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= Number of cases in the United Kingdom = Number of reported cases worldwide {(excluding the United
Kingdom} = Cases in imported animals only = Annual incidence rate

Number of cases of bovine spongiform encephalopathy (BSE)
reported in the United Kingdom &L

Alderney Great Britain Guemsey!&l Isle (O;)Marl Jersey Northern freland Uﬁi{e;ir?(tiar:gdom
1987 and beforelt) 0 442 4 0 0 0 446
19884 0 2 459 34 6 1 4 2514
1589 0 7137 52 6 4 29 7228
1990 0 14 181 & 22 8 113 14 407
1991 0 25032 75 67 15 170 25359
1992 0 36 682 » 109 23 374 37 280
1993 0 34370 115 111 35 459 35090
1994 2 23945 69 55 2 345 ' 24 438
1995 0 14302 44 33 10 173 14562
1996 0 8016 36 11 12 74 ' 8149
1997 0 4312 44 9 5 23 4393
1998 0 3179 25 5 8 18 3235
1999 0 2274 11 3 6 7 " 2301
2000 ) 1355 13 0 0 75 . 1443
2001 0 1.113 2 0 0 87 1,202
2002 0 1,044 1 0 - . 98 1144
2003 o 549 0 0 0 62 611
2004 0 309 0 0 0 34 343
2005 ‘o 203 0 0 o 2 25
2006 0- © 104 o ) 0 10 114
2007 ] 53 0 0 0 14 ’ &7
2008 0 33 0 0 0 . 4 . 37

"t
w

{1) Cases are shown by year of restriction.

(2} In the isle of Man BSE is confirmed on the basis of a laboratory examination of tissues for the first case on a farm’
and thereafter by clinical signs only. However, all cases in animals born after the introduction of the feed ban have
been subjected to histopathological/scrapis-associated fibrils analysis. To date, a total of 277 animals have been
confirmed on clinical grounds only.

{3} In Guernsey BSE is generally confirmed on the basis of clinical signs only. To date, a total of 600 animals have
been confirmed W1th0ut laboratory exarmination.

(4) Cases prior to BSE being made notifiable are shown by year of report, apart from cases in Great Britain which are
shown by year of dlinical anset of disease. .

{top]
Last update :22-Jan-2009 (fr)
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Lack of evidence of transfusion transmission of Creutzfeldt-Jakob
disease in a US surveillance study

Kerri Dorsey, Shimian Zou, Lawrence B. Schonberger, Marian Sullivan, Debra Kessler,
Edward Notari IV, Chyang T. Fang, and Roger Y. Dodd

BACKGRQUND: Since 2004, several reported transfu-
sion transmissions of variant Creutzfeldt-Jakob disease
(vCJD} in the United Kingdorn have reawakened con-
cerns about the possible risk of similar fransmissions of
nonvariant or classic forms of CJD.

STUDY DESIGN AND METHODS: Patients with a CJD

A diagnosis and a history of donating blood were reported -

to the study coordinator. Through review of blood distri-
bution and hospital records, the recipients of blood
combonents from these donors were identified. We then
determined each recipient's vital status and, if
deceased, the cause(s) of death identified by maltching
the recipient’s personal identifiers with the Centers for
Disease Contro! and Prevention’s National Death Index
database. We conducted such searches after recipients
were enrolled in this study and annually thereafter for
those who remained afive. ‘ '
RESULTS: The study included a total of 36 blood
donors who subsequently developed CJD and 436
recipients. Through 2006, 91 of these récipients were
still alive, 329 were.deceased, and 16 were lost to
follow-up. After transfusion, thesé three-groups had sur-
vived a total of 2096.0 person-years. A total of 144
recipients survived 5 years or longer after transfusion
and 68 of them had received blood donated 60 or fewer
" months before thé onset of CJD in the donor. We iden-
tified no recipient with CJD.
CONCLUSIONS: The current results of this large,
ongoing lookback study show no evidence of transfu-

that the risk, if any, of transfusion transmission of prion
disease by CJD donors is significantly lower than the
comparable risk of such transmission by vCJD donors.

sien transmission of CJD. They reinforce the conclusion .

ariant Creurzfeldt-Jakob disease (vCJI) and
the nonvariant or classic forms of Creutzfeldt-
Jakob disease (CID} of humans belong to a
group of transmissible, fatal degenerative
neurclogic diseases called transmissible spongiform

encephalopathies (TSEs). These diseases are also called #* '3

"-..:f

prion diseases because of the formation and accumula-
tion of an abnormal form of the prion protein (PrP*) that
is hypothesized to play a central etiologic role in the
disease process.! TSEs affect both humans and ardimals
{e.g., bovine spongiform encephalopathy [commonly
known as mad cow disease] in caitle; scrapie in sheep and
goats; and chronic wasting disease in deer, elk, and
moaose).

Prion diseases in humans have been reported to
occur sporadlcally without an apparent environmental
source, through an inherited genetic mutation, or iatro-

_genically. Cases of familial CJD have occurred due to a

mutated prion protein gene (PRNP) located on chromo-
some 20. More than 30 different mutations of the PRNP

ABBREVIATIONS: Nt)I = National Death Index: TMER = Trans-

fusion Medicine Epidemiological Review; TSE(s) = transmissible -}

spongiform encephalopathy(-ies); vCJD = variant Creutzfeldt-
Jakob disease.
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have been linked to familial human prion diseases. The
most common familial CJD haplotypes are E200K-129M
and D178N-129V* Cases of iatrogenic CJD have been
associated with exposures to contaminated neurosurgical
equipment, human-derived pituitary growth hormone
injections, cadaver-derived dura mater grafts, and corneal
grafts®

Surveillance of CJD in the United States has shown
approximately one case annually per million people in the
general populaton. Over many years, these rates have
remained reasonably stable and the median age at death
has consistently been approximately 68 years.*

Since the late 1980s, efforts have been made to mini-
mize the potential risk of transfusion transmission of CJD,
and in the 1990s the Food-and Drug Administration (FDA)
convened a TSE advisory cominittee, consisting of public
interest advocates, . ethicists, caregivers, and technical
experts. Further, the FDA has issued a number of guid-
ances for industry. These guidances atiempt fo balance
the benefits of reducing the uncertain risks of prion
disease transmission by blood products and the potential
adverse imnpact that such preventive policies might have
on product availability®

Since 2004, transfusion twansmission of the vCID
agent has been well documented. To date, the investiga-
tors conducting the UK Transfusion Medicine Epide-
miological Review (TMER) study have linked three
symptematic cases of vCJD and one asymlbtomatic vCJD
infection to receipt of blood transfusions from donors
who subsequently developed vC]D (vCjD ‘donor).’® One
blood donor was linked to two of the vCJD transmissions
through donations, 21 and 17 months befere the donors’
onset of vCjD. These data suggest that orice vCJID infectiv-
ity appears in blood it-probably persists there. In addition
to increasing concerns about the transmissibility of vCJD,
these transfusion transmissions reawakened concerns
and interest in blood safety and CJD, Both vCJD and CJD
are invariably fatal and are cansed by similar unconven-
tional agents that are unusually resistant to inactivation.
Incubation periods for vCJD and iatrogenic CJD are mea-
sured in years; there is no practical, licensed screening test
to identify those who may be incubating these diseases.
Because CJD is far more common than vC]D, CID might
‘potentially affect even more recipients if, in fact, CJD were
transmitted by blood transfusion.’™"?

Surveillance and epidemiologic studies have provided
. the most reassuring data about blood safety and CID,
although very little long-term lookback data on donations
from CJ3 donors have been reported 23 Surveillance of
high-exposure recipients, such as persons with hemo-
philia, and case-control studies show no evidence for
transfusion transmission of CJD in humans.**"? In con-
trast, animal models have demonstrated that prion dis-
eases can be transmittéd by blood, a finding that
aggravates concern about blood safety and CJD."'* For
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example, studies comparing the infectivity in murine
models of vC[D and Gerstmann-Straussler-Scheinker
disease, a genetically inherited, classic (not bovine spongi-
form encephalopathy related) form of prion disease,
revealed similarly low levels of infectivity in blood compo-
nents during both the preclinical and the clinical phases of
disease.”

Inlate 1994, a report of CJD in an American Red Cross
10-gallon donor heightened public health concerns in the
United States about the possible transfusion transmission
risk of CID. Because of these concerns, in 1995 the Red
Cross in collaboration with the Centers for Disease
Control and Prevention (CDC)} initiated a long-term look-
back investigation of blood donors who were later
diagnosed with CJD (CID donors). The purpose of this
collaborative study was to provide further epidemiologic
data to assess the recurring concerns about the possibility
of CJD transmission by blood transfusion. This article
reports on the follow-up of the recipients of blood prod-
ucts from reported CID donors. This study is the largest of
its kind reported to date in terms of the number of such
recipients identified and the period of time that they were
documented to have survived after transfusion, a

MATERIALS AND METHODS

CJD patients with a hiétory of blood donation

The study coordinator identified CJD blood donors from
reports provided by collaborating blood centers, family
members, the CDC, and the FDA. Through searches of
blood establishment records on donations made by the
C]D donor and with the cooperation of hospitals, we iden-
tified recipients of the CJD donors’ blood components.
Criteria for inclusion of a CJD donor in the smdy
included a diagnosis of CJD made by a neurologist (and
preferably confirmed by neuropathologic study of brain
tissue at autopsy or biopsy) and a history of at least one
documented ailogenelc blood donation. (Autologous and
therapeutic donations were not included.) We collected
results of available diagnostic laboratory tests, cerebrospi-
nal fluid studies, and electroencephalograms on the
reported CJD donors, We notified the blood centers about
the CID donors and requested that each center review its
records for each of the CJD donor’s donations to identify
the recipients of each donor’s labile blood components. A
CID donor was éntered in the study when at least one of.

these recipients was identified and could be documented

to have survived for atleast 1 day after receiving the blood
components. - '

Recipients of blood products from donors who
developed CJD . ) '
We requested that the transfusion service personnel sénd
us information on each recipient of blood from a"CJD



donor. This information included the recipient’s name
and social security number; data on the transfusion of
concern, including date of transfusion and the volume
and type of components transfused; and data on the last
known vital status of the patient, including the date and
cause of death if a recipient was deceased. The institu-
tional review boards of the CDC and the Red Cross
approved this protocol. No study-related recipient notifi-
cation was required by the institutional review boards
because of the absence of 1) compelling evidence of
rransfusion transmission of CJD in humans, 2) any prac-
tical licensed test for preclinical CJD, and 3) any estab-
lished treatment to prevent or cure CJD.

Follow-up of the recipients

For recipients for whom we had identifiers, we deter-
rmined each recipient’s vital status and cause(s) of death, if
deceased, through searching the CDC’s National Death
Index (NDI) database {National Center for Health Statis-
tics, Hyattsville, MD) We conducted such searches after a
recipient was entered in this study and annually thereafter
for those who remained alive. Whenever a match between
the recipient’s personal identifiers and the NDI database
occurred, the NDI provided us with the date and codes for
‘the cause(s) of death, The NDI database contains up to 20
codes describing the multiple causes of death. All codes
describing the cause of death (underlying and additional
contributing causes) were reviewed andrecorded. When-a
code for a neurologic death was identified, the death cer-
tificate itself was obtained for review primarily to verify

‘that CID or some other mention of a prion disease wasnot = -

listed on the certificate and possibly miscoded. In-addi-
tion to enabling this verification, the death ce mﬁcate may
provide information on the durauon of the illness-and
whether an autopsy was performed. 'Codes that triggered a
* request of the death: certificate for a further review are
listed in Table.1. The information received from NDI has
an 18- to 24-month lag (e.g., the 2006 death index data first

became available in 2008) because the vital statistics -

information is first compiled and coded by the states in
which the death occurs, after which it is sent to NDi.

- Inaddition to cross-matching recipient data with the
NDI database, we annually queried AutotrackXP (Choice-
point, Inc., Boca Raton, FL) databases. AtitotrackXP isa
database that provides personal data sourced from mul-

tiple public and private databases. They enabled us to
confirm the last known state of residence and the survival
status of the recipients (e.g., a report of recent activity
wotld indicate that the recipient was alive). For new
recipients, we also used the Choicepoint databases to
verify the recipients’ names and social security nurnbers.
Loss to follow-up occurred when a hospital did not

prcmde us with identifying information for the tecipient, -
but did provide us with the most recent health and vital

96 . ‘,.' '
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status available (e.g., patient was alive and healthy at last
visit, date of visit).

Statistical analysis

We analyzed the data in terms of the number of recipients
of CJD donor blood components multiplied by each
recipient’s period in vears of survival after the date of
transfusion. Because the date of each donation was not
collected, we used the transfusion date as a surrogate for it
when determining the interval from the donation to onset
of C1D in the donor: In the few situations where only the
month and year were provided, the date was set as the
15th of the month and if only the year was provided
the month and day was set to the middle of the year (July
1). Thus, this interval in manths was calculated by deter-
mining the number of days between the date of onset of

the CJD in the donor minus the date of transfusion in the
recipient, dividing by 365 and multiplying by 12. This "~

information, in turn, was categorized ilifo seven groups:
less than or equal to 12, 13 to 24, 25 to 36, 37 to 48, 49 1060,
61 to 72, and 73 months and greater. '

For recipients, their survival time was calculated by
the interval between the date 'of transfusion and the last
known date the recipient was alive or, if the recipient was
known 1o be déceased, the interval between the date of
transfusion and the date of death. Person-years were also
determined for selected groups of recipients with different
lengths of posttransfusion survival, such as recipients who

thad survived 5 or more years after transfusion (“long-term

survivors”).
We used Fusher s exact test to assess the differenice in

' yiskeof biood transfusion transrnission of CJD and vCjD

ameng recipients who survived 5 years or longer after
ransfusion and received blood from a donor whose last
donation.occurred within 60.months of the onset of symp-
toms (donation-to-onset interval). The data on CJD were ;-

derived from the present study and the data on vCID from

the UK TMER study.” In the UK study, the three idetitified
clinical cases of vCJD occurred among 21 recipients
known to have survived 5 years or longer and whose
donors had an onset-to-donation interval of 60 months or
less (R.G. Will, personal communication, 2008).

RESULTS

Study donors

Forty-three blood donors who were subsequently diag-
nosed with CJD were reported for possible inclusion in
this study. Of these 43, 7 were not included due to lack of
response from the blood centers, absence of donations en
file, or incomplete recipient records. »

The CJD iiiness of all 36 identified study donors was
chagnosed by a neurologist, and 58 percent (21/355) of -

: _Vo!umev , Maﬁ"zoog-;mmssusiqn 8797
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TABLE 1. Frequency for the top five ICD-8 and ICD-10 codes for the multiple causes of death and for codes that
generated futrther investigation

Code Grouping or frequency Number

1CD-8 morbidity/mortality codes for deaths between 1978 and 1998

ICD-9 Five most frequeni grouping of codes (tofaf diagnosis codes 696 from 252 decedents')
420.0-429.9 Other forms of heart disease 67
410.0-414.9 Ischemic heart disease 58
200.0-208.9 Malignant neoplasms of lymphatic and hematopcietic fissue 45
570.0-579.9 Other diseases of digestive system 37
280.0-289.9 Diseases of blood and blood-forming organs 34

Frequency.of codes that generated further mvesngaﬁorrt .

046.1 CJD : 0
3109 Specific nonpsychotic menta! disorders following organic brain damage, unspecified 1
331.9 Cther cerebral degenerations, unspecified 0
341.9 Other demyelinating diseases of central nervous system, unspecxf:ed 4]
348.8 Other conditions of brain 0

ICD-10 morbidity/mortality codes for deaths for 1999 through present

ICD-10 Five maost frequent grouping of codes (fotal diagnosis codes 182 from 77 decedents*)
130.0-151.9 Other forms of heart disease {e.g., cardiac amest, congestive heart iallure, endocarditis) 21
120.0-125.9 {schemic heart disease 18
N17.6-N19.2 Renal failure 15,
160.0-169.9 " Cerebrovasular disease i2
110.0-113.9 Hypertensive disease 8

Frequency of codes that generated further investigationt
A81.0 CJD 0
Agl.2 Progressive muitifocal leukoencephalopathy 0
ABl.9 Atypical virus infection of central nervous system, unspecified o
B894.8 Sequelae of other specified infectious and parasitic diseases 0
E85.2 Heredofamilial amyloidosis, unspecified : 0
Fo3 Unspecified dementia 3
G20 " Parkinson's disease 1
G30.0 . Alzheimer's disease with early onset 0
G30.92 Alzheimer's disease, unspecified 1,
G31.8 Other specified degenerative diseases of nervous system 0
G47.0 Disorders of initiating and maintaining sleep 0
G20 Disorders of the autonomic nervous system 0
G93.3 Postviral fatigue syndrome 0
&G93.4 Encephalopathy, unspecified - 0
G93.9 " Disarder of brain, unspecified 0.
G96.9 Disorder of central nervous system, unspecified 0
Gos . Cther disorders of nervous system, not elsewhere classified 0
- R99 ' Other il--defined and unspecnf'ed causes of mortality 0
* Mean number of mulliple cause of death codes Hsted per decedent is 3 for both ICD-9 and (CD-10.
1 Mean age at death for those decedents that triggered further investigation was 79.5 years (range, 64- 101 yaars)

these diagnoses were autopsy andfor biopsy confirmed by
examination of brain tissue. Of these 36 CJD donors, 34
{94%) were identified as sporadic CJD, 1 as familial CJD
(E200K), and 1 as iatrogenic CJD. ’

These 36 donors donated blood in 16 states in the
United States between 1970 and 2006. The mean age of
these donors at onset of their CJD was 60 years (range,
39-74 years). The mean of reported donations made by
the donors was 20 (range, }-76). Not all of the donations
yielded an enrolled recipient. Of the units linked to iden-
tified study recipients, red blood cells (238 units} were the
most conumonly received component, followed by plate-
1ets (75 units), and plasma (49 units) with the remaining
units being other types of components such as whole
blood, cryoprecipitate, and granuiocytes {35 units).The
transfusion service did not report the type of component
received for 41 of the recxplents

980 TRANSFUSION Volume 49, iy 2009
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Study recipients and the results of their follow-up

A total of 436 recipients were included in this lockback.
Their median age at transfusion was 66.1 years (range, 4
days to 99 years). They received transfusions in 30 differ-
ent states between 1970 and 2006.

Asofthe end of December 2006, 329 recipients (75.4%)

were deceased, 91 (20.9%) were alive, and 16 (3.7%) were

lost to follow-up. For those who died, the median age at

" death was 70.5 years (range, 8 months-101 years). None

died with a diagnosis of CID. The top five causes of death for
the reported combined underlying cause and multiple
causes of death groupings arelisted in Table 1;1CD-3 codes
were used for deaths occurring before 1999 and ICD-10
codes were used for deaths occurring for 1999 through

present and the complete list can be found in Table 1.°0n '

average, the decedents had three multiple causes of déath
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TABLE 2. Distribution of recipients by vital status and the interval between their transfusion and their donor’s

onset of CJD
interval between recipient's transfusion and
donor’s onset of CJD symptoms {months) Alive Deceased Lost to follow-up Total
=12 17 44 5 66 (15.1%)
13-24 5 32 3 40 (9.2%)
25-36 12 50 1 63 (14.5%)
37-48 - 5 35 0 40 (9.2%)
49-60 - : 8 43 0 51 (11.7%)
61-72 15 26 0 41 (9.4%)
=73 29 - 99 7 135 (30.9%)
Total 91 (21%) 329 (75%) 16 {4%) 436 (100%)
Person-years followed 1189.25 832,25 64.5 2096.00

TABLE 3. Distribution of reclplents by years of posttransfuslon survival and the interval between transfusion
and onset of CJD in donor

" Interval between recipient's transfusion and

Posttransfusion survivai {years)

donor's onset of CJD symptoms (months) =4 5 3] 7 8 9 10 =11 =5, subtatal Total
L2 47 2 0 0 7 1 3 8 19 86
131024 . 31 .0 g -1 1 1 2 4 9 40
2510 36 51 0 2 - 1 0 0 1 8 12 63
37 1o 48 27 0. 2 2 0 1 2 6 13 40
49 to 60 35 1 3 2 0 1 0 8 5 . 51
611072 19 1 3 0 2 2 2 12 22 41
=73 81 3 1 5 4 4 1 36 54 135
Total 292 7 1 1 14 10 i 80 144 436

listed. Codes that triggered further investigation were

310.9, F03, G20, and G30.9 and occurred six times. Review '

of each of the six death certificates verified that none
included any mention of prion diseases. The mean age of
the six decedents was 79.5 years (range, 64-101 vyears;
Table 1). Almost half (49%) of the recipients died within the
first year after transfusion. The 2006 NDI results indicated
that 91 recipients (all but 2 were adults) were still alive at the
end December 31, 2006. Of these 89 adults, AutotrackXP

subsequently provided further evidence that at least 85 -

percent of them were alive.

Recipients in the study were documented to have sur-
- vived for a total of 2096.0 person-years after receipt of a
blood component from a CJD donor {Table 2). The 329
deceased recipients contributed 832.25 of these person-
years and the 91 recipients who were dlive as of December
2006 contributed 1199.25 person-years. The remaining 16
recipients who were lost to follow-up had contributed 64.5
person-years,

A majority (60%) of the 436 recipients in this study
received blood and compenents from CJD donérs that
were donated 60 months.or less before their onset of CID
(Table 2). A total. of 66 recipients received their units

within 12 months or less of the donor’s onset of CID. Of ‘

the 260 recipients who received blood from donors 60

- rnonths or less before their donor's onset of CID, 47 (18%)
~were still alive as of 2006.

Approximately one-third of the recipients survived 5

or more years after transfusion (Table 3). Within this group

987

of long-term survivors, 68 recipients (46.8%) received
blood that had been donated 60 months or less before
onset of CJD in the donor. -

We compared the risk associated with receipt of blood
compenents donated 60 months or less before the onset
of the prion disease in the C]D donors in the United States
and the vCJD donors in the United Kingdom. Whereas in
the United States, no case of CJD was identified among the
68 long-term surviving recipients of the blood compo-
nents donated by the CJD_donors within the 60-month
period before their onset, in the United Kingdom 3 cases
of vCID (14%) were identified among 21 long-term surviv-

- ing recipients of the blood compeonents donated by the

vCJD donors (p = 0.012, Fisher's exact test).

DISCUSSION

This study evaluates the tisk of transfusion transmission ‘

of CJD in US blood recipients and compares the risk to

that reported for vCID in the United Kingdom. Overall, the
U8 recipients survived for a total of 2096.0 person-yeais

after receipt of a blood component from @ CJD donor. No
recipient was found to have been diagnosed with CJD.
These results indicate that for the period studied, the risk,

if any of transfusion transmission of CJD by CJD donors is -

significantly lower than the risk of transfusion transrms-
sion of vCJD by vCID donors.
Although the incubation period for prmn diseases

FAGEN

can be very ‘long, about 30 yea:s or longer as obsgrved‘ E
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