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Guidance for Industry

Requalification Method for Reentry of Blood Donors Deferred Because
-of Reactive Test Results for Antibody to Hepatitis B Core Antigen
S " (Anti-HBc) : o

topic. It does not create or confer any rights Jor or.on any person and does not operate 1o bind

This guidance represents the Food and Drug Administration’s (FDA 's) current thinking on this

FDA or the public. You can use an alternative approach if the approach satisfies.the

requireiments of the-applicable statutes and regulations. Ifyou want to discuss an alternative
«approach, contact the appropriate FDA staff. If you cannot identify the appropriate FDA staff. .
call the appropriate number listed on the title page of this guidance. :

L INTRODUCTION

We, FDA, are issuing this guidance to provide you, establishments that collect Whote Blood or
blood components intended for transfusion, with recommendations for a requalification method
or process for the reentry of deferred donors into the donor pool based on a determination that
previous tests that were repeatedly reactive for antibodies to hepatitis B core antigen (anti-HBc)
were falsely positive and that there is no evidence of infection with hepatitis B virus (HBV). (o))
Currently, donors who are repeatedly reactive on more than one occasion for anti-HBc (samples
from more than one collection from the same donor are repeatedly reactive for anti-HBc¢) must
be indefinitely deferred in accordance with Title 21 Code of Federal Regulations, section
610.41(a) (21 CFR 610.41(a)). Although it may seem unlikely that two anti-HBc tests would be
falsely positive, such situations have occurred with some frequency because of the relative non-
specificity of these tests. The result is that many otherwise suitable donors are indefinitely
.deferred because of their anti-HBc test results, even though medical follow-up of such donors
indjcates that they are not infected with HBV.

The availability of FDA-licensed hepatitis B virus nucleic acid tests (HBV NAT), which are
particularly sensitive when single samples are tested, provides an additional, powerful method of
determining whether a donor-who has been deferred because of anti-HB¢ reactivity is truly
infected with HBV. Due to the availability of FDA-licensed HBV NAT and the improved
specificity of anti-HBc assays, we are recommending in this guidance a reentry algorithm for
donors deferred due to falsely positive repeatedly reactive tests for anti-HBc. This guidance
finalizes the draft guidance of the same title dated May 2008. '

FDA’s guidance documents, including this guidance, do'not establish legally enforceable
responsibilities. Instead, guidances describe the FDA’s current thinking on a topic and should be
viewed only as.recommendations, unless specific regulatory or statutory requirements are cited.
The use of the word should in FDA’s guidances means that something is suggested or -
recommended, but not required. : ' .
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BACKGROUND
A, Clinical Significance of Donor Screening for Hepatitis B Virus Infection

HBYV is an enveloped virus with a partially duplex circular deoxyribonucleic acid (DNA)
genome of approximately 3,200 bases. It is 2 major human pathogen that causes acute
and chronic hepatitis, cirrhosis and hepatocellular carcinoma. (Ref. 1). The mortality of
acute HBV infection is about 1%. Most primary infections in-adults are self-limited, The
virus is cleared from the blood and liver, and individuals develop a lasting immunity.

. However, 2% to 6% of persons above the age of 5 years, and 30% to 90% of infected

children under the age of 5 years (Ref. 2) develop chronic infections that generally are

- asymptomatic (i.e., a carrier state), but may not be benign. About 20% of chronically

infected individuals develop cirrhosis, and chronically infected spbjects have 100 times
higher risk of developing hepatocellular carcinoma thar non-carriers. In the United

- States, deaths from chronic HBV infection are estimated to range from 3,000 to 5,000

individuals per year (Ref, 2).

Currently, HBV is transmitted by blood transfusions more frequently than-hepatitis C -

» virus or human immunodeficiency virus. The residual risk of post-transfusion HBV

infection from donations screened for hepatitis B surface antigen (HBsAg) and anti-HBc
has been-estimated as 1 in 205,000 (Ref. 3) to 1 in 269,000 (Ref, 4) per donated unit. The
major cause of HBYV transmission by blood is attributable to donations from
asymptomatic donors with acute HBV infections who have not yet developed HBsA gor
anti-HBc (i.e., donors in the seronegative window period) and, in some cases, from
donors with chronic infections in which serological markers are not detected (occult
hepatifis B). Seronegative blood donations from infected individuals can transmit
hepatitis B. In such cases, lookback studies using polymerase chain reaction have shown
that HBV DNA can be detected at low levels in the donor’s blood (Ref, 5).

HBsAg becomes detectable in blood 30 to 60 days after infection followed by the
emergence of anti-HBc. Viremia develops several weeks before HBsAg is detected, and
can reach 10°-10'° virions/ml in acute infections (Ref. 1). Upon clearance of the HBV
infection by the immune response, the HBsAg disappears from the blood of individuals,
while detectable anti-HBc and antibody to hepatitis B surface antigen (anti-HBs) usually
persist indefinitely. However, there is evidence that anti-HBc can decrease and even -
disappear over a period of decades in resolved infections (Ref. 6). Nonstheless, in .
chronically infected individuals, tests for HBsAg and anti-HBc usually remain positive
for life and lower viral titers can be detected in blood for a long period although they tend
to decline over time. :

. HBV NAT assays for detéction of HBV DNA have been developed, and have been

licensed for screening blood donations using a minipool sample format. These assays are

~-also indicated for testing samples from individual donations, thus increasing test

Contains.N'onbinding Recommendations

sensitivity. In a meeting of the Blood Products Advisory Committee (Committee or
BPAC) on October 21, 2004 (Ref, 7), we requested scientific commenton a reentry
algorithm for donors deferred for repeatedly reactive anti-HBc test results on more than
one occasion. The algorithm was based on follow-up testing of the donor for HBsAg,
anti-HBc, and HBV DNA by sensitive. HBV NAT. Under this plan, HBV DNA testing
using an FDA-licensed NAT would replace a previously considered recommendation for
donor reentry that included antibody to hepatitis B surface antigen (anti-HBs) testing.
We no longer propose additional testing for anti-HBs as part of donor reentry because

. extensive hepatitis B vaccination programs have been in place fora number of years,

+ resulting in many individuals having anti-HBs from vaccination. As a result, anti-HBs
now has questionable value as a marker of hepatitis B infection, While the Committee did
not take a formal vote on the algorithm, the Committee discussed this approach and did
not-express concerns about the adequacy of this plan as a reeniry algorithm.

Since the 2004 BPAC meeting referred to above, we have licensed qualitative tests for
the direct detection of HBV DNA in human plasma from donors, including donors of
Whole Blood and blood components, Source Plasma and other living donors, that have
sensitivities of <2 International Units (IU)/mL (about 10 copies HBV DNA/mL) at 95%
detection for HBV DNA when specific procedures are used.’ The availability of
sensitive, FDA-licensed, HBV NAT assays'provides an additional, powerful method of
determining whether a donor, who has been deferred because of anti-HBc reactivity, is
 truly infected by HBV. Due to the availability of FDA-licensed HBV. NAT assays and
the improved specificity of anti-HBc assays, We are recommending a reentry algorithm

for anti-HBc in this guidance. Empirical studies support utility of this algorithm (Ref, 8)

B. -'Rationale and Procedure for the Réqﬁaliﬂéation Method for i\eentry

Under 21 CFR-610.40(a), you must test each donation of human blood or blood
component intended for use in preparing a product, including donations intended as a

. component of, or used to prepare, a medical device, for evidence of infection due to
HBV; among other communicable disease agents. Testinig for evidence of inféction of
HBYV includes testing for the presence of HBsAg and anti-HBc. In addition, some blood
establishments also test blood donations for HBV DNA by HBV NAT. .

Under 21 CFR 6 10.41(a), as a general matter, you'must defer donors who test reactive’
with respect to the battery of screening tests required under 21 CFR 610.40. Howeyver,
donors who test repeatedly reactive for anti-HBc¢ on only one occasion do not need to be

' COBAS AmpliScreen HBV Test (Roche Molecular Systems, Inc., Pleasanton, California): Triplicate testing using ~

. the mult!‘prep specimen processing procedure.

*ULTRIQ® Assay (Gen-Probe, Inc., San Diego, California): Testing 6 replicates.

Procleix

 ?In21:CFR 610.41(a), FDA requires that blood establishments defer donors who test reactive by a screening test for

evidence of infection due to a communicable disease agent(s) listed in section 610.40(a). Insection 610.41(a)(1),
however, a donor who tests reactive for anti-HBc on only one oceasion is not required to be deferred. In this
guidance, we refer to reactive test results for HBsAg and anti-HBc¢ as “repeatedly reactive” to accurately describe
the testing algorithms for HBsAg and anti-HBec. ‘ : :

10
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deferred (21 CFR 610.41(a)(1)). Donations collected from these donors aré not suitable -CFR 640:3(b)).

for allogeneic transfusions (21 CFR 610.40(h)(1) and (2)) (Ref. 9), but such donations, if
otherwise nonreactive when tested for communicable disease agents as required under 21
CFR 610.40, may be used for further manufacturing into plasma derivatives without FDA °
prior approval. (21 CFR 610.40 (h)(2)(v). Donors who test reactive on more than one |
occasion.do not fall within this exception and must be deferred (21 CFR 610.41(a)).

For purposes of reentry, we recommend that you use an FDA-licensed HBV NAT labeled
as.-havmg a sensitivity of < 2 [U/mL at 95% detection rate [1 TU'= ~5 copies]. Donors
yvxth negative results for HBV DNA at this level of sensitivity are highly unlikely to be
mf_ec_tfad with HBV (Ref. 12). Depending uptn the assay and the platform used, this
sensitivity may only be achieved when testing individual donor samples.

Under 21 CFR 610.41(b), “a deferred donor subsequently may be found to be suitable as ) .
a donor of blood or blood components by a requalification method or process found :
acceptable for such purposes by FDA.”> -~ - ) . RECOMMEND ATIONS

A."You may reenter into the donor pool, a donor who has been indefinitely deferred
: ;olely because of repeatedly reactive tests for anti-HBc on more than one occasion
, if (see flow chart in the Appendix): '

Until now, we have not recommended a requalification method for reentry of donors

deferred due to repeatedly reactive test results for anti-HBc because there was no

supplemental (additional, more specific) test available. Although donor screening for - o }
anti-HBc has contributed to blood safety, a large proportion of donors with anti-HBc - S s - . .
reactivity who fulfill all other donor. suitability criteria have been indefinitely deferred on . + After a minimum of 8 weeks following the last repeatedly. reactive anti-HB¢
the basis of potentially false positive anti-HBc test results (Refs. 10,.11). Tt is estimated test, you collect a follow-up sample from the donor; and this sample tests

that as many as 21,500 potentially eligible donors were deferred annually in the late negative on FDA-hcenseq tests for HBsAg, anti-HBc, and HBV DNA by NAT
1980s and 1990s because of false positive anti-HBc results, and that over 200,000 donors . . . (sensitivity at 95% detection rate of <2 IU./mL)

could be eligible for reentry (Ref. 10). ' ) : I and : :

" For purposes of reentering inte the donor pool, a donor who has been indefinitely =~ . . ) ) 2
deferred because of having tested repeatedly reactive for anti-HBe on more than one -
occasion, we recommend in Section 111 of this guidance that, after 'a minimum of 8 weeks
following the last repeatedly reactive anti-HBc test, you obtain from the donor a new,

" pre-donation blood sample (i.e., a blood sample that is obtained before the next donation) _
for follow-up testing, using FDA-licensed tests for HBsAg, anti-HBc and HBV DNA by ' B
NAT. If the new, pre-donation blood sample test results are negative for HBsAg, anti- ’
HBc and HBV DNA, the donor may return to donate blood, When the donor retums to i )
donate, after the tests for HBsAg, anti-HBc, arid HBV DNA on the pre-donation sample ‘ repga.tedl'y feactive on the HBsAg test (whether or not the neutralization test is
have been determined to be negative, we recommend that you reenter the donor as o .g}tl;w;)’ Z.S;epeateldly reactive on the ant"HBC test; or 3) reactive ori the HBV,
eligible to donate Whole Blood and blood components, provided that the donor meets all £ s : wseful 051, tve results on tests for HBsAg, anti-HB¢ or HBV DNA by NAT may be
eligibility criteria, Note that the reentry of 2 donor permits prospective donations from a v - wselubin °"°_’ counseling. - : S
reentered donor who meets donor suitability criteria. It does not affect the status of ) ‘ P ) _ ' .

: : C.- If you wish to perform follow-up testing on a donor who is deferred because of anti-

* previous collections from that donor. . K . X : re !
. A . - . HBctest r_esult§, you may do so before the end of the 8-week waiting period for
For donor retesting, we recommiend that a minimum 8-week (56 days) period elapse- L Vdor;or'notlﬁgatxon purpases or for medical reasons. Negativc test results on follow-
following the last repeatedly reactive anti-HBc test, because this time period provides ] . g? <°2r ﬁj}?siﬁ’ aml'lch’ agﬂ HBdV DNA by NAT (sensitivity at 95% detection rate
sufficient confidence that at least one of the three HBYV markers (HBsAg, anti-HBc, and : : . for all thn:c1 te’trsn (al?/IB e: iy 'mHBo nor counseling, HOWeriT: only negative resulFs
HBV DNA) will be detectable if the donor had been truly infected with HBV at the time . : after the last repuatadl 1o s o 21d HBV NAT), obtained at least 8 weeks
of the last anti-HBc reactive donation (Ref. 1). In addition, eight weeks is the minimum feentry. 1 ozpel?t cdly reactive ;‘;‘“‘HBC result, would qualify the donor for
time period permitted between donations of Whole Blood, with limited exceptions (21 HBc ?:r you ovtain a reactive HBV NAT, or repeatedly reactive HBsAg oranti-
» OF positive HBsAg result on any of these tests during this 8-week waiting -

-period, the donor would ngt be eligible for reentry, and we recommend that you
defer the donor indefinitely. .

- When the donor presents to donate, after the new, pre-donation blood sample i
tests negative on FDA-licensed tests for HBsAg, anti-HBc, and HBV DNA by
NAT,.you determine that the donor meets ajl eligibility criteria for donors of
Whole Blood and blood components. B

.. You 'shAou]d conthjue to indefinitely defer a'donor who was deferred for 'anti-HBc
reactivity on moré than one occasion and whose sample or donation tests: 1) )

" A deferred donor may serve as an autologous donor in accordance with 21 CFR 610.40 and-21 CFR 610.41. Note .
that a deferred donor that donates for autologous use is not deemed to be reentered and remains deferred,‘ until the.
criteria for reentry are met. ’ .
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A donor who has been requalified as described above in Section III. A. 1 and 2 may on _
.. subsequent occasions be indefinitely deferred solely because of repeatedly reactive tests for anti-
- HBc on more than one occasion. You may reenter such a donor into the donor pool by again
following all procedures described in Section III. A. :

IV.  IMPLEMENTATION

We consider the recommendations in this guidance to be an acceptable requalification method
for reentry of donors deferred due to falsely positive repeatedly reactive tests for anti-HBc.
'Licensed establishments implementing these recommendations must report this change to FDA
as required under 21 CFR 601.12(a). We consider implementation of recommendations i{x this
guidance in their entirety and without modification to be a minor change to an-approved license

application. Therefore, licensed establishments are not required to have FDA prior appx:ovgl and :
may submit a statement of this change in an annual report under 21 CFR 601.12(d), indicating

the date that the revised standard operating procedurés were implemented. Unlicensed.
- establishments implementing recommendations in this guidance in their entirety and without
modification are not required to report this change. : .

" We do not consider implementation of an alternative requalification method from that describgd
. in this guidance to be acceptable, unless approved by FDA for such purpose. Inaccordance with
21 CFR 610.41(b), you must not reenter a donor unless the requalification method or process is
found acceptable for such purposes by FDA. Licensed establishments intending to use an
alternative requalification method must submit a supplement for prior approval, as required
under 21 CFR 601 -12(b). Similarly, under 21 CFR 610.41(b), FDA must find an altemativ.e
requalification method proposed by an unlicensed establishment to be acceptable before it is

implemented. )

V.

‘Hedges,D., Seifried, E., “NAT for HBV and Anti-HBc Testing Increase Blood Safety.”

Contains Nonbinding Recomimendations
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APPENDIX

REQUALIFICATION PROCESS FOR DONORS DEFERRED BECAUSE OF
'~ REPEATEDLY REACTIVE TEST RESULTS FOR ANTI-HBc

Donors pre;vibus,ly deferred solely because of repeatedly r.eactive-v(RR)‘anti—HBc test on more
than one occasion . :

Aftera ininimum of § weeks' following the last repeatedly reactive anti-HBc test geshlt, testa’

- follow-up sample vsing FDA-licensgd HBsAg and'anti-HBc tests, and HBV NAT

Voo |

HBsAg RR® or Anti-HBc RR or HBV NAT Reactive All tests negative

‘Defer donor indefinitely ) ‘ _ Reenter donor
-(Donor eligible for future donations,
. provided donor meets eligibility criteria)

VI, for dpnoi notification purposes or for medical reasons, you wish to perform follow-up
testing on-a donor who is deferred because of repeatedly reactive anti-HBc test results before the

- end of the 8-week waiting period and the blood sample tests HBsAg RR or anti-HBc RR or HBV

NAT reactive, the donorvshould'be indefinitely deferred. If, however, the sample tests negative
on all three of these tests, the donor should be retested after a minimum of 8 weeks following the -
last repeatedly reactive anti-HBc¢ test result using licensed HBsAg and anti-HBc tests, and HBV

NAT. If, at'that time, the sample tests negative on all three of these tests (HBs_Ag, anti-HBc, and .

HBV NAT), the donor may be eligible to donate, : . )
2 The sensitivity of the HBV NAT used should be <2 IU/mL, at 95% detection rate.
‘Regardless.of the neutral ization test result. . :
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sectors may diminish donor confidence in aid

programmes [and] erode taxpayer commitment

to govemnment spending on international devel-
opment,” he said.

In an accompanying article: oo:x Oams, of the

- Institute of Tropical Medicine in Belgium, gave

o “ihree possible reasons for the “crowding out”

" effect: governments compensating for excep-
tional generosity i the health sector by diverting
funds to other areas; governments preventing
increases in recurrent health expenditure in
anticipation of future unpredictability of inter-
national aid; and governments smoothing aid

TONY KARSMBVARRIGETY MAGES

) by speriding it over several years (doi: 10,1016/

S$0140-6736(10)60207-3).

In a commentary Devi Sridhar and Ngaire
Woods, of the University of Oxford, cautioned
against concluding that international aid should
be channelled through non-governmental organ-
isations, as they would bypass domestic institu-

Between 15% and 30% of Sudan’s own spending on health was replaced by foreign ald

tions that improve governance and sustain aid in
thelong term. They added that collaborative tar-
get setting between donors and recipients could
result i governments following the priorities

- of donors rather than meeting their pwn needs
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e 1% +~ [ GHiaR o . . donations from donors who repori a history of
e .W A g § *——.—m——< arrivesin —ﬂm—< [ehronic fatigue syndrome] but are now well.”
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& R Ru 2o B £ _ Michael Day Milak : Tast October (2009;326:585-9, d0i: 10,1126/
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.En VP Nl #X - i there was fresh contraversy when the 29 year s ture experiments showed that patient derived
o . o N ] ] old recipient discharged herself from the clinic | Studies in the UK and Netherlands failed to S:E:. XMRV s infectious and thal both cell associ-
m vfnw ..m % £ m in the »oE o:_ QJSQE in no_:a<m::o: oa areport suggesting alink between a virus and CF$ ated and cell free transmission of the virus are
N [N B ’ possible.
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A_m »\b > 7 .ﬁ @ t . Sant'Anna Hospital iv Turin, criticised ::, regus that from ne month it will ban biood donations study, she noted {BMJ 2010;340:¢1033).
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g nﬂm X m e um countries: “They make no sense, as %39:. fatigue syndrome (CFS), as & precautionary meas- investigating the association between. XMRV
= ¥ mm v B ik . Strated by | the experience of 2:@ noszamm such | wre. Itis the first coun the world to do so. and chronic fatigue syndrome and its potential
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Citing ProMED-mail
An infectious virus linked to 2 disesses is drawing the attention of }

Links . Ppublic-health officials, who are investigating the potential threat’

Donations to the nation's blood supply. It isn't clear if the virus, known as
N KMRV [xenotropic murine leukemia virus-related virus], poses a

About ProMED-mall . danger, and public-health officials say thece isn't evidence of

spreading infection. But because of concern over the potentisl for
widespread infection and prelimirary evidence that XMRV is
transmitted similarly to HIV (human immunodeficiency virus),
officials are quickly trying to determine &f action is needed to
protect the blood supply.

XMRV was discovered in 2006 when it wss found in tumor samples from
men with a rare form of familial prostate cancer. Research has also
linked the virus to" chronic fatigue. syndrome [CFS) and found it in
messurable levels in the blood of healthy pecple {see ProMED-mall
Chronic fatigue syndrome: gammaretrovirus link 20091009,3499]: But
the evidence Lsn't concluslve, as several other tailed to
find XMRV in the blood of people with chronic fatigue syndrome, and
it isn't known how prevalent the virus is or whethet it causes
disease [see PraHED-mau Chronic fatigue syndrome: gamma retrovirus

078). "These are early days trying to
understand the public health significance of XMRV,” said Jay Epstein,
director of the office of Blood Ressarch and Review at the Food and,
Drug Administration.-Efforts are under way to find effective.tests
for the virus and determine.its prevalence, led by a working group
funded by the National Institutes of Health and including federal
agencies .such as the FDA and the Centers for Disease Cortrol and
Prevention. Blood banks, academic .institutions, and at least one
sdvocacy group are also invoived,

The focus on XMRV is part of a growing effort to better monitor
emerging infections -- disorders that have either increased in humans
in recent decades.or are deemed a potential threat. Currently there
are 12 tests used to block {nfectious agents from entering the blood
supply,  such as RIV or hepatitis C f{virus), and more screens zre
.under study, including those for dengue, human variant
.Creutzfeldt-Jakob disease, and agents that cause maslaria. There is no
FDA-licensed lab test for XMRV, and officials say they are still
setting standards for diagnosing.it.

Public-health otﬁ,cials increasingly recognize that even infections
not typically found in the US can quickly come here because of global
travel. Many viruses alsc have long incubation periods, making it
harder to recognize- that the virus was transmitted by & blood
transfusion. In an October 2009 report, a federal advisory committee

o on blood safety and availability concluded that biovigilance in the
US is a "patchwork of activities, not a cohesive national program,™
The incidence of infectious diseases being transmitted through
‘transfusions is small, typically only a handful each year, according
to the American Red Cross and data reported to the FDA. About 16
million units of whole blood and red blood cells were donated in the
US in 2006, the latest data avallable, according to the 2007 National

.’ Blood :Collection and Utilization Report. The American Red Cross,

which collects almost half of blood donations in the US, estimated
‘‘that about 10 000 donors a year turn out to be infected with
pathogens that officlals screen for. Nearly half are hepatitis C
virus [positive],

Michael P Busch, who runs the Blood Systems Research Institute in San
Francisco and is a member of the XMRV working group, notes that
everyone harbors benign viral infections. These viruses are
transmitted in every blood transfusion, but aren't known to cause
digeases in recipients, says Dr Busch, Even if XMRV is found to be
present in large numbers of blood donors, Dr. Busch notes, it is still
necessary to determine if XMRV causes diseases. -

The working group was established after a paper was puhushed in
Octobat {2008) 4in the journal Sciencé [abstract available.at
s/ wwn. SCiencemaq. ort ont abstract/1179052>), where

nseuchazs reported finding the virus in a majority of 101 patients
. with chronic fatigue syndrome. The study's co-authors at the
Whittemore Peterson Institute for Neuro-Immune Disease, the National
Cancer Institute and the Cleveland Clinic, also found the virus in
nearly 4 percent of 218 healthy people used as controls in the study.
Extrapolating from those numbers, public-health officials estimated
that up to 10 million people in the US and hundreds of millions of
pacple globally could be infected with XMRV.

hittp://www.promedmail.org/pls/apex/f2p=2400:1001::NO:F2400 P1001 BACK_P...
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" Chronic fatigue syndrome: gimmaretrovirus link 20095009

" The apparent link to CFS, which affects an estimated 17 million ) v

people worldwide, and has no specific treatments, has been closely

> followed by the patient advodacy community. The Whittemore Peterson .

institute, established by the family of a chronic fatigue patient,
has started collecting blood from CFS patients who got their
diagnosis following a blood ‘transfusion and plan to launch their own
study- of the issue, says Annette Whittemore, founder and president of
the institute. ‘ -

The CFIDS {chronic fatigue and immune dysfunction syndrome)
Association of America, an advocacy group for chronic fatigue
‘syndrome, ‘set up a bank to collect biospecimens to be used in
potential studies sbout CFS, including XMRV:related ones. Researchers
at Emory University and the University of Utah published a study last
week [1 Apr 2010) showing that XMRV may be treatable with drugs that *
treat HIV. (see Singh IR, Gorzynski.JE, Drobysheva D, Bassit

‘L, Schipazi RF, 2010 Raltegravir Is a Potent Inhibitor of XMRV, a

Virus Implicated in Prostate Cancer and Chronic Fatigue Syndrome.
PLoS ONE 5(4) ¢
e99¢8, .

o

' The AABB [American Association of Blood Banksl, an association of -
.facilities that collect virtually all of the US blood supply, has

also set up an XMRV task force, although the virus dossn’'t appear on
s list of infectious agents evaluated by 'a special ARBB
transfusion-risk committee, 23.Concerns came out after the latest

list was put together, N

Labs in Europe reported earlier this year that they haven't been able

to replicate the XMRV findings in patients with ghronic fatigque
syndrome or prostste cancer. And public-health experts say a key
issie in sorting cut the disparate findings is to reach agreement on

tests that are sensitive and reliable in ident{fying XMRV in the blood.

' The federal working group's project has 3 phases. lst, labs at 6

participants -- including the FDA, the National Cancer Institute, the

. CDC, and the Whittemore Peterson lab -~ are using & panel of blood

samples to try t& establish which of the labs' tests ‘are sensitive
and reliable. enough to find XMRV in the blood. Results ave expected
in a few weeks. . .

In the 2nd phase, also launched, a panel of around 350 differant
blood samples developed by Dr. Busch's team will be sent to four
different labs. Seme of the samples are from chronic fatigue patients
known to have XMRV. Others from healthy donors have been spiked with
the virps or have tested negative. All the samples are blinded, and
the study will see whether the different labs can agrée on XMRV

“positive status for chronic fatigue patients.

A 3rd phase may be launched later, using frozen specimens in federal
repositories dating to the 1970s, These repositories link donors to
recipients and will allow researchers to see if XMRV was transferred
in transfusions and help determine prevalence in the past as well as

“today, as well as geographical clusters or associations with age and gender.

"There is 2 balance to what we are-dsing,” says Simane A Glynn,

branch chief .of transfusion medicine and cellular therapies at the
National Heart, Lung anhd Bleood Institute and chairpersoen of the XMRV
working group. "You do not want to transfuse an infectious agent that
causes problems. But 'you do not want to take blood out of the system
that.is not causing any problems.”

[Byline: Amy Dockser Marcus)

Communicated by:
ProMED-mail Rapporteur Brent Barrett

[Xenotropic murine leukemia virus-related virus (XMRV) on account of
{ts similarity to murine leukemia virus is classified as a member of
the genus GCammaretrovirus_, whereas human immuncdeficiency virus. is
classified in the genus  Lentivirus_, While the link between MLRV and

- human disease, -and chronic fatigue syndrome in particular, remains
-controversial, it is certainly prudent to further refine diagnostic

procedures in order to detérmine the extent of- the presénce of XMRV
in the human blood supply and any correlation with human diseise. The
outcome of the research in progress is a matter of general interest, - Mod.CP)

{see also:

Chronic fatigue syndrome: gamma retrovirus link dssputed 201001970078

. 2008

34921
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" .ProMED-mail makes every effort to verify the reports that

are posted, but the  accuracy and completeness of the
information, and - of any statements or opinions - based
thereon, are not.guaranteed, The reader assumes all risks in
using information posted or archived by ProMED-mail. IsID
and “its associated service providers shall not be held
responsible. for errors or omissions or held liable for ~“any
damages incurred as a result of use or reliance upon. posted
or archived material.
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Donate to ProMED-mail. Detaﬂu available at:

~.<http://www, isid Pr. Mad ati .shtml>
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Visit ProMED-mail's web site at <http://www.promedmailiorg>.
Send all items for posting .to rOms 1] .

INOT to an - individual moderator). If you do not.give your
full name and affiliatien, it may not be posted. Send

.commands to subscribe/unsubscribe, get archives, help,
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Centers for Disease Control and Prevention Outbreak Notice -Middle East
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Update: Dengue, Tropical and

Subtropical Regions
This information is current as of today,
April 19, 2010 at 21:22 EDT

Updated: March 16, 2010

Situation Information

Dengue fever is the most common cause of fever in
travelers returning from the Caribbean, Central America,
and South Central Asiad This disease is caused by four -
similar viruses (DENV-1, -2, -3, and .4) and is spread

"through the bites of infected mosquitoes.

.Dengue infections are frequently reported from most *

tropical countries of the South Pacific, Asia, the .
Caribbean, the Americas, and Africa. Although dcngu‘c
transmission oflen occurs in both rural and urban af .

. dengue infections are most frequentty rcponed fromidrban

settings: .
Since early 2009, an increased number of dengue cases
have been reported from countries throughout several
regions of the world. .

Africa

Cape Verde: In 2009, more than 21,000 suspected cases
and 6-deaths (as of December 6, 2009) were reported.
Approximately 60 cases were reported in nearby Senegal,
according to the UN Office for the Coordination of
Humanitarian Affairs.

South Pacific

Dengue activity continues fo circulate throughout this
region. Examples of outbreaks include the followir,

o Malaysia: In the first 6 weeks of 2010, more than
6200 cases and 23 deaths were reported
throughout the country, especially in Sclangcr and
Sarawak.

& " Indonesia: Dengue activity is ongoing. From
January~Oclober 2009, more than 100 deaths were
attributed to dengue hemorrhagic fever. In
December 2009, the Ministry of Health issued an
alert about heightened dcnguz hemorrhagic fever *

. . transmission during this rainy season.

® _Sri Lanka: As of February 23, 2010, 7500 cases
have been reported throughout the country,
including in the Colombo capital district,

Central and South America
and the Caribbean

Certain countries in Central and South America as well as
in the Caribbean, are reporting dengue activity. These -

areas include Brazil, Colombia, Guatemala, Honduras, .
‘Nicaragua, Puerto Rico, St. Barthelemy, and Saint Martin.

nin/na /ot

Dengue activity has been reported inrecent months in this
region, including areas popular among travelers such as

. Jeddah and Mecca in Saudi Arabia,

To view areas where cases have been reported in previous

~ years, see the Distribution of Dengue maps. For more

information on dengue and updates on worldwide activity,
see CDC’s Dengue website and WHO's Dengue webpage

Adv1ce for Travelers

Travelers can reduce their nsk of gcmng dengue fever.by -
protecting themselves from mosquito bites; The
mosquitoes that spread dengue usually bite at dusk and
dawn but-may bite at any time during the day, especially
indoors,.in shady areas, or when the weather is cloudy

Travelers should follow the steps t below to prolect
thcmsclvcs from mosquito bites:

®  Where possible, stay in hotels or resorts that are
well screened or air conditioned and that take
measures 1o reduce the mosquito population. If the
hotel is not well screened, sleep under bed nets 1o
prevent mosquito bites, .
® When outdoors or in a building that is not well’
d, use insect llent on uncovered skin. If
sunscreen is needed, apply before insect repellent.
© Look for a repelient that contains one of
. the following active ingredients; DEET,
picaridin (KBR 3023), Oil of Ldidn
Eucalyptus/PMD; or IR3535. Akwlys
follow the instructions on the label when
you use the repelient,

© In general, repellents protect longer
against mosquito bites when they have a
higher concentration (percentage) of any
of these active ingredients. However,
concentrations above 50% do not offer a
marked increase in protection time.
Products with less than 10% of anvactive
ingredient may offer only limited .
protection, often no longer than 1-2 hours,

o The American Academy of Pediatrics’
approves the use of repellents with up to
30% DEET on children over 2 months
old.

O Protect babies less than 2 monlhs old by

' using a carrier draped with mosquite
netting with an elastic edge for a tight fit,-
For more information about the use of

- repellent on infants and children, please
see the “Insect and O\her Anhropod-
Protection™ seclion in
with Infapts and Children and the
“Children” section of CDC’s Frequently.

Asked Questions about Repelient Use.
© For more information on the use of insect
rcpellcnts, sce lhe mformauon onthe .
d webpage.
e Wear loose, long-slecved shxrts nnd lcng pants -
when outdoors,

o For greater protection, clolhmg may also
be sprayed with repelient containing
permethrin ot another EPA-registered
repellent, (Remeimber: don't use
permethrin on skin.) .

http://wwwnc.cdc.gov/{ra?él/content/outbreak-notiée/denzue-trooical—suh—tmninal asny - 2nin/nason
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symptoms and Treatment ;
ymptoms of dengue include: .

fever

severe headache

pain behind the eyes

joint and muscle pain

rash

riausea/vomiting

hemorrhagic (bleeding) manifestations

6 ¢ 08 o0

sually dengue fever causes a mild ilhﬁ:ss, but it can be severe and lead to dengue hemorrhagic fever (DHF), which can be fatal if not treated. People who
1ve had dengue fever before are more at risk of getting DHF. ’ ' .

‘o vaccine is available to prevent dengue, and there is no specific medicine to cure illness caused by dengue. Those who become ill with dengue fever can
< given medicine to reduce fever, such as acetaminophen, and may need oral rehydration or intravenous fluids and, in severe cases, treatment fo support
teir blood pressure. Aspirin (acetylsalicylic acid), aspirin-containing drugs, and other nonsteroidal anti-inflammatory drugs (€.g., ibuprofen) should be

roided because of the possibility of bleeding. Early recognition and treatment of severe dengue (e.g., signs and symptoms consistent with impending blood

ressure failure) can reduce the risk of death,

"you return from a trip abroad and get sick with a fever, you should seek medical care. Be sure to tell the doctor or otherhealth-care provider about your
cent travel, : - . ) ) . PN

nformation for Health-Care Providers

‘oper diagnosis of denguc is important, as many other diseases may mifnic dengue. Health-caré‘prOViders should consider dengue; malaria, and (in south

sia and countries bordering the Indian Ocean) chikungunya in the differential diagnosis of patients who have fever and a history of travel {o fropical arcas
17ing the 2 weeks before symptom onset. . :

*¢ the Clinical & Laboratory Guidance on the CDC Dengue website for information regarding reporting dengue cases and instructions for specimen
lipping. Serum samples obtained for viral identification and serologic diagnosis can be sent through state or territorial health departments to: .

CDC Dengue Branch .

Division of Vector-Borne Infectious Diseases :
National Center for Zoonotic, Vector-Borne and Enteric Diseases
1324 Calle Cafiada B

San Juan, Puerto Rico 00920-3860 ‘
Telephone: 787-706-2399; fax, 787-706-2496,

Tore Information
w more information about dengue and protection measures, see the following links: -

ver in CDC Health Information for International Travel 2010
Mosquito and Tick Protection :
Questions and Answers: Insect Repellent Use and Safgty
CDC Dengue website .

'r more information about dengue in travelers, see

o Travel-Associated Dengue—United States, 2005 [AAIHR 2006, 55 (23)).
o Travel-Associste ections—United States, 2001-2004 [AASWR 2008, 54 (22)]

‘reedman DO, Weld LH, Kozarsky PE, Fisk T, Robins R, von Sonnenburg F; et al, for the GeoScﬁlihcl Surveillance Network. Spectrum of disease and
ation to place of exposure among il returned travelers:N Engl ] Med 2006;354:119-130. : )

Page last reviewed: November 19, 2009
Page last updated: March 16, 2010

Page created: December 06, 2006

Content source: .

Division of Global Migration and Quarantine
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Parvovirus B19 Is Inactivated by
Pasteurization, a Dedicated Virus
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1224 . ‘BASIC SCIENCE AND CLINICAL PRACTICE.IN BLOOD TRANSFUSION POSTERH

Methods: Forty-three paticnts were included in our study (MDS=16, chronic myeloid
leukemia (CML)=12, AML=4, polycythemia vera (PV)=3, essential thrombocythemia
(ET)=3, chronic myelomonocytic Jeukemia (CMML)=3, myelofibrosis 9\_.3 1 and
¢hroni¢ newtrophilic leukemia (CNL)=1). Forty-onc patients were ding to

Based on these-experimental data on inactivation of B19V by pasteurization and &
plasma pool for fractionation not exceeding. 10* IU BI9V DNA/mI, the virus safety of
plasma-derived products regarding B19V can be assessed more comrectly demonstrating an

their ABQ group using serologica) immunohematological tests (Diamed Inc., Brazil). >wI
secreted antigens were investigated o saliva and 2 PCR-based ABO.genotyping using
testriction enzyme digestion (Alu and Kpn) was performed to confirm the ABO blood type.
In addition, the expression of the A, B and H antigens was analyzed by flow cytometry in 26
patients (median age=63 yrs; SM/17F) and 81 healthy contsols (median age=33 ‘yrs;
38M/43F). Methylation of CpG islands was investigated in 45 bone marvow samples using
methylation specific PCR (MSP) technique with and primer sets
for region from -200 to + 26 séquence of the ABO gene.

Results; The investigation of the secreted antigens in saliva and the genotyping studies
confirmed the results of the ABQ serological tests in 40 patients, but we found that the
RBCs of one patient were not agglutinated by anti-B while his genotype result was
compatible with BQ indicating loss of the B antigen in his RBCs. Qverall, loss of A, B or ¥

propriate margin of safety:”

Disclosures: Groener: CSL Behring: Employment. Nowak: hﬁh Behring: Employ-
ment. Schiier: CSL Behring: Employment.

Abstract 3153 Poster Board ITL-90

Phage-Displayed. Peptide-Q Dot Nanocrystal Combo for High-Sensitivity
Bacterial Detection in Plasma, SHILPAKALA SAINATH RA0, PH.D., Krishna
Mohan V. Ketha, Ph,D. and Chintamani D Atreya, Ph.D.* Division of Hematol-
ogy, Center for Biologics Evaluation & Research, FDA, Bethesda, MD, USA

Despite imp practices, refri jon of red cells, freezing
of plasma wsm improved materials for ion product collection and storage, bacterial
of i ?.on:nﬁ is still a longstanding problem. Current bacterial

E_:ma: was detected by flow cytometryin 11/26 (42%) patients. H: lation of the
'ABO promoter gene was detected in 51% (23/45) of the analyzed cozn mammow samples.

. Among patients with hypenmethylation in the >m0 promoter gene, 44% had loss of Aor B

antigens confirmed by gical or flow cy tests compared with 28% in the group
of patients with unmethylated ABQ promoter gene (p=0.632).

Ooun_ﬁ.oum Ept ic changes includi ylation of cytosine residues are

as major i to gene silencing, disease progression and worse outcome

in several cancer patients. Our data showed z..& the rwvo_.:._nsw_n:o: of the ABO gene is

frequent in paticnts with myeloid mali g to the pathogenesis alrcady

described for AML and MDS. mn€n<o- not all vnngﬁ mroi—:m Toss of RECs antigens had

ABO jon evidence, suggesting that other mech y take place. Patients with

myeloid malignancies often need Soon transfusion support and loss of RBCs antigens can
lead to changing in ABO blood group increasing the risk of serious blood transfusion
reactions. The relatively high rate (42%) of loss of ABH antigens found in this study

-demonstrated that these patients have to be carefully managed to avoid such severs

transfusion reactions. (Grants supported by CNPq, 478814/2006-2).

Disclosures: No relevant conflicts of interest to declare,

Abstract 3152 Poster Board —b.we

Parvovirus B19 Is me:ﬁ.Sm by. Pasteurization, a Dedicated Virus
Inactivation Step in the Manufacturing Process of Plasma-Derived Prod-
ucts, ALBRECHT GROENER, Thomas Nowak* and Wolfram Schifer*, Virology,

'CSL Behring, Marburg, Germany

Human parvovirus B19 (BI9V), a small non-enveloped virus, is the causative agent of the
childhood disease exythema infectiosum (ffih disease) but causes; especially when the disease
occurs during adulthood, a number of clinical symptoms as arthralgia, arthrits; (transient)
aplastic crisis, anacmia, and hydrops fetalis (during pregnancy). B19V is normally spread via the,
respiratory route, however, parenteral transmission can occur through blood or blood Snio.
pents and plasma-derived products. In order to the safety of pk deri
products regarding BI9V, virus validation studies are performed, using cm:wcw animal
parvoviruses 4s models for BISV which indicate that this virus is highly _.nm_mg_ to commonly
used wnactivaton methods as heat Employing a cell culture infectivity assay for BI9V,
established at CSL Behring's visology laborstory, & considerable higher seasitivity of BISV to
pasteurization (heat treatmert in aqueous solution at 60°C for. 10 hours) could be demonstrated
for BI9V in contrast to the animal parvovirus CPV (canine parvovirus). B19V was not only very
sensitive to heat in.unstabilised product intermediates but also heat sensitive when studying
intermediates of various plasma products ining high ions of the stabili
sucros¢ and glycine. Although these protein stabilizers had also a stabilizing effect on B19V this
virus was nevertheless comsiderably more sensitive to pasteurization than CPV. As shown
below, pasteurization results in an effective inactivation of BI9V in a wide range of
plasma-derived products,

detection tests relevant 1o transfusia
EE_-ES with regard to time, |

y for stored platelets have

.:.ua is a need for new and
t-effective high-affinity detection probes to fi gap. In this: ME&, using

Emm_.:u spiked with mna.:_t. cereus 4342 end- B. anth a5 an

system, we identified peptides from a bacteriophage-displayed random peptide library that’

selectively bind and detect the Bacillus strains. By labeling the peptides with Q dot-liquid

Methods:
screened using B. cereus 4342 as bait, using sppropriate controls under stringent conditions.
The ing and subseq ing of the phage DNA identified two phages cach
containing' a coding sequence for 12-amino acid peptide that are selectively capable of
g to the Bacillus. Based oo the nucleic acid sequence, the two synthetic peptides with

" biotin tag were prepared for detection assays w:a 10 255.2 the detection sensitivity

?«92Envnv:nnuina_uco_oni:v« turg-dots (Q
dat$). Fluorescence was measured either by a plate reader ot ;m_:m a fludrescence
microscope.

Results: The two synthetic peptides selectively bound to the Bacillus strains in both dot
blot and ELISA assays. The membrane-based dot blot assay demonstrated ap assay
sensitivity of 10* colony forming units/ml (CFU/ml), whereas ELISA demonstrated
sensitivity of 102 CFU/ml detection limit. Fluofometry analysis of spiked plasma samples
revealed that the two peptides were able to bind to B. cereus 4342 and B. anthracis Steme
and detect these bacteria in plasma z 10* CFU/Mm) Ssog:m:o:m The peptide-Qdot combo
even detected a single b ium in fl

Conclusion: Overall; the results reported here validate the aun?_uqﬁ of affin@@Xelected
recornbinant filamentous phage-derived peptides in combination with Qdot-liquighgnocrys-.
tals as high sensitivity detection probes for bacteria in various platforms and settings
relevant to the blood safety and transfusion medicine. .
. The findings and conclusions.in this abstract have not been formally disseminated by the
Food and Drug Administration and should not be construed to represent EQ -Agency
determination or vn:Q

Disclosures: No relevant conflicts of interest to declare.
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Rate of Inhibitor Develop in H ___w A Patients Treated with
Plasma Derived. or Recombinant Factor <~= Concentrates. A Systematic.
Review of the Literature, ALFoNso Iorto, MD*!, Susan Halimeh, MD*2,

.Christoph Bidlingmaier, MD**, Leonardo R. Brandao, MD*, Carmen Escuriola-

Ettingshausen, MD*S, Neil A Goldenberg, MD, PhDS, Alessandro Gringeri,
MD, MSc*’, Susante Holzhauer, MD*%, Gili Kenet, MD, PhD®, Ralf Knoefler,
ZU_.E  Wolfhart Kreuz, MD*5, Karin Kurnik, MD*?, Danicla Manner, MD*!t,
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Mean Virus Reduction MD, PhD*", Guy Young, MD'2, Pier Mannuccio Mannucci, MD*” and Ulrike
Factor {leg;o] due to Nowak-Gottl, MD, \nternal Medicine, University of Perugia, Perugia, Italy,
Pasteurization Hemophila treatment centre, MVZ Duisburg, Duisburg, Germany, 3Pediatric
: Hemophilia Centre, Dr. v. ,&n::nn s Q:ER: 5 Q::&J.Q Hospital, Munich,
Product . : 819V crv Germany, *Paediatric H logy, The H { for Sick Children,
VWE/ FVIfT (Humate-P) =39 1.1 Toronto, ON, Canada, {nu:::n Hematolagy, o:noaowg and Immunology,
. N - Johann-Wolfgang-Goethe University, Frankfurt, Germany, SPediatrics and the
.~..< 10 (Beriste F) =338 o7 M i &Ewwwxnw_.ezﬁ Hemophilia and Thrombosis Center, Univeristy of
Fibrinogen (RiaSTAP) ® =45 1.6 Colorado Denver and The Children’s Hospital, Aurora, CU, USA, "Angelo
1 pce (Beriplex PIN) * 35 05 Bianchi Bonomi Hemophilia and Thrombosis Center, IRCCS Maggiore Hospi-
N - tal; Mangiagalli & Regina Elena Foundation, University of Milan, Milan, Italy,
C1-INH (Becinert P) * .38 14 ‘*Pediatric Hematology/Oncology, Charite, Berlin, Germany, SThrombasis Unit,
Human Thrombin * . 3.5 0.5 The-Chaim Sheba Medical Centre, Tel Hashomer, Israel, \%Pediatric Hematol-
FXII (Fibrogammin P) * . =40 10 ogy and Oncology, University Hospital Cart Gustav Carus Dresden, Dresden,
. - - 1 Germany, "Dept, of Pediatric Hem./Onc., University Children's Hospital,

5¢1G (Vivaglobin) . S ESO 23 Miinster, Germany, **Children’s Hospital Los Angeles, Los Angeles, CA, USA
Human albumia (different products) - 243 L6 d. The' develop of alloantibodies that _aé: the coagulant activity of
- - facto? <E (FVIID) is currently the most challengil ion of in persons
" product not licensed in USA with hemophilia. Among other factors known to En:n:co inhibitor development, séveral
® Pasteurization time 20 hours teports in the literature claimed for a different fate of inhibitor development in hemophilia A

© studied in a porcing n i iate to avold lization by human IgG

" (HA) patients aftec plasma derived (pd-) or binant (r-) FVIIL administration. Aim of
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Parvovirus 4-like
~ Virus in Blood

- Products

._oN,m& m~w_mm. —me: E:.ﬁ E,.mm:n_ﬁ mo_‘:usaom.
‘and Peter Tijssen .

Porcine plasma and factor VIli preparations were
screened for parvovirus 4 (PARV)-like viruses. Although the
prevalence of PARV4-like viruses in plasma samples was
relatively low, viruses appeared to be concentrated during
manufacture of factor VIII, PARVA4-iike viruses from human
and porcine origins coevolved likewise with their hosts,

n 2005, a previously unknown- virus, parvovirus 4

(PARV4Y), was detected in 'a plasma sample from a-

hepatitis B-positive injection drug user (IDU) (7). Al-
though PARV4 was subsequenitly detected in plasma from
healthy donors, its prevalence is higher in samples from
s C virus—infe per-
sons (2,3). In recent serologic stu 67% of HIV-infected
IDUs had antibodies to PARV4, whereas non-1DU controls
were seronegative (#) This increased prevalence in IDUs
and persons with hemophilia most likely reflects parenteral

frequently detected in human coagulation factor conceri-
trates prepared from older plasma samples (6). The lower
detection frequency in current concentrates may be due to

—infected persons during plasma collection, and to
improved purification metheds. The presence of PARV4
in plasma suggests a viremic phase enabling spread of the
1s to different organs. Even though recent studies. by
Kleinman et al. indicate that parvovirus B19 is not readi
transmitted to susceptible hosts by blood component trans-
fusion, similar evaluation of PARV4 transmission will be
invaluable in assessing the need to routinely screen for this
emerging virus (7). - i -
PARV4 contains a 5-kb single-stranded DNA genome
with inverted terminal repeats and -a large open read-
ing frame (ORF) in each haif of the genome coding for
nonstructural (NS) protein and structural protein, re-
spectively. PARV4-like viruses form a separate
among the parvoviruses (7,8). Three genotypes of human
PARV4 parvoviruses with *93% nucleotide sequence

v

Author affiliations; Institut National de la Recherche. Scientifique-in-
stitut Armand-Frappier, ‘Laval, Quebec, Canada (J. Szelei, K. Liu, Yi
Li, S. Fernandes, F. Tijssen), and Central People’s Republic of China
Normal University, Wuhan, People’s Republic of China (Y. Li)

Dok _o.umuo\m_uumouH000wam

identity lave been described. The sequence of genotype
! (PARV4-gl) is highly conserved, whereas that of geno--
type 2 (PARV4-g2 [formerly PARVS)) is somewhat more
diverse. PARV4-g2 is found mostly in older coagulation
factor concentrates (1960s—1980s), suggesting that geno-
type 1 emerged recently (6,8). A third genotype (PARV4-
23) ‘was isolated from persons in sub-Saharan Africa
(9). Additionally, PARV4-like viruses with a 60%-65%
nucleotide identity were recently identified at high fre-
quencies in porcine and bovine tissue samples in People’s
Republic of China (70). . :
In this study, porcine plasma samples and factor VIII
(FVIII) concentrates used by persons with hemophilia who
have autoimmune antibodies against human FVIIT were in-
vestigated for PARV4-like viruses. We then determined the
degree of identity of these isolates with the humin virus.

The Study
Piasma sampies from healthy ‘pigs were collected

in Great Britain .in 2001, I ly, these samples were
tested for PARV4-like viruses by using previously de-
scribed degenerate PCR primers (7). DNA was extract-
ed from samples by using the High Pure DNA -Isolation

g L

12345678 9101112

Figure 1. Parallel PCR amplification of PARV4-like (A) and PPV
(B) by using purified DNA from clotting FVIlI preparations. The,
results of this PCR usually suggested a higher PARV4 lgad despite
the higher efficiency of the PPV PCR (J. Szelei and P. Tijssen,
unpub. data). This finding was ‘confirmed with the cuantitative
- MiIMIC PCR method for PPV (11). Numbers indicate different lots
of FVIIi prepared in 1:1994A, 2:1994B, 3:1996A, 4:1996B, 51998,
6:2000A, 7:2000B, 8:2001A, 9:20018, 10:2001C, 11:2001D, and
12: DNA marker (1-kb ladder; Invitrogen, Carisbad, CA USA) -
PARV4, parvovirus 4; PPV, porcine parvovirus; FVHI, factor Vill.
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_Table 1. Percentage diversity of genome sequences of PARVA4-like viruses*t

BHov . PARV4-g1 | PARV4-g2

Genotype PARV4-p PHoV

PARV4-p 98-99

PHoV . 97-98 98-99

BHov k 62 62 9g

PARV4-g1 . 58 58 . 60 98-100

PARVA4-g2 58-59 58 59-60 91-92 96-99
- PARV4-g3 58 . 58 60 92 91-92

*PARV4, parvovirus type 4, PARV4-p, porcine PARV-4; PHoV, porcine hokovirus; BHoV, bovine hoko\;irus: PARV4-g1, PARV4 genctype 1; PARV4-§2.

PARV4 genotype 2; PARV4-g3, PARV4 genotype 3.

1Pairwise sequence comparisons were performéd by ‘using the ClustalW program (www. ebl.ac.uk/Tools/clustalw) as described in Figure 2 and

percentages of sequence identities were calcul 3
10 the PARV4 sequence NC_007018) were used to'align the DNA fragments.

representing the equivalent regions (position 246-5088, numbered accbrding .

Kit (Roche Applied Science, Roche Diagnostics Can-
ada: Laval, Quebec, Canada). Only 3 of the 98 plasma
samples contained detectable amounts of PARV4-like

nomic analysis confirmed that these viruses were related to

the PARV4 viruses and were close relatives of the recently

identified porcine hokoviruses (PHoVs) (10).

" ments were amplified from the FVIII preparations to obtgin
‘nearly full-length sequences. Their analysis provided infor-

mation about the evolution of PARV4.like viruses, during
nearly a decade, in pigs. Sequence data were registered by

"“GenBank (accession nos. CI2001A: FJ982246; CI120018B:

Fi982247; CI2001C: FJ982248; F8-1994A: FJ982249;
F8-1994B: FJ982250; F8-1996A: FJ982251; F8-1996B:
FI982252; F8-1999: FJ982253; F8-2000A: F1982254; and
F8-2000B: FJ982255), Phylogenctic and molecular evolu-
tionary ‘analyses were cohducted by using MEGA version
4(12).

The genomes of these newly isolated PARV4-like

" viruses were similar to the PHoVs previously-identified
in Hong Kong Special Admjnistrative Region, People's

PARV4-like Virus in Blood Products

Republic of China. Although, these new isolates showed
some diversity (98%-99% identity), they differed some-
what more from the PHoVs (97%-98% identity). The viral
protein (VP)-ORF was highly conserved (99%), whereas
the NS-ORF showed more diversity (97%-98%). Genamic
and 'prolcinfcoplix1g sequences were. also compared ‘with
other PARV4-Jike viruses (Tables 1, 2). Phylogenic analy-
sis using neighbor-joining and maximum parsimony meth--
ods demonstrated that PHoVs grouped together, whereas
PARV4-like sequences’ from FVIII prepared at different
times were less uniform: (Figure 2). Older FVIII PARV4

contaminants (especially from 1994) were related more

closely to the bovine hokovirases (BHoVs) and to PARV4-

g2. Finally, analysis of the newly identified virus genomes

viruses, To further study these porcine viruses, we ob- We also confirmed the moderate frequency of PARV4- A oo camee B Frssep. c caooien
tained nearly full-length genomes from overlapping PCR - like viremia in the previously tested pig plasma samples . o ,: czorcn Featnone ) I s
fragments. Primers designed for these PCRs were PrSI:  with a more sensitive PCR assay by using specific primers, B R (ot B i ' , CEOTAD
5'-CCACACCTACCTCGCCTATAAGAATCAG-3;  Prsa (5-AGTTACGGGGGACCGCTACAGTG-3) and Fa-19568-p emenn Fo-isoenp
. PrASI: $“CTCCACTTGTTCAGCACGGGATCC-3; PrAS3. In contrast, examination of-}} commercial clotting For998ap - Fuameas FB.1996A.p
Prs2: 5-CCACGAGCTGGAAGTCTTTA-3"; PrAS2: §'- - FVIII preparations showed that all of these independent i F8.20008 cuama 520004,
. ~ e A, PUR - 3 . 5 . 0 -
G’C{A’GTCC GCAT, ACCCATAACA_G(:C"] G-3; Pr83: 5 lots contained substantial amounts of PARV4-tike parvo- B TR ) c0018p =
. GTGTACCGCAGTGGGAGCCATG-3"; and PrAS3: 'S virus, whereas the Jevel of porcine parvovirus DNA was ,7:-{" s . ciieH : ssYETIOLp
TTCTGGGCAACCCACTGATCAGAAGG-3', The mearly  generally lower in the comresponding samples (Figure 1). ’ : i P ) - . | aeveressp
full-length clones were sequenced by primer-walking. Ge-~ Similar to-the plasma samples, long overlapping PCR frag- . L{mm'p_ % razinon - o B anveresep
. e : - . 1380 F8.20008-p : ' .
Table 2. Analysis of felationships among the protein sequences, of PARVA-like viruses*t ) ) :  uzovers-p ABYE7688-p ABYE769: "N
i::u\/e: = PR Proy BHov PARV4-g1 PARV4-g2 PARV4-93 1 evaoseras fu] AOT7ETE - 10‘0‘” .
» ) ] 8 - v T . > o . ABYSI7064 » N F§-20008-p
s: 98-100 (99) (80) (68) © o (68) (68) . iRl ABYE7691-p . : { F8:1990A-p
99-100 (99) (79) 7 (78). n : " toof EUT00ETER ABYETGM . y
SAT 100 . j "} euzoosrre ¢ - over e o po-tasenp
PH v g Fl!-b e
'33 o7-08 99 . ; *} EUzo0872-p - ‘————‘Ei ABYErETID
. — 98~ (79) (68) (68) - (68} - 90 guizonsra, * -ABK00520-92
VP . 99 99 (79) 77 77 77 ® sef VP 23808298 S " o8] ankbosazgz
SAT N 98-100 98-100 . . : - Eu200668-b ‘avT1892-9t * N
BHoV ABVT1691.52
. . ] . . . T 100) EU200668-b
NS - . 6768 67 99 (70) (70) (70) R tevererewt 100) ACF94532.93
VP 66 66 . NA (78) (78) : 78) . . . . s - ACF34533-03 .
SAT 79 79 . 100 : o . sovsto-g2 aevereTman,
PARV4-g1 . i j ) - ' "9l ooarsanrgr \ a6} ABKOSHe-52 92| ABY71693-51
- N§ 53-55 i 53-54 56-57 96-99 " (99) (98) EUTT3BSS.92 0] Jaongziqz aaryvansd YP 238483-91
VP . 65 65 T .65 99 . (99) (98-09) ’ ¢
SAT 59 59. 59 . 100 EUs74248.93
. PARV4-92 . . . . NC 00701897
NS © 5485 53-54 56 96-97 98-99 (98) Eurrsnse g1
VP 65 66 64-65 o8 » 98-99 (98) - oz
SAT 59 59 . 59 10 100 — RS
PARV4-g3 . - ) .05 L - 99 guz00667.41 )
NS - 54 53-54 56 96~-97 96-97 NA Figure 2. Construction of phylogenic trees for newly identified porcine viruses and.comparison with previously identified prototype parvovirus -
7 ‘ y : oV
VP 85 65 64 o8 - 97-98 NA- 4 (PARV4)-like sequences. Sequences of other PARV4-like viruses indicatéd by the accession numbers were obtained from GenBank,
SAT 59 .59 59 100 100 . : and their origins are marked by letters (p, porcine; b, bovine; PARV4.g1, 92; g3, human parvovirus 4 genotypes 1, 2, and 3), Clustaiw-
"PARVA, parvovirus type 4; PARV4-p, porcine PARV-4; PHoV, porcine hokovirus: BHOV, bovine hokovirus; PARV4-g1, PARVZ genolype 1; PARVA-g2, . eligned genomes (A) and .nonstructural (NS} protein (B) and viral protein (VP) (C) were all trimmed to obtain sequences with similar
FZ/::;\“/':‘Js genovyp‘e 2: PARV4-g3,-PARVA genotype 3; NS, nonstruclurat protein; VP, viral protein; NA, no alig ; SAT. small ively tra lengths. All computer analysis was performed by using the neighbor-joining method. Branches corresponding tp partitions reproduced
|4 § ) in <70% bootstrap replicates are collapsed. The tree is drawn to scale, and the percentage of replicate trees in which the associated

‘1Nur_nbers inqicate percenlages of amino a{;id sequence identily; numbers in parentheses indicate percentages of amino acid similarity (preserved
physrcot_:her_nlcal properties). Sequence similarity was not calculated for the SAT proteins, because of their relalively smaller size, ‘When only t.sequence
_ was available (e.g.. VP of BHoV), no alignment was performed,

taxa clustered togéther in the bootstrap test (1,000 replicates) are shown below the branches. F8-year, year of the factor Vil lot; Cl-year,
plasma samples and year of collection. Scale bar répreserits the number of nucleotide (A} or amino acid (B, C) substitutions per site.
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showed an allernative coding sequence inside of the VP

gene with atecognizable relationship to small allernatively
translated proteins (SAT) (/3). In the porcine PAR V4-like
viruses, the start codon for the SAT protein was 3 nt down-
stream relative 1o the position of SAT-ATG in the human
and bovine PARV4 virases. Although the SAT protein was
67 aa'in all the characterized human PARVA4 viruses, por-

cine and bovine PARV-like viruses contained SAT proteins -

with 84 aa. The amino acid sequences of the SAT proteins
were highly conserved in each PARVA4 virus group; how-
ever, they differed greatly between PARV4 viruses.belong-

ing to different host species (Table2).

Conclusions

Improved.virus detection methods have facilitated the
discovery of new viruses and have provided insight into the
existence of'a wide variety of potentially pathogenic strains
in biopharmaceutical products. Plasma samples, collected
from individual pigs in 2001-2002, and FVIiI samples,
prepared during 1994-2001, were tested for PARV4-like
viruses.

Sequence m:mv_vkmwm showed that PARV4-like viruses -

may have undergone some degree of sclective pressure
during this time because the genomes sequenced showed a
greater variability than the porcine parvovirus NS sequenc-’
es isolated from the same samples (J. Szelei and P,

“sen, unpub, data). In the,current study, comparison of the

genoimic and NS protein coding sequences indicated that
viruses in the older samples were more closely related to
BHoV and PARV4-g2 (Figure 2). Fewer changes were ob-
served in the VP coding sequence (Table 2). Because VPs
are responsible for the entry of parvoviruses, they usually
adapt 10 host-specific receptor(s). The presence of PARVA-
g2-like isolates in older samples and the omnipresence of
PARV4-like viruses in mare recent samples suggested that
the porcine PARV4-like virus and human PARV4 may
have similarly evolved (&). These new parvovirus isolates
from. Great Britain would belong to a different cluster of
‘porcine PARV4-like viruses than the hokoviruses from
Hong Kong Special Administrative Region.

Although older isolates shared more identjty with

BHoV and PARV4-g2, the substantial differences in the
DNA sequences of PARV4-like viruses from different spe-
cies (human, bovine, pig) suggested that they would have
diverged a long time ago. This hypothesis was also sup-
ported by the sequence stabilization of the SAT proteins,
which may play important host-specific roles in the viral
.exit (13). Nevertheless, the existence of a wide variety of
different PARV4 strains. most of which result in chronic

infections, could provide a basis for an evol ionary jump

and recombination and should raise major concerns about
the dangers of parenteral transmission.
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Fatalities Reported to FDA Following Blood Collection and Transfusion

Annual Summary for Fiscal Year 2009

. Background

As previously mentioned in the annual summary of fatalities reported to the FDA in Fiscal Years
(FY) 20035 through FY2008, 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
i transfusion medicine practices, the risks associated with blood transfusion continue to

decrease. Overall, the number of transfiision related fatalities reported to the FDA remains small

in comparison to the total number of transfusions. In 2006, for example, 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

. subsequent reports.of 63 in FY2007, 54 in FY2008, and 66 in FY 2009,

CBER is distributing this summary of transfusion fatality reports received by the FDA to make
public the data received in FY2009, to provide the combined data received over the last five
fiscal years, and to compare the FY 2009 reports to the fatality reports received in the previous
four fiscal years. 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 Regulatioris
(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, ‘
hup:/Awww fda.gov/biologicsblood vaccines/safetvavailabilirv/reportaproblem/iransfusiondonatio

Fatalities Related to Blood Collection or T) ransfusion, September 2003}.3

A team of CBER medical officers reviews the documentation submitted by the reporting
facilities and obtained by FDA investigators, to assess the relationship, if any, between the blood
donation or transfusion and the reported fatality.

! Whitaker BI, Green J,.el al. The 2007 Nat}on\\dde Blood Collection and Utilization Survey Report. Washington

(DC): Department of Health and Human Services; 2008.
- Transfusion could not be ruled out as the cause of the fatality.
: Guidance for Industry: Notifying FDA of Fatalities Related to Blood Collection or Transfusion, September, 2003.

htpaviw. [da. gov/biologiesbloodvaccines/p uidancecomiplisnceregulatoryinfommation/gnidances/blovd/uem 74947

-,

nfatalities/default.htm. For further information, see our Guidance for Industry: Notifying FDA of

Neiw
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If you have questions concerning this summary, you may contact us using any of the three
following options. : ' '

i Email us at fatalities2¢:fda bihs.cov

2. Call us at 301-827-6220, or

3. Write us at: 5 S :
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

B Resuits

Dun'ng FYZOOQ (October 1, 2008, through September 30; 2609), we received a total of
80 fatality reports. Of these reports, 74 were transfusion recipient fatalities and 6 were post-
donation fatalities. :

of the 74 transfusion recipient fatality reports, we conclu.ded: ’

a) 44 of the fatalities were transfusion -related, :

. b) 22 of the fatalities were cases that transfusion could not be ruled out as the cause of the
fatality, ' : . o
¢) 8 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 5 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 {
" FY2009 C . )
B. Transfusion Related Acute Lung Injury (TRALL)
€. Hemolytic Transfusion Reactions (HTR) ‘
D. Microbial Infection : )
E_Transfusion Not Ruled Out as Cause of Fatality
E.Not Transfusion Related '

A: Overall Comparison of Transfusion-Related Fatalities Reported:from FY2005
through FY2009 :

In combined Fi$ca] Years (FY) 2005 through 2009, Transfusion Related Acute Lung Injury

*(TRALI) caused the highest number of reported fatalities (48%), followed by hemolyfic

traqsﬁ:sion reactions (26%) due to non-ABO (16%) and ABO (10%) incompeatibilities,

mn
(o]
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Complications of microbial infection, Transfusion Associated Circulatory Overload (TACO),
and anaphylactic reactions each accounted for a smaller number of reported fatalities (Table 1
" and Figure 1). Over the last five fiscal years, we have seen an overall increase in reports of
transfusion related TACO fatalities ~ from three reports in FY2008 to 12 reports in FY2009.*
- The number of transfusion related deaths due to anaphylaxis has remamed very small over the
last 5 years.

’_Ta_h,le'h Transfusion-Related Fatalities by Complication, FY2005 hrough FY2009
Complication Fyos | Fvos | Fyos | Fyos | Fver | Fyoz | Fvos | Fyos | Fyos | Fyos | Total |- Totat
B No. % | No. % | No. %) Mo %] N %] No. %
TRAL! 29| ar% 35 | 56% 34 | 65% 160 | 35%] 13|  30% 127 | a8%
‘| LHTIR (non-ABO) 18l 2% gt 14%}) 2| 4% 71 15% 81 18% 42| 16%
HTR (ABO) - 6| 10% 3 5% 3 6% 10 22% 4 9% | 6] 0%
{ Microbial Infection | 8 13% 71 1% 61 12% 71 15% 5! 11% 33| 12%
TACO - -1 2% 8] 13%)] 5] 10% 3 ). 12l orwl 29| 1%
Anaphytaxis ) 0% 1 2% 2 4% 3 7% 1 2% 7 3%
Other 4o 3% [ 0% 0 0% 0 oy 1 2%y 31 1%
TTT 62 | 100% 63 | 100% 52 | 100%. 46 | _100% a4 | 100% 267 | 100%

“‘In FY2007, our review committee began using the Canadian Consensus Conference criteria™® for e\aluatmg
TRALI cases ~ these numbers includes both “TRALI” and “possible TRALI” cases

* **Other:.Includes one case of Graft vs. Host Disease (GVHD) and one therapeutic plasma exchange (TPE) ervor
(use of a treatment column cofitraindicated due to patient’s medical history)
***Other: Hypolenswe Reaction’ .

Popovsky MA.. Transfusion associated cxrcu]alorv overload: the plot thickens. Transfusion 2009;49:2-4,
* Goldman M, Webert KE, Arnold DM. et al. Proceedings of a consensus conference; towards-an understandmg of -
TRALIL Transfus Med Rev 2005,19:2-31,
¥ Kleinman S, Caulfield T, Chan P, et al. Toward an understanding of transfusion-related acute lung injury:
" statement of & consensus panel. Transfusion 2004;44:1774-1789."
7 Centers for Disease Control and Preverition. The Nauonal Healthcare Safety Nelwork (NHSN) Biovigilance
Component protocol. 2009:17. .
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" Figure 1: Transfusion-Related Fatalities by Complication, FY2005 through FY2009

T2 .
= 40,
s .
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w .
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e . .
& 104
g 0 J Tt __ 0 —
‘z . HTR (ron-ABO) TACO Anaphylaxis Other
®FYD5 29 186 6 8 1 0 2 ]
®FY0S 35 9 3 7 8 1 0 |
loFvor]| - 34 2 3 6 5 2 0
Clacal 16: 7 -10 7 3 3 o
wFog| - 13 [] 4 5 12 1 1
Complication

B. Transfusion Related Acute Lung Injury (TRALI)

While TRALI represented 48% of confirmed transfusnon related fatalities reported to CBER over

- the last five fiscal years, fatalities due to, TRALI have continued to decrease - to 30% of

confirmed transfusion related fatalities in FY 2009, compared to 35% in FY2008, and 65% in
FY2007. The number of TRALI fatalities associated with receipt of Plasma products decreased
from 12 (35% of TRALI cases) in FY2007, to 4 (25% of TRALI cases) in FY2008, to 3 in
FY2009 (23% of TRALI cases) (Figure 2). TRALI fatalities associated with receipt of Apheresis
Platelets decreased from S (31% of TRALI cases) in FY2008 to 2 (15% of TRALI cases) in
FY2009, :

In Calendar Year 2006, transfused plasma products accounted for approximately 13% of all
transfused components, apheresis platelets (using platelet concentrate equivalent umts) -
approx1mately 30%, and red blood cell-containing products - approximately 49%.% In
comparison, for the combined fiscal years 2005-2009, Fresh Frozen Plasma (FFP) and other

. plasma accounted for 46% (58/127) of reported TRALI fatalities, apheresis platelets accountea

for 11% (14/127), and RBC'’s accounted for 26% (33/127).

In FY2009, the 13 TRALI cases were temporally assoc:ated with products from 38 donors. Of
the 38. 1mpllcated donors, 19 (50%) were tested for white blood cell (WBG) antibodies (Table 2).
Antibody tests were negative in 42% of those tested. Of those tested, Human Leukocyte )
Antibodies (HLA) were presént in 53% of donors. Human Neutrophil Antibodies (HNA) were
present in 26% of donors (in two of these donors, no HNA specificity was determined). Some of
the donors had multiple antibodies, ‘Reporters who included patient testing data were able to
match donor antibodies with rec:pxem cognate antigens in 6 of the 13 cases, 1mp11catmg 5 female
donors and one male.

b Whitmka;BI, op.cit. Tables 4-] and 4-2.

Vo)
N
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Of the 38 implicated donors, reports identified 16 females (42%) and 22 males (58%). Of the 19
_donors that were tested, 12 were females (10 with a history of pregnancy;-2 with unknown
pregnancy history) and 7 were males (one with a history of transfusion; 6 with no reported
history of transfusion or transplant). Nine of the 12 females tested positive for antibodies,
implicating 6 RBC’s, 1 FFP, and 2 Apheresis Platelets. Two of the 7 males tested positive for
antibodies, implicating 1 FFP and | Plasma frozen within 24 hours after collection (FP24).

Although the transfusion community has taken voluntary measures to reduce the risk of TRALI,
this complication of transfusion continues to be one of the leading causes of transfusion-related

fatalities reported to the FDA. Current literature describes the results of continued international
efforts to reduce the use of plasma for transfusion prepared from female donors.>' %122

Figure 2: Reports of TRALI by Implicated Blood Product, FY2005 through FY2008

25y
20 :
,g 15 -
3 10 1 M
. 5 4
° Platelets | Multiple
: elets Viulti
FFP : RBC Plasma* Phaeresns Prod:ctes
WFY05 13 - 5 3 4 . 4
WFY0S| 22 1 2 5
OFYQ7 12 12 0 1 9
BFY08 4 0 5 -2
= FY09 2 6 ) 1 2 2 .
‘ Blood Product

*FY2005: Includes 2 FP24 (Plasma frozen within 24 hours after collection) and ] Liquid Plasma
*FY2006: Includes | FP24 )
*FY2009: Includes 1 FP24.

® Eder AF, Benjamin RJ. TRALI risk reduction; donor and component management strategies. J Clin Apher
2009;24(3):122-9.
' Murphy MF, Navarete C, Massey E Donor screening as a TRALI risk reduction strategy. Transfusion
2009;49:1779-82,

- " Stillman CC, Fung YL, etal. Transfusion-related acute lung injury (TRALI): Current concepts and
misconceptions. Blood Reviews 2009;,23:245-255:
" Chapman CE, Stairisby D, et'al. Serious Hazards of Transfusion Steering Group. Ten years of hemovigilance:
reports of transfusion rclated acute lung injury in the United Kingdom and the impact of preferential use of male
donor plasma. Transfusion 2009;49:440-52,
1 K eller-Stanisiawski B; Riel A, gt al. Frequency and severity of Lransfusxon-related acute lung injury - German
haemowgllance data (2006-2007] Vox Sang 2010,98:70-77.
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Table 2: Donor Antibodies Identified in Associatlon with TRA LI, FY2007 through FY2009
Donor Leukocyte Anhbodies | FYO7 No. FY07% | FY08 No. FY08% | FYO09 'No. FY09 %
HLA Class | , 18 7% 3 18% 1 5%
"HLA Ciass {l 6 6% 2 12% 0 0%
HLA Class | and Il 15 14% 6 35% 5 26%
HNA 17 16% 2 12% 1 5%
HLA and HNA ] 6% 2 12% 4 21%
Negative 42 41% 2 12% 8 42%
Total Donors Tested 104 100% 17 100% 19 | 100%
This table does not include the 59 donors that were not tested for WBC antibodies i in FY07, the 3 donors that w ere
not tested in FY08, and the 19 donors that were not tested in FY09,
c. Hemo’lytic Transfusion Reactions
In FY2009, hemoly tic transfusion reactions and TACO were the second leading causes of
transfusion related fatalities reported to CBER, each representing 27% of confirmed transfusion
related fatalities. The number of reported fatal hemolytic transfusion reactions decreaséd from
17in FY2008 to 12 in FY2009, due to a decrease in reports of ABO hemolytic reactions, from Z
10 (59%) in FY2008 to 4 (33%) in FY 2009 (Figure I and Tabie 3). We continug to see an
“overall decrease in the number of reported fatalities due to hemolytic tra.nsfusnon reactions since
FY2001 (Figure 3). '
Table 3: Hemolytic Transfusion Reactions by Implicated Antibody, FY2005 through FY2009
- Fvos | Fyos § Fvos-| Fvos | Fyor | Fvor | Fves | Fvos | Fyos| Fvos{ Totar | Tota
Antibody - - No. % | . No. %t wNo.|l %] ‘o %l No.|l ~ %l mol %
ABD i 81 2% 3] 25%| 3| 60% 10] se% 4]  33% 26| 38% ]
Multiple Am.bod.es' 61 27% 4] 33% 1] -.20% 1] 6% 2| 17w el 2%
g 3] t4% 0 0% o} _ o% 2| 2% 0 0% 5 7%
Other* 3] 4% 0 0% [} 0% 0 0% 2] 7% s 7%
Kell 1 5% 1 8% 0 0% 2] 129 0 0% 4 §%
N 1 5% 1 8% 1] _20% 0 0% 2] 7% s 7%
Fy* 0 0% 1 8% ol -o% 21 12% 1 8% 4 8%
3% ol - 0% 1 8% 0 0% o 0% g 9% t 1%
E 1 5% 0 0% 0 0% 0 0% o 0% 1 1%
I 1] 5% 0 0% 0 0% [ 0% 0 0% 1 1%
Js* 0 0% 1 8% 0 0% ol 0% 0 0% 1 1%
Js* [ 0% 0 0% ol 0% [ 0% 1 8% 1 1%
Totals 22 | 100% 12| 100% 5] 100% 171 100% 12 100% 68 | 100%
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*FY2005 antibody combinations included E+c, Fy*+K, Fy*+Jk®, E++A,, possible C+E+K, Wr+warm
autoantibody.

*FY2006 antibody combinations included E+c, S+K, JKP+eold aggluumn, unidentified auto- and alloannbodxes
*FY2007: anti-M+C

*FY2008: anti-C+K+Fy"+S+N+V+Js*+Go*+warm auloantlbody

*FY2009: antibody combinations included E+Jkb, S+.Tka+ka+K+Fya+F) b+ V+C+N+HTLA

**FY2005: Includes one report of non-immune hemoly sis, one report of an unidentified antibody to a low mmdence .

antigen, and one report of Cold Agglutinin Syndrome due to Afycoplasma preumonia or Lymphoma.
**FY2009: Includes one report of an unidentified warm autoantibody and one report of Hyperhemolysis _
Syndrome'.

Figure 3; Hemolytic Transfusion Reactions, FY2001 through FY2009
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I FY2009, there were four reports of fatal hemolytic transﬁ151on reactions due to ABO-
mcompatlble blood transfusions:

1 case: recipient identification error at the time of transfusion (nursing error)
1 case: patient sample labels switched (phlebotomist error)

"1 case: sample'collected from incorrect patient (phlebotomxst error)
1 case: patient sample mistyped (lab error)

...‘.

' Win N, New H, et al. Hyperhemolysis syndrome in sickle cell dlsease case report (recun'ent eplsode) and.
hterature review. Transfusion 2008;48:1231- 1238 :

.(Fxgure 3).
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D.  Microbial Infection

In FY2009, there were 5 reported fatalities atmbuted 10 microbial mfectlon 51m11ar to the
numbers reported in the previous four fiscal years. - Three different bacteria were implicated in
three fatalities, and Staphylococcus aureus was implicated in two (40%) of the fatalities.
Although Babesia accounted for 36% (10/28) of reported cases over the previous four fiscal

* years, there were no reported cases in FY 2009, Babesia now accounts for 30% (10/33) of deaths

due to microbial infection over the S-year reporting penod followed by Slaphylacoccus aureus,
which accounted for 21% (7/33) (Table 4).

After seven _years with nio reported deaths due to transfusion-transmitted Babesnosls CBER
received reports of 10 transfusion-transmitted Babesiosis deaths dunng fiscal years 2006 through
2008. Recent articles prov:de addmonal information about this topic. ’

- There was one strict anaerobe, Eubaclermm hmosum implicated in a fatal bacterial infection

during the 5-year reporting period; this fatahtv occurred in FY2005. The remaining bactena are
facultative anaerobes. :

In FY2009, there were no reports of fatal microbial infections associated with Red Blood Cells,
compared to 5 reports in FY2008, which were all due to Babesia infections. There was a small
increase m Jthe number of reports of fatal microbial infections associated with apheresis
platelets'” in FY2009 (Figure 4).. However, this finding is still consistent with an overall
decrease in'the number of bactenal infections associated with apheresxs platelets since FY2001

28"

Guhemol DM, Nakhasi HL, Mied PA, et al. Transfus:on—u'ansmxlled babesiosis in the United States: summary ofa

_ workshop. Transfusion 2009; 149:2759-2771.

" Toneti L, Eder AE, Dy B, et al. Transfmxonm"ansmmed Babesia Microti ldenuf ed lhrough hemovlgxla.nce
Transfusion 2009;49;2557-2563.
" Fuller AK, Uglxk KM, etal. Bacterial culture reduces but does not eliminate the risk of sepuc transfusion

- reactions due to smgie-donor platelets. Transfusion 2009;49: 2588-2593
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Table 4: Microbial_!pfection by Implicated Organism, FY2005 throug}_n FY2009 -
Organism FY05 FY05 FY06 FY06 FYO7 ! FYO7 FY08 FY08 FYo0s FY0s8 § Total Total

No. % No. % No. % No. % No. % No. | %

Babesia® [+] 0% 2 28% 3 S0% ] 71% 0o 0% 10 30%
Staphylococous aureus 3 37% ol 0% 1. 17% 1 14% 2 40% 7 21%

- Escherichia coll (4] 0% 3 43% )] 0% 0 0% 0 0% 3 9%
Serrstia marcescens 2 24% 0 0% [ 0% (‘] 0% 9 0% 2 6%
Staphylococcus
epidermidis 1 13% [s] 0% [+] 0% 1 14% 0 0% § 2 §%
Staphylococcus .
lugdunensis 1 13% 0 0% 0 0% 0 _ 0% [ 0% 1 3%
Eubscterium limosum 1 13% 0 0% [¢] 0% ‘0 0% 0 0% 1 3%
Morganella morganil 0 0% 1 14% 1] 0% 0 0% [} 0% 1 3%
Yersinia enterocolitica i 0 0% | 1 14% 4] 0% { 4] 0% 0 0% 1 3%
Streptococcus . i o R

_§ dysgalactiae (Group C) 0 0% 0 0% 1 17% 0 0% 0 0% 1
Klebsiells oxytocs o 0% 0 0% 1 17% ] 0% Q a% 1
| Strepfococeus virldans 0 0% o 0% 0 0% 0 0% 1] 20% 1

Streptococcus : - - ’ )
pneumonize 0 0% [ 0% 0 0%. 0 0% 1 20% 1 3%
Staphylococcus wameri [ 0% 4] 0% 0 0% 0 0% 1 20% 1 3%
Total 8 100% 7 100% 6 |° 100% 7 100% 5 | 100% 33 | - 100%

- *Nine Babesia microti-and one probable Babesia MO-1 species

Figure 4: Microbial Infection by Implicated Blood Produét, FY200S through FY2009

89

Number

_ B Pooled Platelets | Platelets Pheresis
FY05 1 1 6
®FY06 4 1 2
DFY07 3 1 2
BFYO08 5 0 2
MFY09 0 1 4

Blood Product

Red Blood Celis mlcroorgamsms S. marcescens (1), E. coli (1), Y. enterocolitica (1), B. mtcron (9) B. MOI(1)
(1)

Pooled Platelets microorganisms: S. aureus (1), E. coli (]) S. dysgalactiae (1}, S,

Platelets Pheresis microorganisms: S, auwrens (6) S. marcescens (1), S. Iugdunensts (1), S. epidermidis (2)

E llmasum (l) E. coli (1), M. morganii (I) K. oxytoca (1), S.viridans (l) S. warneri (1)
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Figure 5:° vBa‘cterial infettion by Apheresis Platelets, FY2001 th réugh FY2009
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E. Transfusidn Not Ruled Out as Cause of Fatality

In these reported fatalities, the repomng facnlmes were unable to identify a specific comphcauon
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 IL.A through I1.D (transfusion- related fatalities), above,

.- Combining the transfusion related fatalities with those that our medical officers could not rule

out, there was a total of 66 reported fatalities in FY2009, as compa.red to 541 in FY2008 and 63 in
FY2007.

'F. Not Trans‘fu_sion Related

After revxewmg the initial fatality reports and the investigation documentatlon 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 I1.A through I.D (transfusnon-related

| fatalmes) above, .

Table 5: Fatalities Not Related to Tra

FY0S5| FYOs | FYo7| FYOB] FY09
Not Transfusion Related 21 8 13 18 8
Not Ruled Out 14 10 11 8 22
Totals 35 18 24 26 30

'ufusmn or Transfusion Not Rulcd Qut, FY2005 through FY2009

29
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'CDC Notice Alerts H_.Ed?a to Possible Dengue
Exposure v

_Arecent advisory from the Centers for Disease Control and Prevention has
alerted travelers o avoid infection with the dengue virus, the causative
agent of Dengue fever as well as one of the most common causes of fever
in visitors to tropical and subtropical regions of the world. Although

" currently not a major threat in the U,S. — except in the commonwealth of
Puerto Rico, where the virus is endemic — it has been listed by AABB's
Transfusion Transmitted Diseases Committee as one of the top agents of
concern to the blood banking and transfusion medicine communities, along
with Babesia and the agent responsible for variant Creutzfeldt-Jakob
disease. The August Ncom supplement of Transfusion included a fact sheet
on the pathogen,

Netherlands Prepares for Q Fever Outbreak

Blood banking officials in the Netherlands are making preparations for the
expected 2010 outbreak of Q fever in that country. According to a

statement from the Centers for Disease Control and Prevention, as of Nov.
25, 2,293 human cases had been confirmed in the Netherlands in 2009, -
i&ca,:u six deaths, These cases represent an ongoing outbreak of Q .
fever in the Netherlands since 2007; 190 cases were reported in 2007 and
1,000 cases in.2008. Sanquin, an organization that n8<_amm blood banking. -
technical assistance in the country, will be implementing a nucleic acid
ampiification testing procedure to screen selected donations from high-risk
-.oumo:m for the duration of the current Q fever epidemic. The August 2009
supplement of Transfusion included a fact sheet on the pathogen involved -
in Q fever, Coxiella burnetii. AABB's Transfusion Transmitted Diseases
‘Committee will use the data from the Netherlands to update the fact sheet.

- Lawmakers, Health Experts Call for Increase in
Funding mOa Hepatitis Efforts
The National Viral Hepatitis Roundtable on Tuesday held a press

" conference on Capitol Hill urging suppont of a bipartisan bill, HR 3974, that
would direct $90 miltion to the Centers for Disease Control and Prevention.

1o fund state-based screening, education and prevention efforts targeting
chronic viral hepatitis. According to NVHR, an estimated 5 million U.S,
residents are infected with.viral hepatitis B ar C, and the administration's

" current budget proposal for 2011 would underfund the Division of Viral ]
Hepatitis. Among the lawmakers umn_o_umﬁ_:m at the :._mn_m briefing were
U.8. Reps. Hank Johnson (D-Ga.), who recently underwent treatment for

" hepatitis C; Mike Honda A_u Calif.), lead sponsor of the bill; and Bill Cassidy
(R-La.), a practicing :mumﬂo_om_ﬂ

Task Force Looks to Improve T ransparency
Between FDA and Industry
The Transparency Tesk Force of the Food and Drug Administration is
oo__mn::m _:qoqam:o: on ways in which transparency can be improved
between the agency and w:ac.msr According to a March 12 Federal-
Register notice, FDA is seeking commenits on how improvements can be
made in areas such as {raining and education on the agency's regulatory
and guidance-development processes as well as communication,
particutarly.in times of crisis. mo> is making available on the U.S.
“government reguiations e-portal transcripts and summaries of three public
listening sessions it held for background infarmation; visitors to the site
should use the keywords “iransparency task force 2010." Comments must
be-received by April 12 and can be submitted through this Web site.
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Malaria.Acquired'in Haiti --- 2010

Weekly
March 5, 2010 / 59(08);217-219

On January 12, 2010, a 7.0 magnitude earthquake struck Haiti, which borders the -
Dominican Republic on the island of Hispaniola. The earthquake's epicenter was 10 miles
west of the Haiti capital city of Port-au-Prince (estimated population: 2 million). According

to the Haitian government, approximately 200,000 persons were killed, and 500,000 were
left homeless (1). Malaria caused by Plasmodiumn falciparum infection is endemic in Haiti,
and the principal mosquito vector is Anopheles albimanus, which frequently bites outdoors.
Thus, displaced peérsons living outdoors or in temporary shelters and thousands of -
emergency responders in Haiti are at substantial-risk for malaria. During January 12 --
February 25, CDC received reports of 11 laboratory-confirmed cases of P. falciparum
malaria acquired in Haiti. Patients included seven U.S. residents who were emergency
responders, three Haitian residents, and one U.S. traveler. This report summari'zes the 11°
cases and provides chemoprophylactic and additional preventive recommendations to
minimize the risk for acquiring malaria for persons traveling to Haiti.

Of the seven emergency responders, six were U.S. military personnel: Among the six, four
cases were uncomplicated and treated-locally in Haiti. Two other patients were moderately
to seriously ill and transferred to the United States for intensive care; one required
intubation and mechanical ventilation for acute respiratory distress syndrome. All are
expected to make a full recovery. -

All six military personnel had been provided oral chemoprophylaxis with doxycycline before
-departure from the United States and personal protective equipmient (e.g., insect repellent
and insecticide-treated netting and uniforms) after arrival in Haiti. Of the 11 total patients,
chemoprophylaxis was indicated for the seven emergency responders and the lone U.S.
traveler. Six of these eight patients (including the two hospitalized military personnel)

-reported nonadherence to the recommended malaria medication regimen. Adherence status _

was unknown for the remaining two patients. -

Three cases occurred in Haitian residents who traveled to the United-'S'tat'es, in'cluding one
Haitian adoptee. The number of U.S. malaria cases imported from Haiti likely is
-underestimated because typically not all cases are reported to CDC. -

Reported by - _ -

K Mung, MD, B Renamy, MSc, Pan American Health Organization, JF Vely,~MD, R
Magloire MD, Ministry of Public Health and Population, Haiti. N Wells, MD, US Navy
Medical Corps, J Ferguson, DO, US Army Medical Corps. D Townes, MD, M McMorrow,
MD, K Tan, MD, B Divine, L Slutsker, MD, Malaria Br, Div of Parasitic Diseases, Center
for Globat Health, CDC. , , o : ( ’

Editorial\ Note
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In 2008, a total of 1,298 cases of malaria in the United States were reported provisionally to
CDC, and 527 (40.6%) were caused by P. faleiparumi; ail but two of the malaria cases were
‘imported (CDC, unpublished data, 2009). Most imported cases are in travelers returning to
the United States from areas in Africa, Asia, and the Americas where malaria transmission .
1s known to oceur (2). Of the four Plasmodium species that routinely infect humans (P.

 falciparum, P. vivax, P. malaride, and P. ovale), P. falciparum causes the most severe

disease and highest mortality and is the predominant species in Haiti (3,4). Information :
regarding the incidence of malaria in Haiti is limited, Historically, malaria transmission
peaks in Haiti after the two rainy seasons, with a primary peak during November--January

- and a secondary peak during May--June. Although each year Haiti reports approximately

30,000 confirmed cases of malaria to the Pan American Health Organization, as many as
200,000 cases might occur annually. One population-based survey in 2006 in the -
Artibonite Valley, located 75 miles north of Port-au-Prince, found an overall prevalence of
P. falciparum infection of 3.1% (14.2% in febrile and 2.1% in nonfebrile persons) (4).

Prompt diagnosis and treatment of malaria as well as chemoprophylaxis when appropriate

. are critical. Recommendations for antimalarials for treatment and prevention are based on

information on parasite drug susceptibility for a specific geographic setting. In Haiti, the
first-line treatment for malaria is chloroquine. No evidence exists of clinical failure of

" chloroquine treatment in persons with P. Jaleiparum infection acquired in‘Hispaniola, nor

has chloroquine prophylaxis failure beeri documented in travelers, However, one published
study found five of 79'(6.3%) P. falciparum isolates collected in the Artibonite Valley in
Haiti in 2006 and 2007 carried a mutation associated with parasite resistance to

~ chloroquine (5). Although the findings do not serve as a basis for prophylaxis and treatment
- policy change, they do point out the need for heightened awareness of potential failure of

chloro_quine treatment or prophylaxis in persons in Haiti or returning from Haiti.

Persons traveling to Haiti should receive chemoprophylaxis with one of the fol]owing o
medications: atovaquone-proguanil, chloroquine, daxycycline, or mefloquine (6). Iif

preventive medications are started <1 week before departure, or while already in Haiti,

“either atovaquone-proguanil or doxycycline are recommended. Use of weekly chloroquine

requires receiving the initial dose 1 week before departure, and use of weekly mefloquine .
requires receiving the initial dose 2 weeks before departure. Mosquito-avoidance measures
should be taken, such as using mosquito repellent, wearing protective clothing, and sleeping.
under an insecticide-treated mosquito net. Chemoprophylaxis, although highly effective in
preventing malaria, is not 100% effective. Therefore, if fever develops in persons taking
chloroquine or other antimalarials for chemoprophylaxis, they still should be evaluated for
malaria infection with a diagnostic test. ‘ '

CDC currently recommends microscopic examination of blood smears for malaria !
diagnosis. Three negative malaria sméars spaced 12--24 hours apart are needed to rule out
malaria. However, inicroscopy capacity in Haiti is limited at this time. A diagnostic option
frequently used in emergency settings in.areas with high prevalence of malaria is a rapid
diagnostic test based on antigen detection: However, if laboratory diagnosis of malaria is
not possible, presumptive treatment based on clinical suspicion:of malaria (e.g.,

- unexplained fever) should be given. Rapid diagnostic tests for malaria can remain positive -

up to 3 weeks after treatment and should not be used to assess treatment failure in a patient
with malaria, . ‘ :

Persons with laboratory-confirmed P. falciparum malaria acquired in Haiti and treated in
the United States and emergency responders treated in the field should recéive treatment
according to CDC guidelines (). Uncomplicated malaria can beé treated with one of the
following regimens: chloroquine, artemether-lumefantrine, atovaquone-proguanil, or the
combination of quinine and doxycycline, tetracycline, or clindamycin. In patients with
confirmed malaria who report adherence to'chemoprophylaxis in Haiti, a change to a -

http://www.cdc.gov/mmwr/preview /mmwrhtmi/ mm5908a1.htm?s. cid=mm5908al e = 2010/04/94 -
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different drug than that taken for chemoprophylaxis is recommended for treatment.
Clinicians should consider switching patients with uncomplicated, laboratory-confirmed
malaria from chloroquine treatment to other recommended drugs after any indication of -
poor response to chloroquine such as increasing parasite density 24 hours after starting
treatment, persistent parasitemia 48 hours after starting treatment, or clinical .
deterioration. Severe malaria requires treatment with intravenous quinidine and one of the
following: doxycycline, tetracycline, or clindamyein. Intravenous artesunate also is available
from CDC for use in the United States as part of an investigational dtug protocol. If treating
severe malaria in a responder in the field, treatment should be initiated with available
medications and consideration given to immediate medical evacuation.

In Haiti, residents with malaria should be treated in accordance with that country’s national
treatment guidelines. First-line treatment for uncomplicated malaria in Haiti is ,
chloroquine. First-line treatment for severé malaria in Haiti is intravenous or intramuscular
quinine. .

CDC continues to monitor the malaria situation in Haiti, including any reports of possible
chloroquine prophylaxis or treatment failures in those returning from Haiti. Medical
providers should contact the CDC Malaria Branch clinician o call (770-488-7100) for
clinical consultations and to discuss cases of apparent chloroquine treatment or prophylaxis
failures and testing of parasites at CDC for resistance markers. Additional information on
malaria is available at http://www.cdc.gov/malaria. ' '
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“\’v'hat is already known on this topic?

Malaria caused by Plasmodium falciparum infection is endemic in Haiti, where the
January 12’earthquake and resultant living conditions have placed many displaced
residents and emergency responders at substantial risk for malaria.

- Whatis added by this report?

T_his report summarizes 11 cases of malaria from Haiti reported to CDC and outlines -

htto://www.cde.gov/mmwr/oreview/mmwrhtml/mm5908a1 htm?s- cid=mm5908at & 2010/04/26 - -
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recommendations for appropriate malaria chemoprophylaxis for persons traveling to Haiti.
What are the implications for public health practice? '

Adhere_nce to preventive chemoprophylaxis recommendations and appropriate personal .
protective measures can lower malaria rigk, and prompt diagnosis and treatment of malaria
in travelers to Haiti and persons in Haiti can improve their outcomes. '

Use of trade names and commercial sources is for identification only and does not.imply endorsement by the *
U.S. Department of Health and Human Services. ) :

References to non-CDC sites on the Internet are provided as a service to MMWR readers and do not

constitute or imply endorsement of these organizations or their programs by CDC or the U.S. Department of
Health and Human Services. CDC is not responsible for the content of pages found at these sites. URL
addresses listed in MMWR were current as of the date of publication. :
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An autdpsy case of Creutzfeldt-Jakob disease with

a V1801 mutation of the PrP gene and
~ Alzheimer-type pathology

Hidenori Yoshida,! Seishi Terada,! Hideki Is‘hizu,2 Kenji Tkeda,? Toshiyuki Hayabara,?
Kazuyo Ikeda,* Kazushi Deguchi,’ Tetsuo Touge,* Tetsuyuki Kitamoto® and Shigetoshi Kuroda®

‘Department of Neurdpsycﬁiatry, Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical )
Sciences, *Department of Laboratory and Medicine, Zikei Institute, Okayama, *Department of Neuropsychiatry, Iwaki

Hospital, ‘Department of Gastroenterology and Neurology,
Health Sciences, Kagawa University School of Medicine,
Department gf Prion Research, Center for Translational an.

Kagawa University School of Medicine, *Department of
Kagawa, and “Division of CID Science and Technology,
d Advanced Animal Research on Human Diseases, Tohoku

University Graduate School of Medicine, Sendai, Japan

We report an autopsy case -of Creutzfeldt-Jakob disease
with a codon 180 peint mutation of the prion protein gene
(PRNP). A T7-year-old woman developed gait instability,

followed by dementia and limb/truncal ataxia. She became -

akinetic and mute 1 months and died of pneumonia 26
montlhis after the disease onset. Analysis of the PRNP gene
revealed a codon 180 point mutation. Post-mortem exami-
nation révealed marked spongiosié, newronal loss, and
astrocytic gliosis in the cerebral cortex, Mild to moderate
spongiosis and neuronal loss were observed in ‘the limbic
cortex and basal ganglia. There was no spongiform change

in the hippocampus, brain stem or cerebellum. Many senile .

plaques and neurofibrillary tangles were found, and the

" Brask stages were. stage. C and stage IV, respectively.

Immunos(aining for prion protein_ (P1P) revealed granular
(synaptic-type) and patchy-PrP deposition in the cerebral
cortex and especially in the hippocampus, Most patchy PrP
deposits were colocalized with amyloid [§ plaques, but some
of them were isolated. The relatively strong PrP deposition
and coexi of Alzhei type pathology of this case
are remarkable. We suppose that amyloid B plaques might
act as a facilitating factor for PrP depaosition.

Key words: Creutzfeldt-Jakob disease, histopathology,
prion proteins, senile plagues, V180l mutation. .
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INTRODUCTION
Creutzfeldt-Jakob disease (CTD) is a fatal neurodegenera-

tive disease affecting humans and a wide variety of animals,

Most cases are sporadic with an unknown mode of trans-

" mission; 10-15% of cases dre inherited, and a small number

have been caused by medical procedures.! The incidence of
CJD s estimated to be stable at between 0.5 and 1.5 cases

" per.million people per year.!* The typical clinical picture of

sporadic .CJD is a rapidly progressive cognitive decline
with - ataxia' and myoclonus, associated with . periodic
synchronous discharges (PSD) on’ electroencephalogram
(EEG), and positive CSF 14-3-3 protein test.> The disease
is ne\itopathglogically characterized by spongiform degen-
eration, neuronal loss, gliosis, and the presence of altered

. forms of prion protein (scrapie form of prion protein,

Prpse).?
Some cases of familial CJD are actually sporadic cases -
with no relevant family history due to incomplete genetic
penetrance and the misdiagnosis of other affected family
members. The clinical features depend on the genetic muta-
tions, However, most patients demonstrate PSD on EEG,
an accepted diagnostic marker for CID.* CID with a caus-
ative point mutation of valine to isoleucine at codon 180
(V180I) of the prion. protein gene (PRNP) is a type of
familial CJD with no relevant family history.'? In case
reports, the clinical features of CJD with-V180! were dif-
ferent from those of sporadic CID (sCJD). CJD with V1801
is a late-onset disease, and the symptoms never start with
visual or cerebellar idvolvement.*s ‘The patients shaw
slower progression of the disease compared with sCID!
They never- show PSD' on EEG* MRI demonstrates

\
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remarkable high-initensity areas with swelling in the cere-
bral cortex except for the medial occipital and cerebellar
cortices.’ Therefore, the premortem clinical diagnosis is
sometimes difficult, and the cases are misdjagnosed as ney-
rodegenerative disorders with dementia.

As stated above, the clinical symptoms of CJD with
V1801 have previously been described in detail, but reports
of autopsied cases of CJD with V1801 have been limited. In
this report, we document arare autopsy case with coexisting
CID with V1801 and Alzheimer disease (AD) pathology.

CASE REPORT
" Clinical course
: "The patient was a Japanese woman who was 79 years old at
the time of death. She had neither a family history of
neurological disease nor dementing disorder anamnesis,

She developed gait instability in May 2004 at the age of
77. Four months later, she showed agraphia and right-left

disorientation. Seven months after the onset, she could,

- neither starid nor walk, even with help. She also’ showed
dressing apraxia and acalculia. At admission, § months
after the disease onset, she was obviously demented. The
scores of the Mini Mental State Examination and Hase-
‘gawa Dementja Scale Revised were 14/30 and 8/30, respec-
tively. Neurological examination revealed limb and truncal
ataxia, Ideomotor apraxia and constructional disturbance
were obvious, and urinary incontinence was observed,
However, she showed neither myoclonus nor tremor. Deep
tendon reflex was within normal limits without pathologi-
cal reflex, and she showed no rigidity, ’

An EEG showed no PSD. Head MRI revealed diffuse
cerebral cortical atrophy. Diffusion-weighted 'imaging
showed high intensity, wide-ranging cortical lesions in the
temporal, frontal and parictal lobes. A suspiciously slight
elevation of 14.3-3 protein in her CSF was .Observed,
Analysis of the PRNP revealed a point mutation of valine
to isoleucine at codon 180, methionine/methionine
homozygosity (Met/Met) at codon 129, and glutamate/
glutamate homozygosity (Glu/Glu) at cadon 219.

Her cognitive deterioration worsened gradually, and she
developed akinetic mutism 18 months after the onset: She
died of pneumonia 26 months after the disease onset. The
autopsy was limited to the brain, and frozen tissue was not
‘taken.

Neuropathological findings

The fixed brain weighed 950 g. Meninges and vessels were
normal. Macroscopic examination revealed diffuse moder-
ate cerebral atrophy. Basal ganglia, brain stem, and cer-
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ebellum were not atrophic. No pallor was noted in the
substantia nigra and locus ceruleus.

The brain was fixed in 10% buffered formalin. Tissue
blocks were taken from the mid-frontal and orbitofrontal
areas; superior, middle and inferior temporal, inferior pari-
etal and occipital cortices; anterior cingulate; amygdala;

hippocampus; striaturn; thalamus; midbrain; pons; medulla; -

and cerebellum. Multiple paraffin-embedded tissue blocks
were prepared, and 7-mm-thick Sections were cut. These
sections were stained with HE; KB, thenamine silver and
modified Gallyas-Braak methods.

The following primary antibodies and dilutions were
used: anti-prion protein (3F4; mouse monoclonal; against
prion protein amino acids 108-111;1: 30; Dako, Glostrup,
Denmark), anti-amyloid p42 (rabbit polydo_nal; against
amyloid § C-terminal; 1 : 100; Immuno-Biological Labora-
tories; Gunma, Japan), anti-phosphorylated tau (ATS;
mouse monoclonal; 1:1000; Innogenetics, Ghent,
Belgium).

For amyloid B and phosphorylated tau immunohis-
tochemistry, deparaffinized sections wére incubated with

. 1% H,0; in methanol for 30 min to eliminate endogenous

peroxidase activity in the tissue and treated with formic
acid (99%, S min; Sigma, St. Louis, MO, USA) to retrieve
immunogenicity (for phosphorylated tau immunostaining,
the treatment with formic acid was not performed). After
blocking wjth 10% normal serum, sections were incubated
overnight at 4°C with the primary sntibody. The sections
were washed in PBS and incubated with’ a biotinylated-
secondary antibody, followed by avidia-biotinylated horse-
radish peroxidase complex (ABC Elite kit, Vector, Burlin-
game, CA, USA). The reaction was visualized ‘with 0.2%
3'3-diaminobenzidine (DAB) in 50 mmol TRIS-HCL
buffer, pH 7.4, containing 0.003% H,0,. Counterstaining
was carried out with hematoxylin. For prion protein (PrP)
immunohistocliemistry, sections were boiled in 35% HCl
for 2 min before the treatment with formic acid.

For double staining with amyloid  and PrP, the primary
antibody labeling in the first cycle was detected in the same

way as single staining to'yield-a brown precipitate. Then, ,
+ the primary antibody in the second cycle was detected in

the same way as single staining except that.the DAB reac-
tion was intensified with nickel ammonium sulfate to yield
a dark gray precipitate,

Microscopic examination revealed marked spongiosis,
neuronal loss, and astrocytic gliosis in the neocortex of the
frontal, temporal and parietal lobes (Fig. 1A). Neuronal
loss with neuropil rarefaction of all cortical layers was also
observed broadly in the affected cortex, especially severe
in the temporal and frontal lobes (Fig. 1B). Neuronal loss
and rarefaction were mild to moderate in the occipital
cortex. Spongiosis, gliosis and neuronal loss were moderate

"in the entorhinal cortex and putanien (Fig. 1C),.and mild in
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Fig. 1 Microscopic appearance of representative lesions. (A) The cerébra{ neocortex shows widespread status spongiosus. Temporal lobe.

HE. (B) Severe neuronal loss and neuropil raréfaction of ajl cortical layers are observed, Temporal lobe. HE. (C) The putamen shows

moderate spongiform degeneration, HE. (D) The bejlum shows no

is, neuronal foss, or astrocytic gliosis. HE. (E) Many senile

plaques are found in all isocortical areas, Parietal lobe. Methenamine sill—vua'stain. F) The CA4 of the hippocampus § ows AT8-positive
F s-and neuropil thrcgd.a Phosphorylated tau immunostaining. (G) The ‘cerebral(ngocartex shows a mill)g synapﬁic-t}ﬁ:e PrP degossi‘ttilon
and sparse patchy, deposmo(n‘ Temporal lobe. PrP immunostaining. (H) The hippacampus shows a relatively strong PrP immunoreactivity
and many patchy PrP deposits. PrP immunostaining. (I) Most patchy PrP deposits are colocalized with amyloid B plaque& (arrow), but some
of them dre isolated (lrxrt:)whead). Hippocampus. PrP (dark gray) and amyloid (brown) immunostaining, Scale bar = {A) 500 ;Lm, (B,C, °

E-1) 100 i, (D).200

the caudate nucleus, globus pallidus, medial thalamic
nucleus, and amygdala, In the cerebral white matter, mild
to moderate spongiesis and ‘gliosis were observed, There
Was no spongiform degeneration in the hippocampus, brain
stem or cerebellum’ (Fig. 1D). ’ ‘

In addition to the spongiform changes; many senile
plaques (SPs) were fotind in all isocortical areas (Fig. 1E),
compatible with stage C of Braak's classification. A modi-
fied Gallyas-Braak stain demonstrated a moderate number
of neurofibrillary tangles (NFTs) and neuropi] threads in
the CA1-4 of the hippocampus and parahippocampal
gyrus, consistent with stage IV of ‘Braak’s classification.s
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Phosphorylated 'tau immunostaining revealed the ATS-
positive neurofibriliary pathology, compatible with stage.
IV of Braak’s staging* (Fig, 1F). Amyloid angiopathy was
not detected by amyloid B immunostaining, No vascular
lesions were observed. Lewy bodies were not identified by
HE staining. v . )
Immunohistochemical analysis with 2 monoclonal antj-

" body to PrP demonstrated a mild fine granular (synaptic-

type) deposition™ and sparse patchy deposition in the
cerebral cortex (Fig, 1G). The immunoreactivity of PrP was
weak in the severely damaged cortex with neufopi] rarefac-
tion, bt in the preserved area of the neocortex, for-
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Table 1' Autopsied cases of Creutzfeldt-Jakob disease with V1801 mutation

H Yoshidz et al.

Matsumura et al.”

Twasaki ez al. " Suzuki ef al.”? Present case

Clinical features

Sex - Female Male Male Female
Age at onset (years) 78 78 79 77
Age at death (years) 79 - 80 80 - . 79
Duration (months) : 12 21 13 o2
Onset symptoms Tremor Motor aphasia Delusion Gait disturbance
Dementia . + + + *
* Myoclonus ’ + + - -
PSD - - - ~
CSF 14-3-3 .o . nd. ¥ +-
© Codon 129 in PRNP . Met/Val * Met/Va] Met/Val Mct_/Met
Histopathological features . :
: Br£n weigﬁlt (8) . 1220 1060 1180 950
- Rarefaction in cerebral cortex - - - *
Spongiform change
Cerebral cortex + + + +
Caudate + + n.d. +
Putamen + + n.d, +
- Thalamus + +. ad. +
Brain stem - n.d. nd, -
Cerebellum - - = -
Spinal cord ad. n.d, n.d. Not examined
PrP staining += +- R + )
: Synaptic Synaptic Synaptic Patchy, synaptic
Senile Plaques e - Braak stage B 4 Brask stage C
Neurofibrillary changes - +— +- Braak stage IV

PRNP, prion protein gene; PrP, prion protein; PSD, periodic synchron

ous discharges; +, present; +—; suspicious or slight; -, absent; n.d., not
ineh ; .

described; Met/Val, methionine/valine heterozygosity; Met/Met, metl

example, in the occipital cortex, the immunoreactivity was
comparatively strong. Particularly in the hippocampus,
. diffuse synaptic-type deposition and a large number of
patchy PrP deposits were detected (Fig. 1H). Most patchy.
PrP deposits were colocalized with amyloid B plaques, but
some of them were isolated (Fig. 1I). No PrP deposition
was observed in the basal nucleus, cerebral white matter,
brain stem, or cerebellum. Plague-type and perivacuolar-
type PrP depositions' were not found,

DISCUSSION

The diagnosis of CID in this case was established by the
analysis of the PRNP of V180I, diffuse spongiosis in the
cerebral cortex, and PrP immunostainirig. As_ far as we
" know, there have been'four detailed reports, including ours,
of autopsied CJD case with V1801 mutation (Table 1)41012
and this is the first detailed report of an autopsied CJD
case with a V180I mutation and Met/Met at codon 129.
Brain weights of the four cases ranged from 950 g to
1220 g, and inversely correlated with disease duration
(950 g, 26 months; 1060 g, 21 months; 1180 g, 13 months;
1220 g, 12 months) (Table 1). In all four cases, diffuse sporn-
giosis in'the cerebral cortex and basal ganglia was noted
-without obvious lesions in the cerebellum and brain stem.
However, severe neuronal loss, with neuropil rarefaction .
(so-called status spongiosus) in the cerebral cortex was

hionine homozy y.

found only in. our case. The long survival time might have
affected the appearance of the rarefaction.

The other ‘major pathological characteristics of our
patient were the-presence of Alzheimer-type pathology,
that is, NFTs consistent with stage IV of Braak’s classificas
tion," as-well as SPs compatible with .stage C according
to Braak’s classification. The- coexistence of Alzheimer
pathology -and prion pathology is uncommon &
However, there are few reports of the frequency of AD
pathology combined with CJD. In 1998, Hainfellner ez al
investigated Alzheimer-type pathology according to Corn-
sortium to Establish a Registry .for Alzheimer Disease
(CERAD) criteria® in the neocortices of 110 neuropatho-

" logically proven CJD patients and noted that Alzheiimer-
type pathology compatible with definite and probable AD
according to CERAD criteria occurred in 12 (10.9%) of
the CID patients.” However, in the 12 cases of CJD with
definite or probable AD according to CERAD criteria,
they found a moderate frequency of NFTs in only one
patient, who died at 82 after @ clinical duration of 3

. months.? In 1994, Brown et al. presented a synopsis of the
clinical, neuropathological, and biological details of a

National Institutes of Health series of 189 CJD cases

autopsied during the past 30 years, but only four of them
were found to exhibit evidence of AD with senile plaques
and numerous NFTs'in the hippocampus and cerebral cor-
tex.” From a review of the pub!ishégi literature, Tsuchiya
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et al, found that the coexistence of pathological features of

CID and AD in the 'same patient occurs in a very small -

number of patients, and that there ‘are two forms of coex-
istence of CJD and AD in the same patient.” The first form
is AD cases developing CID in the late stage of AD 822
The second form is sporadic CID cases having AD patho-
logical featires without any clinical features typical of
AD. 1782 Qur case corresponds to the second form.
"On immunghistochemical examination, the pattern of
PrP staining in our case is different from other reported
cases (Table 1)..In the three other cases, the ;staining
pattern was diffuse fine granular Prp deposition’ (synaptic
type) only, and ‘immunoreactivity was very weak, More-
- over, PrP deposition was localized to the medial temporal
cortex. In our ‘case, diffuse synaptic-type PrP deposition
was relatively strong and not localized to the medial
temporal cortex. Moreovey, patchy PrP deposition was
observed, mainly colocalized with senile plaques, but some
were isolated, It was reported that amyloid 8 protein and
PrP compound plagues were found in 11/12 CID patients
with_ concomitant Alzheimer-type. pathology® In most
_ compound plaques, PrP accumulates at the:periphery of
amyloid B plaques? Therefore, it was supposed that pre-
existing amyloid B plaques might act in CID as a micro-
environmental factor influencing PrP morphogenesis by
fostering the aggregation of one amyloidogenic protein
onto a core c_oni_posed-of the other.” In our case also,
patchy PrP deposition was observed mainly at the periph-
ery of amyloid B plaques, and pre-existing.-amyloid B
plaques might have acted as a facilitating facior for patchy
PrP deposition. .In. another report, patchy deposition of
normal PrP (the normal celiular form of prion protein,
PrP€) was found in neuritic plaques? Anti-prion protein
antibody (3F4) recognizes both PrPC and’ PrP¥? 5o we
cannot exclude the possibility that the patchy PrP deposi-
tion consisted of PrPC. However, the analysis of the PRNP
gene of V1801, diffuse spongiosis in the cerebral cortex, and

Synaplic-type PrP. immunostaining in the cerebral cortex

support the diagnosis of CJD: Moreover, some patchy PrP
_deposition isolated from amyloid plaques was present in
our case. Therefore, we suppose that the patchy PrP depo-
' sition.in amyloid B plaques in our case consisted of PrPs:,

Limitations of this study

First, frozen tissue of this case was not taken. Therefore, we
could not perform Western blot analysis and determine the
type of accumulated PrP. Second, in our case, truncal and
limb ataxia:was described, but we did not find obvious
Pathological correlates in the cerebellum and brain stem.
We can propose two possibilities, One is that the pathologi-
cal lesion was present in thie cerebellum, but we did not find
it. The other is that ataxia in this patient was not induced by
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a cerebellar lesion, but rather lesions outside the cerebel-
lum, for example, in the cortex or spinal cord. For example,
ataxic symptoms of Gerstmann-Striussler-Scheinker

disease (P102L) were explained partly by spinal cord .

lesjons™® The spinal cord was’not examined in our case .

as well as previous autopsied cases (Table 1). We cannot

.determine conclusively the neural substrate of the ataxia at

present, Nevertheless, the relatively strong PrP deposition
in the cerebral cortex and hippocampus and coexistence of
Alzheimer-type pathology in this case are remarkable..
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Evaluation of removal of prion infectivity from red blood cells
with prion reduction filters using a new rapid and highly -
sensitive cell culture-based mfecthlty assay

Samuel O. Sowemimo-Colcer,‘C_heryl A. Denzcéyk, Fabiola Andrade, and Christopher A. Bakér

BACGKGROUND: 'The clearance of infectious prions
from biologic fluids is usually quantified by bioassays
based on intracerebral inoculation of hamsters or mice;
these tests are slow, cumbersome, imprecise, and very
expensive. In the present study we describe the use of
a new and highly sensitive celt culture—based infectivity
assay to evaluate the performance of several pricny
removal prototype filters.
STUDY DESIGN AND METHQODS: Five units of 1- to
2-day-old ABO-compatible human red blood celis .
(RBCs) in saline-adenine-glucose-mannitol were
obtained from an AABB-accredited blood bank. The 5
units were combined to create a homogenous pobl.
Scrapie-infected mouse brain-homogenaie of a Rocky
. Mountain Laboratory strain was added to the pooled
RBCs. The'potled RBCs were divided into 300-mL ali-
quots, which were filtered with either standard leukore-
duction fitter or four prototypes of prion reduction filter.
The levels of prion Infectivity in the pre- and postfiltra-
tion samp!es were measured with a cell culture~based’
standard scrapie cell assay (SSCA).
RESULTS: Ali'the 22-layer prion reduction filters -
‘removed prion infectivity below the limit of datection of

mL) while the 10-layer variant showed some residual
infectivity.

CONCLUSIONS: These results demonstrate the utility
of a highly sensitive cell culture-based infectivity assay
for screening prion reduction filters. The use of this type
of In vitro infectivity assay wiil substantially heip expe-
dite the screening and discovery of devices aimed at
reducing the risk of variant Creutzfeldt-Jakob disease
transmission through blood transfusion.

L

the SSCA (reduction in prion infectivity 2.0 log™LD%/ -

|

. 980 TRANSFUSION Volume S0, May 2010 - -

rion - diseases or transmlsmble spongiform
encephalopathies are fatal neurodegenerative
‘_dxseases that affect both humans and, anirmals.
Creutzfeldt-Jakob disease (CJD) is the ‘most
common form of human transmissible spongiform
encephalopathy,"and although usually sporadic, it has
been transmitted from person to person tlirough medical
instruments and transplant of tissues or organs,“? but so
far as is known, not through the administration ofblood or
blood products.*$
A variant form of CJD appeared in the United
Kingdom in the mid-1990s as-a result of the consumption
of tissue or meat products from cattle infected with bovine
spongiform encephalopathy.To date, there have been 217
‘confirmed cases worldwide with the vast majerity (170)
in'the United Kingdom.™® Recent animal data®!' together
with four reported cases of probable transmission of vCJD

in humdns from “transfused blood components'2's have |

raised concerns'about the transmission of the causative
agent by this means. ‘
Because there are no diagnostic tests with which to
identify preclinical infection, precautionary ‘measures -
have been introduced in many couhtries to reduce the risk
of disease transmission through blood-or blood products,-
including donor deferral and the implementation of a

ABBREVIATIONS: Chi= conforrha!ional-dependem a
immunoassay; LAPRF = Leukotrap affinity prion reduction filter;
PrP = prion protein; RML. = Rocky Mountain Laboratory;

SSCA = standard scrapie cell assay; vCID = variant Creutzfeld:-
Jakob disease.
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universal leukoreduction strategy in: the United King-
dom.** In the absence of a preclinical screening test,

- removal of the infectious agem by processing is the only

means by which risk to recipients of blood from donors
with inapparent vCID infections can be reduced. There-
fore, several filtration devices are being developed for the
removal of ‘infectious prions from blood and blood
products:'** However, methods for accurate detection
and quantification of prion infectivity are essential for a
successful identification and development of an effective
prion decontamination device.

According to ‘the “protein-only” hypothesis, prion
diseases are caused by an abnormal protease-resistant,
aggregated form ‘of prion protein (PrP) designated as
PrP%, which acclimulates in the brain. Therefore, PrP®

has beén used as a surrogate marker of infection for.

prion disease. However, it has been shown that prion
infectivity may accumulate in the absence of detectable
levels of this marker, and the level of PrP% by some in
vitro methods does .not necessarily correlate with
infectivity.## The current metheds for screening prion
reduction devices ‘include in vitro assays such as
enzyme-linked immunosorbent assay (ELISA), Western
blot, and ‘a variation ‘of ELISA called conformational-
dependent immunoassay (CDI) that detect the surrogate
marker of infectivity; Prps=* - .and an in vivo infectivity
bioassay. The in vive infectivity assay is an animal bioas-
say based on either intracerebral’ inoculation of hun-
dreds of animals. with test samples ‘and determining the

" time for the appearance of clinical symptoms of prion

disease (incubation time method)® or by injecting serial
dilutions of the test sample and-determining the dilution
at which 50% of the animals acquire scrapie infection

_{endpoint titration).® These bioassays of infectivity are
“very slow and cumbersome, involve the use of hundreds

of hamsters, and are extremely expensive with a typical
endogenous. infectivity study ‘costing as much- as
$250,000 to $500,000 for a single study with a duration of
500 to 600 days. However, the long duration, complexity,
and cost of in vivo infectivity studies have prompted
many investigators to . seek -precise and reliable

alternatives.3"® The’ development of cell-based assays-

may greatly accelerate the direct measurement of prion
infectivity ' rather  than the inferred infectivity data
obtained with mieasurement of the surrogate marker of

infectivity. This cell culture-based infectivity assay may °

also permit more prototypes and prion reduction filters
to be tested in a timely and cost-efféctive ‘manner for
development. ‘and “continuous quality improvement
efforts.

‘In this study. we describe the use of a highly sensitive
cell culture-based infectivity assay in experiments using
infectious prions from the mouse-adapted Rocky Moun-

" tain Laboratory (RML) scrapie strain to 1) evaluate the

effectiveness of several prototypes of new white blood cell

MEASUREMENT OF PRION INFECTIVITY IN RBCs

(WBC)-prion reduction filters in removing prion infectiv-
ity from 300-mL units of RBCs, 2) determine whether our’
standard leukoreduction filtet could remove prion infec-
tivity from RBCs, and 3) determine whether the assay is

“sensitive enough to detect differences in prion clearance

between our 10- and 22-layer variants of our WBC- pnon
reductlon filters.

MATERIALS AND METHODS

Five units of 1- o 2-day-o0ld ABO-compatible nonleukore~
duced RBCs in saline-adenine-glucose-mannitol were
purchased directly fronv AABB-accredited blood banks. All
5 units were transferred into a 2-L blood bag to create a
homogenous pool. Approximately 10.5 mL of infectious
prions from 10% (wt/vol) brain homogenate from RML -
scrapie strain were added to 1570 mL of the pooled RBCs
(final dilution of approx. 1:151). The infectious prions
were mixed ‘with the RBCs by end-over-end rotatior:,
(approx. 30 rotations) of the blood bag to ensure homog-
enous dispersion of the infectious prions into the RBCs. A
total of 20 mL of the contaminated RBCs was removed for’
measurement. of prefiltration level of infectivity. “The
rémaining pool of contaminated RBCs was divided into
300-mL aliquots. One unit of 300 mL of nonleukoreduced
RBCs was filtered at room temperature (22 = 2°C) without

- prion.leukoreduction step using filter B-1570AK. Four of

the 300-mL units of RBCs were filtered at room temp
ture with a standard leukoreduction filter (BPF4, FAll
Medical, Port Washington, NY} according to the manufac-
turer’s instructions for use. After the leukoreduction step,
a 20-mL aliquot was taken from each unit for analysis of
infectivity in the leukoreduced RBCs. The residual volume
from each 300-mL leukoreduced RBC unit was filtered
again at room termperature (22 * 2°C) at a filtration height
of 30 inches using one of the following prototypes of prion
reduction filters: ’

1. Leukotrap affinity prion reductior filter (LAPRF; Pali ]
Medical)—contained 10 layers of .PRM3 prion
~ removal material ¥
2. Prion filter B-1451AQ-—contained 22 layers of PRM3
prion removal material."’
3, Prion fiter B-1570Al--contained 22 layers of PRM6
. prion removal material.
4. Prion filter B- 1570AK—contained 22 layers of PRM7
" prion removal material..

The levels of infectivity in ‘the pre- and postfiltration
samples .were measured with a" cell -culture-based
infectivity assay called standard scrapie cell assay (SSCA).
For the SSCA, 20-mL aliquots of the pre- and postfiltration
samples were centrifuged at 2500 x g for 5 minutes -at
room temperature (Sorvall RC3C, Kendro Laboratory
Products, Asheville, NC), and the supernatants’ were
assayed for infectivity.
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SSCA and quality controt
The SSCA is based on the isolation of a cell line (Cath-a~
differentiated cells, CADS; Scripps Infectology Laboratory,
Jupiter, FL) that is highly susceptible to RML scrapie strain
and on a method for identifying individual prion-infected
*.cells and quantifying them with an automated counting
equipment. This study was performed as previously
described. ' Briefly, 5000 CADS cells in reduced serum
medium (OPti-MEM, Invitrogen, Carlsbad, CA) and 9.1%
" bovine growth serum (Hyclone Laboratories, Logan, UT),
10,000 units/mL penicillin G, and 100 pg/mL streptomy-
" cin G (Hyclone) were dispensed into tissue culture plates
and allowed to attach to the plates overnight. After the
overnight incubation, the cells were exposed to serial dilu-
tions (1:5, 1:10, and 1:30) of RML and test samiples for 4
days. After the 4-day incubation period, the cells were split
" 1:10 for a total of three times. After the third split, 20,000
cells of each sample were filtered onto membranes of a
96-well plate (AcroRead, Pall Life Sciences, Ann Arbor,
MI). The cells were lysed and then treated with proteinase
_ K10 elimihate normal-PrP<, PrP%-positive cells were iden-
tified by an ELISA using an anti-PrP monoclonal antibody
(MoAb) D182 and alkaline phosphatase-linked anti-1gG
antiserum (Southern Biotechnology Associates, Birming-
ham, AL). The PrP*.positive cells were counted using an
automated imaging system (Zeiss KS enzyme-linked
immunospot (ELISPOT] system, Stemi 2000-C stereomi-
croscope equipped with a Hitachi HV-C20A color camera
and a KL 1500 LCD scanner and Wellscan software from
Imaging Associates, Bicester, Oxfordshire, UK). The set-
"tings on the imaging system were optimized to give a
" maximal ratio of counts for PrPSc-positive samnples relative
1o negative control samples. The data are expressed as the
total number of infected cells or spots per 20,000 CADS
. cells. Background readings were determined by averaging
the number of spots observed in uninfected CADS5 cells
across multiple culture plates. In parallel, CADS cells were
also exposed to serial dilutions of standard RML-infected
brain homogenates with a starting titer of 10" LDsp units
per gram of mouse brain.

Spiking study to determine inhibitory effects of
test samples on SSCA

To confirm that any observed reductions in infectivity
were not due to components in the test samples that were
inhibitory to the SSCA, aliquots of postfiltration samples
" atdifferent dilutions (1:5, 1:10, 1:30, and 1:90) were mixed
with a predefined amount of infectious RML prions. In
this test, 1 mL of test sample-was added to 10 uL of 1087
LDy infectious RML, Approximately 0.145 mL of the test
sample-RML solution was placed into the tissue culture
wells containing 5000 CADS5 cells and the level of infec-
tivity at the different dilutions of test samples was
determined. : i
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Endogenous infectivity studies with 10- and
‘22-layer prion reduction filters

In the endogenous infectivity studies,"™® units of whole
blaad were obtained from 500 scrapie-infected hamsters
into anticoagulants and then processed into RBCs accord-
ing to standard procedure.™® The RBCs were resus-
pended in additive solutions and then filtered with prion
reduction filters. Aliguots of the pre- and postfiltration

samples were injected intracranially into healthy normat -

hamsters. The animals were monitéred and maintained
for 300 days: those that developed clinical symptoms of
scrapie were killed and the brajn tested for the presence of
PrP* by Western blot assay using 3F4 MoAb, 78

Statistical analysls

The differences in reduction in prion infectivity between
pre- and postfiltration samples with the different proto-
types were analyzed using a Wilcoxon paired test with
probability level of less than 0.05 being considered signifi-
‘cant while Kaplan-Meier statistic was used to analyze the
survival data of liamsters that developed scrapie infection
(GraphPad Intuitive Software for Sciences, San Diego, CA).

RESULTS

SSCA and quality control .

The resulting épots minus background counts of the serial
dilutions of the RML-brain homogenate were plotted
versus the LDs and fitted with an exponential association
function to allow for conversion of spots into LDsy in'sub-

sequent analyses as shown in Fig. 1. Note that the spot
number corresponding to the highest concentration of
RML was artifactually low because the individual spots .
were no longer resolved by the imaging system used, The

limit of detection is the lowest reference point on the

curve, and it corresponded to-a value of approxjmﬂely 50

LDy un@ts. R . :

Determination of the inhibitory effects of

postfiltration samples on prion infectivity

When the postfiltration samples weré diluted at 1:30 and
1:90 before incubation with the CADS5 cells, there were
no inhibitory effects of the samples on prion infectivity
(Fig.2). For example, the observed infectivity level per
20,000 cells was 1017 = 97.8 spots per well in the control
RML sample, and when the postfiltration samples from
the prion reduction filters tested were diluted 1:30 and
then mixed with the defined amount of the RML sample,
there was no significant change in the observed prion
infectivity in any of the postfiltration samples tested at this
dilution when compared to the control undiluted RML
sample  (p>0.05; Fig.2). However, at 1:5 and 1:10

1400

12004

000 CADS Cells

10004

4004

Prion Infoctivity Spots Pei 20,
8
b

200"

Log (LDS0 Units Per Sample)

Fig. 1. RML standard curve (®), SSCA plot of the dose-

resp relat hip be the various dilutions of RML
brain homogenate expressed as LDso units per dilution and
the number of infectivity spots per 20,000 inoculated. At very
high concentration of infectious prions (greater than-10,000
LDsp units) the resp b r li b the
image analyzer could not adequately resolve the infectivity
spots at this level, (A) Saturated point.

3 8
8 8

Prion Infectivity Spots Per 20,000 CADS Celis

Postfiltration Test Samples

Fig. 2. Determination of the inhibltory effects of postfiltration
'RBC samples on the develop of infectivity in the SSCA.
Supernatants from REGs were mixed with known coricentra- .
tions of RML brain homogenate, The dotted line toward the
bottom of the graph represents the ba\ckground level for prion
infectivity per 20.006 of uninfected CADS cells. E?ch bar rep-

resents the mean % SD of six replicates.

Prion Infectivity Spots Per 20,000

- two of the leukoreduced samples tested (Fig. 3). The lin
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CADS Celis

Leukoreduction Fiiters

Fig. 3, Effects of leukoreduction step on prion infectivity in
units of RBCs. Bach bar represents the mean = SD of six repli-
cates, The levels of infectivity In the RBC were measured
before and after filtration with standard leukoreduction filter, > . *
BPF4, Both pre- and postfiliration RBC samples produced

similar ievels of infectivity. The dotted line toward the bottam

‘of the graph represents the background level for prion infec-

tivity per 20,000 of uninfected CADS cells,

dilutions, some of the- postfiltration samples showed
significant inhibition of. prion infectivity (data not |
shown). Therefore, based on these results, all the pre- &d‘ ’
postfiltration test samples were evaluated and comp

at 1:30 dilutions where there was no inthibition of prion-
infectivity. '

Effects of leukoreduction on prion infectivity
in RBCs : ‘

The levels of PrP* infectivity in. the prefiltration sample
and after filtration of RBCs with a standard leukoreduction
filter, BPF4 showed only a slight reduction in infectivity i

on the graph indicates the background level for unin-
‘fected CADS cells. Note that all the signals -were signifi-
cantly higher than the background. for both pre-"and

" postfiltration samples. On average, leukoreduction with

BPF4 reduced PrP* infectivity' level from 787 * 63
infected cells per 20,000 to 752 = 48 infected cells per
20,000-CADS cells, areduction of only 4,.5%, which was not
significant (p > 0.03),

Removal of prion infectivity from RBC unit with
different prototypes of prion reduction filter

- When full units of prion-contaminated leukoreduced. and
. nonleukoreduced RBCs were filtered with the prion
" reduction filters, the levels of infectivity-in the samples

were significantly reduced with ;ll the filters tested
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'(p <0:0§; Fig. 4). All the 22;Iayer variants reduced prion
infectivity below the limit of detection of the SSCA, and

the values were not distinguishable from values that were .

obtained from background counts of uninfécted CAD5
cells (p < 0.05; Fig. 4). In contrast to the 22-layer variants,
the residual level of infectivity in the ld-layer variant,
LAPRF* was above ‘the limit .of detection of the SSCA
(Fig. 4) indicating some amount of residual infectivity in
the filtered RBCs.

Removal of endogenous infectivity from RBCs
with 10- and 22-layer variants
The endogenous infectivity studies?'* were designed. to
evaluate the effectiveness of the 10-* and 22-layer'” vari-
ants of the prion reduction filters in remaoving prion infec-
- tivity endogenously produced in RBCs of scrapie-infected
hamsters. In these studies, RBCs from scrapie-infected
hamsters were filtered with leukoreduction filters contain-
.ing 10 and 22 layers of prion removal materials, The pre-

1000.
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A tnfoctivity Spots Pef 20,000 CADS Cotls
N W A e Ny @@
88888388383
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Pratotypés Prion Reduction Filtars <

Fig, 4. Reduction in prion infectivity in full units (300 mL) of
RBCs using prototypes of prion reduction filters containing
10 and 20 layers of prion-binding surface chemistries.

‘Edich bar represents mean * SD of six replicates.

NER = nonletkoreduced RBCs, LAPRF-1 contained 10 layers
of prion removal filters; B145AQ, B1570A], and B1570AK con-
tained 22 layers of prion removal filters. The dotted line
toward the bottom of the graph represents the background
level for of prion Infectivity per 20,000 of uninfected CAD5
cells. .
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and postfiltration RBCs were injected in_tracranially; into
normal hamsters and the animals were monitored for 300
days for signs of scrapie infection. The results showed that
the 22-layer variant prevented the transmission of scrapie
infectivity ‘into healthy animals while 6 of 46 control
animals developed scrapie infection (Tahle 1), At the end
of the 200-day incubation period, none of the anjmals that
recejved LAPRF-filtered RBCs developed scrapie (0/413;
Fig. 5); however, by the end of the 300-aay incubation
period three animals of 413 had developed scrapie infec-
tion indicating the presence of residual infectivity in the
10x filtered group, while 7 of 183 control animals that
received unfiltered RBCs developed scrapie (Table 1), The
median onset of scrapie infection in the control group was
130 days compared to 230 days in the 10x LAPRF-filtered
group, This difference in the onset of scrapie infection is
highly significant (p = 0.0085; Fig. 5).

DISCUSSION

The recent reports of four probable cases of vCJID trans-
mission by blood transfusion support the idea that the
causative agent of vCJD can be transmitted to recipiénts of
blood components.'*!3 Currently, there is no antemortem
screening: test that can identify potential blood donors

" who may be carrying the causative agent of vCJD, There-

fc_;re. several devices are being developed for the removal
of causative agents from blood and blood components,

Onsat of Scrapia Infection (Days)

Fig. 5. Comparison of the onset of scraple infection in normat
hamsters after intracranial injection of unfiltered and filtered
(10-layer prion filter) RBCs from scrapie-infected hamsters.
The Kaplan-Meler statistic was used to analyze the survival
data of hamsters that developed scrapie Infection.

" TABLE 1, Removal of endogenous infectivit r i
i y from units of RBC using 10- and 22-la
) _Prion-reduction filters' '€ i yer veriants of the

Unfiltered RBCs

Filtered RBCs

Filter type Number of animals injected Number of animals infected Number of animals injected Number of animals infected

10 layer 187 7 413 3
35 . ‘ 0

22 layer 43 il
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Most of these devices for prion clearance are evaluated -
using either in vitro or in vivo bioassays. These in- vitro
methods for evaluating prion clearance include Western

- blot assay, CDI, and an ELISA all of which depend on the

detection of PrP¥ as the surrogate marker for prion
infection.®? Although these in vitro methods are very’
simple and rapid and provide useful tools for screening
various devices or blood processing conditions for prion
clearance, the data derived do not necessarily correlate
with prion infectivity.?''® However, more recently, to take
advantage of the positive ateributes of these in vitro assays
several modifications and new assays have been devel-
oped, and the data published with the CD! showed.
some -correlations with infectivity in different animal
models.*** In contrast to other in vitro assays, the SSCA
directly measures prion infectivity in CADS5 cell lines that
-are highly susceptible to RML strains of infectious prions. .
In the SSCA, the CADS cells are exposed to samples con-
taining infectious prions and then propagated for three
passages during which the PrP% particles are diluted out
and infection spreads through the growing cell popula-
tion, thus iricreasing the proportion of infected CADS
-cells:3"%2 The infected cells are identified and then counted
using automated inaging equipment. The SSCA from start
to finish takes 14 days; it is as sensitive as the mouse bio-
assay, 10 times faster and at least 2 orders of magnitude
less expensive as the standard in vivo bicassay, Most
importantly, previous study showed significant correla-
tion. between SSCA infectivity and standard in vivo infec-
tivity bioassay® . Therefore, the SSCA by directly
measuring prioh infectivity provides another useful tool
that complements other  in vitro bioassays for rapid
screening of ption clearance from blood products.
While the in vivo infectivity bioassay has been the

assay of choice, the éxtended incubation period, complex-
ity, and costmake this approach impractical for theroutine

screening of medical devices that are being developed for
preventing the transmission of vCJD. The SSCA can replace
some of the expensive and time-consuming in vivo infec-
tivity bioassays that are needed.in the initial screening of
devices and thus reduce the overall cost and number of
animals that are needed for evaluaung the effectiveness
of new devices for prion clearance. o

In this study, we used the SSCA to study the prion
clearance properties of standard leukoreduction filters
anid several prototypes of prion reduction filters contain-
ing 10 and 22 layers of prion removal materials. The results

of our SSCA showed that standard leukoreduction filter .

did not remove infectivity from RBCs. In this study, the
exogenously added infectious PrP% were not associated
with WBCs and, thus, were not removed with BPF4. This
‘failure of standard leukoreduction filter to remove WBC-
free infectious prions was to be expected since BPF4 was
“designed for specific removal of WBCs and not for the
removal of soluble 6r non-WBC-associated infectious

MEASUREMENT OF PRION INFECTIVITY IN RBCs

PrP%. This result is in agreement with previous reports
that showed that standard leukoreduction filter was effec-
tive in removing WBC-associated infectivity and not effec-
tive against non-WBC-associated prion infectivity.®¢ On
the other hand, all the prototypes of the prion reduction
filters significantly reduced prion infectivity to different
degrees dependent on the number of layers of prion

- reduction filtration materials used (Fig. 4). Prion infectiv-

ity was reduced below the level of detection-of the SSCA

with ‘22 layers of prion-reducing materials. These data
‘suggest. that the 22-layer variant of our prion-reducing

filter should remove at least 2.0 log of prion iifectivity -
from RBCs, which is more than the theoretical 0.85 log of
clearance required to prevent the transmission of prion’
infectivity in RBCs, thus providing a large margin of safety
for the removal of prion infectivity in RBCs. The fact that
the 22-layer variant reduced prion infectivity below the
limit of detection of the SSCA is very interesting, because
in an endogenous infectivity study .in- which scrapie-"
infected RBCs were filtered with a similar 22-layer variant, -
none of the animals that received the filtered RBCs devel-
oped scrapie at the end of the 300-day postinoculation
period.'” In contrast to the 22-layer variant, the SSCA

_ results showed that the 10-layer variant significantly
~ reduced, but did not abolish infectivity in the RBCs. The -

detection of some residual infectivity in the RBCs by the
SSCA after filtration with the 10-layer variant is consistent
" with the ‘data from an endogenous_infectivity in whieh
three of 413 animals that received LAPRF-filtered RRgs
developed scrapie infection.’® The median age of onset of
scrapie in the control animal group was 130 days com-
pared to 230 days in the LAPRF group, which is also con-
sistent with the SSCA data that showed significant
reduction in prion infectivity with the 10-layer variant.
Therefore, it is very important that methods for screening
potential prion removal chemistries or ligands include an
infectivity assay at the very early stage of the screening
process to complement other in vitro assays for monitor-;
'uig prion clearance. . - oo
Data from animal models show that the concentra-
tion of pathogenic PrP 'in- blood at approximately
10ID/mL during the clinical phase of the disease is -
believed to be several orders of magnitude lower than
what is present in-the brain (approx. 10° ID/mL).**%
Therefore, in human whole blood unit of 500 mL, the con-
centration of infectious prions is 5000 ID/unit (3.7 log .
ID/unit), which corresponds to 7200 IDse/unit (3.86 log
1Dsp).'*** The expected infectivity in a 350-mL unit of RBC
. containing 20% plasma is approximately 700 ID (2.85 log
ID/unit). Although it is highly unlikely that blood will be
. donated during the clinical phase of the disease when the
infectious titer is at the highest, the SSCA thay be useful in
detectirig the prion infectivity in these units of infected
whole blood and RBCs. However, in the preclinical stage of
prion disease the concentration of pathogenic prion is at
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least 2 orders of magnitude lower than the concentration
in the clinical phase.*™*2 Therefore, if the expected prion
. Infectivity in a unit of 350 mL of RBCs is approximately
- 2ID/mL,"® the concentration of pathogenic PrP in the
RBCs during the preclinical stage of the disease may
be approximately ‘0.02 ID/mL, which corresponds to
approximately 7 ID in a unit of RBCs, During this period
when there are no clinical symptoms of the disease, the
carrier may still be able to donate blood. A recent study
showed that blood components are infective during the
preclinical stage and have been shown to transmit infec-
tivity to normal animal recipients of the blood. compo-

_nents.# It is interesting to note that preliminary data .

(approx. 900 days posttransfusion) show that none of the
leukoreduced blood components have given rise to posi-
tive transmission of prion disease,* which suggests that
leukoreduction alone may be effective in reducing the risk
of transmission of vCID during the preclinical stage of the
disease by removing a substantial amount of the WBC-
associated infectivity. Therefore, since the SSCA showed

_that both the 10- and 22-layer variants removed a much
higher level of infectivity from RBCs than would be
expected in the preclinical stage of vCJD, both filters withi
their additional WBC-reducing properties!7e may be
effective in reducing the risk of transmission of patho-
genic PrP during wansfusion of RBCs from a blood donor
in the preclinical phase of the disease.

Itis very important that methods for screening poten-
tial prion removal chermistries or ligands include an infec-
tivity assay at the very early stage of the screening process
to complement other in vitro assays for monitoring prion

clearance, The current SSCA is very simple, cost-effective,

accurate, reproducible, precise, and rapid, such that
useful data can be obtained within 14 days compared to
300 to 600 days with the traditional bioassay using ham-
sters. Most importantly, SSCA has been shown to correlate
with in vivo infectivity bioassay,” and the present SSCA
data with the 10--and 22-layer prion teduction filters also
agreed with the results of our endogenous infectivity
studies using these two. types of filters,' 18 Although for the
final release of any prion reduction device it may still be
- necessary to conduct a limited endogenous infectivity
bigassay, the use of SSCA should help improve and greatly
expedite the process for screening and developing new
devices for prion clearance, This will help. improve the

safety .of the blood supply by identifying devices that. -

. would help reduce, and perhaps even eliminate, the risk of
transmission of human vCJD and other forms of human
prion disease through blood transfusion.
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