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COMMENTARY

A European perspective on the management of donors and units
testing positive for hepatitis B virus DNA

n fuly 21, 2005, the US FDA's Blood Products

Advisory Commitiee (BPAC) met to advise FDA

on “Management of Donors and Units that Test

Positive for Hepatitis B Virus (HBV)} DNA by
Nucleic Acid Tests (NAT).” The best and most complete
record of the meeting is the transcript, slides, and accom-
panying material.!

With the approval of the COBAS Ampliscreen HBV
test, some US centers have opted to test for BV NAT in
addition to hepatitis B surface antigen {(HBsAg) and anti-
body to hepatitis B core antigen (anti-HBec), which are
beoth required for whole-blood donations (source plasma
omits anti-HBc testing).” The algorithm does not change
previous FDA deferral guidance, but the reentry of donors
who may have a false-positive NAT test is under regulatory
consideration. (Tables 1 and 2 in Reference 2 summarize
the deferral algorithm for whole blood and source
plasma.”) The algorithm follows three main principles:

1. Any HBsAg repeatedly reactive donor (initial screen
positive with at least one of two repeat tests positive)
that is confirmed by neutralization is permanently
deferred.

2. AnyNAT-positive and anii-HBc repeat-reactive donor
(both lacking a licensed confirmatory test) is perma-
nently deferred (two positive screening tests employ-
ing different laboratory methods).

3. Any NAT-positive HBsAg repeat-reactive donor with-
out neutralization confirmation may be reentered.

Reentry can be evaluated at 6 months by the donation
facility by retesting the screening panel (the NAT test
would be single unit, not pooled) without a bloed unit
donation to protect against accidental release. If testing
before the §-month point has been performed for medical
or donor notification, any NAT test positive permanently
defers the donar.? If reentered, normal screening would be
done on the next donation, thus providing two testing
opportunities of the donor’s blood following a deferral,

Based on the scieniific data, BPAC unanimously .

agreed with FDA's proposal that

These authors de not represent the opinions of any agency
or organization. No official support or endorsement of this article
should be inferred.
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1. A donor of whole blood and blood components for
transfusion who tests HBV NAT positive, anti-HBc
nonreactive, and HBsAg nonreactive or HBsAg
repeatedly reactive and/or not confirmed by neutral-
ization may be reentered, if after a minimum period
of 6 months, a sample from the donor tests negative
for HRBV DNA by individual-donation NAT, nonreac-
tive for anti-HBc, and nonreactive for HBsAg.

2. A donor of source plasma for further manufacture
into plasma derivatives who tests HBV NAT positive
and HBsAg nonreactive or HBsAg repeatedly reactive
and/or not confirmed by neutralization may be reen-
tered, if after a minimum period of 6 months, a sam-
ple from the donor tests negative for HBV DNA by -
individual-donation NAT and nonreactive for HBsAg.

BPAC did not propose or approve any alternative
approaches that the FDA should consider.’ This commen-
tary will provide a European viewpoint, with the Guide-
lines for the Blood Transfusion Services in the UK, 7th
Edition, cited as a background reference.®

COMMENTARY: THE HBV DNA SITUATION IN
THE EUROPEAN UNION

HBV epidemiclogy in Eurcpe is characterized by a north-
west to southeast shift in infection prevalence and geno-
type distribution. There is a low prevalence of HBV in
the northwest (<1%j and bigher in the south (5-15%),
with genotype D fmore prevalent in the southeast and
genotype A in the northwest.* As a result of the differences
in prevalence, approaches to transfusion safety vary. In
countries of relatively low prevalence such as France, Ger-
many, or Ireland, anti-HBc screening has been intro-
duced; in other countries, such as Greece, Italy, Spain, and
Portugal, with higher prevalence, screening for anti-HEc
would defer an unacceptable number of donors and blood
banks are inclined to implement HBV-NAT. In most low
endemic countries, neither anti-HBc nor NAT has been
implemented for a variety of reasons including lack of
cost-efficiency. .
To date, there is no consensus in the EU or at nationa
levels regarding HBV NAT except in Poland, where it was
made mandatory in 2005 to test in efther individuval
plasma samples or poois of no more than 24 donations,
depending on the test manufacturer. Although not man-
datory in Germany, Austria, and Luxembourg, some blood



banks in these countries have implemented HBY NAT in
pools of various sizes, utilizing in-house or commercial
assays, in which the loss of sensitivity is often compen-
sated by a concentration step by ultracentrifugation,

The CE marking of the GenProbe/Chiron TMA triplex
for HCV, HIV, and HBV genomes in 2004, called Ulizio,
has somewhat modified the blood centers’ attitude with
regard to HBV NAT, particulaily in those areas of southern
Europe where HBV infection is prevalent but anti-HBc

* testing impractical. In these countries, HCV NAT is man-
datory and HIV NAT rapidly spreading. A desire to ensure
blood safety suggested more attention to HBV and the cost
increase from the duplex (Procleix} to the triplex (Ulirio)
appeared to be acceptable.

The epidemiology of HBV in southern Europe has
changed with the widespread use of HBV vaccination,
either in infants or in older children, beginning in the mid-
1980s. These infant immunization programs have not yet
significantly affected blood donors. HBV infection routes
are mostly sexual or through intravenous drug abuse. As a
result, the intended targets of HBV NAT are both incident
cases in the pre-HBsAg window period and HBsAg-nega-
tive late stages of chronic or recovered infection (occult
HBV infection is defined as a carrier of HEV DNA without
detectable HBsAg irrespective of the anti-HBc and ant-
HBs status).® In both cases, but more so in occult
infection, DNA levels are very low, defeating the pooling
strategies designed for HCV and HIV NAT. The proponents
of HBV DNA screening also point out that the increasing
influx of workers from areas of high HBV endemicity and
their families will progressively diversify the spectrum of
HBV genotypes and increase the risk of HBV in the donor
pool. Overall, while centers in Germany, Ausitia, and Lux-
emboutg continue pool testing, individual blood centers
of southern Europe have mostly chosen individual dona-
tion screening (80%) or testing on small pools of eight
samiples (20%). No data have been published yet since
screening started in 2005, Unpublished data suggest, how-
ever, that oceult HBV infections are considerably more
frequent than window-period cases. Health authorities in
the EU and in individual countries are probably awaiting
these data to define a policy that is likely to be heleroge-
neous depending on member state epidemioclogy.

In the Furopean discussion forum, the position taken
by the FDA is interesting but applies to donated blood
screened for anti-HBc, The Furopean situation more fre-
quently tests donors without anti-HBc, although screen-
ing for anti-HBc is being considered as a strategy to avoid
NAT and still be able to defer accult HBV carriers with
detectable levels of anti-HBc. Dealing with three assays
(HBsAg, anti-I1Bc, and HBV DNA) has the considerable
advantage of assuming that two positive markers would
be confirmatory and direct the permanent deferral of the
donor ln Buropean countries where NAT will be imple-

mented withouwt anti-HBc, the issue raised by the BPAC

EDITORIAL

panel of an absence of licensed confirmatory HBV DNA
assay will not be a factor since both Ultrio and Roche
COBAS Ampliscreen HBV DNA are CB-marked. Either
assay can be used for screening; the alternate can be used
for confirmation.

Moreover, in countries where anti-HBc testing is
introduced, it is comumon practice to measure the anti-
HBs titer to determine the recovery status of the donor, In
Germany, an algorithm is being considered to reinstate
HBV NAT-negative anti-HBc~positive donors on the basis
of an anti-HBs titer. Among occult HBV cases, those with
anti-HBs {recovered) are unlikely to be infectious while
those without anti-HBs (anti-HBc only) may be infectious.
Examples of HBV transmission by transplanted livers from
anti-HBs-positive donors, however, suggest caution when
anti-HBe- and anti-HBs-positive blond components,
even with titers of greater than 100 [U per L, are transfused
to immunodeficient recipients. Nearly 50 percent of the
transfused blood in Western Europe is given to recipients
with some level of immunodeficiency. As a result the
proposed algorithm being anti-HBc instead of HBV NAT
is that every anti-HBc-positive sample be tested for both
anti-HBs and HBV DNA. Donors HBV DNA-positive
would be permanently deferred but those DNA negative
with anti-FiBs levels of at least 100 IU per L could continue
donating. This prudent attitude is not necessarily
endorsed by all European blood services or regulatory
agencies. Where HBV NAT is implemented, detecton and
titration of anti-HBs would be useful to counsel donors,
an anti-HBs titer of at least 100 IU per L strongly suggest-
ing noninfectivity (see Fig. 1). This algorithm is hypothet-
ical and to our knowledge not implemented anywhere in
Europe.

For occult HBV without anti-HBs {anti-HBc only ox
DNA only), reentry is not an option unless the DNA result
can be proven erroneous, We remain concerned that these
donors may be infectious. There are a few reported cases
of infectivity by transfusion and many of infectivity by
transplanted organs from donors with the anti-HBc-only
profile. Some cases might carry anti-HBs at the viral sur-
face without detectable circulating anti-HBs, and those
might be revealed by dissociation procedures. Others, and
probably the most frequent, correspond to the tail end of
chronic carrier state at the nonreplicative phase and are
more likely infectious. This area remains problematic, and
detailed characterization of the virus and solid clinical
data are critically needed.

Although contamination has been raised as a source
of difficulty for interpretation of positive tests, going back
to the original units was not recommended. In Burope, it
is likely that both returning to the collected unit and
accessing the mandatory archived samples will be autho-
rized. In Europe, unlike the United States, it is mandatory
that a sample from all tested blood donations be kept for
2 years or morte, depending on the country. This sample is
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| Anti-HBc+HBsAg- |
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donor l
Follow-up
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Fig. 1. Proposed Europeant algorithm for blood donors anti-HBc—positive and HBsAg-

negative,

intended for studies related to potential or emerging
infectious agent transmission by transfusion. The
alternative method of HBV diagnosis confirmation pro-
vided by the comparison of sequences will be difficuit to
implement for two reasons: one is that even in the most
variable pre-S-S region, identical sequences within the
same genotype are often found; the second is that when
dealing with a low viral Ioad, this method has a high failure
rate.

The last and probably the most relevant issue is that
a sample from an individual with a very low viral load
might well be negative & maonths after deferral due to fluc-
tuation of DNA level in occult infections.® Reinstatement
of a NAT-positive donor on the basis of a negative result
in a second test of the index donation or in a follow-up
sample at 6 months tends to become “a lottery” Many
Mediterranean blood hanks that use HBV NAT on indévid-
ual donations have started to confinm NAT reactivity not
‘only with alternate assays, but also with duplicate or mul-

- tiple repeat NAT screening tests. This procedure enables

themn to minimize the risk of missing low-level HHBV DNA
catriers and alerts them in time to save the unit for HBY
resolution testing, which involves nucleic acid extraction
from larger plasma volume and serological assays
(N. Lelie, personal communication),

On both sides of the Atlantic, only experience with
efficacious HBV NAT screening systems and the accumu-
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lation of yield case data will tell
whether a given supplementary test
algorithm is optimal, practical, and erit-
ical for improving blood safety and

donor management,
- Jean-Plerre Allain, MD, PhD
Negative | Untversity of Cambridge
Cambridge, UK
_ Henk W, Reesink, MD, PhD
Discard unit Department of Gastroenterology
and Hepatology
Defer donot  sanquin Blood Supply Foundation and
{ Academic Medical Center (AMC)
Follow-up Amsterdam, the Netherlands
dorior Chatles Lucey, MD, JD, MPH
21st Century Health Concepts Assoc.
Houston, TX
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HOSPITAL ADMISSION IS THE ONLY EPIDEMIOLOGICAL RISK FACTOR IN
MOST CASES OF ACUTE HEPATITIS C

E. Martinez-Bauer', X, Forns!, M. Armelles®, R. Planas3, R. Sola® M. Vergaras , 8.
Fabregas®, R: Vega®, J. Salmeron’, M. Buti, .M. Sanchez-Tapias’, M. Bruguera’

!Hospital Clinic, Barcelona *Departament de Salut, Generalitat dé Catalunya *Hospital
Germans Trias i Pujol, Badalona ‘Hospital del Mar, Barcelona *Corporacié Parc Tauli,
Sabadell *Hospital de Figueres "Hospital Universitario San Cecilio, Granada *Hostpial Vall
d'Hebron, Barcelona, Spain

Epidemiological studies have shown that intravenous drug use is the main risk factor
associated with acute hepatitis C in the Western World. However, isolated cases of acute
hepatitis C, as well as hepatitis C outbreaks, transmitted by health-care related procedures
have increased the attention on nosocomial hepatitis C. For this reason, we performed a
retrospective epidemiological analysis of all reported cases of acute hepatitis C referred to
several Spanish Hepatology and Gastroenterology clinics. Between 1998 and 2005, 103 cases
of acute hepatitis C were documented. Fifiy-five (53%) occurred in men; the median age of
the infected individuals was 46 years (21-87). At the time of diagnosis the miedian AST and
ALT values were 471 IU/L and 942 TU/L, respectively. Risk factors registered during the 6-
month period preceding the diagnosis of acute hepatitis C were: hospital admission 67 (65%),
intravenous drug use 10 (10%), promiscuous sex 8 (8%), accidental needle stick 6 (6%),
dentist visit 4 (4%), hemodialysis 1 (1%), acupuncture 1 (1%), cocaine inhalation 1 (1%) and
no apparent risk factors 5 (5%). Among the 67 patients in whom hospital admission was the
only risk factor, 30 underwent surgerv, 16 a diagnostic test and 9 were part of an outbreak
linked to the use of a multidose vial. In 45 patients treatment was not indicated (in 21 due to
spontaneous resolution of HCV infection and in the remaining due to contraindication).
Therefore, 58 patients underwent antiviral therapy and 49 (84%) achieved a sustained
virological response. In summary, in most patients with acute hepatitis C the only
documented risk factor associated with the infection is a hospital admission (pointing out to
its nosocomial origin). The results of this study stress the need of strict adherence to universal
precaution measures. Fortunately, most cases of acute hepatitis C resolve spontaneously or
after antiviral therapy.
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TRANSFUSTON COMPLICATIONS

Correlates of hepatitis C virus (HCV) RNA negativity among
HCV-seropositive blood donors

Michael P Busch, Simone A. Glynn, Susan L. Stramer, Jennie Orland, Edward L. Murphy,
David . Wright, and Steven Kleinman for the NHLBI Retrovirus Epidemiology Dornor Study
(REDS) Group

BACKGRQUND: Approximately 20 percent of persons
infected with hepaiitis G virus (HCV) clear viremia.
Factors assoclated with resolution of viremia are not weil
defined. tmplementation of routine nucleic acid testing
{NAT) of blood donors has vielded a large data set for
analysis of demographic correlates of resolved viremia.
STUDY DESIGN AND METHODS: HCV antibody and
NAT data, liver enzyme (alanine aminoiransferase {ALT])
results, and donor demographic characteristics were
compiled for 2,579,290 allogeneic dorations given at five
large blood centers after NAT implementation in 1999
through December 2001. Donation HCV RNA status was
cornpared batween first-lime donors categorized by ALY
levels, sex, age, race and/or ethnicity, couniry of birth,
level of education, blood center location, and bleod group,
with chi-square tests and multivariable logistic regression
methods.

RESULTS: Of 35 confirmed-seropositive repeat donors,
19 {54.3%)} tested negative for the presence of HCV RNA;
there was no association belween RNA status and
preseroconversion intervals (p=0.74). Of 2105 RIBA-
positive, first-time donors, 402 (19.1%) tested negative for
the presence of HCV RNA by NAT (presumplive resolved
infections). There were significant differences In the
frequency of RNA negaiivity among first-time donors
categotized by ALT levels and by race and/or ethnicity,
ALT levels were miore likely to be elevated in RNA-
positive, firsttims donors (p < 0.0001). Viremia was less
likely to resolve in Asian (8.2%) and biack non-Hispanic
(14.4%) donors than in white non-Hispanic (20.7%),
Hispanic (22.1%)}, and other race andfor ethnicity {22.19%)
donors (p = 0.02). No significant associations were found
for age, sex, couniry of arigin, leve! of education, blood
type, and donor center location,

CONCLUSION: These resulis confirm that the frequency
of HCV RNA negativity among seropositive persons
differs by race andfor sthnicity. Follow-up studies of
donors with resolved viremia are warranted to further
elucidate viral, immunologic, and genstic faclors
underiying spentaneous viral clearance.

._26.-

nly about 15percent of persons recently
infected with hepatitis C virus (HCV) develop
a clinically overt hepatitis syndreme, which is
generally mild, ocours within 5 to 12 weeks of
exposure (mean, 8 weeks), and lasts from 2 to 12 weeks,?
Although 85 percent of primary HCV infections are
asymptomatic, most studies indicate that 70 1o 80 percent
of these infections become chronic with asymptomatic
viremia generally persisting for decades before later
disease manifestations.”® This results in a reservoir of
clinically occult HCV infections in persons presenting
to donate blood.* HCV seroprevalence (confirmed by

ABBREVIATIONS: ARC = American Red Cross; BCP = Blood
Centers of the Pacific; IDU(s) = injection drug use{rs); MP(s) =
minipool(s); REDS = Retrovirus Epidemiology Donor Study; TMA
= transcription-mediated amplification.
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Depariment of Medicine, University of California, San Francisco,
San Francisco, California; Westat, Inc., Rockville, Maryland; the
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recombinant immunoblot assay [RIBA]) among first-time
donors in the United States ranges from 0.2 to 0.3 percent
(reflecting a steady decrease from 0.6% in 1992 owing to
increasingly effective education and deferral procedures).
With approximately 2.6 million fivst-time donations per
year in the United States, we estimated that 6000 to 9000
HCV-seropositive infections are diagnosed annually as a
result of donor screening {data obtained from the Ameri-
can Red Cross [ARC) national database). Since introduc-
tion of nucleic acid amplification testing (NAT} in 1999,
the vireraia status of seropositive donors is routinely avail-
able. In addition, NAT screening detects approximately
60 additional HCV-infected donors in the acute viremic,
seronegative phase of infection each year (data obtained
from the ARC national database).™ Results from interview
studies of seropositive US bload donors have demon-
strated that injection drug use (IDU) many years before
the HCV-positive donation is the likely source of infection
for the majority of cases, with transfusions before imple-
mentation of HCV screening and other parenteral and sex-
ual risk factors implicated to a Jesser extent.™
Evidence from human and chimpanzee studies indi-
cates that long-term viremia status (i.e., clearance vs, per-
sistence} is generally determined within 6 months but
occasionally as long as 12 to 24 months after infection.**"!
The mechanisms and determinants of apparent viral
clearance after seroconversion (as demonstrated by RNA
negativity but HCV seropositivity} are not wel understood
but likely involve a2 combination of host and viral factors,
including meode of acquisition; dose and quasispecies
complexity of HCV in the source inoculuimn; viral genotype
and/or subtype; patient race and/or ethnicity, HLA type,
sex, and age at infection; and numerous host immune
response variables.'*? Of note, symptomatic acute infec-
tions have been associated with an increased rate of viral
clearance (up to 50%) compared to asymptomatic infec-
tions, probably reflecting the dual effect of a more robust
immune response that eradicates infected hepatocytes
and results in manifestations of clinical hepatitis.’?
Owing to the large numbers, diversity, and low-risk
characteristics of HCV-infected blood donors, this popu-

[

donors who gave an HCV antibody-positive donatien in
the NAT period,

MATERIALS AND METHODS

Five blood centers collecting approximately 8 percent of
all US allogeneic donations participated in REDS includ-
ing three ARC Blood Services regions (Greater Chesapeake
and Potomac Region [Baltimore, MD, and Washington,
DC}, Southeastern Michigan Region IDetroit, MI], and
Southern California Region {Los Angeles, CA}); the Blood

‘Centers of the Pacific (BCP, San Francisco, CA); and the

lation may offer unique insights into correlates of HCV.

resolution, relative to those from studies of patients with
sympromatic acute infeetions, historically identified
transfusion recipients, or prospectively followed high-risk
populations [primarily active IDUs).!* To investigate
laboratory and demographic correlates of HCV RNA nega-
tivity in HCV-seropositive blood donors, we compiled
data on first-titne allogeneic (whole-blood community,
directed, and apheresis} donations collected at five blood
centers participating in the National Heart, Lung, and
Blood Institute Retrovirus Epidemiology Donor Study
(REDS) that tested HCV-seropositive between the start of
HCV RNA NAT in mid-1999 through December 31, 2001.
We also evaluated the NAT status of repeat allogeneic
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Sylvan N, Goldman Oklahoma Blood Institute ([Oklahoma
City, OK]). Information on donation type, donation date,
demographic characteristics (age, sex, race and/or ethnic-
ity, education level, conntry of birth), first-time and repeat
domnor status, and screening and confirmatory test results
have been compiled in a database by the REDS coordinat-
ing cemnter (Westat, Inc., Rockville, MD) since 1991. The
REDS protocol was approved by the institutional review
board at each center.

We identified first-time ailogeneic (whole-blood
community or directed and apheresis) donations that
were confirmed HCV antibody-pesitive and were col-
lected between April 1999, the approximate start of HCV
NAT screening at REDS centers, and December 31, 2001
tthe study period). The data set for the three ARC centers
was subsequently inited to HCV-seropositive donations
given subsequent to September 8, 1999, because before
that daie seroreactive donations were frequently identi-
fied before pooling and consequently not subjected to
NAT screening. During the study period, screening for
antibodies to HCV was conducted with a third generation
enzyme-linked immunosorbent assay (Ortho HCV Version
3.0 ELISA test system, Ortho-Clinical Diagnostics, Inc.,
Raritan NJ). A third-generation (Chiron RIBA HCV 3.0 strip
immunoblot assay, Chiron Corp., Emeryville, CA) was
used as the confirmatory test by all centers, except for one
center (BCP), which used either second-generation RIBA.
HCV or third-generation ‘HCV assay versions between
April and July 1999, before switching exclusively to the
third-generation version on July 15, 199%. NAT was con-
ducted with a human immunodeficiency virus-1 (HIV-1}
and HCV transcription-mediated amplification (TMA)
system (Procleix, Gen-Probe, Inc., San Diego, CA) at four
centers (ARC centers and BCP) and a second-generation
HCV screening test (COBAS AmpliScreen, Roche Molecu-
lar Systems, Inc., Pleasanton CA) at one center (Oklahoma
Blood Institute).*® For the Procleix TMA system,
minipools (MPs) consisting of 16 individual denations
were screened by the multiplex HIV-1 and HCV assay
{(except for BCP where donations were screened with MPs

" of 24 for the initial 14 months of NAT screening).**** Once
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a reactive MP was identified, the corresponding individual
donations were tested by the multiplex HIV-1 and HCV



assay, followed, if reactive, by discriminatory HCV and
HIV-1 TMA assays to identify the viremic donation. For
this analysis, only those specimens that tested reactive by
the discriminatory HCV TMA were categorized as HCV
RNA-positive. The COBAS AmpliScreen HCV assay was
performed on MPs of 24 donations, with two-step resolu-
tion with six-member intermediate pools, followed by
individual donation testing to identify the HCV RNA-pos-
itive donation(s). Both the Procleix and the AmpliScreen
systems are highly sensitive with 50 percent detection lim-
its of 12 HCV copies per mL on neat samples based on
probit analyses and projected sensitivities of MP NAT
screening of fewer than 250 copies per mL2*

We also identified repeat allogeneic donors who had
given at least one third-generation HCV ELISA-nonreac-
tive donation since Jannary through June 1996 (time of
third-generation HCV ELISA impiementation) followed by
an HCV ELISA-reactive and third-generation RIBA—posi-
tive donation in the NAT study period (April-September
1898, to December 31, 2001}. We evaluated the propor-
tions of third-generation RIBA-positive donations that
were RNA-positive or -negative as a function of estimated
time since infection by evaluating NAT status as a function
of the length of the seroconversion interval or tme
between the HCV antibody-negative and HCV antibody-
positive donations.

To evaluate if HCV RNA negativity in seropositive
donors was associated with demographic characteristics,
we evaluated the number of HCV RNA-negative (pre-
sumptive resolved infections}) and RNA-positive (pre-
sumptive chronic infections) donations from first-time
seropositive donors in various demographic groups and
used chi-square tests to compare the proportions of HCV
RNA-negative donations between demographic groups.
The demographic characteristics evaluated included age
(<25, 25-34, 35-44, 45-54, 55-6G5, and 265 years old), sex,
race and/or ethnicity (white non-Hispani¢, black non-
Hispanic, Hispanic, Asian, other non-Hispanic), country
of birth (US; non-US), education leve! {ess than high
school degree, high school degree, some college or an
associate degree, college degree, graduate or professionat
degree}, and blood center location. We also assessed if the
distribution of ABO/Rh blood groups and alaznine ami-
nofransferase (ALT) levels (normal, <60 IU/L; low-ele-
vated, 60-120 IU/L; high-elevated, >120TU/L) differed
between Ihe RNA-negative and RNA-positive groups.
Missing data were exchided from the analysis (NAT results
were not available for 2.4% of donations from HCV anti-
body—positive, first-time donors; race and/or ethnicity,
level of education, and cowntry of birth information were
missing for {1.3, 8.3, and 3.8 percent of donations from
RIBA-positive first-time donors, respectively; and infor-

maiion on age, sex, blood center, ABO/Rh, and ALT was
missing for 0.1% of donations from frst-time donors).
Logistic regression models were conducted to obtain odds

CORRELATES OF HCV VIREMIA IN BLOOD BONORS

ratios (ORs) that compared the odds of being HCV RNA-
negative between demographic groups. We included as
independent variables in the adjusted models only those
demographic characteristics with a chi-square p value
of 0.1. The models were conducted both unadjusted (one
demographic characteristic at a time) and adjusted (all
demographic variables entered into the medel}. The
adjusted model permitted us to evaluate whether the
association between a particular demographic variable
and NAT status was confounded by another demographic
variable, that is, whether the apparent effect of one demo-
graphic variable on NAT nonreactivity could be attributed
to the effect of another demographic variable on NAT
status.

RESULTS

The five participating hlood centers collected 2,579,290
allogeneic donations during the study period (start of rou-
tine MP-NAT of seroreactive donations in 1999 through
December 31, 2001), including 616,228 first-time (23.9%)
and 1,963,062 (76.1%) repeat donations. There were 2105
donations from HCV ELISA-reactive and RIBA-positive
first-time donors (seroprevaience, 0.34%); of these 402
(19.6%) tested nonreactive and 1653 (78.5%) reactive by
MP-NAT (50 donations [2.4%) from RIBA-positive, firsi-
time donors had' missing NAT results and were sub-
sequently excluded from the analysis; Tablel). HCV
seroprevalence rates were similar among the five REDS
centers; the number of confirmed seropositive donors
contributed per center varied from 227 {ARC Southeastern
Michigan Region) to 729 (ARC Southem California
Region).

We also identified 35 FICV seroconverters who gave at
least one HCV ELISA-nonreactive donation subsequent
to implementation of the third-generation version of the
anti-HCV screening assay in 1996, which was followed
by an ELISA-reactive and RIBA-positive donation during
the current study period. Of these 35 repeat donors, 19
(54.3%) were HCV MP-NAT-nonreactive on their RIBA-
positive donation (MP-NAT was not available for 1 posi-
{ive donation {2.9%]). The median seroconversion inferval
length observed for the 34 seroconverters with a NAT
result was 22.6 months (range, 3.4 to 60.4 months); 24 of
the 34 seroconverters (70.6%) had an interval of at least
1 year. We hypothesized that repeat donors with shorter
seroconversion intervals would have higher RNA positiv-
ity rates than donors with longer sevoconversion intervals,
sinee on average they should have been infected more
recently and conseguently had less time to clear the HCV
virus. As shown in Table 1, however, there was no signifi-
cant difference in HCV RNA rates in seropositive donors
with shorter or longer seroconversion intervals (p=0.74).

Further analyses of correlates of RNA negativity were
limited to the 2055 first-time confinmed-seropositive
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donors for whom NAT status was available, Significant
associations (p < 0.05) were observed between HCV RNA
negativity, and AILT levels (Table 2) and race and/or eth-
nicity (Table 3). ALT levels were more likely to be normal
in RNA-negative donors than in RNA-positive donors, and
high-elevated ALT levels (21201U/L} were much more
frequently observed in RNA-positive donors than RNA-
negative donors (p<0.000]; Table2). Asian and black
non-Hispanic donors were less likely to be RNA-negative
than Hispanic, white non-Hispanic, or other non-His-
panic first-time donors (p=0.02; Table 3}. The odds of
HCV RNA negativity were significantly lower in Asian
donors (unadjusted OR, 0.34; 95% confidence interval
[C]], 0.12-0.96) and in black non-Hispanic donors (uad-
justed OR, 0.64; 95% CI, 0.44-0.93) than in white non-
Hispanic donors (Table 4). These racial and/or ethnie dif-
ferences were not explained by age or sex differences
between race and/or ethnic groups becanse unadjusted
and adjusted (for age and sex) ORs remained similar
{Table 4).

Associations between HCV RNA negativity and sex
{p=0.10), age (p=0.12), blood center location (p=0.17),
country of origin (p=0.64), education (p=0.80), and
ABO/Rh status (p =0.72) were all nonsignificant (Table 3).

’—TABLE 1. Proportion of RIBA-positive donations by
first-time and repeat donors who tested HCV RNA-
negative by MP-NAT and relationship of
preseroconversion intervals for repeat donors by
RNA status

Number of RIBA- HCV BNA-

Denor status positive donations  negative® p Value

First-time 2055 402 (19.8)

Repeat: length of 34 19 {55.9)
preseroconversion ‘
interval (months)
<6 4 3 (75.0)
>6-9 2 2 {100.0}

»9-12 4 2 (50.00)
»12-24 9 4 {44.4)
»24-60 15 8 {53.3) 0.74

*

Data are reported as number (%), MP-NAT results were not
available for 50 RIBA-pasitive, first-time donars {2.4%) and for
1 RIBA-positive, repeat donor (2.9%).

DISCUSSION

investigations in various populations at high risk for HCV
infection have identified correlates of HCV RNA clearance,
including host factors such as age, sex, and race and/or
ethnicity. The effectiveness of the immune response
(which is Jargely determined by host genetics but influ-
enced by age, health status, and previous antigenic expo-
sures) and the corresponding evolution of the virus during
the preseroconversion and early postseroconversion
phases of infection are probably the major determinants
of successful resohation of HCV virgmia.'**!2+28

Thomas and coworkers® first reported that race and/
or ethnicity is significantly associated with clearance of
HCV RNA in a study of seropositive IDU in Baltimore,
Maryland, These investigators found that 9.3 percent of
729 seropositive black non-Hispanic IDUs resolved HCV
infection, compared to 36 percent of 44 nonblack donors,
Although our findings confirm a significant association
between HCV RNA negativity in seropositive first-time
blood donors and race and/or ethnicity, the differences in
frequencies between black non-Hispanic blood donors
(14.4%) and nonblack donors (e.g., 20.7% for white non-
Hispanic donors} are smaller than seen with the Balti-
move IDU cohort. This difference may relate to the high
rate of HIV coinfection in the IDU cohort (33.4% of HCV-
seropositive 1DUs were HIV-seropositive, and 11V coin-
fection was associated with lower rates of HCV clearance)
and to the relatively small number of nonblack subjects in
that study compared to our study (44 vs. 1153, respec-
tively). We also found that the odds of Asian first-time
seropositive donors being BNA-positive was approxi-
mately three times that of white non-Hispanic donors. To
elucidate the basis for these race and/or ethnicity differ-
ences, investigators have begun to correlate HLA and
other immune response polymorphisms with HCV clear-
ance status. Strong associations with several HLA class
and II alleles have been detected.™? Persons who have
cleared HCV are also more likely than chronic carriers to
be homozygous for specific inhibitory killer immunoglo-
bulin-like receptors (KIR) combinations (KIR2DL3) and to
harhor specific polymorphisms related to cytotoxic lym-
phocyte antigen 4 (CTLA-4), interleukin 10, and CD4+
CD25+ regulatory T-cells (T-reg; Thio and colleagues, sub-
mitted for publication}. These genetic studies have been
hampered by insufficient power owing
to limited nwmbers of persons with

or high-elevated ALT levels

TABLE 2. Proportion of first-time seropositive donations who were
HCV RNA-negative or -positive (by MP-NAT) with normal, low-elevated,

resolved HCV infections from various
race and/or ethnicity groups. Access to

ALT leve! (U}

seropositive blood donors who have
tested RNA-negative offers a sohition to

HCV status Normal (<60} Low-elevated (60-120) High-elevated (=120) p Value ., .

. -
RNAnegative 396 (98.57) 3 (0.75) 3(0.75) ~ | this problem, and we are now contrib
SNA-positive 1384 (83.78) 47 (2.35) 221 (13.38) <0.0001 uting specimens from donors with pre-

= Data are reparfed as number (%).

sumptive tesolved infection to these

studies.
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TABLE 3. Proportfon of donatfons from firsi-time
seroposilive donors in a demographic group testing
HCV RNA {MP-NAT)-negative or -positive

HCV RNA status”

Demographic group Negative Positive p Value
Age {years)

<85 28 (14.89) 180 (85.11)

25-34 64 (23.70} 208 {78.20)

35-44 180 (20.93) 680 (79.07)

45-64 110 (17.89} 505 (82.11)

55-64 15 (15.63) 81 (84.38)

=65 5 (20.83) 18 (79.17) 0.2
Sex ’

Male 232 (18.40) 1029 (81.60)

Female 170 (21.41) 624 (7859) Q.10
Race and/or ethnicity

Asian 4 (8.16) 45 (91.84)

Black non-Hispanic 38 (14.39) 226 (85.61)

Hispanic 62 (22.06) 219 (77.94)

Other non-Hispanic 18 {(21.05) &0 (78.95%

White non-Hispanic 239 (20.73) 914 (79.27) 0.02

* Dala are reparted as nutaber (%).

TABLE 4. OR comparing odds of being HCV-
seropositive and RNA (MP-NAT)-negative by
demographic characteristic

Race and/or ethnicity
White non-Hispanic

10

Demographic Linadjusted OR Adjusted OR*
characleriatic (95% G {35% Ch)
Age (years)
<25 10 1.0
26-34 1.78 (1.09-2.90) 2.08 {1.20-3.60)
35-44 1.51 (0.98-2.33) 1.75 (1.07-2.87)
4554 1.24 (0.79-1.95) 1.48 {0.88-2.46)
55-64 1.08 (0.54-2.09) 1.30 (0.62-2.73)
265 1.50 {0.52-4.36) 1.68 {0.66-5.98)
Sex
Male 1.0 1.0
Female " 1.21 (0.97-1.51) 1.14 (0.90-1.45)

1.0

Asian 0.34 (0.12-0.98) 0.36 (0.13-1.01)
Black non-Hispanic 0.864 {0.44-0,93) Q.68 (0.45-0.96)
Hispanic 1.08 (0.79-1.49) 1.08 (0.78-1.48)
Other 1.02 (0.58-1.80}) 1.03 (0.58-1.83)

* Adjusted for age, sex, and race andfor ethnicity.

Several groups have reported that HCV clearance rates
correlate with sex (more frequent clearance in women than
men) and age at time of infection {young donors rescive
infection more frequently than older donors). [n our anal-
ysis, although nonsignificant, the odds for women to clear
viremia appeared 21 percent greater than for men
(p > 0.05), similar to the findings in several other studies
{reviewed in Orland et al.’). The association with age was
not significant, and no clear trend was observed.

Owr vesults confinm that HCV RNA positivity is asso-
ciated with elevation of ALT in RIBA-positive donors,
Sixteen percent of virernic seropositive donors had ALT
elevations, including 13 percent with elevations greater
than the high donor screening cutoff of 120 1U per L. This

»

inndicates that a substantial subset of viremic donors have
active liver disease at the time of donation. Because liver
disease in HCV infection is intermittent and follow-up
studies of HCV-infected persons with normal ALT have
demonstrated low rates of progression to clinical disease,
viremic donors without ALT elevation at the time of dona-
tion also warrant clinical follow-up to evaluate prognosis
and available therapeutic options.™ In other analyses,
we have shown that HCV RNA-negative, RIBA-positive
denors (first-time and repeat donors) have a distibution
of ALT levels that is essentially identical to that of HCV
ELISA-nonreactive donors.® This supports the conclusion
that the large majority of RNA-negative, anti-HCV-posi-
tive donors have no residual hepatic inflammation and
have likely eradicated HCV infection. In this data set, the
frequency of elevated ALT among RIBA-positive, first-time
donors who tested RNA-negative was 1.5 percent, which
is slightly higher than rates of ALT elevation among all
HCV ELISA-nonreactive donotrs. This likely relates to the
possibility that a minority of these donoys stll have active
HCV infection that is undetectable by a single RNA deter-
mination perforrmed in a MP format of 16 to 24 donations.

Our findings of a lower frequency of HCV RNA posi-
tivity in seroconverting repeat donors than in seropositive
first-time donors was unexpected. We had hypothesized
that seroconverters, on average, would have been more
recently infeeted than firsi-time donors, and if sampled
within the fizst 6 months after the identification of their
RNA positivity, would have retained higher rates of vire-
mia not having adequate time for clearance, We observed
that 56 percent of seroconverters tested RNA-negative
on their first antibody-positive donation, in contrast to
20 percent in first-time donors, with no apparent relation-
ship between viral clearance and interdonation intervals.
It is unknown whether these donors have resolved infec-
tion or represent individuals with transient low-level vire-
mia that may only be detected intermittently. Of the 34
seroconverting donars identified in our study. 24 (71%)
had interdonation intervals exceeding 12 months so that
these donars would not have been expecied to have
different HCV RNA-positive frequencies than first-time
donors. The lower percentage of viremia in repeat sero-
positive donors could relate to recent observations
in chimps and humans that in early infection, as the
immune system tries to control the infection, RNA levels
fluctuate and may he intermittently nondetectable by MP
NAT despite eventual development of chronic infec-
tion.*!! With time, either the immune system is able to
eradicate the infection ov the virus sscapes. Also, demo-
graphic differences in first-time and repeat donors may
explain the different RNA-positive frequencies observed
in these two groups.

This study has several limitations. We used routine
donor screening MP-NAT results, resolved to the individ-
ual donation level for NAT-reactive pools, to classify RIBA-
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positive donors as RNA-positive or -negative. Owing to the
16- to 24-fold dilution factor inherent in MP-NAT, we may
have failed to detect viremia in a proportion of seroposi-
tive donors with chrenic infection {(whether these donors
were flist-time or repeat donois or with interdonation
intervals exceeding 12 months). The MP-NAT assays
empioyed in donor screening, however, have 50 percent
detection lmits of approximately 200 gEq to mL, equiva-
lent to thai of comunercially available quantitative HCV
RNA assays that are widely used clinically to define vire-
mia status of seropositive persons. We have retested spec-
imens from MP-NAT-nonreactive, RIBA-positive donors
individually and have identified HCV RNA positivity in 2
o 5 percent of cases; resuits from follow-up studies of
such donors indicate that they have normal ALT levels and
intermittent low-level viremia detectable when samples
are tested without ditution.?®

Finally, our current analysis was limited to demo-
graphic and laboratory data availablé from routine donor
screening on approximately 8 percent of the US blood
supply during the study period; the REDS centers do not
include centers from the southeastern' United Siates
where HCV incidence and prevalence are higher than in
the rest of the country (data from the ARC national data-
base). We also did not recall donors to investigate risk
factors or probable dates of infection, nor did we perform
additional Iaboratery studies to confirm viremia status or
further characterize the donors (e.g., HLA typing, celular
immune responses) and the virus (subtype, quasispecies
diversity). We have recently begun a study that involves
enrcollment and follow-up of seropositive donors with
resolved infections and matched control donors with per-
sistent infections, as well as NAT-positive antibody-nega-
tive donors who are being followed prospectively through
seroconversion to establish their resolution status. This
study will hopefully contribute to the understanding of
determinants of HCV clearance, as well as yield informa-
tion to assist in counseling and clinical management of
the several thousand HCV-infected donors identified
annually by US blood centers.®
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HELROER ORI BOTHEABMEG 74 )L b L—3 1 2)
O A BIT BERIFS 7 - ) A BB O EHEHT JESH - 1 )L A 2R E RO LAEOMITHERRE TH D, FREFFROEE EHLTWSN, BECELTH. RO
F—EEETHEVHRALEELTH, EMCEEFNOANAELEDANANIFT -3 CERBEHEMS, K| ECEBEES LDV EETAD &,
FOEETECRLWTHSIEREL - REEINDIEEATHNS, EEXDDT. HED
‘ HEEITE S,
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3BT B BB 4V R B OFEER - BE .
w4V AR - S EEE 254 Bl -2k T

wE Gy AN SRR AT OREP AR OER S LA IEIES -
wE TR AW —B BB ERS Bk BN A BAHTFY
@ ORI BE EEY AN AP BR OBEY X a5
pE EEY N BED OME ORY Ik BFEY R BEA®
o EEY A BT R 200 BE wY B b
wmm— g SHE WY BEH REY BN BT KE o
wm Y ZL OKED ED BT RE RXY AR L
w0l EY EE Rk —%Y SR 0 W AR
Wk A0 L AR KA AR REF 4E0 =R EREY

B 5 (BT TRACTERELS> FHEO EBFAOEREY A LMY 5 BT, RY
4 b 18 254 510 E B4 4 VA (HEV) Bl = KO, SEETSRAG - SEEEY - VAN
R ERAERCE b T AT L. ZORR, [] HEV B Ly CEERA
BelcmBLTwea ok il BREOS (URES (PigE@y 50 %) T BoBEEN
(B 353 1) THaI & [ BEIC LB LTV A HEV I3 genotype 3 ¥ genotype 4
B, EERECHEEICHEL WAL | [V FHRLIFREERLL ORICHEEYH S
= % [v] Genotype 3 & b ik genotype 4 PRy oy btk b BRI BN L

[vi] BABESESHETHE L [vi] LREFZHEOH 0% wEypE SR AR, 8% i
WARSE, 2% BEIMEAT B RECRELDELL 00, BEOES (45 60%) WRWTIE
BRSEATROTETHL L | SOMATRIL.

#E|EE: BEAFE EBEFRVAMA g BX

) — w2 ANAREE 3 B RREERE, 4 BERKE 5 REEFRTERR 6 EIMKEZRA,

7) kRS T R, 8) ELERmERRR, 0) HEEERE 10) BRriiEiE, 11 AR &K ERFEBE,
12) MEEASRA, 13) BIRakk 14) BRIk, 15) FMRSmE 16) WRESREE 17 BITTRABE

18) dLIEEAFETA, 19) BEKETR, 20) HarmEwEE 20) ERERFERAR. 2) HLEREREY S —,

03) iR ERE Y 7 —, 24) REVRER. 25 Fegmle, 26) BIEAZEM, 27 HEATREMR 28) KEERZH,
28) AR, 30) BUENARABHE, 31) HEE SR LSS ITIRPR, 32) B AT TH{LIRRTIRPIRL, 33) EEERITIEER,
31) BBk, 35) EEXAMLENE, 36) Nt 5.4 2458, 37) NTT % HARMERE, 38) SFER—A,

39) JI K E kN O R, 40) W LREAESBRAFR A EEPRRAE R WMIAERFETFRE
43) BIBRFEREFERYE VY —
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Table 1 Remarkable predominance of mele over female, irrespective of severity of
the disease. :

Disease categories

Gender Total

n =243 Subclinical AH? AShe FH?
n=7] B =135 n=21 n =16
Female 55 (23%) 18(34%) 23(21%) 4(19%) 4(25%)
Male 188(77%)  53(66%)  108{(70%) - 17(81%) 12(75%)
F/M ratio 1734 1/29 /37 1743 1/3

aAbbreviations © AH, acote hepatitis ; ASH, acute severe hepatitis (defined by prolonged
prothrombin time, ie, PT vaiue < 40%) : FH, fulminant hepatitis,

Table 2 Age of the subjects, possibly influencing clinical manifestations.

Digease categories

 Ageinyrs ,,T:tgafm Subclinical AH ASH FH
n=T0 n =135 n=21 =16
Less than 40 63{26%) 38(54%): 21{15%) 3(14%) 1{6%)
40 to 59 105(43%) 20(29%) 70{52%) 11(53%) 4{25%)
60 or more 74{31%) 12(17%) 44(329%) 7(33%) 11 {69900
Mean=SD 501+1585 423159  S28=i44  528=x156 5801010

a P < (001, D.003, < 0,001 against "AH", "ASH", “FH" respectively: P = 0.010. < 0.001 against
“AH", “Subclinical” {Chi square test). <P < 0001, 0.009, < 0001 against "AH", “ASH", "FH"
(¢ test) ;4P = 0047 against "AH" {Welch test).

i#
HECHBERR, 77 770 H 0N ERG
SR E Ry, ERNFEIEST AT
b, MSHOESE WS 2 1AM L FMI P25
iz, 100 BIEL L OFEF & 8 THEWT L23REFS, Fe o
MBRYELTHNAL THA—RIZITIIEL BV,
aid, WIFEORATHTT, LEEOLLIER
BLUN T4 AR L-EMOBREBELE
HELh, BRI NIHERFCESPRELTHEREN
FEROIER T bBML, 2006 £ 1 AR T TITHEE 254

i

Hepatitis.. Fulminant Hepatitis D v377uin), R4S
EALT {5, BERERRY ILY VE ERTRER
7o b oY /BRI, U4 RENRERI (HEV
RNA B, & 2 \id IgM Hifd - 1gG HfRBiE), HEV
genotype, EEH LV IIFERE SN BEWER, BHE
MEOCEE, LOEMPEERHELAE 2006FE1 A%
OFET, 0 MEEFEE Tl THERLRLER
it n=206TH 5. ), HEVRNA PBETHE Y &H
& genotyping PSRHAT TH o ERIT oW THE, THE
R VIBECARICEN L, sequencing 277 (O

By, B TREB S N HEV € M RRE k£ 5 2 BiEH).
rREE. PEYOSEAZEO T LEAERE RSHOARS

Bedal, MPAHERVAMRLIBLNLOT, T
ERTRET 5.
B &
RHOEEER
HEZ DT AP BERCEEETRTERL A HEV
BaeplizowT, M Fi E BRE BHA
RIS M (Subclinical, Acute Hepatitis, Acute Severe

ERESTORECREFIZOVWTH, PiErsE
RHEEI RS T AT — Y 2R EH . RURE
Fl-Er o, —ERE, BRRTEEE S, LR
REBBIRET A7 — 5 2 EEEFBLTHES LD,
PRI CH o eI BRI OREH 55N
Fey RRABHLL. S0 [BIHESS) KioTE
LRSI n=48 TA Y, 2035 bEEOE

-35-




81386 i i

Table 3 Geographical distribution of HEV

BENE2006-021
47%8% (2006)

genotypes, showing a significant predominance of

type-3 over type-4 in the areas other than Hokkaido.

HEV genotype

Total
Areas® o= 028 ; ; 3 .

Holekaido 123 — - 58(47%) 65(53%)"°
Toholu 18 - — 17(94%) 1{6%)
Kanto-Koshin'etsu 48 5{10%)¢ - 31{65%) 12(25%)
Chuhbu-Hokuriku 8 1(9%)¢ - 7(91%) —
Kinki 10 1(109%)° — 9(50%) -

" Chuh-Shikolku 10 1{10%)¢ - 7(70%) 2(20%)
Kyushn-Okinaws 1 — — 9(829%) 2(18%)

a Japan was divided, from northeast to southwest, into 7 areas, each of which includes the following

prefectures. “Holtkaido"
Fukushima., “Kanto-Koshin'etsu”

vamanashi, Nagano, and Niigatz. “Chuhbu-Hokurikn”
“Kinki" : Shiga, Kyoto, Osaka, Hyogo, Nara, and Wakayama.
Hiroshima, Yamaguchi, Kagawa, Ehime, Tokushima, and Kochi.

: Hokkeido alone. “Tohols”
: Tharsli, Tochigh, Gunma, Saitama, Chiba,

: Aomori, Iwate, Miyagi, Akita, Yamagata, and
Tolyo, Kenagawa, Shizuoka,
! Toyama, Ishikawa, Fulo, Gifu, Aichi, and Mie.
*Chuh-Shikolm” ¢ Tottori, Shimane, Okayama,
“Kyushu-Okinawa” : Fukuoka, Saga, Na-

gasald, Kumamota, Oita, Miyazald, Kagoshima, and Okinawa.

b P < 0.001 against other areas (Chi square test}).

e Al but one were from cases of imported infection.

Table 4 HEV genotype and clinical manifestation : the severer the disease
the higher the frequency of genotype 4.

Disease categories

HEV
genotype Subclinical AH ASH + FH
1 (n =7} — 6 1
2 {n=0) - — -
3 (n = 135) 52 76 7
4 {n = 78) 7 48 23
Rate of type-d*  7/59(12%) 48/130(37%) 23731 (74%)

a P < 0,001 between “Subclinical” and "AH" 2s well as between

. (Chi sguare test),

i 1979 s S E LA b D TH o 1.
HEY genome 18R EEF|AE

ORF1 ROB% % 30, ThEh nt?, 326 .

nt®, 821 ntPDETHBVIEPRLD —D DA%

PCR TH4IE L, direct sequencing 75 Z &K & Y geno-

type ZHRELL.

 HEPEE RERTE
RNOHBORPTHENENEERREOR IR

W SRR I 4 4 @ Table DIWEORICIDT.

j==]
-

L
pitl=]

HEY BHEORER
EHEI AR b R ESI O IRRIPIRR (EIIAL
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"AH" and "ASH+FH"

i) 13, LA @=130), BF (5, =& Q)
Wi (1), BB Q). ¥R @), A @), BE Q).
#®E (6), FE (6), FF (23), W&FN &), ¥A

M, WR 1), KB Q. %8B @, =06, B
1), B (3), = (), KE @), %R O, R

(5), BEL(4), AW D), EE (2), &% (2), BR
), EM Q2), R 1), X3 (2), #HiE (3), T
ol

HEV BidiE Ol & Fi

SRS 2 VIR ERT A Th ok L1 A%
Bz 243 & 10 ¢, HEORRE Table KT
BIfki, EHSR R D B\ RIBEHEIA IO 128 % S
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Table 5 Liver function test levels differed by HEV genotype.

Genotype 3 Genotype 4
Parameters? P
R mean SD n mean SD
pealt ALT 101 1676 1390 75 3048 2501 < 000t
{1u/1)

peak TR, 80 71 86 T 118 89 001

(mg/dL)
nadix P.T. 74 7856 263 67 633 277 < {.001¢

{%6)

2 Abbreviations : ALT, alanine amino transferase : T.B. total bilirubin | P.T., prothrombin time.® By

Welch. ¢ By ! test.

Table 6 Month when the infection occurred, sug-
gesting that there was no seasonality.

Month Number of cases  Adjusted number
Janwary 20
February 16
March 21 20
April 37 245
May 11
June 17
July 20
August 22
September 26 21«
Cctober 17
November 23
‘December 18

2 Of the 21 cases in M.arch, 2 were infected simyltanecusly
by eating the eame namagima (raw liver) of wild boar2?
while the other 19 were exposed to respective infection-
sources, and hence the aumber of independent infections
should be 20, not 21 ; b Similarly, of the 37 cases in April,
11 were from 2 mini-outbreak that occurred after wild
boar barbecue party @and 4 were from deer-sashint shar-
ing 22 ; ¢ Of the 26 in September also included 6 individu-
als from a mini-outbreak 10,

Uiz 242 BizHT <, EHpaAT OBEE Table 2 1Z7RT.
BEEN, PEEELA-RLTHEECHIDAR
B, FRRVERRHEE & SRR (R R SRR &
DRI, ERSHOBEELFEEFRD bk, b,
BRI A 2B EEELENE o2 BEERLR A
FEMERRBE IS EE IS (TR L.
Genotype 470 DHKEE .
HEV genotype AU Lz 228 flizowT, Bk

(£EZJiE, Hk, MRPEE, PR, EE
FREmME, hHRERO 770y #2480 T2 D geno-
type 475 % Table 3 {ZiR1.

db#EE AL O TiE genotype 3 T EBEHE S
BTAE, ALEFEI T genatype § & 4 PFITEE
FAEL T Genotype 1 M €A § B 7 RiZA >
¥ {n=4), A¥FrI5a (), Fa-n Q) ~0
EAMEZH LT,
HEYV genotype & BF#E40E & OERS

Genotype 1B R RERITIEROTH A4S L it/ 220
FIZ oW, FHFEIZ X D genotype 5747 % Tabled 277
7.
Genotype 4 DIBRDS, THHERE» L 2ER 48
~, BICREEFES (RETSEER + BT~
EHEEEFDTER (12%—37%—74%) LTwi.
Fli#iz, Table5 itBA00 ¢, BAPFHES ALTE, #=F
BERSRY ) VY VE, SBPRERTD M EYY
YEEREDVTID A, genotype 4 DA EYSREE
BT ARERLE '
EEME

Tt B HYHIRE L7z 247 B0 Tid % Table 6 VAT,

4 AHEE L TRV EBERE (n=37) 2RLANE
FD5 5011 FIRERPRU 2 AGREINME 4
F—REEiR L 3 MR EARRCETA LD THo
7-#,11 cases—1 incidence, 2 cases—1 incidence & L
T, BB T ARREELEHEAY ¥ P LETE,
dRDFhiEn=24 @4 L= FREIZ, 3BESAK
bE4 1T o0 MNEERELEFPREELTY
Fr. BT, w2 e RA S (Table 6
IZHT B "adjusted number") TLEET BIRYD, BEL
ARHZEEREELizdot.

...37_
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Table 7 Routes of transmission.

Routes Number of cases (%) With direct evidence  With indirect evidence
Contact with animal 1{05%) — 1
Blood transfusion 5{2.3%} 50 -
Travel and Import 17(7.9%) — 13¢
Zoonotic {oed-borne 68(31%) 54 26¢
Unknown 125(58%) — -

2 Patient’s pet cat was anti-HEV positive 3. b Complete matching of HEV sequences between donor sng recipi-
ent was observed in each rase 11113),  Nucleotide sequences of BEV from the patients were more homologous
to those in the visited countries (India, Thailand, Nepal, Pakistan, Bangladesh, China} than those in Japan,
4 Complete matching of HEV sequences between patients and left-over animal meats 16).22), & Shown in Jitera-

ture 7.0, 20, 21),

AR

BLRRIHES v IREE LEEML. &40
#40% CTLH» Ao (Table 7).

5PiotmmEse (1MIXEmME, 1FRER, 34K
dhiEE) 12T, Fr—rRMFORTBEVRNA e
quence O—HAFED ENEBEEFITH B, —H,
O FERAEE (animal contact, travel and import,
zoonotic food-borne) {iM T, BREuE b Bivl o HEV
BERPI—HT 3 L OBEEERF B LN 0, ¥
AREOEPEAL L VIR bDOBRID2EL LD
HThHo T, TOMEE T HERERI L DETTHAE.
BB THD LIERD D wITHE & WBpiER, o
¥ EREn=44), 495 (15), ¥» (), BB
B (2) Thoi-

db¥EE L AP TR et B &, AR
PO I R BTG & v L dbiEE 1/130(0.8%)

" vs AFHEAR 16/124 (13%).
£ B

FH e EUoETRMEEED L IIWH EBEbh s,
Q200 P %ML D HEV BB O 6B bkl
Bomizid, ROPOEEREVHRMESEINTHAE.

&Y, BREOFES T 74 —ItALTHE, kD
FHEITE LT "3 disease of young adults” & &
BEANTWEOIEL, FFEOESRE [FEEEE
OFR] Tharkenl{FEELE LEHNTRSES
PRBORREIEZE I D ABFHRCEELTE
BAEFREHTREEER® 75 rakbdh (B
i 43 1, FEER S0 YA MEE LTV E0T,
FERDHUALPLFRAURIL L TV mATI I 2 4
Fb, chdpbBELPIIENE THA S FERTRICR
FAEFOMI HEOEENDILDNLEL LN,
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FHRBELOEFIZOVWTAED Tha, ifc
B A E8ER b, HIRESHICING B RS s EinE—
DEF{EATFE LTEBEINTHELD, FEFHTD
B BTN AT O£FH IO I EIR =72
IZHEEET, A, MEss HEV genotype 4 2%, #5773
EEEFE LTEERYICE L.

4512, HEV genotype 4 & disease severity & DD
AEREBIL, ERRPEOHRARTHY, THED
BROFTRIBEIIETIDIOTHS. AL, BE
BRI genotype 4 5% < R bW 5 L OFIFERD
BAETE L7489, JEEE DB 5 genotype 3
L4 LOMOEREFEENTEZR U TR LD,
FEHRERD T THS. T genotypes OIS A
BEELETOERNFSHS (genotypes 1, 2, 3T
ORF1 £ ORF3 MBI 7 L —A:Elch 54, genptype 4
KRWTIRE—7 Lb—5) L, BHEEOZE (geno-
type 3<genotype d) 2 FWTANE (FEHE Wbk
ik, vnpubliched results) b\ N T 246, A5
FEAURIE L 7 genotype 4 OFEMEIEHFE IOV T,
L EOBEFREICHEL P ERTIT, LBbhva,

HEV BT F 5 zoonotic transmission DZEEL,
;ﬁ: G:?‘J?,?.‘P [N @5@%&@gggnmmwwmmzm el !J Ji\‘ < %‘g
BMEhbEiHhéhol: FOFALDHY), §EOE
B#EHICEEESENIEFHOZ TR WTIE, B
HSER S % ) 2 H OMBIHIRE A STy
723%, TN Th % B, zoonatic transmission THREP LG
LEFHISEOM 30% TLAGdo k. HARER
#9348 OEETHYAREREFFETZ NI DL
EEPFLLEDHBTRENRTHS oL DD,
bo LERLMRE, SEENEHEORH 0% b AR
BRTAOTIHRENS EVIEEDOF Fobh b L
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Demographic, epidemiological, and virological characteristics of hepatitis
E virusinfections in Japan based on 254 human cases collected nationwide |

Toshinori Abe”, Tatsuya Aikawa®, Yoshihiro Akahane®, Masahiro Arai®, Yasuhiro Asahina®,
Yoshinari Atarashi®, Kazuaki Chayama®, Hideharu Harada®, Naoaki Hashimoto®, Akiko Hor™, it
Takafumi Ichida", Hiroki Ikeda'™®, Akihisa Ishikawa', Takayoshi Ite™, Jong-Hon Kang™, ;
Yoshiyasu Karino®, Hideaki Kato', Masaru Kato™, Mari Kawakami®, Naoto Kitajima®, . t%l
Tsuneo Kitamura®, Nachiko Masaki®, Keiji Matsubayashi®, Hiroyuld Matsuda®, l
Atsushi Matsui®, Kojiro Michitaka™, Hiroshi Mihara™, Katsuhiko Miyaji®, - iy

Hiroshi Miyakawa®, Hitoshi Mizuo™, Satoshi Mochida™, Mitsuhiko Meriyama®, 45
Shuhei Nishiguchi®, Katsua Olcada®™, Hidetsugu Saitg®, Hiroshi Sakugawa™, ;
Minoru Shibata™, Kazuyuki Suzuki®, Kazuaki Takahashi®, ) :

Gotaro Yamada®™, Kazuhide Yamamoto™, Taro Yamanaka®™, ot

Hiroaki Yamato®, Koji Yano®, Shunji Mishiro? f

To know the reality of hepatitis E virus (HEV) infections in Japan, quite obscure until a few years ago, we
have collected a total of 254 human cases of HEV infection, and analyzed for demographic, epidemiological, and
virological characteristics. As a result, we now know [i] HEV has penetrated nationwide from Hokkaido to Ok-
inawa; [ii) hepatitis E is a disease of middle-aged people (approx. 50 vears old in average) with a predominance
of male over female (approx. 3.5 vs 1); {iii] HEV strains of genotype 3 and 4 are autochthonous in Japan, but the
latter is present 2almost exclusively in Hokkaido: [iv] the older the age the severer the disease; W] HEV genctype
4 is associated with more obvious and severer clinical manifestations than genotype 3; [vi] no seasonality in its
incidence; and [vii] transmission routes remain obscure in most cases {approx. 60%), whereas about 30%, 8%, and
2% are ascribable to zoonotic food-borne transmission, imported infection, and via blood transfusion, respec-

tively.
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Kanzo 2006; 47: 384—391
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Resurgence of chikungunya virus in India: an emerging threat . ]

SK Saxena® (shailen@ccmb.res.in), M Singh?, N Mishral, V Lakshmi?

LCentre for Cellular and Molecular Biology, Hyderabad, India
2Department of Microbiology, Nizam’s Institute of Medical Sclences, Hyderabad, India

Since December 2005, an outbreak of chikungunya virus (CHIKV) infection has been ongoing in various states
of India (Karnataka, Maharashtra, Andhra Pradesh, Tamil Nadu, Madhya Pradesh, Gujarat, Orissa and Kerala)
with potential spread to neighbouring states [1,2]. Cases were first recognised and reported in December 2005.
In July 2006, India’s National Vector Borne Disease Contro! Programme (NVBDCP) reported a reduction in the
number of cases in the affected districts while other districts are now becoming affected for the first time. The
spread is of unprecedented magnitude and over 896 500 suspected chikungunya cases have been reported
since December 2005 from the five worst affected states (Andhra Pradesh, Karnataka, Maharashtra, Tamil Nadu
and Madhya Pradesh) [3]. No chikungunya cases have been reported from the northern states.

Recent large-scale outbreaks of fever caused by CHIKV infection in India have confirmed the reemergence of
chikungunya in this part of Indian subcontinent. Since the end of 2004, chikungunya has emerged in the islands
of the southwestern Indian Ocean (Comoros, Mauritius, Seychelles and Reunion), where several hundred
thousand cases have been reported. Chikungunya was later also reported in Madagascar and in India [4,5].
Chikungunya is not new to the Indian subcontinent. Since it was first detected in Calcutta in 1963 [6], there
have been reports of CHIKV infection in different parts of India [7,8,9]. Previously, the most recent Indian
chikungunya outbreak was reported in 1973 in western India, in Barsi, Sholapur district, Maharashtra state
[10]. Subsequently, there has been no active or passive surveillance carried out in India and it was believed
that chikungunya had disappeared from the Indian subcontinent {11,12].

A recent study looked at samples taken from over 140 symptomatic patients with clinical picture of chikungunya
who were presented to the Nizam'’s Institute of Medical Sciences hospital in Hyderabad (the capital of Andhra
Pradesh)} in March and April 2006, About 50% were found positive for the presence of CHIKV specific RNA
(through demonstration of the virus-specific 500 bp amplicon) by reverse transcription-polymerase chain
reaction (RT-PCR) [V Lakshmi et al, unpublished data]. However, the true incidence is thought to be much
higher, because due to the self-limiting nature of the illness a large proportion of patients did not go to hospital,
and even for those who did, laboratory diagnesis proved difficult as RT-PCR was positive for the virus in
samples collected between the first and fourth day only, indicating the viraemic phase of the infection. Most
.patients with acute CHIKV infection presented with high fever (ranging from 38.5°- 40°C), muscle pain,
headache and swelling and severe pain in the joints with polyarthralgia (pain in several joints) followed by an
itching maculopapular rash five days after onset. Symptoms were generally self-limiting and lasted 1-10 days.
Almost 10% of cases reported had prolonged joint pain for more than three weeks. However, joint pain may
persist for several months or years. Females were more affected than males, a feature probably associated with
the daytime and indoor feeding habits of the mosquito vector in India, Aedes aegyptii. All age groups were
evenly represented.

Warm, humid climates and water reservoirs serve as an excellent breeding ground for the vector of the virus,
Aedes mosquitoes. With an increase in temperature, susceptibility of mosquitoes to CHIKV increases [13]. High
population density, lack of adequate resources for vector control and hygiene added to the vulnerability of poor
people to chikungunya infection. The unique molecular features of the recently analysed Indian Ocean isolates
of CHIKV [4] suggest that the virus can evolve rapidly. Studies are in progress to confirm genomic structure
and virulence of the recent CHIKV from India.

Although the disease is self-limiting, the risk to non-immune travellers from other parts of the world to areas
with a chikungunya epidemic, including India, continues to exist and should be included in the differential
diagnosis of travelers returning home with fever. The magnitude of this risk cannot be precisely determined at
this time. There is a risk of importing the virus to Europe from affected parts of the worid, including Africa and
South East Asia, where the virus is endemic. Imported cases have been reported from a number of European
countries, including an autochthonous case from France in March 2006, probably contaminated through a blood
exposure incident [14]. Considering the extent of the current chikungunya outbreak, the risk of intreduction and
autochthonous/sustained transmission of the virus in Europe needs further investigation, because one vector,
the tiger mosquito A. albopictus, is alsc present in Europe and could increase the likelihood of its future
autochthonous transmission in these countries, Various recommendations have been suggested by European
experts to ensure the measures to prevent the emergence of imported viral diseases are strengthened in
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Europe [5,15]. Pregnant women, families with young children, older people, and those with significant
comorbidity should be advised to consult their physician before travelling to the Indian subcontinent, and
traveliers should be informed about the magnitude of the risk of contracting the disease and decide according to
their own judgment. There are no specific preventive medications or vaccines for chikungunya fever, but there
are steps travellers can take to reduce.risk of being bitten by infected mosquitoes [15]. Despite infecting
millions of people worldwide, chikungunya infection has been neglected since its discovery. Worldwide, there
are a number of other infections with mosquito-transmitted viruses (arboviruses) with similar symptoms which
may be confused with chikungunya, such as Sindbis, Ross River and dengue, and these, together with a
detailed travel history, should be considered in the differential diagnosis in returning travellers.

Considering high number of cases, and lack of specific antiviral therapy, it is imperative that specific antiviral
agents and vaccine be developed. Although the disease is seif-limiting, sustained and intensified control
measures (such as regular fogging with pesticides, awareness of the disease and vector, detection and
elimination of vector breeding sources, proper facilities for health care and community awareness about the
prophylactic measures) are required to control the further spread of the disease. The government of India has
taken up necessary steps, in accordance with the NVBDCP guidelines on reducing mosquito breeding sources,
use of temephos larvicide in recommended doses, the release of larva-eating fish (Gambusia) inte the wells and.
the water bodies to control the mosquito menace and deployment of mobile teams (three teams per district in
the affected districts, consisting of epidemiologists, public health specialists, microbiolegists and entomologists
for assessment of the situation and providing technical assistance and guidelines) and mobilisation of health
workers and volunteers [16,17]. Finally, measures to improve clinical management, especially early detection,
nutritional support to the affected patients, and other preventive measures may largely mitigate the disease.
The wider issues of ecology, current agricultural practices, water management systems, and human behaviour
patterns wifl need to be reviewed. This requires a combination of strategies and we need to proceed with a
sense of urgency in this matter,
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TRANSFUSTON COMPLICATIONS

Simian foamy virus infection by whole-blood transfer in rhesus
macaques: potential for transfusion transmission in humans

4
Arifa S. Khan and Dhanya Kumar

BACKGROUND: Cross-species infection of humans with
simian foamy virus (SFV) has been reported in European
and North American nonhuman primate (NHP) handlers,
primarity due to wound Injuries involving infected animals
in research centers and zoos. Additionally, African
hunters have been found to be infected with SFV by
exposure fo body fluids, bleod, or tissues of infected
NHPs in the wild. The persisience of infectious virus in
periphetal blood mononuclear cells (PBMNC) and the
recent identification of some Infected blood donors has
raised sefety concerns regarding potential virus
transmission by blood transfusion.

STUDY DESIGN AND METHODS: SFV infection by
blood transfusion was evaluated by whole-blood transier
from two naturally-infected rhesus macagties (designated
as D1 and D2) to retrovirus-iree monkeys, Blood from
D1 was transfused to two recipient monkeys R1 and R2
and from D2 to monkeys R3 and R4, Virus fransmission
was evaluated by immunoassays, polymerase chain
reaction assays, and coculiure of PRMNG for SFY
isolation. .

RESULTS: SFV infection was seen in R1 and R2 based
on development of virus-specific antibodies, identification
of 8FV sequences in monkey PBMNC, and isolation

of infectious virus from PBMNC. Furthermore, both R1
and R2 remained SFV-positive at ahout 1 year after
transfusion, which was the last time tesied. No evidencea
of SFV infection was seen in R3 and R4.
CONCLUSION: SFV transmission in macaques geourved
by transfusion of blood from one of two Infected donor
animails, These resulls indicate the potential of SFV
iransfusion transmissien in humans, which may depend
on virus-specific or donoe-refated factors.

1352 TRANSFUSION Volume 46, August 2006
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ross-species transmission of retroviruses to
humais is an important public health concem
as exemplified by the origin of human immun-
odeficiency virus (HIV) from simian immuno-
deficiency virus (SIV).! The extensive use of nonhuman
primates (NHPs) in biomedical research and broad expo-
sure to infected animals in the wild has facilitated cyoss-
infection of humans with simian foamy virus (SFV), which

[is highly prevalent in all NHP species and possesses a

broad host range and cell tropism.® The first human
transmission was reported in 1971 due to injury by an
infected chimpanzee.* Reports of cross-species human
infection with SEV have increased since the mid-1990s™
and the use of more sensitive detection assays have fur-
ther indicated additional NHP landlers infected with SFV
due to injury incurred by infected animals''? as well as
identification of people infected in Africa due to exposure
to bedy fluids and meat while hunting and butchering of
NHPs.® '

It is noteworthy that although infectious virus has
been demonstrated to persist long-term in human cells,
in vivo and in vitro®¥* there is, thus far, no report of
disease associated with SFV and no evidence of SFV trans-
mission between humans.®

The persistence of stably integrated, infectious retro-
virns sequences in human peripheral blood cells raises

ABBREVIATIONS: CPE = cytopathic effect; ITUPM = infectious
unijts per million total PBMNC; NHP{s) = nonhuman primate(s);
PBST = phosphate-buffered saline with .05 percent Tween;
PBST+5 percent = PBST plus 5 percent milk; SFV = simian foamy
virus: SIV = simian immunodeficiency virus; RT = reverse
transcripiase,
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SIMIAN FOAMY VIRUS TRANSMISSION BY BLOOD TRANSFUSION

concerns, however, regarding the safety of blood trans-
fusion from SFV-infected blood donors. In fact, testing
of archived sera identfied six SFV-seropositive blood
donors." A retrospective study of four recipients of blood
components (red cells [RBCs), filtered RBCs, and platelets
[PLTs]} from one infected blood donor failed to demon-
strate SFV infection; however, it was noted that additional
studies are warranted to further evahiate the potential risk
of SFV transmission by blood transfusion.! This is espe-
cially iImportant since transmission by transfusion has
been demonstrated as an important mode of acquisition
of infections in humans with other retroviruses.™'® In this
article, we have examined SFV transmission by whole-
blood transfusion in a monkey model. Blood from SFV-
infected donor animals was transfused into retrovirus-free
monkeys, which were analyzed for SFV infection and per-
sistence. This study evaluates the potential human risk of
SEV infection by infected blood donors.

MATERIALS AND METHODS

Monkeys and blood transfusion

SFV-negative blood recipients were juvenile, rhesus
macaques (Macaca mulatia) that were obtained from a
group of animals in a domestic breeding colony (LABS of
Virginia, Morgan Island, SC}, which were free of SIV, sim-
fan T-lymphotropic virus, and simian retrovirus. Animals
were identified as SFV-negative with a dot blot aniibody
assay" (Simian Diagnostic Laboratory, San Antonio, TX)
and shipped in individual cages to the FDA animal facility
(National Institutes of Health, Bethesda, MD). Al animals
were maintained in accordance with the Guide for the Care
and Use of Laboratory Animals *® under an approved pro-
tocol by the Institute Animal Care and Use Comnittee.
The animals were housed in single cages and in a separate
room from the SEV-infected blood donor monkeys. Only
animals that were confirmed SFV-negative by serology
and by polymerase chain reaction (PCR) analysis of
peripheral blood moneonuclear cell (PBMNC) DNA at the
time of study initiation were used in the study. A control
animal was housed in the same room as the blood recip-
ient animals to demonstrate absence of cross-contamina-
tion due to housing and handling of the animals.

Donor animals, RhK3T and RhA2V (designated as D1
and D2, respectively, in this article) were adult rhesus
macaques, naturally-infected with SFV that were main-
tained in single housing and in a separate room from SFV-
negative animals. Donor animals were well characterized:
SEV from D1 and D2 (designated as SFV-D1 and SFV-D2,
respectively) were previously isclated from monkey
PBMNCs and characterized in replication studies to evalu-
ate virus filness and nucleotide sequences were deter-
mined in the long terminal repeat region. The status of SFV
infection in D1 and D2 was confirmed by serology and virus
isolation from samples stored on day of blood transfer.

_49.,-

Blood was collected under sedation with ketamnine
hydrochloride (10 mg/kg). Before transfusion, blood was
collected in anticoagulant (heparin or ethylenediamine-
tetraacetate [EDTA]) from the donor and recipient ani-
mals for preparation of PBMNC, plasma, and serum. At
the time of transfusion, blood was collected in EDTA for
additional PBMNC and plasma preparation and in sepa-
rate tubes for blood chemistry and hematology. For blood
transfer, bload (20 mL) was collected in heparin (1000 U,
1 mL, Blkins-Sinn Inc., Cherry Hill, NJ} from D1 for trans-
fusion (10 mL each) with a butter{ly catheter into the right
saphenous vein of two recipient monkeys, RhCK2T and
RhCK3H (designated as R1 and R2, respectively, in this
article). Each animal was separately handled, and mats
were changed in between each animal. Similarly, blood
from D2 was transferred to RhCJ3K and RhCJ52 (desig-
naied as R3 and R4, respectively, in this article). After the
blood transfer, 10 mL of saline was injected into a “hous-
ing control” animal RhOVG. Monkeys were monitored for
healthy recovery after the blood transfusion based on
temperature, heartbeat, and respiratory rate. After trans-
fusion, blood was coilected at various times in EDTA for
PBMNC and plasma preparation for analysis of virus
infection. Additionally, at each time of blood collection,
serum chemistry and hematology were performed
(Antech, Lake Success, NY).

Detection assays for SFV antibodies
SFV-specific antibody was detected by dot blot
immunoassay"” performed by the Simian Diagnostic Lab-
oratory. The samples from each animal were collected and
stored for concurrent analysis in the same assay.
SFV-seropositive animals were confirmed by Western
blot analysis. Cell Iysates were prepared from uninfected
and SFV-2-infected Mus dunni cells (wild mouse fibro-
blasts; ATCC, Manassas, VA) as previously described.”!
Protein concentration was determined with a protein
assay dye (Bio-Rad, Hercules, CA). Sixty micrograms of
protein was heat-denatured and analyzed on an 8 percent
Tris-glycine gel (Novex, San Diego, CA), run 1.5 hours at
125V {Novex X-cell 1l system, Movex, San Diego, CA) in 1x
Tris-glycine running buffer (24.8 mmol/L Tris, 192 mxmol/
L glycine, 0.1 perceni sodium dodecyl sulfate). Proteins
on the gel were transferred to nifrocellulose membrane
{Invitrogen, Carlsbad, CA; 0.45 pum) atr 30V for 1 hour in
24 .8 mmol per L Tris, 192 mmol per L glycine, 20 percent
methanol. The membrane was cut into strips so that each
strip contained 5 pg of protein, The strips were placed,
protein side up, in individual wells of a plastic tray; rinsed
at room temperature for 5 minures each with Ultrapure
water, phosphate-buffered saline (PBS) without Ca*-Mg®,
PES (pH 7.3)-0.05 percent Tween (designated as PBST);
and blocked overnight at room temperature in PBST con-
taining 5percent nonfat dried milk (designated as
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PBST+5%). The strips were then incubated with 1:100 dilu-
tion in PBST45 percent of plasma or serum, except in case
of monkey D1 where 1:500 dilution of plasma was used.
The membrane strips were initially incubated for 2 howrs
at room temperature and then overnight at 4°C on a
rocker. The strips were brought to roem temperature and

washed three times for 5 minutes each in PBST-+5 percent

and then incubated for 2 hours at room ternperature with
a 1:500 dilution in PBST+5 percent of horseradish peroxi-
dase (HRP)-conjugated goat anti-monkey IgG (Cappel-
ICN Pharmaceuticals Inc., Awrora, OH). The strips were
then washed five times for 5 minutes each in PBST, and
the protein bands were visualized by chemiluminescence
with a substrate system (Supersignal CL-HRP substrate
system, Pierce, Bockford, IL). The substrate was added to
the membrane strips for 2 minutes, the strips then blotted
with paper (Whatman 3 MM, Maidstone, Kent, England}
to remove excess substrate and exposed for various times
ranging from 5 seconds to 2 minutes with film (BioMax
MR, Kodak, Rochester, NY).

Neutralizing antibody endpoint titers were deter-
mined in assays with homologous virus (SFV-D1 with
plasma from D1 and SFV-D2 with plasma from D2).
MRC-5 cells (ATCC CCL-171; human lung fibroblast)
were planted in a 24-weil plate with 30,000 ceils per well
(Passage25) in Eagles minimum essential medium
{modified) with Earle's salt without L-glutarnine (Cellgro,
Mediatech, Herndon, VA) containing 10 percent heat-
inactivated fetal bovine serum (FBS; Hyclone, Logan,
UT), 2 mmol per L glutamine, 250 U of penicillin per mL,
250 pg of streptomycin per mL, Ix nonessential amino
acids (MEM-NEAA 100x, Quality Biological, Inc., Gaith-

ersburg, MD) 1 mmol/L sodium pyruvate in a total vol-

ume of 2 mL. Cells were incubated overnight at 37°C, and
0.2 mL was removed to replace with test sample. Monkey
plasma {heat-inactivated) was diluted twofold (ranging
initially from 1:50 to 1:1600) in PBS, pH 7.4, without
calcium and magnesium (Quality Biological, Inc.), ini-
tially ranging from 1:50 to 1:1600. Plasina samples were
incubated for 1hour ai room temperature with equal
volume of SFV (100 TCIDy per 0.1 mL}, after which
0.2 mL was removed and added to each well, in triplicate.
The tray was incubated at 37°C and cells observed for
cytopathic effect (CPE} up to Day 13, when the final
resufts were recorded. The antibody endpoint was the
highest dilution of plasma that inhibited CPE in all repli-
cate wells.

DNA preparation and PCR analysis

Cryopreserved PBMNCs were recovered in RPMI and
washed with cold PBS (without Ca?* and Mg®), and DNA
was prepared with a DNA blood mini kit according to the
manttfacturer’s protocol (QlAamp, Qiagen, Valencia CA)
except thatall spingwere a1 15,800 % gatroom temperatare
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and the DNA eluiion time was increased to 5 minutes at
room temperature. DNAwasaliquoted and stored at—80°C.

SFV sequences in PBMNC DNA were amplified by
PCR with previonsly descvibed conditions with set B outer
primer pair and inner primer pair (3+5 and B+7,
respectively™). The sensitivity of the outer primer set was
shown to be 10 viral copies in 10° cell equivalents of cel-
Iular DNA. The identity of the SFV sequences was con-
firmed by nucleotide sequence analysis of gel-purified
DNA fragments {gel DNA recovery kit, Zymoclean, Orange,
CA), obtained with primets 6 and 7. PCR primers, which
amplified an 838-bp fragment of the human p-actin gene
{Clontech, Palo Alto, CA), were used as a control for the
presence of DNA in the sample. The PCR mixture without
DNA was used as the negative control.

Nucleotide sequence analysis

Nuclestide sequence reactions were set up with primers 6
and 7, according to the protocol with a cycle sequencing
kit according the manufacturer’s protocol with 5X
sequencing buffer (BigDye Terminator Version 3.1 cycle
sequencing kit, Applied Biosystems, Foster City, CA). The
sequence reactions were purified with spin columns
(CeniriSep, Princeton Separations, Adelphia, NJJ, and
sequences were determined with a DNA sequencing sys-
temn {ABI Prism 377, Perkin-Elmer Applied Biosysiems,
Foster City, CA).

Blood processing and virus isolation

PRMNC and plasma were prepared from bloed containing

EDTA as preservative {SeraCare Bioservices, previously

BBI Biotech Research Laboratories, Inc., Gaithersburg,

MD). Plasma was dliquoted and stored at —80°C. PBMNC

were prepared by the Ficoll-Hypaque method, aliquoted,

and cryopreserved. For virus isolation, PBMNC were stim-

ulated in a 24-well plate with 5 pg per mL phytohemagglu-

tinz (PHA; Murex Biotech Ltd, Dartford, Kent, England) for
72 hours in RPM]I containing 10 percent (1000 U} human
interleukin-2 (Roche, Indianapolis, IN}, 10 percent FBS
{heat-inactivated 56°C for 30 min; Hyclone), 2 mmol per
L glutamine, 250 U of penicillin per mL, 250 g of strepto-
mycin per mL. PHA-stimulated PBMNC were added to
M. dunni cells {1.3%10%1.9% 109 in a 75-cm® fask for
coculture in Dulbecco’s minimum essential medium con-
taining 10 percent FBS, 2 mmol per L glutamine, 250 U of
penicillin per L, 250 pg of streptomycin per ml in a total
volume of 20 mL. Cultures were passaged every 3 or 4 days
when the cells reached confluency and maintained unil
culture termination due to extensive CPE or at least
30 days. PBMNC were added back to the cultures for three
passages after the initial coculture. Filtered supernatants
were collected and stored at various times during the cul-
ture period for Min®-dependent yeverse transeripiase (BT)
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assay.®’ SFV identity was confirined at culture termination
by PCR amplification and nucleotide sequence analysis.

PBMNC viral load determination

MRC-5 cells were planted overnight as described above for
the neutralization assay. One-milliliter of medium was
removed and replaced with 1 mL containing fivefold seri-
ally diluted monkey PBMNC ranging from 1 10° cells per
mL to 320 cells per mL per well. Each dilution was tested
in at least four replicates. The plate was incubated at 37°C
for 14 days. Filtered supernatant was collected and ana-
lyzed for SFV by a PCR-enhanced RT assay (STE-PERT®),
The TCIDy, was calculated by the Kirber method® and
infectious uvnits per million total PBMNC {TUPM)
expressed as the reciprocal of the TCID;,.

RESULTS

SFV infection occurred in two recipient monkeys (R1 and
R2) that were transfused with blood from donor animal
P1, but not in the two animals (R3 and R4} that received
blood from donor animal D2 or in a saline-injected
control animal,

Detection of SFV-specific antibodies in transfused
monkeys
Plasma from study animals was analyzed for SFV-specific
antibodies at various times after transfusion. The results
of dot blot assays are shown in Table 1. The earliest time
at which SFV antibody was detected in R1 and R2 was 22
and 16 weeks, respectively, after which time both animals
remained positive. The control animal was negative at all
tested times.

The antibody status of the animals was further eval-
uated by Western blot analysis. The results in Fig. 1 indi-
cate the presence of SFV antibodies as early as Week 1,

R1
24 8 1116 22 3048 0

g 1

which decreased over time, representing passive transfer
of donor antibodies. The resurgence of antibodies was
seen at Week 22 in R1 and at Week 16 in R2 indicating the
development of antibodies in response to virus infection
after transfusion. Antibodies to SFV proteins persisted at
Week 48, the last time point tested: the 65K and 70K pro-
teins most likely correspond to the diagnostic Gag doublet
seen in all infected species (p68/71%*). Passive antibody
transfer also eccurred in R3 and R4 after blood transfusion
from D2; however, there was no evidence of new aniibody
development due to virus infection (data not shown). No
SFV-specific antibodies were seen in the control animal.

Detection of SFV sequences in monkey PBMNG

Tlie kinetics of SFV infection by blood transfer were eval-
uated by PCR analysis of monkey PBMNC DNA. SFV-spe-
cific primers amplified a 343-bp fragment from R1 and R2
from PBMNC at Week 8 after transfusion and thereafter
(Fig. 2). The expected size f-actin fragment was seen in all
the samples, indicating the presence of intact DNA in the
samples. The identity of the PCR-amplified fragment from

TABLE 1. Development of SFV-specific antibodies by
blood transfusion”

Weeks after Monkeys
transfusion R1 R2 Control
Q — - -
1 - - -
2 — - -
4 - - - N
8 - - -
11 - - -
16 - +— -
22 + + -
30 o+ + -
* All samples were run in the same assay, and esach sample was
analyzed in two independent assays. Differences in the results
in the two assays are indicaled. Nagative is less than 1.5,

R2 D1

2 4 8 11 16 22 30 48 weeks

Fig. 1. Detection of SFV-specific antibodies by Western blot analysis. Monkey plasma samples, obtained ont day of blood transfusion
(Week 0) and at various weeks after transfusion (except Week 16, where serum was used), were incubated with immunoblot strips
containing lysate prepared from SFV-2-infected M. dunni cells and proteins'visua}ized as described under Materials and methods, A
5-gecond cxposure of the autoradiogram is shown. The molecular masses of prominently visible, SFV-specific proteins, calculated
from standard markers (MultiMark, Novex, San Diego, CA), are indicated in kilodaltons.
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Weeks after transfugion

012481122

SFV

B-Actin

SFV
I - Actin

CON M SFV
Bl B-Actin

Fig. 2. Petection of SFV in monkey PBMNCs by PCR assay. SFV-
specific primers were used to analyze PBMNC DNA as described
under Materials and methods. DNA samples were prepared
from PBMNCs that were obtained on the day of blood transfu-
sion (Week 0) and at the indicated times after transfusion, PCR
amplification with B-actin primers confirmed presence of DNA
in the samples. CON = control.

the 22-week sample of R1 and R2 was confirmed by nucle-
otide sequence analysis. As shown in Fig. 3, the SFV
sequences in R1 and R2 weve identical to the SFV in D1.
SFV-specific sequences were not detected in R3 and R4 at
any time up to 30 weeks (the last tested time), including
early time after transfusion, where passive antibodies
were present (data not shown). The control animal was
negative by PCR with SFV primers.

SFYV isolation from monkey PBMNC

To determine whether the SFV sequences detected in R1
and R2 were associated with an infectious virus, monkey
PBMNCs from Week 11 and Week 22 after transfusion were
cocultured with M. drnni cells. The cultures were moni-
tored for replicating SFV by the appearance of CPE in the
cell monolayer and by RT production in cell-free super-
natant, The RT results, shown in Fig. 4, indicate earlier
virus isolation with the Week 11 sample from both &1 and
R2, with culture termination due to extensive CPE at
Day 14: in the case of the Week 22 sample, there was a
slightly delayed kinetics of virus isolation with culture ter-
mination on Day 16. This difference in the kinetics of virus
isolation was also evidenced by CPE detection in the coc-
ultures, which was seen on Day3 in the case of the
Week 11 sample and on Day 11 with the Week 22 sample.
The kinetics of virus isolation with PBMNC from the day
of bleod transfusion for D1 showed that CPE was seen on
Day 11 with culture termination on Day 18. No virus was
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detected in PBMINC from K1 and R2 on the day of trans-
fusion nor at any time from the control animal. There was
no evidence of virus iselation from PBMNC of R3 and R4
at any time point tested including 1 year after blood trans-
fusion, the last tested time; virus was isolated from D2 on
the day of blood transfer (data not shown).

The identity of the viruses isolated in the coculture
experiments with the Week 11 sample from R1 and B2 was
confirmed by PCR amplification and nucleotide sequence
analysis: the results indicated sequence identity with
SEV-DI (data not shown).

Characterization of donor monkeys

The selection of D1 and D2 as donors was initially based
on the results of earlier infectivity studies, which demon-
strated that the SEVs isolated from the PBMNC of D1 and
D2 were distinct in their replication kinetics and CPE
development: SFV-D1 had high replication and rapid CPE
as compared with SFV-D2 {data not shown). To further
investigate the differences in SFV transmission by blood
transfusion with D1 and D2, the neutralizing antibody
titer and PBMNC viral load were determined on stored
samples from the animals. The results indicated a neutral-
izing antibody endpoint titer of 1:50 for D1 and 1:800 for
D2. PBMNC viral load analysis indicated 32.4 IUPM for D1
and 3.8 TUPM for D2. Additionally, a retrospective analysis
the CBC differential count indicated that the WBC count
in D2 was about half of that in D1,

DISCUSSION

The identification of SFV-seropositive blood donors has
raised safety concerns regarding SFV transmission by
blood transfusion. A study analyzing recipients of blood
components such as RBCs, filtered RBCs (WBC-reduced),
PLTs, and fractionated plasma from one SFV-infected
donor demonstrated absence of virus transmission;'t
however, PBMNC, which are known targets of SFV infec-
tion, were not examined and the results are limited by the
sample size, Based on a theoretical risk the CDC has been
counseling infected people not to donate blood.” To eval-
uate the potential risk of SFV transmission by blood and
blood products, we have initially determined virus trans-
mission by whole-blood transfusion in a monkey model.
Biood was transferred from two donor animals that were
naturally infected with SFVs that had distinct replication
kinetics and nucleotide sequences. Interestingly, SFV
transmission only occurred with DI: antibodies devel-
oped at 16 to 22 weeks and persisted approxirnately 1 year
after transfusion (the iast time tested); SFV sequences
were detected by PCR at 8 weeks after transfusion, and
infectious virus was isolated from PBMNC at Week 11 and
Week 22, The lack of virus transmission with blaod trans-
fusion from D2 was unexpected because SFV has an



SIMIAN FOAMY VIRUS TRANSMISSION BY BLOOD TRANSFUSION

* % * * * *

PBMNC viral load reported in chronic
infection with SIV in African green
monkeys® and HIV-1 in humans®
Although the blood transfer volume was
the same (10 mL), based on the CBC dif-
ferential, it was found that D1 had twice
the number of WBC as D2: thus approx-
imately 29x10° PBMNC were trans-
fused in case of D] and 15x 10° in case
of D2 so that the approximate number
of infected cells transferred by D1 was
940 cells and 57 by D2. Additional stud-
ies will be performed to determine
whether the PBMNC viral load repre-
sents the total nwmber of infected cells
in blood and the coniribution of plasma
viral load, if any, in SFV transfusion
transmission. It should be noted that
virus fitness® may play an important
role in virus transmission from D1

SFV-D1  TCTTTTGTATCCACAGTTAGGAATTAGTAARGGTAGTTTGGAATTCTGTATTAGCTTTTA
SEV-RL  ............ e e
S
kS * * * * *
SFV-D1  GARGAAGTATAARAGCACTATGATACATIGTACGGGAGCTCITCACTACTCGCTETGCCE
-
SEV-RZ e e e e e
* * * " * *
SFV-D1  AGAGTGTTCGAGACTCTCCAGGCTTGGTAAGARATATTATAACTTTGTTATTCTGATCCT
SEV-RL ettt e e e e
S
* v & * £l *
SFV-D1 TTCTOIGCTCTGCTATTTAGRTTGTAATGGGTAARGGCARTGCTTAATCAGATTTAATAC
)
)
% a* * * * *
8FV-D1  AATAARCCGACTTAATTCGAGAACCAUACTTATITTATTGTCTCTTTCAATACTTTATGY
o
1
* x & -
SFV-D1  ARAGTGAAAGGAGTTGTCTATTAGCCTTGCTTAGGGAACCATC
1
SEV-RZ ittt iantt e e

Fig. 3. Nucleotide sequence identification of SFV sequences in blood recipient mon-
keys. Nucleotide sequences of SFV in R1 and R2 (designated as SFV-R1 and SFV-R2,
respectively} were determined from DNA fragments that were PCR-amplified from
PBMNC at 22 weeks after transfusion (shown inFig. 2). Sequence comparison with SFV
in the donor animal (SFV-D1) are shown: dots indicate base fdentity; asterisks indicate

base count.

exceptionally broad host range and tissue tropism and
is easily transmitted in NHPs, albeit via the saliva.? Differ-
ent factors may contribute to retrovirus transmission such
as virus load in the inoculum and fimess of the donor
virus. Additionally, neutralizing antibodies have been
shown to block SHIV infection of macaques.”* Antibody
analysis of D1 and D2 indicated a significantly higher neu-
tralizing antibody endpoint titer in D2 compared to D1
(1:800 versus 1:50, respectively) suggesting that neutraliz-
ing antibodies may play a role in SFV transmission. Stud-
ies are undey way to investigate the contribution of
antibody titer in the faflure of SFV transmission by D2. The
results of these studies may provide insight regarding fac-
tors involved in SFV transmission and in assessing the risk
of virus transmission by blood donozs. .

High viral load is an important determinant of virus
trapsimission in HIV-1 infection® In the case of SFV
infection, the virus largely infects Iymphocytes and
monocytes,**'* and it is believed that virus is mostly cell-
associated with no detectable virus in the plasma. There-
fore, we initially determined the PBMNC viral load of DI
and D2: the resuits indicated that the 1TUPM was 32.4 and
3.5, respectively. Interestingly, this is similar to the
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based upon in vitro studies indicating
that SFV-D1 had earlier replication
kinetics and more rapid CPE develop-
ment than SFV-D2 (data not shown).
The relationship between virus fitness
and SFV transmission will be investi-
gated to assess the risk of infection by
blood transfusion.

Interestingly,  virus isolation
occurred with more rapid kinetics with
the Week 11 PBMNC samples fromn R1
and R2 than with the Week 22 samples
(Fig, 4). Furthermore, the kinetics of virus isolation from
PBMC of chronically infected DI was similar to that of
Week 22 samples. This result suggests a higher PBMNC
viral load early after infection, with a subsequent lower set
point in long-terr infection. To evaluate the kinetics of
virus infection in vivo, longitudinal analysis of PBMNC
viral load will be done on stored samples, including quan-
titative analysis by TagMan PCR. Additionally, corre-
sponding plasma samples will be tested for evidence of
any SFV viremia. Analysis of PBMNC and plasma viral load
may identify a high-risk window period of SFV transmis-
sion by bleod transfusion. It is noteworthy that the appar-
ent reduction in viral load in the Week 22 PBMNC samples
coincided with the increase in $FV-specific antibodies
{Table 1 and Fig. 1), thereby suggesting a potential role of
neutralizing antibodies in reducing virus replication.

The consequences of cross-species fransmission of
retroviruses are unpredictable and may not be noticed for
an extended period until there is a elinical outcome. This
ts rost effectively evidenced by HIV-1, which was discov-
ered in 1983 due to the AIDS epidemic’ more than
50vyears after the initial cross-species infection with
SIV32* The lack of disease associated with SEV in any spe-
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RT activity (cpm/3 pL)
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support at SeraCare BioServices (previously
BBI Biotech Research Lahoratories, Gaithers-
burg, MD), for processing of monkey blood
and Richard Herberling and Anthony Cook
{Simian Diagnostic Lahoratories) for helpful
advice in establishing the virus neutralization

RT activity (cpm/5 pL)

o 5 10 15 0 o 5
Days after coculture

Fig. 4, SFV isolation from monkey PBMNC. PBMNC of R1 and R2, obtained on theday

of blood transfer and at Weeks 11 and 22 after transfosion (2.0 x 10%-2.3 x 19% were 3.
PHA-stimtlated and cocultured with M. dunni cells, until the cultures were termi-

nated due to extensive CPE. PBMNC from the conirol animal (CON: Week 22;

2.4 x 10% and donor D1 (day of bloed transfusion; <2.0 % 10%) were PHA-stitnulated,

and cocultures set up as controls for PBMNC fxorm negative and positive monkey, 4.
respectively. M. dunni cells without monkey PBMNC were included as cell culiure

control. Filtered supernatant was collecied during the culture perfod and assayed fox

RT activity (mean £ standard deviation was caleulated from two spois). Day of blood 5.
transfusion, (J; Week 11 after transfusion, A Week 22 after transfusion, O; M. dunni

control, 4.

cies is an enigma,™ especially since foamy viruses can be
highly cytopathic in cells in vitro.? Due to the stable inte-
gration and long-térm persistence of infectious viral
sequences in the host genome, SFV might have an unex-
pected clinical outcome. Thus, similar to other retrovi-
ruses of public health impact, it is prudent take
appropriate measures to avoid SFV exposure and
infection. :

The absence of known disease and lack of transmis-
sion in humans does not negate health concerns related
to SFV infection in hwmans due to insufficient data. Dem-
onstration of SFV infection by blood transfusion in & mon-
key model indicates potential risk for virus transtmission
in humans, The results suppori consideration of appropri-
ate safeguards against exposure to SFV, or any other
sirnian agent, through the human blood supply.
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Abstract

Background: Parvovirus B19, the only knows pathogenic human parvovirus is the aetiologic agent of erythema infectiosum, transient aplastic
crisis, puré red cell aplasia, and hydrops fetalis. Transmission is either by respiratory secretions or, as it can be present at high titre in plasma,
by blood and blood products. B19 is only cultured with difficnity in vitro, and there is no readily available assay for detecting B19 infectivity
or neutralizing antibodies,

Objectives: In this study, we evaluated different methods to detect viral infection for the purpose of developing automnated mesthods for
large-scale testing of viral infectivity, development of neutralizing antibody and viral inactivation assays.

Study design: Different cell lines were evaluated for their ability to support B19 infection and assays tested for sensitivity and ease of
performing. A high-throughput assay was validated by determining infectious virus in blood pools and for determining neutralizing antibody
in sera.

Results: B19 protein production was detected by immunofluorescence (IF) staining and increased viral DNA production by dot blot hybridiza-
tion and quantitative PCR, The detection of RNA transcripts by RT-PCR assay and quantitative RT-PCR (qRT-PCR) was used as an indirect
marker for infection. Of the cell lines tested, the subclone UT7/Epo-St showed the greatest sensitivity to B19 infection, with detection
of viral transcripts by qRT-PCR the preferred assay. The assays were validated by experiments to determine the infectious tire of sera
from acutely infected humans, 1o evaluate the presence of infectious virus in human donor plasma pools and to measure neutralizing
antibodies.

© 2006 Elsevier B.V. All rights reserved.

Keywords: Parvovims B19; Erythrovims infections; Neutralizing aniibody

1. Introduction B19 is highly erythrotropic and replicates to high titre

in erythroid progenitor cells. In healthy individuals, at the

Parvovirus BI9 is the only known parvovirus pathogenic
to humans. It is associated with a number of diseases
including erythema infectiosum (“fifth disease™) in children,
arthropathy commonly seen in women, transient aplastic cri-
sis in individuals with high red cell turnover, pure red cell
aplasia in immunocompromised patients, and hydrops fetalis
following infection during pregnancy (Young and Brown,
2004).
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height of the transient viraemia, viral titres as high as 10'3
genome equivalents {ge)/mL are detectable. Individuals are
often asymptomatic at this time, and highly viraemic blood
donations do enter the blood supply. In addition, as the virns
has only a small (5600 nucleotide) DINA genome, and is non-
enveloped, the virus is relatively heat resigtant (Schwarz et
al., 1992) and not removed by solvent/defergent methods not-
mally used to inactivate virus (Mortimer et al., 1983b; Sayers,
1994). Depending on the sensiiivity of the assay, B19 DNA
can be detected in between 0.1 1% and 0.003% of blood donor
samples (Jordan et al., 1998; McOmish etal., 1993; Mortimer
etal., 1983b; Tsujimura et al., 1993; Wakamatsu ct al., 1999),
and transmission of B19 infection to recipients of both blood
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and blood products has been frequently documented (Azzi
et al., 1999). Attempting to reduce the risk of B9 infection
has become a major concem for blood and blood product
suppliers in Evrope and America {Brown et al., 2001), with
many countries now advecating screening of plasma pools to
remove samples containing high B19 viral titres.

However, BI9 DNA appears to be very stable and low lev-
els of B19 DNA can persist in serum and a range of tissues
for months following acute infection (Soderlund-Venermo et
al., 2002), and dstection of viral DNA does not equate nec-
essarily with active viral infection. In addition, assays for
detecting infections virus are extremely limited. Although
B19 has been shown to replicate in vitro in primary erythroid
progenitor cells from bone marrow (Mortimer et al., 1983a),
peripheral blood (Ozawa et al., 1986) and fetal liver (Brown et
al., 1991; Yaegashi et al., 1989), very few cell lines have been
found to be permissive for B19 infection, and even in these,
viral replication is inefficient, The first cell line described
to be permissive for Bi9 infection was an erythropoietin
(Epo)-dependent subclone of UT7, a megakaryoblastoid cell
line (Shimornura et al,, 1992). Since then, a limited num-
ber of additional cell lines have been described, including
KU812Ep6, an erythroleukaemic cell line (Miyagawa et al.,
1999}, and JK-1 cells (Takahashi et al., 1993). To date no com-
parative studies of the differences in susceptibility/sensitivity
and permissivity amongst these cell lines have been pub-
lished.

A number of different methods have been suggested
for detecting parvovirus B19. Currently, methods for iden-
tifying active clinical B19 infections include detection of
B19 nucleic acid testing by direct dot blot hybridization
(Anderson et al., 1985) or PCR (Cassinotti et al,, 1993;
Clewley, 1992), and more recently RT-PCR for RNA tran-
scripts (Wong et al., 2003). Similar methods have been nsed
for detecting infection in cells or cell lines, but little has
been published on the relative sensitivity of the different
methods.

In this study we compared the susceptibility/sensitivity
of various cell lines to B19 infection and evaluated different
methods to detect viral infection. In addition, we established
a high-throughput method for detection of B19 infection
and validated the assay by using it fo detect infectious
virus in plasma pools and neutralizing antibodies in serum
samples.

2. Materials and methods
2.1. Cell lines

Cell lines were obtained from American Tissue Type Col-
lection (ATCC, Manassas, VA, USA) and maintained in Dul-
beceo’s modified Eagle medium (DMEM) plus 10% fetal calf
serum (FCS), penicillin, streptomyein and glutamine (P/S/G;
Gibco/Invitrogen, Carlsbad, CA, USA)at 37 °C with 5% COy
unless otherwise stated. UT7/Epo (Shimomura et al., 1992)
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were maintained in RPMI 1640 with 10% FCS and 5 U/mL
of Epo (Amgen, Thousand Oaks, CA, USA). UT7/Epo-S1,2
subclone of UT7/Epo and a gift from Dr Sagamura (Morita et
al., 2001) were maintained in Iscove’s modified Dulbecco’s
media (IMDM) plus 10% FCS, and 2 U Epo/mL. K1J812Ep6,
a gift from Dr Miyagawa (Miyagawa et al., 1999) were main-
tained in RPMI 1640, 10% FCS and 6 U Epo/ml. K-562 and
JK-1 cells (Dentsche Sammlung von Mikroorganismen und
Zeltkulturen (DSMZ), Braunschweig, Germany) were main-
tained in RPMI 1640, with 10% FCS.

2.2. B19, serum and plasma sources

Plasma and serum samples containing high-tifre infectious
B19 was obtained from several sources. J35 was obtained
from a sickie-cell patient in aplastic crisis, and previously
determined to be negative for both B19 IgM and IgG (data
not shown). Additjonal plasma samples were obtained from
normal donors at the time of blood donation, and provided
by Mei-Ying Yu at CBER, FDA and Aris Lazo at V., Tech-
nologies, Inc. The WHO standard sample (Saldanha et al.,
2002) was obtained from National Institutes of Biological
Standards and Control (NIBSC), South Mimims, UK.

Plasma pools containing high-titre B19 were a kind gift
of Matthias Gessner of Baxter. Serum samples from lab-
oratory donors and healthy blood donors obtained as part
of the National Heart, Lung, and Blood Institute (NHLBI)
Retrovirus Epidemiology Blood Doner Study, NHLBI repos-
itory, and previously tested for antibedy to parvovirus
B19 (Brown =t al.,, 2004) were used in the neuiralization
assay.

2.3. Comparison of infectivity of different cell types

The infection assay was as previously described (Nguyen
et al., 2002). Briefly, on the day before infection, cells were
split 1:2 with appropriate media to induce cell division. On the
day of infection, cells were seeded at 2 x 10° cells/100 pL,an
equal vohume of virus dilution was added and the infection
was allowed to incubate at 4°C for 2h. After the incuba-
tion, 800 pL of appropriate media was added to the infection
bringing the vohime to I mL. The cells were transferred to 2
24-well plate and incubated at 37 °C and harvested for anal-
ysis on Days 1, 2, 3, or 6.

2.4, Immunofluorescence (IF) assay for BI9 capsid
proteins

Cells were evaluated for B19 protein production by IF
staining. Approximately 5 x 10* cells were collected onto
glass slides by cytocentrifugation at 1500 mpm for § min and
fixed in methanol—acetone (1:1) at —20°C. Viral capsid pro-
teins were detected by mouse anti-B 19 monoclonal antibody,
521-5D (a gift from Lairy Anderson, CDC, Atlanta, GA,
{ISA) followed by goat anti-mouse [gG FITC (Zhi et al,,
2004).
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2.5, Bi9 DNA

DNA direct hybridization was used to quantitate the B19
copy number as previously described (Brown et al., 1994).
Briefly, plasmid pYT103 was diluted to give a range of
DNA concentrations (0, 0.1, 1, 10, and 100 pg/pd). Plas-
mid dilutions, sermm samples or exiracted DNA (10l
were added to 20001 0.333M NaOH and incubated at
room femperature to denature the DNA. The samples were
then applied to a nylon membrane (0.45 wm pore, Nytran
Plus, Schieicher and Schuell, Keene, NH, USA) using
a dot blot manifold apparaius (96-well, Schleicher and
Schuell}, the membrane washed in 6x §5C, and the mem-
brane baked at 80°C for an howr in 2 vacuum oven. The
membranes were hybridized with a 2P random-primed
probe of the complete B19 coding region .(EcoRI digest
of pYT103) in Hybrisol (Serologicals Corporation; 42°C
overnight). The membranes were washed with 2x SSC;
0.1% SDS at room temperature and 0.1x 8SC; 0.1% SDS
for 20min at 55°C, and then exposed to either a “phos-
phor” sereen (Molecular Dynamics, GE Healthcare) or X-ray
film.

2.6. Quantitative PCR

DNA was extracted from cells and supernatant using the
QlAmp DNA mini Kit (Qjagen, Valencia, CA, USA), and
quantitated by qPCR using the QuantiTect Probe PCR kit
{Qiagen), vsing primers in the capsid region of the virus.
Specifically the primers and probe used were’ B19-Cap-F
(5'-TACCTGTCTGGATTGCAAAGC-3';0.4 uM) and B19-
Cap-R(5'-GATGGGTTTTCTAGGGGATTATC-3; 0.4 uM)
and 0.2:M B19-Cap-Probe probe (6-FAM-ATG GTG GGA
AAG TGA TGA TGA ATT TGC TA-Black Hole Quencher).
Quantitation of the number of genome copies was estimated
by comparison to a standard curve obtained from serial dilu-
tions of the pYT103, and confirmed by testing the NIBSC
- standard (Saldanha et al., 2002).

2.7. RT-PCR

As previously described, an RT-PCR assay was used to
look for spliced viral transcripts as a marker for infection
{Nguyen et al., 2002). Briefly, cells were harvested and total
RNA extracted using 200 L. RNA STAT-60. Contaminating
DNA wag temoved ysing RQ1 DNAse (Promega) incubation
for 15 min at room temperature and RNA was reverse tran-
scribed by initially incubating RNA with random primers
and reverse transcriptase, Superseript Il {Invitrogen), prior to
PCR amplication with primers B19-9 and B19-1. To increase
detection of spliced producis from the RT-PCR reactions,
products were resolved on a 2.5% NuSieve agarose gel and
southern hybridization was performed using probe labeled
with alkaline phosphatase (CDP-Star AlkPhos labeling kit,
Amersham).

2.8. QOuantitative RF-PCR

RNA. transcripts were quantitated by real-time RT-PCR
designed fo amplify producis in the capsid and NS regions
using the QuantiTect Probe RT-PCR kit (Qiagen). The
QuantiTect Probe RT-PCR master mix and QuantiTect
RT mix was combined with 04 pM of the amplification
primers (NS primers 5-GTTTTATGGGCCGCCAAGTA-
¥ and ¥-ATCCCAGACCACCAAGCTTTT-3; capsid
primers  5-CCTGGGCAAGTTAGCGTAC-3 and 5'-
ATGAATCCTTGCAGCACTGTCA-3", and 0.2 pM probe
(NS probe FAM 6'-CCATTGCTAAAAGTGTTCCA-BHQI;
capsid probe FAM-TATGTTGGGCCTGGCAA-TAMRA).
After an initial activation step of 15 min at 95 °C, 45 cycles of
155 at 94°Cand 60 s at 60 °C were performed, Quantitation
of the number of transcripts was by estimating the cDNA
copy nuwmber by comparison of a standard curve of serial
dilutions of pYT103 as described for the quantitative PCR..

To confiry exfraction of RNA, and fo normalize the
number of transcripts per cell, quantitative RT-PCR. (qRT-
PCR) was performed using the same amplification con-
ditions, bt with primers B-actin F (5-GGCACCC-
AGCACAATGAAG-3"), B-actin R (5-GCCGATCCACA-
CGGAGTACT-¥) and actin probe (5'JOE-TCAAGA-
TCATTGCTCCTCCTGAGCGC-3'BHQ). An actin standard
curve was obtained from serial dilutions of a plasmid contain-
ing an extended region of the actin coding sequence.

2.9. High-throughput qRT-PCR

To develop a high-throughput methed for detecting
RNA f{ranscripis, RNA was extracted from cells using
GeneStrips™ (RNAture, Jrvine, CA, USA) according to the
manufacturer’s protocols. mRNA extracted using this method
was converted to cDNA using MMLV-RT (Invitrogen, Carls-
bad, CA, USA) following manufacturer’s protocol scaled up
to a 50 pL reaction volume. B19 RNA transcript production
was determined by gRT-PCR as described above.

In some experimenis the infection volume was scaled
down to 100 wL and incubated in 96-well plates.

2.10. Detection of infectious virus in plasma pools

Plasma pools of 2000 donors that contained B19 DNA by
PCR B19 were tested for their ability to infect UT7/Epa-S1
cells. Infection was as described (100 pL infection volume)
and RINA was extracted with RNAmre Genestrips and ana-
Iyzed by qRT-PCR. The number of B19 DNA copies in
the original plasma pools was determined by quantitative
PCR.

2.11. Neutralizing anzibody detection
Detection of neutralizing antibodies was assayed by qRT-

PCR. Serum of plasma from donors was incubated with serial
dilutions of high-titre B19 containing serum for 1 h prior to
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infection with UT7/Epo-S1 cells as described for infections
(100 pL in a 96-well plate). RINA was extracted from celis
using the RNAture Genestrips and analyzed by qRT-PCR.

3. Results

3.1. Comparison of sensitivity and permissiveness in
haematopoietic cell lines

The majority of the haematopoietic linss tested (HL-60,
HEL, KG-1,KG-1a, K-562, U-937) were negative by both IF
for capsid protein and detection of spliced transcripts indicat-
ing that the cells were non-permissive. Only UT7/Epo cells,
KU812Ep6, the UT7/Epo-S1 subclone and JK-1 cells showed
evidence of B19 infection with the UT7/Epo-81 cells hav-
ing the greatest sensitivity. However, by IF, the number of
positive cells was always low, with <1% positive staining for
KU812Ep6, UT7/Epo and JK-1 cells, but approximately 15%
positive staining for UT7/Epo-81 cells. This greater sensitiv-
ity was confirmed by detection of transcripts in UT7/Epo-51
cells at 10* ge/infection of the high-titre serum, 3 logs Tower
than that detected in the other cell lines. Subsequent studies
were all done with the UT7-Epo-S1 cells.

3.2. Comparison of sensirivity of different methods to
detect infectious B19

IF staining for Bi9 eapsid protein production detected
infected celis consistently at 1072 to 10™2 dilutions of high-
titre serum (>10'2 ge/mL), but the number of positive cells
was low (15-1%). Determining viral DNA production by
direct hybridization of viral DNA by dot blot was lmited
to detection above 10° ge/infection, in part because only
10 L of samiple was analyzed from a 1 mL infection. In time
course experiments, when infecting with high concentrations
of virus (107 ge/mL) spliced transeripts could be detected on
the first day, rising on the third day. When samples were tested
on Day 3, the most sensitive methods were those detecting
RINA transcripts, either by conventional or qRI-PCR assay
or detecting the increase in viral DIVA production by gPCR
{Table 1).

Table |
Compatison of the different sensitivities of assays used to determine B19

infectivity

Detection method Sensitivity, genome

equivalenis (ge)
Protein: IF ~108
DNA: dot blot hybridization 10°
DNA: quantitative PCR 104
RNA: RT-PCR pe
RNA: quantitative RT-PCR 6%

UT7/Epoe-S} cells were infected with dilutions of B19, and cells assayed on
" Day 3. Results are the minimum amount of virus added to a [ mL cell culture
to detect infectivity.

..60_.

Table 2
Comparison of the number of infectious wnits of B19 to the vira] DNA in

different serum or plasma samples

Viral siock Genome eguivalents  Infectious gefinfectious units
{(ge)fmL x 101%) (unitamL)

35 33.2+2.0 108 33%10%

vS2 102429 10° 1.0x 104

Vi1 2,0£03 108 2.0 104

V2 29402 108 2.9 x 104

V3 0.1 £0.1 2% 107 5% 16°

CBER STD 1.0 108 1.0x 10?

Viral DNA measured by gPCR. UT7/Epo-S1 cells were infected with serial
dilutions of virus, on Day 3 RNA was exiracted with RNA STAT60 and B19
transceipts detected by RT-PCR.

3.3. Comparison of the infectivity of different serum
samples with viral copy number

Serial dilutions of different viral sera stock were used to

" infect UT7/Epo-81 cells, and the infectious titre determined

by the endpoint of detection using RT-PCR. (Table 2). The
viral genome equivalents in each sample was determined for
each sample by gPCR and confirmed by dot blot analysis and
the ratio of viral DNA {ge) were compared to infectious units.
The ratio of genome equivalents were relatively high com-
pared to infections units, with ratios ranging from 2 x 10° ge
in the J35 stock to 5 x 103 ge per infectious unit in the CBER
standard.

3.4. Comparison of RNA extraction meihods

Cell lysates were directly incubated in RNAnre “Gen-
estrips”, washed off, and cDNA synthesized in situ, prior to
gPCR. In direct comparion tests RNA extracted from scaled
down 0.1 mL cultures with RNAture Genestrips showed com-
parable sensitivity to 1mL cultures extracted with RNA
STAT-60 (Table 3).

Table 3
Equivalent sensitivity of detection of infectious virus using two different
methods of RNA extraction and B19 transcript defection

High-throughput method

Virus dilution Standard method

Day 0 Day 3 Day 0 Day 3
1073 - - 0 27,345
107¢ - ol 0 1228
16-7 - H ¢ 231
10-% - - 0 1
10-? — - 0 0

A plasma stock (V1) was serially diluted in culfure medium and used to infect
UT7/Epo-S1 cells. Standard method, RNA was extracted from a | mL oulrure
using RNA STAT-60 and transcripts detected by RT-PCR, +++, bands easily
detected by ethidium bromide staining and with an alkaline phosphatase-
Izbeled specifc probe; —, bands not detected; and high-throughput method,
RNA was extracted from a 0.1mlL culture using RNAtureGenestrips and
transcripts detected by NS qRT-PCR. Quantitations are given as ge/nl of
RT reaction volame,
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Betection of infectivas B19 in plasma pools

411

VP gRT-PCR (ge/infection) x 102 ‘

Sample # Stock {ge}mL x 101 RT-PCR result NS gRT-PCR (ge/infection) x 108
Pool#l 18404 A+ 2109 22414

Pool #2 3.240.1 -+ 4.6+0.8 3709

Pool #3 8.5+0.1 4+ 28+03 2.1+£04

Pool i#4 0.5£0.04 ++ 2609 24405

Pool #3 0.005 £ 0.0005 + 0.0023 = 0.001 0.0036 4 0.002

Pool #6 1.14£03 +H 3.0+02 140,05

No virus ] - 0 0

‘The amount of B19in six plasma pools (previously known to contain B19) was defermined by gPCR and the presence of infections virus was determined by
infection of UT#Epo-51 cells and detection of RNA transeripts after by either RT-PCR or using RNAture Genestrips and gRT-PCR amplifying the capsid (VP)

and nonstructural (NS) regions,

3.3, Detection of infectious virus in pooled blood
products ’

To test the sensitivity of our high-throughput assay and to
test its potential application for screening plasma pools for
infections virus we examined six plasma pools previously
identified as containing high-titre B19 DNA. qPCR analysis
confirmed that all samples contained B19 DNA, with five of
the six samples containing high B19 titres with >101! ge/mL.
The sixth sample had ~5 x 10° ge/mL. However, after infec-
tion of UT7/Epo-S1 cells, RNA transcripts could be detected
by both RT-PCR and qRT-PCR, indicating that all the pools
contained nfectious B19 (Table 4).

3.6, Neutralization

As further validation of the high-throughput assay the
method was used to detect B19 neutralizing antibodies in
six sera of known B19 antibody status, After incubation with
serial dilutions of each serum with virus for 2 h, the anti-
body/virus complex was allowed to infect UT7/Epo-S1 cells
in a microtitre plate, RNA exiracted at Day 3 RNAfure Gen-
estrips, and gRT-PCR. performed. No block of infection was
detected in the two sera that were B 19 IgG negative (Table 5).
In contrast, at the highest concentration of virus, there was a
marked reduction in the number of viral transeripts with all
four sera, If a reduction of viral transcripts by >90% is con-
sidered the endpoint, then in two sera the neufralizing titre
was >10%, and in the other 10° and 10, respectively.

4. Discussion

Although the erythroid tropism and inhibition of erythroid
colomy formation was demonsirated in 1983 (Mortimer et
al., 1983a) and replication in vitro infection of bone mar-
row was demonsirated in 1986 (Ozawa et al., 1986), there
is still no readily availabie method for culturing parvovirus
B19 in the laboratory, limiting both the virus availability and
the ability to develop assays to defermine B19 infectivity.
Similarly there are no readily available methods for defect-
ing neutralizing antibodies in patient samples, or for testing
viral inactivation procedures for blood and blood products. -

A number of cell lines have been deseribed that support
B19 infection, and a number of infectivity assays have been
described, based on these cell lines. Specificaily, infection
and neutralization assays based on UT7/Epo cells (Bostic et
al., 1999), KU812Ep6 (Blumel et al., 2002; Bonvicini et al.,
2004; Miyagawa etal., 1999; Saitoetal., 2003} and UT7/Epo-
51 (Prikhod’ko et al., 2005) cells have all been described.
More recently, cells that are not fully permissive for B19
infection have also been evaluated (Caillet-Fauquet ef al.,
2004} However, there have been no attemapts to compare the
different cell types or sensitivity of the different methods. In
addition, many of the methodologies are very labour inten-
sive, and/or require reading of IF, and are therefore notreadily
automated or applicable to testing large numbers of samples.

In our study, IF was the least sensitive of the methods, with
apart from UT7/Epo-31 cells, generally less than 1% of cells
being positive even after inoculation with high-titve virus,

Table 5

Nettralizing antibody assay using quantitative RT-PCR. i the B19 NS region

Serum sample 4 5 44 45 A B

!gG + + — S + —
Serun: alone 0 0 9 ] 0 8
B19+ 1072 serum 189 il 5244 it v 7383
B19+10% seram 30,215 3 14,423 30 34 3801
B19+107% seram 40,657 64 68,165 423 12,674 79,557
B19 alone 36,027 20,709 24,234 19,666 11,448 20,676
Cells only 0 [t 0 i} 1 2

Normal donor serum was preincubated with dilutions of high-tifre B19 plasma (=102 ge/mL} and used to infect UT7Epo-S1 ceils. A representation of
quantitative data obtained is shown and given in ge/l of RT reaction volume and noymalized against the qPCR obtained for B-actin.
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This percentage of positive cells was lower than published in
the literature: Miyagawa reported KU812Ep6 cells as having
about 30% of the cells positive for B19 infection (Miyagawa
et al., 1999), and Morita reported that 40% of the UT7/Epo-
S1 stained positive for B19 infection (Morita et al., 2001).
Some of these discrepancies may be due to the amount of
virus used for the infection (at higher titre we can observe that
30% of cells are positive), differences in culture techniques,
and the specificity of the antibody used (Mab 521-5d used in
these studies is specific for capsid conformational epitopes).
However, as reading IF slides is not readily automated we did
not spend more time optimizing the method.

Assays based on RT-PCR were the most sensitive assays,
‘and in contrast to DNA-based assays were not confounded
by input viral genomes. As with the IF assay, they also con-
firmed that the UT7/Epo-S1 cells were the most sensitive
cell line, and using these cells, we could detect infectious
virus with inocufums of ~10% genome copies. This is also in
keeping with other published results that suggest the ratio of
infectious virus:genome copies is 1:10,000 {Bonvicini et al.,
2004; Miyagawa et al., 1999), not dissimilar to that of other
Parvoviridae (Tattersall and Cotmore, 1988).

Due to the concerns of B19 contamination in blood and
blood product, there is curtently great interest in not only
developing methods to detect infectious virus, but also to
evaluate methods of viral inactivation/removal. Due (o the
difficulty in working with B19, many inactivation studies
have been undertaken using a swrogate parvovirus, nor-
maily porcine parvovirus. However, when comparisons have
been undertaken, porcine parvovirus and B19 have differ-
ent properties as far as heat inactivation (Blumel, 2004)
and pH stability (Boschetti et al., 2004), suggesting where
possible the model virus should be studied. Although we,
with colleagues, have previously described infections assays
based on UT7/Epo cells by detection of spliced transcripts
(Bostic et al., 1999; Lazo et al, 2002) or quantitative
PCR. (Prikhod’ko et al,, 2005), we believe that the com-
bination or RNA extraction process with quantitative RT-
PCR is the easiest method for detecting B19 infection
uider a wide range of different clinical and experimental
conditions.

Finally, the detection of neutralizing antibodies for
parvovirus B19 confinues to be challenging. Although
methylcellnlose-based assays were originally described, they
are insensitive, and require large amounts of infectious virus,
and are guite labour-intensive both to set up and fo read. In
contrast, the assay described here, requires small amount of
B19 virus, and can be readily set up in a microtitre plate
format. In some patients, especially immunocompromised
patients, who have low levels of DNA in serum or tissues in
the presence of B19 IgG, the decision as to whether freatment
with JVIG would be beneficial can be difficult. Measurement
of neutralizing antibodies in these circumstances would be

helpful. In addition, such assays will be critical in determin-
ing the response to B19 immunization when the B1% vaccine
becomes available.

_6 2_

5. Conclusions

This assay can be used to defermine the infectious titre of
parvoviris B19 in a number of different seitings. In addition,
the ability to automate many of the steps in the assay may
allow this assay to be used more widely than is currently

available.
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Little information is available on the immune response to
parvovirus B19 after the administration of contaminated
blood products. In the present study, we found that levels
of B19 1gG in B19-seropositive recipients protect against re-
infection and, after transfusion with pooled plasma contain-
ing B19 DNA (1.6 X 102 IU/mL), increase from 19-39 IU/mL
to 50-100 IU/ml, We found that, in the presence of 1.6-2.2
X 10° IU of B19 DNA/mL in B19-seronegative recipients, a
pooled-plasma B19 IgG level of 59.5 TU/mL is insufficient to
prevent B19 transmission and subsequent seroconversion.
These data should lead te improvements in the assessment
of blood-product safety.

Parvovirus B19 can cause severe disease in immunocompro-
mised individuals, and B19 infection during pregnancy can lead
to fetal mortality. B19 infection is transmitted either via re-
spiratory secretions or via administration of contaminated
blood or blood products. The latter mode of transmission is
especially problematic because of the high resilience of B19 1o
many of the treatments used in plasma processing, such as
solvent-detergent treatment, lyophilization, and high temper-
atures (1], and also because of the extremely high levels of
viremia in acutely infected, and often asymptomatic, individuals
(>10" B19 DNA genome equivalents [GE]/mL or IU/mL) [2].

Significant efforts to minimize the B19 viral load in blood
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products commenced in the late 1990s because of the advent
of robust DNA exiraction and B19 polymerase chain reaction
methodologies in addition to cases of B19 seroconversion in

healthy volunteers who received contaminated plasma as part

of a postmarketing surveillance study [3). Most manufacturers
now undertake minipool B19 nucleic acid testing to reduce
plasma-pool levels of B19 DNA to <10* TU/mL, to conform
with US Food and Drug Administration (FDA} proposals
(available at: http://www.fda.gov/). Standardization of B19
DNA and [gG quantitation, as well as the establishment of
validated serological assay systems, has also contributed to im-
provements in blood-product screening paradigms. The reg-
ulatory requirement that levels of B19 DNA in anti-D antibodjt
preparations be <10 IU/mL [4] further illusirates the actions
taken by regulatory agencieé to effectively improve blood-prod-
uct safety. ,

In: the future, because of enhanced screening protocols, B19
transmission after the administration of blood products should
become a less frequent event. However, heightened awareness
of B19 has resulted in the emergence of relevant information
regarding the infectious dose of B19 and the role played by
B19 IgG in attenuating transmission. Koenigbauer et al. [5]
reported a case of B19 infection in a 36-year-old woman that
resulted from administration of a solvent/detergent-treated
pooled plasma that was subsequently recalled by the American
Red Cross after high levels (10°-10° GE/mL B1% DNA) of B19
DNA were detected by the manufacturer. Blume] et al. [6] de-
tailed 2 cases of B19 infection resulting from the administration
of B19 IgG~ plasma protein—complex concentrates: 1 individual
received 180 mL of heat-treated concentrate containing 8.6 X
10° GE of B19 DNA/mL (1.5 X 10° GE total), and the other™
received 996 mL of material containing 4 X 10° GE of B19
DNAMmL (3.9 X 10° GE total). The transmission of B19 by a
factor VIII concentrate (free of B19 IgG) has been documented
in a case in which seroconversion occurred as a result of in-
fusion of 2 X 10* IU of B19 DNA (1.3 X 10° IU/mL) [7]. Sol-
vent/detergent-treated plasma (Plas+8D) has also been iden-
tified, subsequent to a postmarketing surveillance study of this
product, as the source of B19 infection that occurred in 18
individuals [3, 8], It was concluded that B19 IgG in pooled
plasma (64.7 + 17.5 TU of B19 IgG/mL; [9]) was not protective
in the presence of high B19 viral titers (10°-10° GE/mL) and
that plasma lots containing low viral titers (10°*-10** GE/mL)
did not cause B19 infection in plasma recipients. However, de-
tailed serologicat analysis of this event has not been forthcom-
ing, and the significance that the data have for wider issues of
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B19 infectivity and immunity merits consideration. In the pres-
ent article, we describe the serological analysis of specimens
obtained from 10 individuals who participated in the post-
marketing study [3, 8]; this analysis extends our knowledge of
the immune response to B19 exposure.

Materials and methods. As part of a postmarketing study,
100 adult volunteers, previously determined o be B19 IgG* by
use of an Escherichia coli-based EIA to detect B19 IgG, were each
transfused with 1 unit (200 mL) of pooled plasma (Plas+5D)
[3, 8, 10). Paired plasma specimens (blinded) were obtained
pretransfusion and 1 month posttransfusion from 10 of the
volunteers.

The 20 plasma specimens were analyzed for both B19 IgM
and B19 IgG reactivity against capsid (conformational) VP2
(VP2-N), by use of FDA-approved ElAs (Biotrin). B19 IgG
levels were quantified using the World Health Organization B19
IeG International Standard (93/724) [11]. Furthermore, B19
IgG reactivity against conformational (N} and linear (D) epi-
topes on VP1 (VPI-N and VP1-D, respectively} and to linear
VP2 (VP2-D) was analyzed as described elsewhere {12]. The
subsequent classification of pooled-plasima recipients into groups
L I, and III, as well as the details of plasma pools used for
transfusion, is shown in table 1. '

Results. Figure 1A shows that specimens from groups I and
II contained no VP2-specific IgM reactivity, whereas specimens
from group III exhibited high levels of B19 IgM reactivity post-
transfusion, thereby confirming acute B19 infection in this co-
hort. Analysis of the B19 IgG reactivity of individual plasma
specimens was performed both pre- and posttransfusion, and
3 specimens {01002, 81052, and 01098) of 10 exhibited reac-
tivity against VP2-N pretransfusion, with the range of B19 IgG
in these specimens being 19-39 IU/mL (figure 18, group I);
there was a subsequent increase in the level of B19 IgG reactivity
posttransfusion, which resnlted in 2 of 3 specimens (both trans-
fused with plasma pool PS3 {table 1]) exhibiting B19 IgG levels
>100 IU/mL and the third specimen exhibiting an increase to
50 IU/mL.

A further 3 specimens (01023, 01053, and 01055), 2 of which
were from individuals transfused with plasma pool PS2A (table
1}, were seronegative for antibodies against VP2-N (B19 IgG
<3 IU/mL), both pre- and posttransfusion (figure 1B, group II}.

The remaining 4 paired pretransfusion specimens tested con-
tained no detectable B19 IgG against VP2-N; however, the cor-
responding paired posttransfusion specimens exhibited evidence
of B19 seroconversion and exhibited high levels of reactivity
against VP2-N epitopes (fignre 1B, group IIT); this reactivity
corresponded to B19 IgG levels >100 TU/mL in 2 of 4 of the
specimens, whereas the remaining 2 specimens contained lower
levels of B19 IgG, equivalent to 50 and 78 [U/mL, respectively.
For each specimen, the pattern of reactivity against VP1-N epi-
topes was identical to that exhibited against VP2-N, whereby

IgG specific for VP1-N was increased posttransfusion in group
I and was also evident only posttransfusion in group I (figure
1C)L

When specimens were analyzed for reactivity against VP1-
D epitopes, 2 specimens (01002 and 01098} of 3 from group
I did not exhibit significant pretransfusion IpG reactivity; how-
ever, these 2 specimens did display significant posttransfusion
antibody reactivity {mean + SD IgG index value, 3.5 + 1.7
(IgG index value >1.1 is reactive]) (figure 1D). The remaining
specimen (01052) was seronegative for VP1-D IgG, both pre-
and posttransfusion. Group II specimens were unreactive against
VP1-D. All group III specimens were seronegative for B19 VP1-
D IgG pretransfusion; posttransfusion, however, all had high
levels of antibody reactivity against VP1-D epitopes (mean =+
SD 1gG index value, 3.9 *+ 0.96).

B19 IgG reactivity was observed only against VP2-D epitopes
in group III specimens, with a mean * SD VP2-D IgG index
value of 4.5 = 1,8 (figure 1E). It should be.noted that, although
posttransfusion group I specimens exhibited an increase in lev-
els of B19 IgG against VP2-N epitopes (figure 1B), they had
no increase in antibody reactivity to VP2-D epitopes.

Discussion. The present study demonstrates that, in B19-
seropositive recipients transfused with plasma containing high
levels of B19 DNA (1.6 X 10° 1U/mL), levels of parvovirus B19
IgG against VP1-N and VP2-N epitopes and against linear

Table 1. Classification of pooled-plasma recipi-
ents, accerding to BT9 lgG reactivity against con-
formational epitopes on B19 VP2,

Group no.,
pooled-plasma—

Plasma pool
transfused

10°® GE/mL
- 16¥SGE/ML -

33 X908

iR

01048 . PSt 2.2 x 107 1UjmL
SGicsT T ALY O 2N TRITEL
01069 PsS3 - 1.6 % 108 {Ufmb

NOTE, Plasma pools PS1 and P83 contained 52.5and 72.0
I} of B19 lgG/mL, respectively [9]. The level of B18 DNA in
plasma pool PS2A was provided by A, Lazo. Group | and |I
recipients remained symptom free, wheveas group W1 recipi-
ents experienced mild fever and mualaise, after transfusion,
Group |, recipients who were seropositive before transfusion
(i = 3); group I, reciplents who were seronegative both before
and after fransfusion (n = 3% group lIl, recipients who were
seronsgative beforg transfusion and seropositive after trans-
fusion (n = 4); GE, genome squivalent; MNA, not available.
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Figure 1. A, B19 IgM reactivity against conformational VP2, in pooled-plasma recipients [before and after transfusion). Reactivity is measured as IgM index value {reactivity >1.1 is reactive [dashed
lingf). B, B19 lgG reactivity against capsid {conformational) VP2 {(VP2-N), as determined by EIA and expressed as [U/mL, in pooled-plasma recipients. C, B19 19G reactivity against conformational epitopes
on VP1 [VP1-N), in pooled-plasma recipients. Reactivity is assessed using an immunofiuorescence assay and is graded, according to the manufacturer's instructions on a scale of 14, depending on the
extent of fluorescence. J, B19 IgG reactivity against linear VP1 {VP1-D), in pooled-plasma recipients ibefore and after transfusion). £ B19 lgG reactivity against linear VP2 (VP2-D}, in pooled-plasma
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epitopes on the unique region of VP1 increase dramatically.
Moreover, it also proposes that the levels of B19 IgG in
pooled-plasma products protect against infection in B19-se-
ronegative recipients when only low levels of BI9 DNA (i.e.,
<10** GE/mL) are present. Finally, we have shown that, in the
presence of 1.6-2.2 X 10° IU of B19 DN4/mL, B19 IgG lev-
els of 59.5 {plasma pool PS$1) and 72.0 1U/mL (plasma pool
P53}, respectively, are insufficient to prevent B19 transmission
to B19-seronegative recipients (group III) and subsequent
seroconversion, ‘

Group I recipients were seropositive for B19 IgG before
transfusion with pooled plasma, The level of IgG specific for
VP2-N increased to >100 IU/mL in 2 recipients after trans-
fusion with plasma pool P$3; however, the observed increase
in the remaining recipient (01052) was lower {50 ITU/mL), This
subseguent increase in 1gG response was mirrored by the in-
creased reactivity against VP1-N that was observed posttrans-
fusion, whereby the increase in fluorescence exhibited by the
specimen from recipient 01052 was less than that for the others
in group L It is relevant that, because of the presence of high-
titer B19 DNA, blood products lacking B19-specific antibodies
were most at risk of transmitting B19 infection and that, despite
high levels of B19 DNA, recipients with preexisting B19 IgG
{or who were the administered blood products containing B19
IgG) were not infected [13]. Plentz et al. [14] have also con-
firmed that the presence of B19 IgG in either the recipients of
the blood products or in the administered material offers pro-
tection against B19 DNA (at concentrations of <6 X 10%2.2
X 10° GE/mL} present in therapentic products, to the extent
that no individual (# = 14) receiving a B19-contaminated blood
product showed symptoms of acute B19 infection. The results
of the present study demonstrate that, in a healthy immuno-
competent individnal (recipient 01098), a B19 1gG level of 19
IU/mL confers protection against the development of symp-
toms of B19 infection when that individual is reexposed to the
virus. To our knowledge, the present study is the first to dem-
onstrate that there is a specific level of B19 IgG that protects
against reinfection, The postexposure B19 IgG profile will also
contribute to avoidance of reinfection.

Although all recipients in group I had either lost or never
developed antibody reactivity against VP1 or VP2 epitopes be-
fore transfusion, 2 of them subsequently displayed strong JgG
responses against linear epitopes on the VPI-unique region only
and not against VP2-D. This observation is in accordance with
the work of Soderlund et al. [15] and significantly strengthens
our hypothesis that VP1-specific B-cell memory is maintained
only with respect to linear epitopes of the unique region of
VPJ, as well as with respect to VPI-N/VP2-N epitopes [12].
Recipient 01052 in group 1 exhibited the lowest increase in
B19 IgG reactivity after transfusion and was scronegative for
antibody reactivity against VP1-D both before and after trans-

fusion, possibly as a result of infusion with plasma containing
a B19 viral load lower than that required for reactivation of
the memory response.

Group 1T recipients all remained seronegative after receipt of
pooled plasma. Although information was not available on which
plasma pool was transfused into recipient 01055, both recipient
01023 and recipient 01053 were transfused with plasma pocl
PS2A, which contained 10°° B19 GE/mL {3], Given that the mean
level of B19 IgG observed in pooled plasma is 64.7 + 17.5 IU/f
mL [9}, it is clear that B19 TgG within this range appears to be
protective against infection of seronegative recipients when the
B19 viral load is <10** B19 GE/mL.

Group III recipients who underwent B19 seroconversion af-
ter transfusion exhibited both strong VP2-specific IgM reac-
tivity and significant levels of B19 IgG against VP2-D epitopes.
The latter result is in accordance with previously published
findings that production of antibody directed against VP2-D
epitopes occurs shortly after exposure to B19 [15].

Traditionally, plasma-product manufacturers have relied on
the presence of high levels of B19 IgG in pooled-plasma prod-
ucts alone to indicate product safety [2]. The data presented
in the present study reinforce the strategy of identifying and
removing high-titer B19 plasma donations from plasma pools,
given that 4 of 7 recipients seroconverted because of the pres-
ence of B19 DNA in solvent/detergent-treated pooled human
plasma, Although many companies have introduced minipool
screening to address this problem, such screening is not pres-
ently mandatory, despite the fact that it is vsually high-risk
populations (e.g,, pregnant women and immunocompromised
paiients) who are administered such products, This regulatory
ambiguity is likely to change in coming years, as improved
product-safety profiles are demanded by consumers.

In summary, the present study has provided new data rel-
evant to the B19 IgG level necessary to confer protection after
reexposure to the virus, as well as to the B19 IgG level that, in
pooled-plasma products, may prevent infection of seronegative
Iecipients.

References

1. Santagostino E, Mannucci PM, Gringeri A, et al. Transmission of par-
vovirus B19 by coagulation factor concentrates exposed to 100 degrees
C heat after lyophilization, Transfusion 1997;37:517-22,

2, Saldanha J, Lelie N, Yu MW, Heath A, B9 Collaborative Study Group.
Establishiment of the first World Health Ozganization International
Standard for human parvovirus B19 DNA nucleic acid amplification
techniques. Vox Sang 2002; 82:24-31,

3, Brows KE, Young NS, Alving BM, Barbosa LH, Parvovirus B19: im-
plications for transfusion medicine. Summary of a workshop. Trans-
fuston 2001;41:130-5.

4. European Pharmacopoeia. European pharmacopoeia monograph of hu-
man anti-D immunoglobulin [document 61:0557), Strasbourg, France:
European Pharmacopoeia, 2004.

5. Koenigbauer UE, Eastlund T, Day JW. Clinical iliness due to parvovirus

_6 8_

BRIEF REPORT + JID 2006:194 {15 July) = 157



10,

11

B19 infection after infusion of solvent/detergent-treated pooled plasma.
Transfusion 2000; 40:1203-6.

. Blumel ], Schmidt I, Bffenberger W, et al, Parvovirus B19 transmis-

sion by heat-treated clotting factor concentrates, Transfusion 2002; 42;
1473-81.

. Wu CG, Mason B, JongJ, et al. Parvovirus B19 transmission by a high-

purity factor VIII concentrate. Transfusion 2005;45:1003-10.

. Davenport R, Geohas G, Cohen §, et al. Phase IV study of Plas+®SD:

hepatitis A (HAV) and parvovirus B19 (B19) safety results [abstract

"1942). Bload 2000; 96(Suppl):451A.
. Daly B, Corcoran A, Mahon BP, Doyle §. High-sensitivity PCR detection

of parvovirus B19 in plasma. ] Clin Microbiol 2002; 40:1958-62,
Laub R, Strengers P. Parvoviruses and blood products. Pathol Biol
(Paris) 2002; 50:339—48. )

Ferguson M, Walker D), Cohen B. Report of a collaborative study to

12.

14.

15,

establish the international standard for parvovirus BI9 serum IgG, Bio-
logicals 1997;25:283-8,

Corcoran A, Mzhon BE, Doyle 5. B cell memory is directed toward
conformational epitopes of parvovirus B19 capsid proteins and the
unique region of VPI. J Infect Dis 2004; 189:1873-80.

. Jordza ], Tiangco B, Kiss J, Koch W. Human parvovirus B19: prevalence

of viral DNA in volunteer blood donors and clinical outcomes of
transfusion recipients. Vox Sang 1998; 75:97-102.

Plentz A, Hahn ], Knoll A, Holler E, Jilg W, Madrow S. Exposure of
hematologic patients to parvovirus B19 as 2 contaminant of blood cell
preparations and blood products. Transfusion 2005;45:1811-5,
Soderlund M, Brown CS, Spaan W], Hedman L, Hedman K. Epitope
type-specific IgG responses to ¢apsid proteins VP1 and VP2 of htiman
parvovirus B19. J Infect Dis 1995;172:1431-6.

—

158 + JID 2006:194 (15 July) = BRIEF REPORT

_69_



_0 )_'...

PR 21

2 %% 16
EERAE  TRHE RAERES
{eHE &
SRR . g HEH E—AFEH HEEREDOR | Bk %54 ML
20064F 7 H 10 8B VAP
AR ODFENITFL 27 a— LB AEES DT NG 3]
@A o7y > , . .
- — i — R4 | Thrombosis and Haemostasis .
(@;%%) @@I/ﬁm7|j/IH (J\;?“/X) 2004; 92° 838-845
@ra7 ) o WE (NRVZR)
1: FAILERT AR B1g DNA W, LELVEDERREERTEAICREIND, WA T B1 BRosEREHEs . ghETiEdizg R FoEEEaRm -
WHIITHON D71 N ADOFRELMGEOTRICEM D 5T, BREYAIIABEELTHWEILE2RLTWS, BiE. & h/ULERY ¢
g | TVA B19 DA 3 DORLDWEMICHDNS T EARRENL, THET, BERTFUAOREFY 2 12 L 5HROMIRILL, T OMBHEFRE
. CDc, BAEPCRIZLD, BETFHIEK21CDWT. 202 DELZSIGERFESHODy MEMELL, BE 3 ERcREINE | il =/ 7070 IH 3 FE0
30| 13 ORADZHUHO 181 DTy MICDWTHIFET N, 1980 ERFTD I THEASZNAE TN ARELAEOI N TWah-k 21 oy b | @R,
W (8 W) CibEel /-, BETE 1 DNA D, HERSIhTHWS Oy o 77181 (42.5%) 12, BEficERENZOy FO 17/21 (81%) | 2. BEAELRHEE
- HRHEN, SEPH 2DNA K, 5202 (25%) IKEHEN, #0509 F2TH, #BEFE 1DNA THERINTHE, BETE | (OB
= | 2DNA ARMEE N5 Ow M, IEERSE VIIHEFNSos Oy b, BEERINTWADy FT20y b, 1980 ERPOET | 1) LS EHAHORAECILETETI. = RV
1) {FEREINTWAEDY FT30w MEEENTNE, BN A B1OED T I AEREICRE
DNA BCFI4 013, POR T 2 EIC[BMTH - - BHIE, M RETR 1 SBETE 2 O DNA 2EATHWS ZEERLTHE, BiE - BETECEMRETHD 0, B
M| PR IBETE 1 SHEUOERIRY NIARRITIICRASTENS, RET-VEICE GEAETNTRSEETE 112l BEIZ LD FORBBROFEEEEETERN
= AT NAT TORETFR 2 ORI REICE > T, ORESNOZEMEOL AN ESELTHIENTELTHS D, DT, BEEOBRBETHTERET L.
3. 15
4. &
5. &
HEEOER SR OH 6. ILIR, FEWR, BILREAORSERXIIIER
TR /b R 1 L ABLODERE Th 5 U N 27 ik B 5 VIIE T A b R E N RE TH 5, FRERAROREEEL | L CWBTRECSIBALE, BRLEOT

B AR AR ORBICAVWTYAF Yy MNIESEWEMERY TARC FA MR T W ABIOSBRETEL | BBEFALN EEZXD

f‘r W R THD. SOFy R VRV ABLOMEGEHACONTHRIETEETHD CLERRL TS, 7 | OT. HROHBEIES5R
. BRI UL R A L ABLOERABA LA E LTS, CPVEEFLTANRELEZTANANIT |

— 3 3 EERER S LT ULR 1 L AB19% AW RIEL BRERBRERN S FMOBEETRICBW T

FiEl  REINEEEZ TS,

HEATERIEE FES EHIFENBIESICD
ABREYaCs, FETOBRSICETSE
SEEHIZL TWal, FHOBRGICEDE
rrOVEY 4 I 2 B9 OES ORI REE 2 TRE
TELL, BRLESESICEBR~OEE (F
B, IelEskiE, TaRFET) R S EEtEdt
$5. 3

Faisuy




Cell
Hed
heli
and

W,
T
ase,
67

VA,

-
Res

in‘4
scle
107

the
reg-
0J

ing:
Cell

use

Tom
‘east
Natl

1 al
wof
ause
Lasis

(@

@ 2004 Schawaver GmbH, Stuttgart

\

BENE2006-018

Vg

_Wound Healing and Inflammation / lnfaction ... ...", .

Contamination of coagulation factor concentrates with
human parvovirus B9 genotype | and 2

Beate Schneider!, Maria Becker!, Hans-Hermann Brackmann?, Anna Maria Eis-Hiibinger'

Hnstitute of Medical Microbiology and Immunology and 2Haemophilia Centre, Institute of Experimental Haematology

and Transfusion Medicine; University of Bonn, Germany

Summary

Human parvovirus Bi9 (BI9) DNA has frequently been
derscted in plasma-derived coagulation factor concentrates.
Furthermore, transmission of B9 infection was observed, indi-
cating presence of the infectious virus despite routire viral
inactivation/removal procedures during the manufacturing pro-
cess. Recently, human parvovirus DNA isolates, variant from
B19, have been identified resulting in classification of B{9 virus
into three distinct genotypes, with all viruses previously clas-
sified as B19 belonging to genotype 1. So far, there is no infor-
mation available on contamination of clotting factor concen-
rrates with genotype 2.Therefore, we analysed 202 different
factar concentrate lots for genotype | and 2 DNA by PCR.
Analysis of one hundred eighty-one fots representing 13 differ-
ent products, administered over the last three years, was com-

Keywords

pared to 21 lots (8 products) used until the early [980s which
had not been treated by viral inactivation procedures.
Genatype | DNA was detected in 77/1B| (42.5%) currently
administered lots, and {7/21 (81%} previously used lots. The
level of genotype | DNA contamination was simifar in current-
ly and previously administered concentrates. Genotype 2 DNA
was found in 5/202 (2.5%) lots, all of which were co-contami-
nated with genotype | DNA. DNA sequence analysis showed
that the PCR-double positive concentrates contained typical
genotype | and genotype 2 DNA. Because genotype 2 appears
to cause a similar spectrum of diseases as genotype |, simulta-
neous detection of genotype 2 by nucleic acid amplification
testing (NAT), now widely applied to plasma poals for genotype
I, would give an added leve! of safety to blood products.

Thromb Haemost 2004; 92: 838-45

Human parvovirus, genotype 2, coagulation factor concentrates

Introduction

1 Human parvovirus B19 (B19) DNA has frequently been

detected in plasma-derived coagulation factor concentrates {1-
J}. Transmission of B19 infection by derivatives produced from
pooled plasma has been reported thus indicating the presence of
the infections virus despite routine viral inactivation/removal
procedures during the manufacturing process (6-12). However,
the effectiveness against B19 of the current inactivalion proce-
dures is unclear due to physical robustness of the nonenveloped
virus.

Recently, it has been shown that the genetic diversity of B19:
virus is hipher than previously expected (13-15; for review 16).
Therefore, the species B19 is now subdivided into three differ-
ent genotypes, with all viruses previously classified as B19
belonging to genatype 1. Until now, genotype 2 DNA has been
detected in several European countries including Germany, and
the United States (14, 17, 18), whereas detection of B19 geno-
type 3 was mainly limited to France (15). According to current
data, genotype 2 and genotype 3 viral infections cause the same
speetrum of illnesses as “classical” B19 infections (15). Given
the relatively high homology between the viral proteins, sero-
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Schneider, et al.: Contamination of coagulation factors by parvovirus 819 penotype 2

fogical cross-reaction and a certain degree of cross-protection
between the three penotypes could be expected, at least in
- immunocompetent individuals.

Since there is no information on the frequency of contarni-
nation with BI9 genotype 2, we investigated, by nested polyme-
rase chain reaction, 202 lots of coagulation factor concentrales
representing 21 commerciaily available products for both geno-
type 2 and genotype 1 DNA. One hundred and eighty-one lots

{13 different products) were curently used concentrates admin-
istered during the last three years and 21 lots (R different prod-
ucts} were formerly used concentrates administered up to the
beginning of the 1980s and not virally inactivated, In case of a
positive genotype 2 result, DNA sequence analysis was per-
formed. The viral load of genotype | DNA in currently and for-
merly administered concenirates was quantiiatively measured
by real-time polymerase chain reaction.

Table I: Detection of parvovirus B19 genotype | and genotype 2 DNA in currently administered coagulation factor
concentrates.
-
PCR results
Coagulation Product Virus inactivadon No. of No, of positive lats (%}
factor nn lots tested
i}cnorypcl Grnotype 2
Factor VIII A S/D & dry heat 80 *C 72 h 1000 35 ki [}
500 7 4 1]
£ o4 i o
B Tween 8D & vapour heat 0 “C 10 h 1000 16 12 0
500 8 4 0
250 4 0 3]
T 2% 16 0
(a4 SfD & dry heat 10D0°C0.5 h 1060 25 20 24
500 2 1} 3
4 ¥ 20 2
3] S 1000 1 3 0
Pastaurisation 60 °C 0 h 000 7 1 o
500 2 ¢ 0
r o 1 o
F Pasteurisation 60 °C 10 h 1000 10 ? a
G SfD&dll'thlﬂﬂ"CTZh 1000 1 ] o
H S/D & dry heat 100 *C 05 h 250 1 1 0
Total 129 £0 (46.5%) 2 {1.&%)
Facior IX 1 Tween 80 & vapour heat 60 °C 10k 1000 14 3 1]
80°Clh 600 4 2 0
L 18 7 0
1 S/ & nanofilration 1000 10 4 1]
500 3 1 0
T 13 5 )
K S 500 2 1] 0
Tolal 33 12 (36.4%3 o
Factor Vil L Vopour heat 60 °C 10h, 80°C 1 h 500 - 2 0 0
Acl. prothcombin M Vapour heat 60 °C 10k, BO°C1h 1000 2 3 0
complex concentte 500 ] 2 0
Totat 17 5 4
All products , Tetal 18] 77 d2.5%) 2 (1.1%)

¥ IU = [temational Units congplntton factar per viay
* Genoiype 2 DNA positive lots refeaed 10 as C; and Gy
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Materials and methods

Coagulation factor concentrates

Ia total, 202 fots of 21 commercially available plasma-derived
coagulation factor concentrates were investigated. One hundred
and eighty-one lots {13 different products) were currently avail-
able concentrates, administered during the last three years
(specimens collected between October 18, 2000 and February
28, 2003), compared to 21 lots (8 different products) taken from
formerly tsed concentrates, administered unti} the beginning of
the eighties and not virally inactivated. Details of the investigat-
ed coagulation factor concentrates are given in Table 1 and
Table 2.

DNA isolation and polymerase chain reaction

DNA was prepared from 200 pl of reconstituted factor by spin
column procedure (QIAamp DNA® Mini Kit, Qiagen, Hilden,
Germany) according to the instructions of the manufacturer.
Nested polymerase chain reaction (PCR) for detecton of B19
genotype 1 DNA was performed as dsscribed previously (19).
The assay was found to reliably detect the presence of 2 genome
equivalents per reaction. PCR was specific for genotype |
DNA. Amplification of genotype 2 DNA was performed using
the primers described by Holcynar et al. (14). PCR was carried
ot 1n_50 pl volumes with the following concentation of
reagents: 250 PM of each deoxynucleoside triphosphate
(Ulrapure  dNTPs, Amersham Biosciences, Freiburg,
Germany), 25 pmol of each primer (Sigma-Genasys, Steinheim,
Germany), 5 pl 10X PCR-buoffer (Expand High Fidelity PCR
System, Roche Diagnostics, Mannheim, Germany), 2 mM
MgCl, (Roche Diagnostics) and 175 U DNA polymerase
{Expand High Fidelity PCR System, Roche}, and 5 pl of DNA
preparation, From first round reaction mixture, 5 pL were trans-

ferred to the second round reaction mixture containing the same
constituents as the first round mix, except for the nested prim-
ers. Amplification was as follows: 95 °C for 5 min followed by
35 cycles each consisting of 94°C for 10 s, 50°C for 10 s, and
72°C for 20 s (T3 Thermocycler, Biometra® Géttingen,
Germany). A final elongation step followed for 3 min at 72°C.
Identical conditions were used for the first and second round
amplification. The assay accurately detects 2 genome equiva-
lents per sample, determined as mentioned below. Figure |
Mustrates the positions of the amplified regions in the B19
genome. ‘

10 of the second-round PCR mixture were analysed
by electrophoresis on agarose composite minigels of
1.5%NuSieve® GTG® (FMC}0.5%Seakem® LE [(FMC]
(Cambrex, supplied by Biozym, Hessisch Oldendorf, Ges-
many). Amplified products were visnalised by ethidium bro-
mide staining and UV illumination. Posilive and negative con-
trols were incloded in every run. For negative control, all PCR
reagents and sterile bidistitled water instead of the sample was
used. Strict precautions to avoid contaminations were taken.

DNA sequence analysis

For DNA sequence analysis, half of the genome was amplified
by nested PCR using genotype-specific oligonucleotide primers
(Fig. 1}. For sequencing of genotype 1 DNA, all four nested
primer pairs described by Hemauer et al. (20, amplification
regions: NSI-C, AV, VPI/VP? and VPC) werc used.
Additicnally, primers for amplification of the genome region
between amplification regions VPI/VP2 and VPC (region
VPint) were used: outer forward 53-ACAATGCCAGTG-
GAAAGGAG-3" (nucleotide (nt) 3318-3337; all positions
according to B19 genotype 1 strain Au, GenBank accession nio.
M13178) (21); outer reverse 5-CCCAGGGCGTAAGGA-

Table 2: Detection
PCR. results of parvovirus B19
genotype ! and
Coagulation factor Product s No. of lots No. of positive lots (%) genotype 2 DNA in
tested coagulation factor
concentrates ad-
Genotype 1 Genorype 2 ministered until
the beginning of
the 1980s,
Factor V111 3 250-1100 8 6 9 s
b 2507500 4 4 1*
t 25075007 1000 4 2 0
d 100 | i |
e 250 1 i a
f 1000 ! I ]
2 500 | i |
h 1000 1 l ]
2 17 (81%) 3 (14%)
¥ 1U = International Units coagulation factor per vial
* Lot contzins 500 1U
840
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VP! coding region (G1: nt 2444-4786;
t (G2: ot 2293-4635)

NSt coding region (G1: nt 436-2448; VP2 coding region (G1: at 3125-4786;
|62 01285-2297) | |Gt 2974-4635)
l | I |
1 L. I | | 1 | | ] |
Amplified reglons by . | G2 Gl
primers for qualitative PCR | +—+ 4+
Gl Gl Gl
— NS1-C YPI/VE2 VRC
G2 G2 G2
NSI-C VPI/VP2 VEC
INAL
Amplified regions by primers Av G2
for DA sequencing
AV-IH S veim S
LAV . VPim @ VPCext9?
G
u AV-11 52
Figure I: Schematic representation of the amplified regions of the parvavirus BI9 genome. The reading frames of the

viral proteins NSI,VPI and VP2 are indicated in the upper part of the figure. Mumbering of the nucleotides of BI9 genotype | (G1}
according to the genotype 1 strain Au (GenBank accession no. M|3178); numbering of the nucleotides of genotype 2 {G2) according
to strain Lali (GenBank accession no. AYG44266). The genome regions amplified by nested PCR using genotype | (G|} and genotype 2

{G2) -specific primers are shown in the lower part of the figure. Gl

and G2-specific prirmers used for qualitative PCR were previous-

ly deseribed (14, l‘9);GI- and G2-specific primers for DNA sequencing as mentioned in materiol and methods.

TATT-3’ (nt 4117-4099); nested forward 5-AAGGTTTGCAC-
CATCAGTCC-3" (ut 3341-3360); nested reverse 5°-TTAAG-"
GCTTTTCCAGCTCCA-3" (nt 4064-4045). In cases where no
PCR. product was obtained by AV-specific primers, the follow-
ing primer set was used (amplification region AV-I): outer for-
ward 5-CTACACACCTTTGGCAGACC-3” (at 2151-2170Y;
outer reverse 5-GGACTGATGGTGCAAACCTT-3" (nt 3360-
3341); nested forward 5-TTTACCTGTGTGTTGTGTGCAA-
37 (nt 2223-2244); nested reverse 5-CTGCGGGAGAAAA-
CACCTTA-3" (nt 3305-3286).

For amplification of genotype 2 DNA the sequences of the
primers used for the genotype 1 amplification regions MS1-C,
AV, VPI/VP2 and VPC were modified according to the
sequence of the genotype 2 sirain LaLi (14; GenBark accession
o, AY(044266). Primers for amplification of the penome region
between amplification region VP1/VP2 and VPC (amplification
region VPint) were as follows: outer forward 5-CAGTG-
GAAAAGAGGCAAAGG-3 (nt 3174-3193; nucleotide posi-
tions according to genotype 2 strain LaLi; note that homologous
genome regions of genotype 1 and 2 are not congruently num-
bered); outer reverse 3"-CCAGTGATGGTATGGCTGTG-3" (at
3993-3974); nested forward 57-CATAATGGGCTACTCAA-
" CACCA-3" {nt 3210-3231); nested reverse 5°-GCGCC-
TGTATTGGAAGTGTC-3" (nt 3899-3880). When the modified
primers failed to amplify the region AV the following primer
sets were used: amplification region AV-I: outer forward 5°-

84|

ATTGCCTGTTTGTTGTGTGC-3" (at 2072-2091); outer
reverse 5-ATAGGTCTGGAGAGTCTTTAAGATTAC-3 (nt
2521-2495); nested forward 5-TGTCCTCATTGTAT-
TAATGTGGGA-3" (nt 2127-2150); nested reverse 5°-CAAA-
CAGGGAAGATGGGTTT-3" (ut 2473-2454); amplification
region AV-IE ouwter forward 5-AGGATGTGTATAAGCAA-
TTTGTA-3" (nt 2342-2364); outer reverse 3-CTTTTCTGA-
GGCGTTGTATGC-3" (nt 2964-2944); nested forward 5°-
GTTACTGGGACAGACTTAGAGCTTATA-3" (nt 2380-
2406); nested reverse 5-ATCTTTTACTGCTTGTGCTTGAA-
37 (nt 2877-2855). For amplification of the region encoding the
extreme C-terminal region of the viral stractural proteins, the
following primers were used (amplification region: VPCext):
outer forward 5'-TGGACCAATTGGGGGTATTA-3” (nt 4315-
4334; positions according to genotype 2 strain A6 clone ¢2,
GenBank accession no. AY064475 (17); corresponding
sequences of strain Lald nol availahle); outer reverse 5™
GTTCTCTGCGGGGTATTGG-3” (nt 4683-4665); nested for-
ward §-GAATCCACAGCCTGGAGTGT-3" (nt 4432-4451};
nested reverse 5°-TCTGGGTGGTACAGGAGGAC-3 (nt
4649-4630).

For DNA sequencing, nested PCR products were purified by
QIAquick PCR Purification Kit (Qiagen, Hilden, Germany) and
sequencing reactions were carried out using approximately 5-20
ng of the purified PCR product, Amplicons from at least two
independent PCR reactions were sequenced in the forward and
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reverse directions using the nested primers. Sequencing was
performed with the ABI PRISM® BigDye™ Terminator v1.1
Cycle Sequencing Ready Reaction Kit (ABI, Applied
Biosystems, Weilerstadt, Germany), unincorporated dye terni-
nators removed using SigmaSpin™ Post-Reaction Clean-Up
Columns (Sigma.Aldrich, Steinheim, Germany) and. reactions
were run on an ABT PRISM® 310 Genetic Analyzer (Applied
Biosystems). Sequencing data were mannally reviewed.
Alignments were generated by ClustalX 1.81 and sequence edit-
ing was performed using BioEdit.

Quantitative polymerase chain reaction

For quantitative measnzement of genotype 1 DNA contamina-
tton, real-time PCR (LightCycler - Parvovirus B19 Quantifica-
tion Kit, Roche Diagnostics, Mannheim, Germany) was carried
out, using a LighiCycler instrument (Roche Molecular
Biochemicals, Mannheim, Germany), according to the manu-

-facturers instructions. In addition to the Roche B19 DNA stan-

dards, the International Standard for B19 DNA (1* World
Health Orpanization International Standard 99/800 for
Parvovirus B19 DNA [National Institute of Biological Standard
and Control (NIBSC), London, UK]; 5x 10° IU per vial) (22)
was included in each . The Intemational Standard was
assayed undiluted and in 5 serial tenfold dilutions. The assay
amplifies genotype 1 virus, For semi-quantitative measurement
of genotype | DNA, 10-fold dilutions of the DNA preparations
from the factor concentrates, the International Standard for B19
DNA (99/800) and from cloned (almost fuli-lengih) B19 DNA
were performed. The plasmid pGEM-1/B19 was kindly pro-
vided by Dr. Jonathan P. Clewley, Central Public Health
Laboratory, London, UK. Nested PCR was performed as men-
tioned above (19). For semi-guantitative measurement of geno-
type 2 DNA, a PCR product amplified by the outer primers
described by Hokynar et al. (14) was TA cloned into the pCR®4-
TOPO® plasmid. Nested PCR with 10-fold dilutions of known
amounts of cloned genotype 2 DNA was canried out using the
primers described by Hokynar el al. (14) and the amplification
protocol given zbove.

Statistical analysis
The statistical analysis was performed using the %2 test,

Results

Contamination with B19 genotype | DNA

Genotype 1 DNA was detected by genotype 1-specific PCR in
771181 (42.5%; lots of coagulation factor concentrates used for
therapy in the last three years (Table 1). The percentage of con-
larinated lots was higher for facior VII concentrates (47%)
than for factor IX {36%) and activaled prothrombin complex
concentrates (29%). However, the differences were not statisti-
cally significant because of the relatively small numbers of fac-
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Figure 2: Levels of BI9 genotype | DNA contamina-
tion in coagulation factor VIl concentrates. All PCR-posi-
tive lots were quantified by real-time PCR and classified in logi0
levels (x-fold value not considered) with the exception of five
lots. Figure 2A, Results from 56 currently used lots {four PCR-
positive lots not tested). Specific products are indicated by let-
ters in each column. Figure 2B. Results from |6 lots adminis- -
tered until the beginning of the 1980s. Except for one product
(product f), all PCR-positive lots were tested. n.g. = not quantifi-
able. :

tor IX and prothrombin complex concentrate Jots. The highest
contamination rate was found in product C (74.1%, factor VII
concenirate). Analysis of coagulation factor VIII concentrates
used until the beginning of the eighties for therapy showed that

. the frequency of contamination was sigaificantly higher (17/21

= 81%; p < 0.01) than in currently used factor VIII concentrates
(Table 2),

Quantitative real-time PCR amplifying genotype 1 DNA
was performed on 56/60 PCR-positive factor VIII lots currently
used and on 16/17 PCR-positive previously used factor VI lots
(Fig. 2). The results showed that contamination ranged from
less than 2x 102 IU/mL ta 3x 107 T/mL. Sixteen percent {5/56)
of currently used concentrates proved (o be highly contaminat-
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Coapulation factor Genotype | Genotype 2
(genome equivalents/mL*)  (genome equivalents/mL)
Currently administered
concenirates C 10" 192
G 10° 10°
Formerly administered Table 3: Semi-
concentrates b 10¢ 10 quantitative PCR
d 10’ 10° ahalysis of parvovi-
g 10’ 10° rus BI9 genotype
{ and 2 DNA in
* | genome equivalent is equal to about 0.3 IU of BI9 co'c?nta‘mmated
* x-fold value not considered clotting factor con-
centrates.

ed (108 to 107 1U/ml). The level of B1S DNA contamination was
similar in cumrently and previously used factor concentrates. In
factor IX and prothrombin complex concentrate contaminated
lots, viral titres were mostly lower (1112 and 5/5 lots, respec-
tively, analysed). The maximum viral titre observed in factor IX
concentrates was 10° IU/ml, and 10% IUfml in prothrombin com-
plex concentrates {data not shown).

Contamination with Bi ¢ genotype 2 DNA
Genotype 2 DNA was detected by genotype 2-specific PCR in
2/181 (1.1%) lots of currently administered concentrates (Table
1) and in 3/21 (14%} lots of previously used concentrates (Table
2). Thus, the number of concentrates contarminated with geno-
type 2 DNA (5/202) was significantly lower than the number of
concentrates contaminated with genotype 1 DNA (34/202; p <
0.001). All genotype 2 DNA positive lots were co-contaminated
with genotype 1| DNA.

To verify the PCR results, DNA sequence analysis was car-
ried out on the five double-PCR positive concentrates using
genotype 1 and genotype 2-specific primers in separale
sequencing reactions. Because of the low degree of genetic var-
iability of parvovins B19, sequencing of larger parts of the viral
genome was performed. Of the ten isolates, seven isolates (4x
genotype 1 and 3x genotype 2 isolates) were sequenced over
approximately half of the genome (genotype 1: nt 1901-4708;
genotype 2: nt 1901-4830; numbering of nt positions according
to genotype 1 prototype strain Av, GenBank accession no.
M13178). One genotype 2 DNA isolate was sequenced for 2155
nucleotides (nt 2302-2604, 2973-4830; deletion of six consecu-
tive nucleotides coding for 2 amino acids in the nonstructural
1kD protein). However, due 1o the considerable quantitative
differences in viral contamination between genotype 1 and ge-
notype 2 DNA in two products (see below), suceessful amplifi-
cation of larger parts of the low-level contaminating genotype
virus was not possible. One genotype 1 isolate cauld culy be
sequenced over a region of 677 nucleotides (nt 3361-4037) and
one genotype 2 contaminant over 1918 nucleotides (nt 1901-
2604, 2973-4008, 4653-4830). Nucleotide sequence compari-

son was performed with genotype 1 strain Av and genotype 2

strain A6 (accession no. AY084475, AY064476).

Sequence analysis revealed that the double-PCR positive
concentrates contained both typical genotype 1 and genotype 2
variants. All genotype 1 and genotype 2 DNA isolates differed
from each other. Two of the four genotype 1 isolates that were
sequenced over half of the penome revealed ambigoities in 7
and 9 nucleotide positions, respectively. These ambiguities were
most probably caused by the presence of several B19 strains
within the plasma poo).

In genotype 1 isolates, the percentage of nucleotide post-
tions divergent to genotype ! prototype strain Au varied from
0.46 ta 1.35% (the isolate that could not be sequenced for a larg-
er stretch was not considered). Sequence divergence of the three
genotype 2 genomes sequenced for half of the genome to the
genotype 2 strain A6 was 1.6, 1.7 and 2.3%, respectively.
Genetic difference between the three factor-derived genotype 2
genomes and the genome of genotype 1 prototype strain Au was
8.7 (two isolates) and 9.0% and, therefore, within the range of
the divergence bhetween genotype 1 strain Au and genotype 2
strain Ab (9.4%). The nucleotide sequence data from this study
have been deposited in the nucleotide database of NCBI
{National Center for Biotechnology Information) (GenBank
accession numbers AY661660-AY661670. Semi-quantitative
PCR apalysis of the co-contaminated lots revealed relative
differences in viral contamination between the two ge-notypes
except for one concentrate. In four concentrates genotype |
DNA was present in higher concentrations than genotype 2

'DNA while in one concentrate (C,) genotype 2 DNA was

present in the higher concentration (Table 3). Because there
exists no international standard for genotype 2 DNA, the con-
centration of genotype 1 DNA is also expressed in genome
equivalents to provide better comparability.

Discussion

The purpose of the study presented here was to gain insight into
the possible risk of contamination of clotting factor concen-
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trates by the recently discovered human parvovirus B19 variant,
classified as B19 genolype 2. The results of the study clearly
show that genotype 2 DNA is present in coagulation factor con-
centrates much less frequently than genotype 1 DNA. In cur-
rently used coagulation factors the detection rate for genotype 2
was 1.1% whereas the rate for genotype 1 was 42.5% (p <
0.001). Although the number of investigated products that have
been formetly used was rather small, the study furiher indicates
that the rate of genotype 1 DNA contamination in currently used
factor VIO products is significantly lower than in praviously
used products (p < 0.01). Moreover, the fact that genotype 2
DNA has been detected in products used up until the early
1980s indicates that the “new"” genotype does not represent a
recently emerged virus as might have been assumed due to its
recent identification (14, 15, 17).

In Literature there is only one report describing prevalence
of genotype 2 DNA in human blood. Npuyen et al. (17) tested
62 plasma pools each derived from plasma from 2000 Danish
voluntary blood donors. No genotype 2 viraemic pool was
delected by PCR. In contrast, screening of the plasma pools
for B19 identified 40 pools (65%) containing BI19 DNA.
Furthermore, among 207 serum samples submitted to the NIH
specifically for testing for B19 between 1991 and 2001,
only one sample collected from an Ttalian HIV-positive patient
with chronic anaemia lested positive for genotype 2 DNA.
Thus, the low detection rate of genotype 2 DNA in clotting
factor concentrates observed in the present study is consistent
with the low frequency of genotype 2 DNA in blood. and
plasma pools.

In contrast to the low detection rate of genotype 2 DNA in
blood, we and others have shown that genotype 2 DNA is
present in human tissue in a relatively high proportion. Holcynar
et al. (14) detected genotype 2 DNA in /19 (47%) human skin
samples collected from B19 seropositive individuals.
Furthermore, we detected genotype 2 DNA in 27/88 (31%) liver
specimens collected from randomly selected adults undergoing
liver transplantation or liver biopsy or obtained from autopsied
individuals (18). Genotype 2 DNA has also been found in 5/83
(6%} Yivers from patients with fulminant hepatitis or hepatitis-
associated aplastic anaeria (23): These findings indicate that
genotype 2 is more widespread than might be suspected from
the low detection rate in blood or blood-derived coagulation
factor concentrates and that genotype 2, like genotype 1, per-
sists in humaxn tissue (24-26).

With regard to the high incidence of viral DNA in tissue and
the low detection rate in blood products one can speculaie that
the characteristics of the virasmic phase of infection might be

different between the two genotypes. B19 infection is character- -

ised by a high-level viraemia (up to 10" genome equiva-
lents/m?) during the carly stage of infection which is frequently
foliowed by a low-level viraemia, existing for monthis er even
years after acute disease (27). Genotype 2 virasmia, however,

might be shorter and viral titres may be mostly lower than in
genotype | viraemia resulting in a low cccurrence rate in blood
products.

Altematively, it is conceivable that divergence between the
structural proteins of the two genotypes mediates an altered sen-
sitivity to the virus removal/inactivation procedures used during
the manufacturing of coagulation factor concentrates. However,
this hypothesis seems unlikely because the sequence divergence
is relatively low, ie. 1.4 to <2% at the amino acid sequence
level for the major viral capsid protein (VP2) which accounts
for about 93% of the viral capsid, and 2.2 to 3.3% for the minor
viral capsid protein (VP1}) present in the virion. This calculation
is based on the genotype 2 sequences presented herein, togeth-
er with those available from GenBank. However, to unambigu-
ously rule out the possibility that the small differences in capsid
composition between the two genotypes would mediate a differ-
ent sensitivity to physical and chemical procedures, specific
culture studies with genotype 2 would be necessary. Although
there is some experience from work with genotype 1 (28-32),
suceessful propagation of genotype 2 in cell culture as a prereg-
nisite for such investigations has not been reported up to now. -

Genotype 1| viral DNA is frequently present in currently
administered factor concentrates. The occurrence of blood
donations contaminated with genotype } DNA has been esti-
mated to be between 1: 5950 to about 1: 30000 (33, 34), increas-
ing to as high as 1: 260 during epidemic periods (35). The high
levels of viraemia in acutely infected individuals combined with
the resistance of the virus to inactivation procedures, means that
there is a high probability of lof contamination. Factor VIII
products were found to contain the highest degree of genotype
1 contamination (10° and 10° TU/ml). However, these maximum
levels were present only in the product fTom one manufacturer
{product C). Over the last few years, nucleic acid testing (NAT)
of plasma pools for B19 DNA has been increasingly implement-
ed. In 2002 it was stated by a plasma protein consortium (PPTA)
that NAT for B19 DNA has now became universally effective
and manufacturing pools will not exceed levels of 10% TU
DNA/ml. Futthermore, although a recommendation was pre-
sented sugpesting a standardised B19 NAT schedule to ensure
that the proposed limit of the FDA for manufacturing pools
(<10* [W/mI) can be achieved, the application of NAT assays to
plasma pools, destined for production of coagulation factor con-
centrates, remains a voluntary procedure, However, the fact that
the overall frequency of viral contamination in currently admin-
istered products is significantly lower than in formerly nsed
ongs might be interpreted as a positive effect of the present pro-
cedures, including NAT, to reduce the risk of contamination of
clotiing factor products,

The results presented here indicate that genotype 2 is not a
frequent contaminant {2.5%) in coagulation factor concentrates.
Nevertheless, to further improve the viral safety of blood prod-
ucts it seems reasonable 1o reflect on the need for implementa-
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tion of nucleic acid testing for genotype 2. Since parvovins
B19 has been recognized as a major contaminant of blood prod-
ucts, plasma pool testing by NAT for genotype 1 is now widely
applied. However, it can be assumed that, similar to our stan-
dard PCR for B19, many primers currently used for B19 PCR

blood products.

do not detect genotype 2 DNA because of insufficient comple-

mentarity. Thus, for detection of genotype 2, and possibly geno-
type 3 DNA, alternative primers such as consensus primers or
degenerate primers should be used if separate amplification is to
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An article in the Japan Times further noted that the government was found liable for failing to prevent
the use of these products. In handing down his ruling, Jndge Keiji Suda said that the state and the
company were negligent because they allowed the use of unheated blood products despite the
knowledge of the dangers associated with their use. '

The recent distribution of blood containing malaria has prompted public concern regarding the
Korean National Red Cross and its management of blood and blood products. According to a Sept.
8 Korea Times article, a patient who received a transfusion after a car accident and was subsequently
diagnosed with malaria has criticized the organization for failing to prevent the distribution of suspect
blood. Some allege that the Korean National Red Cross was made aware of the situation but did not take
any action, resulting in continued circulation of unsuitable blood products. One patient has reportedly
already died after contracting malaria via transfusion.

According to the article, despite inadequate blood sereening procedures, the Korean National Red Cross
atiributes the problem to a privacy law that prevents it from viewing data from the Korea Center for
Disease Control and Prevention, which holds information on regions with a high rate of malana
infection. :

Industry

Abbott Laboratories will soon deliver 20 of its PRISM system fully antomated blood screening
instruments to ARC U.S. National Testing Laboratories. In addition to the PRISM systems, the
company will also provide the ARC laboratories with the hepatitis B core antibody and surface antigen
asgays. According to a Sept. 6 press release posted on PR Newswire, the contract for the equipment and
assays beging immediately and is expected to run through 2011, “This agreement underscores our
longstanding commitment to working with the Amencan Red Cross to help ensure the safety of the
nation’s blood supply,” said Jeff Binder, senior vice president of diagnostic operations at Abbott.

People

Kathy Connolly, chair of the AABB Donor Recruitment and Public Relations Committee, was
recently recognized for her commitment to the bloed community. Connolly, who began her career in
blood banking more than 30 years ago, works as the director of public relations for the Rhode Island
Blood Center and was presented with the Bank of Amenca’s 2006 Neighborhood Champions in
acknowledgment of her dedication to health care. In 2003, Connolly was awarded the AABB Chapman-
Franzmeier Memorial Award for her local and national efforts to recrait blood donors. g3

CareerLink aasp's CareerLink, the leading online job biank for blood banking and
transfusion medicine professionals!

Visit www.aabb.org/Content/Professional Development/CareerLink/careedink.hitm

10 . : AABB Copyright © 2006
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Qutbreak Notice

Update: Malaria, Great Exuma, Bahamas
This information is current as of today, July 4, 2006, 04:39:43 PM

Updatad: Jure 30, 2008
Reteasad: June 46, 2008

In mid-June 2008, the Centers for Disease Control and Prevention (CDC) received offictal reparts of
confirmed malaria cases in Great Exuma, Bashamas, an area where malaria fransmission does not
normally oceur and for which antimalarial drugs have not previously been recomimended. As of Juna
29, there have been a total of 18 cases of which 4 were travelers. Of the 4 travel-associated cases, 2
were from the U.S., 1 from Canada, and 1 from Germany. Al had traveled to Great Exuma for
varying petiods between late April and the end of May.

All these confirmed infections were caused by Plasmodium feiciparum. Most of the patients reported
no recent travel to malaria-endemic areas, byt some of the Bahamas residents diagnosed with
malaria may have recently traveled from Halfi, where P. falciparum.is endemic. No additional cases
of malaria have been identified since Juna 18 ,

Malaria is not considered endemic on the islands of the Bahamas, The Ministry of Health in the
Bahamas has responded with helghtened surveillance for and treatment of malatia cases, mosquito
conirol measures, and aducation of the iocal population. The Caribbean Epidemiclogy Center and
the Pan Amegrican Health OrganizationWorld Health Omganization are assisting the Ministry of Health
with these responge measures. '

Antimalarial Medication

At this fime, CDC s recommending that U.S. based travelers take preventive doses of chloroguine
before, during, and after they travel to Greaf Exuma. This recommendation is expected 1o be
temporary and does not apply to other islands of the Bahamas. Chlcroquine has a leng history of use
and safety and is well tolerated by most peaple, including children. People with an allergy o
chloroeguine should discuss an alternative anhtimalarial drug with their health-care provider. To leam
more about chloroguineg, including dosing information, see ion_fi Pubilic;
Drugs for Malaria.

Other Prevention Measures

Because chloroquine and othet antimalarial drugs are nof 100% protective, iravelers to Great Exuma
should take precautions fo protect against mosquita bites. These prevention measures should be
taken by travelers to other islands in the Bahamas as well because other mosquiio fransmitted
Infections ocour there.

Repellents containing 30% — 50% DEET (N, N-dlethyl-m-toluamide) are recommended.
lLower concenirations of DEET offer shorter-term protection, requiring more frequent
reapplication.

¢ To learn more about preventing mosquito bites and the appropriate use of ingect rapellents,
visit Protection Agglnst Mostuito and Other Arthropods in Health information for International
Trave!f and What Yau Need to Know sbout Mosquite Repelient.

Malara caused by P. fafciparum may rapldly result in a severe, life-threatening illness if not promptly
treated. If you have traveled o Great Extima and you becorme ill with fever and offier fiu-like

hitp://www.cde.gov,/ travgl/ other/2006/ maléri a, é%e_thamas.htm

"o Useinsaci Tepelient of exposed skifi suifaces wheh olddotrs, pariciifatly from disk i dawn. -
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symptoms, you should Immediately seek professional medical care; inform your health-care provider
that you have visited an area currently experiencing a malaria outbreak.

V=it tha CDC's Travelers' Health website for Health information for ngygléra to Countries in the

Caribbean. _

Health-case providers needing sssistance with diagnosis of management of suspecied cases of
malarta should call the CDC Mafaria Hotiine: 770-488-7788 (M-F, 8 am-4:30 pm, Eastern Time), Fot
consultation after hours, call 770-488-7100 and ask to speak with a CDC Malaria Branch clinician.

Dutar June 30, 2005 _
Content Source: Natlonal Cetler for Infaciious Disewses, Division of Global Migration and Quamrding

BABUR «MRA LIS PEWPER™

Centers for Dissese Control and Prevention, 1600 Chiftan Rd, Atlanta, GA 30333, US.A
Tel: (404) 838-3311 / Publie inquiries: (404} 639-3534 / (B00) 311-3435

| hitp:/ /www.cdo.zov/travel/other/ 2006/ malaria_bahamas.htm 2006/07/04
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A ds

C\iting ProMED-mail

In the capital of Kyrgyzstan 79 cases of malaria have been

Links registered; 60 from Bishkek and 19 from the Chuysk region. Despite
preventive measures, the outbreak is growing. This information was
Donations provided by the deputy chief of the state sanitary epidemiological

surveillance {S85) center in Bishkek, Adilbek Djuzenov.

According to Adilbek Djuzenov, it reguires several years of
preventive work to destroy a malaria focus. Kyrgyzstan registered 125
malaria cases in 2005, of whom most were inhabitants of Ak-Bata and
Kalis Ordo villages of Bishkek. The epicenter of the spread is the
Ala-Archinsk reservoir in the Chuysk region.

Accerding to Djuzenov, 819 households at Ak-Bata and Kalis ordo have
been sprayed with insecticides. RHowever, it is challenging for the

population to understand the problem, and [only) sometimes do people
allow the SES staff to spray their houses.

According to Adilbek Djuzenov, the disease can be treated with
Primosin [ProMED does not know what drug is being referred to under
this brand name}, and enough drugs were delivered by humanitarian aid.

' ProMED-mail
<promed@promedmail . org>

[ProMED reported 88 cases of malaria in Bishkek in 2005. We still do
not have a species identification., Malaria was eradicated in
Kyrgyzstan in 1958; however, fzom 1986 onwards, as a result of the
importation of malaria by military personnel returning from
Afghanistan, a few local cases have been registered annually. In 1986
and 1987, 14 and 10 auteochthonous malaria cases were detected,
respectively. In 1988, ‘21 cases due to local transmission were
registered. In 2002; 2 total of 2267 autochthonous _P. vivax cases
were reported in the southwestern regions of the country, inecluding
Batken, Osh and Jalal-Abad.

The explosive resumption of malaria transmission in Kyrgyzstan was
the result of immigration of a number of infected people from
Tajikistan intc the Batken region. In 2004-2005, there was a
significant decrease in the reported number of autochthonous malaria
cases (42 in 2005). However, in 2004 the first autochthonous case of
P. falciparum malaria was reported in the Aravan district of the
southern part of Kyrgyzstan, in an area bordering Uzbekistan, and in
2005 the number of autochthonous cases of _P. vivax_malaria
increased in the outskirts of Bishkek, the capital of the country
{Source:
<http://www.euro.who.int/walaria/ctryinfo/affected/20020712 17>).
ProMED reported B3 cases of malaria from Kyrgyzstan in 2005 in
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contrast to the 42 the country rezported thecugh WHO. This indicates
that there may be some underreporting of cases. - Mod.EP]

[Bishkek is the capital of Kyrgyzstan and its population is 768 00D.
The Chuysk region bordexrs Bishkek and has 785 700 people. - Mod.NR]

[A good map of Kyrgystan can be found at:
<hitp://www. lib, utexas, edu/maps /commenwealth/kyrgyzstan pold6.jpg>. ~ Mod.MPP]

[see also:
2005
Malaria - Kyrgyzstan (02) 20050823.2482
~ Malaria - Kyrgyzstan 20050723.2124
2004
Malaria, falciparum ~ Kyrgyzstan (Osh} 29040815.2263
2002
Malaria, autochthonous -~ Russia (Moscow) 20020608.4439
2001
Malaria, autochthonous
2000

NIS: 1992-2000 24010819.1562

Malaria, autochthonous - Kazakhstan (02) 20000804.1507

Malaria, autochthonous - Russia (Krasnoyarsk) 20000816.1366

Malaria - Russia (Moscow) 20000525.0827

1999 (
Malaria, autochthonous - Russia (Ryazan} 19990909.1583 -
1998

Malaria - Turkmenistan (02) 19981218.2398
Malaria - Kyrgyzstan {02) 159809210.1825
Malaria - Azerbaijan & Newly Independent States 19980714.1332

Malaria, epidemic ~ Azerbaijan (02) 12980708.1278

Malaria, epidemic - Azerbaijan: RFI 19980706.1263]
.................. nr/mpp/ep/pg/mpp
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Advaning Transfusion and
Calhilar Therapies Workdwide

ASSOCIATION BULLETIN

#06-04

Date: April 26, 2006

To: AABB Members

From: Christopher D. Hillyer, MD — President
Karen Shoos Lipton, JD — Chief Executive Officer

Re: Recommendations for Blood Collection Facilities in Response to Epidemic
Mumps in the Midwest

Background

The state of Iowa is experiencing a large outbreak of mumps that began in December
2005. As of April 20, 2006 more than 1,000 suspect, probable and confirmed cases have
been reported to the Jowa Department of Public Health. The majority of infections are
among persons 18-25 years of age. Caseés initially predominated in postsecondary
educational facilities (colleges, universities, trade schools, etc). However, in recent weeks
many cases have been reported outside these venues. Additional cases of mumps,
possibly linked to the Iowa outbreak, are also under investigation in eight neighboring
states, including Illinois, Indiana, Kansas, Michigan, Minnesota, Missouri, Nebraska and
Wisconsin. The outbreak is expected to spread further, perhaps nationally.

The source of the current US outbreak is unknown. However, the mumps strain has been
identified as serogroup G, the same as that circulating in the United Kingdom (UK). The
outbreak in the UK has been ongoing from 2004 to 2006 and has involved more than
70,000 cases. The individuals had been fully immunized [with two doses of Measles-
Mumps-Rubella (MMR) vaccine] in approximately 70% of the cases investigated to date.

Mumps is an acute viral infection characterized by a nonspecific prodrome including
myalgia, anorexia, malaise, headache and fever, followed by acute onset of unilateral or
bilateral tender swelling of parotid or other salivary glands. In unvaccinated populations,
an estimated 30-70% of mumps infections are associated with typical acute parotitis.
However, as many as 20% of infections are asymptomatic and nearly 50% are associated
with nonspecific or primarily respiratory symptoms (cough, sore throat), with or without
parotitis.

Complications of mumps infection can include deafness, orchitis, oophoritis, or mastitis
(inflammation of the testicles, ovaries or breasts, respectively), pancreatitis,
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meningitis/encephalitis and spontaneous abortion. With the exception of deafness, these
complications are more common among adults than children.

Natural transmission of mumps virus occurs by direct contact with respiratory droplets
(ie, coughing and sneezing), saliva or contact with contaminated fomites. The incubation
period is generally 16-18 days (range 12-25 days) from exposure to onset of symptoms.
Mumps can be spread from an infected person by droplets for about five days after onset
of symptoms; howsver, virus has been found in the saliva of patients for as long as nine
days after onset,

Members of the AABB Transfusion-Transmitted Diseases (TTD) Commitiee and
representatives of the US Food and Drug Administration (FDA) have discussed the
potential transfusion transmission of mumps to transfusion recipients from donors with
unrecognized infection and asymptomatic viremia. Transfusion transmission of mumps
virus has never been observed; however, viremia is known to occur, although the Kinetics
are poorly characterized. Information suggests that the viremia is in the form of both cell-
associated and free virus. Whether transfusjon-acquired disease would present with
clinical signs that would allow recognition of mumps after transmission by this unnatural
route is unknown,

Recommendations

On the basis of the current state of knowledge about the possibility of transfusion-
transmitted mumps, the TTD Committee and the FDA agree that a precautionary
approach should be adopted by blood collection facilities in areas affected by epidemic
mumps until more information is available.

1. Blood drives at postsecondary educational facilities or other similar facilities in
areas experiencing epidemic mumps should be scheduled or canceled at the
discretion of the collection facility’s medical director in consultation with local
and/or state public health authorities. In making the decision, medical directors
should use information about mumps activity in the general area and at the
specific institution where the blood drive is scheduled. Decisions should be
consistent with efforts to minimize the risk of the theoretical transmission of
mumps yet maintain local and regional blood supplies adequate for medical need.

2. Donor information: Prospective donors in areas experiencing epidemic mumps
should be provided with information about the existence of mumps in the local
area, the concern about its theoretical transmission by blood, and the donor
deferral criteria specified below. This information can be in any of the following
forms:

Information provided by recruiters before presentation to donate.

b. Written information provided at registration that aliows self-deferral
before screening and/or during administration of the donor history
questionnaire.

¢. New questions added to the donor history questionnaire to allow deferral
at the time of screening.

These optiéns are similar to those accepted by FDA at the time of the severe acute
respiratory syndrome (SARS) epidemic. The decision to implement these measures in all
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or part of a blood region should be made by the collection facility medical director in
consultation with local and/or state public health authorities and using information about
mumps activity in the area.

3. Donor eligibility: A donor is required to be well on the day of donation.
4. Temporary deferral criteria. '

a. Donors with recent mumps infection should be deferred until 14 days after
the resolution of all symptoms of infection. -

b. Donors who have had contact with a person or persons with mumps
should be deferred until 28 days after the last recognized contact. Contact
is defined as any of the following situations:

1. Living in the same dwelling (eg, house, apartment, dormitory
room) as a case patient with a diagnosis of mumps.

ii. Recognized direct contact with upper respiratory secretions (eg,
kissing) or sharing utensils that might be contaminated with upper
respiratory secretions (eg, eating utensils, cups, drinking glasses)
with a case patient with a diagnosis of mumps.

iil. Recognized contact within three feet of a case patient with a
diagnosis of mumps without the use of barrier precautions (mask
and eye protection).

¢. Perthe AABB Standards for Blood Banks and Transfusion Services, 23rd
Edition, receipt of MMR vaccination requires deferral for 28 days.

5. Post donation information: It is probable that if the epidemic is sustained, blood
collection facilities will begin to receive post donation information about donors
who have developed mumps or who have had recognized contact with mumps
that had not been recognized and reported at the time of a prior donation.
Because of the relatively long incubation period of mumps, there is a possibility
that some of these donors may have been viremic at the time of their donation.

a. When a donor provides post donation information that he or she has been
diagnosed with mumps, the donor should be deferred for 14 days after
resolution of all symptoms of infection. Any products collected in the 28
days before or the 14 days after resolution of symptoms should be
recalled, quarantined and destroyed unless used for research.

b. When a donor provides post donation information that he or she was the
contact of a mumps case patient, as defined above, the donor should be
deferred for 28 days after the last recognized contact. Any products
collected from the first date of such contact until 28 days after the last
recognized contact should be recalled, quarantined and destroyed, unless
used for research.

6. Plasma for further manufacture (source and recovered) is not affected by these
recommendations because virus inactivation procedures used to manufacture
plasma derivatives should robustly inactivate this enveloped virus.
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7. Collection facilities may want to consider refraining from the production and
transfusion of fresh frozen plasma from coliections from institutions or locales
with epidemic mumps and diverting of such plasma for further manufacture.
{Relabeling of previously manufactured fresh frozen plasma from such
institutions or locales for further manufacture will require a variance from FDA as
was required for West Nile virus in 2003.)

8. No recommendation is being made to perform consignee notification for the
“purpose of recipient notification at this time. However, some blood collection

facilities, transfusion services and providers may wish to do so, to facilitate an
estimate of the risk, if any, of transfusion transmission of the mumps virus.
Appropriate samples for study might include plasma, serum and cells from the
index donation for serology, viral culfure and nucleic acid amplification, and the
same on samples of recipients. Serial samples on the donor and recipients may be
useful to study seroconversion and viral kinetics if infection is suspected.

9. Collection facilities that implement measures to prevent the theoretical
transmission of mumps virus by transfusion should include notification to the

FDA in their annual report.

America’s Blood Centers (ABC) and American Red Cross (ARC) concur with these
recommendations.
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ORIGINAL ARTICLE

Transmission of Lymphocytic Choriomeningitis
Virus by Organ Transplantation

Staci A, Fischer, M.D., Mary Beth Grabam, M.D., Maithew }, Kuehnert, M.D.,
Carmille N. Kotton, M.D., Arfjun Srinivasan, M.D., Francisco M. Marty, M.D.,
James A, Comer, Ph.D., Jeannette Guarner, M.D.,

Christopher D. Paddock, M.D., M.P.H.T.M., Dawn L, Deldeo, M.D,, M.P.H,,
Wusn-ju Shieh, M.D,, Ph.D., B.P.H., Bobbie R, Fricksen, B.S.,

Utpala Bandy, M.D., M.P.H,, Alfred DeMaria, jr., M.D,, leffrey B, Davis, M.D.,

* Francis L, Delmonico, M., Boris Pavlin, M.D., Anna Likos, M.D., M.BH.,
Martin J. Vincent, Ph.D,, Tara I Sealy, B.S., Cynthia S. Goldsmith, M.5.,
Daniel B. Jernigan, M.D.,, M.P.H., Pierre E. Rollin, M.D., Michelle M. Packard, M.P.H,,
Mitesh Patel, B.S., Courtney Rowland, B.S,, Rita F, Helfand, M.I3,,

Stuart T. Nichol, Ph.D., Jay A. Fishman, M.D., Thomas I(siazek, D.V.M,, Ph.D.,
Sherif R. Zaki, M.D., Ph.D., and the LCMY in Transplant Redipients Investigation Tearn

ABSTRACT

BACKGROUND

In December 2003 and April 2005, signs and symptoms suggestive of infection devel-
oped in two groups of recipients of solid-organ transplants, Bach cluster was inves-
tigated because diagnostic evaluations were umevealing, and in each a common de-
nor was recognized.

METHODS
We examined clinical specimens from the two donors and eight recipients, using
viral culture, electron microscopy, serologic testing, molecular analysis, and histo-
pathological examination with immunchistochemical staining to identify a cause.
Bpidemiologic investigations, including interviews, environmental assessments, and
medical-record reviews, were performed to characterize clinical courses and to
determine the cause of the illnesses.

RESULTS

Laboratory testing revealed lymphocytic choriomeningitis virus (LCMV) in all the
recipients, with a single, unique strain of LCMV identified in each cluster. In both
investigations, LCMV could not be detected in the organ donor. In the 2005 cluster,
the donor had had contact in her home with a pet hamster infected with an LCMV
strain identical to that detected in the organ recipients; no source of LUMV infection
was found in the 2003 cluster. The transplant recipients had abdominal pain, altered
mental status, thrombocytopenia, elevated aminotransferase levels, coagulopathy,
graft dysfunction, and either fever or leukocytosis within three weeks after transplan-
tation. Diarrhea, peri-incisional rash, renal failure, and seizures were variably present.
Seven of the eight recipients died, 9 to 76 days after transplantation. One recipient,
who received ribavirin and reduced levels of immunosuppressive therapy, survived.

CONCLUSIONS
We document two chisters of LCMV infection transmitted through organ trans-
plantation.
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YMPHOCYTIC CHORIOMENINGITIS YIRUS
{LCMV) is a rodent-botne, Old World arena-
dvirus that has been reported to cause
asymptommnatic or mild, selflimited illness in oth-
erwise healthy humans. It is a known cause of
aseptic meningitis, but fatal infection is rare.r?
Transmission of infection from a woman to a
fetus can result in hydrocephalus, chorioretinitis,
or microcephaly.®# Outside of vertical transmis-
sion during pregnaney, human-to-human trans-
mission of LCMV has not been described.® We
describe two clusters of unexplained clinical syn-

- dromes in transplant recipients and the subsequent
_ investigations to identify donot-transmitted infee-

tion as the cause of illness.

METHODS

CASE REPORTS

The 2003 Cluster

In December 2003, unexplained febrile illnesses
developed in four vecipients of solid organs from
a common donor (Fig. 1; additional information
on clinical symptoms and laboratory findings for
each recipient is listed in Table 1 of the Supple-
mentary Appendix, available with the full text
of this article at www.nejm.org),** Kidney Re-
cipient 1 was a 46-year-old man with diabetes.
Diarrhea and mild, diffuse abdominal pain devel-
oped on post-transplantation day 5, but his con-
dition was stable and he was discharged home
the following day. He was readmitted on post-
transplantation day 23 with fever, persistent wa-
tery diarrhea, and worsening abdominal pain,
Laboratory studies revealed leukopenia with ele-
vated aminotransferase and creatinine levels. Gan-
ciclovir therapy was initiated because of concern
about possible cytomegalovirus infection. Tacroli-
mus and mycophenolate moferi! were discontin-
ued. Examination of kidney-, liver-, and bone mar-
row-biopsy specimnens did not reveal an infectious
cause. On day 40 after transplantation, seizures
and polymyaclonus developed. The patient report-
ed blurred vision, and chorioretinitis was noted on
ophthalmolegic examination. Cerebrospinal fluid
studies revealed a markedly elevated level of pro-
tein (720 mg per deciliter), 2 normal glucose
level (147 mg per deciliter (8.2 mmol per liter]),
and 4 white cells and 3 red cells per cubic centi-
meter. Polymerase-chain-reaction (PCR) tests for
cytomegalovirus, herpes simplex vivus, varicella~
zoster viras, Epstein—Barr virus, human herpes-

Figure 1 {facing page). Clinical Course of Lymphocytic
thorlomeningitls Virus (LCMV) Infection in the 2003
Cluster. : .

MMF denotes mycophenofate mofetil, TM®-SMX tri-
methoprim-sulfamethoxazole, IVIG intrayenous im-
mune globulin, and ¥ death. lmrunosuppressive agents
are shown in red, and antimicroblal agents in blue.

virus 6, enterovirus, adenovirus, Mycobacterium tu-
berculosis, and Borrelia burgdorferi were negative,
Magnetic resonance imaging of the brain revealed
bilateral, hemispheric, subdural fluid collections
and diffuse dural thickening. Examination of 2
speciimen obtained by dural biopsy on posttrans-
plantation day 47 showed fibrosis; cidofovir and
intravenous immune globulin were initiated for
the suspected presence of an unknown viral patho-
gen, The patient’s condition centinued to deterio-
rate, and he died on posttransplantation day 53.
An antopsy revealed bronchopneumonia and he-
patic congestion without inflammation.

Kidney Recipient 2 was a 56-year-old man with
glomerulonephritis. He was discharged home on
post-iransplantation day 5 but was readmitted on
post-transplantation day 22 with fever, leuko-
penia, and peri-incisional erythema and tender-
ness. A skin-biopsy specimen obtained at the
wound edge revealed basal-cell vacuolation sug-
gestive of vira) infection; no viral inclusions were
seen, and immunohistochemical stains were neg-
ative for cytomegalovirus and adenovirns. Tacro-
limus and mycophenolate mofetil were discon-
tinued. Altered mental status and seizures with
myoclonus developed on posriransplantation day
31. Cerebrospinal fluid studies revealed a mark-
edly elevated protein level (620 mg per deciliter),
a low glucose Jevel (57 mg per deciliter [3.2 mmol
per liter]), and 12 white cells (48 percent lympho-
cytes and 22 percent monocytes) and 6 red cells
per cubic centimeter. PCR testing for the same
infectious agents as in the case of Kidney Recipi-
ent 1 was unrevealing. Magnetic resonance im-
aging showed subdural fluid collections with
diffuse dural enhanceiment. The patient’s condi-
tion continued to deteriorate, with photophobia,
nuchal rigidity, diarrhea, thrombocytopenia, dif-
fuse erythroderma, respiratory failure, and atrial
fibrillation, despite empirical administration of
cidofovir and intravenous immune globulin. He
died on posttransplantation day 76; an autopsy
revealed meningoencephalitis and acute broncho-
plieumonia.
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The liver recipient was a 40-year-old woman
with aleoholic citrhosis whose early postoperative
course was marlked by fever, fethargy, and hypo-
tension. Markedly elevated aminotransferase lev-
els, leukepenia, and bilateral pulmonary infil-
trates with respiratory failure developed. Liver
biopsy revealed focal centrilobular coagulative
necrosis. On posk-transplantation day 14, a peri-
incisional petechial rash was noted; skin biopsy
revealed chronic inflamumation and hemorrhage.
She died on day 17 after transplantation. An
autopsy revealed extensive hepatic necrosis with-
out evidence of infection.

A common source of infection in these recipi-
ents was suspected, all of whom underwent trans-
plantation at the same facility. Therefore, the
Department of Public Health of the Wisconsin
Department of Health and Family Services and
the organ-procurement organization (OPQ) coot-
dinating the transplantations were notified for
assistance.

The lung recipient, who had undergone trans-
plantation at a different facility, was a 46-year-
old man with chronic obstructive pulmonary dis-
ease who had been receiving prednisolone daily

for three months before transplantation. Within
four days after transplantation, hypotension, bi-
lateral pulmonary infiltrates, and leukocytosis
developed; broad-spectrum antimicrobial agents
were administered. Fever {temperature, 38.3°C),
hypoxia, and refractory hypotension ensued. He
died on day 9 after transplantation. An autopsy
revealed diffuse alveolar damage without evi-
dence of rejection.

The donor was a 51-year-old man who had
been found unresposnsive, with apparent head
trauma. Computed tomography (CT) of the brain
revealed a large, right-sided subdural hematoma
with a midline shift. There was no improvement
in his neurologic status, and he was declared
brain-dead on hospital day 2. He received no blood
products and was afebrile throughout his hospi-
talization, Donot-eligibility screening and test-
ing detected no infection precluding organ or
tissue donation. His liver, lungs, kidneys, and
multiple musculoskeletal and vascular tissues
were recovered for transplantation. Tissue speci-
mens from the donor and recipients were sub-
mitted to the Centers for Disease Control and
Prevention (CDC) for additional testing (Table 1).

Table 1. Summary of Laboratory Evaluations for Lymphocytic Choriomeningitis Virus Infection in the 2003 Cluster.®

Patient Outcome or Status

Donort Ne reperted disease
Lung recipient] Death 9 days after transplantation
Liver recipient§ Death 17 days after transpiantation
Kidney Recipient 19 Death 53 days after transplantation

Kidney Recipient 2]  Death 76 days after transplantation

lmmunohistochemical

Staining Serologic Testing  Culture
Ighd lgG
+ NT NT NT
+ NT NT NT
+ - - +
+ + - +

* NT denotes not tested.

‘{ Specimens ebtained at autopsy that tested negative included serum (serologic testing and virus isolation}; bone marrow
and blood vessel {virus isolation); and heart, stornach, tongue, thyroid gland, kidney, prostate, cerebral cortex, midbrain,
pons, medulla, cerebellum, and spinal cord (immunochistachemical analysis).

+ Specimens that tested positive by immunchistochemical analysis included lung, kidney, spleen, liver, and lymph nede
obtalned at autopsy. Mo brain tissue was available for testing.

§ Specimens that tested positive by immunchistochemical analysis included skin obtained on day 15 and brain, lung,
spleen, liver, heart, and adrenal gland obtained at autopsy.

¥ Specimens that tested positive included bone marrow, heart, kidney, liver, adrenal gland, and lung cbtained at autepsy
{immunohistochemical analysis); cerebrospinal fluid and a nasopharyngeal wash obtained on posttransplantation day
42 (viral culture}; and leptomeninges in a brain-biopsy specimen abtained on post-transplantation day 47. Brain tissue
obtained at autopsy tested negative.

| Specimens that tested positive included serum obtained on day 76 (seralogic testing), skin on day 27 {imminchisto-
chernical analysis), and blood on day 42 and cerebrospinal fluid on days 31 and 36 {viral culture). Bronchoalveolar-
lavage fluid was positive on immuncfluorescence assay. Brain tissue obtained at autopsy was negative.
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The 2005 Cluster
Kidney Recipient A was a 48-year-old man admit
ted to a hospital in Rhode Island in late April 2005,
17 days after undergoing cadavetic renal trans-
plantation (Fig. 2). He had been discharged home
on post-transplantation day 7 with a creatinine
level of 1.6 mg per deciliter (141 pmol per liter).
At the time of readmission, he had had right
lowet-quadrant pain in the area of the allograft
for four or five days, as well as nausea, anorexia,
" diarthea, fever, and chills. He was febrile (tem-
perature, 38.7°C), and there was tender erythema
over the area of the allograft, without incisional
dehiscence or drainage. His creatinine level was
2.6 mg per deciliter (230 gemol per liter), and pro-
teinuria, hematuria, a prolonged prothrombin time,
and slightly elevated aminotransferase levels were
present. Mycophenolate mofetil was discontinued,
and admianistration of broad-spectrum antimi-
crobial agents was initiated. CT and ultrasonog-
raphy of the abdomen and pelvis were unreveal-
ing. Routine cultures of urine, blood, and stool
were negative, as were studies of the stool for leu-
kocytes, ova, parasites, Clostridium difficile, giardia,
cryptosporidium, Yersinia enterocolitica, and rotavirus.
Tacrolimus was discontinued because of concern
about the worsening infection of uncertain cause.
His temperature rose ta 40.4°C, and he had copi-
ous diarrhea, dyspnea, and tender erythema ex-
tending from the area over the allograft to the
right flank, Examination of biopsy specimens of
the colon and kidney revealed no inflammation
or viral inclusions.

Kidney Recipient B was a 54-year-old man who
was admitted to the same hospital with fever. He
had undergone cadaveric renal transplantation 17
days previously and had been discharged home
on post-transplantationt day 8 with a creatinine
level of 3.3 mg per deciliter (292 pmol per liter).
On post-transplantation day 14, mycophenolate
mofetil was discontinued because of diarrhea,
Fever and pain developed in the right lower quad-
rant over the area of the allograft, and he was
readmitted for evaluation. He was lethargic and
febrile (temperature, 38.4°C) and had tender ery-
thema overlying the allograft, without incisional
drainage. His creatinine level was 4.0 mg per
deciliter (354 pmol per liter}, with a platelet count
of 113,000 per cubic millimeter and an alanine
aminotransferase level of 298 IU per liter. Rou-

" tine cultures of urine, blood, and stool were

negative, and ultrasonography and CT' of the ab-
domen and pelvis were unrevealing, Pever, diar-
rhea, and pain persisted, despite empirical use of
broad-spectrum antimicrobial agents. A percuta-
neous liver biopsy was performed on post-trans-
plantation day 23 because of worsening hepatitis
and leukocytosis. Multiple foci of hepatoceliular
necrosis without inflammation ot viral inclusions
were noted. Later that day, he had a cardiac arrest
and died. An autopsy revealed coronary artery
disease and diffuse cerebral edema without men-
ingitis or encephalitis.

A review of the records of the hospital’s trans-
plantation center revealed that che kidney recipi-
ents shared a common donor who had aléo been
hospitalized there. The donor was a 45-year-old
woman with hypertension who bad presented to
the emetgency department with a five-day history
of right-sided headache and acute left-sided weale
ness. She was alert and afebrile and had left-
sided hemiparesis. CT of the brain revealed an
infaret in the distributon of the right middle
cerebral artery, and tissue plasminogen activator
was administered, Throughout her hospitaliza-
tion, she was afebrile and received no blood prod-
ucts or antimicrobial agents. She had a normal
white-cell count on admission, with normal he-
patic enzyme levels and platelet counts through-
out her course. Intracerebral and subarachnoid
hemorrhages with uncal herniation subsequently
developed, and she was declared brain-dead. The
donor met the screening criteria for organ and
tissue donation, and surgical teams procured the
lungs, kidneys, liver and associated blood vessels,
skin, and corneas. Cultures of urine and blood
performed at the time of organ procurement were
negative. Examination of preimplantation biopsy
specimens of the liver and kidney revealed no in-
flammarion or granulomas, An autopsy revealed
infarction in the distribution of the right middle
cerebral ariery, subarachneid and left frontal in-
tracerebral hemorrhages, and a patent foramen
ovale. There was no evidence of infection.

The OPO coordinating the transplantations was
contacted to obtain additional information about
the donor. Physicians caring for the liver and lung
recipients were contacted for information on their
clinical status.

The liver recipient was a 54-year-old man with
citrhosis and chronic hepatitis B and C. In the
initial days after the transplantation, he had head-
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ache, fever (temperature, 39.1°C), and abdominal
‘and right-shoulder pain, Leukepenia, thrombo-
cytopenia, rising aminotransferase levels, and pro-
longation of the prothrombin time were noted.
Administration of broad-spectrum antimicrobial
agents was initiated; multiple cultures were neg-
ative. Bxploratory laparotomy revealed intraab-
dominal hematoma without evidence of infection.
The patient had a single, generalized seizure with
hypotension and subsequent worsening of re-
nal, hepatic, and respiratory function. No seizure
focus was identified on radiologic imaging or elec-
troencephalography. Examination of a liver-biopsy
specimen revealed mild portal inflammation,
liver-cell regeneration, cholestasis, and mild ste-
atosis; these findings were interpreted as trans-
plant-associated ischemmia. Left bundle-branch block
and atrial fibrillation developed. The patient be-
came obtunded, with worsening coagulopathy and
multiorgan failure. On posttransplantation day
21, high-dose methylprednisolone and antithy-
mocyte globulin were administered for suspect-
ed achite graft rejection. Fever and hypotension
persisted, with increases in aminotransferase and
factate dehydrogenase levels. The cause of his
multiorgan failure was unclear. He had a cardiac
arrest and died on posi-transplantation day 26.
An autopsy revealed extensive hepatic necrosis,
bronchopneummoaia, pulmonary edema, and sub-
arachnoid hemorrhage.

The lung recipient was a 41-year-old man with
cystic fibrosis. He was extubated on posttrans-
plantation day 2 but became delirious the follow-
ing day and had lenkocytosis and thromboeyto-
penia. Chest radiographs revealed rightlower-lobe
infiltrates. His tempetatnre rose to 37.9°C, and
diffuse abdominal pain and respiratory distress
developed. CT of the chest on post-transplantation
day 16 showed bilatera] air-space disease, a find-
ing interpreted as evidence of acute rejection, and
high-dose methylprednisolone was administered.
His creatinine level, prothrombin time, and ami-
notransferase levels steadily increased, and inter-
mittent atrial fibrillarion developed. On posttrans-
plantation day 19, a pustular rash was noted on
the face and trunk; examination of a skin-biopsy
specimen revealed folliculitis, and aerobic, fungal,
and viral cultures were negative, Symmetric effa-
sions of the knees, elbows, and ankles developed.
The hypoxemia and acidemia progressed, and
the patient died on post-transplancation day 23.
An autopsy revealed organizing diffuse alveolar

Figure 2 [facing page). Clinical Course of Lymphucyttc
Choriomeningitis Virus {LCMY) Infection in the 2005
Clusten.

MMF denotes mycophenolate mofetil, TMP-SMX
trimethoprim—sulfamethoxazole, CVVIH continuous
venous—venous hyperfiltration, and X death. Immuno-
suppressive agents are shown in red, and antimicrobial
agents in blue,

damage and extensive geographic hepatic ne-
crosis without inflammation or viral eytopathic
changes.

Because of concern abont transplanitransmit
ted infection in the otgan recipients, the Rhode
Tstand Department of Health, the Massachusetts
Department of Public Health, and the CDC were
contacted for assistance in investigating the causes
of the recipients’ illnesses. Causes considered in-
cluded acute hepatitis A, leptospirosis, toxoplas-
mosis, enterovirus infection, and flavivirus in-
fection. Tissue specimens from the donor and
recipients were submitted to the CDC for addi-
tional testing,

EPIDEMIOLOGIC INVESTIGATIONS
For both clusters, epidemiclogic investigations
were conducted at the transplantation centers and
coordinating OPOs. For the 2005 cluster, epide-

.miologic investigations were also performed at

the donor's home and workplace by state public
health autherities and the CDC.

VIRUS ISOLATION AND INDIRECT FLUORESCENCE
MICROSCOPY
Virus isolation was attempted by inoculation of
Vere EG cells with cerebrospinal fluid, serum,
bleed, and 10 percent fresh-tissue suspensions.
Cultures were examined by thin-section electron
microscopy. “Spot” slides of culture cells were
also evaluated by indirect fluorescent antibody
testing with the use of specific mouse hyperim-
mune aseitic fluids prepared against the Arm-
strong strain of LCMV.12

In the 2003 investigation, virus isolation was
also attempted by inoculating suckling mice
(Mus musculus) with fluid specimens 0.03 ml intra-
cranially and 0.1 ml intraperitoneally) or with 10
percent homogenates of frozen tissue. Mice were
killed by exposure to isoflurane, and tissues were
fixed in 10 percent nentral buffered formalin and
evaluated with the use of immunohistochemical
stains for LCMV, as described below.
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Studies in animals were performed at the CDC
and were approved by the CDC Laboratory Ani-
mal Care and Use Committee. Animal research
was conducted in compliance with the Animal
Welfare Act and other federal statutes and regu-
lations relating to animals and experiments in-
volving animals, and it adhered to the principles
stated in the Guide for the Care and Use of Laboratory
Animals, by the U.S. National Research Council.

HISTOPATHOLOGICAL AND
IMMUNOHISTOCHEMICAL ANALYSES

Multiple formalin-fixed, paraffin-embedded tissue
specimens, including biopsy and autopsy tissues
from the donors and recipients, were stained
with hematoxylin and eosin and various immuno-
histochemical stains by means of an immunoal-
laline phosphatase technique.? For both clus-
ters, initial tissue specimens were evaluated with
immunohistochemical staing for a mumber of vi-
ral agents, including flaviviruses, adenoviruses,
and herpesviruses 1, 2, 3, and 5. In the investi-
gaticn of the 2003 cluster, immunohistochem-
ieal testing for LCMV was performed after identi-
fication of this virus by culture, indirect fluorescent
antibody testing, and electron microscopy. In the
investigation of the 2005 cluster, immunohisto-
chemical testing for LCMV was included in the
initial evaluation of tissue specimens. The pri-
mary antibodies used for LCMV immunohisto-
chemical detection included hyperimmune rab-
bit and mouse anti-LCMV antibodies specific for
LCMV and an anti-Tassa virus monoclonal anti-
body reactive with both Lassa virus and LCMV.23

GENETIC DETECYTION AND CHARACTERIZATION

OF VIRUS

RNA was extracted from clinical specimens or
viral isolates, and specific molecular targets were
amplified by reverse-transcriptase-PCR {RT-PCR)
assays with the use of broadly reactive polymerase
gene-specific primers for the detection of arena-
virizs RNA, The resulting complementary DNA
products were purified, and micleotide sequences
were determined and analyzed. In the investiga-
tion of the 2005 cluster, after LCMV-specific se-
quences had been obtained from PCR products
amplified from clinical specimens, a more sensi-
tive, LCMV-specific, quantitative real-time RT-PCR
(TagMan) technology was developed and used for
more extensive analysis of specimens.

Figuré 3 {facing page). Pathclogical Studies Revéaling
Lymphotytic Choriomeningitis Virus (LCMV) In the 2003
Cluster.

Panel A, an electron micrograph of LCMV isolated in
Vero E6 cells from the cerebrospinal fluid of Kidney
Recipient 1, shows highly pleoriorphie, 50-to-300-nm
virions containing electron-dense particles. Panel B
shows immunohistechemical staining of LCMV {red)

in neurons and chorold-plexus ependymal cells of a
mouse Inoculated with the virus {immunoalkaline
phosphatase with naphthol—fast red and hematoxylin
counterstaln; monaclonal anti-LCMV antibody). Panel
C shows immunchistochemical staining of LCMV anti-
gens In lung tissue from the lung recipient [monoclonal
anti-LCMV anlibody). The image in Panel D reveals
extensive hepatocellular necrosis with minimal inflam-
matory-cefll infiltrates in the liver recipient (hematoxy-
lin and eosin). Parel E shows immunchistochemical
staining of viral antigens in the transplanted liver (méno-
clonal anti-Lassa virus antibody). Panel F shows im-
munohlstochemical staining of LCMV antigens in the
donor kldney of Kidrey Recipient 1 (monoclonal anti-
LCMY antibody). Panel G shows immunchistochemical
staining of viral antigens in the skin of Kidney Recipi-
ent 2 {monoclonal anti-Lassa virus antibody). All mi-
crographs are shown at low magnification.

SEROLOGIC TESTING

An enzyme-linked immunosorbent assay was used
to detect LCMV-specific Igt and IgG. The assay
was performed as previcusly described,* with
some modifications in commercjally available com-
ponents, such as microtiter plates and conjugates.

RESULTS

INVESTIGATION OF THE 2003 CLUSTER

Results of testing in the 2003 cluster are sum-
marized in Figure 3 and Table 1. Electron micros-
copy of Vero E6 cell cultures inoculated with cere-
brospinal fluid from Kidney Recipient 1 revealed
viral particles compatible with an Qld World
arenavirus. Indirect fluorescent antibody testing
of these cultures confirmed the identity of the
arenavirus as LCMV. Subsequently, LCMV was
identified by immunohistochemical analysis of
the brain tissue of mice inocelated with cerebro-
spinal fluid from the same patient. LCMV was
identified in multiple tissues from each of the
four recipients. Nucleotide analysis of PCR prod-
ucts revealed that the viral isolates obtained from
the two kidney recipients were identical and were
distinct from previously described LOMV strains
(Fig. 1 of the Supplementary Appendix). Extensive
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testing of multiple donor tissues by means of
immunchistochemical analysis, cell culture, and
RT-PCR revealed no evidence of LCMV..Neither
fgM nor IgG antibodies against LCMV were de-
tected in the donot’s serum. Interviews with the
donor’s family revealed no known rodent expo-
sutes. [nvestigation of procedures, materials, and

personnel in hospitals at which the donor and
recipients had received care revealed no likely
route of LCMV transmission,

INVESTIGATION OF THE 2005 CLUSTER
Results of testing in the 2005 cluster are sum-
marized in Figure 4 and Table 2 fand Fig. 1 of the
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Supplementary Appendix). LCMV was detected by
immunohistochemical staining, cell culture, and
quantitative real-time RT-PCR in multiple tissues
from all four recipients, Both kidney recipients
had 1gM antibodies reactive to LCMV. Extensive
testing of multiple donor tissues revealed no
evidence of LCMV. No IgM or IgG aatibodies
against LCMV were detected in the serum of the
donor.

The epidemiologic investigation revealed that
a member of the donor’s household had brought
bome a pet hamster three weeks before the donor
died. Although the donor had not been the pri-
maty caretaker of the hamster, she had had con-
tact with the rodent's envirourment on multiple
occasions, Het home and work environment con-
tained no evidence of active rodent infestation.
Testing of multiple hamster tissues by immu-
nohistochemical analysis, quantitative real-time
RT-PCR, and viral culture detected evidence of
LCMV infection (Fig. 4 and Table 2). The primary
caretaker of the hamster was asymptomatic but
had LCMV-reactive IgG and IgM antibodies pres-
ent in the serum. Nucleotide analysis of PCR
products identified that the viral isolates from
all four organ recipients and the hamster were
identical, but that they differed from the strain
identified in the 2003 cluster and previously de-
scribed LCMY strains (Fig. 1 of the Supplementary
Appendix).

After identification of LOMV as the etiologie
agent, intravenous ribavirin (a loading dose of
30 mg per kilogram of body weight, followed by
16 mg per kilogram every six hours for four days
and then 8 mg per kilogram every eight hours)
was initiated in Kidney Recipient A beginning on
post-transplantation day 26 (Fig. 2 of the Supple-
mentary Appendix)** The fever and diarrhea de-
creased; the pain, tenderness, and erythema in
the area of the ailograft diminished; and the
bypoxemnia, elevation of aminotransferase levels,
thrombocytopenia, and coagulopathy decreased.
After the patient’s clinical condition had stabi-
lized, ribavirin administration was changed to the
oral rouie (400 mg every morning and 600 mg
every evening), and it was discontinued after a
renal-biopsy specimen was found to be LCMV-
negative by RT-PCR. and immunchistochemical
staining and after setum IgM became detectable,
63 days after transplantation. During 37 days of
ribavirin treatment, clinically significant hemo-~
Iytic anemia developed and required the transfu-

Figure 4 {Facmg page). Immunohistochem;cal Stammg
for Lymphocytlc Choriomeningitis Vtrus {LCMV]) in Tis-
sue Samples from the Donor, the Doner’s Household
Hamster, and Organ Recrplents in the 2005 Cluster,
Red staining indicates the presence of LEMYV antigens.
Theimage in Panel A contains ho immunohistechemi-
cal evidence.of LCMV in choroid plexus from the donor,
Panel B shows antigens in the kidney tubules of the
donor's household harmster, Panel C shows LCMY anti-
gens in lung tissue obtained at autopsy from the lung
recipient; these are extensive hyaline-membrane for-
iation and viral antigens in the interstitium; Panel D
shows LCMY antigens in liver tissue sbizined at avtopsy
from the liver recipient; viral antigens delineate the he-
patocyte cytoplasmic membrane. Panel E shows LCMV
antigens in a kidney specimen obtained at autopsy
from Kidney Recipient B; viral antigéns in endothelial
cells are entering and exiting the glomerolus. Panel F
shows LCMY antigens in 2 colon sample obtained at
autopsy from Kidney Recipient B, with viral antigens
in the muscularis mucosae and mucous cells of colon-
ic glands. Panel G shows LCMV antigens in a kidney-
biapsy specimen from Kidney Recipient A, who survived;
viral antigens are in endothelial cells of the renal inter-
stitivm. (The stadies shown in Panels A, B, E, and G
used a rabbit anti-LCMV antibody, those in Panels C
and D a mouse anti-~Lassa virus antibody, and that in
Panel F a mouse ascitic-fluid anti-LCMV antibody in an
immunohistochemical assay with naphthel-fast red sub-
strate and hematoxylin counterstain,) Alf micrographs
are shown at fow magnification.

sion of 19 units of packed red cells. Three hun-
dred eleven days after transplantarion, the patient
had stable graft function without evidence of
infection, after he had restarted immunosup-
pressive therapy with tacrolimus, mycophenolate
mofetil, and prednisolone.

TISSUE DISPOSITION
In the 2003 cluster, no additional tissues from the
donor were transplanted. In the 2005 cluster,
the corneas were transplanted into a 4-year-old
girl and a 29-year-old wonian in Algeria, neither
of whom required systemic immunosuppression.
Two hundred thirteen days after transplantation,
neither patient had reported symptoms of infec-
tion or graft loss. The skin and liver-associated
blood vessels were not transplanted.

DISCUSSION

We describe the transmission of LCMV by solid-
organ transplantation. In both clusters, dissenti-
nated infection developed in the recipients of
organs from a common donor who had no clini-
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cal or Iaboratory evidence of infection. In the 2003
cluster, no rodent exposutes conld be identified,
whereas the 2005 chuster was associated with re-
cent donor exposure to an LCMV-infecred pet
hamster. The isolation of identical viras strains
from the two kidney recipients in the 2003 cluster
and from all the organ recipients and the donor
household’s pet hamster in the 2005 cluster indi-

cates that in both clusters, LCMV was teansinit-
ted through organ transplantation s '
LCMYV infection in humans is sporadic, is gen-
erally benign, and can be asymptomatic.#1
Serologic sutveys suggest that up to 5 percent of
adults in the United States have been infected
with LCMV.1%% Humans become infected with
LCMV by direct contact with rodents or through
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Tahle 2. Summary of Laboratory Evaluations for Lyrﬁphocyti'c Chorlomenirigitis Virus Infection in the 2005 Cluster.®
Patient or Source Immunchistechemical Quantitative Blood and Serum
Outcome or Status Staining Real-Time RT-PCR} Testing Culture
gt lgG

Donorf No seported disease - - - - -
Liver recipient Death 26 days after transplantation + + - - +
Lung recipientd] Death 23 days after transplantation + + - - +
Kidney Recipient B| Death 23 days after transplantation + - +
Kidney Recipient A% Survival + " + - +
Hamster in doror's No reported disease + NT - +
Hamster's caregiverit No reported symptams NA - + + -

3=

* RT-PCR denotes reverse-iranscriptase polymerase chain reaction, NT not tested, and NA not applicable,

T Quantitative real-time RT-PCR (TaqMan) assays were carried out as follows: complementary DNA was synthesized with a High Capacity
<DNA Archive Kit {Applied Blosystems) and used as a template in a second reaction involving TaqMan Universzl PCR Master Mix {Applied
Biosystems), forward primer 5 TGGGACTCCATTCGCTATGGS' at 1 #M per reaction, reverse primer 5 TTAAGTGCAAGGAACCACATCAA at

i M per reaction, and probe FAM 5 TGGTCAGCAATCGTGTCTATTGTTTCA

value below 40 were considered positive,
I Autopsy specimens that tested negative by one or more tests included central nervous system tissue, heart, spleen, liver, pancreas, uterus,
thyroid, gastrointestinal tract, muscle, skin, kidney, blood, and serum.
§ Autopsy specimens that tested positive by ene or more tests included central nervous system tissue, lung, heart, kidney, skin, liver, spleen,
gastrointestinal tract, zdrenal gland, pancreas, testis, blood, and serurn, Liver- and colon-biopsy specimens obtained on days 16 and 19,
respectively, were also positive by Immunohistochemical analysis.
9 Autopsy specimens that tested positive by one or more tests included eentral nervous system tissue, lung, heart, kidney, skin, liver, spleen,
gastrointestinal tract, blood, and serum.

CAAA at 0.1 yM per reaction. Samples with a cycle-threshold

Autopsy specimens that tested positive by ane or more tests included spleen, heart, lung, kidney, gastrointestinal tract, pancreas, liver,

blood, and serum. Blood and serum samples obtained on day 17 were positive by PCR, serologic testing for IgM, and culture,

"
#

% A colon-biopsy specimen obtained on day 26 was positive, a kidney-

men on day 56 was negative by immunohistochemical analysis. Serial blood or
blood and serumn obtained on days 52 and 85 were negative, urine obtained on days 24 and 37 was positive, urine obtained on day 85 was

negative, and a kidney-biopsy

biopsy specimen on day-31 was pesitive, and a kidney-biopsy speci-

serurm samples obtained on days 16 to 50 were positive,

specimen obtained on day 55 was negative by PCR and culture. Serial blood and serum samples obtained on

days 16 to 33 were igM negative, on days 52 and 85 IgM positive, and on days 16 to 85 lgG negative by serologic testing,

TT Necropsy specimens that were

heart, lung, kidney, adrenal gland, salivary gland, pancreas, liver, and spleen.
+1 Blood and serum specimens were evaluated,

positive on one or more tests induded urinary bladder, skin, musele, testis, central nervous system tissue,
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aerosolized droplets from rodent secretions and
excretions, including urine or feces.202! Reports
of sporadic infection have most frequently impli-
cated the common house mouse, although ocut-
breaks of infection have been reported after expo-
sure to infected pet hamsters and laboratory
rodentg, 152028

In clinically apparent infection, the incubation
period is 5 to 13 days, with subsequent fever,
headache, and myalgias. Abdominal pain, diar-
thea, and rash have been described.t%20.22.26,:20
A second phase of illness may be seei five to nine
days after convalescence, with meningitis or, rare-
ly, encephalomyelitis, orchitis, parotitis, pneumo-
nitis, arthritis, myocarditis, or alopecia.1622.50
Recognized LCMV infection carries a mortality
rate of less than 1 percent.?

The marked severity of LCMV-related illness in
transplant recipients is probably the result of

N ENGL} MED 354;21  www,

intensive immunosuppression, including T-cell
depletion, coincident with direct viral inocula-
tion by way of the transplanted organs. There are
few data on the clinical behavior and outcomes
of LCMV infection in immunocompromised pa-
tients. However, three patients with advanced
lymphoma experimentally inoculated with the
virus in a trial investigating its antitumor effect
died with disseminated infection within 14 to 45
days after inoculation®™ — a pattern similar to
that seen in the current clusters after solid-organ
transplantation.

The clinical presentation of LCMV infection
in the recipients was vatriable and included fever,
diarrhea, peri-incisional erythema and tender-
ness, altered mental status, and respiratory in-
sufficiency (as noted in the table of the Supple-
mentary Appendix). Leukopenia or leukocytosis,
thrombocytopenia, coagulopathy, renal insuf
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ficiency, and progressive liver dysfunction domi-
nated the laboratory findings. Histopathological
findings in all the recipients were chatacterized
by necretic and sccasionally hemerrhagic foci in
maltiple tissues, with 3 notable absence of in-
flammatory infiltrates and viral inclusions, LCMY
antigens present in some tissoes (e.g., the gastro-
intestinal tract and skin) correlated with clinical
symptoms (e.g., diarrhea and erythema or pustu-
lar rash, respectively). Antigens were identified in
the leptomeninges of some patients in both clus-
ters. However, signs of meningeal inflammation,
though prominent in the 2003 cluster, were gen-
erally absent in the 2005 cluster. Clinical manifes-
tations and pathological findings in all the cases
wete probably altered by imnmunosuppression.
To our knowledge, there have been no trials
of antiviral agents in human LCMYV disease. Riba-
virin has demonstrated efficacy in the treatment
of Lassa fever and possesses in vitro activity
against LCMV infection, which prompted its use
in the renal-transplant recipient who survived.1+32
The role of ribavirin in this patient’s improve-
ment Is unclear, since the level of immunosup-
pression was also considerably reduced, as it was
for all four kidney recipients in the two clustets.
Rapid evaluation of organ-donor suitability is
essential in transplantation to minimize the du-
ration of ischemia and to preserve allograft func-
tion. Therefore, assays used to screen potential
donors for transmissible infections must be rapid,
sensitive, reproducible, and readily available to
OPOs. The Food and Drug Administration has
ot approved any diagnostic tests for LCMV in-
fection. Furthermore, the sensitivity of currently
available assays is not adequate for routine donor
screenting, as demonstrated by the negative re-
sults of tests on a wide array -of clinical speci-
mens from the donors in both clusters, The use
of information pertaining to recent rodent expo-
sure for donor-suitability screening may exclude
healthy donors from an already limited organ-
donor pool. However, the collection of additional
epidemiologic information on donors’ exposures
may be useful, notably for the investigation of un-
usual outcomes after transplantation. Zoonotic-
disease transmission after transplantation is also
a coiteern; immunosuppressed persons should
take special care and limit exposure to some ani-
mals, including cettain pets (additional informa-
tion is available from the CDC at www.cdc.gov/
healthypets),

Transplant recipients are susceptible to infec-
tion with a variety of donor-derived pathogens,
including West Nile virus, Trypanesoma cruzi, rabies
virus, and now LCMV.333¢ Although such infec-
tions are probably uncommon, outcomes can be
fatal, and diagnosis is feasible with specialized
laboratory testing. Diagnosis of LCMV infection
is usually made by serologic testing, isolation of
the virus from the blood or cerebrospinal fluid,
or PCR testing.?™3% Because immunohistochemi-
cal staining revealed LCMV in multiple biopsy
specimens obtained to evaluate unexplained post
transplantation symptoms in the clusters de-
scribed in the current report, such testing might
be beneficial in the early diagnosis of LCMV
infection. )

Bach year, approximately 25,000 organ trans-
plantations are performed at more than 250 trans-
plantarion centers throughout the United States.*°
Allocation policies commonly result in the distri-
bution of organs from a single donot to multiple
transplantation centers. it is unlikely that either
LCMV-illness cluster would have been identified
without the allocation of kidneys to two recipi-
ents in whom similar symptoms simultaneously
developed after undergoing transplantation at the
same hospital. Similar chance clinical observations
have been critical in the recognition of recent trans-
plant-associated ocutbreaks of rabies and West
Nile virus infection. %35

The Organ Procurement and Transplantation
Network (OPTN), which is operated by the United
Network for Organ Sharing, requires transplanta-
tion centers to report certain outcomes, inchud-
ing allograft failure and the death of transplant
recipients, in a timely manner. In April 2005, the
OPTN revised its policies to require the report
ing of suspected donor-transntitted medical con-
ditions (including cancers and infections) to the
procutring OPO, which is then responsible for
investigating and communicating with the trans-
plantation centers caring for the recipients of
other transplants from the donor and the in-
volved tissue and eye banks.#

Investigation of potential donor-transmitted
infection requires rapid communication among
plysicians in mwmitiple transplantation centers,
0OPOs, and public health authorities. An imme-
diate system for tracking and disseminating per-
tinent patient data is needed. Until such a sys-
tem cain be established, clinicians must recognize
that the presence of an unusual constellation of

.
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symptoms, particalatly during the first few weeks
after transplantation, should raise the possibility
of donor-trapsmitted infection. Prompt notifica-

tion of the OPO and public health authorities can  Services.

help facilitate rapid investigation and discovery of

these events.
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According to a July 14 Modern Healthcare Today article, the Bush administration’s nominee for deputy
treasury secretary for tax policy has also agreed to revisit a longstanding IRS rule on community
benefits, known as Revenue Ruling 69-545,

* Science and Medicine

The first observational study to assess the progress of patients in the UK. undergoing a
controversial treatment for variant Creutzfeldt-Jakob disease (vCJD) has indicated-that the drug
may be beneficial in extending the life of sufferers. According to a fuly 12 Guardian article,
Pentosan, or PPS, injected into the skull around the brain and administered during neurosurgery each
month has resulted in prolonging the lives of patients of all ages. The treatment works by slowing the
loss of brain tissue, but it does not halt it. Although eight patients in the UK. have been given PPS,
health officials do not officially sanction the drug, and some have expressed concem that it could canse

the brain to hemorrhage.

Ian Bone, the Glasgow neurologist who led the study, noted that “the patients treated with PPS appear to
'have survived for unusually long periods.” Bone cautioned, however, that “we cannot conclude with
certainty that the treatment has a beneficial effect because it is impossible to make direct comparison

with similar but untreated patients.”

International

Eurepe’s largest homosexual news organization, Pink News, recently reported that Russia may
soon lift its ban on blood donations from homosexual donors. According to a July 14 article, the
country’s general prosecutor has responded to domestic campaigning and has stated that there is no law
preventing homosexuals from donating blood. As a result of this inquiry, the general prosecutor has
called on the Ministry of Health to rescind its guidance from 2001 that disallows the homosexual
community from donating because of the belief that it was a group of high-risk individuals.

An audit of more than 8,000 transfusion episodes that took place at 217 U.K. hospitals reveals that
health care personnel do not check the identity of bedside transfusion patients in 6 percent of all
cases. Although the practice of confirming patients’ identities is the single most important way to make
sure they are given the correct type of blood, the Royal College of Physicians and the National Blood
Service found that the practice was not happening as often as necessary. Even when this practice is
observed, identifying bracelets do not always contain the necessary information. The audit noted that in
9 percent of wristbands worn, key data were missing. Reportedly, the main reason for not reconfirming
the transfusion recipient’s identity was that the patient was “well known” by nurses and physicians. The
audit also revealed that 34 percent of patients were not monitored during the first 30 minutes following
the transfusion, when it is critical to observe vital signs for indications of adverse events.

The implications of the findings are that more staff traming is needed, especially to review the hazards
and correct procedures for blood transfusion. The National Blood Transfusion Commitice and the
National Patient Safety Agency have also considered initiatives to overcome these shortcomings, such
as improved use of automated systems and barcode patient identification.

O After a year of study utilizing a new machine designed to clean the prions causing Creutzfeldt-
Jakob disease (CID) from donated blood, the Irish Blood Transfusien Service has decided to
discontinue the trials. According to a July 11 [rish Examiner article, the transfusion service purchased
the filter system last year but has halted its use due to concemns that it was not working sufficiently and
that CID could still pass undetected through blood donations.

AABB Copyright © 2006
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The Irish Blood Transfusion Service also recently released its annual report for 2005, in which it
revealed that blood donations increased 1.4 percent last year in tandem with increased need.

People

~ The lieutenant governor of Arkansas died last week after two bone marrow transplants failed to
care his unclassified myeloproliferative disorder. According to a July 16 Reuters story, Win
Rockefeller was in the middle of a gubematorial campaign when he was diagnosed with the blood
disorder last July. He received treatment in both Washington and Arkansas, but died July 16 at the age
of 57. The public servant had hoped to follow in the footsteps of his late father, who served as the
govemor of Atkansas from 1966 to 1970. The former govemor died of cancer at the age of 60. 8

6&1’9@&#&@% AABB's CareerLink, the leading online job bank for blood banking and
transfusion medicine professionals!

Visit: www.aabb.ora/Content/Professional Development/CareerLink/careeriink. htm

Upcoming Events

July

......................................

AABB Audioconference

Contact: AABB Education Department

Tel: +1.301.215.6842

Fax: +1.301.215.6895

Email: education(@aabb.org

Online: www.aabb ore/Content/Meetings_and Events/Audioconferences/audio _confhtm

......................

Contact: ASQ
Tel: +1.414.298.8789 x7263

Email: fspano@asg.org
Online: www.asg.org

August

9 Transfusion When Nothing is Compatible: Evaluating and Managing Risk
AABB Audioconference

Contact: AABB Education Department

Tel: +1.301.215.6842

Fax: +1.301.215.6895

Email: educationi@aabb.oro

Online: www.aabb.org/Content/Meetings_and_Evenis/Audioconferences/andio confhim
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-110-



-L1l=

A # AR 21

No. 9
EEmR DIREE BERESE
i &EH F—8HAFEH | FEERSORXS |[HE0EE
£ U
A S - WS 2006. 5. 22 AL
—RnEw (RERRECRRLL) Robertson C, Booth SA, Beniac “EE
< s | DR, Coulthart MB, Booth TF,
o | ARl B (B AR Wﬁﬁ%@ﬁﬁﬁ&mmwammaﬁmW )
W (BRE) PT iy S M 15;107(10):3907-11. vl d
OMIA VAT BRI/ MED =% VY — A B Eh T D L OIS REIRR-
MY BEPE, RAMOEEEE R OGPIT VA —HE R Tha, MIRKSE EDEADZI OB RO, 20 FOMSEEIEE
LER TRV ME TR BIRIBSND, IA7 +—A RSN 7 o7 7 —EiERPrP  ThAPP A, Gt iER R R (TSE) SR AR
T po— T OB TR IR B DORA ThALIELE LI TE L, TSEOREIC W TIEFERITITh > TV D0, 3% RS Mm B IR
B OB PSS E ThAZ LRALI TS, HITPP O AT BN T B BN EE THS, P OPP D | .
FrB R+ A LE, PrPCOMRIC U TR AR/ E R T B LR 512 5D, PrPCi. AR IL/MRD o BIEL | a3 3Y A,
i B, BREORRFEAE . M/ MEOTEHELAS I MEERE _EOPP O —BiRBL T TR BUMBIR I U=V — [ RS oy

Mol 8 © oif s 5 =

BRI RN BT LRI AT T, MR B e Y — b+ OPPCOTETE:, M OPPCOE R MM ERED AVCIDE DR DY R 2
H =X LD R EEMEE TR 5,

REEEDER

SHEOR

PrPCit. #lk if /MR D o BRI iz Rbheat, /MRS

$Al 25 /SR T _E OPrPC 0 —RRI9FR B L2 UiCHE< il e
BIIRTE Y — A~OHNC DR B DT ERBLINTRoT L

DIRETHD,

DD

SHEbeERE. TVAVRICET A R R U OIURICE

®

MedDRA/J Ver.9.0J




HEMOSTASES, THROMBOSIS, AND VASCULAR BIOLOGY

JRC2006T-021

Celhular prion protein is released on exosomes from activated platelets

Catherins Robertson, Siephanie A. Boath, Daniel R. Beniac, Michaei B. Goulthart, Timothy F. Booth, and Archibald McMicot

Celluiar prion protein (PrP%) is a glyco-
phosphatidylinositol (GPI}-anchored
protein, of unknown function, foundina
number of flssues throughout the body,
including several blood components of
which platelets constitufe the largest
reservoir In humans. it is widely believed
that a misfolded, pretease-resistant form
of PrPC PrPse, is responsible for the
transmissible spongiform encephalopa-
thy (TSE) group of fatal neurodegenera-

tive diseasss. Aithough the pathogenesis
of TSEs Is pootly undersicad, it is known
that PrPC must be present in order for the
disease to progress; thus, itis Imporiant
to determine the physiofogic funclion of
PrPC. Resolving the location of PriC in
blood wiil provide valuable clues as to its
function. PrP< was previously shown to
be on the alpha granule membrane of
resfing platelets. In the current study
platelet activation jed te the transient

expression of PrPC on the platelet surface
and its subseguent release on both mi-
crovesicles and sxosomes. The pres-
ence of PrP on platelet-derived exo-
somes suggests a possible mechanism

for PrPC transport in blood and for cebb- -

to-cell transmission. {Blood. 2006;107:
3907-3911)

© 2006 by The American Society of Hematology

Introduction

Cellular prion protein (PrP*) is a membrane-bound, glycophosphati-
dylinositol (GPT}-anchored protein! found primarily in lipid rafts
on the cell membrane of pewronal and non-neuronal cells, including
tonsils, spleen, and of the secrelory grantles of epithelial cells in
the stomach, as well as in cultured cell lines.2* Although PrP¢ has
been shown to be present on the surface of a rember of peripheral
blood cells,* the refative levels on individual cell types have been
contentious. Individual studies have reported that the majoricy of
PEPC is associated with both platelets™S and red blood cells.” In the
former case the surface expression of PrPC is increased following
stimulation, suggesting an additional internal membrane source of
the protein,® recently shown to be alphz granule membranes,®
Furthermore, platelet activation is associated with the accumula-
tion of PrPC in releasates,™® and in platelet concentrates, stored for
up to 10 days, there is an increase in initially the microsomal, then
plasma levels of PyPC!1

Transmissible spongiform encephalopathies (TSEs) are a
family of neurodegenerative disorders, including Creutzfeldt-
Jakob disease (CJD), Gerstmann-Straussler-Schienker syu-
drome, and fatal familial insomniz in humans; scrapie in sheep;
and bovine spongiform encephalopathy (BSE) in cattfe.!?13
They sre all characterized by the accumulation of a proteass-
resistant isomer (PrP5) of PrPC jn the brain of affected
individuals. It iz generally comsidered that PrP% acts as a
template inducing the same structural changes within other
normally folded PrP® molecules on contact, thus propagating the
misfolded stale of the protein.'*

The CNS is the site at which TSE pathology is apparent in prion
infections; however, the agent must first replicate and be rans-
ported to the CNS after peripheral infection. The spread of PrP®

has been tracked from the gastrointestinal tract and the spleen to the
CNS.'3 The lymphoreticular system (LRS) is believed to be an
important site of prion replication, and an accumnulation of PePe is
apparent in spleen and lymph nodes after peripheral infection.
Indeed, neuroinvasion is delayed withont a functional LRS,'¢

A new variant of CJD {vCID) identified in humans in the United
Kingdom is almost certainly the result of infection with the BSE
agent.!? Patients infacted with vCID, in contrast to those with
classic CJD, have been shown to have widespread deposition of
PrP3 in the LRS.'%Y Tinmune cells, in particular B cells and
follicular dendritic cells, have been identified as harboring
infectious PrPS in the LRS. Hawever PrP5e, the standard
bipchemical marker used for diagnosis of TSEs, cannot be
detected by current technology in cizculating lymphocytes or
whole blood. Bioassays are a more sensitive assay for infectiv-
ity, and a number of siudies have demonstrated that the
infections agent is present in blood and blood components, buffy
coats, plasma, and platelets in animal models.*?* The removal
of all white cells by standard Ieukoreduction reduced infectivity
by only 42%. suggesting that other blood components carry
Prp%e24 There is therefore a significant concern that blood
transfusions may represent a portal for the ransmission of TSEs.
Indeed since 2004, 3 apparent cases of transmission of vCID by
trznsfusion have been reported in the United Kingdom. 2526

To understand the transmission of the disease by PrP%, it is
important to determine the physiologic behavior and function of
normal PrP¢ in blood cells and plasma. In the current study the
cellnlar localization, and stinmlus-induced redistribution, of PrP¢
in platelets has been examined.
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ilaterials and methods

The protocols of this study were approved by the Human Research Ethics
Board of the Universily of Manitoba.

Antibodies and reagents

Monoclonal antibody (Ab) 308, mised against amino acids 106 to 126 of human
PrPC, was purchased fram Cayman Cheniical, Ann Arhor, M1, and the polyclonal
Al FL233, 1afsed against the full-Tength PP, was purchased from Santa Cruz.
Biotechnology, Santa Cruz, CA. Anti-CD62P Ab (D541) was a generous gift
from Dr Sara Tsraels, Manitoba Institute of Cell Biology, Winnipeg, MB.

Polyclonal Ab to human fibrinogen was purchased from Calbiochem-
Novabiochem, San Diego, CA. Horseradish peroxidase— and FITC-
conjugated Abs were purchased from DakoCytornation, Mississauga, ON.
Secondary Abs conjagated to gold, along with bovine thrombin, protease
inhibitors, and all other reagents were purchased from Sipma-Aldrich
Canada, Oakville, ON, and were of the highest grade available.

Preparation of washed platelets

Blood was collected following informed consent. by venipuncturs of
human volunteers who had denfed saking medication known to interfere
with platelet function within the previous 2 weeks, The blood was drawn
into syringes containing acid citrate dextrose anticougulant (ACD;
3.8 mM citric acid, 7.5 mM trisodium citrate, 125 mM dextrose; 1.8 mL
anticoagulant/8.] mL whole blood). Washed platelets were obtained as
previonsly described.2%.28

Flow cyiomeiry

Plasma-free platele: snspensions were prepared and incubated with agonist,
or saline control, for the omes indicated. The samples were fixed by the
additicn of an equal amount of 4% paraformaldehyde, then incubated with
anti-PrPC Ab 308 diluted in PBS/0.1% BSA. Following washing 3 times in
PBS/0.1%» BSA, the samples were incobated in a FITC-conjugated
secondary Ab. The samples were finally washed 3 times in PBES and
resuspended in PBS. Flow cytometry was carried out on 2 Becton
Dickinson (Mississauga, ON, Canadz) FacsCalibur flow cytometer with
forward and side scatter set to z logarithmic scale,

An area was drawn around the unstimulated platelet sample according
to the forward and side scatter properties ang labeled platelet region (P}, A
second region wes drawn to gate on smaller particles und labeled
microvesicle (MVS) region.? Fluorescence backgating was used to deter
mine the number of PrPC-positive £vents in each region,

Microvesicle and exosome preparation

Microvesicles and exosomes were prepared according to the method of
Heijnen et al.*? Briefly, plasma-free platelet suspensions were prepared and
incubated with ugonist or saline control for the times imdicated, and the
reaction was stopped by the addition of an equal amount of ice-cold ACD,
Samples were centrifuged {Beckman GH-3 swing bucket rotor [Beckman
Coulter Canada, Mississanga, ON, Canada]; 800g: 15 minutes) to obiain the
plateler pellet fraction (P). The supematant was further centrifuged
(Beckman F3602 fixed angle rotor [Beckman Coulrer Canada, Mississanga,
ON, Canndz)]; [0000g; 30 minules) io obtain the mictovesicle fraction
(MV), and the supematant from the MV fraction was centrifuged (Beckman
MLS-50 swing tucket rotor; 100 ¢00g; 60 minutes) to obtain the exosome
pellet (EX). All pellets were resuspended in PBS,

To ensuire exosome isolation, the supernatamts from MV preparatons
were nixed with 2 M sucrose, and a 0.8 to 0.25 M sucrose gradient was
layered on top. The gradient was centrifuged (Beckmar MLS-50 swing
tsucket rotor; 635 000g; 16 hours) and 300-.L fractions were collected. The
fraetions were diluted in 4.5 mL PBS and cenwifuged (300 000g; 60
minutes; 4°C), und the resuliant pellets were resuspended in PBS.

In some studies, fractions from the sucrose pradiem were vacwm-
transferred onie a nitrocellulose membrane using & Schleicher and Schucll

BLOOD, 15 MAY 2006 » VOLUME 107, NUMBER 10

(Dassel, Germany) slof blot apparatus and innmmoblotted with anti-PrPC
Ab. Briefly, following blacking in 3% poafat milk, the membrane was
incubated in Ab 308, washed in TBS with 0.01% Tween 20 (TBS-T)
followed by incabation in 2 horseradish peroxidase-conjugated secondary
Ab. After washing in TBS-T 6 times, the membrane was incubated in Super
Signal West Pico chemiluminescence substeate (Pierce Biotechnology,
Rockford, IL), and protein bands were visualized on a Bio-Rad Fluero §
Max imaging system. Densitometry was performed using Quantity One
software (Bio-Rad, Mississanga, ON).

Electron microscopy and immunocytochemistry

Exosomes for double immunclabeling siudies were prepared from the
sucrose gradient fractions. Bricfly, the exosomes were resuspended in PBS
and adsorbed onato 300 mesh carbon-coated formvar nickel erids for 10
minutes, Excess PBS was blotted with fitter paper, and the grids were fixed
with 2% paraformaldehyde in PBS for 10 minutss. After fixation, the grids
were incubated in PBS with 1% BSA for 15 minutes, incubated with the
anti-PrPC Ab for 30 minutes, washed 3 imes in PBS with 0.1% BS8A, and
incubated in a secondary Ab conjugated to 5 nm gold for 30 minutes, The
grids were rewashed 3 times in PBS, followed by 3 changes of PBS with 1%
BSA, incubated in the anti-CD62 Ab for 30 minutes, washed (3 X 5
mionte) with PBS with 0.1% BSA, and incubated in a secondary Ab
conjugated to 10 nm gold for 30 minutes, Finzlly, the grids were washed
(3 % 5 minutes) with PBS, followed by deionized water (3 X 5 minutes),
emabedded in uranyl acetate methy] cellulose. All specimens were examined
in a Tecnai 20 mansinission electron microscape (FEI Systems, Toronto,
ON, Canada) operating at 200 KV at magnifications ranging from 25 500 X
to 135 000 X, Digital images (1024 X 1024-pixel) were acquired from the
TEM via an AMT Advantage XR-12 TEM camera {AMT, Danvers, MA).
Digital images were arrangsd in final figure format using the Canvas
software package (ACD Systems of America, Miami, FL).

Frozen sections of platelets were prepared according to a method by
Tokuyasu, 2 as previously described.¥! Cryo sections were cut with an
Uitracut UCT ultramicrotome (Leica Microsystems Canada, Richmondhill,
ON), equipped with aa ¢leciron microscope (EM) FCS-sectioning chamber.
Tmmunolabeling was carried out as deseribed for exosome preparations
with gold-conjugated protein G replacing the secondary Ab, Following gold
labeling, the sections were stained and embeddad i 2 uranyl acetate/methyl
cellulose mixture, 3031

Resulis

PrP¢ is present on platelet alpha granule, but not dense
granule, membranes

Frozen sections of quiescent human platelets showed the character-
istic platelet intracellular architectwe (Figwre 14). Immunoelec-
tron microscopy studies of these plaielets using an ant-PrPC Ab,
FL233, followed by geld-conjugated Protein G, confirmed the
association of PrPC with intracellular granules (Figure 1B-C) and
the membranes of the open canalicular system (Figure 1Ch A
polyclonal Ab o fibrinogen was used to identify alpha granules
(Fignre 11D}, and double staining of these sections using Abs to
PriC and fibsinogen was consistent with both proteins localizing fo
the same organelle (Figure 1E-F).

FrPC transtocates to and is released from the plateiet surface
following activation

Lysates from thrombin-stimulated platefets (1 UfmL; 0-120 sec-
onds) were immunoblotted with anti-PrPC Ab 308. There was 2
decrease in PrP° levels associated with the platelet pellet over time
(Figure 2A). Although there was significant donor variability in the
fime couwrse of the loss of PrP® {rom the peilet, densitometric
analysis indicated that by 120 seconds of stimulation the intensity
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Flgure 1. bninunoelectron microscopy of resting platelete. Frozen sections of
resting platalets wers Incubated with Abs to PrPS (FLE5S) and fibrinogen, followed by
incubation: in proteln G conjugated to 5 or 10 nm gold. Normal resling platelets
showing alpha granule () and open canalicular sysiem (QCS) (A). FIPC (10 nm gold,
arraws) is seen in alpha granule and the open canalleutar systermn {8-G). Alpha
granules are identified hy the presence of fibincgen {5 nm gold, arrows; D). Double
labeling with Abs to PriP¢ {5 nm gold, biack arrows) and fibrinogen (10 nm gold, white
arrows) locallzed both protelns to the seme granules {E-F).

of the PrPC band from the piatelet pellet had diminished o ebout
50% of control (Figure 2B). This decrease in platelet-asseciated

. PcPC from activated platelets was accompunied by a corresponding
accumulation of PrP® in the releasate (Figure 2A-B).

PrP¢is present'on platelet microvesicles

Flow eytometry, using anti-PriC Ab 308, demonstrated the presence of
FrPC on the swiace of unstimulated platelets (Figure 3). Following
theombin stimulation (§ U/ml) there was 4 ansient increase i the
expression af PeP© on the platelet surface, followed by its release into
the supematzant, There was a corresponding shedding of microvesicles
from the platelet surface in response to thrombin; however, the level of
PrFC on the suface of the mierovesicles was low {< 10% of ofal
released PrPC) and remained constant with time (Figwe 3). Platelet
activation with A23187 (20 nM) was accompanied by increased levels
af microvesicle production when compared with thrombin; however,
the level of PrPC associated with the microvesicles remained low (data
not shown),

Imimunogold Jabeling demonstrated the presence of PrP© on the
surface of instimylated platelets (Figure 4A). Pollowing activation
with thrombin, PrPC was observed arouwnd the periphery of the
plateler and at the tips of pseudopods (Figure 4B-C). In addition.
PrP¢ was associated with small (< 100 mn) membrasous vesicles
released from the platelets (Figure 4D-H),
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Figure 2. immunoblotting of pellets and releasates In activated platelats.
Platelels were incubated witik 1 U/mL thrombin for 0, 30, 60, or 120 seconds.
Following termination, platelet pellst and veleasates wers prepared, separaled by
sodium dodecyl sulfate—polyacrylamide gel electrophoresis, and immunoblotted with
anti-PrPC Ab 308 (A), and densitometty was pedormed (B) on pellst () and
releasates ) i = 3). Ervor bars indicate standard error of the mearn.

PrP¢ is present on platelet exosomes

Previous studies have shown that, in addition to microvesicles,
thrombin stimulates the release of exosomes from platelets.?
Given the relatively low levels of PrPC on the surface of released
microvesieles (Figure 3} and its presence on the surface of smatler
membrane fractions (Figure 4D-E), the possible association of PrP®
with exosonies was examined.

Exosomes were prepared by differential centrifugation, and separa-
tion through a sucrose gradient, of the releasate of (hvombin-stinalated
platelets. Immunoblotting using anti-PrPC Ab 308 was consistent with
the presence of FiP€ in these exosomns fractions (Figure SA).

Iramumoelectron microscopy of fractions 3 und 4 using anti-PrpC
Abs (308 or FL.253) demonstrated the presence of PePC on vesicles
ranging from 40 to 100 um (Figure 5B), the size being consistent with
previous reports of plaelet-derived exosomes.? Double-labeling these
fractions with anti-CD62 Ab D541 confirmed that these exosomes were
derived from alpha granules (Figwe 5C).
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Figure 3. Flow cytametry of activated platelets, Flatelets were incubated with
4 {/mL thrombin for 0, 5, 18, 30, or 60 seconds and labsled with anti-PrPS Ab 308.
Flow cytematry was used fo distinguish platelets from microvesicles on the basls of
their forward-scatier (FSC-H) and side-seatier {SSC-H) profites (platelsts, solid lins
+, microvesicles, broken line A). Fluorescence backgafing determined the percent-
age of PrPC-posilive cells in eash region. (Percentage of platelet region positive for
PiP¢, %, percentage of microvesicle region positive for PiPS, @),
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Figure 4. Inmunogold labeling of resting and activated plalelets. Resling and
aclivaled platelets were Incubated with Abs io PPC (308 or FL253), followed by
protein G or secondary antibodies canjugated to 10 nm gold (arrowheada). In resting
plalelets preincubated with Ab 308 before embedding, P1PT is seen around the
periphery of the ¢ell {A), In activated platelsis PrPCls found at the periphery of the call
and Is assoclated with pseudopeds (F, arrows) (B, whele mount; G, frozen section). In
frozen sectlons of activated platslets labeled with Ab FL253, PrP% was also localized
ta released exosomes (seen belween cells, D; and at higher magnitication, E).

Discussion

The cument study localizes PrPC to plateler alpha granule, but not
dense granule, membranes, confitming a recent study by Starke et
al.? Thus, PrPC is present with proteins such as the oITb/B3 integrin,
CD62 (P-selectin), CD36, and the GPIb/V/IX complex3?95 inherent
in the alpha granule membrane, and, in common with these other
proteins, there is an activation-mediated increase in expression of
PrPC on the external platelet surface. The Function of PrPC in
platelers is unknown; preincubation with anti-PrP€ Abs has a
limited effect on platelet adhesion to a variety of matrices but no
effect on agonist-induced aggregation (Robertson et ai, wnpub-
lished); therefore, it is unlikely that PrPC plays a significant role
in either of these platelet functions. In contrast to the expression
of other activation-associated proteins, the thrombin-induced
expression of PrPC on the platelei surface was transient and was
followed by its release. Previcus studies have shown that PrPCig
present in platelet releasates'®; however, the current siudy
demonstrates that the released PrPC is associated with mem-
branes, initially in small quantities on microvesicles and subse-
guently in higher levels on exosomes.

Exosomes are small (40-180 nm), membrane-bounded vesicles
which are released from a varisty of cells following exocytosis®
ard are present in buman plasma.®’ Denzer ¢t 2l reviewed a large
number of proteius and tipids that are associated with exosomes,
which include members of the tetraspanin protein family, the
immumogiobulin supergene family, as weli as GPl-anchored pro-
teins and cytosolic profeins. Exosomes have been implicated in
cell-to-cell communication mechanisms by trassferal of proteins

BLOOD, 15 MAY 2006 + VOLUME 107, NUMBER 10

directly from the exosomes to target cells, in 4 mauner similar to the
maovement of GPI-anchored proteins from the plasma membrane of
red blood cells to endothelial cells.?** Furthermore, exosomes
have been implicated in the activation of the immune system,
including the stimulation of T lymphocytes and a potential
interaction with follicular dendritic cells.’® Reticulocyte-derived
exgsomes may participate in complement regulation.”! Tnterest-
ingly, Whiteside?? has vecently proposed that exosomes play a role
in the evasion of twmer cells from the immune system.

Studies in platelets have shown the release of alpha granule
membrane—derived exosomes following exocytosis.?? Therefore,
the presence of PrPC on exosomes is entirely consistent with the
alpha granule membrane source of these vesicles. The function of
platelet-derived exosomes is unknown, although the low binding of
factor X, prothrombin, and annexin V to thejr surface suggests that
they do not have the same procoagulant activity as platelet-derived
microvesicles.”® The expression of CD62 on the surface of
platelet-derived exosomes points to a possible role in adhesion, or
celi-lo-cell transfer of adhesive properties, becanse CD62 is known
to mediate adhesion between leukocytes and endothelial cells.*

The presence of prion protein on exosomes has recently been
highlighted by Fevrier et al* who reported the presence of
infectious PrP® in exosomes derived from cultured epithelial and
neuroglial cell ines after infection with scrapie. They subsequently
proposed that exosomes may provide a vehicle for transport of
PrP5e from cell to cell, thus providing a mechanism for wansmis-
sion of infectious proteins in the body.**4 The current finding that
PrPC is present on platelet-derived exosomes strengthens the
hypothesis that exosome retease is a general mechanism for
transport of proteins and inferentially pathogen transmission,

6 7 9 Pellet
Fraction

4 %

Flgure 5. Immuroblotting and immunoeleciron microscopy of isolated exo-
sames, Platelets were ncubated with 1 UmlL thrombin for 120 secends. Following
termination, platelels were removed by cenirifugation at 800g. Further centrifugaticn
of the supematant removed the microvesicles. Exosomes were isofated by differen-
tial centtifugation through a sucTese gradlent. Fractions were collected from e tap,
and immunoblotiing was carried outin each fraction using anti-PtP¢ Ab 308, The blots
were subjacted to densitometry and are expressed 2s mean plus of minus standard
error of the mean; n = 3 [A). Fractions 3 and 4 from the sucrose gradient were
adsorbed onto formvar-coated grids and double labeled with ani-PrPC Ab 308
followed by an anti-CD62 Ab (D541). The respeclive secondary Abs were conjugated
to § nm {anti-PrPC; black arrows} and 10 nm {anti-CDE2: while arrows) gold (B-C).
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including prions., between cells. Platelets contain a lairge proportion
of circalating PrPC36; therefore, platelet-derived exosomes could
potentially act as an important source of protein for prion replica-
tion. In addition, the transferral of exosomes containing PrPC to cell
types in which it is normally absent may confer susceptibility to
infection with prions. To date, this has not been addressed.
Although there is no biochewical evidence for the presence of
Prese on platelets, a recent study by Cervenakova et al* identified
prion infectivity in the platelet and plasma fractions of murine
blood from mice infected with mouse-adapted vCID, The present
finding that P¢PC is released on eXosomes from activated platelets
therefore raises the possibility that PrP5¢ is similarly released from
platelets. Although this has not been addressed in the curent study,
it is clearly plausible that the generation of PrPS°-containing

CELLULAR PRION PROTEIN AND PLATELETS 3511

platelet exosomes duting preparation of bloed products conld
account for the transmission of variant CID by blood transfusion,
Leukoreduction of plasma, a process which would not remove
exosomes, reduced infectivity by only 42%%* and, when taken in
concert with the current study, suggests that further investigation
into the possible role of platelet-derived exvsomes as vehicles for
prion transmission is clearly warranted.
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Variant Creutzfeldt-Jakob disease: prion protein genotype
analysis of positive appendix tissue samples from a

retrospective prevalence study

James W Fronside, Matthew T Bishop, Kelly Connolly, Doha Hegazy, Suzanne Lowrie,
Margaret Le Grice, Diane L Ritchie, Linda M McCardle, David A Hilton

Abstract

Objective To perform prion protein gene (PRNF)
cotion: 129 analysis in DNA cxtracied from appendix
tissue samples that had tested positive for disease
associated prion protei.

Design Reanalysis of positive cases identified in a
refrospective anonymised nnlinked prevalence stady
of variant Creutzfeldt-Jakob disease (vGJD) in the
United Kingdom.

Study samples Three positive appendix tissue
samples out of 12 674 samples of appendix and tonsil
iested for disease associated privn protein. The
patients from whoin these samples were obtained
were aged 20-29 years af the time of surgety, which
ook place in 1996-9.

-118-

Setiing Pathology departinents in two tertiary centres
in England and Scotland.

Results Adequate DNA was avaifsble for analysis in
two of the thrae specimens, both of which were
homozygous for valine at codon 129 in the PRNP,
Conclustons This is the fivst indication that the valine
homozygons subgroup at codon 129 in the PRNP is
susceptible to vCJD infection. All tested clinical cases
of vID have so far occmrred in the methiorine
homozygous subgroup, and a single case of probable
fatrogenic vCJD infection has been identified in one
patient who was a methionine/valine heterozygote at

Thls article was posted on Gmfcom on 10 Aprl 2006
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Restriction digest pattern for PRNP coden 129 genotype analysis in two paraffin seclion tissue samples (shown combined). The test sample
results cieatly show banding patterns equivalent to the VV genctypa cortrel (Melmolecular welght ladder, N=PGR nagative centrol,
Apt1=appendlx tlssus from pasttive case 2, Ap2=app9ndix tissue from positiva case 3, positive corirol samples from PANP coden 129 MY, w,

and MM genolypes)

this genetic locus. People infected with vGJD with a
valine homozygous codon 129 PRNP genotype may
have a prolonged incubation period, during which
horizontal spread of the infection could oceur either
from blood dopations or fromn contaminated surgical
instruments used on, these individuals during the
asymptomatic phase of the illness.

Introduction

In a prevalence study for variant Creutzleldi-Jakab
disease (vCJD), we identified three appendixes that
stained positively for disease associated prion protein
(P1P). We looked at 12 674 specimens (11 109 appendi-
ces, 1565 tonsils) removed from 1995-2000. Most of the
patients (85%) were aged 10-20 years at the fme of
operation.' * This number of positive resnlts is greater
than would be predicted from the numbers of patents
diagnosed with ¥CJD i the United Kingdom (161 o
date), Furtherinore, the annual inddence of new cases of
%CJD has declined from a peak in 1999. As all patients
with ¥GJD belong to the methionine homozygous
subgroup, determined by the codon 129 pelymorphism
in the prion prowin gene (FRNP)' one possible
explanadon for this apparent discrepancy could be a
different PRNP genotype in the three positive cases (the
prevalences of PRNP codon 129 genoiypes in the
general UK population are about 40% methionine
homnozygous, 10% valine homozygous, and 50% hetero-
zygous)., This possibility was supported by a slighdy
different pattern of immunoreactivity in the second and
third positive appendix cases in comparison with dinical
cases of v We recently identified a case of asympto-
matic vGJD infection that seemed to have been
tramsmitted by red cell ransfusion in a PRNP codon 128
heterozygote, demonstrating that the methionine
homozygous genotype is not uniquely susceptble w©
vCJD infection*

Methods

We analysed the PRNP codon 129 polymorphisin in the
three samples of appendix dssue embedded in paraffin
that strined positively for disease associated prion
protein in the prevalence study, T the first case, 2 (rans-
raission study is currently under way using material from
the remaining unstained sections. This meant that only
immunostained sections were available for genotype
studies and the exrracted DINA was not good enough for
further anatysis. In the two remaining cases, as there was
not sufficient material available for both fransmission
studies and genotype stadies, and in view of possible
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PRNPinfluences on the s@ining pattern of disease asso-
ciated prion protein in these cases, we used the remain-
ing material for DNA analysis. A single & pm unstzined
paraffin section was available from cach case, and these
were de-paraffinised and scraped into individual micro-
cenirifuge tbes for DNA extraction with the Puregene
DNA Purification Kit (Gentra Systems, USA). Pelleted
DNA was reliydrated for one hour at §5°C and then
used 25 a template for amplification by the polymerase
chain reaction {PCR), along with positive and negative
control samples, PCR primers used were specific for a
506 bp region of PRNP containing the polymorphic
sequenee for the codon 129 residue. PGR products were
digested at 37°C with the restriction enzyme Nspl (New
England Biolabs, UK), which specifically recogmises
changes at the PRNP codon 128 polyraorphic DNA
sequence. Digest products were analysed on 15%
agarose gels with positive controls for the codon 129
variants (MV, VV, and MM).

Results

For both cases the genotype was confirmed as
homozygous for the valine allele (VV) (figure). This
method has been previously validated'® and was
controlled in our laboratory by studying the PRNP
codon 129 genotype in-hoth paraffin embedded
sections and frozen dssues from 25 other cases.

Discassion

These results give the first indication that PRNP codon
129 valine homozygotes may be susceptible to vCJD
infection. Though the imununohistochemical tech-
nigue used in our earlier smdy seems to be specific for
disease associated prion protein,® it is unlikely to be
100% sensitive, suggesting that the aue prevalence of
v infection in the UR. population may be even
higher than earlier cstimated (3/12 674).° Genetic
studies of kurw, another orally tansmitted human
prion disease, found that PRNP codon 129 MV and
VYV genotypes were associated with longer incobaton
periods than the MM genowpe’ As the ethjcal
approval for our study placed reswaints on the identifi-
cation of individual cases, we are not able o state with
certainty the age of the patents in the positive cases at
the time of surgery. We can, however, state that they
were aged 20-29 years at the time of surgery, which
took place i 1996-9. No dinical cases of vCJD af any
age have yet been identified in PRNP codon 129 valine
homozygotes, ndicating the need for contimed
surveillance of all cases of vOJD in the UR.
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Though it is inadvisable to overinterpret the data
from: only three positive cases in this study, it is perhaps
surpeising {given the relative prevalences of PRNP
codon 128 genotypes in the general population) that
both the positive cases analysed here were valine
homozygotes. Though this may represent a chance find-
ing, we should consider the possibility of differences in
the peripheral pathogenesis of vCjD that depend on the
PRNP eodon 129 genotype. The padent who developed
asyrnptomatic vOJD infection after red blood cell rans-
fusion was a codon 129 heterozygote in whom both
tonsil and appendix tissues were negative on siaining for
disense associated prion protein with identical methods
as used in this stady, though the spleen and ymph
nodes gave positive results’ PRNP polymorphisms in
sheep infected with scrapic also have a major influence
on the incubation period and tming and distribadon of
disease associated prion protein in ymphoid tssues
during the incubation period.!

A prolonged incubation period after infection with
vGID is likely to resule in an asymptomatic carrier state
{which cammot yet be ideniified), which represents a
potential tisk for horizontal transmission of vGJD
infection by blood transfusion, blood products, or con-

taminated surgical instruments, These uncertaintes
further underline the need for contdrmed surveillance
of vGJD in the UK (including surveiltance for subclini-
cal or asymptomatic infection®), a requirement 0 con-
tinue to reduce the possibility of secondary istrogenic
transmission, and the inclusion of carrier states and
susceptibilicy to vGJD infection in all PRNP codon 129
genotypes in future disease modelling,

Contrfbutors: JWI (guarantor) and DAH were responsible for
the prevalence study and the analysis of the results, including
the selection of the cases for analysis, and drafied and modified
the manuseript. MTB established the methods for DNA extrac-
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and drafted and imodified the manuscripe XC and DH
performed the DNA extraction on the test marevials and in the
validation sty and modified the manuswipt. MLeG, SLDLR,
z0d LMcC identified cases for the validation study and prepared
e paraffin sections for DNA analysis and modified the manu-
sexipl.
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Prescribing for RITA

And so it endg—2 decade in the training grade. The fast rites
performed with 2 final RITA. (récord of in training assessment):
T'm finally grown up, the anthorities deerm. In fact, my consultant
job starts tormorrow. )

After 10 vears with it, do I have positive suggestions for
postgraduate training in the NFIS? Of course, dozens, 1105t
ivolving workforce, reorgarisatiof, and resources. Bug, as in Jife,
the best tonjcs ara free. I vate for a fresh culture that values and
grows people, Juis temearkable that NS doctors deliver their
high quality service for no irfimediate tangible gein, More
extraprdinary is chat fhis work reccivés not a trace of the yositive
feedback and moral incentive that would be crideal to ihe heatth
of any cormparsble organisation,

1 worked for some ime in a prestigious instinigdon of 2 more
advanced healthcare systern, What made their people tick? True,
they had impressive bulidings, swte of the =t technology, and
good salary prospecis; but, really, I think they were primarily
chiver: by an ethos that valued excellence and individuadity—

iniiated, fostered, :d rewarded it. Right down to the srpwork that
tined the corridors—oversized portraiis of the previous menth's
star emplayess, proud pictures of “graduating” mainees, plagques
of senior faculty.

A bit over the top perhaps, but preferable to the anonymous
passage of generations of juniors through Britain’s mauy worthy
hospitals, T addition, aititudes of deziston towards the less skilled
and suspicion of those who seem too geod or creafive are alk too
conpnon. The end result? Blunted clons coming off an assembly
Jinee: competent, yes; extraordinary, no. Tragic for indivicuals and
undestrable for & healthcare system that confronts exorordinary
problems.

There, I've had my shout. Tomorrow I step into a new world,
recogrising thar to change & is to change my sell. Twill not forget
niy snorning dose of free tonic. )

Gividbar P Kalamengalam specialist registrar in newrolopy, Instituls
of Neurological Sciencss, Svuthern General Hospital, Glesgew
{g_kalamangalam@hotmeatl.com}
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The onset of illness in the first case of variant
Creutzfeldt—Jakob disease {(vC]D)}, which was
published in 1996, occurred in early 1994.
vC]D most probably results from the consump-
tion of beef products contaminated by central
nervous system tissue derived from bovines
infected with bovine spongiform encephalo-
pathy (BSE), which began in the UK sometime
prior to 1986 (1. The worldwide incidence of
BSE and vC]D was approximately 180,000 ani-
mals and 185 patients (including 159 patients in
the UK), respectively, in December 2005. In the
UK, where the highest incidence of BSE and
vC]D was reported, their peak incidences were
observed in 1992 and 2000, respectively. Since
these peaks, the incidence in the UK has
decreased gradually [101]. There is also the possi-
bility of continuing person-to-person transmis-
sion of vCJD through certain forms of
healtheare {e.g., through surgery, blood transfu-
sion or treatment with plasma products). There-
fore, it is essential to maintain and promote
active surveiilance of vC]D and CJD (hereafter
vCID/CID) to evaluate potential transmission
by this route [2-4.102,103].

Since blood products are prepared from
human blood, they may involve risks of contami-
nation with infectious pathogens including patho-
genic prions. Therefore, besides the measures for
ordinary pathogens, effective measures imple-
mented globally to prevent transmission of patho-
genic prions (especially to prevent vGJD) are also
required. Measures to prevent contamination by
viruses/prions in plesma derivatives consist of
donor plasma sourcing/screening and the elimi-
nation of viruses/prions during the manufaciur-
ing process. Currently, geographical deferral of

ICI ne biood donors before donation is the only method

10.2217/17460794.1,5.659 © 2006 Future Medicine Ltd ISSN 1746-0794
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Blood products prepared from human blood theoretically risk contamination with infectious
pathogens. Since recent reports now confirm the likely transmission of pathogenic prions
through blood transfusion, effective measures to prevent transmission are required globally,
alkhough the prevalence of variant Creutzfeldt-Jakeb disease outside of the UK is extrernely
low. Many studies evaluating the manufacturing process have been conducted for the
potential removal of the prion protein from plasma derivatives. In this review, we discuss the
possibility of rermoving prions via several processing steps, especially depth and
virus-removal filiration. Through a discussion of the limitations and issues associated with
such studies, we hope our review will be of help for better study design in the future,

of identifying donors at higher risk for vC]JD,
since sensitive and rapid screening methods for
prions in blood with the ability to handle many
specimens have not currently been developed.
The risks to a recipient from fractionated plasma
products are probably less than from blood
transfusion, not least owing to potential remaval
during the manufacturing process, as well as the
volume of material to which an individual is
exposed, which are likely to be important deter-
minants of. the level of risk [2. However, the
pooling of plasma donations and the large
number of recipients from any given plasma pool
complicates any calculations of residual risk.
Little is known regarding the native form of
prion protein in blood, especially in plasma,
although this information is essential for evaluat-
ing the safety of blood products. Under these cir-
cumstances, the regulatory agencies of several
countries issued guidelines regarding measures to
be taken to prevent or reduce the potential for
prion ftransmission through pharmaceutical
products, Manufacturers have implemented
their measures according to these guidelines
(5-7104-107). Recently, Brown reviewed prion
infectivity in hlood, prion removal By the manu-
facturing process and the current status of the
development of prion-screening methods (8.
The removal of prions by partitioning during the
manufacturing process is expected to be a practi-
cal and effective approach, particularly because
effective methods for prion inactivation that are
applicable to the manufacture of protein prod-
ucts, have not been developed to date. At present,
the removal of prions by physical means is the
main measure towards preventing prioen contam-
ination. There are rumerous teports deseribing
the partitioning and possible removal of prion

Future Virof. (2006) 1{5), 659-674 659
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during the manufacturing process. Processes that
possibly remove prions imclude fractionation,
using ethano! and/or polyethylene glycot (PEG),
and filtration through virus-removal and/or
depth filters, Many studies have been performed
on the efficacy of ethanol fractionation processes
to remove prion and demonstrated similar
remnoval ability, regardless of differences in study
conditions and the research institutions. By con-
trast, studies on depth filtration revealed that the
efficacy of depth filters to remove prions is
highly dependent on the composition of the
solution and/or characteristics of the fiiters. fn
this Teview, we discuss the possibilities and limi-
tations of several manufacturing steps to rernove
prions using evaluation data from several manu-
facturers, We hope our discussion will be of help
to determine better study design in the future.
Cleaning (inactivation} of eguipment should
also be considered in parallel to the removal of
prions during the manufacturing process. How-
ever, we will not discuss this area, and the reader
is referred to Lee and colleagues who have
already discussed this matter in details [9,10,108].

Study design for prion removal ability

Procedures for safety evaluation of plasma derjv-
atives for prions are basically similar to those
used for viruses. Regarding the virus clearance
study {also termed virus validation study), the
first regulatory guidance was issued by the Eure-
pean Community in 1989. Since then, manufac-
turers have performed virus clearance studies in
accordance with this guideline as well as other
related guidelines. On the other hand, the Euro-

pean Medical Agency issued guidelines regarding,

prion clearance in 2004 j104]. Their guideline was
largely based on the concept of the virus valida-
tion guidelines [109), although care was taken to
refer to such studies as investigational, as
opposed to validation.

The following should be considered when
performing prion-cledrance studies.

Model agents

The main purpose of the clearance study is to
assess znd identify the manufacturing process{es)
that can be considered to be effective In eliminat-
ing prions using various rmodel agents, such as
scrapie. Based on the results with model agents,
the partitioning of specific human pathogenic
agents, such as vCJD, can be speculated. In this
sense, the purpose of the study is to evalnate the
risk of the pathogen itself. However, if the path-
ogen in question is significantly different from

-124-

the model agent, partitioning of the speciilc
human pathogen may yield incorrect data.
Therefore, for clearance studies and related stud-
ies, it is indispensable to carefully consider the
possible differences between the pathogens in
question: and model agents.

Assay method

The detection of protease-resistant prion antigen
(i vitrostudy) is performed as the fiest step (e.g.,
by western blotting {WB], and then, for certain
process(es), an infectivity assay using animals
{in vive study) is alse recommended. The in vivo
assay remains the only possible option to con-
firm the quantitative infectivity titration of pri-
ons following Inoculation of samples into
animals. It should also be understood that, in
some instaneces, there could be some discrepancy
between i vitro and in vivo study results.

Simulation of manufaciuring process

It may be impossible to exactly simulate all of the
manufacturing process parameters on a labora-
tory scale, For experimental downscaling, it is
impossible to use equipment and conditions that
are identical to the actual manufacturing process.
First, prion proteins are added intentionally,
thereby changing the matrix. Second, the proc-
esses are downsized to laboratary scale. There-
fore, in some instances, the best result that can be
achieved is to approximate the behavior of the
manufacturing process. Furthermore, it is impor-
tant not to overestimate the prion removal ability
of the manufacturing processes based on the data
obtained under scaled-down conditions,

Native form of abnormal prion proteins

The native form of the abnormal prion proteins
in blood is stifl unknown. Abnormal prion pro-
teins in blood remain largely undetermined and
may exist as varicus forms with different particle
sizes or aggregation states. Therefore, the prepa-
ration method of the prion material used as a
spiking agent for process evaluation studies
would be an important factor.

Choice of spiking prion agent

Of the various prion diseases, vC]D is the pri-
mary concern for manufacturing plasma deriva-
tives. It is difficult to use tissue samples taken
from vC]JT/CJD patients for the evaluation of
marufacturing processes. Therefore, in general,
laboratory strains of scrapie (e.g., 263K and
METY) and those of BSE {e.g., 301V} are used in
place of vCJD materials [11-15].

Future Virol. (2008) 1(5)
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Spiking materials are prepared from the brain
of infected animals, and there are several meth-
ods of preparation. Brain homogenate {BH) has
been widely used for a long time, because BH is
easy to prepare and contains a high titer of infec-
tivity, However, the uniformity of particle size is
not ideal for evaluation purposes. The micro-
somal fraction (MF) is partially purified from
BH, and the titer of-MF may be slightly lower
than BH. In addition, caveolae-like domains and
semipurified serapie prion protein (purified
fibrils) may also be used in spiking studies. The
partitioning of abnormal prion protein prepared
by different preparations behaves in a similar
manner, with the exception of purified fibrils
[16-18]. Although the appropriateness of the
materials used for spiking experimenis was
described in reported studies, there has been no
discussion of their particle size.

In 2003, Yunoki reported that the particle size
of MF used as spiking material was 800 nm on
average, and that the particle size of MF fell to
Iess than 220 nm through high-power sonication
or detergent treatment [19]. At present, research-
ers tend to add steps such as sonication, deter-
gent treatment and prefiltration in order to
prepare MF or BH for spiking studies. However,
discussion regarding the appropriateness of spik-
ing materials is limited because the status of the
abnormal prion protein in blood is not currently
clear. Varlous preparation methods have besn
used in the above reports, Therefore, it is neces-
sary to carefully consider such preparation meth-
ods used in individual reports in order to
evaluate the removability of prion agents.during
the process. '

As our knowledge regarding the form and
characteristics of abnormal prion protein in
blood accumulates, these problems are expected
to be resolved. A new preparation method utiliz-
ing exosomes might be proposed because a
recent report described that prions also exist in
association with exosomes [20). Ih addition, spik-
ing materials derived from cultured cells produc-
ing abnormal prion protein may become one
possible source for spiking prion material [21). If
strains of vCJD/CJD with a high titer are pre-
pared in cultured cells, it would become possible
to use such materials as spiking agents.

Evaluation methods

To estimate the prion tevels in samples, two dif-

ferent methods are used: one to detect abnormal
prion protein in sarmples by WB, conformation-
enzyme-linked

dependent immunoassay or

www.futuremedicine.com
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immunosorbent assay {im wire study) [1622-24);
and the other to detect pathogenic prion protein
by inoculating animals with the samples (i wivo
study). Although WB is widely used, assay con-
ditions are different in every laboratory and there
is no standard protocol for the assay, In general,
samples taken from manufacturing processes
contain plasma proteins at a high level, which
sometirnes disturb the specific detection of a
smnall amount of prion by WB. To avoid these
problems, optimization of assay conditions
and/or adjustment of pretreatment conditions
for each sample are necessary. Due to these assay
variables, the sensitivity of the assay not only
differs in every laboratory, but even from sample
to sample. When an identical sample is used for
comparison, WB generally gives a lower sensi-
tivity than the in wve method. To improve the
sensitivity and specificity of WB, several method-
ologies have been performed; for exarnple, the
elimination of plasma proteins that disturb the
assay, by heating at 80°C before proteinase K
treatment, followed by ultracentrifugation to
concentrate prion [25].

For viruses, it is required that clearance studies
are performed following the detection of infectiv-
ity of process samples as an indicator. However,
for prions, according to the guidelines [104,105,109],
infectivity experiments I w/vo are not always
required for processes where the relationship
between i vive and Jfn vifro results has been
established. For processes where the relationship
is unknown, such as new processes, it may be nec-
essary to check the infectivity of samples in vivo
following initial testing of samples Jn witro.

In general, experimental conditions for the
detection of infectivity using animals differ at
every institution. Even If animals are the sare
species and age, the amount of inoculums given
to the animals and/or incubation period of the
animals after inoculation may be different.
Symptoms of prion diseases are monitored by
clinical signs during the incubation perlod in
animals, although the monitoring procedure
may also differ at sach institution. Some institu-
tions monitor abnormal behavior only, whereas
other institutions use a scoring system for moni-
toting. However, such cbservation of clinical
signs may not be regarded as a definitive indica-
tor of disease. Classically, histopathology has
been used to confirm disease leslons in brain
samnples taken from infected animals (26l Simi-
larly, different criteria in pathological examina-
tions are used by institutions to determine prion
lesions. Some institutions judge prion diseases by
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the existence of vacuoles only. Some other
institutions use their own scoring system using
several factors, such as spongiform vacuoliza-
tion, gliosis or amyloid plagues in the lesion
sites. The above judgments are sometimes
problematic because these pathological obser-
vations must be performned by experienced
investigators. To obtain more knowledge regard-

ing the diagnosis of prion diseases, see the gen--

eral review by Kretzschmar [27. To avoid the
above problems, rather than pathological evalu-
ation, a recent trend is the iz witro detection of
abnormal prion protein using BHs from inocu-
lated animals by immunological procedures,
sueh as WB. :

Lée and coileagues published a report in 2004
regarding the relationship between in wifro and
i wivo results fz8). Their data demonstrate that
the partition of prion antigen in individual proc-
ess samples detected by WB was consistent with
that of infectious prions observed iz vfvo. These
results suggest that it may be possible to evaluate
prion partitioning during the manufacturing
process by in vitre study using only WB. How-
ever, they also demonstrated that, in some cases,
infectivity remains in a sample where the amount
of abnormal prion protein is less than the limit of
WB. One possibility for the phenomenen is the
inappropriate use of antiprion antibodies for
WB. Based on their results, the data obtained by
I vitro study should be evaluated with the possi-
bility that such study may have limitations for
the detection of prion agents,

Cell culture to persistently maintain the infec-
tious pricn protein has been widely reported,
and the development of a cell culture systern for
the quantitative detection of prion infectivity is
now underway (21,2930}, In the future, if a new
assay system using a cell culture system demon-
strates the same sensitivity as animai studies and
good correlation, experiments to detect Infectiv-
ity may be switched from animal systems to cell
culture studies, as has occurred for some viruses
used for virus validation studies.

Evaluation of the major manufacturing
processes for prion removal

Concept for evaluation of

manufacturing processes

Over the last 10 years, many reports have been
published on prion removal during the manu-
facturing processes of plasmea derivatives. To
reassess these reports today, we must consider
the technical background of the studies (dis-
cussed earlier). Before the European Medicines
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Agency published 4 statement in 2004, the strat- '
egy for establishing the study design was niot as
clear (108].

The log reduction factor of prion by a certain
manufacturing process is often misundersteod as
representing an unconditional absolute value;
however, this factor is merely one of the indices
for process evaluation. Therefore, based on the
comprehensive grasp of all information, judgment:
should be rade whether the process in question is
effective, partially effective or ineffective for prion

_removal by individual manufacturing steps.

Several procedures are expected to remove
abnormal prion protein. Fractionation with eth-
anol, PEG and glycine, and filtration with virus-
removal and depth filter have been widely inves-
tigated, and many reports have been published
on these steps {described later).

Fractionations during plasma protein
purification steps

Many studies have alveady been performed on
ethanol fractionation. Detatls of ethanol
fractionation and prion partitioning during
the manufacturing process have been described
in several articles [31,32,104,105]. Ameng the eth-
anol fractionation processes, Fraction I+ I1I,
Fraction III and Fraction IV processes exhibited
significant partitioning (Table 1). These are con-
sidered to be effective prion removal processes.
For PEG and glycine fractionations, several
studies have also been reported, as sumnnarized
in Tabke 2. PEG fractionation processes, includ-
ing 8 and 11.5%, demonstrated good partition
and are regarded as effective prion removal proc-
esses, such as ethanol fractionation processes,
whereas glycine fractionation demonstrated less
eifective removal.

For column chromatography, various kinds of
columns demonstrated a different tendency to’
partition prion protein (Tuble 3). All of the col-
umn chromatography processes reviewed here
are not implernented specifically for the removal
of prions, but for purification of the plasrna pro-
tein of interest. In this sense, the removal of
prion with these column chromatography proe-
esses is, if anything, a secondary effect. There-
fore, the factors and/or parameters that are
necessary to purify plasma proteins will differ
from those for prion remaoval.

Virus-removal filters

Virus-removal filters were developed exclusively
for effective removal of viruses during manufactur-
ing processes, and had pore sizes of approxirnately

Future Virol, (2008} 1(5)
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Table 1. Removal of prion by ethanol fractionation”.

Process (condition) Spiking agent
Cryoseparation Human prpvci EH
' Human PrpsciD BH
Human ProGss BH
Sheep Prp> BH

Hamster PrPSc 263K BH
Hamster PrP5¢5c237  BH

MF

CLDs

Purified
Hamster PrPSe 263K TR
Mousg Prp&ss Blood

Hamster PrP% 263K BH

Hamster PP 263K MF
Hamster PrP% $¢c237 BH
MF
CLDs
Purified
Fraction | + Il {20% ethanol)  Hemster PrP5c 263K BH

Fraction | (8%6 ethanol)

Fraction Il + It (255 ethanol)  Hamster PrPS Sc237 BH
MF
CLDs
Purified

Fraction 1+ i + I (19%% Hamster PsPS< 263K BH

ethanol), including filter aid

3.9

3.7

45
3.0
5.9
2.3
3.4
2.8
3.8
8.1

+ve
7.8
2.9
ND

4.4
4,4

3.7

4.1
8.5
4,9
4.1
4.9
3.9
4.6
1.0
ND

3.0
2.8
3.5
2.0
4.7
2.0
3.2
2.4
1.4
NA
NA
6.8
1.9
ND
35
3.5
30
10
25
%0.2
0.5
1.8
0.8
0.8
4.8

ND

Spike source  Before  Filtéred (Supartiatant) Paste (pregipitate)

36
2.7
3.7
2.5
5.3
2.1

2.9
2.6
3.4
6.0
+ve
1.2
2.6
ND

4.3

44
37
‘3.9

8.5
5.3
4.1
4.9
3.8
43
ND
ND

* Clearange/reduction

Filtered
0.9
0.9
1.0
1.0
1.2
0.3
Q.2
0.4
2.4
NA
NA
1.0
1.0
<1.0

0.9
0.9.

07

a1
6.0 "
=4.7
36
33
3.1
4.0
2.2
3.8

Paste
0.3
1.0
0.8
0.5
0.6
0.2
05
0.2
0.4
2.1
NA
0.6
0.3
1.0
0.1
0.0
0.0
0.2
0.0
0.0
0.0
0.0
0.1
0.3
NA
NA

Method

WEB
WEB
WB
WB
W8
cnl
chl
chl
Cchi
BA

BA

BA

wa
wo
chi
col
COi
CDt
BA

wg
cot
col
Chi
ch
BA

WB

Ref,

871

{16

[17]
(28]

(18]

116]

(28]

[18]

(38]

*\alues given are expressed in log,, form. *Clearance was calculated by subtracting the effivent titers from the precipitate titers. Sinciuding depth fiftration, YYunoki et al. Unpublished Data.

BA: Bioassay {in vivo study); BM: Brain homogenate; BSE: Bovine spongiforrn encephalopathy: COI: Conforqatign-dependent Immungassay; CLO: Caveolze-fike domain;

G$5: Gerstmann-Strdussier-Scheinker syndrome; MF: Microsomal fraction: NA: Not applicable: ND: Not deter_mined; PrP: Prion protein; Se¢: Scraple; sCID; Sporadic Creutzfeldt~Jakob disease;
sMF: Sonicated MF; TR: Trypsin-treated minced brain; vCJD: Variant Creutzfeldi-Jekob disease; WB: Wastern biotting fin vitro study).

MIIATY - sionpaid poojq wok syusbe uoud Jo [erowsy

ZZ0-000ZENTH



-8¢l-

99

{5)L {g00z) joun 2unind

Process (condition)-

Fraction | + I + Wl {20%
ethanot}, evaluate from plasma

Fraction !+ Il + Il (21%
ethanol)

Fraction i (1794 ethanof}
Fraction | + i1l {12% ethanof}
Fraction f + [Ii (12% ethanol)
Fraction IV (38% ethanol),

high prion spiked

Fraction IV (38% ethanol),
low prion spiked

Fraction IV (35% ethanal)
Fraction IV (40% ethanol)

Fraction IV
Fraction IV,
Fraction IV

Fraction IV,+ iV, {40%
ethanoi) eveluate from plasima

Spikingagent *  -Spike splirce -JBe

Hamster PeP3e 2631
Mouse PrpGss

Harnster Prise 253K

Hamister PrPSe 263K,
Hamster PrPSe 263K

Mouse PriBsE 307V
Hamster PrPSe 263K
Hamster PrP®e Sc237

Hamster Prpse Sc237

Hamster PrP3c 263K
Hamster PrP3e 263K

Hamster Pri%e 263K
Hamster PrPSe 263K
Hamster PrP3¢ 263K

Hamster PriSe 263K
Mouse PrpGss

Tal:i;!.é':'I_.'Removal of 'p'rio'n by ethanol fractionati_on"" (cont.)

TR
Blood
MF

BH

" BH

MF

MF

BH

MF
CLDs
Purified
MF
CLDs
Purified
MF

BH

BH

BH

sMF

TR
Blood

8.1

+ve
ND

ND
4.3
6.8
ND
6.1
ND
4.1
4.5
41
4.6
3.7
3.0
3.2
ND.
7.0
ND
8.2
4.2
7.6
4.2
3.6
8.1
+ve

o

g

‘Filtered- (supernatant).

’ gf'--;e‘\ﬁ T R UR

NA
NA
ND

20
0.0
3.3
ND
4.0

ND

0.9

"I.'I

0.9
2.4
0.8
0.0
0.0
ND:
4.0
ND

"5.2

0.0
3.0
<0.1
<0.6
NA
NA

73
4.3
ND
ND
6.0
ND
3.4
4.5
3.8
4.4
3.5
3.0
2.8
ND
ND
ND
1.5
4.2
7.2
4.0

3.8 -

3.8
-vg

Tearance/rec

“:Filtered:

NA,
NA
1.3

5.3t

24.3

3.5

4.5

2.1

23.7

3.2 (24.1)8
3.4 {z4.5)5
3.2 (24.1)8
2.2 (24.6)8
2.9 (23.7)%
23.0 (=3.0%
=3.2 (23.2%
23.0

3.0

5.0

3.7

z4.2

4.6

z4.1

23.0

NA

NA

0,04
0.0

NA
0.1

0.7
0.0
0.3
0.2
0.2
0.0
0.4
NA
NA
NA
1.4
0.0
0.4
0.2
0.0
4.2
NA

Method

BA
BA
WB

BA
WB
BA
wa
BA
W8
CDl
col
col
CDI
col
col
CDl
Wi
BA
WB
BA
WB
BA
WB
WE
BA
BA

Ref.

{17

f1g]

128]

(28]

[18,39] .

el

(ie]

(8]

[38)

[28]

M

*Values given are expressed in logy, form. Clearance was calculated by subtracting the efffuent titers from the precipitate titers, Sincluding depth filtration. YYunoki et al, Unpublished Data,
BA: Bicassay (in vivo study); BH: Brain Romogenate; BSE: Bovine spongiform encephalopathy; GDI: Conformation-dependent immunoassay; CLD: Caveolae-fike domain; '
G55: Gerstmann-Striussler-Scheinker syndrome; MF: Microsomal fractlon; NA: Nat applicable; ND: Not determined; PrP: Prion protein; Sc: Scrapie; sCJD: Sporadic Creutzfeldt-Jakob disease;

sMF: Sonicated MF; TR: Trypsin-treated minced brain; vCJD: Vatiant Creutzfeldt-Jakob disease: WB: Western biotting (in vitro study),
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Process {(sample)

3% PEG (cryoprecipitate)

3% PEG (cryoprecipitate)

8% PEG (VIG)

11.5% PEG (Fraction IV,
precipitate)

11.5 % PEG (Fraction vy
precipiiate)

Glycine {cryoprecipitate)®

SD+8%Glycine
{fibrincgen)
SD+15%Glycine
{Factor Vi)

Caprylate
precipitation/cloth
filtration (Fraction H + IlI
suspension/IVIG)

Spiking agent

PrpvCiD

PrpsciD

PrpGss

Sheep Prpsc
Hamster PrPSt 263K
Hamster PrP5e 263K

Hamster Prsc 263K

PrpvclD

PrPsCio

Prposs

Sheep Prpse
Hamster Prpse 263K
Hamster Prise 263K

Harmster Prpse
Sc237

Hamster Prise 263K
Hamster Prpsc 263K

Harnster Prpse

Method

BH
BH
BH
gH
BH
BH

sMF
MF
sMF
BH
BH
BH
BH
BH
BH

MF

Purified
sMF

MF
sMF
WD
ND

Before

40
3.7
5.0
4.0
6.3
1.2
5.2
25
2.5
Prob. +ve
4.0
3.0

. 4.0

3.5
5.8
ND
4,8
3.1

3.8
3.0

2.5
2.5
D
ND

. Ta_b!é 2. Removatl of prion by polyethylene glycol, glycine and caprylate precipitation®.

Filtered (supernatant) Paste (precipitate)

2.1

1.5

3.0

2.3

4.1

5.0

2.2

<0.1

<01
Prob. +ve

0.5
2.7

2,2 .
2.9
ND
ND

4.0
3.7
5.0
4.0
6.1

7.2

49
3.2
2.5
ND
4.2

2.9

4.0
3.5
8.7
6.5
4.6
2.3

3
3.5

1.5
1.5
ND
ND

Clearance/reduction

Filtered
1.9
2.2
2.0
1.8
2.2
2.2
3.0
22.4
22.4
NA
240
23.0
24.0
23.5
=5.8
25.4%
=4.9
1.7

33
0.3

0.3
0.0
ND

ND

Paste
0.0
0.0
0.0
0.6
0.2
0.0
Q.3
0.0 .
0.0
NA
0.0
0.1
0.0
0.0
0.1
0.0*
0.3
0.8

0.7
.0

1.0
1.0
2.9
3.3

Method Ref..

wa
WB
WB
WB
WB

' BA

WB
WB
wB
BA

WB
WB
W8
WEe
W8
BA

WB
o

Cor
WB

WE
WB
WB
BA

{37]

i28]

{37)

f2s)

(8]

[40]

*\falues given are expressed In logy, form. Clearance was calculated by subtracting the efflusnt titers from the precipitate titers, SCryoprecipitate after Al{OM); adsorption. TYunoki et al. Unpublished Data,
BA: Bigassay (in vivo study); BH: Brain homogenate; COI: Conformation-dependent immiunoassay; GSS: Gerstmann-Stréussier-Scheinker syndrome; IVIG; Intravenous Immunoglobutin: MF: Microsomal

fraction; Prob. +ve: Probable positive; PrP: Prion protein; NA: Not appticable; ND: Not determined; Sc: Scrap;e sCJ0: Sparadic Creutzfefdt—.fakob disease; sWIF: Sonicated MF; vOID; Variant

Creutzfeldt-Jakob disease; WB: Western blotting (in vitro study),
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Table 3. Refmoval o

collimn step

Spiking Meitiod Befare Pass

Reduction

“Protess ‘Eluate Retained
agent (clearance) for
product fraction -
DEAE SD Hamster MF ND ND ND ND >3.5% WB nal
Tyoper! contained  prpSe 3.15
B50M Factor VIl 263K
Mouse  MF 8.7 ND  <5.8¢ 76 22.8%2.7% BA [41]
prp8sE 6.15
301V
DEAE- Factor [X  Hamster MF ND ND  ND ND 3.0 WB.
sepharose prose
263K '
Heparin- SD Hamster MF ND ND ND ND 1.4 WB 18]
sepharose caontained  prpse -
' Factor X 283K
Ssepharose  SD Hamster  MF ND ND  ND ND 2.9 WB -
contained prpsc
thrombin 263K
MoAb Factor IX  Hamster dMFY 3.7 3.7 1.3 NA 2.4 WB ¥
PrpSe
263K

*alues are expressed in log,, form. ¥Fibrinogen fraction. $Factar Vil fraction. 15D (0.3% TNBP and 1% Tweaan 80) treated. fYunoki et al.

Unpublished Data.

BA: Bioassay (in vivo study); BSE: Bovine spongiform encephalopathy; DEAE: Diethylamincethyl dMF: Detergent-treated MF: MF: Microsomal
fraction; MoAb: Monoclonal antibody; NA: Not applicable; ND: Not, determined;’PrP: Prion protein; Se: Scrapie; SD: Solvent and detergent;
WB: Western blatting (in vitro study)

666

15-35 nm depending on the filter type. For
example, 15N (15+2 nm), 20N (19:2 nm)
and 35N (3522 nm) of Planova filtess (Asahi
Kasei Medtcal Co,, Ltd., Tokyo, Japan}; DV20
(>3-1ogs reduction of virus particles >20 nm in
diameter, and >6-logs reduction of virus parti-
cles »50 nmn in diameter); and DV50 {>6-logs
reduction of virus particles >50 nm in diame-
ter) of DV filters (Pall Co., NY, USA}); and
Viresolve70 (filtration of molecules with
<70 kDa) (Millipore Co., Billerica, MA,
USA). Although the filters were originally used
for the removal of viruses, it is expected that
they may also be applicable for the removal of
prions, To date, only a few reports have been
published on the prion removal capacity of
virus-removal filters. In this review, we refer
only to reports in which the name of the filter
is specified {Table 4).

In 2005, Silveira and colleagues reported that
prion protein particles with a particle size of
17-27 nrn retain prion infectivity in an in wwo
study (33, However, prien particles can be much
Iarger and 17-27 nn particles appear to be at
the low end of size distribution [3¢). Using this

-130-

estimated size of the minimum infectious parti-
cle, we can infer useful information from the
study results on parvovirus partitioning, because
the particle size (20~26 nm)} of the virus is simi-
lar to that of prions. Virus-removal filters with a
nominal pore size of 15 nm can remove canine
parvovirus and parvovirus 519 (B19) effectively
{19.35.36]. Therefore, virus removal filters with
15-nm pore size should be useful for prion
removal, We obiained evidence that scrapie
prion could also be removed effectively by a
15-nm filter, at least when assayed using WB,
akthough infectivity in the filtrate remained
when we inoculated hamsters [Yunoki and colleaguzes,
Unpublished Data).

However, many plasma products cannot be
filtered with this filter. In fact, even for the
evaluation of virus-removal filters for prion
removal, there are several technical issues to be
noted. Most of the problems associated with
the 15-pm filter occur due to clogging of the
filter by spiking materials. Clogging often pro-
longs the filtration time and renders the filter
unable to process the required loaded amount per
unit surface area of the filter {termed deviation).

Future Virol. (2008} 1{5}
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Proeess

VireSolve 180 (Millipore}

Pianova.75N (Asahi)

Planova 35N (Asahi}

Planova 20N (Asahi)

Planova 15N (Asahi)

Planova 10N (Asahi)

CVD + DV50 + DV20 {Pall)

Table 4. Removal of prian by virus filters®.

Sample

0.86%
immuneglebulin

PBS

2% albumin

PBS

IVIG
Hapiogicbin
MG
Haptaglobin

2% albumin

PBS

Antithrombin 1l

Thrombin

2% alburnin

Globtlin

Spiking agent

Hamster PrPSc 263K

Hamster PrpSt 263K

Mouse PrP%e MET

Hamster PrPse 263K

Hamster PrPSe 263K
Hamster Prp% 263K
Hamster PriPSe 263K

Mouse PrPSe ME7

Hamster PrPsc 263K

Hamster PrP3c 263K

Hamster PrP3c.263K
Mouse Prbse ME7
Human CJDRes

Methad

dsBH**

MF
sMF
BH
dBH#*
MF
SMF
SMF
SMFSS

dsMFH
BH
dBH¥
MF
sMF
dMF5
sMF5S

dsMFTF
dB3H#
BH

6.4/6.9/6.9

3,5/14.2
4.2/14.2
8.13
7.32
3.5/4.2
4.2/4.2
3.212.85
2.4
6.8/6.8
6.7/6.1
8.13
1.32
3.5/4.2
4,2/4.2
31431
3.6
Prob. +ve
37137
7.32
ND

<3.9/«3.9/<3.9

<1.0/<1.0
24124
3.20

5.71
<1.0/<1.0
<1.0/<1.0
0.8/0.8
<1.0
4,8/4.3
4.8(4.7
<2.26
<3.11
<1.0/<1.0
<1.0/<1.0
0.0/0.0
<0.3

Prob, +ve

<0.2/<0.2

<3.52
ND

Retained

5.9/6.4/5.9

NDND
ND/ND
ND
ND
ND/ND
ND/ND
ND/ND
ND
NDND
NDIND
ND
ND
NDIND
ND/ND
ND/ND
NA
NA
NDIND
ND
ND

Clearance/reduction
Filtered Retained
22.5/23.0/  0.5/0.5/
23.0 1.0
=2.5123.2  NANA
1.8/1.8 NANA
4.93 NA

1.61 NA
22.5/z3.2 NA/NA
23.2/23.2 NAINA
2417 NANA
1.4 NA
2,012,5 NAMNA
1914 NAINA,
»5.87 ' NA
>4,21 NA
22.5/23.2  NANA
=3.2/23.2 NA/NA
23.1/23.1 NANA
22.8 NA

NA NA
23.5/23.5 NA
»3.80 NA
3.0-3.3"7 NA,
=230 7 6%

WEB

WB
WB
BA
BA

"WB

we
WeB
WB
WB
WB
BA

BA

WEB
w8
WB
Wa
BA

W8
BA

WB

Method Ref.

[42]

i19]

[a3)

(18]

#i

(43]

(18]

#E

"
431

[44]

*Values given are expressed in log,, form. **Sonicated BiH including 0.1% lysolecitin and followed by 0.45-0.22-0.1 um seriaily fiitered, *including 0.5% sarcosyl. ¥5D (0.3% TNBP and 1% Tween 80}
treated and followed by sonication. Sincluding 0,79% sarcosyl. ¥50.22 pm fiftered, ¥1:10 BH spiked. ¥71:100 BH spiled. * 1:500 BH spiked. *Yunotf et al, Unpublished Data.
BA: Bioassay (in vive study); BH: Brain homogenate; CJD: Creutzfeldt-Jakol disease; dBM: Detergent-treated BH; diIF: Delergent-treated MF; dsBH; Detergent treated and sonicated BH;
dsiIF: Detergent-treated and sonieated MF; IVIG: Intravenous immunoglobuling MF: Microsomal fraction; NA:; Not applicable; ND: Not determined; PBS: Phosph_ate buffered saline; Prob. +ve: Probable
positive; PrP: Prion protein; Res: Protease resistant; Sc: Scrapie; sMF: Sonicated MF: WB: Western blotting {in vitro study).
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Such deviations from standard manufacturing
conditions should be carefully considered,
without overestimation, for the acceptability
of such studies. In such instances, the smaller
pores tend to clog first, which diverts more of
the flow through the larger pore sizes, thereby
changing the effective pore size of the filter.
For the purposes of risk assessment, it appear
to be appropriate to assume that, even with a
13-nm filter, leakage of only a small amount
of prion (less than the limit of in vitro detec-
tion methods) may occur, as often found in
parvovirus studies.

Process evaluation of virus-removal Flters
must be performed considering the above points.
Since the published study design for process
evaluation of prion removal is often unclear,
reports must be reassessed carefully to exclude
the possibility that prion clearanice has been
adversely affected. It is generally accepted that
the basic principle of virus-removal filtration is
size exclusion. Depending on the filtration con-
ditions, the performance of the filters may vary.
At present, the 15-nm filter is the most effective
for prion removal, although filters with a pore
size of 20 nm or more can also remove prions to
some extent. However, it should be understood
that, in theory, all filters may leak infectious pri-
ons into the fltrate. Owing to clogging and
other problems, the percentage spiking may need
to be reduced in many cases. Consequently, the
removal factor tends to be lower, which should
also be considered carefutly.

In the future, it may be necessary to develop
virus-removal filters with smaller pore sizes.
However, smaller pore size may also be muore
problematic because not only contaminants but
also the desired plasma protein may be captured
by the filter. Therefore, some other measures,
such as improvement of filtration efficiency with
15-nm pore size filters, or identifying suitable fil-
tration conditions for larger pore filters (e.g., by
inducing prion aggregates at low pAH prior to
filtration) may become important.

Depth filtters

The basic principle of depth filtration is to
remove and/or capture impurities by filtration
through a multilayered mairix structure. Pore
sizes of depth filters usually range from 0.1 to
5.0 um. Some improved filters are electrically
charged to capture impurities more efficiently.
Depth filtration was originally introduced for
the ciarification of protein solutions and, thus,
was not intended specifically for prion removal.

-132-

Therefore, contaminating prion agents are
removed as a secondary effect during purifica-
tion of the desired protein. Considering the pore
size of depth filters, the filtration mechanism for
prion removal cannot be simply explained only
by size exclusion, because the charge of the depih
filter could also be involved in prion removal.
However, certain conditions may result in signif-
icant prion aggregation (e.g. low pH}, and
under such conditions, removal by size exclusion
may be the primary mechanism of removal. To
date, only a small number of reports have been
published on prion removal by depth filtration.
The results of the studies are summarized in
Table 5 (reports where the name of the filter was
not specified are not included).

According to a report that even prion particles
of 17~27 nmn in diameter still remain infective {33),
such infectious prions should theorétically pass
through depth filters. However, a number of
reports highlight that, in some cases, abnormal
prion was actually removed by depth filtration.
Even with an identical filter, filtration efficiency
varies significantly depending on filtrating con-
ditions. Therefore, depth filtration cannot guar-
antee consistent prion removal in each instance,
but rather conditions may need to be optimized
for each product. Thus, in actual manufacturing,
conditions for depth filtration must be defined
with strict process controls in order to ensure
effective prion removal. Furthermore, any evalua-
tion study of the process should be designed very
carefully while considering the processing condi-
tions. The correlation of prion pertitioning via
depth filtration in model systems and
vCJD/CJD systems remains to be confirmed.

There are several technical problems to be
noted when we evaluate depth filtration. The big-
gest problem is that the mechanism of prion
removal has not currently been clarified. Size.
exclusion alone cannot explain the mechanism to
remove prions by depth filters. Blectrically charged
matrices may adsorb prions, but this has not been
investigated in detail. Therefore, process evalua-
tion for depth filiration may require very careful
design, since there is a possibility of behavioral dif-
ferences between model and vC]D/CJD systems
during filtration. In addition, it is difficult to
obtain depth-filter materials of uniform quality.
This particular problem must be improved for the
usefulness of the depth filtration process to remove
prions at the manufzcturing level.

In general, from the resuits of previous studies,
depth filtration may be effective, to some extent,
for prion removal, as Foster and coworkers

Future Virol, (2006) 1(5)
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- Table 5. Removal of prion by depth filters®.

Step Sample Spikingagent  Nlethod Before Retained  Clearance/reduction ‘Method  Ref.
Filtered Retained
Segitz Supra Supernatant.of 8% Hamster PrPSt Sc237 BH 3.5 34 ND 0.1 NA col [16)
P8O* (Pail) ethanol precipitation
MF 3.5 3.6 ND 0.0 NA CDt
CLDs 3.0 3.0 ND 0.6 NA cbt
Purified 1.0 1.0 ND 0.0 NA CDI
Supernatant of 38% BH 0.9 0.0 ND z0.9 NA CcDt
ethanol precipitation
MF T1H) 0.8  0.0(H) 0.0(L) ND 21.1(H) =0.8(L) NA CDI
’ CLDs 0.9 0.0 ND 0.8 NA CD
Purifiad 2.4 0.0 ND z2.4 NA col
AP 20 Supernatant | + il Mouse PrPESE 301y MF 7.0H) 400}  4.6(H) 3.4() ND 2.4{H) 0.6(1) NA BA [39]
{Milipore) Hamster PrP%c 263K MF NG ND ND <1.0(} NA wa
Supernatant | + 1l Hamster Pri% 263K MF ND ND ND <10 NA we ris}
Seitz KS 80 Supernatant | + Il (AP20 Mouse PrPEE 301V MF 6.3(H) 460 =3.2(H) =3.2(0 ND 23.9(H) =1.4{) NA BA [39]
(Palj) filtered described as above)
Resuspended fraction V. Hamster PrPSE 263K MF ND ND AD z4.9 NA we D8]

Note: data are referred from Indicated reports and partially aitered.

*Values given are expressed in log,, form. *Sonicated BH including 0.1% lysolecitin and followed by 0.45-0.22-0.1 pm serially fitered, The spiking agent was added before precipi't:ation and CO!f was
performed after precipitation and after depth filiration, $3aft strip 1M NaCl followed by 2 M, 30.22 um-filtered prior depth fiiter, *0.22 um filtered. *#Yunoki et al. Unpublished Data.

BA: Bioassay fin vivo study); BH: Brain hornogenate; BSE: Bovine spongiform encephalopathy; CBI: Conformation-dependent immunoassay; CDLs: Caveolae-like domains; dsBH; Detergent treated and

sonicated BH; £ Early fiitrate; H: High titer of prion on assay of spiked feed stock; IVIG: Intravenous Immunoglobulin; L: Low titer of prion on assay of spiked feed stock; La: Late filtrate; M: Middle

filtrate; MF: Microsornal fraction; NA: Not applicable; ND: Not determined; PrP: Prion protein; Sc: Scrapie: shF: Sonicated MF; WB: Western blotting (in vitro study).
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: Rémd\_ial of pﬁdn by depth filters® (co'nt.).

Step Sample Spiking agent Method Before Filtered Retained  Clearance/reduction ethod Ref.
Filtered Retained
Seitz K200P Resuspended fraction fi Hamster PrP%e 263K MF ND ND ND 22.8 NA We (18]
(Pall)
Dalipid 1 Clariffed fraction V Hammster PiP% 263K MF ND ND ND* 23 NA W8 (18}
{Cuno) sUspension ] ’
Zetaplus WIG Hamster PrPse 263K sMF 2.8 2.5 ND 0.3 NA WB - L
Delfipid Plus /
(Cuna) sMF# 4.1 2.7 ND 1.4 NA Wae
MF 2.8 1.1 ND 1.7 NA wB
Zetaplus IVIG Hamster Presc 263K sMF 2.8 <0.4 ND =2.4 NA WB #E
30LA (Cung) :
MF 3.5 <0.4 ND 23.1 NA wB
Zetaplus Supernatant Il Harster PrPse 263K dsBH? 1.9 <2.7(E 4.2(M} 4.3(ta)  7.45 >3.3 0.5 W8 [45)
905P {Cuno) )
70 <411 <27(F) <21(M) <3.68 NA NA WB
<2.0(La)
Tris-buffered saline 7.0 G.2(56.7(M 6.0{La) 489 0.1 2.2 WB
Zetaplus Clarified fraction V HamsterPrpse 263K sMF 3.5 <04 ND- =31 NA WB e
90LA (Cung)  suspension .
sMF? 4.5 <0.9 ND 23.6 NA WB
MF 3.5 <0.4 ND 23.1 NA W8

Note: data are referred from indicated reports and partiatly aftered. :
*Values given are exprassed in logy, form. #Sonicated 8H including 0.1% lysolecitin and followed by 0.45-0.22-0.1 uim serially filtered, The spiking agent was added before precipitation and CDN was

performed after precipitation and after depth fittration. ¥5alt strip 1 M NaCl foliowed by 2 M. 10.22 pm-filtered prior depth filter. 70.22 pm filtered, *Yunoki et al, Unpubiished Data,

BA: Bioassay (in vivo study); BH: Brain hormogenate; BSE: Bovine spongiform encephalopathy; CDI: Conformation-dependent immunoassay; CDLs: Caveolae-like domains; dsBH: Detergent treated and
sonicated BH: E: Early filtrate; H: High titer of prion on assay of spiked feed stock; IVIG: Intravenous inmunoglobuling L: Low titer of prion on assay of spiked feed stock: La: Late fiitrate; M: Middle

filtrate: MF: Microsomal fraction; NA: Not applicable: NI): Not determined; PrP: Prion protein; Sc: Scrapie; s\MF: Sonicated MF; WB: Westerr? blotting (in vitro study).
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summarized study results on the depth filtration
of prions in 2004 (31]. However; since the mech-
anism and consistency of the filtration system is
not clear, an evaluation study should be per-
formed using individual manufacturing proc-
esses. Thus, it is clear that further knowledge s
required regarding the depth filtration systems.

Conclusion

The current status of process evaluation meth-
ods for prion removal during manufacturing
processes of plasma derivatives was introduced
and discussed in this review. Problems to be
stressed are!

*+ The form of pathogenic prions in blood is not
clear, which in turn raises questions about the
appropriateness of prion materfals (spiking
materials) used for evaluation studies;

* Preparation methods of prion materials for
studies are very important to consider;

+ Although some data are already available, the
equivalency between model systems and

vCJD/CJD must be strengthened.

The current status of the problems and the
limitations of measures taken to overcome the
problems are described. In addition, the difficul-
ties in establishing conditions for down-scaled
experirnents are also discussed. More research on
spiking materials of model systems for
vC]D/CJD is necessary to know whether the
currently used materials are appropriate for con-
ducting process evaluation studies. Based on the
outcome of such research, it should be carefuily
Jjudged whether the spiking materials used hy
model systems are appropriate. At present, etha-
nol and PEG fractionations, filtration with
virus-removal filters, depth filters, protein purifi-
cation columns and so forth are thought to be
effective for prion removal (to some extent).

For virus-remaval filters, the partition mecha-
nism is based on size exclusion. The performance
of filters in different studies is consistent, and the
pore size correlates well with prion removal.
However, as aforementioned, variability in the
performance is observed depending on the filtra-
tion conditions. In contrast to virus-rernoval fil-
ters, depth filters may- remove prions more
efficiently if process conditions can be optimized.

Consequently, virus-removal and depth filters
may have great potential for prion removal,
although we do not know whether these filter
steps (such as depth filters that are adventi-
tiously effective, rather than effective by design)
are perfect or not, Therefore, more work is
required to establish the filiration conditions
that are optimal for prion removal.

Future perspective

In the future, detection methods for pathogenic
prions applicable for blood screening ara likely to
be introduced, and it is expected that the risks of
vCID/CID transmission through blood will be
further clarified. With the introduction of
screening tests, it is expected that safety reasures
for plasma derivatives for prion contamination
will be composed of two procedures, screening of
source rnaterials and removal during manufac-
turing processes (the same as for viruses). With
progress in the status of pathogenic prions in
blood, preparation methods for spiking materiats
will also likely be optimized. Equivalency
between model systems and vCJD/CJD will
probably be determined more precisely, although
fromn a safety perspective such studies are chal-
lenging. Furthermore, if the usefulness of a
quantitative infectivity assay method using cul-
tured cells is confirmed for prion-clearance
study, process evaluation could be perforrmed
using such an assay. Several techniques to effec-
tively remove prions during the manufaciuring
process are now under development [4647). Once
the processes are validated or effective removal
has been demonstrated under a variety of process
conditions, they may be introduced in actual
manufacturing scenarios. The removal ability of
processes and the accuracy of process evaluation
will be highly improved by combining these new
observations and techniques. These improve-
ments will significantly contribute to the safety
of plasma derivatives with respect to prion con-
tamination; however, for safety assurance, there
is no limit to improverent.
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 Executive summary . 7
+ Incidence of bovine spongiform encephalopathy (BSE) is falling, at least in the UK. Risk of variant Creutzfeldi—Jakob disease
transmission derived from BSE-infected bovines s tending to decrease. On the other hand, the risk of human-to-human

transmission by blood transfusion persists.
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":'Exenutwe summary

. Sensmve screening methods for the deter:tlon of prions in bleod are not currently avaliable Therefore, for plasma derivatives,
safety measures against prions are mainly geographical donor deferral and the removal of priens during manufacturing processes.

Individual manufaciuring processes for prion removal are usually eyalyated by sraling down the actual manufaeturing conditions
to labioratory conditions, and using established scrapie strains & mode! systems Since the status of the prion protein in blood is
not known, the preparation method of prions as spiking materials for thess experiments mibst be considered carefully.

There are two different procedures to assay prions: i vitro study to detect prions by Westem blotting (WB) and so forti; and in vivo
study to detect infectious prions by inoculating samples into animals. In some cases for only a slight amount of prion, even when
WB demonstrates a negative result, due to the limitation of this technigue, for example inappropriate use of antibody, infectivity
may be detected in samples. Therefore, for process evaluation, differences between test methods must be considered carefully.

.

Depending on process conditions, the prion-removal ability &F the process riay vary, even if the removal pattern is similar. Thus,
the design of the gvaluation study is very important. Each manufacturing process must be evaluated independantly.

At present, among the manufacturing processes of plasma derivatives, ethanol fractionation, polyethylene glycol fractionation,
column chromatography and filtration with virus-removal filters and depth filters are considered to be effective for prion removal.

«. The cofmbination of processes that contribute to prion remova! is necessary tn order ta'improve the consetency aof the
rnanufacturing processes for prion removal.

Consequently, the development of new technigques for screening and prion removal, and improvement of process evaluation
methads is highly desirable.

Bibliography 2003 and BEvaluation and Licensing Div. 13, Zlotnik I, Rennie JC: Further observations

Papers of special note have been highlighted as PFSB, Notification No.0725001 dated July on the experimental transmission of

either of interest {*) or of considerable interest (**} 25, 2003, Ministry of Health, Labour and scrapie from sheep and goats ta

{0 readers, Welfare, Japan (In Japanese). labosatory mice. £ Comp. FPathol. 13,

1. Brown P, Will RG, Bradley R, Asher DM, 7. Swengthening of Quality and Safety ' 150-162 (1963).
Detwiler L: Bovine spongiform Assurance of Drugs and Medical Devices 14.  Bruce M, Chree A, McConnell 1, Foster ),
encephalopathy and variant Creutzfeldt-Jakob Manufactured Using Components of Pearson G, Fraser H: Transmission of bovine
diseasei-background, evolution, and current Human or Animal Origin 2s Raw Materials, spongiform encephalopathy and scrapie to
concerns. FID7(1), 6-16 (2001). PMSB Notification No.0414004 dated mice: strain variation and the species barrier.

2. Llewelyn CA, Hewitt PE, Knight RS ez ai: April 14, 2003, Ministry of Health, Labour Pril, Trans. R Soc. Lond. B343(1306),
Passible transmission of varjant and Welfare, Japan {In Japanese). 405-411 (1994).
Creutzfeldt—Jakob disease by blood 8. Brown P: Blood infectivity, processing and 15.  Bruce ME, McCongell I, Fraser H,
transfusion. Lancer 363(9407), 417-421 screening testing transmissible spongiform Dhckinson AG: The disease characteristics
(2004}. encephalopathy. Wax-Sang 89(2), 63~70 (2005}, of different steains of scrapie in Stnc

3. Peden AH, Head MW, Ritchie DL, BeN JE, *  Excellent review of information regarding congenic mouse lines! implications for the
Ironside JW: Preclinical vC]D after blood bloed product-related prion. nature of the agent and host control of
transfusion in a PRENP codon 129 9. YaoHL, HanJ, Gao JM et al: Comparative pathogenesis. [ Gen. Virol 72(Pt 3),
heterozygous patient, Lancet 364(0433), study of the affects of several chemical and 595-603 (1991).
527-529 (2004). physical treatsnents on the activityof protease 16, Vey M, Baron H, Weimer T, Gréner A:

4. Hopkin M: Fears grow as blocd stocks pass resistance and infectivity of scrapie strain Purity of spiking agent affects partitioning
on prions undetected. Aature 430(7001), 263K. [ Vit Mea. B52(10}, 437-443 (2005). of priens in plasma protein purification.
712 (2004). 10. Bauman PA, Lawrence LA, Biesert 1, ez a/: Biologicals 30{3). 187-196 {2002).

5. Steengthening of Quality and Safety Assurance Critical factors influencing prion 17. Brown P, Rohwer RG, Dunstan BC,
of Drugs and Medical Devices Masmfactured inactivation by sodiumm hydroxide. Yor Sang MacAuley C, Gajdusek DC, Drohan WiN:
Using Components of Human Origin as Raw 91(1}, 34-40 (2006), The distribution of infectivity in blood
Materials, PFSB Notification Mo.0209003 11 Kimbeslin RH, Walker CA: Characteristlcs components and plasma derivatives in
dated February 9, 2005, Ministry of Health, of a short incubation model of scrapie in the experimental models of transmissible
Labour and Welfare, Japan {In Japaness), golden hamster. /. Gen. ViroL 34(2), spongiformn encephalopathy. Transfusion

6. Strengthening of Quality and Safety 295-304 (1977). 38(9), 810-816 (1998).
Assurance of Drugs and Medical Devices 12.  Kimberlin RH, Walker CA: Bvidence that 18. Foster PR, Welch AG, Mclean C et af:
Manufactured Using Human- or Bovine- the transmission: of one sousce of scraple - Studies on the removal of abnormal pron
derivad Components as Raw Materials, agent to hamsters involves separation of protein by processes used in the
Blood and Blood Produers Div. PFSB, agent strains from a mixture. [ Gen, Virol manufacturz of buman plasma products.
MNotification No.9725002 dated July 25, 35(3), 487496 {1978). Var Seng. T8(2), 86-55 (2000}.

672 Future Virol (2008) 1(9)

-136-




19.

20,

2zl

22

- 23.

24.

25.

26,

27,

28.

29.

30,

3L

3z,

Yunoki M: Evaluation of the ability of
planova filtration to eliminate infectious
pathogens. Fraceeding of Planova Warkstop.,
‘Tokyo, Japan, 1-6 March 2003,

Fevrier B, Vilette I, Avcher F eral:

Cells release prions fn association with
exosomes. Proc, Mati Acad. Sef. USA
101(26), 9683-9688 (2004).

Vorberg I, Raines A, Story B, Pricla SA:
Susceptibility of common fibroblast cell lines
to transmissible spongiform encephalopathy
agents, / Infect. Dis. 189(3), 431-439 (2004).
Lee DC, Stenland C), Hartweli RC e al:
Monitoring plasma processing steps with a
sensitive western hlot assay for the detection
of the prion protein. Jf Viral Methods 84(1),
77-89 (2000).

Hartwell RC, Nelson MS, Kistan MM et a/:
An improved western blot assay to assess the
clearance of prion protein from plasma-
derived therapeutic proteins. Bfologicals
34(3), 187-189 (20086).

Safar ], Wille H, Itri V et al: Eight prion
strains have PrP% molecules with different
conformations, Nat. Med. 4(10),

" 11571165 {1998).

Fujita R, Urayama T, Ohmizu A, Yunoki M,
Tiuji S, Tkuta K: Efficient detection of PrP%
(263K} in hurnan plasma. Blafogieals (2005)
(In Press).

Fraser H, Dickinson AG: The sequential
development of the brain lesions of serapie
in three strains of mice, /. Comp. Pathol.
78(3), 301-311 (1968).

Kretzschmar HA: Diagnosis of prion
diseases. Clin. Lab, Med, 23(1), 109-128
{2003).

Lee BC, Stenland CJ, Miller JLC ef a/:

A direct relationship betwesn the partitioning
of the pathogenic prion protein and
transmissible sponglform encephalopathy
infectivity during the purification of plasma
proteins. Transfision 41(4), 449-455 (2001).
Kighn PC, Stoltze L, Flechsig E, Enari M,
Weissmann C: A quantitative, highly
sensitive cell-based infectivity assay for
mouse scrapie prions., Froc. Natl Acad, Sci.
LS4 10020, 11666-11671 (2003).
Vorberg I, Ratres A, Priola SA; Acute
formation of protease-resistant prion protein
does not always lead to persisient scrapie
infection Ja vitro. [ Biol Chem, 279(28),
28218-29225 (2004).

Foster PR: Removal of TSE agents from
blood products. lox Sang. 87(Suppl. 2},
$7-510 (2004).

Cai K, Girman TM, Hotta | et &/
Ensuring the biclogic safety of
plasma-derived therapeutic proteins,

Biodrugs 19{2}, 79-96 {2005},

wwwifuturernedicine.com

33.

34.

35,

36.

37.

38.

39,

40,

41,

42.

3.

'BENE2006-022

Rernoval of prion agents from blood products - REVIEW

Stlvetra JR, Raymond GJ, Hughson AG,

et &l The most infectious prion protein
particles. Nature 437(7056), 257-261
(2005).

First evidence for slze of prion

with infectivity,

Brown P, Cerveniakova L, MeShane LM

et al.: Further studles of blood infectivity in
an experimental mode] of transmissible
spongiform encephalopathy, with an
explanation of why blood components do
not transmit Creutzfeldt-Jakab disease in
humans. Transfision 33(11), 1169-1178
(1999).

Yunoki M, Urayama T, Nishida M ez 2/:
Virus validation study of manufacturing
process for antithrombin I, fakehin
Kenkpu 30(7), 331-341 (1999)

{In Japanese).

Terpstra FG, Parkkinen J, T5td H et a/:
Viral safety of Nanogam, a new '

15 nm-filtered liguid immunoglobulin
product. VaySang: 90(1}, 21-32 (2008).
Stenland CJ, Lee DC, Brown P,

Petteway SR Jr, Rubenstein R: Partitioning
of huran and sheep forms of the pathogenic
prion protein during the purification of
therapeutic proteins from human plasma.
Tramstusion 42(11), 1497-1500 (2002).
Gregori L, Maring JA, MacAuley C er ai:
Partitioning of TSE infectivity during
ethanol fractionatfon of human plasma.
Biofogicals 32(1), 1-10 (2004).

Reicht HE, Foster PR, Welch AG e ai:
Studtes on the removal of a bovine
spongiform encephalopathy-derived agent
by processes used in the manufacture of
human immunoglobutin, ¥ox Sang 83(2},
137-145 (2002).

Trejo SR, Hotta JA, Lebing W er a/:
Evaluation of virus and prion reduction in a
new intravenous immunoglobulin
manufacturing process, Fox Sangz. 84(3),
176--187 {2003).

Foster PR, Griffin BD, Bienek C er af:
Disteibution of 2 bovine spongiform
encephalopathy-derived agent over ion-
exchange chromatography used In the
preparation of concentrates of fibrinogen
and Factor VIIL Fox Sang, 86(2), 92-99
(2004).

Van Holten RW, Autenrieth S, Boose JA,
Hsieh WT, Dolan S: Removal of prion
challenge from an immune globulin‘
preparation by use of a size-exclusion filter.
Zransfusion 42(8), 993-1004 (2002).
Tateishi ], Kitamoto T, Mchri S et af:
Scrapie removal using Planova®virus
remaval filters. Biologicals 29(1}, 17-25

(2001).

-137-

44,

45,

46.

47.

Truchot L, Amaud T, Bloy C, Perret-Liaudet A:
CID PP+ remaval by nancfilration process:
application to a therapeutic immaunoglobulin
solution {Lymphoglobuline® ). Biologicals
34(3), 227-231 {2006).

Van Holtenn RW, Autenrieth SM: Evaluation
of depth filtration to remove prion challenge
from an immurne globulin preparation. Vax
Sang. 85(1), 20-24 {2003},

Wang K, Johnson A, Obradovic M ef al;
TSE clearance during plasma products
separation process by Gradiflow™
Biologicals 33(2), 87-94 (2005).
Sowemimg-Coker S, Kascsak R, Kim A ez a4:
Remaval of exogenous (spiked) and
endogenous prion infectivity from red cells
with a new prototype of leukoreduction filter. -
Transfusion 45(12), 1839-1844 (2005).

Websites

101,

102

103,

104,

{In Japanese).
www.fsc.gojp/sonota/qabsel.pdf

New case of transfuston-associated vC]D in
the United Kingdom (2006).
www.eurosurveillance.org/ew/2006/060209
aspl

Molesworth AM: Variant Creutzfeldi-Jakob
disease in the United Kingdom and
elsewhere, situation at the end of 2005.
www.eurosurveiliance.org/ew/2006/060126
aspd

Guideline on the investigation of
manufacturing processes for plasma-decived

. medicinal products with regard tovCJD risk.

www.emea.eu.int/pdfsfhuman/bwp/513603
en.pdf
Detailed European guideline for the

" investigation of variant Creutzfeldt-Jacak

105,

106,

107.

0

(vCID) risk in plasma products.

CHMP paosition statement on
Creutzfeldt—Jakob disease and
plasma-derived and urine-derived
medicipal products.
www.emea.enint/pdfs/human/press/pos/28
T7902rev].pdf

Mote for guidance on the waming on
transmissible agents in summary of product
characteristics and package leafiets for
plasma-derived medicinal products.
www.emea.eudnt/pdfs/human/bpwg/05610
3en.paf

Revised preventive measures to reduce the
possible sisk of transmission of
Creutzleldt-Jakob disease and varant
Crentzfeldr—Jakob disease by blocd and
blood products.
www.fda.gov/cber/gdIns/ejdvejd.pdf
Detailed guideline in the USA for

the investigation of vC]D disk in

plasma products.

673



REVIEW - Yuncki, Urayama & kuta

«  Kazuyoshi fkuta

Affiliadions
Research Institute for Microbial Diseases,

+ Mikihire Yincki

108. Lee D, Lebing W, Stentand C et af:
Methods of fnactivation of transmissible

109.

674

spongiform encephalapathies as applied to
praduction chromatography processes.
www.jp.amershambiosciences.com/news
letter/downstream/pdf/dSwnstream27.pdf
Excellent review for the fnactivation

of prions.

Note for guidance on virus validation
studies: the deslgn, cantribution and
interpretation of studies validating the
[nactlvation and rermoval of viruses.
www.emea.ewint/pdfs/human/bwp/026895
en,pdf

Detailed guideline for study design of the

virus clearance.

Infectious FPathogen Research Group, Hirakata
Ressarch Laboratory, Research & Development
Diviston, Benesis Corporation, 2-25-1, Shodsi-
ohtani, Hirakata, Csaka 573-1153, fapan
ol +81 72 856 8260;

Fax; +81 72 864 2341;
yunoki.mikihire@mi.m-pharma.co,ip

Takerv Urapama

Infectipus Pathogen Research Group, Hirakata
Research Laboratory, Research & Develgpment
Drivision, Benesis Corporation, 2-25-1, Shodai-
ofitani, Hirakats, Cvatta 573-1153, fepan
B +81 72 856 9260;

Fax: +81 72 864 2341;

urayama. takeru@mic.m-pharma,cofp

-138-

Department of Virology, Osaka University, Suita,
Oraka SB5-0871, Japan

Tel.: +81 6 6879 8307;

Fax: +81 6 6879 8310;

ikuta@biken. osaka-u.acjp

Future Virol {(2006) 1(5)



-6E1-

S

RIS 2-1

BE 12

EERAE  EERE AEREE
LHE S

oy , A WEH B—WAFH MERREORS | 284

ialeiiidalaca 2006 58 A 9 B ZEaL HBanEm

—"ﬁﬂg%ﬂﬁ (OHetEdT HBs ASEo 7)) o AN

@AV LFL > Z) a— VI HBs A 07y | TREHE D
Wt | DATATU Y (KR A) b | TDACBER20060808 7AUN
(e | OQBEAANTZATY > —IH (RER)

B OO mh & W H

FDA/CBER 1710 2002 £ 1 B 3" Guidance for Industry’ Revised Preventive Measures to Reduce the Possible Risk of Transmission
of Creutzfeldt-Jakob Disease (CIJD) and Variant Creutzfeldi-Jakeb Disease (vCID} by Blood and Blood Products"DEEH 4 ¥ 4
ETHD. BIEASRETORED,

1980 ELUFIC Y T 2 ARRTIMEIMERI DR EGEZT L L0H 2 RF—deTAmE T3, EL., JOBEIcETY
AR EShS RF—TH->Th, HULYUHFIT— FEREREERCOL MRS DEREFED S CBER R0 7 AKE
B agetd, BIEsTsLoMEds, SN —hRoHEAIBENRINNVEAT I SHET S,

Z A& A, S F g At N iR &U&%ﬂ‘fﬁ]@ﬁél& b= ﬁ%lﬂlﬁﬁﬁﬁﬁ (BT e, JFRHE BRI Ot FOR 4 2 &)
EREhs,

5 _E O ERHRA -
T DMBHEIEE

HREERORR SROX I

TDA/CBERFEIT 0200241 /4 {1 Guidance for Industry: Revised Preventive Measures to Reduce the Possible VCJI) DIFEERIZTDONT

Risk of Transmission of Creutzfeldt-Jakob Disease (CJD) and Variant Creutzfeldt-Jakeb Disease (vCJD) by

Blood and Blood Products"DEEHN {1 ¥ AL TH B,

CRE TIIEAEMAICE - TvCIDE SR 7Y A U RENER L 2 0®|E Eh. LMLRENS, F—vCIDE
Zusde o fE DA OB EHCIRA LSS0, BB ITRKBVTT AV E2EKLES EORGHHDZDOD,
SR OERT AT A S REELERN, T0D. BEOnEs EER0 T TRICBY 5TSERR
HERIZ BT S MEER AL, BF—y 2RMICREL. TRFEE2TY, LEIUSL TIRIEZEN
THFETHD,

ﬁ"%

&%f'}_?ﬁﬂ'% l&&

RBELTHERANT AT —1H OREER

£

2. BERAELENER

(D&

g

DEFETICEROREICEIDERM IO TV 7
)b FIATH CIDY ENEFBLIEED
WEldion, LhLAads, METEIBN
TEESVI 2ERLEBESEORENED S
LOD, EHa vCID 0RO A7 E
A EHRTELRVWOT, B5ORITEE
HEADHBAZTHTY. BELOSESE
sEsoOLRETE s, :

ANTZT)



BENE2006-020

Guidance for Industry

Amendment (Donor Deferral for

Transfusion in France Since 1980) to
“Guidance for Industry: Revised Preventive
Measures to Reduce the Possible Risk of
Transmission of Creutzfeldt-Jakob Disease
(CJD) and Variant Creutzfeldt-Jakob Disease
(vCJD) by Blood and Blood Products”

DRAFT GUIDANCE

This guidance is for comment purposes only.

Submit comments on this draft guidance by the date provided in the Federal Register notice
announcing the availability of the draft guidance. Submit written comments to the Division of Dockets
Management (HFA-305), Food and Drug Administration, 5630 Fishers Lane, rm. 1061, Rockville, MD
20852. Submit electronic comments to http:www.fda.gov/dockets/ecomments. You should identify
all comments with the docket number listed in the notice of availability that publishes in the Federal

Register. :

Additional copies of thiis draft guidance are available from the Office of Communication,
Training and Manufacturers Assistance (HFM-40), 1401 Rockville Pike, Suite 200N, Rockville,
MD 20852-1448 or by calling 1-800-835-4709 or 301-827-1800, or from the Internet at
http://www.fda.gov/cber/guidelines.htm.

For questions on the content of this guidance, contact Dr. Sharyn Orton, Division of Blood
Applications at 301-827-3524.

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

Center for Biologics Evaluation and Research
o August 2006
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Guidance for Industry

Amendment (Donor Deferral for Transfusion in France Since 1980)
to “Guidance for Industry: Revised Preventive Measures to
Reduce the Possible Risk of Transmission of Creutzfeldt-Jakob
Disease (CJD) and Variant Creutzfeldt-Jakob Disease (vCJID) by
Blood and Blood Products”

This draft guidance, when finalized, will represent the Food and Drug Administration’s (FDAs)
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,

L INTRODUCTION

This draft guidance, which we are issuing as a level I guidance, is intended to amend the
“Guidance for Industry: Revised Preventive Measures to Reduce the Possible Risk of
Transmission of Creutzfeldt-Jakob Disease (CJD) and Variant Creutzfeldt-J akob Disease
(vCID) by Blood and Blood Products” (CID/vCID gpidance), dated January:2002 (Ref. 1), by
adding a donor deferral recommendation for donors who have received a transfusion of blood or
blood components in France since 1980. After we review comments received on this draft
guidance, we will amend the CID/vCID guidance by incorporating this donor deferral
recommendation, update any outdated information, and reissue the revised CIDACID guidance
as a level IT guidance document for immediate implementation.

This draft guidance applies to Whole Blood and blood components intended for transfusion, and
blood components intended for use in further manufacinring into injectable products, including
recovered plasma, Source Leukocytes and Source Plasma. Special provisions apply to donors
of blood components interided solely for manufacturing of non-injectable products (see section
IIT). Within this document, “donors” refers to donors of Whole Blood and blood components
and “you” refers to blood collecting establishments.

FDA’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe 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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II.  BACKGROUND

Since the publication of the CJD/vCID guidance, we have learned of additional information
warranting revision to the guidance to address a possible increased risk of vCJID transmission
from individuals who have been transfused in France since 1980. This revision is based on (1)
the likelihood of exposure to the Bovine Spongiform Encephalopathy (BSE) agent in that
country and (2) the recent documentation of three presumptive cases of transfusion-transmitted
vCID infection in the United Kingdom (J.K). As of August 1, 2005, 14 definite or probable
cases of vCID have been reported in France (Ref. 2).

Available data suggest that large amounts of U.K. beef exported to France during the peak years
of the UK. BSE epidemic constituted a substantial source of exposure in France to the BSE
agent. An estimated 60% of U.X. bovine carcasses weie exported to France (Ref. 3) accounting
for approximately 6% of French consumption of beef products (Ref. 4). It is believed that the
first recognized vCID cases in France were infected by consuming imported U.K. beef because:
1) none of the individuals had lived in the UK.; 2) the indigenous French BSE epidemic is
relatively small and more recent than that in the U.K.; and 3) travels to the U.K. accounted for
only 2% of the French total exposure to the BSE agent (Ref 3).

There have been a total of three presumptive cases of transfusion-transmitted vCJD, and all
have been in the UK. The first presumptive transfusion-transmitted case of vCJD by red blood
cells was reported to the UK. Parliament on December 17, 2003 (Ref. 5). A second
presumptive case was reported in the UK. in 2004 (Ref. 6). A third presumptwe case was
publicly announced by authorities in the U.K. in 2006 (Ref. 7).

On February 8, 2005, the Transmissible Spongiform Encephalopathies Advisory Committee
(TSEAC) discussed the available data and recommendations for deferral of U.S. donors
transfused since 1980 in France and in other European countries. The TSEAC voied for deferral
of blood donors who have received a transfusion of blood or blood components in France since
1980 but-against deferral of Source Plasma donors with that same history. The TSEAC did not
support deferral of blood donors or Source Plasma donors with history of transfusion in other

European countries since 1980 (Ref. 8).

The incubation period for classxcal CJD may be as long as 38.5 years. Accumulating evidence
suggests that the asymptomatic incubation periods of vCID may be very long as well
(sometimes exceeding 12 years from the time of exposure to the BSE agent), and blood
collected as long as three years before otherwise healthy blood donors showed any sign of
iliness is presumed to have transmitted vCJID infection to recipients (Refs. 5 and 6). While the
risk of dietary exposure to the BSE agent in France, as in the U.K. and other European
countries, has almost certainly decreased in recent years thanks to successful efforts to control
the BSE epidemic in cattle and to protect food from contamination with the BSE agent, an
unknown but possibly significant number of blood donors might have already been infected in
France during the peak years of the BSE outbreak in Europe. These considerations led FDA,
consistent with the recommendations of the TSEAC, to conclude that it would be a prudent
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preventive measure to indefinitely defer blood donors who have received transfusions of blood
or blood components in France since 1980. Laboratory studies using model TSE agents have
demonstrated that TSE infectivity may be reduced by certain plasma fractionation
manufacturing steps (Ref. 9). While experimental studies are reassuring, not all products have
been thoroughly studied. In addition, it remains uncertain whether the models accurately reflect
the form of infectivity in blood, which has not been characterized. Therefore, as an added
safeguard and prudent preventive measure, we also recommend that Source Plasma donors who
have received a transfusion of blood or blood components in France since 1980 be indefinitely
deferred. However, we believe that blood components collected solely for manufacturing into
non-injectable products (e.g., materials used in in vitro diagnostic test kits) need not be deferred.
We will continue to monitor the BSE epidemic and re-evaluate the necessity of deferring donors
transfused in other European countries.

III. RECOMMENDATIONS

You should indefinitely defer all donors who have received a transfusion of blood or blood
components in France since 1980,

NOTE: Donors who are otherwise deferred based upon this recommendation should continue to
donate if they are participating in a CBER-approved program that allows collection of blood

components solely for use in manufacturing of non-injectable products. We recommend special
labeling for products obtained from such donors (see section VIL.A of the CID/vCID guidance).

All other recommendations from the CIJD/vCJID guidance remain unchanged.

IVv. IMPLEMENTATION
We recommend that you implement this donor deferral recommendation within six months of

the date that we finalize this draft gnidance amendment. This draft guidance amendment will be
finalized by reissuing the CJD/vCID guidance inclusive of the amended language.
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Clinical implications of emerging pathogens in haemophilia:
the variant Creutzfeldt~Jakob disease experience

G.DOLAN

Departinent of Heematology, University Hospital, Quee;z’s Medical Centre, Noitingham, UK

Summary. The impact of variant Crentzfeldt—Jakob
disease (vCJD) on the clinical practice of haemophi-
lia in the UK is coloured by the haemophilia
community’s experience of hepatitis C virus and
human immunodeficiency virus (HIV) transmission
via plasma-derived therapies in the 1980s, when the
delay in recognizing and acting on the potential risks
cost many patients their lives and left others to
manage another chronic disease. This crisis prompt-
ed organisations such as the United Kingdom
Haemophilia Centre Doctors’” Organisation to advo-
cate for the introduction of haemophilia therapies
that would not be susceptible to contamination with
blood-borne pathogens. After the identification of
vC]JD in 1996, a number of public health measures
were taken in response to a government-sponsored
vCjD risk assessment, and following reports of
transfusion-transmission of vCJD, additional guide-

lines have been developed to prevent person-to-
petson transmission, some of which may impact the
quality and availability of medical and surgical care.
Variant CJD has had a significant negative effect on
the UK haemophilia community, shaking patient
confidence in the therapies they have received over
the last 21 years, affecting the quality of care and
creating the risk of stigmatizing the community as it
was in the 1980s. As with HIV and vCJD, emerging
blood-borne infectious agents will likely affect blood
and blocd-derived therapies well before we become
aware of its presence. As a result, only therapies with
the lowest level of risk should be used for care of
patients with haemophilia.

Keywords: haemophilia, pathogen, variant Creutz-
feldt—Jakob disease

Introduction

This article will review the impact of variant
Creutzfeldt—Jakob disease (vC]D) on the clinical
practice of haemophilia in the UK, with particular
attention to how haemophilia treater and patient
organizations have responded to this concern. The
haemophilia community’s response to vCJD is best
understood in the context of the significant morbidity
and mortality caused by the transfusion-transmitted
hepatitis C virus (HCV) and human immunodefi-
ciency virus (HIV) infections contracted in the 1980s.
Given the delayed recognition of the risk that HIV
and HCV posed to patients with haemophilia, the
subsequent lack of rapid response and the many
fnissed opportunities to protect patients from con-
taminated plasma-derived therapies, it is understand-

Corzesporidence: Gerry Dolan, MB, ChB, FRCP, FRC Path,
Department of Haematology, University Hospital, Queen's Med-
ical Centre, Nottinghara NG7 2UH, UK.

Tels + 44 0 115 370 9187, fax: + 44 0 115 970 978¢6;

¢-mail: gerry.dolan@nottingham.ac.uk
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able that many patients with haemophilia and their
caregivers are now very alert to the potenial
implications of emerging pathogens such as vCJD.
This is especially true for those patients who still rely
on plasma-derived therapies and transfusions.

UKHCDO therapeutic guidelines

The United Kingdom Haemophilia Centre Doctors’
Organisation (UKHCDO) was established in 1968
by doctors treating patients with bleeding disorders
who sought to improve care, conduct research into
the disorders and facilitate healthcare planning. The
UKHCDO and the patient organization the Haemo-
philia Society had, for many years, argued for the
introduction of recombinant therapies. This view
was reflected in the UKHCDO haemophilia treat-
ment guidelines, published in 1997, which stated that
recombinant factor concentrates were the treatment
of choice for patients with haemophilia [1]. The
guidelines further stated that recombinant factor
concentrates were the safest with respect to reducing
the risk of transfusion-transmitted infection. At the

© 2006 Blackwel! Publishing Ltd
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time the UKHCDO guidelines were released, the
general consensus among haemophilia treaters was
that the plasma therapies used in the UK had a
relatively low risk for transmission of hepatitis or
HIV, but because they could transmit other infec-
tious agents, such as parvovirus B19 and hepatitis A,
[2,3] they might in theory be the route of infection
for new or altered agents.

The UKHCDO guidelines were accepted by most
treaters but not by the majority of healthcare
commissioners. In particular, the future risk of
infection by emerging pathogens through plasma
therapy was not accepted. Approximately 6 months
later, the poteniial threat of vC]D to the haemophilia
community emerged.

Shortly after vC]D was first described in the UK in
1996, concerns were raised that it could be transmitted
through blood transfusion and blood therapies [4]. As
a result, the UKHCDO convened a meeting with
experts on prion diseases, including members of the
National CJD Surveillance Unit and the Spongiform
Encephalopathy Advisory Commitiee (SEAC), both of
which were formed in 1990, Fhe National CJD
Surveillance Unit is sponsored by the Department of
Health (DOH) and the Scottish Executive Health
Department; SEAC is sponsored jointly by the Depart-
ment for Environment, Food and Rural Affairs, the
DOH and the Food Standards Agency (FSAJ. The
purpose of the meeting was to determine, by means of
a thorough review of all available evidence, if thers
were any measures available to effectively reduce the
risk to patients with haemophilia of contracting vCJD
and other prion-based diseases.

At the time, in 1997, vCJD had only been
identified in Great Britain. Limited research indi-
cated that this was a new disease with a long
incubation period [5]. Relatively little epidemiolog-
ical data were available, but evidence from some
animal studies indicated that there existed the
possibility  of  iransfusion-transmitted  vCJD
infections. Further, it was surmised that many
vCJD-infected, yet asymptomatic, individuals were
continuing to denate blood that would be used in
the ‘processing of factor VIII and factor IX thera-
pies. At that time, many patients with haemophilia
in the UK were treated with UK-sourced plasma
factor concentrates.

Based on the 1997 meeting of the UKHCDO,
SEAC and the National CJD Surveillance Unit,
several recommendations emerged [4]:

1 Healthcare providers should reduce the risk of
vCJD transmission by using plasma factor con-
centrates sourced in other countries.

@ 2008 Blackweil Publishing Led
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2 Recombinant factor concentrates should remain
the treatment of choice for patients with haemo-
philia.

3 Plasma-derived concentrates processed with
non-European plasma, preferably from the US,
should be provided for those patients for whom
recombinant factor concentrates were not made

" available.

As a consequence of these recommendations, the
two main UK fractionators of plasma, Bio Products
Laboratory and the Scottish National Blood Trans-
fusion Service, were obligated to stop processing
factor concentrate therapies. In the meantime, the
UK imported plasma from the US for processing
factor VHI and factor IX. This ban on utilization of
UK-derived plasma resulted in long delays in resum-
ing the processing of factors and interrupted the
supply of other niche therapies such as factor Vil and
factor X1

Patients and providers respond

Prior to 1997, many patients with haemophilia and
their physicians held the view that UK-sourced
plasma therapies were safer than any alternative
and there had been a relatively slow uptake of
recomnbinant therapies. With the introduction of
these policies recommending the use of non-UK-
sourced plasma, however, patient confidence was
undermined and the pressure increased on govern-
ment and healthcare commissioners to make recom-
binant therapies more widely available.

Against a background of increasing concern about
the possible risk of vCJD, England’s Department of
Health agreed that recombinant therapies should be
made available to all children with haemophilia [6].
In other health departments, in Scotland, Wales and
Northern Ireland, they took the recommendations
one step further and introduced recombinant ther-
apies for all patients. But in England, the most
populous country in the UK, adults continued o be
preseribed and use plasma therapies, although
derived from plasma imported from the USA.

Variant CJD: a potential new threat to factor
concentrate safety

In 2000, Bio Products Laboratory notified the
UKHCDQ about the identification of batches of
factor concentrates that had been prepared in 1996
and 1997 and used before 1998. It was determined
that these concentrates were prepared from plasma
pools that included plasma from a donor who had

Haemophilia (2006, 12, (Suppl. 1), 16-20
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subsequently developed vCJD. Since then there have
been further notifications of batches of factor con-
centrates prepared from plasma from donors who
were later diagnosed with vCJD. Table 1 enumerates
all the batches of therapies distributed and subse-
quently identified as being potentially infected with
vCID, as of September 2004 [7]. These therapies
were produced by either Bio Products Laboratory or
Protein Fractionation Centre and, in most circum-
stances, many patients were treated with these
therapies before notification had been given.

At the time there was no clear evidence that vCJD
could be transmitted by bloed products. There was
no test to identify potentially asymptomatic but
infected donors, and there was no treatment to offer
patients for reassurance or for further assessment,
Because vCJD has a long incubation period, clinical
examination was of little or no use. With these facis
in mind, healthcare providers and policy makers
were faced with the decision of what, or even if, to
tell their patients.

Response to possible risk of transfusion-
transmitted vCJD

In 2004, the decision was made to inform all patients
about the possible risk of transfusion transmitted
vCID, irrespective of whether they had received
concentrates or not from the implicated batches.
Patients were given three choices: they could come
into their healthcare providers’ offices and discuss the
information in person; they could choose to be fully
informed by letter; or they could refuse to be
informed in any way. Many patients chose the third
option. Patients who chose to be educated about the
potential risks were given information disclosing that
they might be infected with vC]D. Given that the
majority of patients were not able to have access to
recombinant therapies, this situation caused consid-
erable concern.

For the UKHCDO, responding to the potential
infection of haemophilia patients cyeated a huge
administrative burden. There was an urgent need to

Table 1. Batches of ‘implicated” UK plasma therapies [7].

Factor VIIE 16+
Pactor IX a=
Antithrombin 1
[mmunoglobulin G 11
Albumin 4.5% 28
Albumin 20% ; 21
Pactor VIIF with albumin excipient 76
Intramuscular immunoglobulin 12

*Indicates widely distributed throughout the UK.
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review all records, to contact all patients possibly
infected and to give each of them the option to
review all information then known about vCJD.
Added to the administrative burden were govern-
ment-mandated timelines as to when the patients
needed to be informed. '

The threat of vCJD among members of the
haemeophilia community increased the political pres-
sure for more widespread use of recombinant
coagulation factor concentrates in the UK. And as a
result, as of April 2005, all patients with haemophilia
A and B have been offered recombinant factor
concenirates,

Risk of vCJD from implicated plhasma-‘derived
concentrates

One of the questions that remain unanswered today
is what risk do the recipients of plasma concentrates
exposed to vCJD pose to others? This issue came to
the forefront in December 2003 when the Health
Secretary informed the UK Parliament of the first
death probably related to transfusion-transmitted
vCJD. This case was later confirmed as being related
to vCJD [8,9].

The Department of Health established the C]JD
Incidents Panel, an expert committee sub group of
the Advisory Committee on Dangerous Pathogens
Working Group on Transmissible Spongiform
Encephalopathies, in 2000 in order to help the
medical community handle cases such as this. The
mandate of this committee is to review the available
literature, establish a formal risk assessment of
infectivity of blood and blood therapies and formu-
late guidelines for response by the medical commu-
nity, The CJD Incidents Panel advises hospitals,
trusts and public health teams throughout the UK on
how to manage incidents involving possible” trans-
mission of CJI? between patients.

Based on a risk assessment commissioned by the
DOH in 2003, the CJD Incidents Panel attempted to
identify patients who had received at least one dose
of a plasma therapy, which the committee judged to
increase the risk of vCJD exposure by more than 1%
over background. Therapies that were considered the
highest risk were factor VIII, factor IX and anti-
thrombin. The administration of just one vial, or 500
units, was considered enough to put patients in a
high-risk category. Medium risk therapies included
intravenous immunoglobulin G and albumin 4.5%
administered in large doses. Low-risk therapies were
defined as albumin 20%, intramuscular immuno-
globulin and factor VIII with excipient -albumin
administered in extremely large doses [101.

© 2006 Blackwell Publishing Ltd
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In refining the risk assessment, the question
emerged: which of the ‘at risk’ patients need be
treated with precaution: those with known exposure
to contaminated or potentially contaminated batches
of plasma concentrates, or any patient treated with
plasma-derived concentrate in the period from 1980
to 20012 Because the possibility existed that, over
time, additional donors might be identified as having
vCJD, it was decided to treat all haemophilia
patients who had used therapies from UK-derived
plasma in this 2l-year-pericd with measures
designed to reduce the risk of human-to-human
transmission [11].

Measures to prevent human-to-human vCJD
transmission

Following the 2001 release of a DOH-sponsored
summary of the risks of vCJD transmission via
surgical implements [12], the Advisory Committee
on Dangerous Pathogens and the Spongiform
Encephalopathy Advisory Committee published a
set of guidelines in 2003 for the precautionary
management of potentially-infected patients, both
healthy and deceased, in order to minimise the risks
of transmission to other patients and healthcare staff
[13]. These guidelines were a significantly expanded
version of recommendations that were released in
1998 but kept under review until a number of
uncertainties were better understood, including the
routes of infection, threshold infectious dose, poten-
tial for inactivating the agent and the quantity of
people who might be incubating the disease.

The detailed guidelines recommend measures for
laboratory containment and control, infection control
of CJD and related disorders in a healthcare setting,
decontamination and waste disposal and quarantin-
ing of surgical instruments, among others. For
example, when patients who used UK-sourced plas-
ma-based therapies in the years 1980-2001 undergo
any surgery involving high-risk tissues, such as the
central nervous system or the [ymphatic system, the
surgical instruments used must be subsequently
destroyed [14].

Some general precautions included using single-use
instruments wherever possible; performing all pro-
cedures in a controlled environment, such as an
operating theatre; performing the procedure after all
others; involving the minimum number of healthcare
personnel; and using liquid-repellent operating
gowns over plastic aprons, as well as goggles or
full-face visors [15].

More controversially, the guidelines stipulated
that if these patients have an endoscopic procedure

©® 2006 Blackwell Publishing Ltd

of the gastrointestinal tract or the olfactory mucosa,
the instruments used in those procedures aiso must
be quarantined, i.e. not used again or destroyed
[15]. The quarantine or destruction of surgical
instruments has, of course, financial consequences:
the quarantine of an endoscope is estimated to cost
approximately £30 000 per instrument per year.
Endoscopy services are in high demand, and quar-
antining an endoscope, or destroying it after every
use, is not a reasonable or cost-effective policy for
any healthcare institution. In the risk-assessment
guidelines, it was suggested that capsule wireless
endoscopes be used instead, but expertise in capsule
endoscopy is limited, so the issue has yet to be fully
resolved. -

Potential stigmatization

One of the negative outcomes of the distribution of
the guidelines of the CJD Incidents Panel was that
persons with haemophilia became identified as pre-
senting a risk of infection to others. In some medical
centres, relucrance to performing invasive procedures
became an issue in all but serious cases.

Despite assertions that these precautions should
not compromige care for patients with haemophilia,
the potential exists that these patients will be
stigmatized again, as they were early in the HIV
crisis, and that their normal medical and surgical
care may be interrupted.

Scope of the problem

Cases of vCJD have also been reported outside the
UK. In France, for example, 14 cases of vC]D have
been reported, with three identified in persons who
donated blood over a 10-year-period. Again, most of
the donations have been used to make factor VII,
von Willebrand factor, and other plasma therapies.
In respons€, the French have recalled all plasma-
derived therapies, where possible, and all patients
have been informed.

To further complicate matters, it is known that the
French fractionators have exported concentrates to
other countries, such as Belgium. And in the UK, Bio
Products Laboratory also exported factor concen-
trate to other countries. At this point in time, there
are no clear guidelines on how to manage potential
risk in these situations.

Another concern involves haemophilia patients
who visited the UK: unknown numbers of visitors
were treated with UK-sourced factor concenmtrates
during the crucial 21-year-period. Because records
on the treatment of visitors to the UK are not readily
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available, it is very difficult to identify or advise those
patients.

Conclusion

The phenomenon of emerging vCJD is yet another
warning against the complacent assumption that
plasma-derived therapies can be made completely
safe. Variant CJD has had a significant negative
effect on the haemophilia community in the UK,
shaking patient confidence in the therapies they
have received over the last 21 years, affecting the
quality of current and future medical and surgical
cate and creating the risk of stigmatizing the
community as it was in the 1980s, at the beginning
of the HIV crisis.

Our awareness of vCjD is not even a decade old.
Much zbout the disease is still unknown, including
the best means for preclinical detection and effective
inactivation. But given its long incubation period, it's
possible that the impact of vCJD on patients with
haemophilia may be significant.

As described elsewhere in this supplement, the
barriers to the emergence of pathogenic agents, both
air- and blood-borne, continue to diminish. And as
with HIV and vCJD, the next emerging blood-borne
infectious agent will likely affect blood and blood-
derived therapies well before we become aware of its
presence. It is because of these reasons that only the
therapies with the lowest level of risk should be used
for care of patients with haemophilia.
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Implications of Emerging Pathogens in the Management of

Haemophilia

Discussion Session

1. Is there any evidence that haemophilia patients in
the UK have been infected with variant Creutzfelds—
Jakob disease (vCJD) via therapies made from

contaminated blood donations? Phrased differently, -

are there good data to support the decision in the UK
to phase out the use of recombinant factor VIII
(rFVIII) therapies processed with plasma additives,
and are the surgical precautions in treating haemo-
philia patients necessary?

DOLAN: Initial discussions surrounding these
issues were definitely controversial, and we in the
medical community were not sure how far we needed
to go in trying to protect patients. But the recom-
mendations and surgical measures were devised after
very detailed consultation with experts who knew far
more about prion disease than we did.

Certain decisions, such as ceasing use of UK
plasma-derived therapies, were difficult for both
patients and their providers. But the subsequent
events, in particular the later evidence that there have
been at least two probable cases of transfusion-
transmitted variant CJD, seern to justify that early
stance by not just the UK but other countries as well.

2. Do you think that the fact that vCJD has not
been identified in any patient receiving plasma
derivatives worldwide since 1980 suggests that the
risk of vCJD is minimal or non-existent from these
therapies?

[RONSIDE: First of all, let’s be quite clear about
why 1980 has become a benchmark, The date 1980
was chosen simply because that was thought to be
the eatliest date at which human exposure to bovine
spongiform encephalopathy (BSE) in the UK was
likely to have occurred. Overall, human exposure to
BSE probably would be very low in the early 1980s
and highest in the [ate 1980s and early 1990s. It is
also important to remember that we are dealing
with a primary disease transmission with an incu-
bation period of approximately 15 years on average.
So, we may have to wait a few more years before we
can be certain about the absolute risk of contracting
vCJD.
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1 would be very cautious about relaxing policies
and guidelines at present because, as we all under-
stand, there are other emerging infectious agents -
identified and unidentified - that are cause for
concern in addition to the vCJD-causing prion.

3. Do you know of any vCJD transmissions by
plasma-derived FVIIYFIX therapies?

IRONSIDE: At present, no. There is no evidence
that vCJD has occurred or infection has been
transmitted by these therapies. Although, as I statéd
earlier, this may be due to the fact that we are dealing
with an agent that has a léng incubation period. The
level of infectivity in plasma therapies may be lower
or variable. But it is too soon to exclude that
possibility,

The United Kingdom Haemophilia Centre Doc-
tors’ QOrganisation, along with several patient groups,
is engaged in enhanced surveillance of the haemo-
philia population. We are locking for evidence of
vCJD - even of subclinical infection — in patients
who died or who have a lymphoid tissue biopsy for
whatever reason.

4, What is the likely impact of the UK experience
with vCJD in the United States and what might those
treatment implications be?

DOLAN: Reported cases of BSE in the United
States are very few. And if the number of cases
remains at this low level, or even disappears alto-
gether, then perhaps US practitioners and policy
makers won’t be obligated to take the more sweeping
measures that we did in the UK. However, as a
general concept, we must all remember that emerging
pathogens can affect transfusion therapy. So, based
on the UK experience, if healthcare providers have an
opportunity to minimize risk to patients, then it is a
prudent course of direction that should be considered
seriously and kikely taken.

5. Are there data that leukodepletion of blood will
decrease the risk of transmitiing vCJD? If not, what
is the rationale?

IRONSIDE: This is a very interesting question
because the UK has been using Jeukodepletion as one
of its main strategies for risk reduction in terms of
blood transfusion. The data from experimental

© 2006 Blackwell Publishing Led
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studies do indicate that although leukodepletion will
reduce infectivity, it will not remove it entirely.

Because leukodepletion does not remove all infec-
tivity, there have been a number of other approaches
that utilize additional filters that might bind more
specifically to any free prion protein in the plasma
and thus, further reduce the risk.

6. Please describe the results of experiments in
which blood was spiked with vC]D concentraie to
determine whether prions could be removed.

IRONSIDE: Results of a spiking experiment were
published using blood containing a range of prions,
including both sporadic and variant CJD prions. The
study looked at the effect of plasma fractionation in
removing the prions. And indeed, fractionation did
seem to have a positive effect.

However, there are a number of concerns about
these spiking experiments because they involve
inoculating brain homogenate into blood and using
that as the spike. Essentially, it is .infected brain
tissue, which is very unphysiological. Therefore, it
is unlikely to replicate the form of infectivity found
in blood-endogenous infection, where it is probably
free in plasma and not aggregated as it would be in
brain. So, while the spiking experiments do provide
some reassuring information, a number of ques-
tions persist as to just how valid the spiking
method is.

7. What about the results of the study in which
11% of patients who received recombinant therapy
only were seropositive for parvovirus B19 antibodies
soon after start of treatment? Aren’t recombinant
therapies totally free of any virus transmission risk?

TAPPER: As has been stated, the non-lipid-
encased viruses are obviously much more difficult
to inactivate. So if you ask, do the current techno-
logies inactivate ail pathogens, the answer is clearly
no, they do not,

Parvovirus is one of the classic markers for these
types of viruses. In children, parvovirus is relatively
benign, but older people tend to get sick from it.
Parvovirus can be viewed as a marker for pathogens
that are either difficult to inactivate or that simply
have not been fully described as yet. There are many
viruses that fall into this latter category. For exam-
ple, where did severe acute respiratory syndrome

come from? Where did the coronavirus come from?
It is clearly a novel virus that probably made a cross-
species jump. You could say very much the same
thing about human immunedeficiency virus when it
was first described in industrialized countries in the
1980s, but clearly, phylogenetically, it had been
present i Africa for at least 50 years prior to that
time.

© 2006 Blackwell Publishing Ltd

Factors such as the vastly increased ability of
populations to travel, the issues surrounding land
encroachment and the disruptions of the natural
barriers between humans and humans and between
humans and animals are clearly going to continue.
And within that context, you can anticipate that new
pathogens will continue to emerge, at least some of
which, like West Nile virus, will be transmissible via
blood.

PIPE: The medical community is not particularly
concerned with parvovirus, but we’re looking at it as
a marker because it is one of the non-lipid-enveloped
viruses for which we can actually screen. At this
point in time, the theoretical concern would involve
early seroconversions among patients who have
depended . solely on recombinant therapies. We
would need to ask: is there the potential for another
infectious agent — which either has or has not
emerged yet, or that we don’t have a test for — to
become a threat to these patients?

What it comes down to is an issue of vigilance, and
I think it is encouraging to see that when testing is
available, such as prion screening, we are aciively
looking for patients who have the prorein. Another
encouraging example involves West Nile virus. It was
only a very short period of time from its appearance
to actually having an effective screening tool; this
rapid response illustrates that the scientific world can
respond quickly to address these kinds of issues.

8. What is the justification of continuing to use a
therapy that is processed with bovine plasma pro-
tein?

PIPE: In a single clinic, I might talk to a patient
with von Willebrand disease and a patient with
another rare coagulation deficiency, both of whom
would rely on plasma derivatives. With these patients
I discuss the continued vigilance and screening that
have resulted in the safety of these therapies thus far.
I think it is important to inform them that there are
ongoing concerns with respect to emetging patho-
gens, but also that as we learn more about potentially
infective agents, we establish policies that will go a
long way toward preventing another crisis in which
emerging pathogens contaminate blood-derived ther-
apies.

Alternatively, [ will have a conversation with a
family member or patient with either haemophilia A
or haemophilia B and discuss with them the avail-
ability of newer therapies that are not processed with
human or animal protein addirives. The conversation
with the patient with von Willebrand disease is very
different than the one with the haemophilia patient:
one is a conversation of reassurance, and the other a
conversation of striving to be proactive, to help these

Haemophilia (2006} 12, (Suppl. 1), 26-28
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patients and their caregivers consider new therapies
that may reduce the risk of infection with disease-
causing agents,

Our history with haemophilia patients is interest-
ing. In 1992, we switched z2ll of our paediatric
patients on FVIII to recombinant therapies. Then, in
1998 when recombinant FIX was available, we
switched all of our patients from plasma-derived
FIX to recombinant. That therapy had reduced
recovery time in paediatric patients, and as a result,

many patients had to use up to twice the amount of -

factor units that they would have had they remained
on plasma-derived therapies. There is also the
increased cost associated with the therapy.

The decision to switch patients to recombinant
therapies was not based on any evidence of a known

Haemophilia {2006}, 12, (Suppl. 1), 26-28

infectious agent being transmirted by plasma deriv-
atives. Yet if you look at the data from the US
Centers for Disease Control and Prevention on the
adoption of recombinant therapies in paediatric
patients, and indeed for adult patients around the
US, it is quite remarkable how enthusiastically
patients and clinicians have embraced recombinant
technology. .
For some patients, unfortunately, choice is not an
option. There are patients in some areas of the US
who do not even have access to recombinants. So, for
these patients we must rely on the 20 years of safety
that we have enjoyed with plasma derivatives. This
relative safety should not lull us into a2 mode of
complacency where we ignore emerging pathogens
such as vCJD, )
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Variant Creutzfeldt-Jakob disease: risk of transmission by
blood transfusion and blood therapies

]. W. IRONSIDE

University of Edinburgh, National CJD Surveillance Unit, Western General Hospital, Edinburgh, UK

Summary. In the last decade, a new variant of the
human prion disease Creutzfeldt—Jakob disease
(now known as variant CJD or vC]D) was identified
and causally linked to dietary exposure to bovine
spongiform encephalopathy (BSE) during the 1980s
and early 1990s. Preliminary studies in animal
models suggest that prions can be transmitted by
blood. Based on two recent reports of iatrogenic
vCJD transmission by blood transfusion in humans,
a Department of Health-sponsored risk assessment
warned that recipients of plasma therapies are now
at risk of contracting vC]D from potentially infec-
ted donors. It is believed that all the population
may be susceptible to vCJD infection, although
clinical cases have so far occurred only in methio-
nine homozygotes at codon 129 in the human prion
protein gene. A non-invasive blood-based diagnostic
assay is urgently needed. Because the incubation
period may be upwards of 40 years and there is no

reliable screening test, it is currently unknown how
many people may be in an asymptomatic phase of
vCJD infection in the UK. However, there remains a
distinct possibility that some infected patients may
never develop clinical symptoms but will remain
asymptomatic carriers who can potentially transmit
the disease to other individuals. Therefore, screen-
ing of infectious individuals will be a critical
component for individuals who rely on blood
transfusions and/or blood therapies. In the absence
of screening tests or effective therapies to treat this
disease, a formidable worldwide public health
challenge lies ahead to prevent new infections,
accurately assess infection rates and treat infected
patients. )

Keywords: blood transfusion, factor replacement,
haemophilia, prion, transmission, variant Creutz-
feldt—Jakob disease

Introduction

Variant Creutzfeldt—Jakob disease (vCJD) is a
recently identified member of the transmissible
spongiform encephalopathies {TSE) or prion dis-
eases [1,2). These disorders are fatal neurodegen-
erative conditions occurring in humans and other
mammals, the best known examples in non-human
species being bovine spongiform encephalopathy
(BSE) in cattle, scrapic in sheep and chronic
wasting disease in deer and elk [3). Prion diseases
are transmissible under both experimental and
natural conditions. For many years, the nature of
the transmissible agent was the subject of intense
debate, and in 1982 the prion hypothesis was

Correspondence: James W. Ironside, FRCPath University of
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Tel.: 44 131 337 3109; fax: 44 131 537 3056;

e-mail: james.ironside@ed.ac.uk

8

-157-

proposed by Prusiner [4]. This postulated that the
transmissible agent was composed entirely of a
modified host protein (prion protein) that was
partially resistant to proteolytic degradation, with-
out a nucleic acid component.

The normal form of the prion protein {PrP®) is
expressed in many cells and tissues in the body, but is
present at highest levels in neurones within the central
nervous system [3]. The precise function of PrP< is
uncertain, but it has a short half life and is readily
degraded by proteolytic enzymes [S]. An abnormal
isoform of PrP (PrP°°) accumulates in the central
nervous system inl prion diseases. PrP> has an identical
amino acid sequence to PePC, but a different confor-
mation, with an increased beta-sheet content that is
associated with infectivity and neurotoxicity [3]. This
abnormal conformation also confers a relative resis-
tance to degradation by proteolytic enzymes. The
precise cellular mechanisms that result in this con-
formational change, and their locations, have not yet
been fully determined. '

© 2006 Blackwell Publishing Ltd
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The BSE epidemic in the UK

In 1287, a novel propressive neurological condition
in cattle was reported in the UK [6]. The new disease
was named bovine spongiform encephalopathy (BSE,
or ‘mad cow’ disease) because of its similarity to
other prion diseases by pathology and immunohis-
tochemistry. By the early 1990s thousands of cattle
were diagnosed with BSE and millions were inciner-
ated to prevent the disease from spreading [7,8].
However, BSE has still not been fully eradicated in
the UK. The BSE epidemic in the UK has been
attributed to TSE-infected feeds made of meat and

- bone meal prepared from rendered sheep offal [9].
With the prohibition of specific feeding practices and
specified offals, however, the number of reported
cases declined to fewer than 500 by 2003 in UK
{Fig. 1) [7,8].

Since the UK continued to export cattle offals
after 1986, the BSE agent spread to over 20
European countries, as well as to Japan, Russia,
Canada, Israe| and the USA. Thus, the exportation
of contaminated animal feed from the UK to many
other countries across the world resulted not only
in the spread of BSE but potentially widespread
human exposure to BSE-positive animals through
the consumption of BSE-contaminated meat prod-
ucts [10]. Public health concerns about the safety
of meat products around the world since the BSE
epidemic two decades agoe have not diminished. On
24, June 2005, the US Department of Agriculture
confirmed BSE in a cow that had conflicting
screening test results the previous year. Fortunately,
no part of the animal had entered the human or
animal food supply; however, this case heightened
the awareness of the need for better testing in this
country and ongoing surveillance [8,11].

4000

3500
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2009 =

Table 1 Classification of human prion diseases [12].

Class . Diseases

Idiopathic Sporadic Creutzfeldt-Jakob disease
Sporadic fatal insomnia

Familial Familial Creutzfeldi=Jakob disease

Gerstmann~Strdussler-Scheinker syndrome
Fatal familial insomnia

Acquired
Huoman origin Kuru, iatrogenic Creutzfeldt-Jakob disease
Bovine origin Variant Creutzfeldt-Jakob disease

Classification of human prion diseases

Human prion diseases are categorized into three
distinct groups that reflect their different origin and
range: idiopathic, inherited and acquired [2]
(Table 1). The commonest of the idiopathic disor-
ders is sporadic CJD (sC]JD). Sporadic CJD is
distributed worldwide and is the most common of
all human prion diseases, accounting for around
85% of all cases [13]. It is associated with a highly
aggressive clinical course with a mean duration of
iliness of approximately 4.5 months. Sporadic CJD
occurs most frequently in middle-aged or elderly
individuals and appears to be triggered by a somatic
mutation of the prion gene, or by a spontaneous
conformational change of the host prion protein
from its normal cellular form (PrP©) to its abnormal
and pathogenic form (PrP*) [3,14].

Inherited (familial) forms of prion diseases com-
prise up to 15% of all cases and are strongly linked
to a series of pathogenic mutations and insertions in
the prion protein gene [15,16)]. The clinical course of
these TSEs is characterized by a slow degeneration of
the central nervous system, resulting in dementia,
ataxia, motor difficulties and death. The inherited
human prion diseases comprise three main groups of

Cases {no,)

case of BSE

Mammallan
MBM ban
3B0 ban
!
Feed ban |
introduced | :
Al Feed sectirity
| assured

1000 —

500

Fig. 1. Bovine spongiform encephalopathy
epidemic in the UK (7],
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disorders, each with a characteristic clinical and
pathological phenotype: familial CJD, the Gerst-
mann-Strivssler-Scheinker syndrome and fatal
familial insomnia [16]. All occur as autosomal
dominant disorders [15].

The third group of human prion diseases, the
acquired disorders, comprise <1% of all cases and
are characterized by exposure to infectivity in brain or
nervous system tissue either through human-to-hu-
man contact via contaminated neurosurgical instru-
ments, tissue grafts or extracts {iatrogenic CJD) [17],
or via the consumption of contaminated bovine meat
products (vC]D). Experimental transmission studies
have shown that the transmissible agent in vGJD has
identical properties to the BSE agent, confirming the
link between these 2 disorders [18,19].

Variant C]D was first described in the UK in 1996,
but has now been identified in 10 other countries.
Variant CJD tends to affect young adults, with a mean
age of approximately 29 years (age range 12-74 years
at disease onset) [1). Interestingly, this corresponds
with the general age group at which people become
blood donors. The duration of the clinical illness is
longer (mean duration of 13 months} than that of
sCJD, and is characterized by psychiatric features and
sensory symptoms at onset, followed by ataxia,
myoclonus and other movement disorders; rapidly
progressive dementia is very uncommon in this disease
[1]. Thus, sCJD and vCJD are distinct disorders that
are characterized by different geographical distribu-
tions, durations of illness, ages of onset and clinical
course, and, most importantly, the causal association
of vCJD with BSE. '

Transmission of prion diseases by blood

While the transmission of prion infectivity through
blood in rodent models of scrapie is well established,
recent reports have also found evidence of infectivity
in the blood of a rodent medel of vCJD and in sheep
experimentally infected with BSE [20,21]. These
findings have raised guestions over the potential
transmission of vCJD by blood or blood compo-
nents. Therefore, conmcern over safeguarding the
blood supply has been gradually mounting given
the potentially large number of asymptomatic carri-
ers of vCJD who may unknowingly donate hlood.
This threat to the blood supply poses a unique
challenge to public health officials and raises con-
cerns for patients - especially individuals with
haemophilia and other bleeding disorders — who
routinely rely on the blood supply and blood
therapies. Retrospective studies of haemophilia
patients who died from other diseases, including

Haemophilia (2006}, 12, (Suppl. 1}, 8-15
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HIV, have not identified any cases of sCJD that were
missed or misdiagnosed, either in the UK or in the
USA [22,23]. However, although epidemiological
studies of sCJD have found no convincing evidence
of its transmission by blood [24], the different
pathogenesis of vCJD does not allow reassurance to
be taken from these studies focusing on sCJD.

Genetic susceptibility to vCJD

Progress in the understanding of human prion
diseases was accelerated following the identification
of the PrP gene on the short arm of chromoesome 20,
The identification of pathogenic mutations and
insertions in the PrP gene provided evidence to
support the prion hypothesis, as familial prion
disorders are both genetic and transmissible, Further-
more, it is now recognized that a polymorphism at
codon 129 in the human PrP gene may influence
susceptibility to prion disease.

Three genetic subgroups have been identified at
codon 129 of the PrP gene: methionine homozygous.
(M/M), valine homozygous (V/V) and heterozygous
(M/V). All clinical cases of vCJD have so far occurred
in individuals with the methionine homozygous geno-
type [25,26). This finding is important because only
around 40% of the total human population are
methionine homozygotes; approximately 10% are
valine homozygotes and 50%. are heterozygotes
[27,28,29] (Table 2). However, among sCJD cases,
only 65% are methionine homozygotes. Thus the
methionine homozygous genotype is more susceptible
to developing both sporadic and vCJD.

Diagnostic assays for vCJD

One of the largest issues that confront clinicians
trying to manage this disease is the absence of a
diagnostic screening test for vCJD. Confirmation of a
clinical diagnosis of vCJD requires nenropathological
examination. of the brain following autopsy, with
demonstration of the characteristic type 2B isoform
of PrP* in the brain and lymphoid tissues [25].

Table 2, PRNP codon 129 genotype frequencies [29],

Genotype

MM MV VIV
Normal population 37% 51% 12%
Sporadic CJD 65% 17% . 18%
Variant C|D 100% - -

CJD, Creutzfeldt-fakob disease; M/M, methicnine
homozygous; M/V, valine heterozygous; VIV, va-
line homozygous.

© 2006 Blackwell Publishing Ltd
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Therefore, diagnostic assays are urgently needed for
vCJD that are blood based and do not require an
invasive brain or tonsil biopsy [30]. -

A major challenge to the development of such a
test is that prions are devoid of mucleic acid, unlike
bacteria or viruses, making rapid polymerase chain
reaction-based diagnostics non-viable. In addition,
as prions are modified cellular proteins and not
foreign, there is an absence of a measurable host
immune response; hence, an enzyme-linked immu-
noadsorbent assay {ELISA) diagnosiic test is not
feasible. The best diagnostic marker for prion
diseases is the presence of the disease-associated
isoforin of the prion protein, PrP*® [30]. This is
generally detected by western blot assay in the brain
and in lymphoid tissues in vCJD [31], but attempts
to detect PrP¥ in blood from patients with vCJD
have so far been unsuccessful, probably because of
limitations in the sensitivity of this assay [32].
However, a conformation-dependent immunoassay
was recently described that measures both the
protease-resistant and protease-sensitive forms of
PrP5© [33] and appears to be far more sensitive than
western blot assays. Whether this method will be
applicable to blood samiples remains to be seen.
Another technique that has recently been developed
for enhanced detection of PrP*° is the cyclical
amplification method [34]. This relies on 2 repeated
series of incubation with normal PrP and subsequent
cycles of sonication, and has recently detected PrP>
in blood from a rodent model of TSE {35].

Probable pattern of tissue infectivity in vCJD

In the UK, it is presumed that most of the adult -

population was exposed to the BSE agent through
the ingestion of contaminated meat products in the
late 1980s and early 1990s. However, because the
incubation period of BSE in humans is unknown
(incubation periods of 40 years or longer have been
documented for other human TSE) [17], and because
of the lack of a reliable screening test, it is currently
unknown how many people may be in an asymptom-
atic phase of vCJD infection in UK.,

In contrast to sCJD, vCJD infeciivity is more
widely distributed outside the CNS, and can readily
be found in the peripheral nervous system and
tymphoid tissues (tonsil, spleen, lymph node and
gut) [311. The levels of infectivity in these tissues are
lower than in the CNS, but they still represent
possible sources of person-to-person spread of infec-
tivity (Fig. 2) [36]. As the asymptomatic phase of
infection in vCJD may last for at least several years,
infected individuals may represent a potential sonrce
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Fig. 2. Probable pattern of tissue infectivity in variant Creutz-

feldt—=Jakoh disease [36].

of secondary spread of vCJD to others via contam-
inated surgical instruments {such as tonsillectomny
instruments) or by blood transfusion.

Variant CJD prevalence study in UK

To estimate the number of individnals in the UK who
are asymptomatic for vCJD and who could poten-

tially contribute to the iatrogenic spread of the

disease, a retrospective study of lympheoid tissues was
recently performed using immunohistochemistry for
prion protein in surgically removed tonsillectorny
and appendectomy specimens. Researchers reported
three positive samples out of 12 674 tested, or an
estimated prevalence of 237 vC)D cases per million
in the UK (CI 95%} [37,38]. '

These findings indicate a far higher prevalence
than clinical cases would predict, suggesting that
additional cases of vCJD are likely to emerge in the
UK. Furthermore, they emphasize the importance of
preventive measures already instituted by the UK
Department of Health to reduce the potential spread
of vCJD through blood therapies. These findings also
point to the urgent need for large-scale screening of
lymphoreticular tissue samples to determine with
greater precision the incidence of vC]JD infection in
the asymptomatic UK population [38].

However, there remains a distinct possibility that
some infected patients may never develop clinical
symptoms but will remain asymptomatic carriers who
can potentially transmit the disease to other individ-
uals. Therefore, screening of infectious individuals
will be a critical component for individuals who rely
on blood transfusions andfor blood therapies.

Transmission of vCJD infectivity via blood
transfusion in humans

‘T'wo cases of probable iatrogenic vCJD transmission
through blood transfusion have been reported. The
first case was a 69-year-old male who presented with
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clinical symptoms typical of vCJD in 2002, 6.5 years
after receiving one unit of non-leucodepleted packed
red blood cells [39]. This patient died 1 year later.
Sequencing of the prion protein gene revealed that he
was methionine homozygous at codon 129 of the
prion protein gene. The asymptomatic donor devel-
oped symptoms 3.5 years after donation and sub-
sequently died. .

The second case was an elderly female patient who
was a known recipient of a blood transfusion from
an asymptomatic donor who later developed vCJD
[40]. The female patient died of an unrelated illness
and without any vCJD clinical symptoms. Because of
her known exposure, a medicolegal antopsy was
performed. Abnormal prion protein was detected in
the spleen and lymph nodes; however, PrP>° was not
detected in the CNS and there were no other
significant abnormalities in the CNS. Tnterestingly,
this patient was heterozygous (M/V) at codon 122 in
the prion protein gene.

Because that was the first identified case of vCJD
infection occurring in the heterozygous subgroup
[40], this case raises many important issues regarding
the disease, including whether this genotype may
have influenced either its incubation period or
distribution of infectivity in this patient. These

findings underscore the importance of developing -

effective screening tools and technigues to identify
blood donors who may be asymptomatic. In addi-
tion, they highlight the need to ascertain whether all

vCJD/BSE infections result in clinical disease or’

whether a subclinical carrier state may occur.

Epidemiological considerations

In the absence of a transfusion-transmitted infection,
one statistical analysis has estimated that the prob-
ability of acquiring vCJD is approximately 1 in
15,000 to 1 in 30,000 [39]. Therefore, while dietary
exposure can never entirely be ruled out, in the
aforementioned cases, the infections were far more
likely associated with vCJD-contaminated blood
transtusions.

To examine a probable link between transfusion
and vCJD infection, a review of blood transfusion
policies in the UK and a risk assessment on the
implications for plasma therapy recipients was com-
missioned by the Department of Health [41]. The
commissioned research concluded that the infectivity
concentrations in blood were likely to be highest in
the buffy coat fraction, followed by those in-plasma
and whole blood (Table 3). Moreover, the report
stated that levels of the infectious agent present in a
full unit of bloecd would probably be sufficient to

Haemophilia (2006), 12, (Suppl. 1), 8-15

a

Table 3. Selected infectivity of blood components [41],

Infectivity
- Volume Infectivity concentration

(mL wnit™!) {IDsgfunit) (1D ggfunit)
Whele blood 450 200 2.0
Plasma 228 480° 2.1
Filtered plasma 225 480 21
Red cells 212 219 1.0
Buffy coat 14 201 14.9

cause infection in recipients (41]. The Department of
Health's Health Protection Agency also evaluated the
risk of different plasma products in an atiempt to
determine which were most likely to carry the
greatest degree of vC]D infectivity. Recipients of
factor VIII, factor IX and antithrombin were esti-
mated to have the highest risks: administration of
even a single one-vial dose of these products was
determined to be sufficient to cause transmission of
the disease [42]. Intravenous immunoglobulin (IVIG)
and large doses of albumin were concluded to be of
medinm risk, and anti-D and IVIG were determined
to be of low-risk of infectivity.

The risk of contracting vCJD from plasma
therapies

Ag recipients of plasma therapies appear to possess
the highest risk of contracting vCJD, it is theoreti-
cally possible that many patients with bleeding
disorders in the UK have already been exposed to
the agent responsible for vC]D. Patient groups and
the UK Haemophilia Centre Doctors” Organisation
believed that the Health Protection Agency’s CJD
Incidents Panel should recommend that all patients
with bleeding disorders in the UK who were ireated
with UK-source pooled factor concentrates between
1580 and 2001 be considered at potential additional
risk for public health purposes [42].

The risk of contracting vCJD has implications for
the overall safety of the worldwide blood supply. To
address this concern, various measures have been
taken to protect the blood supply in the UK,
including the sourcing of plasma from the United
States (Table 4), Puture efforts to minimize the risk
of prion contamination of the blood supply might
include improved filtration steps to more effectively
remove this pathogen.

Variant CJD worldwide as of October 2005

As of October of 2005, 184 confirmed cases of vC]JD
have been reported wotldwide. Individual countries
include: UK (158}, France {15), Ireland (3), Ttaly (1),

@ 2006 Blackwell Publishing Ltd
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Table 4. Measures takén to reduce the risk of variant Creutzfelde—
Jakob disease (vCJD) transmission via blood and blood therapies
in the UK.

Date Measure

1997

Withdrawal and recall of any blood components,
plasma therapies or tissues obtained from any
individual who develops vC]D '

1998 Importation of plasma from

the USA for fractionation

1998-1999  Leucodepletion of all blood used for transfusion
2002 Importation of fresh plasma from the USA for
patients born on or after 1, January 1996
2004 Blood denation is not accepted {rom people
who have received a blood transfusion in the UK
since 1980, or who are unsure of this
2005 Donors of bleod to patients who have
subsequently developed vCJD are advised
that they may be at ‘Increased risk’ of
vCJD and should not continue to donate blood
Today Promotion of appropriate use
of blood and alternatives in NHS
The futare?  Use of ‘prion Alters’?

USA (1), Canada (1), Saudi Arabia (1}, Japan (1), the
Netherlands (1), Spain {1) and Portugal {1). The
individuals m the USA, Canada and Japan who
contracted vCJD and one person in Ireland had all
lived in the UK; therefore, these four cases are
considered as UK infections.

Japan confirmed its first case of vC]D in 2005. This
patient had briefly visited the UK in the late 1980s,
fell ill in 2001 and died in 2004. While BSE has been
identified in 15 Japanese cattle, officials contend that
the patient most likely contracted ihe disease while in
the UK [43]. Because the patient is believed to have
visited the UK for less than a month, the Japanese
government has changed its blood donation pelicy to
ban donations from anyone who visited UK for a day
or more between 1980 and 1996. Previously its
policy had been to accept blood donors who had
visited the UK for up to 1 month [44].

The fact that cases of vCJD have been reported in
many different countries suggest that the disease has
spread from the UK to other continents. Although
the number of deaths per annum of vCJD in the UK
has steadily declined from 28 in the year 2000 to
only two by the middle of 2005, the onset of new
cases has gradually risen to nine in 2004 from five in
2003 [45]). These data suggest that the disease may
become endemic at a low level in the UK population.

Research priorities for vCjD

There are four immediate research priorities. First, to
reduce the potential spread of vCJD, there is an urgent

® 2006 Blackwell Publishing Ltd

need for development of a new screening assay that is
applicable to blood and is both highly specific and
sensitive. Second, enhanced epidemiological surveil-
lance of potentially infected donors should be broad-
ened to encompass all age groups in the UK. Third,
improved methods of decontamination of surgicaland
laboratory instruments must be developed and imple-
mented across the country to reduce further iatrogenic
infections. Finally, progress in the treatment and
prophylaxis of vCJD is desperately needed.

Conclusions

In the last decade, a variant of CJD has emerged in
many conntries that has been causally linked to dietary
exposure to BSE during the 1980s and early 1990s.
Preliminary studies in animal models suggest that
prions, including the BSE agent, can be transmitted by
blood. Based on two recent reports of iatrogenic vCjD
transmission by blood transfusion in humans, a UK
DOH-sponsored risk assessment warned that recipi-
ents of plasma therapies are now at risk of contracting
vCJD from potentially infected donors. In the absence
of screening tests or effective therapies to treat this
disease, a formidable worldwide public health chal-
lenge lies ahead to prevent new infections, accurately
assess infection rates and treat infected patients.
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Dura mater-associated Creutzfeldi—Jakob disease:
experience from surveillance in the UK

C A Heath, R A Barker
J'W Ironside, R G Will, R S G Knight

TF G Esmonde, P Harvey, R Roberts, P Trend, MW Head, C Smith, J E Bell,

J Neurel Neurosurg Psychiatry 2006;000:1-3. doi: 10,1136/jnnp.2005.073395

Betwaen 1970 and 2003, seven cases of human dura mater-
associated Creuizfeldi-lakeb disease ({CJD) were identified in
the UK. Furthermore, we identified a case of CJD in a porcine
dura groft recipient. The mean incubation period of the
human dura mater cases was 93 {range 45-177) months.
The clinico-pathological features of the cases are described
end compared with cases previously reported in the world
literature.

forms: sporadic, gemetic, jatrogenic and variant. The

cause of sporadic CID, the most common form world-
wide, i unknown and case-control sgudies have failed to
identify any consistent risk factor, ajthough two studies have
implicated previous surgical interventions.’ * Genetic forms of
the disease are associated with underlying mutations of the
prion protein gene (PENP), which aré“i' enerally considered to
be directly causative.Mutations, }@%‘g\;e;:_,possibly increase
liability to some, as of yet unrecognised, source of infection.
The two remaining forms of CJD are acquired. Variant CJD is
considered to be caused by bovine spongiform encephalo-
pathy,”” through contarninated food products; iatrogenic CJD
results from the inadvertent wansmission of CIJD during the
course of medical or surgical treatment. The two most
numerically significant instances of fatrogenic CID resulied
from treatment with cadaveric human growth hormone and
the use of dura mater grafts in surgery. Corneal grafis, depth
elecirodes "and neurosurgical instruments have also rarely
‘been implicated.*”

The first r1eport of dura mater-associated CJD was
published in 1987,* with a more detailed report appearing
the following year;” to date, 164 cases have been recognised
worldwide (P Brown, personal comrnunicatien), This paper
reports and describes the seven cases of human dura mater
graft-associated CJD identified during surveillance in the UK
and also, for the first time, reports a case of CID in a porcine
dura graft recipieni.

Creutzfeldt—]akob disease {CID) exists in four clinical

METHODS
CID surveillance i the UK has been vndertaken in four
phases,

® A retrospective review was carried oul in England and
Wales from 1970 to 1979.

® A prospective study was carried out in England and Wales
from 1980 to 1984,

® A retrospective review was conducted in UK to cover the
pevied from 1985 10 1990,

® A prospective surveillance was instituted in the UK in 1990
and continues. ‘

The methodology of the National CJD Surveillance Unit
has been described in previous publications.™ "

RESULTS

Human dura mater

During the period between 1970 and 2003, scven cases of
human dura mater-associated CJD were identified in the UK.
Table 1 shows the basic demographic features. The latent
period between surgery and the onset of CJD ranged {rom 45
to 177 (mean: 93) months. The mean age at surgery was
33 years, with a mean age at onset of 41 years.

Lyodura (B Braun Melsungen, Germany), a particular
brand of human dura mater, was implicated in six of the
seven cases {the manuiacturer of the dura graft implicated in
case I is unknown).

The six cases associated with Lyodura were exposed to the
presumed source of “infection” between 1983 and 1987, with
the first recognised case in the UK exposed o human dura
mater in 1969. '

A detajled account of both clinical and investigative
features is available online. In four cases, the clinical
phenotype at onset appears to correlate with the site of grafi
placement orunderlying parenchymal damage (cases 1T, HIL V
and VI). For example—in case IJ, the initial illness presenta-
tion included a right visual field defect; a left hemisphere
tumour was also diagnosed. The subsequent CJD began with
a right visual field disturbance and progressed with signs
indicating the involvement of the lefi hemisphere. Some of
the cases were investigated before the widespread availability
of MRI, and therefore MR1 was only available in only four of
the seven cases. None of the cases showed the characteristic
radiological features of human prion disease™ with post-
surgical change being the most commonly recognised
abnormality. Despite all seven cases having at least one
electroencephalogram during the course of investipation,
only three of the seven cases showed the “iypical” features.

Autopsy was carried out in five of our seven cases. In
general, the neuropathology was characierised by widespread
spongiform change accompanied by variable neuronal loss
and gliosis. Western blot analysis for PrP™ was carried out in
three cases (cases U, VI and VII). The mobility and glycoform
ratio of the PrP"™ is indistinguishable from those of the type 1
PrP™, identified in cases of sporadic CID, and is distinct from
type 2B, PrP™ idemiified in variant CJD.

Porcine dura mater
We Delieve the identification of CID in a porcine gralt
recipient to be the first such report worldwide (table 1,case

Abbrevigtions: CID, Creytzleldi-Jakab disease

Case ¥ received two dura grafis, is assumed thot the first groft was
responsible for kransmission.

Copyright Article author (or their employer) 2006. Produced by BMJ Publishing Group Ltd und8iTilaney
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2 Heath, Barker, Esmonde, et al
Table 1 UK case details—human dura mater
Duration of illness

Case Surgical procedure Dura Year of surgery Year of deathincubation period {Menths)iMonths)

|, Esmonde ef of*  Suboccipital craniotomy and C1/2 2 1962 979 104 6
laminectorny for cerebellar eciopio and
syringomyelio .

W, Esmonde et af® Excision of o leftlemporal cotex L 1983 1991 o3+ 5
meningioma

I Repair surgicat leak offer ecoustic L 1985 1989 51 2
Reuroma exeision

IV, Willison et of'* Posterior fossa decompression and | 1985 1989 45 4
cervical laminectomy for cerebellor
eclopia or syringomyelia

v Excision of a left paristal cortex Tt 1985 1993 1) 886 A
meningioms

2 1986 2179

Vi Excision of & cerebellar astrecytoma L 1985 1997 103 33

Vit Excision of & eosinophilic grandleme L 1987 2003 177 5
right frontal region skull

Porcine Dura Graft:

Vil Excision of o right frontoparietal P 1988 2000 134 3
meningiema

“Revised from previously published figures.

L, Lyoduro; P, Porcine dura.

parietal meningioma in 1988 and a zenodenn graft was used
to repair the dura. The recipient presented with headaches,
ataxia and cognitive decline after 134 months. Investigative
features were comsistent sporadic CJD, with a typigal
electroencephalogram was identified, and pathological con-
firmation was obtained. Autopsy showed spongiform change
in the frontal and temporal cortex, with similar features
jdentified in the basal ganglia, thalamus and cerebellum,
Immunocytochemistry for PrP showed widespread accumu-
lation and western blot analysis showed the type 1 isoform.

¥

DISCUSSION -

Human dura mater is a rare, But- Important source of
wransmission of human prion disease, with only seven cases
recognised in a 33-year period. Surveillance systems world-
wide have identified 164 cases of CJD in people previously
exposed to human dura mater. Prevalence is particularly high
in Japan and probably reflects neurosurgical practice, with an
estimated 20 000 grafts used each year.* The overall risk of
CJD associated with human dura grafis in the UK is
unknown because an accurate estimation of human dura
graft use and thus a denominator for calcujation of risk is not
available. The estimated risk after exposure in Japan has
been estimated to be approximately ! per 2000 patients
treated between 1979 and 200¢ and approximately 1 per 1000
between 1983 and 1987.'* Neurosurgical practice in Japan,
with widespread use of dura mater, may be different from
other countries throughout the industrialised world and
therefore it would seem unreasonable to extrapolate any
estimated risk from these data. If neurosurgical practices in
the UK were more akin to thdse in Ausiralia, then a
subsequent study by Brooke and co-workers would help
provide addjtional information periaining 10 estimated risk,
By using information from the Australian CID Surveillance
systern, Brooke and co-workers estimated the risk associated
with exposure to human dura mater 1o be approximately 1
per 500 patients treated between 1978 and 2003."7 Clearly, the
risk of developing CJD in this patient population is
considerably higher than we would expect by chance.

The human dura mater implicated in the transmission of
CJD was processed, almost exclusively, by B Braun
Melsungen in Germany and traded under the name
Lyodura. Over 100 Japanese cases, and all but one of the
UK cases (the source of the [irst case identified in the UK is
unknown), have been associated with this particular product

www.janp.com

and only rarely has dura processed by other manufaciurers
been associated with transmission.' " Although the first case
in the UK was exposed Lo potentially infectious dura in 1969,
a disproportionately large number of cases were exposed
between 1983 and 1987 {80% of those identified worldwide
and six of the seven cases in the UK]). Interestingly, the
apparent reduction in the number of cases post-1987
coincided with the introduction of stringent donor selection
criteria and also the introduction of sodium hydroxide
immersion techniques in the manufacturing process.

We found no iemporal or geographical association between’
any of the dura-associated cases, or any other case of CID

" identfied in the UK, despite potential contamination of

neurosurgical instruments.

It has beén proposed that clinical features at onset are
dependent on the site of graft placement or underlying
parenchymal damage™** and our findings may support such
a proposition. The explanation for this observation is unclear.
We, could, however, speculate that the pathological process
starts within a region adjacent 1o the graft and that this is
reflected in the éarly clinical fearures. This proposition may
also be supported by findings obtained at autopsy, with
severe pathological changes identified adjacent to graft
placement in three cases. Overall, the pathology is consistent
for that previously described in dura mater-associated
CJD.* ** We did not identify either “kuru-type” or florid PxP
plaques. The florid PrP plaques were previously noted in
Hmited distribution in a small number of dural graft-
associated iatrogenic CJID cases in Japan.™ » *

We believe case VIII represents the first reported case of
CJD in a person previously exposed to a graft from a non-
human source. The age at onset, duration of illness, clinical
and investigative features were similar to a typical case of
sporadic CJD. Furthermore, the patholegical features were
also considered characterisiic of sporadic CJD, with 1ype 1
Pre™* identified. Neither finding can definitively exclude the
possibility of transmission of a yet unidentified pathogen. As
natral transmissible spongiform  encephalopathies are,
however, as yet unrecognised in pigs, despite experimental
transimission in animal models,” a chance association seems
the most plausible explanation.
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Kuru in the 21st century—an acquired human prion disease
with very long incubation periods

John Callinge, Jerome Whitfield, Edward McKintosh, john Beck, Simon Mead, Dafydd | Thomas, Michael P Alpers

Summa

Backgrou'r,s:fl Kuru provides the principal experience of epiderfiic human prion disease. Its incidence has steadily fallen
after the abrupi cessation eof its route of transmission {endocannibalism} in Papua New Guinea in the 1950s, The
onset of variant Creutzfeldt-Jakob disease (vCID}, and the unknown prevalence of infection after the extensive dietary
exposure to bovine spongiform encephalopathy (BSE) prions in the UK, has led to renewed interest in kuru, We
investigated possible incubation periods, pathogenesis, and genetic susceptibility factors in kuru patients in Papua
New Guinea.

Methods We strengthened active kuru surveillance in 1996 with an expanded field team to investigate all suspected
patients, Detailed histories of residence and exposure to mortuary feasts were abtained together with serial neurological
examination, if possil:le,

Findings We idenlified 11 patients with kuru from fuly, 1996, 1o June, 2004, all living in the South Fore. All patients
were born before the cessation of cannibalism in the late 1950s. The minimum estimated incubation periods ranged
from 34 to 41 years, However, likely incubation periods in men ranged from 39 to 56 years and could have been up to
7 years longer. PRNP analysis showed that most patients with kuru were heterozygous at polymorphic codon 129, a
genotype associated with extended incubation periods and resistance to prion disease,

Interpretation Incubation periods of infection with human prions can exceed 50 years, In human infection with BSE
prions, species-barrier effects, which are characteristic of cross-species transmission, would be expected to further
increase the mean and range of incubation periods, compared with recycling of prions within species. These data
should inform atiempts to model variant CJD epidemiology. ’

Kuriris one of a group of dlosely related neurodegenerative
conditions that affect both human beings and animals,
known as the transmissible spongiform encephalopathies
or prion diseases.’ Prion diseases are associated with the
accurnalation in the brain of an abnorroal, partly
protease-resistant, isoform of a host-encoded glycoprotein
known as prion.protein (PrP). According io the protein-
only hypothesis, an abnormal PrP isoform is the main,
and possibly the only, constituent of the transmissible
agent or prion.

The largescale epidemic of bovine spongiform
encephalopathy (BSE) in the UK led to fears of a serious
threat to public health. Since 1996, cases of a novel
huiman prion disease, variant Creutzfeldi-Jakob disease
wCIDY, have been identified in the UK, and strain typing
has confirmed that both vC]D and BSE are caused by the
szmie prion strain.' Dietary exposure of the UK population
to BSE prions has been widespread; the total cattle
epidemic is thought to have affected 2 million cows.?
Cattle BSE has also been reported in most EU states,
Israel, Switzerland, Canada, the USA, and Japan. So far,
about 160 vC)D patients have been identified in the UK,
with cases also reported in France, Italy, Ireland, the
Netherlands, Canada, Japan, and the USA. Predictions of
the eventual size of 5 vCID epidemic have varied widely,
although some recent estimates, based on current cases
of vC]D, snggest that the total epidemic may be relatively
small’ However, key uncertainties, notably with respect

=170

to major genetic effects on the incubation period,* suggest
the need for caution. Importantly, such models cannot
estimate the number of infected individuals, which
remains unknown, and concerns of secondary
fransmission have heiphtened® These uncertzimiies,
especially with the possibility of very long incubation
periods of BSE in people, have renewed interest in kuru,
which remains the only example of a major human
epidemmic.

Kuru reached epidemic proportions in a defined
population of the Eastern Highlands of Papua New
Guinea. Local oral history, taken when the digease was
first studied by western medicine in the 1950s, dated the
onset of the first cases to the 1920s. Kuru mainly affected
the pecple of the Fore linguistic group and also their
neighbours with whom they intermartied. The disease
predominantly affected women and children {of both
sexes), with only 2% of cases in adult men;* kuru also
became the most conmnmon cause of death in women in
affected villages, Kurn is a cerebellar syndrome with a
characteristic and relentless progression through defined
clinicel stages, and is invariably fatal. Cogniticn is fairly
preserved, and the disease is highly distinctive and is
usually recagnised easily by both the patients and their
local conmnunityt .

These communities practised the consumption ritual
of dead relatives as a mark of respect and mourning.
Boys older than §-8 years participated litle in mortuary
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feasting, which could explain the differential age and sex
incidence. From the age of the youngest affected patient,
the shortest incubation period is estimated to be 5 years,
although this time could be shorter, since time of infection
is usually unknown.

Genetic susceptibility is important in both the sporadic
and acquired forms of human prion disease; human PrP
has a common polymorphism, with either methionine or
valine present at resicdue 129. About 38% of Furopeans are
homozygous for the more frequent methionine allele,
512 are heterozygous, and 11% homozygous for valine.
Most sporadic CJD occurs in individuals homozygous for -
this polymorphism.” This susceptibility factor is also
relevant in the acquired forms of C)JD, most steikingly in
vCJD; all clinical cases studied so far have been
homozygous for codon 129 methionine of the PrP gene
PRNPS The PRNP codon 129 genotype has shown a
pronounced effect on kuru incubation periods and
susceptibility, and most elderly survivors of the kura
epidemic are heterozygotes." The clear survival advantage
for codon 129 heterozygotes provides a powerful basis for
selection pressure in the Fore. However, an analysis of
worldwide haplotype diversity and allele frequency of
coding and non-coding polymorphisms of PRNP suggests
that balancing selection at this locus (in which there is
more variation than expected because of heterozygote
advantage) is much older and more geographically
widespread. Evidence for balancing selection has been
shown in only a few human genes. With biochemical and
physical evidence of cannibalismi on five continents, one
explanation is that cannibalism resulted in several prion
disease epidemics in human prehistery, thus imposing
batancing selection on PRNF?

Kuru was extensively studied at its peak in the late 1950s
and early 1960s and monitoring was continued through
the Papua New Guinea Institute of Medical Research. We

strengthened active kuru surveillance in 1996 and aimed
to study all patients with kuru until the end of the
epidemic. Here, we aimed to determine the maxirmun
period possible for incubation in human prion infection
and to investigate genetic factors in recent patients with
lawris. The abrupt interruption of tfanstission of kur,
after the effective prohibition of cannibalism by Australian
authorities in the mid-1950s, allows a unique opportunity
to investigate the incubation period of infection as a key
variable in human prion diseage. Our findings of detailed
clinical features and mortuary feast practices will be
reported elsewhére.

Methods

Research ethics )

Our study was approved by the Papua New Guinea Medical
Research Advisory Conumittee and by the local research
ethics committees of St Mary's Hospital and National
Hospital for Neurology and Neurosurgery, in London, UK.
The full participation in the project {rorn the communities,
which was critical with respect to the ethics and operation
of the study, was established and maintained through
discussions with village leaders, cormmuniiies, families,
and individuals, and the field studies followed the
principles and praciice of tie Papua New Guinea Institute
of Medical Research.

Kuru surveillance and elinical studies

A field base and laboratory was established in Waisa in the
South Fore. A learn of local kuru reporiers communicated
details of any suspecied case to the field base. 50 suspect
cases investipated during this peried proved not to have
kuri. The field team consisted of staff from the UK Medical
Research Council (MRC), the Papua New Guinea Institute
of Medical Research, and local communities, who
undertock reguwlar field patrols throughout the kwru-

Sex  Yearof birth Onset Ageatonset Ageatdeath PRNP129 gemotype Minimumineubation  Likelyincubation
{years) [years) period {years)* pesiod (years)i
PEW F 1946 August, 1995 49 50 Hetzrozygous 35
YAK ] 1348 November, 1984 46 48 Heterezygous 34 39
MWK A 1433 April, 1996 63 54 Methionine homazygous 36 56
AKA M 1945 November, 1996 47 49 Heterorygous 36 40
AYA M 1936 Novermber, 3988 62 a3 nfa 38 55
TAM F 1945 Mazch, 1959 54 S5 Valine homozygeus 38
AYY M 1940, June, 1998 58 60 Heterozygous 33 ‘ 51
WKW M 1943 January, 1999 56 57. Heterazygous 39 40
MAA F 1944 Api, 19599 55 57 Heterozygous 39
ING F 1942 January, 2000 58 59 Heterozygous 40 )
KRW M 1943 Octeber, 2061 58 ] Heterozygous 41 51
Patients’ inlizfs are hased on name and coded. *Calculated congervatively as the number of years between 1660 and onsat of kuru {assuming latest possible exposure at mortuary feast in
1955}, This pericd would be an underestimate {in some cases of many years) of the actual incubatien perfod {measurad from the datethat Infection was actually 2cquired). The maximum
| incubation periad possible inThe evert of neonatal infection) would be the same asage at onset, 1Since male individuals were unbkelp o ba infacted 2fterage 6-8years, the likely
l minimum incubation periad tan be caleutated asthe number of years fron age 7years todisease onset, which s 2lso 2 conservative estimate, since actual infection could have taken plece
i [upto 7years) catlier, F=female. M=mzle. nfa=not available
Toble 1: Estimation of kuru incubation periods in 11 patients identified in current study
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Figure 1: Area and Fore graups histerically affected by kure inthe Eastern Highlands Province of Papua
New Guinea
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affected area, which included the North and South Fore,
Keiagana, Kanite, and Gimi linguistic groups. The
fieldworkers had to work under very difficult conditions
during the surveillance, and heavywvehicdle rescue
equipment znd a si-man team were needed at times to
proceed with the project. Security issues intermittently
affected our ability to travel to and from the field site.
Regular field neurclogical exarminations were done when
possible and recorded by video and pholography. Case
histories and patierns of exposure to mortuary feasts were
also documented.

Molecular genetic studies
We extracted genomic DNA front venous blood to

determine the complete coding sequence of PRNP |

(PP gene).® Papua New Guinean contral genotype data
were obtained by restriction endonuclease digestion of
PCR amplicons (for comparison with APOE [apolipo-
protein E]and PRND [Doppel, a prion-protein-like protein]
genes), and allelic discrimination with the ABI SDS7000
sequence detection systern (for comparison with codon
129 polymorphisms and haplotypes of PRNF. We
identified HLA-DQB1 alleles by automated fluorescent
sequencing of PCR amplicons using the Amersham
MEGAbzce DNA analysis system (Amersham, UK),

Role ofthe funding source

"The sponsor of the study had no role in stady design; data
collection, data analysis, data interpretation, or writing of
the report. The corresponding awthor had finll access to ail
the datz in the study and had final responsibility for the
decision o submit for publication.
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Results

The total number of cases of kuru from 1957 to 2004
exceeded 2700, with more than 200 dying every year in the
late 1950s. This number fell to about six a year in the early
1990s and between one and two a year during the study;
since July, 1996, we identified- 11 kuru patients up to the
end of June, 2004,

-~ "Table 1 shows the ages at onset of all 11 patients in the

study, Age might not be accurately known or reported by

individuals in these communities, but can be reliably

and accurately estimated by reference to family

relationships and cleasly defined recent historical
events." Figures 1 and 2 show the area and populations

historically affected by kuru, All patients identified in

the current study were from the South Fore, now that

kuru has disappeared from the North Fore and adjacent

linguistic groups (figure 2).

On the basis of a conjunction of experimental,
epidemiological, and human behavioural evidence,” we
can assume that all ransmission through the traditional
mortuary practce had ceased by 1940, The practice had
been important to the Fore people 25 a way of respecting
their dead yelatives, but it was rigorously forbidden by
Australian Government officers in onte of their first acts of
administrative contro]l after making contact with the
people, when the Okapa patrol post was established in
1954, Public consumption of dead relatives ceased almost
imwmediately and compliance was ensured by the police
force responsible for the subdistct. By 1956,
endocannibalism was effectively gone. Swireptitious
eating of dead relatives had been reported in remote
communities for some years afterwards, but by the end of
the 1950s the practice had ended. Epidemiological
surveillance for kuru began in 1957 and has been continued
ever since. Because of the wide geographica] extent of the
farnilies participating in a feast, secret feasting with entire
families taking part would not have gone undetecied. The
cormunities of the North Fore, who had been the first of
the Fore peovle to lose their traditional practices in the
wake of Ausiralian administrative conbrol, ended their
mortuary {easting at the beginning ol the decade or earlier;
kuru is no longer preseni in this area. The latest year of
Dbirth recorded for any patient with kuru is 1959; only nine
patients are recorded as being born since 1956. These
individuals were mostly young patients and their ages at
onset could have been underestimated by a few years.
Therefore, for praciical purposes, we can assume that all
transmission through the traditional mortuary practices
had ceaged by 1960.

Therefore, we could define the minimum incubation
period as the Hime between 1960 and the date of onset of
ot {table 1). For patients born in eatlier decades, the
actual incubation could be much longer; however, since
the infecting event can never be known, all individuals
alive during the period when consumpton of dead
relatives’ bodies was universally practised must be
regarded as being at risk.
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Figure 2: Individual patients with kuru recorded during the Syears immediately after cessation of endecannibalism (1957-61), after 20 years (£577-81), and in the current study

(1996-2004)
Patients pfotted by village of residence. Blatk squares indicate towns.

After the age of 6-8 years, boys were taken from their
mothers and brought up in the men’s house. From this
point on, they were exposed only to the same risk as

adult men, who participated little in feasts and did not

eat the brain, by far the most infectious organ in kwu.
This practice can explain why adult men in 1957-58
contributed only 2% to the total number of kuru cases;
and from what we now know about the incubation
period, most would have been from transmissions in
their childhood. Therefore, we can estimate that the
likely incubation period of the male patients identified
in this study began at about age 7 years, lasting up to the
age of onset (table 1). These projections are less robust

PRNP APOE PRND 174 HLA-DQBL
haplotype gerotype
PRW AF E2E3 MT *050302/*0602
YAK AR E2,E3 MT “0401{NR
AWK FF E3,E3 i 0502014050291
AKA AF £4,E4 wMT “056301/030101
AYA nfz nfa nfa nfa
TAM AR E3,£3 T *0602/* 0602
AYY AF E3.£3 k13 050304/0602
WKW AF E3.E3 T *0602{*0602
MAA AF EE3 LEl *050301/"0662
INO AF E2,E4 H) *050301/* 0602
Kaw AflorAlF  E3E4 s *050301/*0602
Patient’s initials are based on name and coded. NR=alltle notrecognised. nfaznot
available. MT=methionine-threanine heterozygous, APOE, PRND 174, and HLA-DQBI are
genetic loci implicated in human prion disease susceptibility.
Table 2; Genetic anzlysis in kuru patients identified in curcent study I
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than the minimum estimates, but nevertheless are
potentially real and should not be ignored in any
consideration of the incubation period of hwman prion
diseases. ]

DNA was available for genetic analysis from ten of
11 patients with kuru {table 2). Eight patients were
heterozygous at the polymorphic residue 129 of PRNP.
In 140 unrelated healthy individvals from the South
Fore, allele frequencies at the PRNP residue 129 were
48% methionine and 52% valine. Although most of the
kuruo cases with long incubation periods were
heterozygous (as expected), this distribution did not
differ from the current frequencies of the control
population {y? test, p=0-22), The PRNP B haplotype has
been associated with susceptibility to sporadic CJD in
the UK," and PRNP haplotyping was also done in these
patients and in the healthy Fore population (table 2).
Although the analysis had a small sample size, PRNP
haplotypes of kuru patients with long incubation periods
did not differ significantly from the healthy South Fore
population (y2 test, p=0.85}. For other genetic loci
implicated in human prion disease susceptibility
{ERND,** APOE*” and HLA;"" table 2}, these alleles
for Jauru patients with long incubation periods also were
not significantly different from the healthy population in
the South Fore.

Discussion

The eatly clinical, epiderniological, and anthrapological
study of kury; the recognition of its neuropathological,
and then causal parallels to ovine scrapie;” and then
crucially, the experimental transmission of the disease
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to primates,” originated the concept of the human
transmissible spongiform encephalopathies, which was
followed in turn by the eventual unifying concept of the
marmmalian prion diseages. However, in addition to the
central historical importance of kuru, study of the end-
“stage of this epidemic offers a unique opportunity o
study the variables of 2 near-complete epidemic of

human prion disease. In particular, recognition of the -

incubation periods possible after natural prion infection
in people is important in providing an jnsight-{from
actual case histories rather than from mathematical
models) into the probable span of the vC]D epidemic in
the UK, Although estimation of kuru incubation periods
early in the epidemnic was difficult, and the timing of the
actual infecting event for an individual can rarely be
determined, the abrupt and permanent interruption of
the source of infection, endocannibalism, in the late
1950s, has progressively allowed recognition of an
enormous span of possible incubation periods, at its
shortest extreme bracketed by the rare onset of disease
in children as young as 5 years and extending up to (and
perhaps beyond) the incubations covering more than
half a century, as we describe here.

In our field studies, we have intervicwed many
individuals who participated in traditional mortuary
feasting or who described the participation of family
members from the preceding generation. These detailed
descriptions will be published elsewhere but have

reaffirmed the oral histories of endocannibalism in the

Fore recorded previously™™ and that this practice
ceased abruptly at the time of Australian administrative
control over the kuru areas. Although isolated events
might have occurred for a {ew years after this prohibition,
we are confident that new exposures of individuals to
kuru at mortuary feasts would not have ocecurred after
1960. Not only have no cases of kuru been recorded in
people bom after 1959 (and only nine were recorded in
those boxn after 1956); but also all the 11 last recorded
cases of kury that we report here were born before 1950.
If any source of infection remained, whether fiom
surreptitious canmibalism, possible ground contam-
ination with hurnan prions at sites where food was
prepared, or other lateral routes, we would expect
individuals born after this period to have kuru—
especially since children are thought to have had shorter
incubation periods than adults. However, no such cases
have been observed.

Additionally, 2lthough a fraction of hamster-adapted
scrapie prions have been shown to survive in soil for at
least 3 years” the mortnary feast practices (during
which the entire body would be consumed) were
undertaken so that any substantial contamination of
soil would not have occurred, and traditional bamboo
knives and leaf plates were bummed after the feast.
Furthermore, no clusters of kuru cases, as seen earlier
in the epidemic,* have been recorded for many years.
We have also reviewed the assertion thal maternal
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transmission of kuru did not occuy, and saw 1o evidence
for maternal transmission from kure archives,
interviews of colleagues who have practised medicine
in the Fore, or local oral history. Again, any possible
vertical route of kuru transmission would have resulted
in the presence- of kuru in children born after 1960,
especially since kuru was common in women of
Ehi]dbearing age; no such cases have occurred.

With respect to extrapolation of incubation peviods of
BSE prion infection in people, we should recognise that
the kuru epidemic arose from intraspecies recycling of
infectious prions. However, wransmission of prions
between different mammalian species is associated with
a species barrier, which is better described a5 a
transmission barrier, beceuse of the fmportance of
within-species prion strain type, in addition to species-
specific differexices in its determination.” The biological
effects of such a barrier are: extended mean incubation
period; increased spread of incubation periods in
individual animals; and reduced attack rate {in which
only a fraction of inoculated animals will suceumby, by
comparison with the 1009 mortality generally associated
with within-species inoculation with  high-titre
infectivity, Incubation periods approaching the natural
lifespan of the inoculated species are often seen in such
primary cross-species transmissions of prions. Second
and subsequent passage of prions within the new
gpecies is always associated with adaptation favolving a
considerable shortening of the mean and spread of
incubation periods and high or total lethality to high-
titre inocula. Thus, estimation of the range of possible
incubation periods in human BSE infection needs
superimposition of the effect of 2 transmission barrier
onto these findings of matural human incubation
periads.

The mean incubation peried for kuru has been
estimated to be around 12 years,” with a similar estimate
in iatrogenic CJD associated with the use of human-
cadaver-derived pituitary growth hormone.” As shown
here, maximum incubation periods in kuru can exceed
50 years. The transmission barrier of BSE between cattle
and human beings is unlnown and cannot be directly
measured. However, the cattle-to-mouse barrier for BSE
has been well characterised experimentally by
comparative endpoint tifration. BSE prions transmit
readily lo laboratory mice, including after oral dosing.”
The rnurine LDy, (lethal dose causing 50% mortality) in
C57Blj6 mice is about 500-fold higher than that in
cattle;” this barrier also results in a three-fold to four-
fold increase in mean incubation period?” Mean
incubation periods of human BSE infection of 30 years
or more should therefore be regarded as possible, if not
probable,” with the longest incubation periods
approaching {and perhaps exceeding) the typical human
lifespan. The shortest incubation periods in kuru were
estimated from the age of the youngest patients—
suggesling that the shortest incubation peried was
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4-5 years. Similarly in vCJD, although the total clinical
caseload so far has been small, the youngest onsets of
vC]D have been at age 12 years or above, providing an
early estimate of a minimum incubation period.

Furtherinore, prion disease in mice follows a well-
defined course with a highly distinctive and repeatable
incubation time for a specific prion strain in a defined
inbred mouse line. In addition to the PrP gene, a few
additional genetic Joci with a major effect on incubation
period have been mapped.*™” Huran hornologues of
such loci could be important in human susceptibility to
prion disease, both after accidental human prion
exposure and after exposure to the BSE agent. By
definition, patients identified so far with vC]D are those
with the shortest incubation periods for BSE. These
patients could have veceived an especially high dose of
BSE prions. However, no unusual history of dietary,
occupational, or other exposure.to BSE has been reported
from cage-control studies. Because of the powerful
genelic effects on incubation peried in laboratory
animals, vCJD patients identified could represent a
distinet genetic subpopulation with unusually short
incubation periods to BSE prions, with vC]D so far
occurring predominantly in those individuals with short
incubation time alleles at these multiple genetic lodi, in
zddition to having the homozygous PRMP genotype of
codon 129 methionine, Therefore, a human BSE
epidemic may be multiphasie, and recent estimates of
the size of the vC]D epidemic based on uniform genetic
susceplibility could be substantial underestimations.*""
Genes implicated in species-barrier effects, which would
further increase both the mean and range of human
BSE incubation periods, are also probably relevant. In
this context, a human epidemic will be difficult to
aceurately model until such modifier loci are identified
and their gene frequendies in the population can be
measured.!

Heterozygosity at PRNP codon 129 is a major
determinant of susceptibility to and incubation time of
hurman prion diseases.’”* As expected, most of these
recent kuru cases with extended incubation periods
{eight of ten) were heterozygotes. We have reported
previously that most elderly survivors of exposure to
traditional mortuary feasts are heterozygous.® Although
the stady included a small number of patients with
Juru with long incubation periods, we saw no evidence
of association with PRNP haplotype," HILA-DQ7"
APOE* or PRND alleles.”
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Presymptomatic Detection

of Prions in Blood

Paula 5a3,%2 Joaguin Castilla,® Claudio Soto™

Prions are thought to he the proteinaceous infectious agents responsible for transmissible
spongiform encephalopathies (TSEs). PrP3<, the main component of the infectious agent, is also
the only validated surragate marker for the disease, and its sensitive detection is critical for
minimizing the spread of the disease, We detected PrPS¢ hiochemically in the blood of hamsters
infected with scrapie during most of the presymptomatic phase of the disease. At early stages of
the incubation period, PrP>¢ detected in blood was likely to be from the peripheral replication of
prions, whereas at the symptomatic phase, PrEsc in blood was more likely to have leaked from the
brain. The ability to detect prions biochemically in the blood of infected but not clinically sick
animals offers a great promise for the noninvasive early diagnosis of TSEs,

spongiform encephalopathies (TSEs), are
a group of fatal and infectious neurode-
generative diseases, mcluding Creutzfelde-Takob
disease (CID} in humans and bovine spongiform
encephalopathy (BSE), scrapie, and chronic
wasting disease (CWD) in animals. Prions are
composed mainly or exclusively of the misfolded
prion protein (PrPS9) ({), which replicates in the
body, transforming the normal prion protein
(PrPC} into more of the misfolded isoform.
Allough prion diseases are rare in humans,
the established link between a new variant form
of CID (vCID) and BSE (2-4) has raiged con-
cern about a potential epidemic in the human
population. Over the past few years, BSE has
become a substantial health problem affecting
many cowniries (5), and it seems now apparent
that wCID can be iatrogenically transmitted from
human to human by blood transtision {6, 7).
Exgcerbating this state of affairs is the lack of a
refable test fo identify individuals incubating
the disease during the long and silent period

Pn'on diseases, also called transinissible
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and Cell Biology, and Biochemistry and Molecular Biology,
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fron: the onset of infection to the appearance of
clinical symptoms (§--/0).

PrPe js not only the main component of the
infections agent and the most likely cause of
the disease, but it is also the only validated
surrogate marker for TSEs (9). However, PrPSe
conceniration is high enough for routine bio-
chemical detection only in the brain and some
tymphoid tissues at a time close to the symp-
tomatic stage of the discase (9). The develop-
ment of highly sensitive presymptomatic assays
for the biochemical detection of PrPSe ig critical
for minimizing the spread of the disease (9).
One immportant atm in prion disgnosis is the
noninvasive and presymptomatic biochermical
detection of PrP% in biological fluids, particu-
Tarly using blood. a fluid known to contain in-
fectivity even before the onset of clinical signs
{6, 14, I2).

PrP5e has been detected in the blood of sick
animals by means of the protein misfolding cy~
clic amplification (PMCA) fechnology (13)
PMCA produces accelerafed prion replication,
which dramatically amplifies the qoantity of
PrP% present in a sample ({4, 15). In a cyclical
process, large quantities of PIPC are couvested
into the nusfolded form triggered by the pres-
ence of minute and otherwise undetectable
amounts of PP, The method s highly specific
for the defection of PrP® and leads o a several-
million-fold increase in sensitivity ag compared
io that of standard Western blot assays (73).
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In order to evaluate the application of PMCA
for the detection of prions in blood during the
presymptomatic phase, 46 hamsters were inocu-
lated intraperitoneatly with 10%6 brain homoge-
nate of the 263K scrapie sirain, and 38 conirol
animals were injected with phosphate-buffered
saline (PBS). At different times during the (

incubation pericd, groups of animals were killed, ~ -

blood was collected, and the buffy coat fraction
was separated (£3). Samples of the buffy coat
were resuspended divectly on healthy hamster
brain homogenate and subjected to 144 PMCA
cycles, Three difforent aliquots were fested from
each sample. To refresh the substrate, after 2
round of PMCA cyeling, samples were diluted
10-fold into normal brain homogenate, followed
by another round of 144 PMCA cycles. This
procedure was repeated seven times, because
according 1o our results, this cnables the detection
of 20 to 50 molecules of monomesic hamsier PP,
which seems to correspond to a single unit of
infectious oligomeric PrPse (46).

The first group of hamsters was killed 2
weeks after intraperitoneal inoculation. None of
the five infected or contrel animals showed any
detectable quantity of PrP%e in their blood (Fig.
1 and Table 1). Thus, the PIP5 present in the
inoculum disappeared to undetectable levels | -
during the first few days after inoculation, Prpse {
was, however, readily detectable in blood [
week later (20 days after inoculation) in 50% of
the animals infected but in none of the controls
(Fig. 1 and Table 1). The highest percentage of
positive animals during the presymptomatic
phase was observed 40 days after intraperi-
toneal inoculation, in which the sensitivity of
PrP%e detection was 60%. Afier 60 days, the
detection of PrP® in bleod became harder. Tn-
deed, only one out of five animals scored pos-
itive at 70 days, whereas none of the five
infected hamsters had detectable Prb®® in their
blood 80 days afier inoculation (Table 1). At
the symptomatic stage, which in this experi-
ment was at 114.2 £ 5.6 days, 80% of animals
had PrP% i their bleod (Fig. 1). We never
detected a fatse pesitive result in any of the 38
control samples analyzed (Table 1).

The distribution of PrP®e detection at dif-
ferent times of the incubation period showed

B



an interesting trend (Fig. 2). A first pesk of
PrP5e delection was ohserved early dwing the
presymptomatic phase, between 20 and 60 days
after inoculation. The peripheral administra-
tion of prions is known o resulf in an carly
phase of replication in lymphoid tissues and
the spleen, before any infectious material
reaches the brain (17, 18). Indeed, little or no
infectivity can be detected in the brain of
animals peripherally noculated during the fivst
lwalf of the incubation period (/9). Thus, it is
likely that the source of PrPS in blood during
the early presymptomatic phase is the spleen
and other lymphoid organs. The quantity of
PrP5e in blood goes down after this initial
phase and actually disappears 80 days after

Fig. 1. PrP5c detection 14 days
in the blood of scrapie-
infected hamsters by
PMCA, Blood samples
77 groups of scrapie-
wulllated and control
animals were faken at
different times during
the incubation period.
Three milliliters of bload
were separated in three
aliquats of 1 ml each to
prapare the buffy coat
(23). Samples were sub-
jacted to 144 cycles of
PMCA. Ten microliters of
the sample from this first
round of amplification
were diluted into 90 pl
of normal brain homeg-
enate, and a new round
of 144 PMCA cycles was
performed. This process
was repeated a total of
seven times. Each panel
represents the resuits
obtained in the seventh

d of PMCA with the
ariples from each group

40 days
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noculation {Table 1 and Fig. 2). The rise of
PePS in blood during the early presymp-
tomatic phase appears to coincide with the
time of its exponential replication in lymphoid
organs, whereas the reduction of PiPSe in
bloed occurs when infectivity in peripheral
tissues has reachaed a plateau and is migrating
from the periphery to the brain (J7, 18). Al-
though the explanation for these results in
unkiiown, it is possible that the proportion of
circulating tymphocytes carrying PrP™ is much
higher during the exponential phase of periph-
eral replication then during the stationary phage.
At the symptomatic period, PrP%e can again be
detected in the blood of most of the animals
(Fig. 2). Tt has been reported that large

28 days ner
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of animals, which are representative of the three independent aliquots taken from each animal. tx, samples
from hamsters infected with 263K scrapie; €, samples from contrel animals injected with PBS. All samples
were treated with proteinase K {PK) before electrophoresis, except for the normal brain homogenate (NBH), in

which na PK treatment (—PK) is indicated.

Table 1. Number of animals used and results obtained regarding'the presymptomatic detaction of

PrPsc in the blood.

Time tontrols infected Sensitivity/
{days) {pasitivesftotal) {positives/total} specificity
14 0/5 o5 Q04{100%
20 0/4 3/6 50%/100%
40 G/5 610 40%/100%
4G /4 2/5 40%/100%
70 0/5 1/5 20%/100%
B0 of5 o5 0%f160%
Symptomatic 0/10 8710 80%/1G0%
phase
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quaniities of PrP%° appear in the brain only a
few weeks before the onset of clinical signg
(£9, 20). Thus, PtP% in blood samples at the
symptomatic stage is likely to have come fiom
brain leakage. It is known that af the time of
symplomatic disease, TSE-affected individuals
have extensive brain degeneration i the form
of massive neuronal death, synaptic alterations,
and brain inflammation (21). These abnormal-
ities probably cause a disruption of the blood/
brain barrier resulting in the leakage of cerebral
proteins to the blood (22), in parficular PrpSe,
which by this time {s highly abundant in the
brain.

Infectivity studies have shown that the blood
carries prions in both the symptomatic and
presymptomatic stages of the disease in animals
{11, 23, 24). Upon experimental BSE infection
of sheep, infectivity can be transmifted by
blood transfusion from asymptomatic infected
animals (25), indicating that the infectious
agent is present in blood during the incubation
period. Recently, three cases of vCID have
beenr associated with blood wansfusion from
asymptomatic donors who subsequently died
from vCID (6, 7). The alarmingly high pro-
portion of cases transmitied by blood transfi-
sion supgests that prions exist in relatively
clevated quantities in the blood of individuals
silently incubating vCJD. Based on studies willy
animal models, it is believed that all of the hu-
man population may be susceptible to vCID
infection {26), although clinical cases have o
far occurred only in methionine homozygotes at
codon 129 in the hwman prion protein gene.
Because the incubation period may be several
decades, it is cumently unknown how mamy
people may be in an asymptomatic phase of

w0

L]

28

% of Pr*-positive animats

=

Time, days

Fig. 2. Proportion of animals whose blood was
PrPs< positive at different iimes during the
incubation period. The percentage of samples
scoring positive for PrP5 in blood is represented
versus the time affer inoculation at which
samples were faken. Two phases of PrP5 de-
tectability were observed: an early stage during
the incubation period, which probably corre-
sponds to the time during which peripheral prion
replication in lymphoid tissues s otcurring, and
a second phase at the symptomatic stage, in
which the brain contains extensive guantities of
Prose, The vertical gray section indicates the
symptamatic phase.
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vCID infection, In addition, it is possible that
some infacted patients may never develop clin-
ical symptoms but will remain asymptomatic
carriers who can potentially transmit the discase
to other individuals (26, 27). In the absence of
serzening tests and effective therapies to treat this
dlisease, a formidable worldwide public health
challenge lies shead ta prevent finther infections,
assess infection rates, and freat infected patients.
The ability to detect PrP%s, the major component
of infectious prions, biochemically in the blood
of infected but asymptomatic experimental
animals will hopefully lead to the development
of tests for human blood. Indeed, although tech-
nically more challenging, the PMCA technolo-
gy has been adapted to amplify prions of uenan
origin {20). The =bility to acourately detect
prPSe in the presymptomatic stages of vCID
wauld potentially help to reduce the risk that
many more people will be jufected by this fatal
and terrible disease.
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Prion-Induced Amyloid Heart Disease
with High Blood Infectivity in

Transgenic Mice

Matthew ). Trifilo,* Toshitaka Yajima, Yusu Gu,° Nancy Dalton,? Kirk L. Peterson,?
Richard E. Race,® Kimberly Meade-White,? John L. Portis,” Eliezer Maslizh,?
1Grk U. Knowlton,®* Bruce Chesebro,®* Michael B, A. Oldstone

We investigated extraneural manifestations in scrapie-infected transgenic mice expressing

prion protein lacking the glycophosphatydylinositol membrane anchor, In the brain, bloed, and
heait, both abnormal protease-resistant prion protein (PrPres) and prion infectivity were readily
detected by immunoblot and by inoculation into nontransgenic recipients. The titer of infectious
scrapie in blood plasma exceeded 107 50% infectious doses per milliliter, The hearts of these
transgenic mice contained PrPres-positive amyloid deposits that led to myocardial stiffness

and cardiac disease.

form encephalopathies (TSEs), or prion

diseases, canse nexwodegeneration ane death
following ingestion or experimental inocula-
tion of infected material. Prion diseases are
chavagterized by the conversion of the normal
protease-seusiiive host prion protein (PrPsen)
te a diseasc-associated protease-rcsistant form
{PrPres). Although prion disease damages the

I n humans and animals, wansmissible spongi-

MWiral-immunobislogy Laberatory, Departments of Molecu-
tar and Integrative Neurasclences and infectolegy, Scripps
Research Instituie, La jollz, CA 92037, USA. *Department
of Medicine, University of Califormia, San Diego, La Jolla,
CA 92093, USA. "Laboratory of Persistent Viral Diseases,
Rocky Mountain Laboratores, National Institute of Allergy
and Infectious Diseases, Hamilton, MT 59840, USA. “Depart-
ments of Neuroscieaces and Pathology, University of
Califernia, San Diegn, €A 92093, USA.

*To whom comrespondence should. be addressed. B-mail;
mbaobo@scripps.ede (.B.A.Q.), hehesehro@niaid.nih.gov
(B.C.}, kknowlton@uesd.edu (KUK}

WY INOA

central nervous systemn (CNS), infectivity and
PrPres can be detected within peripheral tissues,
inclading lymphoid organs in humans, sheep,

and deer (2, 2), as well as skeletal mmscle (3),

kidney, and pancreas (¢) of some fransgenic
rodent models. Despite the taxie effect on the
CNS, few if any histopathological changes have
been observed at peripheral sites.

Transinission of TSE disease to himang has
resulted fom cannibalism, contaminated swr-
gical instrumentation, and tainted growth hor-
mone (5-7). A human disease termed variant
Creuizfeldt-Jakob disease (vCID) has occurred
more recently, apparently through the ingestion
of bovine sponpiform encephalopathy (BSE}y-
infected calfle products (). Recent evidence
sugoests hat transmission of vCID betwesn
Inunans may occur through blood transfusion
(8, 10), and this conclusion is supported by ex-
perimental transmission of BSE between sheep
via blood transtusion (7). TSE infectivity has

VAT M QEIERNECE

-180-

been demonsirated in blood by inlracerebral-
inoculation in mouse, nrivk, hamster, and goat
models (7, 12-20). However, mfectivity in such
cases is Jow, <10% 50% infectious deses (ID,,)
per ml of blood compared to 10 to 100 1D, /g
in the brain.

Normal prion profein, PrPsen, is expressed
primarily as a membrane-bound, glycophos-
phatydylinositol (GPT}-anchored protein. The
role of cellular PrP membrane anchoring in
prion disease has been studied in transgentc
mice expressing GPL-negative anchorless PrP,
which is secreted from cells (21). Intracerebral
inoculation of these GPl-negative anchorless
PP transgenic (1g) mice with murine scrapie
resulls in scrapie replication and deposition of
PrPres within the brain. Although wild-type
{WT) mice infected with scrapie usually devel-
op a nonamyloid form of PrPres, in these tg
mice the PrPres is primartily in the form of ,
amyloid plagues (27). At the same tims, these
mice do not manifest the chinical and pathologic
alterations normally associated with prion dis-
zage, thus demonsirating a separation between
PrPres amylojd acemnulation and clinical CNS
disease {21). Tn the brain of these infected tg
mice, PrPres was located primarily within and
aroung endothelial cells (2/) (Fig. 1A), leading
to the hypothesis that anchorless PrPres may be
secreted in the blood. Here we examined this
possibility.

To deterruine whether Prires and/ar scrapie
infectivity was present in blood, four infected
g mice were bled between 430 and 512 days
postinfection (dpi) with the RML strain of
scrapie. Inoculation of a 1:500 dilution of blood
ffom el fowr mice induced scrapie i WT
(C57BL{6) recipicnts in ~145 days. In addi-
tion, hlood of two mice analyzed by serial di-
Tulion litration gave titers alf 21.6 x 107 and
21.6 % 10° IDg,/ml blood (Table ).

NLNAARAT ORI AEA S e



-181-

B R 21
EER TRES HESSE

No. 15

2006. 5. 11 LD

B

— RO (B AR BT L) AEE

HEBEDARIKR Guardian Unlimited, The
RS Rn T B o) (BARHR-F4) FEH

WEOmFHWYE

OXREO I 5 E A 140 E CvCIDDI AP TR ERR 7 A etk

BB, 199041 Iz & f- e D ML 2l BUAN - Lo TRFITVCIDDY A7 3 B L 140 BB LT,

20034E12 A i - LAVC DR S FEE TRA L. IERANC I AREMEE T T AR e TI RSN, B eI BE

23Bio Products Laboratory (BPL) sB¥MSM Bl S = RAZ FifiE a0 Eisabhis,

YR, vCIDOBTERIY AR TIERNCARREE | THHELRBGE, 77V NP 2O RER ICH U T TR B RS L35S
L, Z ORI AL OBETHE. i fRIEHEE LW EIRDAZENGEND, T, BEIIEMPHERIERIC
IEFEEZ AR UHA L RDBIA,

HEN TR, BROBI TR T000ALE 2 BN, BIREIE. MR oft i ki e Chilgshsi b
TB, vCIDERELIIA O F Do 23RS £ U,

BPLABTE - ANHS DI 7% - A S T - E Tl g o B BB BR L A vCIDEESHT RV, ZHE O ML B D R o fE R
FT19994EIT R T L, LsL . Bhi BB 0 dh A ASVCIDERIEN T8, £ T LENCEFIZ B 5 =B R VAR H AT
BEMEASH TS, 20044 LA 19804E LARRITHIf 23217 A Bl R AT L LT3 ) EEFLTD,

TN FA L UAE, AR HAR Y de—l L HR— AL T F NN TR RSO O THHEEEZ LS4
BB D, N Tays, U TR AT | ARTTTEERED DR WEANEHEN TRY, fiE0K
EIEFINSOE T Thhaid ., FETORIERITDIIBIE S, 77 ABM L. BED LD 107 E IS E#H S
iz BANC AR R WEL TnD,

A LDEERRHFIKR -
TOMSEEEE

Erpkil B 78]
BES-Sp Ll H 7%

MEEENTBTANVA,
AR, R RS R
vCIDEDERFOY 27

] SEOHG

EEBT L. EEEOBRISNMESERAIC Lo THRYE |SHbEERE, TV RICETOHORM R R ek ORI
ImvCIDDVARZ 33D L1140 EEE LD RETHD, BB,

MedDRA/J Ver.0.0J

©



Guardian Unlimited | The Guardian | British biood products may pose vOJD risk in 14 countries  JRUZUUGT-024

Slonin - Reolster Go to: Guardian Unlimited home {4

Read today's paper  Jobs Search: i

(# Guardian Unlimited (" Web

Quardian nfmied The Guarcion

Home UK  Business  Audio World dispatch The Wrap Newsblog Talk Search
The Guardian World News guide Arts  Special reports Columnists Technology Help Quiz

FectiETY British blood products may
pose vCJD risk in 14 countries

- UK issues warning on 'mad cow disease'
- Documents show Brazil and Turkey are high on list

L. James Meikle and Rob Evans
Search this site Tuesday May 2, 2006

l The Guardian

The government has been forced to warn 14 counfries that
patients are in danger of developing the human form of mad
cow disease as a result of contaminated British blood products
sold abroad.

Documents released under the Freedom of Information Act
show that patients in Brazil and Turkey are most at risk from
the products, although it is too early o know how many, if any,
foreign patients may develop the incurable variant CJD, as it
takes many years to appear. The Turkish authorities said they

. had traced patients at risk and were closely monitoring them,
while Brazil would not comment.

Article continues ™

The contaminated blood products were exported in the 1990s
by the British government to treat conditions such as
haemaophilia, sevare bums and immune deficiency. At the time
the government considered there was no risk.

Twenty-eight people abroad have already developed vCJD by
eating cattle meat from Britain infected with BSE. Howsver, the
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dangers of another route of fransmigsion are now becoming
more evident. Scientists are warried about a “second wave" of
casualties caused by blood donated by people infected but not
yet displaying symptoms of the disease.

The risk of passing on the disease in this way was considered
only theoretical until December 2003, when it emerged that a
patient in Britain had been infected through & blood
transfusion, leading to new safety measures. Another two
cases have since been identified. Health authorities then had
to re-examine blood products sent abroad by the state-owned
company Bio Products Laboratory (BPL).

The documents show that, following the rethink, the Health
Protection Agency was concerned “"about the potential
infectivity of blood". Believing the potential risk of vCJD to be
"very uncertain”, the agency advised the Brazilian and Turkish
health ministries to take precautions to reduce the possibility of
spreading vCJD as "sufficient quantities” of the "at-risk"
products had been exported.

These measures included tracking down patients and telting
them not to donate blood, organs or tissues. Patients are also
told to Inform doctors and dentists if they need any freatment.

fn Britain, up to 6,000 people were considered to be at risk.
The problems stem from the way blood products are made,
from processing thousands of separate donations. The
concerns arise from just 23 donations made by nine people
who went on to develop vCJD, showing how minute amounts
may be infectious.

The NHS Blood and Transplant Authority, which is responsible
for BPL, said: "So far no vCJD cases have been linked to
plasma products ... The use of products derived from British
hlood ptasma was ended in 1999 as a precautionary safety
measure because of what were then regarded as only
theoretical risks. But cases where patients might have been
put at risk before that date have since come to light as further
cases of vCJD have been diagnosed in people who were
blood donoers. Since 2004, no one who received a bload
transfusion after 1980 hag been allowed fo donate blood
themselves."

~ The Health Protection Agency decided that patients in six ) {
countries - Brunei, UAE , India, Jordan, Oman and Singapore - -
had been put in less jeopardy than those in Brazil and Turkey,
but might need fo take precautions. Less dangerous batches
were imported by Belgium, Morocco and Egypt. France,
Holland and Israel were advised to carry out their own
assessments, as manufacture of the blood products was
completed in their countries. The French government
concluded that there was no danger from the products, which
were re-exporied to 10 unnamed couniries.

The Guardian has previously reported that patients worldwide
may have been exposed to vCJD, but the documents detail for
the first time the countries, the amounts and the risk
assessments. British authorities cannot say how many patients
abroad may now be in danger.

There have been 161 cases of vCJD in Britain. There are 15
cases in France, four in Ireland, two in the US, and one each
in Canada, ltaly, Japan, the Netherlands, Portugal, Saudi
Arabia and Spain.

Some of these victims are known to have caught vCJD by
eating infected beef in Britain. Most others live in countries that

hitp://www.guardian.co.uk/frontpage/story/0, 1765531,00.html
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have also had outbreaks of BSE that may well have originated
from Britain.

Graham Steel, whose brother Richard died from vCJD, drew
parallels o the spread of BSE. "[lt is] eerily reminiscent of the
1980s when ‘theoretically’ infectious meat and bonemeal was
exported by the UK around Europe and beyond despite the
fact that the risks of spreading diseases were known about in
1972-73. A total recall was deemed too expensive.”

Special reports
BSE and CJD
What's wrong with our food?

Explained
The threat to humans from BSE

Cartoon
Steve Bell on the BSE report

Useful links
Qfficial BSE inquiry
Human BSE Foundation
CJD Suppart Network
British Medical Journal CJD page
 Department of Health CJD/BSE page
Department for Environment, Food and Rural Affairs BSE
page
The UK €.JD disease surveillance unit
Food Standards Agency BSE page
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TRANSPUSION COMPLICATIONS

Preparation of soluble infectious samples from scrapie-infected
brain: a new tool to study the clearance of transmissible
spongiform encephalopathy agents during plasma fractionation

Vito Angelo Berardi, Franco Cardone, Angelina Valanzano, Mei Lu, and Maurizio Pocchiari

BACKGROUND: Concem about the safety of blood,
blood components, and pilasma-derived products with
respect to prions has increased since the report of two
blood-related infections of variant Creutzfeldi-Jakob
disease in the United Kingdom, Efforts were directed
toward the development of procedu'res able to remove or
inactivate prions from blood componenis or plasma-
derived pfoducts with brain fractions of transmissible
spongiform encephalopathy (TSE)-infected rodenis as
spiking materiais. These spiking materials, however, are
toaded with pathological prion protein {PrP™) aggrenates
that are likely not associated to blood infectivity, The
presence of these aggregates may invalidate these
studies.

STUDY DESIGN AND METHODS: Brains from

263K scrapie—infecied hamsters were suspended in

10 percent phosphate-buifered saline. After low-speed
centrifugation, the supernatant was colizcted and
dliracentrifuged at 220,000 x g at 25°C for 30 minuiss,
The high-speed supernatants (S} and pellets were
collected; the protelnase-resistant PrP™¢ was measured
by Western blot and infeciivily by intracerebral inoculation
into weanling hamsters.

RESULTS: A substantial amount of prion infectivity {more
thait 105 LDs, per mL of 2 10% suspension of brain
tissues) is present in the S fraction of 263K scrapie~
infected hamster brains. Concomitantly, this fractfon
contains nene or only traces of PrP™E in its aggregale
form.

CONCLUSION: This study describes a simple and fast
protocol to prepare infectious material from 263K
scrapie—infected brains that is not contaminated with
PrPTSE aggregates. Thig 8" fraction is Hikely to be the
most relevant matertal for endogenous spiking of human
blood in validation experiments aimed at demonstrating

procedures to remove or inactivate TSE infectious agents.

652 TRANSFUSION Volume 48, Aprif 2006
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he occurrence of two blood-related infections
of variant Creutzfeldt-Jakob disease (vCID) in
the United Kingdom'® and the finding that
approximately 10 percent of vCJD cases were
blood donors before the appearance of clinical signs' are
cause of increasing concern for the safety of blood trans-

fusion and, as a consequence, of blood components or

plasma-derived products. There is strong evidence that
CID is caused by the consumption of bovine spon-
giform encephalopathy (BSE)-contaminated meat
products, but the occurrence of human-to-lruman trans-
mission of vCJD has now raised the possibility that other
cases might be related to blood transfusions rather than
meat consumption. BSE and vC}D, together with scrapie
in sheep and goats, sporadic and genetic CJD, Gerst-

ABBREVIATIONS: BSE = bovine spongiform encephalopathy;
LDy, = doses required to kill 50 percent of inoculated animals;
NaPTA = sodium phosphotungstic acid; PK = proteinase K; P*=
high-speed pellet; P™'™ = pellet after sodium phosphotungstic
acid precipitation; PrP™ = pathological prion protein; Prp¥¥ =
27- to 30-kDa fragment of protease-resistant prion protein;

5'% = low-speed supernatant; 5" = high-speed supernatant:

TSE = trensmissible spongiform encephalopathy; TBST = Tris-
buffered saline (pH 8) with 0.05 percent Tween 20; vCID = variant
Creutzfeldt-Jakob disease. .
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mann-Striussler-Scheinker disease, and sporadic or
familial fatal insonmia, belong to the group of transmis-
sible spongiform encephslopathy (TSE) or prion dis-

eases that are progressive degenerative disorders of the

central nervous system with fatal outcome.* The majority
of vCJD cases have occurved in the United Kingdom
(n=159)" or in patients who spent months in the United
Kingdom before the development of disease. However,
vC]JD has also occasionally been reported in patients
who were not British and never traveled to the United
Kingdom, suggesting that these patients were infected in
their own country.™® Moreover, a preliminary prospective
study in the United Kingdom has indicated that there
are about 3000 individuals in the age group 10 to
30 years who might carry prion infectivity in the lym-
phoreticular tissues® and, possibly, in the blood. The
findings that vCYD patients carry infectivity in blood up
to 3 years before the appearance of clinical signs' and
that no test is yet available for the screening of vCJD-
infected people'™'! have focused the efforts for the safety

of blood toward procedures that may remove or inacti- .

vate the infectious agent in blood, blood components, or
plasma products. These validation experiments are
usually performed either with blood taken from TSE-
infected rodents or with human blood spiked with TSE-
infected rodent brains.™ Blood of TSE-infected rodents,
however, contains only up to 10* infectious doses per
mL,'*" and even the complete removal of these low lev-
els of infeciivity does not guarantee the efficacy of the
treatment and the safety of blood.” Spiking blood with
TSE-infected brains greatly increases the amount of
infectivity and therefore avercomes the low-level infec-
tivity naturally carried in rodent blood, but the criticism
of these validation studies is that the nature of prions in
the brain may substantially differ from that present in
the blood.'? Most of the infectivity in the brairn is associ-
ated with the abnormal prion protein (PrP™%) in its
aggregate form, whezeas in blood it is likely that infectiv-
jty is associated to a much more soluble fraction of
PrP™E This substantial difference in the physicochemi-
cal structure of PrP™F-associated infectivity may influ-
ence the efficacy of procedures able to inactivate or
remove prion infectivity.

In this article, we show that fractions of 263K scrapie-
infected brains retain a high level of prion infectivity with-
out being associated with the aggregate form of PrP™.
This fraction might be useful in the validation studies of
pharmaceuticals products derived from blood or usine
collected from human or BSE-susceptible ruminants.

MATERIALS AND METHODS

Extraction of water-soluble scrapie infectivity

263K scrapie-infected hamster brains were suspended in
9vol of sterile phosphate-buffered saline (PBS; pH 7.4)
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and homogenized by use of a Teflon-glass Potter tissue
grinder. The homogenate was dispersed with 10 sonica-
tion pulses (Vibra Cell, Sonics & Materials Inc., New-
town, CT) while kept on ice and then centrifuged at
825x g for 15minutes at 25°C (GS-6R, rotor GH-3.7,
Beckman Coulter, Fullerion, CA). Low-speed superna-
tant {S**) was sonicated as above and ultracenirifuged at
220,000 x g for 30 minutes at 25°C {Optima TL-100, rotor
TLA 100.3, Beckman Coulter, Fullerton, CA). This high-
speed supernatant (8"} was collected and the high-
speed pellet (P'™®) was sonicated in sterile PBS to obtain a
10 percent suspension (gram-equivalents of brain/PBS).
In Replicate 2, sonication was never performed. These
three fractions {S%, 5", and P'™) were stored at -70°C
unti] assayed. The S fraction of Replicate 3 was exam-
ined by transmission electron microscopy after negative
staining.

Western blot measurement of the 27- to 30-kDa
fragment of protease-resistant prion proiein

* Fractions S*, 9%, and P'™ were thawed and treated for

60 minutes at37°C with proteinase K (PK; Sigma Chemical
Co., §t. Louis, MO} at a final enzyme concentration of
50 ug per mL. The digestion was stopped by adding pro-
tease inhibitors (Complete, Roche Diagnostics GibH
Roche Applied Science, Mannheim, Germany) in accor-
dance with the manufacturer'’s instruction.

Sodium dodecyl sulfate—polyacrylamide gel elec-
trophoreses and Western blot assays were performed
according to Lee and coworkers' with some modifica-
tions. After PK treatment, the samples were serially
diluted in half-log steps in NuPAGE gel loading buffer,
boiled for 10minutes in a water bhath, and electro-
phoresed on 12 percent NuPAGE Bis-Tris gels (Invitro-

gen Corp., Carlsbad, CA) for 60 minutes at 125V The

nitroceliulose membrane (Hybond ECL, Amersham
Biosciences Europe GmbH, Freiburg, Germany) was
soaked in Towbin transler buffer for 5 minutes before
“sandwich” assemibly and semidry transfer for
60 minutes at 125mA at 2°C. The membrane was
blocked for 60 minutes at 37°C in 3 percent nonfat dry
milk (Bio-Rad, Hercules, CA), dissolved in Tris-buffered
saline (pH 8) with 0.05 percent Tween 20 (TBST), and
incubated overnight at 4°C with 3F4 monoclonal anti-
hamster 27- to 30-kDa fragment of protease-resistant
prion protein  (PrPF®  antbody'® (provided by
H. Diringer) diluted 1:2000 in TBST. The membrane
was rinsed with TBST (five changes of solution in
25 min), incubated for 90 minutes at roon tempera-
ture with an alkaline phosphatase-labeled goat anti-
mouse [gG (Perkin-Elmer Sciences, Wellesley, MA)
diluted at 1:5000 in TBST, and rinsed again. Bands
were revealed by the CDP-star chemiluminescence
detection kit (Applied Biosystems, Foster City, CA) and
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recorded onta sensitive films (Hyperfilm ECL, Ames-
sham Biosciences).

Sodium phosphotungstic acid precipiiation of the
S¥8 fraction

To recover PrP™ in fraction $' the sample was mixed
with 1 volume of 4 percent sarkosyl and processed with
sodium phosphotungstic acid (NaPTA; 0.3%) and MgCl,
(12.75 mmol/L} as puoblished by Wadsworth and
associates'” with the only modification consisting in the
precipitation of the final pellet by ultracentrifuge at
220,000 x g for 30 minutes at 25°C (Optima TL-100, rotor
TLA 100.3). The pellet (P™*™) was then senicated in sterile
PBS to abtafn a 10 percent suspension (gram-equivalents
of brain/PBS) and stored at —70°C until assayed.

Infectivity bioassay

Groups of 7 to 10 Syrian hamsters were anesthetized and
then inoculated intracerebraily with 50 pL of fractions 5%,
§'%, P, and PP, Animals were maintained in coded
plastic cages with water and food ad jibitum and regularly
scored for clinical signs of scrapie disease as previously
described.” Incubation periods (mean + SD) were mea-
sured and infectivity titers were estimated by applying
these values to a dose incubation curve drawn after an
endpoint titration." An inverse relation exists hetween
dose and incubation period in the 263K strain in hamsters,
which gives a mean incubation period of 155.5 days for
1 LDy, intracerebral unit in 0.05 mL of a 10 percent brain
homogenate. Animals were housed at the animal facility
of the Italian National Institute of Health (Istituto Superi-
ore di Sanit, 1SS} under the supervision of the Service for
Biotechnology and Animal Welfare of the ISS who war-
rants the adherence to national and international regula-
tions on animal welfare,

RESULTS

Western blot analyses of 263K scrapie-infecied
brain fractions

As expecied, a great amount of partially PK-resistant
PrP™* (PrP*™*" Fig, 1) and infectivity (approx. 8 log LDgy/
mi. 10% brain suspension) is present in the supernatant
(8} after low-speed centrifugation of 263K scrapie—
infected brain homogenates in PBS. The majority of PrP**
and infectivity is then tecovered in the pellet after ulira-
centrifugation (P"). As shown in Table 1, the difference

8L PHs S

bruder og. (g2 i [ A L8] 0% [ &) 603 00 (1]

PK

- Fig. 1. Western blot analysis of PrP® in low-speed (') and
high-speed (P* and S fractions prepared from 263K scrapie-
infected brain (Replicate 3). The samples were treated with PK,
dihrted in half-log sieps in NuPAGE gel loading buffer, and
resolved on a 12 percent MuPAGE Bis-Tris gels, After the transfer
to nitrocellulgse membrane and incubation with monoclonal
antibody 3F4, PrP** was visualized by chemiluminescence on
sensirive films. PrP?™*° was not measurable in $%5, indicating
that virtually all the aggregate form of PrP™ was precipitated
after centrifugation at 220,000 x g for 30 minutes.

TABLE 1. Endpoint titration of PrP**" in different fractions (S5, S5, and P"®) of 263K scraple-infected brain

Log dilutions (weight-equivalenis of brain lissue) Difference
Replicate 0.5 1 4 45 5 55 ] (log) between
number Fraction (3 mg) {t mg) (1 1g) (0.3 ug) (0.1 pug) (0.03 ug) (0.01 png) 5'S and §"°
i SLEr + + - 24.5
gHS _ _
pre + + + -
o g + - 24,0
SHS _ —
prs +
3 gte + + + - 25.0
gHe _ _
pHe + + + * -
4 SLS 1 + -+ - 4.5
ghs + -
SaPTA —
PNBPTA - -

* No sonication was performed in this replicate.

T §™F™ = supernalant after sedium phosphotungstic acid pprecipitation.
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between the amount of PrP¥ in S and P was either
null (Replicate 2) or no more than 0.5 log (Replicates 1 and
3) and it was not influenced by the use of sonication for
the dispersion of samiples {compare Replicates1 and 3
with Replicate 2). Concordantly, PrP¥* was either not
measurable (Fig. 1, Replicate 3) or present at a very low
amount (Fig. 2, Replicate 4) in the supernatant after ultra-
centrifuge (8", Table 1), indicating that virtually all the
aggregate form of PrP™® was precipitated by 220,000 g
for 30 minutes. In other words, the uliracentrifuge reduces
the amount of PrP™ aggregates in the supernatant of
more than 10,000 times (Table 1}. Examination of the ¥
fraction of Replicate 3 revealed amorphous proteinaceous

Fig. 2. Western blot analysis of PrP¥-** n §% fraction before
(5™) and after (") NaPTA precipitation (Replicate 4). The
samples were treated with PK, resolved on a 12 percent NuPAGE
Bis-Tris gels, and transferred to nitvocellulose membrane. After
incubation with monoclonal antibody 3F4; PrP?* was visual-
ized by chemiluminescence on sensitive films, PrP** {races in
the 5", were recovered in the pellet after NaPTA precipitation
(PN, PK-treated 263K-infected Syrian hamster brain homo-
genate (B.H.} was loaded as positive control,

SOLUBLE INFECTIVITY IN SCRAPIE BRAIN

material and no delimiting membrancus structure. In
Replicate 4, the siall amount of PrE™* was completely
precipitated by NaPTA precipitation (P"™; Fig. 2). In the
other replicates, PrP™ was not recovered even after
NaPTA precipitation.

Infectivity measurement of 263K scrapie—infected
brain fractions

Virtuatly ail irfectivity present in the 8 fraction is recov-
ered in the pellet after ultracentrifugation (P* fraction). A
substantial amount of infectivity is also found in the §™
fraction, however. The mean incubation periods of ham-
sters inoculated with aliquots of $'® fractions were,
respectively, 15.9, 18.5, and 25.6 days longer than the cor-
responding §* fractions (Table 2), which corresponds to
an estimate lost of infectivity titer ranging from 30 to 200
times.

The enrichment factor for fectivity versus PyP™
(calculated as the difference between the reduction factor
for PrP™® and the reduction factor for infectivity) ranged
from more than 200 times in Replicate 2 up to 1000 times
in Replicate 1 (Table 2). Virtally all infectivity in 8" was
recovered in the pellet (P**™) after NaPTA precipitation.

DISCUSSION

In blood of TSE-affected rodentis or sheep, a substantial
proportion of infectivity is associated with plasma.®** If
the distribution of infectivity in human blood is the same
as in animals, then plasma-derived products miglht be at
tisk of transmitting vC]D. Usually, precautions against the
risk of infection in medicinal products, including plasma-
derived pharmaceuticals, consist of source deferrals,
screening of donors, and inactivation or removal of the
infectious agent. In TSE diseases, however, the first two
lines of defense are poorly practicable because blood
is infectious during the long asymptomatic phase of

TABLE 2. Bipassay measurement of infectivity in different fractions (S'%, 85, and P"®) of 263K scrapie-infected brain

Number of days (x SD}

Estimated titer

Replicate in incubation {log LD=o/mL of 10% Difference (log) Enrichment factor
number Fraction periods (number) brain suspension) between S'€ and SH¢ {infectivity/PrP27%)
1 g 55.8 £ 1.0 (&) a4 15 =10%°

gHs 71.7£23(9) 6.9

prs 56.4+27 (10) 8.3
z g 56.5 2.0 (10) 8.3 17 21023

gHe 75.0 £0.0 {9) 5.5

pre 59,1 £6.9 (10 8.0
3 8 623207 (7) 7.7 23 >10%7

g 87.9%1.9 (7) 5.4

pHe Not done
4 Sl 85642 (7) 8.8

pHeFis 87.7 £ 4.6 {7) 6.4

* No sonication was performed in this replicate,
T Samples were 10-fold diluted respect to other replicates.
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disease™ and no tests are yet available for an early preclin-
ical diagnosis*® or for the screening of blood. ™ Thus,
efforts are directed to implement procedures able to
remove or inactivate TSE agents. Validation studies per-
formed in the past years suggest that TSE agents can he
removed by the processes used to manufacture plasma
products. There is uncertainty, however, on the complets
validity of these experiments mainly because it has been
questioned whether the TSE agents in exogenous infec-
tious materials used to spike human blood share the same
physicochemical characteristics of the vCJD and other
TSE agents in blood."** A comparison of different spiking
preparations showed that brain homogenate, caveolae-
like domains, and microsomes partiiion similarly,
whereas purified PrP™" had significantly different parti-
tioning properties.® Qbviously, the best spiking material
would be infectious human plasma,? but all attempts to
transmit the disease with whole blood or buffy coat from
human patients to experimental animals have so far
failed.”*" The next best is to use blood froin TSE-infected
rodents. There is long-lasting evidence that blood of ham-
sters with experimental scrapie,™* mice with experimen-
tal Gerstmann-Siriussler-Scheinker disease®®® or vCJD, "
and sheep with natural scrapie” or experimental BSE*' %
is infectious. Their blood contains too little infectivity to
ensure the efficacy of removal procedures, rmaking mnan-
datory the use of exogenous spiking matetials to perform
reliable validation studies. Then, considering that removal
may be influenced by the state of prion aggregation,™
what is the most appropriate spiking material for the val-
idation of the processes used for manufacturing plasma
products? Brain homogenate may not be relevant because
it contains large cell and membrane debiis, high lipid con-
tent, and other brain molecules. Nefther are highly puri-
fied PrP™™ aggregates since they are not likely to be
present in blood. Any attempt to rmeasure PrP™E in blood
or concentrates of blood components, such as buffy coats,
has been frustrating, and claims of success have notbeen
successively confivmed.'® PrP™E in buffy coat of diseased
263K scrapie-infected hamsters is detectable after ar least
144 cycles of protein misfolding cyclic amplification.®
Theoretically, microsomal membrane fraction is a better
spiking marerial,’? although dara from rodents infected
with a mouse-adapted strain of human Gersimann-
Straussler-Scheinker disease have shown that plasma is
free of membranous structures,” that filtration or high-
speed centrifugation does not eliminate infectivity from
plasma,* and that in plasma of vC]D-infected mice, infec-
tivity is reduced by PK treatment.” These data suggest that
in plasma the infectious agent is very small, unsediment-
able, and poorly aggregated.

In this scenario, the S fraction purified from 263K
scrapie-infected hamster brains may be an appropriate
spiking material for these studies. S™ fraction contains at
least 10,600-fold the infectivity found in blood of TSE-
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infected rodents; it is virtually free from PrP™ aggregates,
membranous fractions, and detergent contaminants,
which interfeses with the efficacy of TSE removal during
the production of plasma derivatives.*** The finding
that in S™ fraction TSE infectivity is dissociated from
PrP™" aggregates is not surprising, although the primary
consequence of an infection with a TSE agent is the con-
formational change of the cellular PrP into a pathological
conformer (PrP™5), rich in f-sheet structures, which tends
to aggregate into amyloid fibers® and cosegregates with
infectivity¥” Exceptions to this rule, i.e., the presence of
infectivity without the formation of PrP™ aggregates,
have been reported®* and blood might simply be
another condition where this divergence occurs. Likely,
the infectivity in 8™ is associated with dimer or small
aggregates of PrP™ that remain in solution after ultracen-
trifuge, but precipitate in the presence of NaPTA and Mg™,
which form complexes with PrP™ but not with cellular
prion protein.®

It is therefore likely that an efficient removal of infec-
tivity through nanofilters or depth filtrations™* is
achieved only when infectivity is associated to PrP™F in its
aggregate form, but that these procedures may not be so
effective when applied to naturally infected blood or
plasma units. In conclusion, this study shows asimple and
fast method for preparing a suitable spiking material to
use in validation experiments aimed at proving removal
or inactivation of prion infectivity in the preparation of
blood components or pharmaceuticals derived from
human plasma.
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Emerging viral diseases and infectious disease risks

M. L. TAPPER

Division of Infections Diseases and Hospital, Epidemiology, Lenox Hill Hospital, New York, NY, USA

Summary. New pathogens and antimicrobial-resis-
tant forms of older pathogens continue to emerge,
some with the potential for rapid, global spread and
high morbidity and mortality. Pathogens can emerge
either through introduction into a new population or
when the interaction with the vector changes; emer-

gence is also influenced by microbiological adapt-’

ation and change, global travel patterns, domestic
and wild animal contact and other variants in human
ecology and behaviour. Quick, decisive action to
detect and control novel pathogens, and thereby
contain outbreaks and prevent further transmission,
is frequently hampered by incomplete or inadequate
data about a new or re-emerging pathogen. Three
examples of pathogens that are current causes for
human health concern are avian influenza, West Nile
virns (WINV) and the severe acute respiratory
syndrome (SARS) coronavirus. Pathogens directly
or indirectly transmitted by aerosolized droplets,
such as avian influenza and SARS, pose considerable

containment challenges. Rapid screening tests for
other newly described pathogens such as WNV
require time for development and may be <100%
reliable. The importance of vigilance in the detection
and control of newly recognized infectious threats

* cannot be overstressed. The presence of infectious

agents in the blood supply could again have a
significant impact on the safe use of both blood
and blood-derived products in the care of patients
with haemophilia, as did the human immuno-
deficiency virus in the 1980s. Emerging pathogens
will continue to be a reality requiring the collabora-
tive efforts of public health and individual healthcare
providers worldwide to contain outbreaks and
prevent transmission.

Keywords: avian influenza, haemophilia, human
immunodeficiency virus, pathogens, severe acute
respiratory syndrome, West Nile virus

Introduction

The emergence of new infectious pathogens and the
recurrence of older pathogens in unique setiings have
become common topics in the medical literature and
lay media, indicating an increasing concern among
healthcare providers and the general public alike.
The presence of infectious agents in the blood supply,
for example, has had — and could again have — a
profound inflnence on the safe use of both blood and
blood-derived preducts in the care of patients with
haemophilia. This article provides an overview of
emerging infectious diseases in general and discusses
some examples of viral pathogens that are currently
cause for concern, including West Nile virns (WINV),
severe acute respiratory syndrome (SARS) and avian
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influenza. It also lays the foundation for discussions

about the implications of emerging infectious dis-
eases for the safety of the blood supply and for the
care of patients who depend on the safety of the
blood supply, such as those with haemaophilia.

Infectious disease outbreaks of the last decade

In the last decade there have been a number of major
global infectious disease outbreaks that have had the
potential to be major health threats, Many of these
rapidly spreading viruses, including SARS and avian
influenza, appear to have originated as zoonoses in
Asgia 1], These viruses have also demonstrated an
extraordinary capacity to move quickly {(and often
surreptitiously) between animal and human popula-
tions and across continents.

Definition of an emerging infectious disease

Defining an emerging infectious disease is not neces-
sarily straightforward. Morbidity and mortality from

3
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emerging infectious diseases are understood to be a
continual threat, yet the exact nature of that threat is
not well definéd. One widely accepted definition was
proposed in 1992 by the Institute of Medicine (IOM)
in the USA, which defined an emerging infectious
disease as a new, re-emerging, or drug-resistant
infection whose incidence in- humans has increased
within the past two decades or whose incidence has
threatened to increase within the near furure [2].
Based on this definition, a spectrum of potential
infectious diseases becomes apparent.

Porential infectious disease threats

A continuun exists in types of pathogens that emerge
and infect new populations. The continuum includes
infectious diseases such as SARS that appear to be
newly introduced to humans from animals as well as
bioengineered organisins that produce disease in
unforeseen ways, such as the transmission of anthrax
by contaminated mail in the USA in 2001. Outbreaks
of disease once thought to be well controlled may be
associated with a breakdown in core public health
measures such as treatment of established infection
(e.g. tuberculosis) or routine childhood immuniza-
tions (poliomyeliis} The continuum of potential
disease threats also includes new antimicrobial-
resistant forms of established pathogens, such as
methicillin-resistant Stapbylococcus aurens, In addi-
tion, scientists continue to recognize previously
unidentified infectious origins of some chronic dis-
eases, such as Lyme borreliosis [3].

Factors contributing to emerging infections

In 1992 the YOM identified numerous factors that
contribute to emerging infeciious diseases, all of
which may impact the safety of the blood supply [2].
These factors include:

1 human demographics and behaviour;

2 technology and industry;

3 economic development and land use;

4 international travel and commerce;

5 microbiological adaptation and change;

6 breakdown of core public health measures.

In 2003, the IOM published an npdate to the 1992
report in which additional contributing factors were
identified [3}:

1 human susceptibility to infection;
2 climate and weather;

3 changing ecosystems;

4 poverty and social inequality;

Haemophilia {2006), 12, {Suppl, 1}, 3-7

5 war and famine;
6 lack of political will;
7 intent to harm.

Many of these factors are interdependent. Interna-

. tional travel and commerce and human demograph-

ics and behaviour, for example, are closely related
and have undergone considerable change in the last
century. Over the last 130 years as the global
population has increased dramatically, the length of
time required to circumnavigate the globe has
decreased dramatically (Fig. 1) {4]. International
travel and commerce have affected the size and
mobility of human populations, bringing some
environments, humans and other animal species into
contact with each other for the first time. These
changing human demographics may enable an infec-
tious agent to become adapted to and disseminated
within a new host population, often resulting in an
expansion of the agent’s geographic range [5]. The
combination of these factors has accelerated the
global spread of infectious agents.

Route of transmission of emerging infectious
disease

Emergence of an infectious disease can occur either
through its introduction into a new population or
when the interaction with the vector of a disease
changes. The latter scenario is the likely manner in
which viruses such as WNV and Lyme borreliosis
have spread [5]. The WINV strain found in the USA,
for example, is believed to- have spread from the
Middle East and be a variant of the virus first isolated
in 1937 in the West Nile District of Uganda in Africa.
It is uncertain how WNV spread to the USA. It has
been hypothesized that the strain in the USA was
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Fig. 1. Speed of global travel in relation to world population
growth [4].
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transported in an infected bird illegally imported
from the Middle East or Central Europe where the
disease had previously been endemic. Mosquito
transmission subsequently resulted in transmission
to birds, horses and humans in the USA. After its
initial appearance in New York City in 1999, WNV
spread to the lower 48 states in the US in <2 years [6].

Recent infeciious disease concerns

New, emerging infectious diseases and disease agents
continue to be discovered and described. While
incomplete, the list in Table 1 provides an indication
of the variety and quantity of pathogens that
confront public health officials and present potential
threats to human health [3).

West Nile virus

In 1999, the first cases of WNV infection were
recognized in New York City, Over the next several

Table 1. Partial list of emerging infectious diseases and discage-
causing agents®.

HIV/AIDS

Tuberculosis

Dengue

Malaria (resistant Plasmodinm falciparum)
Severe acute respiratory syndrorne
Cholera

Meningococecal meningitis
Cryptosporidiosis

Filoviruses (Ebola/Marburg)

Legionella prewmophila

Lyme disease

Poliomyelitis

Toxin producing streptacacci and Staphylococcus anreus
Human Herpesvirus-§

Parvovirus B19

Hepatitis ©

Arenaviruses {Lassa)

Cyclospara cayetanensis

Hantavirus {Sin Nombre)

New variant CJD (BSE)

Bunyaviruses {Rift Valley)

Rotavirus

Escherichia coli 0157:H7

Bartonella benselaze {cat scratch disease)
Community acquired MRSA

Avian influenza {TISN1)

West Nile virus

Salmonella enteritidis

AIDS, acquired immunodeficiency syndrome; BSE, bovine
spongiform  encephalopathy; CJD, Creutzfeldt~Jakob
disease; HIV, human immunodeficiency virns; MRSA,
methicillin-resistant Staphylococcus aurens.

*Data adapted from Smolinski ez a/. [3].

© 2006 Blackwell Publishing Ltd
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years, the virus spread throughout the northeastern
part of the conntry and subsequently spread west to
the Mississippi River and south into Florida. By
2002, cases were being reported across most of the
Midwest, and by 2005 every state in the continental
USA had reported cases of WNV in humans, birds,
mammals ot mosquitoes [7].

Since 2002, following reports of transfusion-asso-
ciated WINV infections, the US blood supply has been
screened for the virus. As of 15, November 20085,
382 presumptively viremic blood donors had been
identified and reported to the US Centers for Disease
Control and Prevention (CDC). These donors were
generally asymptomatic for WINV infection at the
time of blood donation but tested seropositive when
pooled samples were screened nsing nucleic amplifi-
cation technology (NAT). Some of these individuals
subsequently developed clinical symptoms [8].

Severe acute respiratory syndrome

" At the outset of the SARS epidemic in Asia, a

number of small mammals commonly maintained
in open food markets in Canton were found to be
infected with the SARS coronavirus. More recent
data have suggested that certain species of bats
native to China may be the definitive host of the
virus in nature [9].

Severe acute respiratory syndrome was first recog-
nized in Hanoi, Vietnam in February 2003, although
it is now believed to have originated in the Guang-
dong Province in southeast China in November 2002
[10]. In late February 2003, the first case of SARS in
Hong Kong was reported in a physician from the
Guangdong Province, who travelled to Hong Kong
for a wedding, While staying overnight in a local
hotel, it appears he transmitted the virus to 12 people
on his floor. Subsequent generations of infection from
the physician (Who died in a Hong Kong hospital
2 days afier amvmg at the hotel), his relatives and
others staying in the hotel involved more than 93
healthcare workers and 100 close contacts in the city
of Hong Kong [11].

The global spread was rapid. Other infected hotel
guests subsequently travelled to Vietnam, where 37
healthcare workers and 21 close contacts became
infected, and to Singapore, where 34 healthcare
workers and 37 close contacts were infected [11].
Another returned to Canada, where a cluster of
infections commenced in a local hospital, involving
family members, healthcare workers and other
patients. Ultimately, over 200 people in Canada
were infected, approximately one-third of whom
died [12].

Haewmophilia (2008), 12, (Suppl. 1), 3-7
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Avian influenza

Avian influenza is a major potential threat to the
populations of the world and may be the source of
the next flu pandemic [13]. There were three major
flu pandemics in the last cemtury: the so-called
‘Spanish flu’ in 1918-1919, potentially responsible
for up to 50 million deaths worldwide; the Asian flu
in 1957~1958, responsible for approximately 70 000
deaths in the USA; and the Hong Kong flu in 1968—
1969, responsible for 34 000 deaths nationwide.
Many epidemiologists believe that the human pop-
ulation is overdue for a pandemic [14]. Figure 2
illustrates a timeline of the emergence of several
strains of the influenza virus.

Since 1918 there have been a number of shifts in the
influenza virus's haemagglutinin and nenraminidase
components, its key antigens. Fifteen types of haem-
agglutinin (H1-H15) and nine types of neuramini-
dase (N1-N9) have been recognized. Combinations
involving subtypes H1-H3 and N1-N2 have been
responsible for both seasonal and epidemic outbreaks
in humans. The definitive hosts of influenza in nature
are non-domesticated birds, particularly ducks that
carry FI1-H15 type viruses. Direct bird-to-human
(and to date, rare instances of human-to-human)
transmission of avian influenza has been reported
[15] with increasing frequency in the last two and a
half years.

Mechanism of influenza antigenic shift

Influenza viruses undergo constant subtle evolution
and mutation of their principal proteins, a process
referred to as antigenic drife, In addition to this
naturally occurring and random process, influenza
steains from different host species can periodically
recombine. Swine may serve as hosts for both human
and duck influenza strains and hence can function as
ideal mixing vessels for major antigenic recombina-

Avlan
Influenza ' N
Hosd H7 e g_;
Hied Homp EE

Raguinrvaccnes

Aslan F o i e
Influenza 1
Spanish eE i
Inflaenza H2 by Hong Kong
-H1 Eesersacrsammiie- influenza
1993/9
I - i i i 11 I
! £ i L] 1 T
1918 1957 1998 1977 1997 2003

Fig. 2. Timeline of emergence of influenza viruses in humans.
(Figure courtesy of the Centers for Disease Control and Prevention.}
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tion and the emergence of novel influenza strains.
When such shifts or recombinations occur and result
in a virus with the capacity to maintain ongeing
transmission between humans, a major pandemic
may occur [16].

In 1997 in Hong Kong, the first evidence emerged
that avian viruses could directly infect humans
without going through this interim mixing step
[15,16]. In' 1997, there was an outbreak of influenza
associated with an avian (H5N1) strain in humans
that was preceded by an outbreak of the same strain
in poultry {17]. With six deaths among 18 hospital-
izations, HSN1 exhibited nnusual lethality and was
considered by some public health officials and
epidemiologists as a pandermic warning call.

By December 2003, confirmed cases of avian
influenza among humans were reported in Vietnam
and Thailand, and since Jannary 2004, human cases
have been reported in Vietnam, Thailand, Cambodia,
Indonesia and the People’s Republic of China. The
total number of cases as of 17, November 2005 was
130, with 67 deaths [18]. Sustained outbreaks among
domestic poultry flocks in Asia preceded these human
cases.

While the major outbreaks of avian influenza
have occurred among domestic poultry flocks,
evidence of avian influenza viral infection in migrat-
ing birds throughout Asia (and more recently in
Europe) has also been demonsirated. It has been
suggested that migratory birds may be responsible
for the widespread introduction of avian influenza
into other bird populations, both domestic and wild
[19].

Conclusion

New pathogens continue to emerge, some with the
potential for rapid, global spread and high morbidity
and mortality. Laboratory tests for viral detection
can be developed once a virus is identified, but their
development takes time and their reliability may be
<100%.

Pathogens spread by aerosolized droplets, such as
avian influenza and SARS, pose considerable con-
tainment challenges, although neither pathogen
appears to clearly impact the safety of the blood
supply. In the case of SARS, patients can be screened,
but the exact mode of human-to-human transmission
remains uncertain. In contrast, reasonably (although
not universally) effective screening. exists for some
newly described blood-borne pathogens such as
WINV. Nonetheless, the hard-learned lesson from
the human immunodeficiency virus (HIV) experience
in the 1980s is that the importance of vigilance in the

©® 2006 Blackwell Publishing Ltd
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detection and elimination of newly recognized
threats to blood safety cannot be overstressed. For
these reasons, emerging pathogens will continue to 10
be a reality requiring the best efforts of both public
health officials and individual healthcare providers
worldwide to identify emerging pathogens in a timely
fashion, contain outbreaks and prevent transmission. 44
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Emergence of XDR-TB
WHO concern over extensive drug resistant TB strains that are virtually untreatable

5 SEPTEMBER 2006 | GENEVA -- The World Health Organization (WHO) has expressed concern over the emergence of
virulent drug-resistant strains of tuberculosis (TB) and is calling for measures to be strengthened and implemented to prevent the
global spread of the deadly TB strains. This follows research showing the extent of XDR-TB, a newly identified TB threat which
leaves patients (including many people living with HIV) virtually untreatable using currently available anti-TB drugs.

Later this week, WHO will join other TB expetts at a two-day meeting in South Africa (7-8 September) to assess the response
required to critically address TB drug resistance, particularly in Africa, and will take part in a news conference scheduled for

Thursday, 7 September in Johannesburg.

What is XDR-TB?

MDR-TB (Multidrug Resistant TB) describes strains of tuberculosis that are resistant to at least the two main first-line TB drugs
- isoniazid and rifampicin. XPR-TB, or Extensive Drug Resistant TB (also referred to as Extreme Drug Resistance) is MDR-TB
that is also resistant to three or more of the six classes of second-line drugs.

The description of XDR-TB was first used earlier in 2006, following a joint survey by WHO and the US Centers for Disease
Control and Prevention (CDC).

Resistance to anti-TB drugs in populations is a phenomenon that oceurs primarily due to poorly managed TB care. Problems
include incorrect drug prescribing practices by providers, poor quality drugs or erratic supply of drugs, and also patient non-
adherence.

What is the current evidence of XDR-TB?

Recent findings from a survey conducted by WHO and CDC on data from 2000-2004 found that XDR-TB has been identified in
all regions of the world but is most frequent in the countries of the former Soviet Union and in Asia.

In the United States, 4% of MDR-TB cases met the criteria for XDR-TB.
In Latvia, a country with one of the highest rates of MDR-TB, 19% of MDR-TB cases met the XDR-TB criteria.

Separate data on a recent outbreak of XDR-TB in an HIV-positive population in Kwazulu-Natal in South Africa was
characterized by alarmingly high mortality rates.

Of the 544 patients studied, 221 had MDR-TB, Of the 221 MDR-TB cases, 33 were defined as XDR-TB. Of the 53 patients, 44
had been tested for HIV and all were HIV-positive.

52 of 53 patients died, on average, within 25 days including those benefiting from antiretroviral drugs.

Scarce drug resistance data available from Africa indicate that while population prevalence of drug resistant TB appears to be
low compared to Eastern Burope and Asia, drug resistance in the region is on the rise.

Given the underlying HIV epidemic, drug-resistant TB could have a severe impact on mortality in Africa and requires urgent
preventative action.

What action is required to prevent XDR-TB?

XDR-TB poses a grave public health threat, especially in populations with high rates of HIV and where there are few health care
resources. Recommendations outlined in the WHO Guidelines for the Programmatic Management of Drug Resistant :

Tuberculosis include:

s strengthen basic TB care to prevent the emergence of drug-resistance
+ ensure prompt diagnosis and treatment of drug resistant cases to cure existing cases and prevent further transmission
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. . .*; increase collaboration between HIV and TB control programmes to provide necessary prevention and care to co-infected
" patients
e increase investment in laboratory infrastructures to enable better detection and management of resistant cases.

The Expert Consultation on Drug Resistant TB, hosted by the South African Medical Research Council with support from WHO
and CDC, takes place in Johannesburg, 7-8 September..

A news conference wiil be held at 12.30pm, Thursday, 7 September, at the conference venue: Sunnyside Park Hotel, Parktown,
Johannesburg.

For more information contact:

Glenn Thomas

Stop TB Department
WHO

Mobile: +41 79 5 09 06 77
E-mail: thonasg@who.int

Dr Karin Weyer

Director, South African Medical Research Council
Unit for TB Operational and Policy Research

Tel: +27 12339 8550

Mobile: +27 82 4 60 88 36

E-mail: kweyer@mre.acea

Employment | Other UN Sites | Search | Suggestions | RSS | Privacy
© World Health Organization 2008, AlLrights reserved
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Summary. Outbreaks of highly pathogenic avian influenza (HPAT) have been
occurring in domestic poultry in Asia since 1996. In the beginning of 2004,
HPAI outbreaks were caused by H5N1 virus in two farms and a group of pet
chickens in different areas of Japan. In the present study, the pathogenicity of
A/chicken/Yamaguchi/7/04 (H5N1), which had been isolated from a dead chicken
during the first outbreak in Japan, was assessed in chickens, quails, budgerigars,
ducklings, mice, and miniature pigs by experimental infection. The virus was
highly pathogenic to all the birds tested. Mice were susceptible to infection with
a low mortality rate and miniature pigs were resistant to infection with the virus.

Introduction

A wide variety of species of birds and mammals are susceptible to influenza A virus
infection. Viruses of all 16 hemagglutinin (HA) (H1-H16) and 9 neuraminidase
(N1-N9) subtypes have been isolated from avian species [1, 6]. Aquatic birds are
the natural resexvoirs of influenza A viruses [12]. Influenza viruses are perpetuated
in nature by continuing to circulate in migratory ducks and frozen lake water
[9]. Based on the severity of the disease they cause in chickens, avian influenza
viruses are divided into two groups, highly pathogenic and low pathogenic [1].
Low pathogenic avian influenza (LPAI) viruses replicate in limited tissues where
host proteases such as trypsin-like enzymes are found. Highly pathogenic avian
influenza (HPAI) viruses possess inserted multiple basic amino acid residues at
the site of cleavage of their HAs into HA1 and HAZ2 by ubiquitous proteases such
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as furin and PC6 [8, 25]. This cleavage confeis infectivity to a greater number of
tissues, leading to a severe systemic disease, characterized by high mortality [14].
The HPAI viruses are restricted to subtypes H5 and H7, and viruses of these two
subtypes had been believed to be low pathogenic in the reservoir host, ducks, until
HPAI H5N1 viruses were isolated from bar-headed geese, brown-headed gulls,
and black-headed gulls, 2005, in China {4, 16].

Outbreaks of HPAIin poultry such as chickens and quails around the world
have caused high mortality and substantial economic losses, thereby nnpactmg
negatively on the poultry industry [1, 27]. Outbreaks have occurred often in the
last decade in North America, Europe, and Asia. In Asia, highly pathogenic H5N1
influenza viruses have been recognized since 1996 [28]. In 1997, HPAI viruses
were directly transmitted from birds to humans in Hong Kong, signaling the
necessity to clarify the ecology of avian influenza virus {26]. HPAI outbreaks
again occurred during 2001-2002 in Hong Kong [24]. In 2004, HPAI outbreaks
also ocemrred.in Cambodia, China, Indonesia, MaIayéia, Japan, Laos, South Korea,
Thailand, and Vietnam [15]. The HPAT virus, A/chicken/Yamaguchi/7/04 (H5N1),
isolated in Japan, 2004, was lethal to chickens [18]. The pathogenicity of this HPAI
virus in birds other than chickens and in mammals is not known. In order to de-
termine the pathogenicity of the virus in chickens, quails, budgerigars, ducklings,
mice, and miniature pigs, and to compare the pathogenicity of this HPAI virus in
those animals in parallel with that of other HSN1 influenza viruses, experimental
infection was carried out in the present study.

Materials and methods

Viruses

Influenza virus strain A/chicken/Yamaguchi/7/04 (H5N1) (Ck/Yamaguchi/04) was isolated

from a dead chicken during the first outbreak of HPAI in Japan and was provided by the

National Institute of Animal Health (Ibaraki, Japan) [18]. A/duck/Yokohama/ag-10/03 (H5N1)
_ (Dk/Yokohama/(3), isolated from duck meat imported from China, was provided by the

Animal Quarantine service (Kanagawa, Japan) [13, 19). R(A/duck/Mongolia/54/01-A/duck/

Mongolia/47/01) (H5N1) (R(Dk/Mong-Dk/Mong)) was a reassortant virus generated from

Alduck/Mongolia/54/01 (H5N2) and A/duck/Mongolia/47/0] (H7N1) which were isolated in
. our laboratory from fecal samples of wild ducks in Mongolia [13). These three viruses were
propagated in 10-day-old embryonated chicken eggs for 48 h at 35 °C. The infectious allantoic
fluid was vsed as inoculum for experimental infections of animals and for the preparation of
purified virus. .

Animals

Chickens (Gallus gallus), quails (Coturnix japonica), budgerigars (Melopsittacus undulatus),
ducklings (Ahas platyhnchos), mice (Mus musculus), and miniatore pigs (Sus scrofa domes-
tic) were used for the experimental infection study. Specific pathogen-free white leghom
chickens were hatched and raised for four weeks in our laboratory. One-meonth-old quails and
three-month-old budgerigars were purchased from pet shops. Three-day-old ducklings were
purchased from a duck farm in Hokkaido, fapan. Six-week-old female BALB/c mice and
two-month-old specific pathogen-free male miniature pigs were purchased from Japan SLC,
Inc. (Shizuoka, Japan) and Nippon Institute for Biological Science {Yamanashi, Japan).
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Animal experiments

Viruses were inoculated intranasally, at a 50% egg infectious dose (EIDsp) of 1030, into
birds and mammals. For the birds and miniature pigs, 0.1 ml of each H5N1 virus containing
10%EIDsg was inoculated intranasally. For the mice, 0.03 mi of each H5N1 virus containing
108961Dss was Inoculated intranasally. As a negative control, phosphate buffered saline
(PBS) was given to the birds and mammals as much volume as the virus suspension. Birds
and mice were sacrificed at 3 and 14 days post-infection (p.i.). When animals were dead or
sacrificed, trachea and lung (respiratory organs), liver, spleen, kidneys, colon, brain, heart,
pancreas, and blood of each animal were collected aseptically and were used for the titration
of virus and histopathological examination. For miniature pigs, nasal swabs were collected in
minimal essential medium daily from day 1 p.i. to day 7 p.i., and were used for the titration of
virus. Animals were housed in self-contained isolator nnits (Tokiwa Kagaku, Tokyo, Japan) ata
BSL 3 biosafety facility at the Graduate School of Veterinary Medicine, Hokkaido University,
Japan.

Virus titration

The tissue homogenates from birds and mice were inoculated into 10-day-old embryonated
chicken eggs and incubated for 48 h at 35 °C. The titers of virus were calculated by the method
of Reed and Muench [22] and expressed as the EIDsg per gram of tissue. Viral titers of the
nasal swab samples of the miniature pigs were calculated as the 50% tissue culture infectious
dose (TCIDsg) per mi for swab in MDCK cells,

Antibody detecrion

Serum samples treated with beta-propiolactone (Wako Pure Chemicals Industries, I.td., Japan)
at 37 °C for 3 h were examined for the presence of antibodies against H5 influenza virus by
ELISA. The purified R(Dk/Mong-Dk/Mong) (H5N1) virus was used as antigen for ELISA
according to Kida et al. [10]. ELISA titers were expressed as reciprocals of serom dilutions.

Histopathological examination

The tissues of birds and mammals were fixed in 20% formalin in PBS (pH 7.2), sectioned,
and stained with hematoxylin and eosin for microscopic examination. For the detection of
influenza virus antigens in the tissues, all the sections were stained using the streptavidin-
biotin immunoperoxidase complex method (Histofine SAB-PO ®yit, Nichirei Corp., Tokyo)
with rabbit anti-A/duck/Pennsylvania/10218/84 (H5N2) hyperimmune serum at a 1:1,000
dilution as the primary antibody. '

Results
Chickens

All of the chickens inoculated with Ck/Yamaguchi/04 and Dk/Yokohama/03 died
on day 2 and between day 2 p.i. and day 4 p.i. (2-4d), respectively, and virus
was recovered from each of the tissues tested (respiratory organs, liver, kidneys,
colon, and brain) (Table 1). Higher titers of viruses were detected in four of
the five tissues of chickens inoculated with Ck/Yamaguchi/04 than in those with
Dk/Yokohama/03. None of the chickens inoculated with R(Dk/Mong-Dk/Mong)
had died by day 14 p.i., and virus was not recovered from any of the tissues at
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Table 1. Virus recovery and antibody response from chickens inoculated with avian influenza virus

Inoculated virus No. of Days Virus recovery® : Antibody
animals  p.i. response™
Respiratory  Liver Kidneys Colon  Brain . Blood
organs
Ck/Yamaguchi/04 6 2d dead 6 (8.4) 6(74) 6(7.6) 6(73) 6(.1) - ND° ND
(H5N1)
Dk/Yokohama/03 5 2-4d  dead 5(¢1.1) 5(38) 5¢4) 5(5.8) 5(17) ND ND
(H5N1) 1 3d  sacrificed 1(6.8) 1(65) 1(7.2) 1(7.2) 180 1(713) -—
R(Dk/Mong-Dk/Mong) 3 3d sacrificed 0 ] 0 0 0 0 -~
(H5N1) 3 14d sacrificed 0 0 0 0 0 0 -

*Digit: number of animals in which each virus was isolated. Parenthesis: average of virus titers (logEIDso/g). 0 indicates no virus was isolated
from animals

" Antibody detection was examined by ELISA. —: ELISA titer was below 40

“Not determined

‘T2 10 BpOS "N



-112-

Fig. 1. Histopathological examination in chickens (A) and quails (B) inoculated with Dk/Yokohama/03. Photomicrographs of hematoxylin and

eosin-stained tissue sections. A: Perivascular cuffing, swelling of endothelial cells, infiliration and proliferation of microglia in the brain (cerebrum)

of the chickens inoculated with Dk/Yokohama/03 on day 4 p.. B: Laininar encephalomalaccia (necrosis) in the brain (cerebellum) of the quails
inoculated with Dk/Yokohama/03 on day 4 p.i. Bar, 50 pm
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days 3 and 14 p.i. Sero-conversion to H5 influenza virus was not detected in any
birds, indicating that the chickens were not infected with R(Dk/Mong-Dk/Mong).
In the histopathological examination, influenza virus antigens were detected in
the brain, liver, spleen, kidneys, heart, lungs, pancreas, and colon of chickens
inoculated either with Ck/Yamaguchi/04 or with Dk/Yokohama/03. Since severe
virus encephalitis with perivascular infiltration in the brain affected one chicken
inoculated with Dk/Yokohama/03 (Fig. 1A) and higher titers were detected in the
brains of chickens inoculated with Dk/Yokohama/(03 than with Ck/Yamaguchi/04,
it was found that infection with Dk/Yokohama/03 caused severer lesions than
infection with Ck/Yamaguchi/04 in the brain.

Quails

All of the quails inoculated with Ck/Yamaguchi/04 and Dk/Yokohama/03 died
between day 2 p.i. and day 3 p.i. (2-3d) and between day 3 p.i. and day 4 p.i.
(3-4d), respectively, and virus was recovered from each of the Atissues tested
(Table 2). Disease signs characterized by severe nervous disorders were observed
in 2 out of 6 quails infected with Dk/Yokohama/03. Higher fiters of viruses were
detected in all the tissues of quails inoculated with Ck/Yamaguchi/04 compared
to those inoculated with Dk/Yokohama/03. None of the quails inoculated with
R(Dk/Mong-Dk/Mong) had died by day 14 p.i., and virus was not recovered from
any of the tissues at day 3 and 14 p.i. Sero-conversion to H5 influenza virus
was detected in the quails inoculated with R(Dk/Moeng-Dk/Mong) at day 14 p.i.,
indicating that these quails were infected with R(Dk/Mong-Dk/Mong). In the
histopathological examination, in the brain of the quail inoculated with
Dk/Yokohama/03, severe virus encephalitis with laminar encephalomalacia (pe-
crosis) was observed (Fig, 1B). Antigens to influenza viruses were detected in
the braing and hearts of birds infected either with Ck/Yamaguchi/04 or with
Dk/Yokohama/03.

Budgerigars

All of the budgerigars inoculated either with Ck/Yamaguchi/04 or with Dk/
Yokohama/03 died by day 5 p.i., and the virus was recovered from each of the
tissues tested (Table 3). Disease signs such as severe nervous disorders were
observed in 3 out of 7 budgerigats infected with Dk/Yokohama/03. None of
the budgerigars inoculated with R(Dk/Mong-Dk/Mong) had died by day 14 pi.,
and virus was not recovered from any of thie tissues at days 3 and 14 p.i. Sero-
conversion to 15 influenza virus was not detected in any budgerigars inoculated
with R(Dk/Mong-Dk/Mong) at day 14 p.i, indicating that the budgerigars were
not infected with R(Dk/Mong-Dk/Mong).

Ducklings

Two of the ducklings inoculated with Ck/Yamaguchi/04 died on day 6 p.i. and
day 7 p.i. (6-7d), and virus was recovered from each of the tissues including
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Table 2. Virus recovery and antibody reslionse from quails inoculated with avianp influenza virus

Inoculated virus No. of Days Virus recovery® Antibody
animals . p.i. - responseb
Respiratory  Liver Kidneys Colon  Brain Blood
organs
Ck/Yamaguchi/04 7 2-3d  dead 7 (7.4) 707.1) 788  7(72) 7T(84) ND° ND
(H5ND) ) :
Dk/Yokohama/03 4 34d  dead 4(6.8) 4¢44) 2(5.7 3(64) 4(83) ND ND
(H5N1) 2 - 3d sacrificed 1 (7.2) 260y 238.0 0 158" 138 -
R(Dk/Mong-Dk/Mong) 3 3d sacrificed 0 0 0 0 0 0 —
(H5N1) 2 14d sacrificed O 0 0 0 0 0 +

aDjgit: nurnber of animals in which each virus was isolated. Parenthesis: average of virus titers (logEIDsq/g). 0 indicates no virus was isolated

from animals . .
bAntibody detection was examined by ELISA. —: ELISA titer was below 40. +: ELISA titer was over 40

“Not determined
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Table 3. Virus recovery and antibody response from budgerigars inoculated with avian influenza virus

Inoculated virus  No. of Days Virus recovery? Antibﬂdy
anjmals  p.i. response®
Respiratory Liver Kidneys Colon Brain
organs '
Ck/Yamaguchi/04 7 3-4d dead 7{6.6) 7{43) 7(7.1) 3(3.8) 7(74) ND°
(H5N1) ,
Di/Yokohama/03 4 3d  sacrificed 4 (5.0) 3(3.5) 4(34) 429 42y ND
(H5N1) 3 5d  dead 3(5.3) 326) 349 20229 360 ND
R(Dk/Mong- 3 3d  sacrificed 0 0 0 0 0 ND
Dk/Mong) (H5N1) 3 14d  sacrificed 0 0 0 0 0 -

"Digit: number of animals in which each virus was isolated. Parenthesis: average of virus titers (logEIDs0/g).
0 indicates no vimas was isolated from animals :

®Antibody detection was examined by ELISA, —: ELISA titer was below 40

“Not determined

Table 4. Virus recovery and antibody response from ducklings inoculated with avian influenza virus

Inoculated virus No.of Days Virus recovery? Antibody
animals  p.i. response®
Respiratory Liver Kidneys Colon Brain '
organs
Ck/Yamaguchi/04 3 3a  sacrificed 3 (5.8) 3(53) 3(52 330 0 -
(H5N1) 2 6-7d dead 2(3.9 1¢5.5) 1(57 1(3) 1(5.3) ND°
1 14d  sacrificed © 0 0 i 0 +
Dk/Yokohama/03 6 3~4d  dead 6(7.1) 6(7.1) 6(5.7) 6{47) 6(8.1) ND
(H5N1) _ , .
R(Dk/Mong- 3 3d  sacrificed 0 0 0 0 0 -
Dk/Mong) (H5N1) 3 14d  sacrificed 0O 0 0 0 0 +

JﬁDigit: number of animals in which each virus was isolated. Parenthesis: average of virus titers (logEIDso/g).
0 indicates no virus was isolated from animals : .

bAntibody detection was examined by ELISA. —: ELISA titer was below 40. +: ELISA titer was over 40

®Not determined .

the brain (Table 4). One of the ducklings survived for 14 days, and from this
duckling, specific serum antibodjes against H5 influenza virus were detected.
All of the ducklings inoculated with Dk/Yokohama/03 died between day 3 p.i.
and day 4 p.i. (3-4d), and the virus was recovered from each tissue. None of
the ducklings inoculated with R(Dk/Mong-Dk/Mong) had died by day 14 p.i.,
and virus was not recovered from any of the tissues at days 3 and 14 p.i. Sero-
conversion to H5 influenza virus was detected in the ducklings inoculated with
R(Dk/Mong-Dk/Mong) at day 14 p.i.
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Table 5. Virus recovery and antibody response from mice inoculated with avian influenza virus

Inoculated virus No.of Days Virus recovery® Antibody
animals p.i. ; =~ response®
Respiratory Liver Spleen Kidneys Brain
organs
Ck/Yamaguchif04 2 3-4d | dead 2 (6.3) H 1(33) 123 0 ND®
(H5N1) "2 3d - sacrificed 2 (6.7) 0 0 0 0 -
4 14d  sacrificed O 0 0 0 0 +
Di/Yokohama/03 4 3d  sacrificed 3 (4.5) 0 0 0 0 -
(H5N1) 4 l4d  sacrificed O ) 0 0 0 0 +
R{Dk/Mong- 3 3d  saciificed 3 (4.5) 0 0 0 0 ND
Dk/Mong) (H5N1) 3 14d  sacrificed O 0 0 0 0 ND

#Digit: number of animals in which each virus was isolated. Parenthesis: average of virus titers (logEIDs0/g).
0 indicates no virus was isolated from anirmals

bAntibody detection was examined by ELISA. —: ELISA titer was below 40. +: ELISA fiter was over 40

“Not determined

- - Mice

Two of the mice inoculated with Ck/Yamaguchi/04 died on day 3 p.i. and day 4 p.i.
(3—4d) (Table 5). Virus was recovered only from the respiratory organs in all except
one mouse, which was dead at day 4 p.i. In this mouse, the virus was recovered not
only from the respiratory organs but also from the spleen and kidneys. The other
four mice survived for 14 days, and specific antibodies against H5 influenza virus
were detected. All of the mice inoculated with Dk/Yokohama/03 and R(Dk/Mong-
Dk/Mong) survived for 14 days. The virus wasrecovered only from the respiratory
organs of the mice at day 3 p.i. It was found that the pathogenicity of these two
viruses in mice was relatively low.

Table 6. Virns recovery and antibody response from miniature pigs inoculated with avian
’ influenza virus -

Viruses Vizus titers (logTCIDs¢/mE) Antibody response?
: ' on 14 days p.i.

lday 2day 3day dday 5day 6day 7day

Ck/Yamaguchi/04 - - - - - - _ _
(H5N1)

Dk/Yokohama/03 - - - - - - -
(H5N1) . '
R{Dk/Mong- - 2.7 2.5 1.7 - - - +
Dk/Mong) (H5N1)

2Antibody detection was examined by ELISA. —: ELISA titer was below 40. +: ELISA titer was

over 40 .
b_:«1.5 logTCIDsp/mi
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Miniature pigs

All of the miniature pigs inoculated with the three H5N1 viruses survived for 14
days. No virus was detected in the nasal swabs of the miniature pigs inoculated
either with Ck/Yamaguchi/04 or Dk/Yokohama/03 from day 1 p.i. to day 7 p.i.
(Table 6). In these two miniature pigs, sero-conversion to H5 influenza virus was
not detected at day 14 p.i. In another experiment with miniature pigs inoculated
with Ck/Yamaguchi/04, the virus was not recovered from any of the tissues at days
3 and 14 p.i. (data not shown). These results indicated that miniature pigs were not
infected with Ck/Yamaguchi/04 and Di/Yokohama/03. Although there were no
disease signs in the miniature pig inoculated with R(Dk/Mong-Dk/Mong), viruses
were recovered from the nasal swabs between day 2 p.i. and day 4 p.i. (2-4d).
Sero-conversion to HS influenza virus was detected in the miniature piginoculated
with R(Dk/Mong-Dk/Mong).

Discussion

The present study was conducted to determine the pathogenicity of Ck/Yamaguchi/
04 in chickens, quails, budgerigars, ducklings, mice, and miniature pigs. Two
H5N1 avian influenza viruses, Dk/Yokokama/03 and R(Dk/Mong-Dk/Mong),
were compared in ferms of pathogenicity with Ck/Yamaguchi/04. The intra-
venous pathogenicity index (IVPI) in 6-week-old chickens for Ck/Yamaguchi/04,
Dk/Yokohama/03, and R(Dk/Mong-Dk/Mong) was 3.0, 2.7, and 0.0, respec-
tively (data not shown). Based on the present results, Ck/Yamaguchi/04 and
Dk/Yokohama/03 were classified as HPAI viruses and R{Dk/Mong-Dk/Mong)
as a non-pathogenic virus by the OIE criteria [2]. Ck/Yamaguchi/04 and Dk/
Yokohama/03 caused systemic infections in birds, but showed little or no pathoge-
nicity in mammals. The slightly longer mean death time in chickenrs inoculated
with Dk/Yokohama/03 allowed for the development of cyanosis of the wattle,
typical signs of HPAI, The tendency was shown that virus of higher titer was
recovered from chickens inoculated with Ck/Yamaguchi/04 than those inoculated
with Dk/Yokohama/03.

The pathogenicity of Ck/Yamaguchi/O4 and Dk/Yokohama/03 in quails and
budgerigars was as high as that of the HPAI virus, Ck/Hong Kong/220/97 (H5N1),
which caused an acute and lethal infection [21]. Notably, the pathogenicity of
Ck/Yamaguchi/04 in the.quails seemed to be higher than that of Dk/Yokohama/03,
as evidenced by the mean death times (Ck/Yamaguchi/04 vs Dk/Yokohama/03,
P =0.05) and the tissues from which the viruses were recovered. This difference
may be due to the adaptation of isolated HPAT viruses from different hosts (chicken
and duck) to guails. The greater susceptibility of quails to the virus originating from
duck than from chickens is consistent with previous reports [17]. In our another
experiment, Ck/Yamaguchi/04 and Dk/Yokohama/03 cansed systemic infections
in wild starlings (Sturnus cineraceus) (data not shown), indicating that feral birds
could play a role as intermediates in virus transmisston amorig pouttry flocks,
thereby contributing to the spread of avian influenza virus as in the outbreaks in
Australia [20]. During the outbreaks of HSN1 HPAI in Japan, 2004, viruses were
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isolated not only fiom chickens but dead crows {18]. The possibility remains that
avian influenza viris is spread by the contact of wild birds with chickens.

The pathogenicity of Ck/Yamagnchi/04 and Dk/Yokohama/03 for five-week-
old ducks was not high compared to that for chickens and Dk/Yokohama/03 repli-
cated more rapidly and efficiently in the multiple organs than Ck/Yamagnchi/04
in ducks [13]. In the present study, virns was recovered from multiple tissues
of three-day-old ducklings inoculated either with Ck/Yamaguchi/04 or with Dk/
Yokohama/03, and some of these ducklings were dead, indicating that the pathoge-
nicity of these two viruses in three-day-old ducklings was high.

In the present study, virus was recovered from muitiple tissues of only
one mouse, which died at day 4 p.i. Two mice died after the inoculation of
Ck/Yamaguchi/04 at an EIDsp of 10°0 and the mortality rate of mice was only 33%
(n=26). In the latest publication, the 50% lethal dose of the same strain in mice
was 5 x 10° BIDsg under the same conditions (6-week-old female BALB/c mice
via the intranasal route), and virus- was also recovered from the brain [18]. The
difference in pathogenicity may be due to the passage history of Ck/Yamaguchi/04
since the virus obtained from the National Institute of Animal Health (Japan)
was propagated twice in embryonated chicken eggs before the present animat
experiments. The pathogenicity of the H5N1 viruses isolated from humans in
Hong Kong, 1997, was extremely high in mice [5, 7]. In the present study, more
than half of the mice inocnlated with Ck/Yamaguchi/04 survived the infection,
indicating that the 50% mouse lethal dose was over 1030 EIDsp. In conclusion,
the pathogenicity of Ck/Yamaguchi/04 and Dk/Yokohama/03 in mice was much
lower than that of the H5N1 viruses isolated from humans in Hong Kong, 1997.

Miniature pigs showed susceptibility to influenza virus, similarly to domes-
tic pigs [3]. Miniature pigs were not susceptible either to Ck/Yamaguchi/04 or
to' Dk/Yokohama/03, but limited viral replication was observed in upper res-
piratory tissues in the miniature pigs inoculated with R(Dk/Mong-Dk/Mong).
Therefore, the pigs may not play a major role in the maintenance and spread
of Ck/Yamaguchi/04 and Dk/Yokohama/03. In contrast, HSN1 viruses isolated
in 1997 from a boy (Hong Kong/156/97) and chicken (Ck/Hong Kong/258/97)
replicated in pigs, although transmission through contact was not detected [24].
These results suggest that the susceptibility of pigs to avian influenza viruses
has no relation to the pathogenicity of the strains in chickens or their subtypes,
indicating that possible factors involved in host range restriction may be located
in some gene segment(s) other than the HA gene [11, 23]. '

In conclusion, Ck/Yamaguchi/04 is highly pathogenic to birds and cause
systemic infection, including brain. The results indicate that the susceptibility of
pigs to this HPAT virus is very low, and that the possibility of genetic reassortrents
with this HPAI virus in pigs is not a concern.
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The Public Health Risk from Highly Pathogenic Avian Influenza .
Viruses Emerging in Europe with Specific Reference to type A/H5N1

Interim ECDC Risk Assessment — Revision 20% May 2006
(previous versions from 19” October 2005 and 5 January 2006)

Preamble

The objective of this revised document is to further determine the risk to
human health in Europe from highly pathogenic avian influenza viruses in
birds and animals. Specifically the additional risk that arises from the recent
emergence and extension of A/H5NI viruses into the European Union and
elsewhere in the world, and the changed biology of the viruses among wild
and domestic birds. In addition the document identifies areas requiting
additional scientific and public health work both as single pieces of work and
for risk monitoring by ECDC and its partners. Given the rapidly developing
epidemiology in Europe and elsewhere the document remains an interim
assessment, that will be regularly updated. The document should be
considered along with other relevant publications concerning Avian Influenza
produced by ECDC and other authoritative bodies such as WHO, he European
Commission, the FAQ, OIF efc. £CDC% collection of documents on H5NI -
the H5N1 Portfolio — is available at
Swww.ecdc.ew.inl/avian_influenza/index.php.

Wéekly updates are published in ECDC’s Influenza Surveillance and Risk
Monitoring summaries at www.ecdc.eu.int/influenza/update_influenza.php

Comments and contributions to the document continue to be welcomed to

influenza@ecde. euint
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Executive Summary

Outbreaks of highly pathogenic avian influenza (HPAI) viruses in domestic
poultry have been increasing since the late 1990s and have affected poultry
in Europe as elsewhere.

Essentially there are two forms of risk to human health from these viruses:
- direct infection of humans with the avian virus _
- the emergence of a new pandemic strain of type A influenza.

The human health impact of HPAI epizootics was very small, and almost
unnoticed, until 1997. Infections were generally minor and usually self-
fimiting. The appearance of A/H5N1 in Asia, changed this perspective when
infection of humans with a high mortality rate was detected during an
outbreak in Hong Kong in 1997 after a pause until around 2003 this pattern
of infection has continued as huge epizootics extended across the domestic
- poultry populations of South East Asia, However considering the massive
exposure in Asia from one HPAI type (A/H5N1) there have been very few
human infections resuiting from HPAL In the over 200 reported human
infections since 2004 mortality is around 57%.

Compared to before 2003 there have been some significant changes in the
behaviour of the H5N1 viruses in birds, One strain has stabilised and has
been spreading more easily through a range of bird species and this is the
strain that has spread to the EU. In some countries outside the European
Union that strain could become endemic in some domestic birds as it has
seemingly done in certain wild species. In the Asia-Pacific region, Indonesia
is currently the most active site of H5N1 transmission but, in genetal,
reported activity appears reduced compared to similar periods of 2004 and

2005.

In contrast in Africa, the Middle East and South Asia there is some evidence
of significant levels of infection in domestic poultry. There has to be caution
here as surveillance is weak. Equally weak are the veterinary services which
mean that the prospects for control may be bleak in the short term.

Mild and asymptomatic human H5N1 infection seems to be rare and the
indications are that transmissibility of A/HEN1 to humans is still very low even
for those directly exposed. Most infections continue to be acquired from
exposures to high doses of virus from sick domestic poultry in household
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settings. There is no evidence of transmission to humans from casual contact
with infected wild birds. The clinical picture continues to be unusual for HPAIs
in humans in that infections are usually severe and often affect not just the
respiratory system. Though human outbreaks and cases have been occurring
in settings where it has proved difficult to mount proper investigations and
studies, there is no evidence of any recent significant change in the behaviour -
of the virus in humans. Human to human transmission occurs but there is no
evidence that it has become more efficient, cluster size has not increased and
the case fatality rate of human infection has remained extraordinarily high for
a human influenza. There is thus, as yet no evidence that the viruses have
become any better adapted to humans than they were nearly a decade ago.
The few humans who are infected do so only when exposed to high doses or
virus and are likely to become very ill. They are unlikely to be a major
infection risk to their families and those providing care, However normal
infection precautions must be taken and antivirals given to those most
exposed, usually other household members, A notable feature has been the
focus of infections in other family members which could indicate some
genetic susceptibility.

Surveillance for human cases may be becoming harder where poultry
immunization is widely but inevitably imperfectly practiced as the marker of
local poultry deaths for human case detection is being lost. Declines in the
number of sporadic human cases in some countries should therefore be
interpreted cautiously. It is also unclear as yet if massive immunization
poultry programmes increase or decrease the overall human population
exposure to H5N1 viruses.

Despite the seeming lack of adaptation of H5N1 viruses a major caveat is the
ability of influenza viruses to change, recombine, adapt and generally
confound those attempting to control them. Though no H5 virus is known to
have adapted to humans in the past it would be unwise to assume they )
cannot do so. Exposure of humans to H5N1 viruses must have increased
considerably recently, for example in Africa. This does not necessarily change
the pandemic potential of H5N1 viruses. However if through genetic
recombination with human influenza or mutation the viruses can achieve any
potential then they now must be more likely to do so sooner than when
human exposure to H5N1 viruses was uncommon and localized.

The pattern of infection and disease seen in Asia for A/H5N1 may not be seen
elsewhere and therefore close clinical and laboratory surveillance for and of
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human cases in Europe will be vital, That said, the Asian pattern of A/H5N1
has to be expected for planning purposes: a group of influenza viruses of
birds, poorly adapted to humans whom they find hard to infect except at high
-doses, They are dangerous as they are highly pathogenic in those few
humans that do become infected, but then they generally do not transmit on
to other humans,

In the European Union, where surveillance for HPAI in wild-life is strong, this
has detected steady extension of the virus in wild birds, including non-
migratory species, and some domestic poultry, This peaked in early 2006
seemingly following migrations and numbers have declined but not fallen to
zero. The risk of reintroduction through further migrations is significant
though very difficult to predict.

The direct risk to the health of people in Europe from A/H5N1 is very low, but
not zero. Human outbreaks in Turkey, Iraq, Azerbaijan, Egypt and elsewhere
have indicated the potential of infection of humans from sick domestic poultry
and probably also wild birds. The risk is mostly concentrated in one human
group, those with domestic or pet poultry. Such groups exist in most
European countries and they need to be informed of the risk and how to
protect themselves. These pose particular challenges in terms of protection
and risk communication as some of these groups are poor, marginalized or
simply difficult to reach. There are occupational groups at lower and mostly
theoretical risk who should take precautions. For those people who have no
contact with domestic or wild birds or their products the risk must be almost

non existent.

Monitoring human H5N1 infections and other emerging influenza viruses is of
crucial importance as probably it's only in the early phases of emergence of a
panderic that there is any hope of containment. Though such emergence

could take place in the European Union that seems unlikely. Though there are
places not far beyond the borders of Europe where this could occur as well as

in Asia and Africa.

ECDC and its partners will continue to monitor the risk from H5N1 and other
HPAIs actively. A surveillance system for human cases A/H5N1, compatible to
that already in use by WHO elsewhere has been developed and adopted as
pait of surveillance of human influenza. In addition some specific pieces of
work on immunisation with seasonal vaccines are recommended. Most crucial
will be continuing and developing close working of those responsible for
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animal and human health at all fevels, propér risk communication and
dissemination of factual scientific data to the public including those few
people at risk of infection.

Tt does not follow from any of the above that the next pandemic will
‘hecessarily be due to H5N1 or another HPAL Equally since it is not fully
understood how pandemics arise it does not follow that the risk of a
pandemic is actually any higher now than it was say a decade ago. Though
there is more H5N1 in circulation it does not follow that there has been an
overall increase worldwide of the influenza viruses (of all H types) whose.
genetic material has pandemic potential.

Though there has been no increase in the pandemic potential of H5N1 the
likelihood that it might achieve any inherent potential in the near future may
have risen. There are many good reasons why the momentum of pandemic
preparations in EU countries and preparations for possible outbreaks of H5N1
in birds and some human cases should continue and intensify. One
implication for those determining policy is that if they are convinced that
preparation should be made for a pandemic based on an H5N1 virus there
are now reasons for speeding up those preparations.
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New considerations since January

~ It has become apparent that a strain of the H5N1 viruses has been
able to affect a wide range of birds’ species and has adapted well to
certain migratory birds being able to travel widely with them extending
its geographical range. These viruses have shown considerable stability
over time.

— The range of these H5N1 viruses has greatly extended from being
mostly confined to East and South East Asia to Europe including wild
birds in the EU, the Middle East and parts of Africa and South Asia.

-~ Should the stability of the current H5N1 strains be maintained, Europe
wili have to adjust to add A/H5N1 influenza as one of endemic or
occasionally appearing zoonotic infections. With H5N1 infections being
in wild birds in all of Europe that risk will inevitably seem closer to
home to EU citizens.

— Many more people worldwide are going to come into contact with
- H5N1. This will be less so in Europe than elsewhere because poultry in
the EU are mostly segregated from humans.

— Though this does not mean any change in the pandemic potential of
H5N1, if such potential exists at all it must now be more likely to
become evident sooner rather than later.

— Certain other animal species notably cats can become infected
naturally and in artificial conditions may occasionally transmit on the
infection to other cats though no human infections have resulted.

Unchanged considerations

— There has been no indication of a significant change of behaviour of
H5N1 viruses in humans. They currently remain "a group of influenza
viruses of birds, poorly adapted to humans whom they find hard to
infect except at high doses. They are dangerous as they are highly
pathogenic in those few humans that do become Infected, but then
they generally do not transmit on to other humans.”

-227-



Technical Report | Version June 1°* 2006
ECDC Scientific Advice — Public Health Risk from HPAI

EUROPEAN CENTRE FOR
E DISEASE PREVENTION
AND CONTROL

— Control of infection in poultry along with risk communication to those
at risk and prompt response (case finding and management) to human
cases remain the cornerstones of strategies for protecting human
health from H5N1 viruses.

- Human to human transmission occurs but remains uncommon and
there has been no increase in cluster size where human cases have

occurred.

- A few human cases have been detected in most countries where
outbreaks in domestic poultry have occurred.

— The groups at risk in Europe are the same as before with the most
important group being people with domestic poultry.

~ There is no risk of catching H5N1 from eating food that has been
prepared properly.
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1. Background — the Zoonotic Potential of Aviah Influenza

Influenza is an infectious disease of certain animals including humans with
-mostly respiratory characteristics. It is a zoonosis, that is an infection
originally of animals which has extended to infect humans.! It is caused by
RNA viruses of the family Orthomyxoviridae, These viruses are unstable in
their structure and are continuously evolving.” Some of the viruses are well
adapted to humans which have become their hosts and are regarded as
human influenza viruses.” While the human infection and resulting disease
caused can be mild or even asymptomatic it can also be severe and
sometimes lethal for all age groups. It can extend beyond the respiratory
system and is especially dangerous in the elderly and those with underlying
chronic medical conditions. The most significant sudden impacts of influenza
viruses on humans are those arising from the influenza A pandemic strains.
These are novel or re-emerging viruses to which a large proportion of the
human population have little immunity. They are thought to emerge through
genetic recombination of human viruses or through recombination of human
and animal viruses or perhaps changes in an animal virus and its adaptation
to humans.? When pandemics emerge they quickly sweep world-wide before
settling down to dominate the less severe seasonal influenza epidemics seen
each winter. Since 1918 three strains have arisen causing major pandemics
each resulting in millions of deaths. These were: HIN1 (1918) with an
estimated forty million deaths world wide*, H2ZN2 (1957) and H3N2 (1968)
both with estimated deaths of between one and four million. A lesser
pandemic occurred in 1977 when an H1N1 strain emerged without major
mortality and only partially replaced the H3N2 strain so that at present both
H1N1 and H3N2 strains circulate currently along with less pathogenic
influenza B strains.?

The natural reservoir of influenza A strains is a diverse pool of viruses among
aquatic wild bird populations, so called avian influenza (AT} viruses. These
viruses are well adapted to many aquatic bird species, less so to other bird
species while most are not at all adapted to humans and other mammals.’

* Tnfluenza A viruses are classically characterized according to the serologic reaction to the surface
glycoproteins into sixteen hemagglutinin subtypes (H1-16) and nine neuraminidase subtypes (N1-9).
Not all potential combinations exist and of the 16 H types known, only subtypes H1, H2, H3, H5, H7,

H9 and 110 seem capable of infecting humans.
+ The families of influenza A viruses that are well adapted to humans are mostly in the subtypes Hi,

H2 and H3.
I The 1918 pandemic is considered exceptional in its high pathogencity and it particularly affecting

young aduits.
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Adaptation means the viruses’ ability to infect a host, reproduce and be
transmitted onto fresh hosts. The Al viruses are divided on the basis of their
impact on birds into those of high and low pathogenicity avian influenza
(hence HPAI and LPAI) mostly on the basis of their biological characteristics.
Highly pathogenic avian influenza (HPAI) viruses are those that when injected
into chickens cause a high mortality (over 75%). All are H5 or H7 influenza

A subtypes and an alternative criteria not requiring biological testing is any
H5 or H7 virus with a haemaglutinin proteolytic cleavage site compatible with
an HPAI virus, 8

2. | Risk to Human Health from Avian Influenza Viruses - Principles

Essentially there are two mechanisms of risks to the physical health of
humans from avian influenza viruses,

E
Direct or indirect infection causing disease and sometimes death.”

Pandemic Potential from the potential for the emergence of new
pandemic strains either directly from avian viruses, or from their
recombination of their genetic material (RNA) with RNA from human or

other animal viruses.?

To realise any inherent genetic potential to cause a pandemic an influenza
virus has to have three attributes. It has to be able to infect humans, to
produce disease and most crucially to be efficiently transmitted from one
human to another. Whilst HPAI infections as a whole carry a somewhat
higher risk of producing infection in humans through direct or indirect
infection it does not follow that because avian influenza is *highly pathogenic’
for birds that it has any greater risk of forming or contributing to a pandemic
virus for humans.

§ On occasions in the last decade HPAI viruses have arisen that have a cleavage site that has not been
seen before. Hence, the in vivo pathogenicity index is still nécessary to judge an Al virus highly
pathogenic if it has a cleavage site that has never been associated before with HPAL

I Indirect meaning {rom the environment of fomites whereby live virus is deposited and survives for a

short while. E.g. on hands, a towel or another surface and then is transferred to a human e.g. by shaking
hands or sharing towels.

10
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3. The History and Development of Highly Pathogenic Avian
Influenza

3.1 Infections among Animals

Between 1959 and 2005 twenty-four HPAI epizootics (epidemics in animals)
have been documented worldwide. These are all due to the A/H5 and A/H7
groups with types A/H5/N1-N3, N8, N9 and A/H7/N1, N3, N4, N7
respectively.*® Many miliion blrds have died in these epizootics either directly
from the infection or from culling undertaken to control the infection.
Outbreaks have sometime been due to the introduction of HPAI from wild
birds. Equally some low pathogenicity A/H5 and A/H7 strains have mutated
to become HPALI viruses following circulation among domestic pouitry

Since 2000 there have been more and larger outbreaks of HPAI in poultry.**
The reason for this is unknown and the subject of speculation. Both large and
small outbreaks have taken place in Europe. Notable very large outbreaks
have occurred in densely populated commercial bird populations such as in
Italy in 1999 (type A/H7N1)’, the Netherlands, Belgium and Germany in 2003
(type A/H7N7) and Canada in 2004 (H7N3),5.%-10:11

3.2 Human Infections due to Avian Influenza

The first documented human infection with an avian influenza (A/H7N7) goes
back to 1959.% Cases occur in association with both large and small outbreaks
in birds but not all animal influenza infections in humans have come from
birds. For example in the late 1970s some workers dealing with infections in
seals developed eve infections (conjunctivitis).'? However infected birds
seem fo have been the major source of risk to humans.? There have been
human infections with both low pathogenicity and high pathogenicity strains.
Human infections with LPAI are recorded only occasionally but these have all
been with minor self-limiting illnesses so it may be that they are under-
recognised. For example there was one infection of a woman in the UK in
1996 receiving an eye infection from her domestic poultry which had mixed
with wild birds and in 2006 a single case in a person seemingly exposed
occupationally.>** No LPAI virus has been reported connected with severe
disease or death in a human.* In contrast the HPAI outbreaks in birds have
resulted in at least 217 human cases and 123 deaths (a case fatality rate near

11
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57%). Apart from a single fatality attributed to A/H7N7 virus strain during
the Netherlands / Beigium / German outbreak all the deaths and most of the
severe disease have been due to A/H5N1 (Figurel).**!* Mild human
infections have been reported in a number of outbreaks, for example in Italy
and Westem Canada.”*® In the Netherlands, during the epizootic of HPAI
with a different virus (A/H7N7), up to 64% of persons exposed to the virus
showed a serological response consistent with infection.”
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Figure 1. Reported human cases of infection and deaths with HPAI virus strains,
1959 - 2006,

*# A/HSNI1 data infections meeting WHO criteria as of 19 May 2006
http:/fwww.who.int/csi/disease/avian_influenza/country/cases_table_2006_05_19/en/index. htmt
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4. A/H5N1 - an unusual HPAI *
4.1 The Emergence of H5N1

In 1997 a serles of poultry outbreaks of highly pathogenic avian influenza
occurred in Hong Kong. An A/H5N1 strain was isolated both from chicken and
humans (18 human cases, 6 fatalities). This included the first human to
human transmission and the first occupational infection of a health care
worker, 8192021 The outbreak was contained by the rapid culling of infected
and at risk poultry and biosecurity measures. The virus strain is thought to
have been circulating in Mainland China before 1997.%%:%3

These A/H5N1 viruses are a group of evolving viruses forming distinct strains
some of which have achieved a degree of genetic stability. They have an
ability to infect a surprisingly wide range of bird and even some animal
species (for example the cat family with some cat-to-cat transmission in
artificial circumstances),”2%2® This ability to transmit from mammal to
mammal has raised concern of public health officials.?®

The A/H5N1 viruses were not detected again until they reappeared in Hong
Kong in February 2003 in humans (5 cases, 2 fatalities).”® The infection was
agaln controlled in poultry through vigorous culling, biosecurity measures and
poultry vaccination. However this was the prelude to a vast expansion of the
infection in the poultry populations in the Far East in Vietnam, Thailand,
Cambodia and Indonesia and beyond.” The drivers for this rapid
dissemination are unclear but commercial movements of chicks, birds and
their products are as likely as dissemination through wild birds. By the end of
2005, over 140 human cases with a fatality rate close to 50% had been
reported to the World Health Organization (WHO) from five counties. It
was on this basis of this spread and the possibility of A/H5N1 further adapting
to humans that WHO raised its global influenza alert to Pre-Pandemic Alert
Phase 3 in 2005.27* To date that further adaptation has not been observed,
specifically clusters of human H5N1 infection have not expanced in size as
woulld be the case if there had been increases in human to human
transmission.’® However the potential may remain. It is thought by some that

11 The on-going history of A/HSN1 in animals and humans is well described in tabular form in the
WHQO Time Line available at http:/fwww.who.int/csr/disease/avian_influenzastimeline.pdf

11 In 2004 WHO changed its Pandentic Scale to a Six Point measure with three Pre-Pandemic Phases.
Phase Three is when a novel influenza A virns has appeared can infect hvmeans and cause diseass,
occagionally fransmits from human to humans but has yet to show efficient psrson to person

fransmission.
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a particular risk of pandemic emergence arises through recombination with
circulating well-adapted (human) viruses through dual infections in humans
and other mammals to produce a pandemic strain. >

By early 2005 H5N1 was causing special concern because it was becoming
widely distributed in East and South East Asia.”’ The next major
development, the dissemination of a particularly stable strain well adapted to
birds beyond East and South East Asia seems to have started from an
important natural event in China. This was at Qinghai Lake in West Central
China where in April 2005 there was a large die-off of wild birds affecting an
unusually diverse range of bird species.”®*! Subsequent bird outbreaks across
Asia, Europe and Africa have mostly been of the same strain as that observed
at Qinghai, an unusual genetic stability for an avian influenza. When
compared to earlier strains the virus has shown no diminution in its
pathogenicity for chickens or humans.?*3%33:3435 The same virus then started
to be seen in well migratory and non-migratory wildfowl and showed some
indication of being somewhat more persistent in the environment though
peer-review publications confirming this latter point have yet to appear.®®
Hence it became apparent in late 2005 that some H5N1 viruses could travel
long distances quickly with wild birds as the vectars.”%

Single cases or outbreaks in wild birds were subsequently detected in early
2006 in many European countries where wild bird surveillance was already in
place.”* Qutbreaks were also detected in Middle Eastern, African and South
Asian countries.”® In these settings wild bird surveillance is unusual and so
detection has usually taken place when either a domestic or commercial flock
has been affected or when human deaths occur.?

The emphasis on wild birds does not mean that they have been the only
source of dissemination though nobody could deny their role.”*¥*? There are
other important routes of local spread, notably through commercial practices
and poor biosecurity (e.g. movements of infected poultry and people and
vehicles with contaminated fomites). Control of these latier factors are crucial
for protection of animals and humans at the local level, 2

4.2 Increased Human Exposure to H5N1 2005-6 — the Implications
The range of the stable strain of H5N1 has extended considerably in 2005-6.

Outbreaks in domestic poultry have expanded in some Regions where
veterinary services are weaker than in the European Union. Therefore in

14
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those places the likelihood of control of the infection is low and the numbers
of people potentially exposed to H5N1 though domestic flocks has increased
dramatically. That is in the Middle East, Africa and South Asia. This means
that there will be more peopie who are at direct risk of H5N1 infection,*
Equally there are many more governments that are needing to prepare for
this eventuality. Though there may not have been any change in the
pandemic potential the likelihood of any potential manifesting in the near
future must have increased. This will be discussed in Section 5.

4.3 Poultry Immunisation to protect against H5N1

At least three countries, China, Indonesia and Viet Nam are undertaking
large-scale poultry vaccination programs against H5SN1, seemingly as medium
term strategies and with the objective of reducing disease and the need for
culling in pouttry. The impact of these strategies on human risk of infection
and disease is unclear. If pouliry immunization is efficient and well monitored
it could reduce the population burden of H5N1 in poultry and hence the risk
for humans.*® Equally however if it leads to the silent circulation of H5N1 in
poultry it could actually increase the threat to humans in those countries and
the risk of co-infection with other influenzas. The closely studied programme
in Viet Nam is perhaps most likely to reveal which of these alternatives is
realized. One unintended effect of these programmes is that they may make
surveillance for single cases and small clusters of human H5N1 more difficult.
Outbreaks in poultry can become ‘silent” and the marker of die-offs of
domestic flocks could be lost when deciding which human pneumonias o
investigate. Falling numbers of reported human cases in countries practicing
large scale poultry immunization may therefore be misleading.

4.4 The Extension of A/H5N1 into Europe

H5N1 extended into Europe in wild birds in early 2006 (Figure 2) with
outbreaks or single cases in 13 out of 25 EU countries. Prior to 2006 large
scale wild bird surveillance and surveys had produced results that were
entirely negative for H5N1. The outbreaks have been instructive, Almost all
the H5N1 that has been seen in the European Union has been in wild birds
with only a handful of outbreaks in commercial poultry.®® This reflects
generally high levels of biosecurity in the European Union in the commercial
sectors. The presentations have sometimes been subtle with relatively few
bird deaths, notabie odd neurological behaviours and no striking die-off of
poultry, This raises the possibility that the virus could spread to other areas

15
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and not be immediately apparent. Die-offs in commercial flocks due to HPAL
are unlikely to go unnoticed in Europe. However it is acknowledged that more
could be known about the presence of HPAI in the wild bird population and
especially migratory birds.* Commercial flocks of poultry in the European
Union are on the whole more separated from wild birds than those in Asia
and Africa and so are less likely to act as sentinels. After the puise of H5N1 in
the early spring of 2006 numbers of HSN1 wild bird cases are diminishing but
has not gone away as shown by outbreaks in commercial and domestic
poultry along the Danube (Romania) and in the Baltic (Denmark} (Figure 2).
The threat may return later through further migrations. There is agreement
that controlling H5N1 in wild birds is impossible and should the stability of the
current H5N1 strains be maintained Europe may simply have to adjust to add
A/H5N1 influenza as one of endemic or occasionally appearing zoonotic
_ infectig;s: Guidelines to that effect for human health have been developed by
ECDC.
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Figure 2. Highly Pathogenic Avian Influenza (H5N1) reported in the European
Union through the Animal Disease Notification System February to May 2006
Source DG Sanco;
hitp://enropa.cu.int/comm/food/animal/diseases/adns/index_en.htm
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4.5 Human A/H5N1 Cases - An Unusual Clinical and
Epidemiological Profile

The only multi-country review of the clinical pattern of A/H5N1 in humans to
date found that the infection and disease pattern differed significantly from
any other human infections with HPAI>® Whilst it is certain that human cases
have gone unrecognised and unreported, serological studies around cases to
date have failed to identify mild or asymptomatic cases.*® These serological
studies have been criticized for being small scale and incompletely published.
Also it has been suggested that the methods applied may only have the
ability to detect serological responses in heavily ill hospitalized patients.
However these findings are consistent with other results indicating that the
H5N1 viruses are yet poorly adapted to humans.” 28

A/H5N1 viruses do not transmit easily from birds to humans but when they
do infect humans they cause severe disease.® It seems even less able to
transmit on from human to human, which is typical of other poorly adapted
zoonoses, ¥** This combination of high pathogenicity and only occasional
person to person transmission has changed little since the first observed
infections in Hong Kong in 1997.1920.23 :

4.6 Human Risk Groups and Risks of Transmission in Europe
See Table - Human Risk Groups in Europe (Annex 1)

While the routes of entry of H5N1 into humans remain-poorly understood
epidemiological data and the principles that follow from H5N1 being a virus
as yet poorly adapted to humans indicate that the chances of humans
becoming infected with an HPAI virus are small.” Equally the opportunity for
transmission are confined to specific circumstances.

Human exposure to Al viruses occurs through contact with infected tissues,
excretions, and secretions of infected birds, especially faeces and respiratory
secretions.®® The avian influenza viruses could seemingly be transmitted
through various media: inhalation of contaminated dust, inhalation of fine
water droplets, aerosols, hand-to-mucous membrane transfer of infected
faeces or respiratory secretions and theoretically, mucous membrane
exposure through consumption of raw or undercooked blood, organs or
meat.”® In general however, human cases have bheen principally related to
close direct contact with high doses of virus from live or dead infected poultry
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or occasionally wild birds.* Transmission probability is thought to be linked
both to virus and host factors. Current efforts (genomic approaches, animal
models, recombination approaches) are being undertaken in order to
determine which characteristics allow viruses to infect humans.*® However
even though many millions of people in East and South East Asia have been
directly exposed to H5N1 virus, only a very small percentage of them have
become infected or ill.

Determining the exact routes of human infection and their risk factors has
been beset with problems. Detailed field investigations have been rare and
those with serological support even rarer.*>** Also in most cases there are
multiple exposures and it is very difficult to determine if a person was
infected by direct exposure to poultry, fomites, contaminated. food or person
to person transmission. There are a few case reports with seemingly
reported unusual transmission (e.g. associated with bathing or consuming
uncooked blood).?*® However further investigations of these have usually
revealed multiple exposure and not evidence that the water or food was
actually contaminated (R. Brown, WHO Vietnam, personal communication).
Almost all of the A/H5N1 cases in Asia have been most closely associated
with direct exposure to live or dead infected pouitry.® Some cases suggest
exposure only to raw poultry products. The handling and consumption of raw
or undercooked products could be a source of human infection. This suggests
there may be a need for a model for enteric transmission and mucous
membrane exposure in addition to the usual respiratory models.

It has been suggested that these findings could have implications for Europe
from environmental exposure to humans for example where wild migratory
birds gather, for example at and around lakes. Certainly some studies of
environmental contamination with HPAT where people and wild birds co-exist
would be justifiable and risk assessments have been undertaken or are
underway. *-® However it needs to be remembered that H5N1 remains
poorly adapted to humans and that the greater risk for human infection
(Table ~ Risk Group 1} is direct exposure to poultry raised or kept outdoors
and those who have direct close contact with wild birds.* Poultry are highly
susceptible to A/H5N1 Asian viruses and the expressed virus load grows to
very high titres making the probability of exposure, infection and amplification
and human infections greater through contact with outdoor-reared domestic
poultry than indoor commercial or industrial poultry where biosecurity and
worker protection is generally higher. There are aiso those who may
theoretically be at risk though exposure (Table — Risk Group 2) but among
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whom clinical infections have been very rare even in the Far East where
exposure has been considerable. 23

Three striking epidemiological features of human A/H5N1 infections have
been
~ how few infections have taken place considering the massive exposure
to humans, -
~ the focus of infections in small household clusters involving family
members
— the almost total absence of infections among those controlling the
disease or caring for infected persons.
It has been suggested that a genetic susceptibility may partially explain some
of these observations. Some comments have been made that children are
more at risk (though the age structure of the human cases in the Far East is
close to that of the population fiving in close proximity with poultry). This
contrasts with the experience with the other HPAIs where those working to
control the disease have been more at risk,!#1>16:17

This has implications for Europe as there is a risk, albeit very small to those
who live closely with poultry and will probably not be so used to biosecurity
considerations as those in the commercial farming sector — so called ‘Sector
4’ poultry owners, those with backyard or hobby poultry. This is especially so
where those poultry may mix with migratory wild birds.

4.7 Risk to humans from Wild Birds

The experience from Azerbaijan indicate that there are rare circumstances
where wild birds can pose a risk, for example if people attempt to handle and
defeather sick or dead birds without taking precautions.”® The public will be
concerned but they need only follow simple measures already specified by
European authorities and WHO such as not handling birds found dead and
avoiding unnecessary contact with live birds when A/H5N1 has been shown

. to be present in a country. ¥

Finally however for the vast majority of people in Europe who do not have
any of the above contact there can be hardly any risk at all of acquiring H5N1
infection while it remains in its present poorly adapted form.

Since unlike Asia, Africa and the Middle East most of the European Union's
poultry flocks are segregated from humans the population risk is low. Those
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working to control outbreaks of H5N1 are an obvious risk group. Good
guidance for protection of this group already exists from the ECDC and also
from other international and national sources in Europe and elsewhere,>!:%5

4.8 Risk from Food

Acquisition through food is a theoretical risk and has been demonstrated in
the field and experimentally with tigers acquiring infection in Thailand from
eating raw chicken and artificially infected cats.*** However since cooking
destroys the virus it should only be people consuming raw poultry products
that would be at risk in Europe and there is already standard guidance to
avoid such products including eggs.**

4.9 Identifying and Communicating with the Groups at Highest Risk

Because of the potential entry of the virus from migratory birds away from
commercial flocks, the humans more at risk may be those with small flocks
and a few backyard poultry (chickens, turkeys, ducks etc) and they also
require guidance based on what has already been developed by WHO and
UNICEF.>>*° It is especially important to establish where there are such
groups in Europe who are living with more intimate contact with domestic
poultry and perhaps near migration sites. These groups can be hard to define
and reach (e.g. families in poor circumstances without access to electronic
comimunication). Those most at risk may be women whe care for domestic
pouliry and children who play with them, However the extremely low
transmissibility of A/H5N1 to people living like this observed in Asia is
reassuring. :

4.10 Preventing infection of Humans by H5N1 Viruses.

There is no single strategy that will uniformly prevent human infection with
HPALI viruses though the most important strategy is controf in poultry, the
most likely way that people will be exposed. Three approaches seem sensible

and have been supported internationally by WHO, OIE and FAQ 2%

i. Control the infection in birds which people will come
into contact with — usually domestic poultry.

20
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ii. Community mobilisation and education to reduce risk of
human exposure to infected birds

fiil. Case finding, surveillance, laboratory confirmation,
treatment, patient isolation and infection contro! Bearing
in mind he people at highest risk are those living with other
cases of H5N1 and after that people living intimately with
domestic poultry

Most people in Europe will not be at risk (Table Risk Groups) though the

- potential widespread dissemination in the environment means that certain
sensible precautions should be taken universally, most of these are around
good general hygiene and should be being appiied already and that is the
basis of ECDC's advice to people living where HSN1 has been found. 2 The
little risk that exists is mostly in groups that come into direct contact with
birds. These groups need to take certain special precautions.

4.11 The importance of small household clusters — Person to Person
Transmission

One paradox arising from the human data is that while the risk of H5N1 in
any individual is very low once a case appears the risk of cases other
household members rises considerably. There have been many smail
household clusters in China, South East Asia, Turkey, Iraq and Azerbaijan.
Hence the emphasis on case finding and then early treatment of other
household members in public health guidance.” .

This observation has been misinterpreted as implying there is more person to
person transmission than appreciated. The cause of these small clusters is
unclear. They include shared exposure, some genetic susceptibility as well as
person to person transmission. Occasional transmissions to very close
contacts have been seen since 1997 but remain rare.23® Those who have
become infected were generally blood relatives providing care at home. Apart
from one case there have been no onward transmissions to those providing
care in a health setting and taking normal precautions.*> Probably the most
important observation is that the clusters are no bigger now in 2006 than
they were in 1997 in contrast to what would have occurred should the virus
have adapted to humans and become more transmissible,”?® Tt that occurs it
which would be an indication that the world was entering WHO's Phase 4 or
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Phase 5 of a pandemic at which point there would probably only be a single
opportunity to contain the pandemic through early containment.®
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5. The Potential for generation of a pandemic strain from H5N1.

A/H5N1 viruses have been circulating with occasional human exposures for
nearly a decade. While the infection can infect and cause disease no change
in behaviour of the virus in humans have been detected (in stark contrast to
all the changes in birds) and no pandemic strain has appeared.” There must
be some restriction on widespread transmission in humans of the H5N1 virus
since the Al virus strains that infect humans seems to be limited to a
restricted genotype and there have been few infections, even though millions
of exposures and very close contact is required to infect other humans.
Hence most evidence indicates a difficult adaptation process for A/H5N1
viruses among humans.

An enduring concern is that a “normal” seasonal flu virus will infect an H5N1-
infected human, the two viruses will recombine and a new efficient HSN1
strain will emerge.?>® Equally there might be recombination with another
animal influenza or the H5N1 could simply mutate to form a pandemic strain.
Previously it was thought that due to the low number of H5N1 infected
humans, this would be statistically unlikely though the risk might increase as
the epizootic continues. Given that normal human influenza has been
circulating world wide, including in Asia, the extension of A/H5N1 to birds in
Europe, Africa and South Asia must have increased the numbers of people
potentially exposed to H5N1 and human influenzas. At the same time it is
unknown whether poultry immunization in the Far East will decrease or
increase human exposure.

The reduced amounts of contacts between infected birds and humans in
European countries compared to elsewhere makes it unlikely that Europe will
be the starting point for an H5N1 pandemic though there are countries on the
edge of the European Union to the East and South where those conditions
exist and where WHO's Early Containment Strategy might be needed.*®

The extension of range does not mean that there has been any change in the
pandemic potential of H5N1 itself.3® However the increased exposure of
humans to H5N1 means that if this virus does have pandemic potential that
potential must be more likely to be expressed in the near future than it was
previously. Conversely if H5N1 shows no ability to adapt better to humans
despite such exposure confidence is likely to increase that its genetic
pandemic potential is fow. One implication for those determining policy is
that if they are convinced that preparation should be made for a pandemic
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based on an H5N1 virus there are how good reasons for speeding up those
preparations.

It does not follow from any of the above that the next pandemic will
necessarily be due to H5N1 or another HPAIL. Equally since it is not fully
understood how pandemics arise it does not follow that the risk of a
pandemic is actually any higher now than it was say a decade ago. Though
there is more H5N1 in circulation it does not follow that there has been an
overall increase worldwide of the influenza viruses (of all H types) whose
genetic material has pandemic potential.

However certainly there is absolutely no room for complacency. The first
pandemic of the 20" century is thought to have emerged at least in part from
an avian influenza either in Europe or North America.®” It has been suggested
that other mammals may act as the ‘vessel” for dual infection and
recombination.?

There are reasons for recommending extending seasonal influenza
vaccination to wider groups. It has been suggested to include those involved
in control measures when seasonal influenza is circulating. This is already a
standard recommendation by one of WHO’s Regions.> The case for
immunisation of the wider number of people in Europe who live with
domestic pouliry either in commercial farms or with just a few chickens in the
backyard is a much more difficult decision and requires a measured scientific
public health view. A major consideration will be the difficulty of identifying
those at risk. It probably will be preferable to further expand the use of
seasonal vaccinations in the general population at least in the risk groups as
recommended by WHO's Executive Board. %! Given the need to expand
European capacity for production of influenza vaccine there are other reasons
why this will be desirable.

There are two crucial caveats to end this section. Firstly the ability of
influenza viruses to adapt, change and surprise is well established. Just
because the A/H5N1 viruses have been behaving in one way in Asia up to
now that does not mean they cannot and will not and so become a greater
threat to human health. Secondly it is important in this section to
acknowledge that in focusing so much on HPAI in general and A/H5N1 in
particular the next pandemic infection may actually arise from a low
pathogenic strain, ot the already human adapted A/H2N2 virus that caused a
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previous pandemic because almost no community immunity exists against
this virus anymore.
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6. Final Considerations

6.1 The Need for Close Co-operation of Veterinary and Human
Health Services

Much of the reduction of risk to humans from A/H5N1 will depend on the
outcomes of veterinary control programs and how safely they are
conducted.?®* While it would be difficult to justify large-scale public health
expenditures in preventing a few sporadic human cases, it is justifiable to
support expenditures to solve the problem in animals with such potentially
significant public health implications as development of a pandemic.
Increasing cooperation between the veterinary and human health agencies
within Europe will be a crucial component to controi avian influenza. Unified
national and local planning is an imperative and is already part of the
assessment exercises that ECDC, the European Commission and WHO Europe
is assisting national authorities in'making. Especially important will be unified
approaches to any outbreaks of human H5N1 in the EU mcludlng vuinerable
accession and candidate countries notably Romania.

6.2 The Importance of Risk Communication

Though strictly outside the remit of this paper it is impossible to ighore the
evident confusion in the minds of the public between avian, seasonal and
pandemic influenza. The perception of risk can be massive while as
demonstrated above the actual risk to the individual from Avian Influenza is
extremely low, even if they are exposed to infected poultry. Partially this
confusion is understandable since avian influenza can lead onto pandemic
influenza and the two issues are commonly tackled together in publications.
However this is leading to disproportionate anxiety and needs to be
addressed. Otherwise when the pandemic of ‘bird flu’ fails to materialize the
case for preparing for the next pandemic will be undermined. Equally there
will be unwarranted and disproportionate anxiety in the minds of the public
and fear of harmless birds, both wild and domestic.

6.3 Adapting to H5N1
Though there is no sign that H5N1 is adapting to humans Europe needs to

adapt to H5N1, The detection of H5N1 in wild birds in many European Union
Countries and the seeming stability of the virus suggest that countries may
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need to adjust to this being added to the current list of zoonoses present in
animals that occasionally infect humans.
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Annex 1. Table: Who is at risk of getting “Bird Flu” -
Highly pathogenic H5N1 avian influenza?

Broadly speaking there are two types of Risk Groups:-

Group 1 - Low but Real Risk

The risk of infection is almost entirely confined to the small numbers of people who
have close and intense contact with sick H5N1 infected domestic poultry
(chickens, ducks etc) or their droppings or sometimes wild birds. For
example through having sick and H5N1 infected poultry in the house.
Human cases have almost entirely been in this category.

In these circumstances children may be at higher risk than adults. This probably
represents behavioral rather than constitutional susceptibility. In these setting
children being more play with or look after pouitry and are less likely to practice
good persona hygiene than aduits.

People traveling to countries where H5N1 is prevalent can sometimes
enter this category Iif they are staying with families with domestic poultry.

The people who are at highest risk of acquiring H5N1 are the very small number
of people living in the same household as cases of H5N1 in humans. It is
thought that this is through shared exposure. Though person to person transmission
also occasionally happens. This is why early identification of human cases and early
treatment of them and their household contacts is crucial.

Group 2 Theoretical Risk — Precautions Required

There are also those at theoretical risk who may be exposed to the virus and: should
take appropriate precautions. This includes the following where H5N1 may be
present:

« Health care workers caring for those with H5N1 infection though there have
been no cases in this group for nearly a decade the risk is there and preventive
measures should be taken. A related group are those working in laboratories
with H5N1 viruses

« Veterinarian and people involved in controlling outbreaks in birds (culling)

+ People who work on industrial poultry farms,

» People who may have close contact with infected wild birds e.g. some
ornithologists and hunters,

¢ People who deal with sewage which is contaminated with H5N1

For the majority of people who have no contacts with domestic or wild
birds or their droppings, the risk of acquiring H5N1 is almost non existent.
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