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Morbidity and Mortality Weekly Report

Update: Influenza Activity — United States, 2010-11 Season,
and Composition of the 2011-12 Influenza Vaccine

During the 2010-11 influenza season, influenza activity*
first began to increase in the southeastern United States, and
peaked nationally in eatly February: Compared with the previ-
ous pandemic year (2009-10), higher rates of hospitalization
were observed for persons aged 265 years during the 201011
season, whercas lower hospitalization rates were observed in
younger populations than during the pandemic year. Overall,
the percentages of outpatient visits for influenza-like illness
(ILT) were lower during the 2010-11 season than the 2009-10
pandemic influenza season. In the United States, influenza
A (H3N2) remained the predominant virus chroughout the
season; however, 2009 influenza A (HIN1) and influenza B
viruses also circulated, and the predominant virus varied by
U.S. Department of Health and Human Service (HHS) region
and week. This report summarizes influenza aceivity in the
United States during the 2010-11 influenza season (October 3,
2010-May 21, 2011} and describes the components of the
2011-12 Northern Hemisphere influenza vaccine,

Viral Surveillance

During October 3, 2010-May 21, 2011, World Health
Organization (WHO) and National Respiratory and Enteric
Virus Surveillance System (NREVSS) collaborating laborato-
ries in the United States tested 246,128 specimens for influenza
viruses; 54,226 (22%) wete positive (Figure 1). OF the posi-
tive specimens, 40,282 (74%) were influenza A viruses, and
13,944 (26%) were influenza B viruses. Among the influenza
A viruses, 28,545 (719%) were subtyped; 17,599(62%) were
influenza A (H3N2) viruses, and 10,946 (38%) were 2009
influenza A (H1N1) viruses.

The proportion of specimens testing positive for influenza
during the 201011 scason first exceeded 10%, indicaring
higher levels of virus circulation, during the week ending
November 27, 2010, The proportion peaked at 36% during
the week ending February 5, 2011, and declined to <10%
during the week ending April 16, 2011.

*The CDC infiuenza surveillance system collects five categories of information
from 10 darz sources: 1) viral surveillance (World Health Organization collabo-
rating laboratories, the National Respiratory and Enteric Virus Surveillance
System, and nove! influenza A virus case reporting); 2) outpadent illness surveil-
fance (U5, Quepatient Influenza-like Ilness Surveillance Nerwork): 3) morality
(122 Cities Mortality Reporting System, Aggregate Hospitalization and Death
Reporting Activicy, and influenza-associated pediatric mortality reports); 4)
hospitalizations (FluSurv-NET, which includes the Emerging Infections
Program and surveillance in six additional staces, and Agptegate Hospitalization
and Death Reporting Activity); and 5) summeary of the geographic spread of
influenzz (state and territorial epidemiologist reparts),

Although influenza A (H3N2) viruses predominared,
2009 influenza A (HIN1) and influenza B viruses also
circulated widely. The relative proportion of each type and
subtype of influenza virus varied by region and week. From
early November though early December, influenza B viruses
accounted for 40%—49% of influenza viruses reported nation-
ally, with the largest numbers reported from the southeastern
states (HHHS Region 4).Y Influenza B viruses were predominant
in Region 4 from early November through late December.
The proportion of 2009 influenza A (H1N1} viruses increased
nationally, beginning in January, and peaked during the week
ending February 20, 2011, when 49% of all subtyped influenza
A viruses were 2009 influenza A (HIN1) viruses. Although
during this time influenza A (H3N2) viruses still predominated
nationally, 2009 influenza A (H1N1) predominated in five of
the 10 regions (Regions 3, 4, 5, 8, and 9) for 5~7 consecutive
weeks, ranging from the week ending January 15 to the week
ending April 2, 2011.

Novel Influenza A Viruses

Five cases of human infecrion with a novel influenza A
virus were reported during the 2010-11 influenza season
from three states. All five cases were infected with swine-
origin influenza A (F3N2) viruses. Two cases occurred in
September (Pennsylvania and Wisconsin), one case in October
{Pennsylvania), and two cases in November (Minnesora). Two
of the five cases occurred in adulrs, and three occurred in
children. Two of the five cases were hospitalized; all five have
recovered fully from their illness. The two cases in Pennsylvania
were not related. The cases in Wisconsin and Pennsylvania had
direct conract with swine or lived in areas close to swine farms.
The two cases from Minnesota occurred in a father (index case)
and child. The father had a nasopharyngeal swab positive for
swine-origin influenza A (H3N2) virus and had direct swine

tThe 10 HHS regions include the following states and territories: Region 1:
Connecticut, Maine, Massachusewts, New Hampshire, Rhode Island, and
Vermont; Region 2: New Jersey, New York, Puerto Rico, and the U.S. Virgin
Islands; Region 3: Delaware, District of Columbia, Maryland, Pennsylvania,
Virginia, and West Virginia; Region 4: Alabama, Florida, Georgia, Kentucky,
Mississippi, North Carolina, South Carolina, and Tennessee; Region 5: Illinois,
Indiana, Michigan, Minnesota, Ohio, and Wisconsin; Region 6: Arkansas,
Louisiana, New Mexico, Oklahoma, and Texas; Region 7: Iowa, Kansas,
Missouri, and Nebraska; Region 8: Colarado, Montana, North Dakota, South
Dakota, Utah, and Wyoming; Region 9: Arizona, California, Hawail, Mevada,
American Samoa, Commonwealih of the Nocthern Mariana Islands, Federated
States of Micronesia, Guam, Masshall Islands, and Republic of Palau; Region 10:
Alaska, Idaho, Oregon, and Washington. '
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FIGURE 1. Number* and percentage of respiratory specimens testing positive for influenza, by type, surveillance week, and year — World
Health Organization and National Respiratory and Enteric Virus Surveillance System coliaborating laboratories, United States,

October 3, 2010-May 21, 2011F
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exposure G days before iliness onser. The child, whose infection
with influenza A (H3N2) virus was confirmed several weeks
later by serologic testing, did not have direct swine exposure,
and most likely acquired infection from close contact with her
father. Other persons in the same household also had ILI dur-
ing the same period, but scrologic results were either negacive
or inconclusive. :

Antigenic Characterization

Since Ocrober 1, 2010, CDC has antigenically characterized
2,494 influenza viruses submitced by U.S. laboratories. Those
have included 613 2009 influenza A (F1N1) viruses, 1,139
influenza A (H3N2) viruses, and 742 influenza B viruses. Of
the 613 2009 influenza HINI viruses tested, 612 (99.8%)

were characterized as AfCalifornia/7/2009-like, the 2009

influenza A (FI1N1) component of the 2010-11 influenza

706 MMWR / June 3,2011 / Vol.60 / No.21

vaccine. One virus (0.2%) of the 613 tested showed reduced
titers with antiserum produced against A/California/7/2009.
Ofthe 1,139 influenza A (H3N2) viruses, 1,103 (96.8%) were
characterized as A/Perth/16/2009-like, the influenza A (H3N2)
component of the 2010-11 influenza vaccine for the Northern
Hemisphere. Of the 1,139 tested, 36 (3.2%) showed reduced
titers with antiserum produced against A/Perth/16/2009.

Of the 742 influenza B viruses tested, 699 (94%) belonged
to the BfVicroria lincage and 698 (99.9%) of these were
characterized to be B/Brisbane/60/2008-like, the influenza B
vaccine component for the 2010-11 Northern Hemisphere
influenza vaccine. One (0.1%) of the 699 viruses belonging
to the BfVictoria lineage showed reduced titers with antisera
produced against B/Brisbane/60/2008. Of the 742 viruses
tested, 43 (5.8%) belonged to the B/Yamagara lineage,
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Although Lyme disease has been endemic to paris-of the Lower Hudson Valley of New York, United
States, for »2 decades, babesigsis has emerged there only since 2001. The number of Lower Hudson
Valley residents in whom babesiosis was dlagnosed increased 20-fold, from 6 to 119 cases per year
during 2001-2008, compared with an ~1,6-fold increase for the rest of New York. During 20022009, a
total of 19 patients with babesiosis were hospitalized on 22 occasions at the regional.tertiary.care center,
Concurrent conditions included advanced age, mallgnancies, splenactamy, and AIDS. Two patients
acquired the infection from blood transfusions and 1 from perinatal exposure, rather.than from a tick bite.
Cne patient died. Clinicians should consider babesiosis in persons with fever and hemolytic anemia who
have had tick exposure or have received blood products.

Babesiosis is a tick-borne infection of erythrocytes. Babesia microti, the most common
cause of babesiosis in North America, is transmitted by Ixodes scapularis ticks, which also
transmits Borrelia burgdorferi, the cause of Lyme disease, and Anaplasma phagocytophilum, the
cause of human granulocytic anaplasmosis (HGA) (1,2). Babesiosis, however, does not occur in
all Lyme disease—endemic areas (/). Although Lyme disease has been highly endemic to parts of
the Lower Hudson Valley (LHV) of New York in the United States since the mid-1980s, the first

indigenous case of babesiosis did not occur there until 2001 (3).
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To better characterize the recent emergence of babesiosis in this region, we reviewed data
for 2001-2008 on 1. scapularis tick—transmitted infections in the 7 counties-that make up the
LHYV. These counties are located immediately north of New York City. In addition, we reviewed
the medical records of patients with babesiosis who were hospitalized during Janwary 1, 2002—
December 31, 2009, at the Westchester Medical Center (WMC), the sole tertiary care medical
center in the LHV.

Methods

Reported Babesiosis Cases in the LHV

For this report, we defined the LHV as Wt-astchester, Putnam, Dutchess, Orange,
Rockiand, Ulster, and Sullivan counties (4). Cases of babesiosis, Lyme disease, and HGA in this
region were tabulated on the basis of statistics on reportable diseases available on the New York
State Department of Health (NYSDOH) website (35). Cases listed as ehrlichiosis were assumed to
be a surrogate for HGA in this region. For purposes of surveillance by the NYSDOH during the
period xeviewed, a diagnosis of babesiosis was considered confirmed when 1} a clinically
compatible illness occurred in conjunction with identification of Babesia spp. parasites on blood
stear or a positive immunoglobulin G (or total antibody) Babesia spp. serologic titer of >256
(with testing confirmed by NYSDOH), or 2) in the absence of a clinically compatible illness,

Babesia spp. parasites were present on blood smear (5).

Patients Hospitallzed with Babesiosis at WMC

WMC isl located in Valhalla, Westchester County, New York. We retrospectively
reviewed medical records of patients with babesiosis documented by peripheral bloed smear who
were hospitalized at WMC during January 1, 2002-December 31, 2009. Case ascertainment was
based on review of microbiology and infectious diseases records. For the 2 patients who had >1
hospitalization for babesiosis, we included data for only the first hospitalization. Complete
records were available for all but 1 patient; partial records were available for that patient. The

Institutional Review Board at New York Medical College approved the medical records review.

Statistical Methods
Continnous variables were described with means and standard deviations. Categorical

variables were described with frequencies and percentages, and differerices were compared with
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the Fisher exact test (2-tailed), Relative risk estimates over time and among counties were
computed by using Poisson regression adjusting for population size. A p value <0.05 was

considered significant.

Results

The LHV comprises 4 counties west of the Hudson River (Rockland, Orange, Sullivan,
and Ulster) and 3 counties east of the Hudson River (Westchester, Putnam, and Dutchess)
(Figure 1). Westchester County is located immediately north of the Bronx, New Yark.,

Babesiosis has been a reportable disease in New York since 1986. According to statistics
compiled by NYSDOH (5), the number of cases of babesiosis diagnosed in residents of the 7-
county LHV increased nearly 20-fold from 6 per year to 119 per year during 20012008 (Figure
2), with an average increase in incidence of 48.7% per year (95% confidence interval [CI]
40.6%-57.2%) (Table 1) (5,6). In the rest of the state, the number of cases increased only =1.6-
fold during the same period (from 89 cases in 2001 to 142 cases in 2008) (5).

Although the number of babesiosis cases increased on both sides of the river, 104
(87.4%) of 119 reported cases in 2008 occurred in residents of counties east of the Hudson River
(Table 1), The 104 cases in the 3 counties east of the Hudson River, with a total population of
1,346,065 (6), correspbnds to 7.7 cases per 100,000 residents, compared with 15 cases among a
total population of 936,051 or 1.6 cases per 100,000 for the 4 counties west of the Hudson River
(relative risk [RR] 4.82, 95% CI 2.79-8.92; p<0.001). In the 3 counties east of the river,
Dutchess County accounted for 62 of the babesiosis cases in 2008 (21.2/100,000), Westchester
County for 36 cases (3.8/100,000), and Putnam County for 6 cases (6.0/100,000); thus, the
prevalence of babesiosis in 2008 was significantly greater for Dutchess County than for
Westchester County {(RR 5.61, 95% C1 3.72-8.46; p<0.001} or for Dutchess than for Putnam
County (RR 3.53, 95% CI 1.51-8.09; p = 0.003). No significant difference was detected between
Putnam and Westchester Counties (RR 1.60, 95% CI 0.68-3.81; p = 0.28} (5,6).

For purposes of comparison, in 2001, a total of 2,584 Lyme disease cases were reported
" from the LHV, compared with 4,609 in 2008, representing a <2-fold increase; 78 ehrlichiosis
(HGA) cases were reported in 2001, compared with 213 in 2008, a <3-fold increase (5). In 2008,
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2,369 (51.4%) of the 4,609 reported Lyme disease cases occurred in residents of counties east of
the Hudson River, compared with 186 (87.3%) of 213 reported ehrlichiosis (HGA) cases.

Hospitalized Patients with Babeslosis

Coincident with the emergence of babesiosis in the LHV, the number of patients
hospitalized at WMC with this infection also markedly increased. Nineteen patients (18 adults)
were hospitalized with babesiosis at WMC on 22 occasions from 2002 through 2009. All 19
patients were residents of LHV; 15 (79%) resided in Westchester County, 2 in Dutchess County,

and 1 each in Orange and Putnam Counties.

The only child affected was a 6-week-old infant who acquired B. microti infection
perinatally; a detailed case history for this patient will be reported elsewhere. For 2 of the 18
cases in adults, transfusion of infected blood products was believed to have been the route of
infection; 1 of these cases is described in more detail elsewhere (7). Fifteen (94%) of the 16 other
adult patients had potential tick exposure m the LHV (tick exposure is defined as exposure to
outdoor environments where ticks are likely to reside); for 10 (67%) of these patients, this was
the only known tick exposure within 30 days before onset of symptoms. Of the 16, however,
only 3 (19%) actually recalled a tick bite within this 30-day period.

All 18 adult patients had a positive peripheral blood smear for Babesia spp. parasites
(Table 2). Of the 8 patients who were tested for B. microti DNA by PCR, all had positive results.
Al but 2 of the patients were admitted during May-October. One patient was admitted in
December, and the other was admitted in January. The patient who sought care in December had
a tick bite 1 month before admission. Thirteen (72%) patients were men; the mean age was 54.1
years (range 21-95 years). Mean time from onset of symptoms to diagnosis was 13.6 days
(median 11 days, range 3—33 days).

Five (28%4) patients had had a splenectomy before the babesiosis diagnosis, 2 (11%) had
AIDS, and 5 (28%) had malignancics (2 of whom were among the 5 patients who had
splenectornies). Of the 5 patients with malignancies, 1 had acute myelogenous leukernia and had
received a stem cell bone marrow transplant, 2 patients had B-cell follicular lymphoma (and had
been treated with rituximab), | had a teratoma, and 1 had renal cell carcinoma. OF the 8 patients
<50 years of age, 5 (63%) were potentially immunocompromised because of malignancy,

splenectomy, or AIDS.
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Common symptoms or signs were fever (temperature >38°C) (83%), headache (39%),
malaise (33%), and chills (28%); splenomegaly was present in 2 (15%) of the 13 patients with an
intact spleen. Frequent laboratory findings included anemia, thrombocytopenia, and abnormal
liver function tests (Table 2). All 15 patients for whom a lactate dehydrogenase level was
available had a value above the upper reference limit (221 U/L). Reticulocytes varied from 1.1%
t0 19.9% in 12 patients (median 3.1%; reference 0.5%—1.5%). Haptoglobin level was <20 mg/dL
in all 10 patients who were tested (reference 26-85 mg/dL).

Eleven patients were treated with azithromycin and atovaquone; a rash to azithromycin
developed in 1 patient, and the drug regimen was changed to clindamyc¢in and atovaquone. In
another patient, a rash to atovaquone developed, and clindamycin and quinine was prescribed.
Six patients were initially treated with clindamycin and quinine; adverse reactions to quinine
developed in 3. In 1 patient, QT prolongation developed, and in 2 patients, hearing loss
developed. One patient was initially treated with clindamycin and atovaquone. Eight (44%)
patients required blood transfusion for anemia, and 3 (17%) received erythrocyte exchange as
adjunctive therapy.

' Length of hospital stay ranged from 3 to 73 days (median 8 days). One patient had left
upper quadrant pain and splenic yupture and was treated conservatively without surgery. The 1
death occurred in a 95-year-old patient in whom shock and respiratory failure developed and
who required admission to the intensive care unit. Another patient required ventilator support. In
15 (83%) patients, infection resolved with a single course of antimicrobial drugs. Illness recurred
in 2 patients but resolved afier a subsequent and more prolonged course of antimicrobial drug

treatment (the 2 latter patients have been included in previous reports [7-9]).

Discussion

As of 2008, babesiosis cases in residents of the LHV accounted for 45.6% of the 261
cases reported in New York (5). Testing of selected I scapularis ticks by PCR in 2002 showed
positive resulis for B. microti in tick pools collected in Dutchess and Westchester Counties (5). A
more recent study of 154 adult I scapularis ticks collected in 2008 from 2 locations in
Westchester County identified 24 (15.6%) ticks that were infected with B. microti according to
PCR, compared with 34 (25.8%) of 132 adult ticks collected from 3 locations in Suffolk County,
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in Long Island, New York (p<0.04) {10); babesiosis has been indigenous to Suffolk County since
1975, with 95 cases reported there in 2008 alone (5). These infection rates, however, should be
interpreted cautiously because an unknown proportion of positive findings may have resulted
from detection of B. odocoilei in the ticks evaluated, rather than B, microti. B. odocoilei, which is
not regarded as a human pathogen, infects deer ticks more frequently than does B. microti in sites

where these piroplasms coexist {{.1).

There are 2 prior reports of hospitalized patients in New York with babesiosis. One report
published in 1998 described 139 adults with babesiosis hospitalized during 1982-1993 (12).
More than 90% of these patients resided in Suffolk County; only 2 resided in Westchester
County. The other report, published in 2001, described 34 adults and children with babesiosis .
hospitalized at 2 tertiary care centers in Suffolk County (Z3). The latter patients were ‘ ( )
hospitalized over 13 consecutive years, but the exact years were not specified. The general
clinical and laboratory features of babesiosis in these 2 case series were similar to those observed
in the patients in our study. Most patients had a nonspecific febrile illness associated with
hemolytic anemia, thrombocytopenia, and abnormal liver function test results. Of the 139
patients in the 1998 series, 16 (11.7%) had had a splenectomy (/2), as did 8 (27%) of the 30 ‘
adults in the 2001 report (/3), but in neither of the 2 earlier reports were any patients identified
as having lymphoma and receiving treatment with rituximab (9), receiving a transplantation, or
having AIDS. Thus, our case series presumébly included more patients now recognized to be at
high risk for relapse of infection (9). The 5.6% case-fafality rate in our study, however, is slightly
lower than the 6.5% in the 1998 report (12) and the 8.8% in the 2001 report (13). Unlike the 2
prior case series, 2 (11%) of the patients in our study were believed to have been infected |
through receipt of an infected blood product (7), which provides further evidence of the growing C)

importance of this route of transmission (14-78).

Six (33%) of the patients reported here had serologic evidence of Lyme disease, but this
finding may overestimate the frequency of coinfection because only 1 had an objective clinical
manifestation of Lyme disease (efythéma migrans). Among the aduit ticks collected in
Westchester County in 2008 (10), 79.2% of those infected with Babesia spp. were also infected
with B. burgdorferi, which reinforces the need to consider the possibility of concomitant Lyme

disease in patients from the LHV in whom babesiosis is diagnosed.
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How B. microti found its way from areas to which this microorganism is endemic into the
I scapularis tick popuiation of the LHV is unclear. Evidence suggests that babesiqsis is also
emerging as a human pathogen in contiguous geographic areas of western Connccticut (19,20).
The principal animal reservoir for B. microti is the white-footed mouse, Peromyscus leucopus
(). Other reservoirs include voles and shrews. These animals are not likely to travel great
distances, which suggests that movement of these animals is an unlikely explanation for the

emergence of babesiosis in the LHV.

Babesiosis is an emerging infectious disease in the LHV of New York with the potential
to cause serious illness and death, especially in highly immunocompromised patients. Clinicians
should consider this diagnosis in persons with fever and hemolytic anemia who have been

exposed to ticks or have received blood products,
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Table 1. Babeslosis cases reported to the New York Stale Depariment of Health, Lower Hudson Valley, New York, USA, 20012008

Area (2008 poputation) 2001 2002 2003 2004 2008 2006 2007 2008

Woest of Hudson River (536,051} 1] 1] 1 2 5 7 5 it
Rockland County (298,545) 0 o a 1 0 2 4] .3
Orange County (379,647) 0 0 1 1 1 5 5 7
Sullivan County (76,189) a 0 0 0 1 ¢ 0 1
Ulster Caunty {181,670} [1] 1] Q 0 3 Q 1] 4

East of Hudson River {1,346,065) 6 8 20 16 K::] 70 74 104
Diehess County (292,878) 2 4 6 7 23 42 44 62
Putnam County (99,244) 1 0 1 0 2 3 1 6
Waestchester County (953,943) 3 4 13 9 13 25 29 36
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Table 2. Selected demographic and clinical features and laboratory test results for 18 adults with babesiosis hospitalized at

Wastchester Medical Center, Valhalla, New York, USA, 2001-2008*

Characteristic Valug

Mean age, v,  SD (range}) §4.1 £ 20.1 (21-95) '
Male, no. (%) 13 (72.2}

Mean tima from symptom onset to diagnosis, d, £ $D {range) 13.6 £ 9.28 {(3-33)
Recollection of tick bite within 30 d, no. (%) 3{18.8)

Temperature >38°C, no. (%) 15 (83.3)
Splenomegaly, no. (%}, n=13 2{15.4)

Meant inftial parasitemia, %, £ SD (range), n = 171

Mean highest level of parasitemia, %, £ 8D (range), n= 17¢

tMean Initial lymphooyte count x 10%L,+ SD (range), n= 17
Lymphocyte count <1,000 *10%L, no. (%), n= 12

Mean hemoglobln minimwm, gfdL,+ SD (range)

Mean platelets minimum, x 10°/L, £ SD (range)

Platelsts minimum <150 x 10%L, no. (%)

Mean initial erythrocyte sedimentation rate, mmvh,t 8D {rangs), n =92
Mean initial lactate dehydrogenase, U/L, £ 8D (range), n=15

Mean Initial aspartate arninotransferase, UL, £ SD (range)
Initial aspartate aminotransferase »30 UL, no. (%)

Mean Inlilal alanine aminciransferase, UL, = SD (range)
Initial alanine aminotransferase >40 UIL, no. (%)

Mean initial total bilicubin, mg/dL, £ SD {range)

Inikial tetal bilirubin >1.2 mg/dL, no. (%}

Mean serurn sodium minimum, meg/L, £ SD (range), n=17

Mean creatinine maximum , ng/ml, £ SD (range), n= 17

4,49+ 4.57 {0.01-14)
6.34 & 5.79 (0.05-18)
7.2 £ 3.3 (3.2-15.4)

5 (41.6)
8.2+1.88 (3.5-11.1)
110.8 + 139.2 (19-615)
16 {88.9)

78.7 + 33,3 (32-138)

931.5 + 562 (229-2074)

237.7 + 366.9 (19-1450)

14 (77.8) ¢ )
110.2 + 111 {16—433) ~
13 (72.2)
3.4 £ 5.59 (0.4-24.5)
10 (55.6)

127.6 £ 10.1 (94—139)
1.3+ 0.59 (0.7-2.7)

*Data were oblainad fram all 18 patients unless otherwise indicaled,
+For 1 patlent with a pesiilve smear, the leve! of parasitemia is unknown.

Figure 1. Map of the Lower Hudson Valley

of New York, USA. Westchester, Putnam,

and Dutchess Counties are east of the

Hudscn River, and Orange, Rockland,

Ulster and Sullivan Counties are west of

the Hudson River. The star indicates the

site of the Westchester Medical Center.

Perrnission for use of this image granted

from the Wesichester institute for Human Q
Development on July 23, 2010.
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Figure 2. Annual number of reported babesiosis cases, Lower Hudson Valley, New York, USA, 2001~
2008.
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202110416,
which, fo

technlcal rezsons, was incomplete. -~ Mod.SH

In this posting:
[1} Japan: CIE
[2] Norway: NFSA, scrapie control programme

o e ek ok

[1] Japan: CIE

Date: Fri 15 Apr 2011

Source: OIE, WAHID (World Animal Bealth Information Databzse), weekly
disease 1nformat;on 2011; 24(18) [ed;ted]

~ any i b gene st R e st L (12
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Scrapie, Japan

Information received on (and dated) 15 Apr 2011 from Dr Toshire Kawashima,
CVO, Animal Health Divisicn, Ministry of Agriculture, Forestry and
Fisheries, Tockyo, Japan

Swmmary

Report type: immediate notification

Start dete: 30 Mar 2011

Date of 1st confirmation of the event: 14 Apr 2011

Date submitted teo OIE: 15 Apr 2011

Reason for notification: reoccurrence of a listed disease

Date of previous occurrence: April 2005

Mznifeststion of disease: clinical disease

Czusal agent: Prion protein

Nzture of diagnosis: laboratory (advanced)

This event pertzins to the whole country

New outbreaks

Outbreak 1: Minami-ku, Fukuoka city, Fukucka

Date of start of the outbreazk: 30 Mar 2011

Outbreak status: resolved (14 Apr 2011)

Epidemiological unit: fazrm

Affected animzls

Species / Susceptible / Czses / Desths / Destroved / Slaughtered
Goats / 14/ 0/ 0/ 0/ 0

Sheep / 43 /1 /1 /0/ 0

Epidemiology

Source of the outbrezk(s) or origin of infection: unknown or inconclusive
Epidemiological comments: one scraple-positive sheep was detected zs &
result of the regular surveillance conducted by Fukuokas prefecture on 14
Apr 20611.

The sheep was dead on 30 Mar 2011 and the cercass hes been incinersted
after the szmpling.

An epidemiclogical survey is being conducted.

Control measures
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3. Categories of holdings

The nationwide programme is mandatory and includes all small ruminants.
According to the number of years a holding has been under surveillance, it
is classified in one of 5 different classes [for their details, go to the
source URL abovel.

Movements of flocks are restricted. Basically, it is forbidden to move
small ruminants between counties. The local animal heslth authority may,
however, grant permissions. Furtherxmore, it is only permitted to take sheep
and goats into a flock from a flock classified on an equal or higher level.
Currently almost sll flocks in Norway are in [highest] class 5 [under
surveillance for st least 8.5 years]. If animsls of unknown surveillance
status are introduced illegally inte a flock, the said flock will be
degraded to the lowest class.

4. Laboratory examination procedures

The national reference laboratory for TSE in Norway is the Norwegian
Veterinary Institute in Oslo. The samples are analyzed according to the
conditions laid down in Regqulation (EC) No ©299/2001 [see
<hitp:/fec.europs.en/foodf/fefafe/markticb/marki labls en.pdi>}.

Clinically suspect animals are subject to histopathological examinztion of
brain tissue and immmnochistochemical examination of brain and lymphoid
tisswe for PrPSc. In addition, a rapid test (TeSeE (R) Blo-Rad) is
performed on brain and lympheid tissues.

From fallen stock a pooled brain tissue sample (obex and cerebellum) is
initially examined by the rapid test. Immunohistochemistry and Western blot
{WB) are used as confirmstive tests.

Western blot (TeSeE sheep/goat WB Bio-Rad) differentiates between classical
znd atypical scraple {Nor28). Immunohistochemistry is performed using a
monoclonal anti-PrP-antibody (FB9/160.1.5). A commercially available kit
{Envision+ (K} System HRF [AEC] DakeCytomation} is used to enhance the
sensitivity of the method.

The confirmative tests, immmohistochemistry and Western blot snalyses for
PrPsSc (TeSeETM sheep/gozt Western Blot Bio-Rad), are carried out st the
Norwegian Veterinary Institute in Oslo.

5. Components of the programme

Education, notification of suspect cases, official inspections,
identification and registration of sampled flocks are essential elements to
fulfill the surveillance program.

a. Education

To ensure that the persons who are handling small ruminants have knowledge
zbout their cbligations and the disease, information, and education
campaigns have been carried out. Farmers as well as local veterinary
officers (VOs) have been trained.

b. Notification

There is an obligation for privete practitiomers to netify any clinical
suspect animal detected while carrying out private work on-farm. The same
obligation exists for the keeper, transporter, or other responsible for the
animal. This obligation alsc applies for all fallen stock clder than 18 months.

c. Official inspections

The local VOs inspect all sheep and gost flocks in Norway regularly, at
least every 10th year. Farms with restrictions are visited every year. The
visits include both inspections of the animzls and the holding, as well as
inspection of the identificatien marking of the animals and the records, in
particular records concerning the health situstion (including trestments)
of the animels.

All clinically suspect animels are examined by the VO. Selected animals may
be re-ingpected after 2 weeks, or killed and submitted te testing. The
animzl may zlso be transferred to an isolated pen for further cbservation
and lster examination.

Thorough inspections of the live animals to detect possible cases of
scrapie are being conducted by the farmers themselves, by the VOs an their
regular visits to the farms, and by extended ante mortem examinations of
al]l sheep older than 2 years. The antemortem examinastions sre usually
performed in the absttoirs. In floeks with cofficial restrictions due teo

http://www.promedmail.org/pls/otn/f7p=2400:1001:2386663949023841::NO:F2400_P1001_ BACK P.. 2011/06/14
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suspicien of scrapie, it has to be performed by the VO on the farm prier to
transport to the abattoir.

d. Identification and registration of animals
All heldings eof small ruminants and animals belonging to them zre
registered with unique identifiers in a central database.

In addition to the above mentioned requirement the farmers are obliged to
keep holding registers and movement documents containing information
referred to in Council Regulstion (EC} No 21/2004 [see

<hirp:/fenr-lex, eurcpa.eu/lLexlriServ/LaxliriServ, doPuri=0J: L1 2004 GEB: OG0B 802 T

—

e. Sampling

* Animeis slaughtered for human consumption

~ 10 000 sheep sbove 18 months of age randomly selected Zrom the
sub-populztion of normslly slsughtered animzls

- 211 imported ovine and caprine anhimals irrespective of age

~ all sleughtered ovine and caprine animals sbove 18 months of sge from
holding subject to restriction due to the TSE control and eradication
programme )

*. Animals not slaughtered for human consumption

- zll ovine (goal 10 000) and caprine (goal 500} animals zbove 18 months of
age which have died or have been killed for other reasons than slaughter
for human conswmption

- all dead or killed for destructiecn ovine and caprine animals zbove 18
months of age from holding subject to restrictiom due to the TSE control
and eradication progranme

* Sampling following notification

~ all sheep and goats showing signs of nervous disorders or behavioural
changes irrespective of age when it is not entirely clear whether this was
caused by injuries or other infections

* Registration of sampled flocks

All flocks sampled will be registered at the Norwegian Veterinary
Institute. This register can be compared to the national register of animal
holdings and large flocks where no animals are tested for TSEs might be
identified for following up by the local VO.

6. Contrcl measures
a. Classical scrapie: measures as a conseguence of scrapie confirmation
_When classical scrapie is confirmed in a flock, the entire helding of small
ruminant animals is killed. The carcasses are treated as category 1
mzterizl according to Regulation (EC) No 1774/2002. Any sheep in contact
flocks that were born on the affected holding, and offspring of ewes that
were born on the affected holding, are killed, destroyed, and compensztion
is paid by the authorities.

The prion protein genotype has since 2003 been determined for zll animals
that zre killed as a part of the eradication measures for classical scrapie.

After an affected fleck has been killed, extensive measures sre taken to
eliminzte the infectious agent from the holding. Buildings where sheep have
been kept are subjected to strict sanitation measures. If satisfactory
cleaning and disinfection iz considered impossible, the building is demeclished.

The sanitation measures required for indeor areas include the removsl of
manure, removal and burning of 21l wooden msterisls and other not washzble
mzterial that has been in direct contact with the sheep (flooring, walls,
drinking basins, etc), cleaning and disinfection of remsining indoor ezreas,
painting of lezst the bottom 1.5 m [4.5 feet] of the walls of the building
{including window panes), and fitting of new floocrs, deers, wslls, etc,
according to the condition on the fazxm.

Sanitetion measures for outdoor srezs include changing of the upper layer
on surrounding unpzved roads, washing, disinfection, and if necessary
painting of the outside well of relevant buildings, ploughing and/or
burning of grass on grezing zrezs, znd disinfection or fitting of new
fences on ereas that have been in contact with sheep.

After completion of the senitsztion messures, the farm must be left empty
for st least 2 yesrs, before restrictions sre lifted and new sheep and
goats are allowed to enter the farm.

Restrictions are put on pasture toe. The lst harvest after re-cultivatien

(ploughing) of home fields cannct be fed to sheep and goats. If proper
re—cultivation of the fields is not possible, the land must lie fazllow for

http://www.promedmail.org/pls/otn/f?p=2400:1001:2386663949023841:NO:F2400_ P1001_BACK P... 2011/06/14
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5 years. The extent of restrictions on outlying fields may vary depending
ocn the present circumstances, such as grazing load and vegetation.
Normally, keeping susceptible animals away Ifrom pasturage in a 2 years time
is considered sufficient.

Full compensation is pzid to the owner to cover the value of the herd and
the expenses related to the sanitation measures.

b. Classical scrapie: suspect animals and contacts

Suspicion of occurrence of classical scrapie may arise due to earlier
contact between the flock and affected flocks, or the result of a suspect
animel found within a fleck. Suspect animals are followed up by the local VO.

A1l farms or flocks that have either sold sheep to a scrapie-affected
flock, or bought sheep from a scrapie-affected flock, or kept sheep from
scrapie-affected flocks temporarily on their farms within the last 10 years
prior to the diagnosis, are put under cfficial restrictions for at least 5
years. The restrictions include a ban on transfer of live sheep to any
other farm, to exhibitions, and to introduce znimzls into the farm.

In. farms that have had ewes from affected flocks in their buildings in the
lambing period, the restriction includes a ban on taking the flock to
pastures that are shared with other flocks. If these farms agree to kill or
slaughter zl) their sheep and goats the authorities offer economic
compensation for each animel, provided that sanitary measures are carried
out also in the indoox area after the culling.

Since 2003 all animals older than 1B months from flocks put under
restrictions are tested for scrapie when slaughtered.

Sheep in some contact flocks are considered as being of particular risk of
developing classical scrapie. The zlternative criteria for being included
in this group are as follows:

1) if the flock has a close contact with an affected flock, or 2) if the
flock has recruited a more than 30 per cent of its animals from the
affected flock, or 3) if the sheep that developed classical scrapie in the
affected flock, eoriginated from the contact flock.

Such flocks are trested in the same way as if classical scrapie was confirmed.

¢. Scrapie Nor98 ['astypical scrapie]:

Measures: wntil 2004 confirmed cases of scrapie Nor28 were mainly handled
as classical scrapie cases. However, as increasing knowledge about the low
transmissibility of screpie Nor28 was obtained, the eradication measures
were adjusted. The current control strategy only consists of movement
restrictions and increased surveillance for a 2 yesrs period of time.

- movement restrictions: animals or germinal products msy not be moved from
the holding except animals for siaughter following a permit from the leocal
VO. Animals from holding with movement restrictions may nevertheless share
pasture with sheep and goat from other holdings.

~ incressed surveillance: all dead or killed for destruction animsls above
iB8 months of zge are tested as well as those (older than 18 months)
slaughtered for human consumption.

d. Genotyping
A proportion of adult ovine animals are genotyped.

Measures are restricted to the index flocks, contact flocks are defined
only in rare circumstances.

7. Additional guarantees and requirements applicable to intra EEA [European
Economic Areaj-trade, imports, and placing on the domestic market :
The following requirements apply both for EEA-trade from countries not
listed in the annex in Commission Regulation (EC) No 546/2006 and placing
on market- in Norway:

Ovine and caprine aznimals destined for Norway or placed on the domestic
market must have been kept continuously, since birth, on holdings which
have satisfied the fellowing conditions for a perieod of at least 7 years
prior to dste of dispastch of such snimzls:

a. no cases of TSE in small ruminants, except scrapie Nor98, have been
confirmed irrespective of the animals' genoctypes,

b. no eradication measures have been applied beczuse of TSE in small
ruminants, except scrapie Ner98, and

c. the heldings heve not contained animals identified as animsls 2t risk
referred to in Article 13(1)(b) Regulation (EC} No 289/2001.

http://www.promedmail.org/pls/otn/f?7p=2400:1001:2386663949023841:NO=:F2400_P1001_BACK P... 2011/06/14



7/8 R—%

communicated by:
ProMED-mail
<promedépromedmzil.org>

[Norway's experience in controlling classical scrapie with impressive

success may be useful for other countries engsged with similar problems,
including Japan. Having also the longest experience with atypicel scrapie
(*scrapie Ner98'), Norway's policy in addressing this new disease entity
deserves attention. Atypical scrapie has already been discovered in aged

sheep in at least 7 other European countries, as well as USA, Canads, Falk
Isiands, New Zezland, 2nd Australia (The Austrzlian suspected case has
eventuzlly been confirmed; see

<htip://wni.animslhesithevetreiis. oom.au/fme/Anine1 3 00He2  theS0Rustralia ARDSR/B

The European Food Safety Authority (EFSAR) Panel on Biological Hazards
(BIOHAZ), published in EFSA Journal of 27 Jan 2011; 2(1}): 1245, s "Joint
Scientific Opinion on any possible epidemiclogiczl or molecular association
between TSEs in animzls and humans". One of the issues discussed was
atypical scrapie. Among the panel's conclusions:

"The cpinion concludes that, at present, the only TSE agent demonstrated to
be zocnotic is the classical BSE agent.”

"The opinion highlights that the active screening has allowed the
identification of 3 new forms of animsl TSEs (L-type astypicel BSE, H-type
atypical BSE, &nd stypical scrapie), but that the information obtained has
major limitations due to the unknown sensitivity of the current menitoring
system for these TSEs. There is no epidemiclogical evidence to suggest that
classical scrzpie is zoonotic. The epidemiclogiczl data are too limited to
conclude whether the ztypiczl scrapie agent has a zoonotic potentisl.”

Additional information, including results of infectien trials in primstes,
is available at <http://wwwr.efss.enrope.su/en/efsdiournal/pub/1845 him>.

Hazards related to atypical scrapie are zlso reviewed in ProMED-mail
Z20301206,4364 (items 5 & 6). - Mod.AS]

[see mlso:

2010

Prion disease update 2010 {11) 2010317C€.43€4

Scrapie, atypical, ovine - Austzralia:
2005

Scrapie, sheep - Japan: OIE Z205H0430.1210
2003

Scrapie, sheep - Jaspan
Scrapie, sheep -~ Japan
Scrapie, sheep - Japan Zf
Scrapie, sheep - Japan 2001
iege

Scrapie — Japan
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ProMED-mzil mekes every effort to verify the reports thsat
are posted, but the =acecuracy and completeness of the
informstion, end of any stztements or opinions based
thereon, &re not guaranteed. The rezder assumes sll risks in
using informstion posted or srchived by ProMED-mzil. I8ID
znd its associzted service providers shall not be held
responsible feor errors or omissions cor held lisble for any
damzges incurred ss z result of use or relisnce upen posted
or archived meteriel.
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an individual moderator}). If you do not give your full name
name and affiliation, it may not be posted. You may unsub-
scribe at <hbtp://www.lsid. org/promedmail /subscribe, lasse>.
For assistance from a human  being, send mail to:
<postmasierfpromedmail.org>.

#iFrddfdE AL HERS L BRI L RREFR SIS F RS H BT S H A SR B R £
#EfEEEF ISR H AR E0S R4 4R 2R HF L R L SRR R AEHA AN SRS EH LA HE 4

14th ICID | site map | ISID home

©2001,2009 International Society for Infectious Diseases
All Rights Resetved.

Read our privacy guidelines.
Use of this web site and reiated services is governed by the Terms of Service,

http://www.promedmail.org/pls/otn/f7p=2400:1001:2386663949023841:NQ:F2400_P1001_BACK_ P... 2011/06/14



PRI 2 — 1

EXD WERE FERE5E
VS
HAES HEER AR E—HATE FEEASOES FE RIS
~fprEH | - HFRE
EHED | Transfusion  medicine  reviews (Upited  States)
\ s —
L (ema) | - AFEPER | Apr 2011 25 @) pl3d-dd -

MO RI 7 04 72 )b b v 7 (VOID) Bt 2= IR 228, BN T mEkrEgENE A I nTng, £8 B EDTEREIRR
BIn B EE OMEIZBNTE A S, BRETA MEORBPEISOFDERIC+HTHD, QMERREAEIZ LD v(ID 0Bis TOhMBEEES
EIETERNIEN, BEFETIINMERBINTNS, EELERNTEE
—% . FEF MBI B FMT—F TR AMRRELERORINIC L SBREZD T, £ MTOARRBRERMIROBMTO v0]) | REXTEAAORS L D LR

DRSO ET I,

Fiz, FVF BB 4N LVEEFRHCBWTREFT 2MEORREEZROB CENTED T &bhoTED, HEK
BTG T4 b —a 2 OFHREABEERRIGEANDORBIZLA2ZEN2NEE (19964 1 H 1 BURICEENE
REVNHLUTEBEESNAZ LR, XETEWTHEORBREA SN TV 2HREEMEOEY A /EM S 0B A LRKOEE

IS I

NBERETH D,

THY, WEHOBMIRREN L MBI 2RMBREHILECENTH S LZ2ERL THHDTTERNL.
e Ehn, BE, FMIZBWTEBINTHLS ID OB L 3BEZELT 5720 24 OB MIRREDB TGRS

HRROE

TZROXNG

EU T vCID R B2 Bl ERBRERIZ DLW T,
SE LB INBNRE EBRRATNS,

B R E TR R LA TS EEE» S vCID
FREONRED L, hitsmEHoshET
BTV HRETEDEDIERLH S,
Jib., HEhfoEUSORERBESEEETE
E o 2R LT,

GHEEH VD KR T2 REEHRFTERL TS,

294 Y 7N - F2THE (vCID)
MRS LA EOREIIN. Lk
Lishts, SETHEiRBWTRE Y
UF 2 ERLES E0HENDS
HOO, EWRL CIDS0EROY
AL EESITIEHRTELLOT,

BEORIC KBS~ OHB E+2T
W, B EOLEEETSRNO.E
BETBZLE,

|~




NIHONSEIYAKY
2008-025

Universal White Blood Cell Reduction in Europe: Has Transmission of
Variant Creutzieldt-Jakob Disease Been Prevented?

Eleftherios C. Vamvakas

_ Universal white blood cell (WBC} reduction was intro-
duced In Europe to prevent transmission of variant
Creutzfeldt-Jakob disease {vCJD) by transfusicn, Find-
ings from rodent models indicate that WBC reduction
should not prevent vCJD transmission because the
residual plasma infectivity suffices to infect transfusion
recipients even under optimistic Infectivity assumptions.
Although infectivity in human blood may not partitian in
the manner in which it Is distributed in rodents, prion-
reduction filters rermove the residual plasma infectivity in
rodent models. Precautionary introduction of prion
fittration in the UK—ifar patients without dietary
exposure to bovine spongiform encephalopathy and in
the absence of a reported case of vC.JD transmission
attributable to infectivity residing in plasma—is consis-

N 1999, WHEN the possibility of transfusion

transmission of variant Creutzfeldt-Jakob dis-
ease {(vCJD) was merely theoretical—owing to the
finding of abnormal prion protein in the lymphoid
tissues of patients with vCID—the UK, Ireland,
and Porlugal implemented universal white blood
cell (WBC) reduction in order to prevent donor
lymphocytes from contaminating the transfusion
recipient’s blood-stream with prions.! France had
already implemented universal WBC reduction in
1998 to enhance overall blood safety, although it
has subsequently listed that this intervention was
among the precautionary measures introduced to
reduce the risk of transfiision transmission of vCID.
Around the same time, at the tum of the 21st
century, universal WBC reduction was implemen-
ted in Canada and the appropriateness of introduc-
ing it was extensively debated in the US.>*

In the absence of considerations of cost,
universal WBC reduction of all transfused cellular
blood components could extend to all patients the
3 proven benefits of WBC reduction in preventing
febrile, non-hemolytic transfusion reactions,
refractoriness to random-donor platelet transfirsion
secondary to HLA alloimmusnization, and trans-
mission of Cytomegalovirus.>? For patients at
nsk, however, these benefits had aleady been
secured through selective WBC reduction, and the
North-American debate focused primarily, albeit
not exclusively, on the examination of the efficacy
of WBC reduction in abrogating the purported
deleterious effects of allogeneic blood transfusion-

tent with the (already in place for such subjects)
precautionary importation to the UK of fresh frozen
plasma from low-risk countries. Thus, implementation of
prion filtration in the UK does not imply that universal
WEC reduction—as currently practiced in Europe—does
not abrogate transmission of vCJD. Because neither a
human case of vCJD transmission through transfusion of
\WBG-reduced ted blood gells nar a case of expetimental
bovine spongiform encephalopathy transmission by
WBC-reduced transfusion to sheep has been reported,
it cannot be concluded that ordinary WBC reduction is
ineffective in preventing transfusion transmission in
humans. Accordingly, universal WBC reduction for the
prevention of vCJD in Europe should continue,

® 20117 Elsevier Inc. All rights reserved.

related immunomodulation (TRIM).>? Like the
prevention of vCID fransmission by transfusion,
prevention of these TRIM effects would apply to
all patients, thereby justifying wniversal WBC
reduction. The precautionary principle®'? could be
invoked to justify introducing universal WBC
reduction either for the prevention of the trans-
mission of vCID or for the abrogation of the
purported TRIM effects (which include postope-
rative mortality”).

Ten years after the implementation of universal
WBC reduction in Europe, and the conclusion of the
debate over whether to implement universal WBC
reduction in the United States, it is appropriate to
consider whether the decision made in Europe at the
tum of the century achieved the desired benefit; or
whether further measures should be implemented
at this time to enhance blood safety. This is
because other interventions are becoming avail-
able for reducing the risk of the transfusion
transmiission of vCJD, posing a policy question
of not so much whether universal WBC reduction

~ has been (injeffective but whether it needs ta be
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augmented by the further step of prion filtration.
This policy question is not posed in the United
States at this time, but it may become relevant in
the foreseeable fufure.

TRANSFUSION TRANSMISSION OF vCJD IN THE
UK: AN UPDATE

The bovine spongiform encephalopathy (BSE)
epidemic in the UK started in 1980, peaked in 1592,
and has since been contained. UK residents bom
after January 1, 1996, are considered not to have
evidence of dietary exposure to BSE, One hundred
seventy cases of vCIT had ocewrred in the UK by
the end of 2009."* The epidemic peaked in 2000—
with 28 deaths—and subsequently declined, with
only 1 death recorded in 2009."" With the incidence
of the disease thus falling, one mathematical model
has predicted only about 70 moze cases of disease
{95% confidence interval [CI], 10-190) to occur in
the UK.'* Although a peak has passed there could
be further peaks, possibly in different genetic
groups. All vCJD patients with clinical disease
have been methionine homozygous at codon 129 of
the PRNP prion protein gene—a genotype present
in 40% of the white population.

Only one individual with subclinical disease has
been tested, and s/he was found to be methionine/
valine heterozygous at this codon. That patient—
who died 5 years post-transfusion from unrelated
causes—had received non—WBC-reduced red
blaod cells (RBCs) from a blood donor who later
developed vCID. Although 5 years is too shoit a
period compared to the usual incubation period of
vCID coniracted from BSE(dietary sources, it is
perhaps significant that the only known patient with
sub-clinical disease (ie, without any symptoms or
stgns of vCID and with presence of abnormal prion
protein in the spleen and a lymph node although not
in the brain) was codon-129 heterozygous.

A retrospective study of UK tonsil and appendix
samples'® found that 3 of 12 674 samples were
positive for abnonmnal prion protein on westem blot
analysis. The sensitivity and specificity of the
employed assay is uncertain in this contexi, making
the reported estimate a likely under- or overesti-
mate. The simplest interpretation of this estimate,
however, corresponds to a prevalence figure-for the
UK population of approximately 1 per 4000 (235
per million, 93% CI, 49-692 per million). Two of
the 3 positive samples’® were tested for codon-129
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polymorphism of their PRNP gene, aund both
individuals were found to be valine homozygotes.

Fourteen years after the beginning of the human
epidemic in 1996, the median age of death (28 years
for the 170 cases recorded to the end of 2009) has
remained the same. This stable age of death is not
compatible with what would be expected if a
particular cohort of individuals had been exposed to
infection during a specified window of time. The
best-fit mathematical model for explaining these.
observations suggests an age-dependent exposure/
susceptibility variation that makes childen and
adolescents more susceptible fo infection than
adults. Based on such an age-dependent model
and the tonsil-and-appendix data,'® we can expect
3000 (95% CI, 520-6,810) future vCID cases in the
UK, mainly in persons aged 10 to 30 years—cases
that have not yet occurred perhaps owing to a
prolonged asymptomatic phase in codon-129
heterozygotes or valine homozygotes.'*

No case of clinical vCID in a codon-129
heterozygote or valine homozygote has yet been
reported.’® The most optimistic scenario holds that
such individuals have natural resistance fo the
disease: they do not develop clinical vCID and they
will live their lives without attaining a level of
infectivity in peripheral blood capable of infecting
trapsfusion recipients. The worst-case scenario,
however, holds that codon-129 heterozygotes or
valine-homozygotes enter a long (or even life-long)
asymptomatic phase during which they have
sufficient infectivity in their blood to infect
susceptible (methionine homozygous) (ransfusion
recipients. Susceptible transfusion recipients then
develop -disease before the infection becomes
manifest in the infectious donor who therefore
continues to donate blood and to cause disease in
susceptible recipients. This possibility is consistent
with long-term human studies in kuru.'®

A further distinction is made between pre-clinical
and sub-clinical disease. In the latter case, there isno
prion-protein deposition in the brain, and it remains
unknown whether the prion-protein deposition in
peripheral tissues corresponds to the aforemen-
fioned best or worst-case scenario. In preclinical
disease, there is prion-protein deposition in the brain
and—although the patient is still asymptomatic—s/
he is believed to be bound to develop vCID.

To fit both the falling incidence (1 death in
2009)"* and high prevalence'® data, Clark and
Ghani'* presented a statistical model which
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considered that 93% (95% CI, 60% to 97%) of
infected individuals do not go on to develop clinical
disease. While this assumption best fits both sets of
data, such a high proportion of infections not
resulting in clinical disease may (or may not) be
plausible. Clark and Ghani’s model is compatible
with both of the described (most optimistic and
most pessimistic) scenatios.

If even a fraction of such asymptomatic carriers
accurmulate sufficient infectivity in their blood to
infect transfusion recipients, secondary fransmis-
sion from infected individuals via transfusion or
tissue transplantation could extend the outbreak of
the disease in the UK.'7 Because no interspecies
barrier is involved, transmission through transfi-
sion could be more effective compared with the
BSE/dietary route. As evidence is accumulating to
suggest that ail codon-129 genotypes may be
susceptible to vCID infection, ¥ the presumed
mumber of UK residents infected by the BSE/
dietary source who can potentially accumulate
sufficient infectivity in their peripheral blood to
infect transfusion recipients increases. At the same
time, transmissibility of vCID by blood transfusion
has been established by the hitherto reported human
cases of transmission amongst a small number of
“at-risk” individuals, as well as by effective
experimental transmission in sheep.

13

Cases of Human-to-Human Transmission
by Trangfision

Eighteen UK vCID patients had been blood
donors and 66 patients were identified as having
received a labile blood component from a donor
who later developed vCJD. Thirty-two of these
subjects (of whom I3 can be expected fo be
methionine homozygous) have hitherto survived
for 5 years or more after the implicated transfusion,
Only one deceased recipient was examined at post-
mortem for the presence of abnormal prion protein
and, as already described, was found fo have
evidence of subclinical infection in the spleen and a
lymph node and to be heterozygous at codon 129.
Three of the (likely) 13 methionine homozygotes
have developed vCID,*'** indicating a 23%
probability for methionine homozygotes surviving
for 5 years or more to develop clinical vCJD after
receiving the non—WBC-reduced RBCs of a donor
who later developed vCID.

This probability most liksly underestimates the

risk since the identification of a case of transfu-
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sion-transmitted vCJD requires that the vCID
infection be recognized in both the donor and
the recipient. Nonetheless, the 23% estimate far
exceeds the expected incidence of disease acquired
from dietary/BSE sources among UK methionine
homozygotes. Moreover, 2 of the 4 probable
transfusion-transmitted cases were contracted
from the same donor, with the index donations
separated by just 4 months™; 3 of the 4 recipients
were older than 60 years—an unusuzl occurrence
for vCID acquired from dietary/BSE sources; and
the donors developed clinical signs of vCID
between 17 and 42 months after donating,
indicating that they were at an advanced stage of
the incubation period when they made the
donation which transmitted vCJD.

All 4 recipients who apparently contracted vCID
from transfusion had received non-WBC-reduced
RBCs between 1996 and 1999. They had been
exposed to 5, 8 to 10, 23, and 56 donors, and 3 of
the 4 developed vCJID between 6 and 8.5 years after
the index transfusion—a short incubation period
compared with the incubation period associated
with vCJD acquired from BSE/dietary sources.”
This short incubation period perhaps indicates the
effectiveness of human-to-human transmission of
vCID through transfusion.*®

Recently, circumstances raised the possibility of
an additional 2 cases of fransfusion-transmitted
vCID.*® These vCID cases were linked by a
possible common donor of non-WBC-reduced
RBCs who has not developed vCID. The codon-
129 genotype of this donor is unknown. Between
1989 and 2005, bleod components from this donor
were transfused to 27 additional recipients who
have not been traced because the donor has not
developed vCID. Nevertheless, except for the
aforementioned 2 patients who developed vCID at
18 or 41 years of age—after possibly contracting
the infection from the identified commeon donor, in
1989 or 1993, respectively—no other vCJD patient
has been linked to this donor by the UK’s
comprehensive vCID surveillance system.®

Cholan et 21*% demonstrated that this patiern of
evenis (2 patients with vCID being associated by
means of a possible common donoyr) would rot be
unexpecied in the absence of any causal link
between the 2 cases. The first patient was fransfused
with non-WBC-reduced RBCs from (probably) 4
different donors when she was a premature neonate
in 1989. Although blood from the common donor
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would have been at the hospital’s inventory at that
time, it would have been 13 days old on the day of
the transfusion and thus wnlikely to have been used
for transfusion to a neonate. Had the patient
contracted vCID from that fransfision, however,
the incubation period of transfusion-transmitted
vCID would have been extraordinarily long
compared with that seen in the previously-reported
cases.”*** Experimental exposure of neonatal mice
to scrapie is also associafed with extension of the
incubation period owing to inefficient infection of
the premature spleen.’” The second patient was
exposed to 103 donors and could have been
exposed fo the identified common donor in 1993
-—a possibility that cannot be confirmed because in
1989 to 1993 systems were not in place in the UK
to ensure fiull traceability of the components issued
for transfusion.”® It is because this second recipient
was exposed to so many donors that a possible
common donor could have been identified by
coincidence for these 2 vCJD cases.

The authors thus concluded that the circum-
stances did not support the interpretation that 1 (or
perhaps 2) additional vCJID transmissions by
transfusion had occurred.”® Transfusion remains
Just as likely a source of infection, however, as the
dietary/BSE route, becanse of the extremely low
probability for each of these patients to have
contracted vCJD from dietary/BSE sources: 0.39
and 0.08 per million, respectively, for the 18- or
41-year-old patient.”® This latter interpretation of
transfusion transmission would have significant
implications for the length of the period during
which an asymptomatic blood donor can transmit
infection—implications that reproduce the pessi-
miistic scenario discussed above because the donor
in question is alive and well more than 20 years
after having matle the first implicated donation.

At least 174 “implicated” batches of plasma
products have been identified as having been
manufactured from a pool of plasma to which an
individual who later developed vCID had conti-
buted.®® No individuals with hemophilia have
hitherto developed vCJD and a retrospective
study of autopsy sampies from individuals with
hemophilia showed no evidence of subcliical
infection.”® At the March 2009 meeting of the UK
Spongiform Encephalopathy Advisory Committee
(SEAC), however, it was reported that a hemophil-
ia patient who died of non-vCID causes had been
Jound at postmoriem to have abnormal prion
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protein in his spleen?® In that discussion, the
SEAC deemned that it was more likely that the
infection had occurred from the administration of
clotting factors prepared from the plasma of a
donor who had later developed vCID than from
dietary exposure to BSE. The specifics of this case
have not yet been reported in the peer-reviewed
literature, and the ensuing discussion assumes that
no case of vCID transmission through the vCID
infectivity that resides in human plasma has
hitherto been documented.

Experimental vCJD Transmission by Transfusion
in Sheep

Infectivity remains undetectable in the peripheral
blood of patients with vCID, although clinical
transmission of disease through human blood has
clearly occurred. This apparent contradiction can be
explained by the technical challenge of developing a
test capable of detecting the presence of abnormal
prion protein in peripheral blood. Infection-
associated forms of the prion protein constitute
only a minuscule proportion of the total prion protein
in blood, thereby representing a formidable obstacle
to detecting infectivity in blood even in patients with
fuil-blown disease. Tn the rodent models hitherto
employed for this purpose, the coniradiction is
further explained by the presence of a species barrier
between man and mouse and the limited volumes of
blood that can be inoculated into such small animals.
The relative similarity in size of sheep and humans
means that volumes of blood comparable to those
transfosed in humans can be collected from and
transfused into sheep. Houston et al*® nonetheless
took @ years to complete a blood transfusion

' experiment in sheep, concluding that blood transfu-

sion represents an effective route of transmission.
Two different transmissible spongiform ence-
phaltopathy (TSE) agents (scrapie and BSE) could
be effectively iransmitted between sheep by
transfusion.”® The overall transmission rates (per-
centage of all recipients who became infected) were
36% for BSE and 43% for scrapie. More specifi-
cally, 22 sheep received blood from BSE-exposed
donor sheep; 5 recipient sheep developed clinical
disease and 3 showed histopathologic evidence of
infection—when they were sacrificed at 7 years
post-exposure—without having developed any
symploms or signs of diseage. In addition, 9 of 21
recipients of blood from scrapie-exposed sheep
developed clinical scrapie. The incubation period of
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the 5 sheep who developed clinical disease after
they had received blood from BSE-exposed doner
sheep varied between 531 and 610 days (ie, it was
<2 years). The incubation period of tke 9 shesp wiho
developed clinical disease after they had received
blood from scrapie-exposed donor sheep varied
between 575 and 1,138 days (ie, it was <3.2 years).
Two of the 5 BSE-exposed recipient sheep that
developed clinical disease had received blood from
donor sheep with preclinical disease. All but one
scrapie-exposed recipient sheep that developed
clinical disease had received blood from donor
sheep with preclinical disease.

The effect of the stage of the incubation period in
the donor animal when each donation was made
could best be deduced from the results of the scrapie
experiment, because the PRNP genotype ofthe sheep
used made them almost 100% susceptiblé to natural
and experimental infection.?® These results were
consistent with a gradual increase in infectivity in
peripheral blood as the incubation period progressed
{Fig 1). Moreover, when blood was collected sarly
(at 20%-~50% of the estimated incubation period in
the donor animals), the incubation period of scrapie
in the recipient animals was lenger.

RiskofvCID Transmission by Transfusion in the UK

Although vCJD is transmissible by transfusion,
the magnitude of the risk of ransmission is hard to
estimate.?! The scenarios that the UK currently uses
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for risk management employ combinations of
“high” and “low” values for three determinants of
the risk: the prevalence of subclinical disease in the
blood-donor population, the infectivity of bleod
components and the susceptibility of blood reci-
pients to clinical disease. Because a number of these
scenarios have overestimated the number of cases
hitherto recorded, at its March 2010 meeting, the
SEAC requested that the scenarips used be
calibrated against the observed data or that the
assumptions made be refined o better approximate
the observed data.””

The UK Institute of Neurology tested 10,075
samples of tonsils and 1 of these samples showed
ong positive follicle in one section by immuno-
histochemistry (although the other sections from
the same block and two other blocks were
negative).’> Although the presence of abnormal
prion protein in the tonsils of patients with vCID is
variable, this series of tonsils would suggest a
prevalence of 1 per 10,000 for subclinical disease
in the UK population. At its March 2010 meeting,
however, the SEAC opted to continue to use the
previous (I per 4000) estimate'* for risk manage-
ment purposes.”? Although further examinations of
tonsils and spleens of UK patients are planned and
another series of 80,000 tonsils produced no
positive resolt?® the interpretation of what these
data mean—in terms of both the true prevalence of
abnormal prion protein accumulation in the UK
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Fig1. Propartion of recipient sheep developing scrapie after recaiving whele-blaod or buffy-coat transfusion from donor sheep exposed
to scrapie and assumed to be at various stages {from <20% to >50%) of the estimated incubation period.? The number of sheep
developing scrapie among all transfused sheep is shown above each colemn. A donztion mada by a denor sheep during the clinical phase of
sorapie® is not included. One recipient sheep suspected of having scrapie clinically, but showing no evidence of infection on post-mortem

examination,?® fs counted as not having disease.
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population and the frequency of infectious blood
dotiors—is uncertain, 3! .

Despite this uncertainty, codon-129 methienine
homozygotes bom after the containment of the BSE
epidemic (ie, after Janvary 1, 1996) may have a risk
as high as I per 100 000 to develop a fatal disease
following exposure to vCID through transfusion if
they survive for 5 or more years after the transfusion.
Such would be the risk of transfusion-acquired
clinical disease if (1) ordinary WBC reduction (as
practiced in the UK today) did not prevent
transmission of vCID; (2} the probability of
developing clinical disease after receiving blood
fromn a donor who later developed vCID were 23%
(as derived above); (3) the prevalence of subchinical
disease in the UK population were approximalely 1
per 10,000 (the latest estimate from tonsil samples®);
and (4) 40% of donors with subclinical disease were
(infectious as was the case in the completed sheep
scrapic experiment®®} (Fig 1). A risk of this
magnitude warrants preventive measures to protect
recipients from a fatal transfision-acquired disease.

WHY ORDINARY WBC REDUCTION SHOULD BE
INEFFECTIVE IN PREVENTING TRANSFUSION
TRANSMISSICN OF vCJD

One refers to an “infectious dose™ as the minimal
dose capabie of transmitting infection in an animal
model for the mode of contamination given.™
Studies in rodents®** with TSE showed infectivity
of T to 10 infectious doses per miililiter of whole
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blooed. About 40% of this infectivity was distributed
in the WRBCs and the remainder in the plasma.**
The latter form of infectivity probably predomi-
nated, because most of the ceil-associated infecti-
vity was loosely bound and could be washed off.**
Infectious prions, however, may partition between
the cellular and acellular fractions of human blood
differently from the manner in which they parti-
tioned in these rodent models.

Based on the findings from the animal models, it
can expected that ordinary WBC reduction through
filtration (as implemented in the UK in 1999) would
remove 40% to 70% of the total infectivity present
in a whole-blood unit® but would have little impact
on the plasma-borne infectivity. Under optimal
conditions, only 10 mL of doror plasma can be left
in a RBC unit prepared in an additive solution,
although—under the usual conditions of manufac-
turing RBCs by the buffy-coat method in the UK—
20 mL of plasma usually remain in the supernatant
fhid. If (1) 40% of the infectivity resides in the
WRBCs and 60% in the plasma, (2) the starting
whole-blood infectivity is 10 infectious doses/mL,
(3) the whole-blood unit is WBC reduced, and (4)
the residual plasma volume at the completion of all
manufacturing steps is 10 mL; 110 infectious doses
wonld be left in the RBC unit distributed for
transfusion™ (Fig 2).

To achieve less than | infectious dose/ransfused
REC component, a further 3-log reduction would be
required (to successively reduce the total infectivity of

o M Infectious
doses/mL

' Infectious
doses/transfused
component

‘

Infectivity in

blaod infectivity infectivity after infectivity after prepared RBC

WBC reduction WBC reduction

unit

Fig 2. [Infectivity residing in the plasma of a RBC unit manufactured in the WK under ideal conditia ns i the starting infectivity in whole
bleod is 10 infectious doses/mL, & infectious doses/mL are left in the whole-blocd unit following WBC reduction, and all this infectivity
resides in the unit's plasma. Assuming a 45% hematoctit for the donor, the cancentration of infectivity in the unit's plasma is 11 infectious
doses{/mL. If only 10 mL of plasma are Jeft in the companent after the donor’s plasma is replaced with additive solution, the total infectivity
of the REC unit distributed for transfusion is 110 infectious doses {11 infectious doses/mL times 10 mL of residual plasma)-
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the unit, for each successive log, to 11, 1.1, and 0.11
infectious dose[s]). Unceitainty about the starfing
level of whole-blood mfectivity (1 vs 10 infections
doses per milliliter or mere in publisked rodent
models), and the volume of plasma left in 2 RBC unit
distributed in the UK (10 vs =20 mL} can each affect
the extent of the necessary reduction to remove
plasma-bome infectivity by approximately 1 log.>!

EFFICACY AND SAFETY OF
PRION-REDUCTION FILTERS

Published studies™*° of the efficacy of prion-
reduction filters in rodent models show a greater
than 3-log reduction in infectivity on brain homo-
genate spikes and reduction to the limit of detection
(>1 log) in endogenous infectivity studies. There are
no data demonstrating removal of infectivity from
the blood of infected humans, however, and
fundamental questions refating to the relevance of
brain-homogenate-spike aterial to the clinical
selting remain unanswered.! Exogenous infectivity
models generally use 10% homogenized infected
brain tissue. This approach achieves extremely higly
infectivity levels, but it does not imply that (he spike
behaves in blood in the manner that endogenous
abnormal prions (which would have naturally found
their way to the peripheral blood of donors) behave.
The form in which infectivity circulates in the blood
of infectious donors is unknown, so that the
behavior of spiked infectivity across a filter may
not reflect the behavior of true endogenous
infectivity across the same filter. Therefore, the
assessment of the efficacy of prionreduction filters
m removing human peripheral-blood infectivity
continues to represent a formidable challenge.

The potential for deleterious effects on the RBC
concentrate itself is also a matter of concern, both in
terms of the possibility of alterations to the
rtheological or antigenic profile of the RBCs and
the RBC loss in the volume of the additional
filter.>' Nonetheless, in vitro studies by the
manufecturers did not raise concemns other than
the high hold-up volumes of approximately 50 mL
in the filters.*® In the recent evaluations of the
MacoPharma (Tourcoing, France) filter—which
were performed by the UK* and Irish* blood
services under the conditions in which prion
reduction filters would likely be put info use in
the UK and Ireland—up to 7 to 8 g of donor
hemoglobin were retained by the filier.”! As a
result, WBC-reduced RBCs prepared by the buffy-
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coat-reduced (“bottom-aznd-up”) manufacturing
method could not meet the European Union (EU)
ninirmum standard for a therapeutic zdult RBC
dose as applied in the UK (where at least 75% of the
RBC units must contain 240 g of donor hemoglo-
bin): only 58% of the uniis prepared by this method
confained the roinimum amount of RBCs. When the
whole-blood-filtration (“top-and-top™) manufactu-
ring method was used, however, the minimum
hemoglobin requirement was met.*

The authors concluded that filtration had no
detrimental effect on the expression of RBC
antigens after passing through the filter,*' although
the employed metheds would likely not have
detected the generation of neoantigens.** Moreover,
although appropriate adjustments to the filter sets
could overcome the probleny, 5.9% of the RBC units
failed to filter properly. The response of treated cells
to gamma irradiation and freezing was essentially
unaffected and routine RBC quality measures
(extracellular potassium, 2,3-disphosphoglycerate,
and adenosine triphosphate) were satisfactory.*!

A safety (phase III) clinical trial of the
MacoPharma filter in volunteer allogeneic RBC
recipients raised no safety concerns,** Twenty
patients were uneventfully fransfised one RBC
unit that had undergone prion filtration and 6 of
them received finther prion-reduced units without
adverse effects. Clinical events and laboratory test
results (liver function tests and RBC antibody
screen and antiglobuiin test) were recorded during
the transfusion, during the first 24 hours, and at a
6-week follow-up visit. The post-transfusion he-
moglobin increment (mean + SD) was .70 =+
0.50 gfunit {compared to 0.98 £ 0.30 g/unit in
historical controls). Although the controls were not
matched to the cases, both cases and controls were
multitransfused hematology patients and the mini-
mum EU standard for hemoglobin content (40 g/J)
had been met in zll the transfused units. Further
studies of the safety of prion-reduction filters are
warranted for extending these safety data to other
adult (and especially pediatric) populations.

At least 3 manufacturers have pursued the
development of prion-reduction filters, Pall (Pori
Washington, NY) extended the originel use of
WBC reduction filters to prion adsorption through a
modification of the filier that rendered it capable of
adsorbing infectious prions with a practicable
degree of specificity and efficacy. Other manufac-
turers (PRDT, Cambridge, UK; and MacoPharma
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in collaboration with Pathogen Removal and
Diagnostic Technologies, Inc) incorporated in a
prion filter separate from the WBC reduction filter
ligands developed with combinatorial chemistry to
bind specifically to the abnormal prion protein. The
reported capability of these filters is the same. >
The devices remove infectivity from plasma, or at
teast from the amount of plasma present in RBCs
manufactured in additive solution. Av excess of
plasma—such as present in a unit of whole blood or
fresh frozen plasma (FFP)—may interfere with the
efficacy of the filter,*

Recently, it was reported at the March 2010
meeting of the SEAC, that the Advisory Comnittee
on the Safety of Blood, Tissues, and Organs has
recomniended that blood prion filtration be used for
transfusion recipients with no prior evidence of
dietary exposure to BSE.** The UK Department of
Health is presently considering this recommenda-
tion. Although testing individual donations is
desirable, the technical challenges to developing
such a test remain formidable.* Testing might be
best at detecting donors with greater levels of
infectivity in their blood—Ilevels that might have the
potentiai, perhaps, to overwhelm the filters’ capaci-
ties.** The filters will be at their most efficacious in
the presence of low levels of infectivity, which
would be expected to occur early in the infections
phase of the incubation period or (perhaps) in life-
long asymptomatic camriers.

CQULD ORDINARY WBC REDUCTION BE
EFFECTIVE IN PREVENTING TRANSFUSION
TRANSMISSION OF vCJD?

Hitherto, no case of transfusion-transmitted
vCID has been reported from the UIC in a patient
who received bloed after the implementation of
universal WBC reduction in October 1699. For
blood donors acquiring vCID from dietary/BSE
sources, clinical disease would appear after a Iong
incubation period (estimated at 16,7 years).>
Therefore, such donors (infected during the years
of the BSE epidemic in the 1980%s) would have
been in the preclinical phase of disease (with
sufficient infectivity in their peripheral blood to
infect transfusion recipients) in the late 1990s and/
or early in the 21st century. If (1} vCID
transmission by fransfusion continued to occur
after the implementation of universal WBC reduc-
tion and (2) 3 recipients who confracted vCID
infection from transfusions given between 1996 and
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1999 manifested clinical disease by 2006, making
the incubation period of transfusion-acquired vCID
6 to 8.5 years,” ™ by the end of 2009, there should
have been a few more cases of clinical vCID
contracted {tom transfusions given in {999 to 2002.

Although current WBC reduction would not be
expected to sufficiently reduce infectivity io prevent
infection of a transfusion recipient according to our
prevailing infectivity assumptions based on the
findings from rodent models,*! it remains possible
that WBC reduction does afford protection. Four
sources of uncertainty make this possible: (1) the
starting level of infectivity in human whole blood
(which may be lower than the I to 10 infectious
doses/mL level observed in animal models); (2) the
distribution of the infectivity between human
plasma and WBCs (which may differ from the
60:40 ratio indicated by rodent models); (3) the
effectiveness of human-to-human transmission; and
(4) the susceptibility of transfused patients to
infection from any given inoculum,

Until a case of transfusion-transmitted vCID is
reported to have been contracted through transfusion
of a WBC-reduced component, we cannot conclude
that the ordinary WBC reduction currently taking
place in the UK and several European countries does
not protect from transfusion transmission of vCID.
Any measure of safety (including complete protec-
tion) that such ordinary WBC reduction affords vis-
d-vis vCJID transmission remains unknown. There-
fore, the current universal WBC reduction for the
prevention of vCID in Europe should continue,

The effect of WBC reduction is being addressed
in a follow-up study of the sheep experiment. In the
completed sheep scrapie experiment,’® transmis-
sion rates were the same in recipient sheep
transfused with whole blood (4/10) and recipient
sheep transfused with buffy coat (4/10—Fig 1). In
the continuing sheep experiment, preliminary data
(recorded at approximately 900 days post-transfii-
sion) indicated that no sheep that had received
WBC-reduced transfusion from BSE-infected
donor sheep had succumbed to infection.*®

Despite the findings from rodent models, ™3 it is
thus possible that—in sheep as well as in humans—
WBC rechuction alone can be effective in abrogating
the risk of transfusion transmission of vCID during
the preclinical (or at least the subclinical) phase of
disease. Altemnatively, it could be that—in sheep as
well as in humans—by removing the WBC-
associated fraciion of infectivity, WBC reduction
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protracts the asymptomatic phase of diseass in
transtusion recipients infected with a low inocuhnn,
If this wers the case, although 900 days exceed the
incubation periods of BSE observed in the com-
pleted experiment,®® 900 days may be too short a
period for BSE contracted through a WBC-teduced
blood transfusion in sheep to manifest itself. Such a
reduction in infectivity because of WBC reduction
could also explain why no fransfusion-transmitted
cases (contracted in 1999-2002) were reported by
the end of 2009. In other words, just as the reference
to the risk of transmission of vCJD through
transfusion moved from “theoretical” to “possible,”
“probable,” and “definite” with the reporting of the 4
cases of transfusion-transmitted vCJD from non-
WBC-reduced RBCs between 2003 and 2007,%'**
the same scenario could wafold in the coming years
as cases of transfusion-transmitted vCJD from
WBC-reduced RBCs appear after a protracted
incubation period.

SHOULD PRION-REDUCTION FILTERS
BE INTRODUCED?

To protect recipients with no dietary exposure to
BSE the UK implemented extraordinary measuees
for wwansfused FFP (Table 1), before there was a
vCID case linked to vCJD infectivity residing in
human plasma. Thus, even without a reported case
of vCID contracted through the transfusion of
WBC-reduced RBCs, the endorsement of prion-
reduction filters for transfusion recipients without
evidence of dietary exposure to BSE is consistent
with the measures already adopted to prevent
transmission of vCJD through FFP. The only
caveat pertaining to this endorsement is that the
UK blood services employ a manufacturing method
ensuring that prion-reduced RBC units meet the EU
minimum standard for hemoglobin content (40 g/
unit}. Like the importation of plasma from low-risk
countries {Table 1), until a case of transmission of
vCID through WBC-reduced RBCs is reported, the
initiative to introduce prion-reduction filters repre-
sents a precautionary measure.®'® As such, it can
be deemed appropriate based on the existing
precedent: if the measure for FFP intended for
transfusion to UK patients bom afler January 1,
1996, is appropriate, provision to these same
patients of WBC-reduced RBCs that have under-
gone the further sfep of prion filtration can be
deemed appropriate as well.
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Table 1. Measures Already Adopted in Europe to Reduce the Risk
of Transmission of vCJD by Transfusion*®

» Universal WBC reduction of all cellwiar blood components (all
couatries in which vCJD cases have arisen as well as
neighboring countries)

*» Reduction in allageneie-donor exposures through the use of
single-donor {as opposed to poecled) blood components:

— Apherasis {as opposed to poolad whole-blood-derived)
platelets (UK])

— Single-donor {as opposed to pooled solvent/detergent-
treated} plasma (The Netherlands)

- Deferral of all persons with a history of blood transfusion since
1980 from donating blood (UK, Ireland, France, The
Netherlands)

= Cessation of use of indigenous plasma for the manufacturing
of plasma derivatives (UK and irefand)

+ Specifically for patients born after January 1, 1996 and
congidered not o have had any dietary exposure to BSE:
Importation of methylene-blue-treated FFP donated by donors
in low-risk countries 1UX and ireland}

* Deferral of persons with a history of residence in the UK from
donating blead {other European countries)

» Optimization of blood compenent use:

— Assurance that blood components are transfused only
when needed

— Communication of the uncertainties about the risks of
alfageneic blood transfusion to the patients and the public

* Countrles that have adopted each measure are shown
within parentheses,

Am alternative could be to provide washed WBC-
reduced RBCs to these young UK patients,
although—as the number of patients with no
dietary exposure to BSE increases with each
passing year—washing may prove just as distap-
tive to safeguarding an adequate blood supply as
the use of prion-reduction filters. Nonetheless, the
possibility of washing RBCs—which is surely a
safe alternative with respect to any untoward effects
of prion filtration and also offers some protection
from TRALI*"—should not be forgotten amidst the
effort 1o validate and implement the new techno-
logy of prion filtration.

Elsewhere in Europe, there have been 41 cases of
vCID (Table 2). Remarkably, there has not yet been.
a case in Cermany or other neighbering countries.’’
Nonetheless, the description in other countries—
such as Spain and Saudi Arabia—of vCJD patients
who had been blood donors in the past suggests that
the problem has already taken on an intemational
dimension,”® warranting proportional responses
from outside the UK as well. If we accept the
prevalence of subclinical vCJD in the UK to be 1
per 10,000,%2 from the relative incidence of clinical
disease between each particular country and the
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Table 2, Prevalence of Subclinfcal vC.ID in Europe
Number of Presumed prevalence
clinjeal wCJD
Couptry cases™ % of UK Estimate

UK 170 100 1 per 10 00O
Ireland 2A4* 17 1 per 80 QCO
France 25 14 1 per 70 000§
The Netherlands 3 8.5 1 ger 150 000
Portugal 2 6.5 1 per 150 000
Spain -3 4 1 per 250 000
fraly 2 1 1 per 1 000 000

* As of the end of 2009. When cases-had resided in the UK
for longer than G months between 1980 and 1996, they ars
presumed 1o have been exposed to BSE in the UK, The total
number ot vCJO cases in Ireland [including the 2 cases probably
exposed in the UK} is shown within parentheses.

1 8ased on the relative incidence of clinical disease
between each country and the UK. The population of each
country was obtained from hitpi//en.wikipedia.org/wiki/
Bemographics_of_the_European_Union. The number of clinical
vC.JD cases by the end of 2009 was obtained from hitp:/fwww.
cid.ed ac.uk. Both accessed May 18, 2010.

1 Approximetion that does not take Into account the
differences in the epidemiologic curve of sach country versus
that of the UK. Based on the latest UK estimate of prevalence (1
positive tonsil among 10 O75) discussed at the March 2010

meeting of he SEAC.??
§ Compared to the estimate of 1 per 120 00¢ generated from

data on the French vCJD epidemic2®

UK, we can expect the prevalence of subclinical
vCID in Burope to be as shown in Table 2.

The prevalence in each country cannot be
inferred simply from the relative incidence of
clinical disesse, because the epidemics in these
ather couniries have lagged behind the UK
epidemic and there has not yet been a sufficient
number of cases to characterize each epidemiologic
curve, Nonetheless, at least in the interim, decisions
in these counfries could be proportional to the
relative incidence of clinical disease between each
country and the UK., Hitherto, outside the UK and
Ireland, the risk from transfusion of FFP has not
been deemed worthy of the precautionary measures
implemented in the UK and Ireland for patients
born after January 1, 1996 (Table 1). Accordingly,
at this point, the vCID infectivity residing in the
residual plasma of WBC-reduced RBCs should not
be deemed worthy of prion filiration either.

Platelets*® and RBCs*™ appear to contain no
vCID infectivity. The current opinion held by the
SEAC* is that—while there may be interspecies
differences in the distribution of TSE infectivity in
the blood—based on data from animal models,*
vCID infectivity in human blood Is likely to be
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partitioned between plasma and WBCs*®*' and to

be only minimally associated with RBCs and
platelets. With regard to plaielet concentrates——
whether pooled whole-blood-detived platelets pre-
pared by the buffy-coat method or single-donor
(apheresis) platelets—minimization of plasma
pooling and re-suspension in additive solutions
rather than plasma would reduce the amount of
residual plasma to 80-90 mL.* This amount of
plasma would contain more than enough infectivity
to transmit infection to the recipient under even
optimistic infectivity assumptions.”! Thus, efforts
to minimize the plasma volume of platelets through
replacement with additive solutions are likely to be
ineffectnal, and the UK is in the process of
converiing its platelet supply from pooled whole-
blood-derived to single-donor platelets (Table 1),

Prion-reduction filters are not currently applica-
ble to either platelets or FFP. They may become
available for pooled solvent/detergeni-treated
plasma in the near future, making pooled solvent/
detergent-ireated plasma perhaps superior to male-
only FFP-—at least in Europe—for the prevention
of both transfusion-related acute lung injury™> and
transfusion transmission of vCJD.*

Reporting of cases of vCID transmission through
transfusion of WBC-reduced RBCs will change the
risk estimates both inside and outside the UK. Such
cases {contracted after 1999, that is, after the BSE
epidemic had already been cootained) would
confirm the prediction of a UK vCID epidemic
sustained by Dblood transfusion.™ It is for this
reason ihat—on a precautionary basis—all trans-
fusion recipients have already been deferred from
donating blood in the UK, France, and The
Nethertands (Table 1). Despite mathernatical mode-
ling indicating that this should not be done in
Germany,*® UK models!” indicated that the
deferral of all persons with a history of transfhision
since 1980 has been both effective and timely.

If cases are contracted in the UK from transfir-
sion of WBC-reduced RBCs, it can be appropriate
for the UK to consider expanding the use of prion-
reduction filters to RBCs given to patients other
than those bam afier Janvary 1, [996. To ensure
prevention of vCID transmission, prien filtration
for such older patients should be combined with
importation of FFP from low-risk countries and use
of single-donor platelets (Table 1). Although such
older patienis could have been infected durning the
BSE epidemic (1980-1996), they may well have
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escaped infection in the past and be more
susceptible to acquiring infection now through a
transfusion {(becsuse no species barier is mvolved
in transfusion transmission).

Cominensurately, for patients deemed to have no
dietary exposure to BSE, the measures implemen-
ted in the UK when no cases of vCID acquired by
transfusion of WBC-reduced RBCs had been
reported (Table 1) could be considered for adoption
in other Eurcpean countries. Based on a compre-
hensive risk analysis of the (presumed) vCID
prevalence in the population (Table 2) and the (as
characterized as possible) epidemiologic curve of
infection originating in dietary/BSE sources in each
country, each jurisdiction should decide whether
any of these meagures should also be implemented
for transfusion recipients who may have already
been exposed fo BSE.

CONCLUSION

Until a case of vCJD transmission through
transfusion of non-WBC-reduced RBCs is reported,
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we cannot presume that the desired benefit
derived from universal WBC reductien in Eur-
ope—ithat is, the preveniton of transfusion trans-
mission of vCJD—has not been achieved. If
one reasons based on our prevailing infectivity
assumptions that are based on the results of rodent
models,> the argument that WBC reduction
should be ineffective in abropating vCID trans-
mission by transfusion appears inconirovertible.
Nevertheless, the argument that these findings
cannot be extrapolated to humans is just as
persuasive. Thus, the current universal WBC
reduction in Europe for the prevention of
transfirsion transmission of vCJD should continue.
The introduction of prion filiration in the UK—for
patients born after January 1, 1996, does not imply
that the curvently-performed universal WBC reduc-
tion has been ineffective in preventing transfusion
transmission of vCID. Such precautiopary intro-
duction of prion-reduction filters is consistent with
the (already in place) precautionary importation of
FEP from low-tisk couniries.
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