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BENESIS 2010-010

Guidanée for Industry

Requalification Method for Reentry of
Blood Donors Deferred Because of Reactive
Test Results for Antibody to Hepatitis B

Core Antigen (Anti-HBc)

Additional copies of this guidance are available from the Office of Communication, Qutreach
and Development (OCOD) (HFM-40), 1401 Rockville Pike, Suite 200N, Rockville, MD 20852-
1448, or by calling 1-800-835-4709 or 301-827-1800, or email ocod@fda hhs.gov, or from the
Internet at

http://www.fda.gov/BiologicsBlood Vaccines/GuidanceComplianceRegulatoryInformation/Guida
nces/defaulf.htm.

For questions on the content of this guidance, contact CCOD at the phone numbers listed above.

U.S. Department of Health and Human Services
Food and Drug Administration

_Center for Biologics Evaluation and Research
[May 2010)
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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
- (Anti-HBc)

This guidance represents the Food and Drug Administration’s (FDA’s) current thinking on this
topic. It does not create or confer any rights for or on any person and does not operate to bind
FDA or the public. You can use an alternative approach if the approach satisfies.the
requirements of the applicable statutes and regulations. If you 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.

1. INTRODUCTION

We, FDA, are issuing this guidance to provide you, establishments that collect Whole 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).
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
indicates that they are not infected with HBV.

The availability of FDA-licensed hepatiiis 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-HBc 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-HIBe. This guidance
finalizes the draft guidance of the same title dated May 2008.

FDA’s guidance documents, including this guidance, do not establish iegally 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 a 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 subjects have 100 times
higher risk of developing hepatocellular carcinoma than 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 HBV transmission by blood is attributable to donations from
asympiomatic donors with acute HBV infections who have not yet developed HBsAg or
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
hepatitis 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). Nonetheless, in
chronically infected individuals, tests for HBsAg and anti-IHBc 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 detection 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
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sensitivity. In a meeting of the Blood Products Advisory Committee (Committee or
BPAC) on October 21, 2004 (Ref. 7), we requested scientific comment on 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 for a 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 reentry 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 Requalification Method for Reentry

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
HBYV, among other communicable disease agents. Testing for cvidence of infection 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 610.41(a), asa general matter, you must defer donors who test reactive’
with respect to the battery of screening tests required under 21 CFR 610.40. However,
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 mullgnrep specimen processing procedure.

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

% In 21 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). In section 610.41(a)(1),
however, a donor who tests reactive for anti-HBc on only one occasion is not reguired 1o 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-HBe. .
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deferred (21 CFR 610.41(a)(1)). Donations collected from these donors are not suitable
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)).

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.”’

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
anti-HBc has contributed to blood safety, a large proportion of donors with anti-HBc¢
reactivity who fulfill all other donor suitability criteria have been indefinitely deferred on
the basis of potentially false positive anti-HBc test results (Refs. 10, 11). It is estimated
that as many as 21,500 potentially eligible donors were deferred annually in the late
1980s and 1990s because of false positive anti-HBc results, and that over 200,000 donors
could be eligible for reentry (Ref. 10).

For purposes of reentering into the donor pool, a donor who has been indefinitely
deferred because of having tested repeatedly reactive for anti-HBc on more than one
occasion, we recommend in Section 11 of this guidance that, after a minimum of 8 weeks
following the last repeatedly reactive anti-FHBc 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
NAT. If the new, pre-donation blood sample test results are negative for HBsAg, anti-
HBe¢ and HBV DNA, the donor may return to denate blood. When the donor returns to
donate, after the tests for HBsAg, anti-HBc¢, and HBV DNA on the pre-donation sample’
have been-determined to be negative, we recommend that you reenter the donor as
eligible to donate Whole Blood and blood components, provided that the donor meets all
eligibility criteria. Note that the reentry of a donor permits prospective donations from a
reentered donor who meets donor suitability criteria. It does not affect the status of

' previous collectxons from that donor.

For donor retesting, we recommend that a minimum 8-week (56 days) period elapse’
following the last repeatedly reactive anti-HBc test, because this time period provides
sufficient confidence that at Jeast one of the three HBV markers (J1BsAg, anti-HBc, and
HBV DNA) will be detectable if the donor had been truly infected with HBV at the time
of the last anti-HBc reactive donation (Ref. 1). In addition, eight weeks is the minimum
time period permitted between donations of Whole Blood, with limited exceptions (21

* 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 auto]ogous use is not deemed to be reentered and remains deferred, until the
criteria for reentry are met.
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CFR 6403(b)).

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

RECOMMENDATIONS

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

1. After a minimum of 8§ weeks following the last repeatedly-reactive anti-HBc
test, you collect a follow-up sample from the donor, and this sample tests
negative on FDA-licensed tests for HBsAg, anti-HBc, and HBYV DNA by NAT
(sensitivity at 95% detection rate of <2 IU /mL) _

and

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

. B. You should continue to indefinitely defer a donor who was deferred for anti-FHBc
reactivity on more than one occasion and whose sample or donation tests: 1)
repeatedly reactive on the HBsAg test (whether or not the neutralization test is
positive); 2) repeatedly reactive on the anti-HBc test; or 3) reactive on the HBV
NAT. Positive results on tests for HBsAg, anti-HBc or HBYV DNA by NAT may be
useful in donor counseling.

-C. Ifyou wish to perform follow-up testing on a donor who is deferred because of anti-
HBc test results, you may do so before the end of the 8-week waiting period for
donor notification purposes or for medical reasons. Negative test results on follow-
up for HBsAg, anti-HBc, and HBV DNA by NAT (sensitivity at 25% detection rate
of <2 IU/mL), may be useful in donor counseling. However, only negative results
for all three tests (HBsAg, anti-HBc, and HBV NAT), obtained at least 8 weeks
after the last repeatedly reactive anti-HBc result, would qualify the donor for
reentry. If you obtain a reactive HBV NAT, or repeatedly reactive HBsAg or anti-
HBc, or positive HBsAg result on any of these tests during this 8-week waiting
period, the donor would not be eligible for reentry, and we recommend that you
defer the donor indefinitely.
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A donor who has been requalified as described above in Section IIf. 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 in 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 approval 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 procedures 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 described
in this guidance to be acceptable, unless approved by FDA for such purpose. In accordance 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 alternative
requalification method proposed by an unlicensed establishment to be acceptable before it is
implemented.
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APPENDIX

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

Donors previously deferred solely because of repeatedly reactive (RR) anti-HBc test on more
than one occasion

After a minimum of 8 weeks' following the last repeatedly reactive anti-HBc test result, test a’
follow-up sample using FDA-licensed HBsAg and anti-HBc tests, and HBV NAT?

! l

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)

VIt, for donor 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 donor should be indefinitely deferred. 1f, 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 (HBsAg, 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 neutralization test result.
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commitment to improve health in the poorest
countries, he said, but “we need to be able to
see ciearly where the money is going and then
identify best practices where these financial
cormpitments to health are making the greatest
difference in saving lives.”

The Lancet's editor, Richard Horton, said that
the findings raised a red flag over the effective-
ness of International aid. “It may be entirely
rational for governments to move donor money
around according to their priorities. But the
risk is that redistributing health money to other
sectors may diminish donor confidence in aid
programmes [and] erode taxpayer commitment
to government spending on intemnational devel-
opment,” he said.

Inan accompanying article Gorik Goms, of the
institute of Tropical Medicine in Belgium, gave

ibree possible reasons for the “crowding out”
effect: governments compensaling for excep-

tiona! generosity to 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

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

MY KERUME-VAFEIGETW IVALES

by spending it over several years (doi:10.1016f
SU140-6736(10)60207 -3). )
In 3 commentary Devi Sridhar and Npaire
Woods, of the University of Qxford, cautioned
against concluding that international aid should
be channelled through non-governmental organ-
isations, as they would bypass domestic institu-

tions that improve governanee and sustain aid in
the long term. They added that coliaborative tar-
get setting between donors and recipients could
result in gavernments following the priorities

- of donors rather than meeting their own needs

{doi:10.1016/S0140-6736(10)60486-2).

Cizg B aes BRI 200358 2033

Debate stillrages
as medical abortion’
finally arrives in Italy

Michaet Day iilak
Medical abortion became available in Italy last
week alter a 15 year bautle between women's
groups and the Catholic church.

Butwhile the major regions of Tuscany, Emilia

. Romagna, and Lombardy finally made the pro-
' zedure available, others, such as Piedmont.

" seemed to be clrag;ging their lieels.

And within hours of the firs) mifepristone pill
{also known as RU486) being given on Thursday
there was fresh contiaversy when the 29 year
old recipient discharged berself from the dinic
in the seuthern city of Bari, in contravention of
guidelines stating that the patient must stay in
hospital for the duration of medical abertion,

The health ministry says that the proviso is
essential foreduce the risk of complications that
have been linked to medical abortion and has
advised regions not following the guidelines
they will be committing a crime.

Some advocates of mifepristone, such as
Silvio Viale, a consultant gynaecologist at the
Sant'Anna Nospital in Turin, criticised the regu-
lations, which are al odds with those in other
countries: “They make no sense, as demon-
strated by the experience of other countries such
as France,” he said.

it i den BAY 2 1624002001
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areport sugpesting a link hetween a vires and CFS

Canada bans blood
from people with
history of CFS

Barhara Kermode-Scott CAL584ARY, ALBERTA
Canada’s nationa) blood service has announced
that from next morth it will ban blood donations
from people with a medical history of chronic
fatigne syndrome (CFS), as a precautionary meas-
ure. 1t is the first country in the world to doso.
“Canadian Blood Services takes the safety
af the blood supply very seriously,” said Dana

22

Devine, the agency’s vice president of medical,
scientific, and research affairs. *Until recently
Canadian Blood Services has accepted blood
donations from donors who report a history of
{chronic fatigue syndrome| but are now well."

Dy Devine cited a report published in Science
last October (2009;326:585-9, doi: 10,1126
science.117905 2) suggesting 4 link berween
the syndrome and the presence of a retrovirus,
the xenotropic murine leukaemia virus refated
virus (AMRY). N

The study, which looked at peripheral blood

- mononuclear cells from patients with chronic

fatigue syndrome, identified DNA from XMRV
in 68 of 101 parients (679%) but in only eight of
218 (3.7%) healthy control patients. Cell cul-
ture experimenis showed that patient derived

XMRV is infections and thal both cell associ-

ated and cell free transmission of the virus are
possible.

“Given tha lack of clarity around XMRV, we
are changing the way we manage donors sugh
that any dontor who has a medical history of
[the syndrome] will be indefinitely deferred
from donating blood,” Dr Devine said.

Studies conducted in early 2010 in the
United Kingdom and in the Netherlands were
unahle to confirm the findings of the Science
study, she nofed (BM] 2010;340:¢1033).

Health officials in the United Slates are also
invesiigating the association between. XMRV
and chronic fatigne syndrome and its patential
significance for the blood supply.
it theds gy S A 1OREALT T
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Links An infectious wirus linked to 2 diseases 1s drawing the attention of :
public-health officials, who are investigating the potential threal
Denatiens to the nation's blood supply. It isn't clear if the virus, known as
i HMRY [xenctropic murine leukemia virus-related virus], poses a
About ProMED-mmail . danger, and public-health officials say there isn't evidence of

spreading infection. But because of concern over the potential for
widespread infection and preliminary evidence that XMRV is
transmitted similarly to HIV [human immunodeficiency virus},
afficiels are quickly trying to determine if action is needed to
protect the blood supply.

XMRV was discovered in 2006 when it was found in tumor samples from
men With a rare form of familial prostate cancer, Research has also
linked the virus to chronic fatigue syndrome [CFS5] and found it in
measurable levels in the blood of healthy pecple [ses ProMED-mail
Chreonic fatigue syndrome: gammaretrovirus link 20091909.3499]. But
the evidence isn't conclusive, as several cther studies failed to
find XMBRV in the blood of people with chronic fatigue syndrome, and
it isn't known how prevalent the virus is or whether it causes
disease [see ProMED-mail Chronic fatigue syndrome: gamma retrovirus
link disputed 20100107.0078]. "These are éarly days trying to
understand the public health significance of XMRV," said Jay Epstein,
director of the Office of Blood Research and Review at the Fcod 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 Contrel and
Prevention. Blood banks, academic institutions, and at least one
advocacy group are also involved.

The fogus ¢n XMRV is part of a growing effort to better monitor
emerging infections -- disorders that have either increzsed in humans
in recent decades or are deemed a potential threat. Currently there
are 12 tests used to block infecticus agents from entering the bloogd
supply, such as HIV or hepatitis € [virus], and more screens are
under study, including those for dengue, human variant
Creutzfeldt-Jakob disease, and agents that cause malaria. There is nc
FDA-licensed lab test for XMRV, and officials say they are still
setting standards for diagnosing it.

Public-health officials increasingly recognize that even infections

not typically found in the U5 can guickly come here because of global
travel. Many viruses also have leng incubaticn periods, making it

harder to recognize that the virus was transmitted by a blood
transfusion. In an October 2009 repeort, a federal advisory committee

on blood safety and availability concluded that biovigilance in the

US is a "patchwork of activities, not a cohesive national program."

The incldence of infectious diseases being transmitted through
transfusions is small, typically cnly a handful each year, acceording

to the American Red Cross and data reported to the FDA. About 1€
million units of whele blood and red blood cells were donated in the
US in 2006, the latest data available, according to the 2007 Naticnal
Blood Collection and Utilization Report. The American Red Cross,
which collects almost half of blood donations in the US, estimated
that about 10 000 denors a year turn out to be infected with
pathogens that officials 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 harbers benign viral infections. These viruses are
transmitted in every blood transfusion, but aren't known to cause
diseases in recipients, says Dr Busch. Even if XMRV is found toc be
present in large numbers of blood denors, Dr Busch notes, it is still
necessary to determine if XMRV czuses diseases.

The working group was established after a paper was published in
Octeber [2002] in the journal Science [abstract available at
<htto://www.sciencemaq.org/eqi/eontent/abstract/1178052>], where
researchers reported finding the virus in a majority of 101 patients
with chronic fatigue syndrome. The study's co-authors at the
Whirtemore Peterson Institute for Neuro-Immune Disease, the Naticnal
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 millicn people in the US and hundreds of millions of
people globally could be infacted with XMRV.

hitp://www.promedmail.org/pls/apex/f2p=2400:1001:::NO::F2400_P1001_BACK_P... 2010/11/16
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the apparent link to CFS, which affects an estimated 17 million \
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 bleod from CFS patients who got their

diagnosis folleowing a blood transfusion and plan to lavnch their own

study of the issue, says Rnnette Whittemore, founder and president of

the institute.

The CFIDS (chronic fatigue and immune dysfunction syndrome]
Association of America, an advocacy group for chronic fatigue
syhdrome, 5et up a bank to collect blospecimens to be used in
potential studies about CF5, including XMRV-related cnes. 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 EIV. (see Singh IR, Gorzynski JE, Drabysheva D, Bassit
L, Schinazi RF, 2010 Raltegravir Is a Potent Inhibitor of XMRV, a
Virus Implicated in Prostate Cancer and Chronic Fatigue Syndrome.

- PLoS ONE 51(4):
e9948. .
<http://wwi.plosone.orgfarticle/info33Adoif2F10,1371925journal .pong. 8009948>) .-

‘ The AABB [American Association of Blood Barks], an asseciation of
facilities that collect wirtually all of the US blocd supply, has
also set up an XMRV task force, although the virus doesn't appear on .
a list of infectious agents evaluated by a special AABB
transfusion-risk committee, as concerns came out after the latest
list was put together.

Labs in Eurcpe reported earlier this year that they haven't been able
to replicate the XMRV findings in patients with chronic fatigue
syndrome ©r prostate cancer. And public-health experts say a key
issue in sorting out the disparate findings is to reach agreement on

4 tests that are sensitive and reliable in identifying XMRV in the blood.

The federal working group's project has 3 phases. 1st, labs at €

- participants —- including the FDA, the National Cancer Institute, the
CDC, and the Whittemore Petersen lab -- are using a panel of kloed
samples to try to establish which of the labs' tests are sensitive
and relisble enough to find XMRV in the blood. Resultis are expected
in a few wesks.
In the 2nd phase, also launched, a panel of around 350 different
blood samples developed by Dr. Busch's team will be sent to four
different labs. Some of the samples ara frem chronic fatigue patients
known te have XMRV. Others from healthy deonors have been spiked with
the wirus or have tested negative. All the samples are blinded, and
the study will see whether the different labs can agree 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 domors te
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 a balance to what we are doing," says Simone A Glynn,
branch chief of transfusion medicine and cellular therapies at the
MNational Heart, Lung and Blood Institute and chairperscn of the XMRV
working group. "Yeu do net want to transfuse an infectious agent that
causes problems. But yeu do not want to take blged ocut of the system
that . is pot causing any problems."

[Byline: Amy Dockser Marcus]

Communicated by:
ProMED-mail Rapperteur Brent Barrett

IXenotropic murine leukemia virus-related virus (XMRV) on account of
Its similarity to murine leukemia virus is classified a2s a member eof
the genus _Gammaretrovirus_, whereas human lmmunodeficiency 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 crder to determine the extent of the presence of XMRV
in the human blood supply and any correlation with human disease. The

outceme of the research in progress is a matter of general interest. - Med.CP)
Isee alsg:

Chronic fatigue syndreme: gamma retrovirus link disputed 20100107.0078

2009

Chronic fatigue syndrome: gammaretrovirus link Z0091009.3499}
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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
therecn, 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 cmissions or held liable for any ..
damages incurred as a result of use or reliance upoh posted
or archived material.
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Centers for Diseaise Confrol and Prevention Outbreak Notice

pey Yol Crfine Seune for Lredible Helthy informeadion

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 Asia.l 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 dengue
transmission often occurs in both rural and urban a¥ .
dengue infections are most frequently reported frony wrban
settings.

Since early 2009, an increased number of denguc cases
have been reported from countries throughout several
regions of the warld.

Africa

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

South Pacific

Dengue activity continues to circulate throughout this
region. Examples of outbreaks include the followir” 1y
e ...'7

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

# Indonesia: Dengue aclivily is ongoing. From
January—October 2009, more than 100 deaths were
attributed to dengue hemorrhagic fever. In
December 2009, the Ministry of Health issued an
alert about heightened dengue hemorrhagic fever -
transmission during this rainy season.

e 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 Cepiral 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.

http:// wanc.cdc.gov/ travel/content/outbreak—notice/dengue—tropical-sub—tropical.aspx 2010/04/ 2!
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Middle East

Dengue activity has been reported in recent monthsin this
region, ineluding 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.

Advice for Travelers

Travelers can reduce their risk of getting 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 below to protect
themselves from mosquito bites:

& Where possible, stay in hotels or resorts that are
well sereened or air conditioned and that take
measures to reduce the mosquito population. If the
hotel is not well screened, sleep under bed nets to
prevent mosquito bites,

® When outdoors or in a building that is not well
sereened, use insect repellent on uncovered skin. If
sunscreen is needed, apply before insect repellent.

© Look for a repellent that contains one of
the fellowing active ingredients; DEET,
picaridin (KXBR 3023}, Oil of Lemen
Eucalyptus/PMD, or IR3535. Always
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,
coneentrations above 50% do not offer a
marked increase in protection time.
Products with less than 10% of an active
ingredient may offer only limited
protection, often ne longer than 1-2 hours.

© The American Academy of Pediatrics
approves the use of repellents with up to

p 30% DEET on children over 2 months
old.

O Frotect babies less than 2 months old by
using a carrier draped with mosquito
netting with an elastic edge for a tight fit.
For more information about the use of
repellent on infants and children, please
see the “Inseet and Other Arthropod
Protection™ section in Traveling Safely
with Infants and Children and the
“Children” section of CDC’s Frequently
Asked Questions about Repellent Use,

© For more information on the use of inscet
repellents, see the information on the
Mosquito and Tick Protection webpage.

e Wear loose, long-sleeved shirts and long pants
when outdoors.

© For greater protection, clothing may also
be sprayed with repellent containing
permethrin or another EPA-registered
repellent. (Remember: don't use
permethrin on skin.)

http://wwwne.cde.gov/travel/content/outbreak—notice/dengue—tropical~sub—tro pical.aspx 2010/04/20
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Symptoms and Treatment

Symptoms of dengue include:

s fever

severe headache

pain behind the eyes

joint and muscle pain

rash

nausea/vomiting

hemorrhagic (bleeding) manifestations

Usually dengue fever causes a mild il!ﬁcss, but it can be severe and lead 1o dengue hemorrhagic fever (DHF), which can be fatal if not treated. People who
have had dengue fever before are more at risk of getting DHF.

No vaecine 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
be given medicine to reduce fever, such as acetaminophen, and may need oral rehydration or intravenous fluids and, in severe cases, treatment 1o support
their blood pressure. Aspirin (acetylsalicylic acid), aspirin-containing drugs, and other nonsteroidal anti-inflammatory drugs (e.g., ibuprofen) should be
avoided because of the possibility of bleeding. Early recognition and treatment of severe dengue (e.g., signs and symploms consistent with impending blood
pressure fajlure) can reduce the risk of death,

If you return from a trip abroad and get sick with a fever, you should seek medical care. Be sure to tell the doctor or other health-care provider about your

recent travel. L

Information for Health-Care Providers

Proper diagnosis of dengue is important, as many other diseases may mimic dengue. Health-care providers should consider dengue, malaria, and (in south
Asia and countries bordering the Indian Ocean) chikungunya in the differential diagnosis of patients who have fever and a history of travel to tropieal areas
during the 2 weeks before symptom onset.

See the Clinical & Laboratory Guidance on the CDC Dengue website for information regarding reporting dengue cases and insiructions for specimen
shipping. Serum samples obtained for viral identification and serologic diagnosis can be sent through state or territoria) health departments to:

CDC Dengue Branch

Division of Vector-Borne Infectious Diseases

National Center for Zoonotic, Vector-Borne and Enteric Diseases
1324 Calle Cafiada

San Juan, Puerto Rico 00920-3860

Telephone: 787-706-2399; fax, 787-706-2496,

More Information _

For more information about dengue and protection measures, sec the following links:

» Dengue Fever in CDC Health Information for International Travel 2010
e Mosquito and Tick Protection

® Questions and Answers: Insect Repellent Use and Safety
» CDC Dengue website

For more information about dengue in travelers, see -

& Travel-Associated Denpue—United States. 2005 [AALTR 2006, 55 (25)].
® Travel-Associated Dengue Infections—United States, 2001-2004 [AASIFR 2005, 54 (22)]

YEreedman DO, Weld LH, Kozarsky PE, Fisk T, Robins R, von Sonnenburg F, et al., for the GeoSentinel Surveillance Network. Specirum of disease and
relation 1o place of exposure among ill returned travelers. N Engl J 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

http://wwwnc.cdc.gov/travel/content/outbreak—notice/dengue—tropical-sub—tropical.aspx . 2010/04/2C
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1224 BASIC SCIENCE AND CLINICAL PRACTICE IN BLOOD TRANSFUSION POSTER I

Methods: Forty-three patients were included in our study (MDS=16, chronic myeloid
leukemia (CML)=12, AMI=4, polycythemia vera (PV)=3, essential thrombocythemia
(ET)=3, chronic myelomonocytic Jevkemia (CMML)=3, myelofibrosis (MF)=1 and
cheenic neutrophilic leukemia (CNL)=1). Forty-one patients were evaluated according to
their ABO group using serological immunchematological tests (Diamed Inc., Brazil). ABH
secreted antigens were investigated in saliva and a PCR-based ABO genotyping using
restriction 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 cylometyy in 26
patients (median age=63 yrs; 6M/17F) and 81 healthy controls (median age=33 yrs;
38M/43F). Methylation of CpG islands was investigated in 45 bone marrow samples using
methylation specitic PCR. (MSP) technique with methylated and unmethylated primer sets
for region from -200 to +-26 sequence of the ABQ gene.

Results: The investigation of the secreted antigens i saliva and the genotyping studies
confirmed the results of the ABO serological tests in 40 patients, but we found that the
RRECs of one patient were not agglutinated by anti-B while his genotype result was
campatible with BO indicating loss of the B antigen in his RBCs. Overall, lass of A, B or H
antigen was detected by flow cytometry in 11/26 (42%) patients. Hypermethylation of the
ABQ promoler gene was detected in 51% (23/45) of the analyzed bone mamrow samples.
Among patients with hypermethylation in the ABO promoter gene, 44% had loss of A or B
antigens confirmed by serclogical or flow cytometric tests compared with 28% in the group
of patienté with unmethylated ABO promoter gene (p=0.632).

Conclusions: Epigenetic changes including methylation of cytosine residues are
recognized as major contributors 10 gene silencing, disease progression and worse ourcome
in several cancer patients. Our data showed that the hypermethylation of the ABO gene is
frequent in patients with myeloid malignancies corresponding fo the pathogenesis already
described for AML and MDS., However, not all patients showing loss of RBCs antigens had
ABO methylation evidence, suggesting that other mechanisms may take place, Patients with
myeloid malignancies ofter need blood transfusion support and loss of RBCs antigens can
lead to changing in ABQG blood group increasing the risk of serious bloed 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 severe
transfusion reactions. (Grants suppoited by CNPq, 478814/2005-2).

Disclosures: No relevant conflicts of interest to declare.

Abstract 3152 Poster Board IT1-89

Parvovirus B1? Is Inactivated by Pasteurization, a Dedicated Virns
Inactivation Step in the Manufacturing Process of Plasma-Derived Prod-
ucts. ALBRECHT GROENER, Thomas Nowak* and Wolfram Schifer*, Virology,
CSL Behring, Marburg, Germany

Human parvoviras B19 (B19V), a small non—enve]oped virus, is the causative agent of the
childhood disease erythema infectiosum (fifth disease} but causes, especially when the disease
occurs during adulthood, 2 number of clinical symptoms as arthralgia, arthrigs, (transient)
aplastic crisis, anaemia, and hydrops fetalis {during pregnancy). B19V is normally spread via the
respiralory route, however, parenteral transmission can occur through blood or blood compo-
nents and plasma-derived products. In order to demonstrate the safety of plasma-derived
products regarding BI9V, virus validation studies are performed, using usually animal
parvoviruses as models for B19V which indicate that this virus is highly resistant to commonly
used inactivation methods as heat. Employing a cell culure infectivity assay for B9V,
established at CSL Behring's virology laboratory, a considerable higher sensitivity of BI9V to
pasteurization (heat treatment in agueous solution at 60°C for 10 hours) could be demonstrated
for B19V in contrast to the animal parvovirus CPV {canine parvovirus), B19V was not coly very
sensitive to heat in unstabilised product intermediates but also heat sensitive when studying
intermnediates of various plasma products containing high coneentrations of the stabilizers
sucrose and glycine. Although these protein stabilizers had also a stabilizing effect on B19V this
virus was nevertheless considerably more sensitive to pasteurization than CPV. As shown
below, pasteurization results in an effective inactivation of B19V in a wide range of
plasma-detived producis.

Mean Virus Reduction
Factor [logye] due te
Pasteurization
Product . : BI19V CPV
VWE / FVIII {Humate-P) =39 11
FVIII (Beriate P} * =3.8 0.7
Fibrinogen (RiaSTAP) » . =45 L6
PCC (Beriplex P/N) * 35 0.5
C1-INH (Berinert F) * 3.9 14
Human Thrombin* . 3.5 0.5
FXIN (Fibrogammin B + =4.0 190
stIG (Vivaglobin) =500 23
Human atowmin {different producis) =43 1.6

2 product not licensed in USA
b Pasteurization time 20 hours
¢ studied n a poreine immunoglobulin intermediate to avoid newtralization by human IgG

Based on these experimental data on inactivation of BI19V by pasieurization and a
plasma pool for fractionation not exceeding [0* [U B19V DNA/m], the virus safety of
plasma-derived products regarding B19V can be assessed more correctly demonstrating an
appropriate margin of safety.

Disclosures: Groener: CSL Behring: Employment. Nowak: CSL Behring: Employ-
ment. Schiifer: CSL Bekring: Employment.
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Phage-Displayed Peptide-Q Dot Nanocrystal Combo for High-Sensitivity
Bacterial Detection in Plasma. SHILPAKALA SAINATH Rao, PH.D., Krishna
Mohan V. Ketha, Ph.D. and Chintamani D Awreya, Ph.D.* Division of Hematol-
ogy, Center far Biologics Evaluation & Research, FDA, Bethesda, MD, USA

Introduction; Despite improved phlebotomy practices, refrigeration of red cells, freezing
of plasma and improved matesials for transfusion product collection and storage, bacterial
contamination of wansfusion products is still a lengstanding problem. Cument bacterial
detection tests relevant to transfusion medicine, especially for stored platelets have
limitations with regard to time, specificity and sensitivily. There is a need for new and
improved cost-effective high-affinity detection probes to fill this gap. In this study, using
plasma spiked with Bacillus cerews 4342 and B. anthracis-Steme as an .experimental
system, we identified peptides from a bacteriophage-gisplayed random peptide library that
selectively bind and detect the Bacillus strains. By labeling the peptides with Q dot-liquid
nanactystals, the detection sensitivity of the peptides was further enhanced.

Methods: A commercially available bacteriophage-displayed random peptide Tibrary was
screened using B. cereus 4342 as bait, using appropriate controls under siringent conditions,
The screening and subsequent sequencing of the phage DNA identified two phages each
containing a coding sequance for 12-amino acid peptide that are selectively capable of
binding to the Bacillus. Based on the nucleic acid sequence, the two synthetic peptides with
biofin tag were prepared for detection assays and to enhance the detection sensitivity
further, the peptides were labeled with streptavidin-conjugated flnorescent quantum-dots (Q
dots). Flunrcsccncc was measured either by a plate reader or using a fluorescence
microscape.

Results: The two synthetic peptides selectively bound te the Bacillus strains in both dot
blot and ELISA assays. The membrane-based dot blot assay demonstrated an assay
sensitivity of 10% colony forming units/ml (CFU/mI), whereas ELISA demonstrated a
sensitivity of 102 CFU/ml detection limit. Flucrometry analysis of spiked plasma samples
revegled that the bwo peptides were able to bind to B. carews 4342 and B. anthracis Sterne
and detect these bacteria in plasma at 10?2 CFU/ml concentrations, The peptide-Qdot comba
even datected a single bacterium it fluorescence microscopy.

Conclusion: Overall, the results reported here validate the usefulness of affinity-selected
recombinant filamentous phage-derived peptides in combination with Qdot-liquid nanoerys-
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 disseminared by the
Food and Drug Administration ond should not be construed o represent any Agency
determination or policy.

Disclosures: No relevant conflicts of interest to declare.

Abstract 3154 Poster Board ITI-91

Rate of Inhibitor Development in Hemophilia A Patients Treated with
Plasma Derived or Recombinant Factor VIII Concentrates. A Systematic
Review of the Literature, Arronso Iorio, MD*, Susan Halimeh, MD*?,
Christoph Bidlingmaier, MD*3, Leonardo R. Brandao, MD#, Carmen Escuriola-
Ettingshausen, MD*3, Neil A Goldenberg, MD, PhDS, Alessandro Gringeri,
MD, MSc*7, Susanne Holzhauer, MD*8, Gili Kenet, MD, PhD?, Ralf Knoefler,
MD#0 Wolfhart Kreuz, MD*3, Karin Kurnik, MD*?, Daniela Manner, MD*!1,
Emanuela Marchesini, MD*¥!, Maura Marcucci, MD*!, Elena Santagostino,
MD, PhD*?, Guy Young, MD'2, Pier Mannuccic Mannucei, MD*? and Ulrike
Nowak-Gottl, MDY, Unternal Medicine, University of Perugia, Perugia, Italy,
 Hemophila treatment centre, MVZ Duisburg, Duisburg, Germany, *Pediatric
Hemophilia Centre, Dr. v. Hauner's Children’s University Hospital, Munich,
Germany, *Paediatric Haemotology/Oncology, The Hospital for Sick Children,
Toronto, ON, Cannda, SPediatric Hematology, Oncology and Fmrunology,
Johann-Wolfgang-Goethe University, Frankfurt, Germany, SPediatrics and the
Mountain States Regional Hemophilia and Thrombosis Center, Univeristy of
Colorado Denver and The Children’s Hospital, Aurora, CO, USA, TAngelo
Bianchi Benomi Hemophilia and Thrombosis Center, IRCCS Maggiore Hospi-
tal; Mangiagalli & Regina Elena Foundation, University of Milan, Milan, Italy,
EPediatric Hematology/Oncology, Charite, Berlin, Germany, SThrombosis Unif,
The Chaim Sheba Medical Centre, Tel Hashomer, Israel, WPediatric Hematol-
ogy and Oncology, University Hospital Carl Gustav Carus Dresden, Dresden,
Germany, 'Dept. of Pediatric Hem./Onc., University Children’s Hospital,
Miinster, Germany, 2Children’s Hospital Los Angeles, Los Angeles, CA, USA
Background. The development of alloantibodies that inhibit the coagulant m:mmy of
factof VIII (FVIIE) is currently the most challenging complication of treatment in persons
with hemophilia. Among other factors known to influence inhibitor development, severzl
reports in the literature claimed for a different rate of inhibitor development in hemophilia A
(HA) patients after plasma derived {pd-) or secombinant (-} FVII administratoen. Aim of

2009 ASH ANNUAL MEETING ABSTRACTS, VOLUME 114, ISSUE 22, NOVEMBER 20, 2008
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Parvovirus 4-like
Virus in Blood
Products

Jozsef Szelei, Kaiyu Liu, Yi Li, Sandra Fernandes,
and Peter Tijssen

Porcine plasma and factor VIl 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. PARV4-like viruses from human
and porcine origing coevolved likewise with their hosts,

n 2005, a previously unknown virus, parvovirus 4

(PARV4), was detected in a plasma sample from a
hepatitis B—positive injection drug user (IDU) (7). Al-
though PARV4 was subsequently detected in plasma from
healihy donors, its prevalence is higher in samples from
IDUs, ATDS patients, and hepatitis C virus—infecied per-
sons (2,3). Inrecent serologic studies, 67% of HIV-infected
[DUs had antibodies to PARV4, whereas non-1DU controls
were seronegative () This increased prevalence in iDUs
and persons with hemophilia most likely reflects parenteral
transmission of the virus (4,5). Furthermore, PARV4 was
frequently detected in human coagulation factor concen-
trates prepared from older plasma samples (6). The lower
detection frequency in current concentrates may be due o
exclusion of high-risk batches, e.g., from 1DU or hepatitis
C virus—infected persons during plasma collection, and to
improved purification methods, The presence of PARV4
in plasma suggests a viremic phase enabling spread of the
virus to different organs. Even though recent studies by
Kleinman ¢t al. indicate that parvoviras B19 is not readily
transmitted 1o susceptible hosts by blood component trans-
fusion, similar evaluation of PARV4 transmission will be
invaluable in assessing the need 1o rouwtinely screen for this
cmerging virus (7).

PARV4 contains a.5-kb single-stranded DNA genome
with inverted terminal repeats and a large open read-
ing frame (ORF) in each half of the genome coding for
nonstructural (NS) protein and structural protein, re-
spectively. PARV4-like viruses form a separate cluster
among the parvoviruses (1,8). Three genotypes of human
PARV4 parvoviruses with =93% nucleotide sequence

Author affiliations: Institul National de la Recherche Scientifique-In-
stitut Armand-Frappier, Laval, Quebec, Canada (J. Szelei, K. Liu, Vi
Li, S. Fernandes, P, Tijssen}); and Central People’s Republic of China
Normal University, Wuhan, People’'s Republic of China (Y. Li}

DO 10.3210/eid1603.080746

Emerging Infectious Diseases » www.cdc.govieid « Vol. 16, No. 3, March 2010

36

identity have been described. The sequence of genotype
I (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), sugaesting 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 (/0).

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 human virus.

The Study

Plasma samples from healthy pigs were collected
in Great Britain in 2001, Initially, these samples were
tested for PARV4-tike viruses by using previously de-
scribed degenerate PCR primers (70). DNA was extract-
ed from samples by using the High Pure DNA Isolation

[a—
P

12345678 9101112

Figure t. Parallel-PCR amglification of PARV4-like (A) and PPV
{B) by using purified DNA from clotting FVIIl preparations. The
results of this PCR usually suggested a higher PARV4 load despite
the higher efficiency of the PPV PCR {J. Szelei and P, Tijssen,
unpub. data). This finding was confirmed with the quantitative
MIMIC PCR method for PPV (71). Numbers indicate different lots
of FVIIl prepared in 1:1994A, 2:1994B, 3:1996A, 4:1996B, 5:1998,
6:2C00A, 7:2000B, 8:2001A, 9:2001B, 10;2001C, 11:2001D, and
12: DNA marker (1-kb ladder; Invitrogen, Carisbad, CA USA).
PARVM4, parvovirus 4; PPV, porcine parvovirus; FVIIL, factor VIl
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Table 1. Percentage diversity of genome sequences of PARV4-Jike viruses*t

Genotype PARV4-p PHoV BHovV - PARV4-g1 PARV4-g2
PARV4-p 88-99

PHoV 97-98 98-99

BHov 62 62 9

PARV4-g1 58 58 60 98-100

PARV4-g2 58-59 58 5860 - 91-92 96-99
PARV4-g3 58 58 60 92 g1-92

*PARV4, parvovirus type 4, PARV4-p, porcine PARV-4; PHoV, porcine kokovirus; BHoV, bovine hokm.rirus: PARV4-g1, PARV4 genotype 1; PARV4-g2,

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

1Pairwise sequence comparisens were pedormed by using the ClustalW program (www.ebi.ac.uk/Tools/clustalw) as described in Figure 2 and
perceniages of sequence identities were calculated. Nucleotide sequences representing the equivalent regions (position 248-5088, numbered according

{0 the PARVA4 sequence NC 007018) were used fo align the DNA fragments.

Kit (Roche Applied Science, Roche Diagnostics Can-
ada: Laval, Quebec, Canada). Only 3 of the 98 plasma
samples contained detectable amounts of PARV4-like
viruses. To further study these porcine viruses, we ob-
tained nearly full-length genomes from overlapping PCR
fragments. Primers designed for these PCRs were Pr3i:
5'-CCACACCTACCTCGCCTATAAGAATCAG-3";
PraSt: S-CTCCACTTGTTCAGCACGGGATCC-3Y
Pr§2: 5-CCACGAGCTGGAAGTCTTTA-3"; PrAS2: 5-
GGAGTCCGCATACCCATAACAGGCTG-3" Pr85: 3
GTGTACCGCAGTGGGAGCCATG-3" and PrAS3: 5
TTCTGGGCAACCCACTGATCAGAAGG-3'. The nearly
full-length clones were sequenced by primer-walking. Ge-

nomic analysis confirmed that these viruses were related to
the PARV4 viruses and were close relatives of the recently
identified porcine hokoviruses (PHoVs) (/0).

We also confirmed the moderate frequency of PARVY-
like viremia in the previously tested pig plasma samples
with a more sensitive PCR assay by using specific primers
PrS4 (5-AGTTACGGGGGACCGCTACAGTG-3") and
PrAS3, In contrast, examination of 11 commercial clotting
FVII preparations showed that all of these independent
lots contained substantial amounts of PARV4-Hke parvo-
virus, whereas the level of porcine parvovirus DNA was
generally lower in the corresponding samples (Figure 1).
Similar to the plasma samples, long overlapping PCR frag-

Table 2. Analysis of relationships ameng the protein sequences of P

ARV4-like viruses®t

Sequence PARV4-p PHoV BHoV PARV4-g1 PARV4-g2 PARV4-g3

PARVA-p
NS 99-100 {99) (80) (68) (68) (68)
VP 99-100 {99) (79) 77 (78} (77}
SAT 100

PHoV
NS 9793 93-99 {79} {68) (68) {68)
VP 99 99 (79) (77) (77) (77
SAT 98-100 98-100

BHoV
NS 67-68 67 geie] (70} {70} (70)
VP 66 66 NA (78) (78) (78)
SAT 79 79 100

PARV4-g1
NS 53--65 53-54 ' 56-57 26-99 {99) (98)
VP 65 65 65 29 (99) (98-99)
SAT 59 59 59 100

PARV4-g2 ]
NS 54-55 53-54 56 96-97 98-99 (38}
VP 65 65 64-65 98 98-99 (98)
SAT 59 58 59 100 100

PARV4-03
NS 54 53-54 56 26-87 96-97 NA
VP 65 65 B84 98 - 97-38 NA
SAT 5% 59 59 160 100

*PARV4, parvovirus type 4: PARV4-p, porcine PARV-4; PHoV, porcine kokovirus; BHoV. bovine hokovirus, PARV4-g1, PARV4 genotype 1; PARV4-g2,

PARV4 genolyp

e 2: PARV4-g3, PARV4 genotype 3; NS, nonstructural protein
proteins. .

; VP, viral protein; NA, no alignment; SAT. small alternatively transtated

TNumbers indicale perceriages of amino acid sequence identity; numbers in parentheses indicate percentages of amino acid similarity (preserved
physicochemical properties). Sequence similarity was nol calculated for the SAT proteins, because of their relatively smaller size. When only 1 seguence

was available {¢.9.. VP of BHoV), no alignment was performed.
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ments were amplified from the FVII preparations to obtain
nearly full-length sequences. Their analysis provided infor-
mation about the evolution of PARV4-like viruses, during
nearly a decade, in pigs. Sequence dala were registered by
GenBank (accession nos. CI2001A: FI982246; CI2001B:
F1982247, CI2001C: FI982248; F8-1994A: FI982249;
F§-1994B: F1982250; F8-1996A: 3982251, F8-1996B:
[F1982252; F8-1999: F1982253; FB—2000A: F1982254; and
F8-2000B: F1982255). Phylogenctic and molecular evolu--
{ionary analyses were cohducted by using MEGA version
4(12).

The genomes of these newly isolated PARV4-like
viruses were similar 1o the PHoVs previously identified
in Hong Kong Special Administrative 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
profcin {(VP)-ORF was highly conserved (99%), whereas
the NS-ORF showed more diversity (97%—98%). Genomic
and protein-coding sequences were also compared with
other PARV4-like 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 FVII prepared at different
times were less uniform (Figure 2). Older FVII] PARV4
contaminants {especially fram 1994) were related more
closely 1o the bovine hokoviruses (BHoVs) and to PARV4-

. 2. Finally, analysis of the newly identified virus genomes

FB19968.p

CIz003B-p B C CI120018-p
g a
A ;( CI2004C.p F8-20004p " clzop1c-p
0
. FB-199BA-
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X ’ F8-4994A-p
FEB-19968-p F8-15968.p
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e 'I ?i] ABY67707-p
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100) 100 . ACF94532-g3
EV2GHE70-b 00— ACF94533.93
ABYE767T-pt
5{,! [H3573390-g2 ABVT1680-g2 ¢
¥ poerazet-g2 sob AuKnsie.ge 92] ABVT1693-g1
00 i — e )
EU175BS55.92 v.0% 900 pgkecsz1-g2 005 YP 238483-91
100 EU%74248.q3

NC 007018411
1Ur|

EUITSABE-g1

1001 boar3aes.g1

[X3 93
EU200657-g1

Figure 2. Construction of phylogenic trees for newly identified porcine viruses and comparison with previously identified prototype parvovirus
4 (PARV4)~like sequences. Sequences of other PARV4-like viruses indicated by the accession numbers were obtained from GenBank,
and their origins are marked by letlers (p, porcine; b, bovine:; PARV4-g1, g2, g3, human parvovirus 4 genotypes 1, 2, and 3). ClusialW-
aligned genomes (A} and nonstructural (NS) protein (B) and viral protein (VP) {C} were all irimmed to obtain seguences with similar
lengths. All computer analysis was performed by using the neighbor-joining method. Branches corresponding to partitions repraduced
in <70% bootstrap replicates are collapsed. The tree is drawn to scale, and the percentage of replicate trees in which the associated
taxa clustered together 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 represents the number of nucleotide (A} or amino acid (B, C) substitutions per site.
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showed an alternative coding sequence inside of the VP
gene with a recognizable relationship to small alternatively
translated proteins (SAT) (/3). Tn the porcine PARV4-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 PARVY viruses. Although the SAT protein was
67 aa in all the characterized human PARV4 viruscs, 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 PARV4 virus group; how-
cver, they differed greatly between PARVY viruses belong-
ing to different host species (Table 2). ’

Conciusions

Improved virus detection methods have lacilitated the
discovery of new viruses and have provided insight into the
existence of a wide varicty of potentially pathogenic strains
in biopharmaceutical products. Plasma samples, collected
from individual pigs in 20012002, and FVIII samples,
prepared during 1994-2001, were tested for PARV4-like
viruses. '

Sequence analysis showed that PARV4-like viruses -

may have undergone some degree of sclective préssure
during this time because the genomes sequenced showed a
greater variability than the porcine parvovirus NS sequenc-
es isolated from the same samples (). Szelei and P. Tijs-
sen, unpub. data). In the current study, comparison of the
genvinic and NS proicin 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 usnally
adapt to host-specific receptor(s). The presence of PARVA4-
g2-like isolates in older samples and the omnipresence of
PARV4-Tike viruses in more recent samples suggested that
the porcine PARV4-like virus and human PARV4 may
have similarly evolved (8). These new parvovirus isolates
from Great Britain would belong to a different cluster of
porcineg PARVA-like viruses than the hokoviruses from
Hong Kong Special Administrative Region,

Although older isolates shared more identity 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 proieins,
which may play important host-specific roles in the viral
exit (/3). Nevertheless, the existence of a wide variety of
different PARVY strains. most of which result in chronic
imfections, could provide a basis far an evolutionary jump
and recombination and should raise major concerns about
the dangers of parenteral transmission.
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Occurrence of haemagglutinin mutation D222G in
pandemic influenza A(HIN1) infected patients in the
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To the editor: Kilander et al. (2010) [1] have previously
reporied that in some cases of patients with severe or
fatal pandemic influenza A{H1N1), an amino acid sub-

stitution from aspartic acid to glycine occurs at posi- -

tion 222 (D222G) of the HA1 subunit of haemagglutinin
{HA}. In their study 11 (18%) of 61 patients with severe
disease had the mutation, in contrast to o of 205
patients with mild disease.

Since the original report [1] several couniries have
detected this mutation [2]. This data has heen sum-
marised in & recent World Health Organization (WHQ)
review, which reported that the overall prevalence of
D222G was <1.8% in contrast to a rate of 7.1% in fatal
cases {2]. The WHO paper also reports on the cccur-
rence of other mutations at this amine acid, D222E and
D222N, although their significance is unclear. A group
in Hong Kong have also analysed this amino acid in
severe and non-severe cases of pandemic influenza
A(H1N2) [3]. In this study nine (4.1%) of 219 severe
or fatal cases of pandemic influenza A{HiN1) had the
D222G mutation, in contrast to o of 239 non-severe
cases,

We sequenced the HAz subunit of the HA gene fram
a number of West of Scotland cases, hoth community
cases and severely ill. Furthermore we subdivided the
severely ill into thase who had died and those who
recovered after hospitalisation, We found an increased
incidence -of D222G in those patients who died (2/23

TABLE

Prevalence of mutations at amino acid D222 of
haemagglutinin of influenza A(HIN1), Scotland, United
Kingdom, 2009-2010

Number of
patients

D222G  Da222N  D2a22E

All cases 2(3.4%) | 2 (3.4";6) 4 (6.9%)
Patients who died 23 2 (8.7%) a 1 (4.3%)
Seriously ilf patients 2 o 2 (22%) | 1(11%)
Community patients 26 0 c 3 (12%)

www.elrosurveillance.arg
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patients in the West of Scattand. United Kingdom, 2009-10. Eura Survelil. 2010;15{16};pli=19546_ Available online; http:/fwww.eerosurveitlance, org/ViewArticle,

This article has been published on 2z April zo10

- 8.7%) compared to both cormmunity and hospitalised
patients (0/35 - 0%). We also detected an increased
incidence (2/32 - 6.2% ¢f of26 - 0%) of D222N (aspar
tic acid to asparigine) in severely ill patients and those
who had died. The significance of this mutation is
unclear. There was a low level of D222E {aspartic acid
to glutamic acid) present in both severely ill and com-
munity cases with no significant difference between
the two. The results are summarised in the Table.

interestingly, in cne of the patients who died and
had the D222G mutation, the original sequence had
a mixed base in the D222 codon giving D222D/G. On
resequencing two more samples from this patient, we
ohtained a pure D222G on one occasion and a pure
wildtype D222 on the other, showing that this patient
had a mixed population of virus. This confirms the find-
ing in Kilander’s paper [1] of the co-existence of mutant
and wildtype virus,
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1. Kilander A, Ryikkyin R, Dudman 5, Hungnes 0. Observed
association between the HA1 mutation D222G in the 2009
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aspxfAsticleid=19498 .

2. World Health Organization. Preliminary review of D222G amino
acid substitution in the haemagglutinin of pandemic influenza
A{H1#1} 2000 viruses, Wily Epidemiol Rec. 2010:85(g):21-2.
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W. Association of D2z226 substitution in haemagglufinin of
2z09 pandemic infiugnza A {HiNz) with severe disease. Euro
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Fatalities Reported to FDA Following Blood Collection and Transfusion

Annual Summary for Fiscal Year 2009

I Background

As previously mentioned in the annual summary of fatalities reported to the FDA in Fiscal Years
(FY) 2005 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
in transfusion medicine practices, the risks associated with blood transfusion continue to
decrease. Overall, the number of transfusion related fatalities reported to the FDA remains small
in comparison to the total number of transfusions. In 2006, for example, there were
approximately 30 million components transfused.! During the proximate period of FY 2006, ST
there were 73 reporied transfusion related and potentially2 transfusion related fatalities, with

subsequent reports of 63 in FY2007, 54 in FY2008, and 66 in FY2009.

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 Reguiations

(21 CFR 606.170(b) and 21 CFR 640.73), for fatahty reporting requirements. For information

regarding the notification process, see our web page, Notification Process for Transfusion

Related Fatalities and Donation Related Deaths,

http:/Avww fda gov/biologicsbloodvaccines/safetvavailabilitv/reporiaproblem/transfusiondonatio EES
nfatalitics/default htun. For further information, see our Guidance for Industry: Notifying FDA of ’
Fatalities Related to Blood Collection or Transfusion, September 2003.3

A team of CBER medical officers reviews the documentation submitied 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.

1

! Whitaker B, Green J, et al. The 2007 Nationwide 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.
3 Guidance for Industry: Notifying FDA of Fatalities Related to Blood Collection or Transfusion, September, 2003.
hitpzsawww [da.gov/biclogicsbloodvaccines/p uidinceeomplioncerepulatorvinlormation/euidances/blond/ucm 074 Y47
b,
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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.hhs.gov,
2. Call us at 301-827-6220, or
3. Write us at:

FDA/Center for Biologics Evaluation and Research
Office of Compliance and Biologics Quality
‘Division of Inspections and Surveillance (HFM-650)
1401 Rockville Pike, Suite 200 North

Rockwville, Maryland 20852-1448

. Results

During FY2009 (October 1, 2008, through September 30, 2009), 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 concluded:
a) 44 of the fatalities were transfusion-related, :
~ b) 22 of the fatalities were cases that transfusxon could not be ruled out as the cause of the
fatality,
¢} 8 of the fatalities were unrelated to the transfusion.

We summarize the resulis 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 Comparison of Transfusion-Related Fatalities Reported from FY 20035 through
FY2009

B. Transfusion Related Acute Lung Injury (TRALI)

C. Hemolytic Transfusion Reactions (HTR)

D_ Microbial Infection

E. Transfusion Not Ruled Qut as Cause of Fatalitv
F. Not Transfusion Related

G. Post-Donation Fatalities

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

in combined Fiscal Years (FY) 2003 through 2009, Transfusion Related Acute Lung Injury
(TRALI) caused the highest number of reported fatalities (48%), followed by hemolytic
transfusion reactions (26%) due to non-ABQ (16%) and ABO (10%) incompatibilities.
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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 remained very small over the
last 5 years.

Table 1: Transfusion-Related Fatalities by Complication, FY2005 through FY2009

Complication Fyos | Fros | Fyos | Fros | Fyor | Fyor ] Fros | Fyos | Fros | Fyos | Total | Total

No. % No. % No. %o No, No. % No.
TRALI 28 | 4% 35| 56% 3q 65% 16" | 35% 13* | 30% 127 | 8%
HTR (non-ABO) 16 26% 9 14% 2 4% 7 15% 8 18% 42 | 16%
HTR (ABO) 5 10% 3 5% 3 6% 10| 29% 4 9% 26 | 10%
Microbial Infection 8l 13% 71 1% 8 12% 71 15% s 11% 33 | 12%
TACO 1 2% 8| 13% 5 10% 3 7% 12| 27% 29| 11%
Anaphylaxis 0 0% 1 2% 2 4% 3 7% 1 2% 7 3%
Othet 2 3% 0 0% 0 0% 0 0 1 2% 3 1%
Totals 62 | 100% 63 | 100% 52 | 100% 46 | 100% 44 | 100% 267 | 100%

*In FY2007, our review committee began using the Canadian Consensus Conference criteria™® for evaluating |
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) error
(use of a treatment column contraindicated due to patient’s medical hustory)

***(Other: Hypotensive Reaction’

“ Popovsky MA. Transfusion associatled circulatory overload: the plot thickens. Transfusion 2009;49:2-4,

® Goldman M, Webert KE, Armold DM, et al, Proceedings of a consensus conference; towards an understanding 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 a consensus panel, Transfusion 2004;44:1774-1789.

7 Centers for Disease Contro] and Prevention. The National Healthcare Safety Network (NHSN) Biovigilance
Component protocol. 2009;17. '
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Figure 1: Transfusion-Related Fatalities by Cemplication, FY2005 through FY2009
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B. Transfusion Related Acute Lung Injury (TRALI)

While TRALI represented 48% of confirmed transfusion 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
Flatelets decreased from 5 (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 units) —
approximately 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 accounted
for 11% (14/127), and RBC’s accounted for 26% (33/127).

In FY2009, the 13 TRALI cases were temporally associated with products from 38 donors. GF
the 38 implicated donors, 19 (50%) were tested for white blood cell (WBC) antibodies (Table 2).
Antibody tests were negative in 42% of those tested. Of those tested, Human Leukocyte
Antibodies (HLA) were present 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 recipient cognate antigens in 6 of the 13 cases, implicating 5 female
donors and one male.

8 Whittaker BI, op.cit. Tables 4-1 and 4-2.
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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 1 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 1% 1H113

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

.
-n N
E H
=5
3 ;
j-ﬁll
. R Platelets Multiple
FFP . RBC Plasma Pheresis Products
B FY05 13 3 4 4
W FY06 22 1 2 J
O FYO7 12 12 0 1 9
®FY08 4 0 3 2
= FY09 2 6 1 2 2
Blood Product

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

® Eder AF, Benjamin RJ. TRALI risk reduction: donor and component management strategies. J Clin Apher
2009;24(3122-9. '

1" Murphy MF, Navasete C, Massey E. Donor screening as a TRALI risk reduction strategy. Transfusion
2009,49:1779-82. '

" stillman CC, Fung YL, et al. Transfusion-related acute lung injury (TRALI): Current concepts and
misconceptions. Blood Reviews 20109,23:245-255.

1 Chapman CE, Stainsby D, et al. Serious Hazards of Transfusion Steering Group. Ten years of hemovigilance
reports of transfusion related acute lung injury in the United Kingdom and the impact of preferential use of male
donor plasma. Transfusion 2009;49:440-52.

B Keller-Stanislawski B, Riel A, et al. Frequency and severity of transfusion-related acute lung injury — German
haemovigilance data [2006-2007]. Vox Sang 2010;98:70-77.
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Table 2: Donor Antibodies Identified in Association with TRALI, FY2007 through FY2009

Donor Leukocyte Antibodies FYO7 No. FYO07% | FYO08 No. FY08% | FY09No.| FYO09%
HLA Class | 18 17% 3 18% 1 5%
HLA Class |l 6 6% 2 12% Q 0%
HLA Class tand | 15 14% 8 35% 5 26%
HNA 17 16% 2 12% 1 5%
HLA and HNA 6 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 in FY07, the 3 donors that uere
not tested in FYOS8, and the 19 donors that were not tested in FY(9.

C. Hemolytic Transfusion Reactions

In FY2009, hemolytic 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 decreaseéd from
I7 in FY2008 to 12 in FY2009, due to a decrease in reports of ABO hemolytic reactions, from

10 (59%) in FY 2008, to 4 (33%) in FY2009 {Figure 1 and Table 3}, We continue to see an

overall decrease in the number of reported fatalities due to hemolytic transfusion reactions since
FY2001 (Figure 3).

Table 3: Hemolytic Transfusion Reactions by Implicaied Antibody, FY2005 through FY2009

Evos | Fyos | Fyos | Fvos | Fyoz | Fro7z | Fvos | Fyos | Fros | FY09 | Total | Total
Antibody No. % 1 ° No. % No. % No. o No. % No. %
ABO 6 27% 3 25% 3 60% 10 59% 4 33% 26 38%
Multiple Antibodies* 6 27% 4 33% 1 20% 1 6% 2 17% 14 21%
JK° 3 14% 0 0% 0 0% 2 12% 0 0% 5 7%
Cther*" 3 14% 0 0% ] 0% 0 0% 2 17% 5 7%
Keli 1 5% 1 8% 0 0% 2 12% 0 0% 4 6%
Ji" 1 5% 1 8% 1 20% 0 0% 2 17% 5 7%
Fy* 0 0% 1 8% ] 0% 2 12% 1 8% 4 6%
Fy” 0 0% 1 8% 9 0% 0 Q0% o 0% 1 1%
E 1 5% [ 0% 0 0% 0 0% (s 0% 1 1%
I 1 5% 0 0% 0 0% 0 0% .0 0% i 1%
Js' ' 0 0% 1 8% 0 0% 0 0% ] 0% 1 1%
Js® 0 0% 0 0% 0 0% 0 0% 1 8% 1 1%
Totals 22 | 100% 12 | 100% 5| 100% 17 | 100% 12 | 100% 68 | 100%
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*FY2005 antibody combinations included F+c, Fy*+K, Fy*+Jk®, E+I+A,, possible C+E+K, Wr*+warm
auloantibody.

*FY?2006 antibody combinations included E+e, $+K, Jk™+cold agglutinin, unidentified auto- and alloantibodies.
*FY2007: anti-M+C '

*FY2008: anti-C+HK+FyP+S+N+V+Is*+Go™+warm autoantibody.

*FY2009: antibody combinations included E+Jkb, S+Jka+Jkb+K+Fya+Fyb+V+C+N+HTLA

**FY2005: Includes one report of non-immune hemolysis, one report of an unidentified antibody to a low incidence
antigen, and one report of Cold Agglutinin Syndrome due to AMyeoplasma prnevmonia or Lymphoma.
*rF Y2009]:‘1 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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In FY2009, there were four reports of fatal hemolytic transfusion reactions due to ABO-
incompatible blood transfusions: )

o 1case: recipient identification error at the time of transfusion (nursing error)
* ] case: patient sample labels switched (phlebotomist error)
» 1 case: sample collected from incorrect patient (phlebotomist error)
e | case: patient sample mistyped (lab error)

" Win N, New H, et al. Hyperhemolysis syndrome in sickle cell disease: case report (recurrent episode) and
literature review. Transfusion 2008;48:1231-1238
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D. Microbial Infection

In FY2009, there were 5 reported fatalities attributed to microbial infection — similar 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 FY2009. Babesia now accounts for 30% (10/33) of deaths
due to microbial infection over the S-year reporting period, followed by Staphylococcus aureus,
which accounted for 21% (7/33) (Table 4),

After seven years with no reported deaths due to transfusion-transmitted Babesiosis, CBER
received reports of 10 transfusion-transmitted Babesiosis deaths dunng ﬁscaI years 2006 through
2008. Recent articles provide addmonal information about this topic.”

There was one strict anaerobe, Eubacterium limosum, implicated in a fatal bacterial infection
during the 5-year reporting period; this fatality occurred in FY2005, The remaming bacteria 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 the number of reports of fatal microbial infections associated with apheresis
p]atelcts in FY2009 (Figure 4). However, this finding is stil] consistent with an overall
decrease in the number of bacterial infections associated with apheresis platelets since FY2001
{Figure 5).

' Gubernot DM, Nakhasi HL, Mied PA, et al. Transfusion-transmitted babesiosis in the United States: summary of a
workshop. Transfusion 2009;49:2759-2771.
' Tonetti L, Eder AE, Dy B, et al. Transfusion-transmitied Babesia Micrati identified through hemovigilance.

Transfusmn 2009,49:2557-2563.
¥ Fuller AK, Uglik KM, et al. Bacterial culture reduces but does not eliminate the risk of septic transfusion

reactions due to sinple-donor platelets, Transfusion 2009;49:2588-2593,
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Fatalities Reported to FDA Following Blood Collection and Transfusion

Table 4: Microbial Infection by Implicated Organism, FY2005 through FY2009
Qrganism FY0S FY05 FY06 FY06 FYQ7 FY07 FY08 FY08 FY09 FYQ9 | Total Total

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

Babesie® 0 0% 2 29% 3 50% 5 71% 0 0% 10 30%
Staphylococcus aureus 3 37% 0 0% 1 17% 1 14% 2 4% 7 21%

- Escherichia coli 0 0% 3 43% 4] 0% 0 0% 4] 0% 3 9%
Serratia marcescens 2 24% Q 0% 0 0% 0 0% 9 C% 2 8%
Staphylococcus
epidermidis 1 13% 0 0% 0 0% 1 14% 0 0% 2 6%
Staphylococeus
Jugdunensis 1 13% 0 0% 0 0% 0 0% 4] 0% 1 3%
Eubacterium limosum 1 13% 0 0% 0 0% 0 0% 0 0% 1 3%
Morganells morganii "] 0% 1 14% 0 0% 0 0% 0 0% 1 3%
Yersinia enferocolitica 0 0% 1 14% 0 0% 0 0% 0 0% 1 3%
Strepiococcus . o
dysgalactize (Group C) 0 0% 0 0% 1 17% o 0% 0 0% 1 )
Klebsigila oxytoca 0 0% 0% 1| 17% 0 0% ol o% 1] 3%
Streplgcoccus viridans 0] 0% 0% 0 0% 0% 20% 1 3%
Streplacoccus - .

_pneumoniae 0% 0 0% 0 0% 0 0% 1 20% 1 3%
Staphylococcus warneri 0% 0 0% 0 0% 0 0% 1 20% 1 3%
Total 100% 7 100% 6 |° 100% 7 100% 5 100% 33 100%

*Nine Babesia microti and one probable Babesia M(O-1 species

Figure 4: Microbial Infection by Implicated Blood Product, FY2005 through FY2069
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Red Blood Cells microorganisms: S. marcescens (1), E. coli (1), Y. enterocolitica (1), B. microti (%), B. MOI(1)

Pooled Platelets microorganisms: S. awreus (1), E. coli (1), S. dysgalactiae (1), S. pneumoniae (1)
Platelets Pheresis microorganisms: S. aureus (6), S. marcescens (1), 8. lugdunensis (1), S. epidermidis (2),
E. limosum (1), E. coli (1), M. movrganii (1), K. oxytoca (1), S.viridans (1), S. warneri (1)
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Figure 5: Bacterial Infection by Apheresis Platelets, FY2001 through FY2009
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E. Transfusion Not Ruled Out as Cause of Fatality

In these reported fatalities, the reporting facilities were unable to identify a specific complication
of transfusion as the cause of death. Often, these patients had multiple co-morbidities, and after
review of the investigation documentation, our medical reviewers could neither confirm nor mle
out the transfusion as the canse of the fatality (Table 5). We did not include these reported
fatalities in the analysis in Sections 1A through ILD (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 FY 2009, as compared to 54 in FY2008 and 63 in
FY2007.

F. Not Transfusion Related .

After reviewing the initial fatality reports and the investigation documentation, we categorized a

number of reported fatalities as “Not Transfusion Related.” Qur 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 H.A through 1i.D (transfusion-related

 fatalities), above. :

FY0s| FYO6| Fyo7| FY08)| FYO09
Not Transfusion Related 21 8 13 18 8
Not Ruled Out 14 10 11 8 22
Totals 35 18 24 26 30
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G. Post-Donation Fatalities

FY2009 showed a continued decrease since FY2007, in the number of reported fatalities
following Source Plasma donation (Table 6). In all of these cases (FY 2005 throngh FY2009), our
medical reviewers concluded that, while there was a temporal link between the donations and the
fatalities, there was no evidence to support a cansal relationship between the donations and
subsequent death of the donors.

We received three FY2009 reports of fatalities following Whole Blood donation collected by
manual methods. In two of these cases, our medical reviewers ruled out the donation as the cause
of death due to evidence found in the donor’s medical records. In the third case, although the
donation could not be definitively ruled out as being implicated in the donor’s death, our medical
reviewers found no evidence to support a causal relationship between the donation and
subsequent death of the donor.

Table 6: Post-Donation Fatality Reports by Donated Product, FY2005 through FY2009

Donated Product FYO5 | FYO6] FYO7 | FY08| FYD9
Source Plasma 2 1¢ 13 7 3
Wheole Blood 6 q* 2 2 3
Apheresis Platelets 0 0 2 0 0]
Apheresis Red Blood Cells 0 0 0 1 0
Total 8 14 17 10 3]

*Includes 2 autologous donations
** Autologous donations

Figure 6: Post-Denation Fatality Reports, FY2005 through FY2009
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*Includes 2 autologous Whole Blood donations
**Both Whole Blood donations in FY07 were autologous
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CDC Notice Alerts Travelers to Possible Dengue
Exposure ‘

A recent advisory from the Centers for Disease Control and Prevention has
alerted travelers to 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 {op agents of
concern to the biood banking and transfusion medicine communities, along
with Babesia and the agent responsible for variant Creutzfeldt-Jakob
disease. The August 2009 supplemeni 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 G fever in that couniry. According fo 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,
including six deaths. These cases represent an ongoing outbreak of Q
fever in the Netherlands since 2007; 190 cases were reporied in 2007 and

1,000 cases in 2008. Sanquin, an organization that provides bleod banking

technical assistance in the country, will be implementing a nucleic acid
amplification testing procedure o screen selected donations from high-risk
regions for the duration of the current Q fever epidemic. The August 2008

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 for Hepatitis Efforts

The National Viral Hepatitis Roundtable on Tuesday held a press
conference on Capitol Hill urging support of a bipartisan bill, HR 3874, that
would direct $90 million to the Centers for Disease Control and Prevention
to fund state-based screening, education and prevention efforls targeting
chronic viral hepatitis. According to NVHR, an estimated 5 million U_S.
residents are infected with viral hepatitis B or C, and the administration's
current budget proposal for 2011 weuld underfund the Division of Viral
Hepatitis, Among the lawmakers participating at the media briefing were '
U.8. Reps. Hank Johnson (D-Ga.), who recently underwent treatment for
hepatitis C; Mike Honda (D-Calif.}, lead sponsor of the bill; and Bill Cassidy

Task Force Looks to Improve Transparency
Jetween FDA and Industry
The Transparency Task Force of the Food and Drug Administration is
collecting information on ways in which transparency can be improved
between the agency and industry. According to a March 12 Federal-
Register notice, FDA is seeking comments on how improvements can be
made in areas such as training and education on the agency's regulatory
and guidance-development processes as well as communication,
particularly in times of crisis. FDA is raking available on the U.S.
guvernmeni regulations e-portal transcripts and summaries of three public
listening sessions it held for background information; visitors to the site
shoutd use the keywords "transparency 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 JRC2010T-008
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Malaria Acquired in Haiti --- 2010
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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 Plasmodium falciparum infection is endemic in Haiti,
and the principal mosquito vector is Anopheles albimanus, which frequently bites outdoors.
‘Thus, displaced persons 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 summarizes 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 equipment (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 States, including 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 Renamny, 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 Global Health, CDC.

Editorial Note

httne / /www.ede. gov/mmwr/_nre'\}iew/mmwrhtm!,/:_)r;mmSQOBa' 1.htm?s_cid=mm5908at_e 2010/04/26
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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. falciparumni; all 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
is known to occur (2). Of the four Plasmodium species that routinely infect humans (P.
falciparum, P. vivax, P. malariae, 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
chloroguine treatment in persons with P. falciparum infection acquired in"Hispaniola, nor
has chloroquine prophylaxis failure been 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
chloroquine treatment or prophylaxis in persons in Haiti or returning from Haiti.

Persons traveling to Haiti should receive chemoprophylaxis with one of the following
medications: atovaquone-proguanil, chloroquine, doxycycline, or mefloquine (6). If
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 smears spaced 12--24 hours apart are needed to rule out
malaria. However, microscopy 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 receive treatment
according to CDC guidelines (7). Uncomplicated malaria can be 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

hY

http://www.cdc.gov/mmwr/preview/mmwrhtml/mmb5908a1.htm?s_cid=mm5908a1_e 2010/04/26
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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 drug 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

: chloroqulne First-line treatment for severe malana in Haiti i 1s intravenous or intramuscular
quinine.

CDC continues to monitor the malaria situation in Haiti, including any reports of possible
chloroquine prophylaxis or treatment failiires in those returning from Haiti. Medical
providers should contact the CDC Malaria Branch clinician on 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/inalaria.
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What 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.

Whist is added by this report?

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

http //www.cdc.gov/mmwr/preview/mmwrhtml/mm5908a1.htm?s_cid= mm5908aT e 2010/04/26
59



Malaria Acquired in Haiti —- 2010 ~ 4/4 R—

recommendations for appropriate malaria chemoprophylaxis for persons traveling to Haiti.
What are the implications for public health practice?

Adherence to preventive chemoprophylaxis recommendations and appropriate personal .
protective measures can lower malaria risk, 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 MM WR 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.

All MMWR HTML versions of articles are electronic conversions from typeset documents, This conversion
might result in character translation or format errors in the HTML version. Users are referred to the electronic
PDF version (http://www.cde.gov/mmwr) and/or the original MM WR paper copy for printable versions of
official text, figures, and tables. An original paper copy of this issue can be obtained from the Superintendent
of Documents, U.S. Government Printing Office (GPO), Washington, DC 20402-9371; telephone: {z02) 512-
1800. Contact GPO for current prices.

**Questions or messages regarding errors in formatting should be addressed to
mmwrg@cdc.gov. .
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An autopsy case of Creutzfeldt-Jakob disease with
a V180I mutation of the PrP gene and
Alzheimer-type pathology -

Hidenori Yoshida,’ Seishi Terada,! Hideki Isiu'zu," Kenji Ikeda,? Toshiyuki Hayabara,?
Kazuyo Ikeda,! Kazushi Deguchi,’ Tetsuo Touge,’ Tetsuyuki Kitamoto® and Shigetoshi Kuroda®
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Health Sciences, Kagawa University School of Medicine, Kagawa, and *Division of CJD Science and Technology,
Department of Prion Research, Center for Translational and Advanced Animal Research on Huoman Diseases, Tohoku
University Graduate School of Medicine, Sendai, Japan

We report an autopsy case of Crentzfeldt-Jakob disease
with a codon 180 point mutation of the prion protein gene
(PRNP). A 77-year-old woman developed gait instability,
followed by dementia and limb/truncal ataxia. She became
akinetic and mute 18 months and died of prewmonia 26
months after the disease onset. Analysis of the PRNP gene
revealed a codon 180 point mutation. Post-mortem exami-
nation revealed marked spongiosis, neuronal loss, and
astrocytic gliosis in the cerebral cortex. Mild fo 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
plagues and neurofibrillary tangles were found, and the
Braak stages were stage C and stage IV, respectively,
Immunestaining for prion protein (PrP) revealed granulay
(synaptic-type) and patchy PrP deposition in the cerebral
cortex and especially in the hippocampus. Most patchy PrP
deposits were colocalized with amyloid § plagnes, but some
of them were isolated. The relatively strong PrP deposition
and coexistence of Alzheimer-type pathology of this case
are remarkable. We suppose that amyloid B plaques might
act as a facilitating factox for PrP deposition.

Key words: Creutzfeldt-Jakob disease, histopathology,
prion proteins, semile plaques, V1801 mutation.
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INTRODUCTION

Creutzfeldt-Jakob diseage (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 are inherited, and a small number
have been caused by medical procedures.! The incidence of
CID is estimated to be stable at between 0.5 and 1.5 cases
per miilion people per year.** The typical clinical picture of
sporadic CID 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 neuropathologically characterized by spongiform degen-
eration, neuronal loss, gliosis, and the presence of altered
forms of prion protein (scrapie form of prion protein,
PrP%).?

Some cases of familial CID are actnally sporadic cases -
with no relevant family history clue to incomplete genetic
penetrance and the misdiagnosis of other affected family
members. The clinical features depend on the genetic muta-
tions. However, most patienis demonstrate PSD on EEG,
an accepted diagnostic marker for CID.!* CID with a cans-
ative point mutation of valine to iscleucine at codon 180
(V1801) of the prion protein gene (PRNP) is a type of
familial CJD with no relevant family history.™ In case
reports, the clinical features of CID with V1801 were dif-
ferent from those of sporadic CID (sCFD). CID with V1801
is a late-onsel disease, and the symptoms never start with
visual or cerebellar involvement*® The patients show
slower progression of the disease compared with sCID.4
They never show PSD on EEG?! MRI demonstrates
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remarkable high-intensity areas with swelling in the cere-
bral cortex except for the medial occipital and cerebellar
cortices.! Therefore, the premortem clinical diagnosis is
sometimes difficalt, and the cases are misdiagnosed as neu-
rodegenerative disorders with dementia.

As stated above, the clinical symptoms of CID with
V1801 have previously been described in detail, but reports
of autopsied cages of CYD with V18Q have heen limited. In
this report, we document a rare autopsy case with coexisting
CJD with V180I and Alzheimer disease (AD) pathology.

CASE REPORT

Chlinical comse

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 mwonths after the onset, she could,

neither stand nor walk, even with help. She also' showed
dressing apraxia and acalculia. At admission, 8 months
after the disease onset, she was obviously demented. The
scores of the Mini Mental State Examination and Hase-
gawa Dementia Seale 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 imcontinence was observed,
However, she showed neither myoclonus nor tremor. Deep
tendon reflex was within normal limils 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 parietal 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 afier 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 ﬁhdings

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 net 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, middte and inferior temporal, inferior pari-
etal and occipital cortices; anterior cingulate; amygdala;
hippocampus; striatum; thalamus; midbrain; pons; medulla;
and cerebellum. Multiple paraffin-embedded tissue blacks
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; mouvse monoclonal; against
prion protein amino acids 108-111;1 : 30; Dako, Glostrup,
Denmark), anti-amyloid $42 (rabbit polyclonal; against
amyloid B C-terminal; 1 : 100; Immuno-Biological Labara-
tories; Gunma, Japan), anti-phosphorylated tau (ATS;
mouse monoclonal; 1:1000; Innogeneties, Ghent,
Belgium).

For amyloid § and phosphorylated tau immunohis-
tochemistry, deparaffinized sections were incubated with
1% 4,0, in methanol for 30 min to eliminate endogenous
peroxidase activity in the tissue and treated with formic
acid (99%, 5 min; Sigma, §t. Louig, MO, USA) to retrieve
immunogenicity {for phosphorylated tau immunostaining,
the treatment with formic acid was not performed). After
blocking with 10% normal serum, sections were incubated
overnight at 4°C with the primary antibody. The sections
were washed in PBS and incubated with a biotinylated
secondary antibody, followed by avidin-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 (PrF)
immunohistochemistry, sections were boiled in 35% HCl
for 2 min before the ireatment with formic acid.

For double staining with amyloid B 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, tempora} and parietal lobes (Fig. 1A). Neuronal
loss with neuropil rarefaction of all cortical layers was also
abserved 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 putamen (Fig. 1C),.and mild in
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Fig. 1 Microscopic appearance of representative lesions. (A} The cerebral neocortex shows widespread status spongiosus. Temporal lobe.
HE. (B) Severe neuronal loss and neuropil rarefaction of all cortical layers are observed. Temporal lobe. HE. (C) The putamen shows
moderate spongiform degeneration, HE. (D) The cerebellum shows no spongiosis, neuronal loss, or astrocytic gliosis. HE. (E) Many senile
plaques are found in al] isocortical areas. Parfetal lobe. Methenamine silver stain. (F) The CA4 of the hippocampus shows ATS-positive
NFTs and nevropil threads, Phosphorylated tau immunostaining. {G) The cerebral neacortex shows a mild synaptic-type PrP deposition
and sparse patchy deposition. Temporal lobe. PrP immunastaining. (H) The hippocampus shows a relatively strong PrP immunoreactivity
and miany patehy PrP deposits. PrP immunostaining. (T} Most patchy PrP deposits are colocalized with amyloid § plaques (arrow), but some
of them are isolated (arrowhead). Hippocampus. PrP (dark gray) and amyloid B (brown) immunostaining. Scale bar = {A) 500 pm, (B, C,
E-I) 100 pm, (D) 200 pm.

the caudate nuclens, globus paliidus, medial thalamic Phosphorylated tan immupostaining revealed the ATS-
nucleus, and amygdala. In the cerebral white matter, mild positive neurofibrillary patholegy, compatible with stage
to moderate spongiesis and gliosis were observed. There IV of Braak’s staging.” (Fig. 1F). Amyloid angiopathy was
was no spongiform degeneration in the hippocampus, brain not detected by amyleid § immunostaining, No vascular
stern or cerebellum (Fig. 1D). lesions were observed, Lewy bodies were not identified by
In addition to the spongiform changes, many seniie HE staining. u
plaques {(SPs) were found in all isocortical areas (Fig. 1E), Immunochistochemical analysts with 2 monoclonal anti-
compatible with stage C of Braak’s classification.”* A modi- body to PrP demonstrated a mild fine granular {(synaptic-
fied Gallyas-Braak stain demonstrated a moderate number type) deposition’® and sparse patchy deposition in the
of neurofibrillary tangles {NFTs) and neuropil threads in cerebral cortex (Fig. 1G). The immunoreactivity of PrP was
the CAl-4 of the hippocampus and parahippocampal weak in the severely damaged cortex with neuropil rarefac-
gyrus, consistent with stage I'V of Braak’s classification.” tion, but in the preserved area of the neocortex, for
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Table1 Autopsied cases of Creutzfeldt-Takob disease with V1801 mutation

Matsumura et al.” Iwasaki et al Suzuki e 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 26
Onset symptoms Tremor Motor aphasia Delusion . Gait disturbance
Dementia . ¥ + + +
Myoclonus ’ + + - -
PSD - - - _
CSF 14-3-3 . n.d. n.d. + +—
Codon 129 in PRNP Met/Val Met/Val Met/Val Met/iviet
Histopathological features .
Brain weight (g) 1220 1060 1180 950
Rarefaction in cerebral cortex - - - +
Spongiform change
Cerebral cortex + + + +
Caudate + + n.d. +
Putamen + + n.d. +
Thalamus + + n.d. +
Brain stem - n.d. n.d. * -
Cerebellum - - - -
Spinal cord n.d. nd, nd. Not examined
PrP staining +— 4+ P +
Synaptic Synaptic Synaptic Patchy, synaptic
Senile Plaques +- - Braak stage B Braak stage C
Neurofibrillary changes - +- . +— Braak stage IV

PRNP, prion protein gene; PrB, prion protein; PSD, periodic synchronous discharges; +, present; +—, suspicious or slight; —, absent; n.d., not
described; Met/Val, methioninefvaline heterozygosity; Met/Met, methionine/methionine homozygosity.

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 f 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. Plaque-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 immunostaining, As far as we
know, there have been four detailed reports, including ours,
of autopsied CTD case with V1801 mutation (Table 1),
and this is the first detailed report of an autopsied CJD
case with a V1801 mutation and Met/Met at coden 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 spon-
giosis in'the cerebral cortex and basal ganglia was noted
without gbvious lesions in the cerebellum and brain stem.
However, severe neuronal loss with neuropil rarefaction
(so-called status spongiosus) in the cerebral cortex was
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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 classifica-
tion, as well as SPs compatible with stage C according
to Braak’s classification. The cosxistence of Alzheimer
pathology and prion pathology is uncommon.’*™
However, there are few reports of the frequency of AD
pathology combined with CID. In 1998, Hainfellner er.al
investigated Alzheimer-type pathology according to Con-
sortium to Establish a Registry for Alzheimer Disease
{CERAD) criteria® in the neocortices of 110 neuropatha-
logically proven CJD patients and noted that Alzheimer-
type pathology compatible with definite and probable AD
according to CERAD criteria occurred in 12 (10.9%) of
the CID patients.2 However, in the 12 cases of CTD with
definite or probable AD according fo CERAD criteria,
they found a moderate frequency of NFTs in only one
patient, who died at 82 after a clinical duration of 3
months.? In 1994, Brown et af. presented a synopsis of the
clinical, .neuropathological, and biological details of a
National Institutes of Health series of 189 CID 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 published literature, Tsuchiya
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et al. found that the coexistence of pathological features of

CJD and AD in the same patient oceurs 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.18202
The second form is sporadic CID cases having AD patho-
logical features without any clinical features typical of
AD.'81M19524 Qur case corresponds to the second form.
"On immunohistochertical examination, the paitern of
PrP staining in our case is different from other reported
cases (Table1). In the three other cases, the staining
patiem 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. Moreover, patchy PrP deposition was
observed, mainly colocalized with senile plaques, but some
were isolated, [t was reporied that amyloid § protein and
PrP compound plaques were found in 11/12 CID patients
with concomitant Alzheimertype pathology® In most
compound plaques, PrP accumulates at the periphery of
amyloid P plaques™® Therefore, it was supposed that pre-
existing amyleid B plaques might act in CID ag a micro-
environmental factor influencing PrP morphogenesis by
fosiering the aggregation of one ammyloidogenic protein
onto a core composed of the other” In our case also,
patchy PrP deposition was observed mainly at the periph-
ey of amyloid B plaques, and pre-existing amyloid B
plagues might have acted ag a facilitating factor for paichy
PrP deposition. In another report, patchy deposition of
normal PrP (the normal ceilular form of prion protein,
PrP%) was found in neuritic plaques.’ Anti-prion protein
antibody (3F4) recognizes both PrP® and PrP*¥ so we
cannot exclude the possibility that the patchy PrP deposi-
tion comsisted of PrP®. However, the analysts of the PRNP
gene of V180L, diffuse spongiosis in the cerebral cortex, and
synaptic-type PrP immunostaining in the cerebral cortex
support the diagnosis of CID. 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 PrP*.

Limitations of this study

First, frozen tissue of this case was not taken. Therefore, we
could not perfarm 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 the 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-Straussler-Scheinker
disease (P102L) were explained partly by spinal cord
lesions®® The spinal cord was not examined in our casg
as well as previous autopsied cases (Table 1). We cannat
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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Evalﬁa_tion of removal of prion infectivity from red blood cells
with prion reduction filters using a new rapid and highly
sensitive cell culture-based infectivity assay

Samuel-O. Sowemimo-Coker, Cheryl A. Demczyk, Fabiola Andrade, and Christopher A. Baker

BACKGROUND: The clearance of infectious prions
from btotogic 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 cell culture-based infectivity
assay o evaluate the performance of several prion
removal pratotype filters.

STUDY DESIGN AND METHODS: Five units of 1- to,
2-tay-old ABO-compatible human red blood cells
{RBCs) in saline-adenine-glucose-mannitol were
obtained from an AABB-accredited blood bank. The 5
units were combined to create a homogenous pacl.
Scrapie-infected mouse brain homogenate of a Rocky
Mountain Laboratory strain was added to the pooled
RBCs. The peoled RBCs were divided into 300-mL- ali-
quots, which were filtered with either standard leukore-
duction filter or four prototypes of prion reduction filter.
The levels of prion infectivity in the pre- and postfilira-
tion samples were measured with a cell culture—based
standard scrapie cell assay (SSCA).

RESULTS: All the 22-layer prion reduction fitters
removed prion infectivity below the fimit of detection of

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

CONCLUSIONS: These results demonsirate the utility
of a highly sensitive cell cuiture~based infectivity assay
for screenting prion reduction filters, The use of this type
of In vitro infectivity assay wilt substantially help expe-
dife the screening and discovery of devices aimed at
reducing the risk of variant Creutzfeldt-Jakob disease
transmission through blood transfusion.

the SSCA (reduction in prion infectivity 2.0 log'LD>/ -
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rion diseases or transmissible spongiform
encephalopathies are fatal neurodegenerative
diseases that affect both humans and animals.
Creutzfeldt-Jakob disease (CID) is the ‘most
commort form of human transmissible spongiform
encephalopathy, and although usually sporadic, it has
been transmitted from person to person through medical
instruments and transplant of tissues or organs,’< but so
faras is known, not through the administration of blood or
blood products®s
A variant form of CJD appeared in the United
Kingdom in the niid-1990s as a result of the consumption

" oftissue or meat products from cattle infected with bovine

spongiform encephalopathy.® To date, there havebeen 217
confirmed cases worldwide with the vast majority (170)
in the United Kingdom.™® Recent animal data™!? together
with four reported cases of probable transmission of vCJD
in humans from transfused blood components™!® have
raiged 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 countries to reduce the risk
of disease transmission through blood or blood products,
including donor deferral and the implementation of a

ABBREVIATIONS: CDI = conformational-dependent
immunoassay; LAPRF = Leukotrap affinity prion reduction filter;
PrP = prion protein; RML = Rocky Mountain Laboratory;

SSCA = standard scrapie cell assay; vCID = variant Creutzfeldt-
Jakob disease.
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Port Washington, NY 11050; e-mail: sam_coker@pall.com.
Received for publicatian August 6, 2009; revision received
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universal leukoreduction strategy in the United King-
dom.'*" In the absence of a preclinical screening test,
removal of the infectious a'gent by proceéssing is the only
means by which risk to recipients of blood from donors
with inapparent vC]D 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
Prps< 2 which accumulates in the brain. Therelore, PrP*
has been 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 methads 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, PrP5**2 and an in vivo infectivity
bicassay. The in vivo 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 sympioms 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 acguire 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
endogencus 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 [nvestigators to seek precise and reliable
alternatives.’"* The development of cell-based assays
may greatly accelerate the direct measurement of prion

infectivity rather than the inferred infectivity data’

obtained with measurement 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-effective ‘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
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(WBC)-prion reduction filters in removing prion infectiv-
ity from 300-mL units of RBCs, 2) determine whether our
standard leukoreduction filter 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-prion
reduction filiers. ’

MATERIALS AND METHODS

Five units of 1- to 2-day-old ABO-compatible nonleukore-
duced RBCs in saline-adenine-glucose-mannitol were
purchased directly from 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 rotatiors :
(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
remaining 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 tempera-
ture with a standard leukereduction flter {BPF4, Pall
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 temperature (22 * 2°C) at a filtration height
of 30 inches using one of the following prototypes of prion
reduction filters:

o

1. Leukotrap affinity prion reduction filter (LAPRF; Pal. _

Medical)—contained 10 layers of PRMS3 prion"

~ removal material."
2. Prion filter B-1451AQ—contained 22 layers of PRM3
prion removal material.’”
3. Prion filter 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).
Forthe SSCA, 20-ml. aliquots of the pre- and postfiltration
samnples 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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SS8CA and quality control

The SSCA is based on the isolation of a cell line {Cath-a-
differentiated cells, CAD5; 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 CAD5 cells in reduced sertn
medium (OPti-MEM, Invitrogen, Carlsbad, CA) and 3.1%
bovine growth serum (Hyclone Laboratories, Logan, UT),
10,000 units/mL penicillin G, and 100 ug/mL streptomy-
cin G (Hyclone) were dispensed into tissue culture plates
and allowed to attach to the plates overnight. After the
overntight incubation, the cells were exposed to serial dilu-
tions (1:5, 1:10, and 1:30) of RML and test samples 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
K to eliminate normal-PrPC. PrP%-positive cells were iden-
tified by an ELISA using an anti-PrP monoclonal aitibody
{MoAb) D18% "2 and alkaline phosphatase-linked anti-[gG
antiserum (Southern Biotechnology Associates, Birming-
ham, AL}. The PrP*-positive cells were counted using an
automated imaging system (Zeiss KS enzyme-linked
immunespot [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 ont the irpaging system were optimized to give a
maximal ratio of counts for PrP*-positive samples relative
to negative control saimples. 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 CAD5 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 1087 LDy, 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
at different 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 pL of 1087
LDs, infectious RML. Approximately 0.145 mL of the test
sample-RML solution was placed into the tissue culture
wells containing 5000 CADS cells and the level of infec-
tivity at the different dilutions of test samples was
determined. '
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Endogenous infectivity studies with 10- and

‘22-layer prion reduction filters

In the endogenous infectivity studies,'™® units of whole
bloqd 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. Aliquots of the pre- and postfiltration
samples were injected intracranially into healthy normal
hamsters. The animals were monitored and maintained
for 300 days; those that developed clinical symptoms of
scrapie were killed and the brain tested for the presence of
PrP* by Western blot assay using 3F4 MoAb, 1718

Statistical analysis

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 legs than 0.05 being considered signifi-
cant while Kaplan-Meier statistic was used to analyze the
survival data of hamsters that developed scrapie infection
{GraphPad Intuitive Software for Sciences, San Diego, CA).

RESULTS

SSCA and quality control

The resulting spots minus background counts of the serial
dilutions of the RML-brain homogenate were piotted
versus the LDsg and fitted with an exponential association
function to allow for conversion of spots into LD 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 poini on the
curve, and it corresponded to a value of approximately 50
LDy units.

Determination of the inhibitory effects of

posftfiltration samples on prion infeclivity

When the postfiltration samples were diluted at 1:30 and
1:90 before incubation with the CADS cells, there were
no inhibitory effects of the samples on prion infectivity
(Fig. 2). For examnple, 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 I:5 and I:10
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Fig. 1. RML standard curve (®). SSCA plot of the dase-
response relationship between the various dilutions of RML
brain homogenate expressed as LDs; units per dilution and
the number of infectivity spots per 26,000 inoculated. At very
high cencentration of infectious prions (greater than 10,000
LDs; units) the response becomes nonlinear because the
image analyzer could not adequately resolve the infectivity
spots at this level. (4) Saturated point.

1300

Prion Infectivity Spots Per 20,000 CADS Cells

Postfiltration Test Samples

Fig. 2. Determination of the inhibitory effects of postfiltration
.RBC samples on the development of infectivity in the SSCA.
Supernatants from RBCs were mixed with known concentra-
tions of RML Drain homogenate. The dotted line toward the
bettom of the graph represents the background level for prion
infectivity per 20,000 of uninfected CADS5 cells. Each bar rep-
resents the mean * SD of six replicates.
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Leukoreduction Filters

Fig. 3. Effects of leukoreduction step on prion infectivity in
units of RBCs. Each bar represents the mean * SD of six repli-
cates. The [evels of infectivity in the RBC were measured

before and after filtration with standard leukoreduction filter, B
EPF4. Both pre- and postfiltration RBC samples produced
similar levels of infectivity. The dotted line toward the bottom
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- and
postfiliration test samples were evaluated and compared-
at 1:30 dilutions where there was no inhibition 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 ir:

two of the leukoreduced samples tested (Fig. 3). The line -

on the graph indicates the background level for unin-
fected CAD5 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 CADS5 cells, a reduction of only 4.5%, which was not
significant (p » 0.05).

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 all the filters tested
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(p < 0.05; Fig. 4}. All the 22-layer variants veduced prion
infectivity below the limit of detection of the S5CA, and
the values were not distinguishable from values that were
obtained from background counts of uninfected CADS
cells (p < 0.05; Fig. 4). In contrast to the 22-layer variants,
the residual level of infectivity in the 10-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 removing prion infec-
tivity endogenously produced in RBCs of scrapie-infected
hamsters. In these studies, RBCs from scrapie-infected
harmsters were filtered with lenkoreduction filters contain-
ing 10 and 22 layers of prion removal materials. The pre-
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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.

‘Each bar represents mean * SD of six replicates.

NLR = nonleukoreduced RBCs. LAPRE-1 contained 10 layers
of prion removal filters; B145AQ, 8157041, and B1570AK con-
tained 22 layers of prion removal filters. The dotted line
toward the bottom of the graph represernts the background
level for of prion infectivity per 20,000 of uninfected CADS
cells. '

and postiiltration RBCs were Injected intracranially into
nermal 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
anirnals developed scrapie infection (Table 1). At the end
of the 200-day incubation period, nane of the animals that
received LAPRF-filtered RBCs developed scrapie (0/413;
Fig. 5); however, by the end of the 300-day 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 anjmals 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 vC]D trans-
mission by blood transfusion support the idea that the
causative agent of vCJD can be transmitted to recipients of
blood components.’””*? Currently, there is no antemortem
screening test that can identify potential blood donors

" wha may be carrying the causative agent of vCJD. There-

fore, several devices are being developed for the removal
of causative agents from blood and blood compenents.
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Fig. 5. Comparison of the onset of scrapie infection in normal
hamsters after intracranial injection of unfiltered and filtered
(10-layer prion filter} RBCs from scrapie-infected hamsters.
The Kaplan-Meier statistic was used to analyze the survival
data of hamsters that developed serapie infection.

" TABLE 1. Remdval of endogenous infectivity from units of RBC using 10- and 22-layer variants of the
prion-reduction filters'”®

Unfilered RBCs Filtered RBCs
Filter type Number of animals injected Number of animals infected Mumber of animals injected Number of animats infected
10 layer 187 7 413 3
22 layer 43 g 35 o]
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Most of these devices for prion clearance are evaluated
using either in vitro or in vive bloassays. These in vito
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 viiro 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 attributes of these in vitro assays
several modifications and new assays have been devel-
oped, and the data published with the CDI showed.
some correlations with infectivity in different animial
models.®* In contrast to other in vitro assays, the SSCA
directly measures prion infectivity in CAD5 cell lines that
are highly susceptible to RML strains of infectious prions.
In the $§CA, the CADS cells are exposed to samples con-
taining infectious prions and then propagated for three
passages during which the PrP5 particles are diluted out
and infection spreads through the growing cell popula-
tion, thus increasing the proportion of infected CADS
cells.?%2 The infected cells are identified and then counted
using automated imaging 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 mdgnitude
less expensive as the standard in vivo bioassay. Most
importantly, previous study showed significant correla-
tion between SSCA infectivity and standard in viveo infec-
tivity bioassay?® Therefore, the SSCA by directy
measuring prion infectivity provides another useful tool
that complements other in vitro bicassays for rapid
screening of prion clearance from blood products.

While the in vive infectivity bioassay has been the
assay of choice, the extended incubation period, complex-
ity, and costmake this approach impractical for the réutine
screening of medical devices that are being developed for
preventing the transmission of vC]D. The SSCA canreplace
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 evaluating the effectiveness
of new devices for prion clearance.

In this study, we used the S5CA to study the prion
clearance properties of standard leukereduction filters
and several prototypes of prion reduction filters contain-
ing 10 and 22 layers of prien 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 or non-WBC-associated infectious
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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 lavel of detection of the SSCA
with 22 layers of prien-reducing materials. These data
suggest that the 22-layer variant of our prion-reducing
filter should remove at least 2.0 log of prion infectivity -
from1 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- ", i

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 varlant, 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 dara from an endogenous infectivity in which
three of 413 animals that received LAPRF-filtered RBCs
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 LAPRT 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- |
ing prion clearance.

Data from animal models show that the concentra-
tion of pathogenic PrP in blood at approximately
10 ID/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 humnan whole blood unit of 500 mlL, the con-
centratipn of infectious prions is 5000 ID/unit (3.7 log
ID/unit), which corresponds to 7200 IDso/unit {3.86 log
IDs). !4 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 may be useful in
detecting 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.*™* 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 0.02ID/mL, which corresponds to
approximately 7 1D 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 aniinal 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 vCJD 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 with
their additional WBC-reducing properties'™® may be
effective in reducing the risk of transmission of pathe-
genic PrP during transfusion of RBCs from a blood donor
in the preclinical phase of the disease.

Ttis very important that methods for screening poten-
tial prion removal chemistries or ligands include an infec-
tivity assay at the very early stage of the screening process
to complement other i 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 GO0 days with the waditional bipassay 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-}ayer prion recduction filters also
agreed with the results of owr endogenous infectivity
studies using these two.types of filters.'!® Although for the
final release of any prion reduction device it may still be
necessary to conduct a limited endogenous infectivity
bioassay, 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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