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Creutzfeldt-Jakob Disease and Hemophilia:
Assessment of Risk

Bruce Evatt

Introduction

For people with hemophilia, access to blood
products is the key to a normal, active life.
Without them they face a life of chronic pain
and increasing disability. Unfortunately,
although these products keep people alive, they
are not without risk. This became clear during
the 1980s when many people were infected with
HIV from blood products. Because of the AIDS
epidemic, governments around the world,
companies that make blood products, and
people with hemophilia have done much to
improve the safety of blood products over the
last 10 years. In many countries blood is now
screened and treated to kill viruses.

Despite steps to keep the blood supply safe,
there is still the remote possibility that blood
and blood products contain infectious
substances. This is an important concern for
people with hemophilia who worry that they
might get sick if they keep using blood products.
The types of infections people worry about fall
into three groups: infections caused by
substances that can be screened for and
inactivated, infections that can be screened for
but not completely inactivated, and infections
that cannot be tested for or inactivated. The first
two groups do not cause much worry because
infected blood can be thrown out. However, the
third group makes people who receive blood
products fearful because there is not enough
information to know if the blood products can
cause serious health problems.

Diseases such as Creutzfeldt-Jakob Disease
(CJD) and variant CJD (vCJD) fall into the third
group. CJD and vCJD are forms of transmissible
spongiform encephalopathies (TSEs). They
destroy the central nervous system and
eventually result in death. TSEs have long
incubation periods, which means that symptoms
show up many years after being infected.
However, once they appear, it is too late to treat
the disease and deterioration is quick. TSEs are

thought to be caused by a substance known as a
prion, which is a protein found in cells. It is
believed that the infectious agent of TSEs is an
abnormal variation of a normal prion. Normal
prions are found in many parts of the body but
are most often found in the brain and nervous
system.

TSEs affect both animals and humans; vCJD is
thought to be the human form of Bovine
Spongiform Encephalopathy (BSE) or “mad-
cow” disease [1-4]. Scientists believe that BSE is
related to another TSE, known as scrapie, which
is found in sheep. TSEs such as BSE, which
infect other animal species and humans, may be
more infectious than the TSE agent linked with
traditional CJD. This possibility has led public
health officials in the United Kingdom to be
very concerned about vCJD and its influence on
the blood supply [5].

People with hemophilia and physicians are
faced daily with articles and press releases about
CJD and vCJD that include phrases such as
“unknown agent,” “found in blood,” “long
incubation period,” and “unknown risk to blood
recipients.” Because of the AIDS epidemic, these
phrases create anxiety as well as demands that
any danger be determined. For all groups
concerned with hemophilia, the question to be
answered is “Do human CJD and vC]D present
a risk for people receiving blood or blood
products and, if so, what is the level of risk?”
This article looks at some of the major factors
that determine the level of risk and tries to put
them in perspective based on current
knowledge.

Route of Infection

One factor in determining the level of risk is the
route of infection, or how the infectious agent
was transmitted. The most common type of
transmission is by eating infected tissue. Kuru, a
TSE affecting humans, was transmitted among a
cannibalistic tribe in New Guinea who ate the
brains of dead relatives, and scrapie may be
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transmitted among sheep by eating infected
afterbirth [6-8]. BSE was transmitted to herds of
cattle through feed that contained meat or
organs from sheep and cattle infected with TSE
[9-10]. The cases of vCJD that were seen later in
humans were most likely caused by people
eating products from these BSE-infected cattle
[11-14]. People can be exposed to TSE if infected
tissue is introduced directly into the brain by
organ or tissue transplants near the brain or by
unclean surgical instruments. Infected material
can also be injected directly into muscle.
However, only about 100 cases of TSE in
humans that have been transmitted in ways
other than eating have been found anywhere in
the world [15].

To determine which route of infection is most
dangerous, we need to look at the effect that the
route has on the disease’s incubation time, that
is the length of time between infection and
visible signs of the disease. The introduction of
infected tissue directly into the brain produces
the shortest incubation time, ranging from 15 to
20 months. Injection of infected material into
muscle produces incubation times ranging from
5 to 30 years, maybe even longer. Table 1 shows
the different types or exposure and the length of
time before disease can be seen.

Animal experiments support what has been
discovered about the human disease. In animals,
injections of infected material into the brain
caused disease 10 to 100 times more often than
injections of the same type of material into the
bloodstream [16].

Concentration of Infectious Agent in
Different Types of Tissue

Another factor to consider when determining
risk is the type of infectious material a person is
exposed to. Animal studies have shown that
some types of tissue are more infectious than
others. For example, they indicate that infected
tissue from the nervous system is more
infectious than infected blood or blood products.
Table 2 shows the results of some of these
studies [16-22]. (Please note that while results
are positive, an equal number or more studies
were unable to show these effects.)

In October 1997, scientists presented some
important work at a meeting at the US Food and
Drug Administration. In these studies, scientists
looked at the ability of blood from mice infected
with CJD to cause CJD in healthy mice. They
also separated blood from infected mice into the
products used to treat hemophilia and injected
these into healthy mice to see if CJD would
develop [23]. The scientists discovered that the

Table 1: Influence of Route of Infection on Incubation Time

Route of infection

Number of cases

Incubation time (range)

Direct introduction into the brain by
1. contaminated surgical instruments

2. contaminated EEG probes

Tissues transplanted near the brain
1. . corneal transplants
2. dura mater transplants

Introduction into muscle

1. human growth hormone
2. gonadotropin

o~

25

76

20 months (15 - 28 months)
18 months (16 - 20 months)

17 months (16 - 18 months)
5.5 years (1.5 - 12 years)

12 years (5 - 30 years)
13 years (12 - 16 years)
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Table 2: Infectiousness of Human and Animal Blood Components

Material Source of Inoculum | Assay Animal Route of Infection # Positive/

# Donors

Human Material

Animal Material

sporadic CJD buffy coat Guinea pig/ brain 2/2
hamster

sporadic CJD whole blood mouse brain 1/3

sporadic CJD plasma (3x conc.) mouse brain 1/1

scrapie sheep serum rat brain 1/1

scrapie rat serum mouse brain 1/1 (pool)

scrapie mouse serum mouse brain 1/1 (pool)

scrapie mouse whole blood mouse brain 3/13

CJD Guinea pig buffy coat | Guinea pig brain, under the skin, | 10/28 (pairs)
muscle, peritoneum

CJD mouse buffy coat mouse peritoneum 4/7 (pools)

CJD agent seemed to be present in low
quantities in the blood and in some of the blood
products. They found that cryoprecipitate (the
starting material for producing factor VIII) and
Cohn fractions I, II (the starting fractions for
immune globulins), and III could transmit the
infection to healthy mice. Fractions IV and V
(the starting material for factor IX and albumin)
did not transmit the infection in these
experiments. Cryoprecipitate had the highest
level of CJD agent of the plasma fractions. Red
and white cells had the highest level of CJD
agent among the different blood components, 10
to 100 times higher than the level in plasma or
other blood fractions.

While the results from these studies need to be
confirmed, they do suggest that the starting
material for the manufacture of factor VIII
concentrates may contain low quantities of the
CJD agent. Each batch of concentrate is made
from the blood of 20,000 to 60,000 donors.
Although CJD is quite rare, scientists have
estimated that as many as 1 donor in 60, 000
may be infected and not know that they are
infected because of the long incubation period. If
this is true then most individuals receiving long-
term treatment with factor VIII concentrates
have probably been exposed to the disease [24].

This is a scary thought, but it is important to
remember that animal experiments have shown

that blood is a substance with low-level
infectiousness for CJD, and injection of
infectious material into the bloodstream is a less
efficient transmission route, making it unlikely
that any infection would result. Also, there is
probably a level of CJD agent below which no
infections occur. It is possible that further
processing of cryoprecipitate into factor VIII
concentrate further reduces the level of
infectiousness and the risk of transmission.

Genetic Factors

People’s genes also affect how easily they can be
infected with TSEs. Genes control how an
animal or human develops. Genetic information
is found in chromosomes, which exist in pairs.
Studies show that people whose genetic
information for normal prion protein is identical
on both chromosomes are much more likely to
develop CJD and vCJD [25-27]. Genetic
differences may be related to susceptibility and
the length of the disease’s incubation.

Studies on CJD Transmission by
Blood

Studies of CJD transmission in humans through
blood transfusions or blood products have been
limited because of the long incubation period of
the disease. There are four types of data
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available on transfusions and CJD donors: case
reports, surveillance programs, case-control
studies, and cohort studies. To date, none has
uncovered any cases of CJD caused by blood
transfusion. However, it is important to
understand the strengths and weaknesses of
each type of data.

Case reports, which are descriptions of a
patient’s medical case, have linked both growth
hormone and transplants of dura mater, which
covers the spinal cord and brain, with CJD. The
large number of cases and the fact that this
treatment is uncommon contributed to the
discovery of the link. Blood transfusions, on the
other hand, are very common, which makes it
much more difficult to establish a link with CJD.
Only three reports of possible cases of CJD
following transfusion have been identified. One
patient developed CJD after he had received a
liver transplant; four people in Australia
developed CJD after blood transfusions; and one
person in Canada developed CJD eight months
after receiving albumin that had been prepared
from a plasma pool including a donor with CJD
[28-31]. In none of these cases was there enough
information to associate the disease with the
blood or blood product. We can expect to see a
certain number of cases of CJD in people who
receive blood transfusions because of the very
large number of transfusions that are given.
Without more information, scientists cannot
establish a link between the use of blood
products and CJD.

Surveillance programs track cases of CJD among
the population using information from death
certificates and examining autopsy tissues from
people who have used blood products for a
number of years. Surveillance reports have
provided some information on the transmission
of CJD by blood or blood products. The use of
blood and blood products has increased
substantially in the last 40 years. If blood
transmission were a major cause of CJD, we
would expect to see a rise in the number of CJD
cases in countries with CJD surveillance.
However, the number of cases has remained
constant throughout the world. Most
surveillance programs for CJD were started only
10 to 20 years ago. This means that a small
change in the number of CJD cases from 40
years ago cannot be easily detected. Also death
certificates are about 80% to 85% effective in

identifying CJD cases [32]. Unless patients have
unusual clinical characteristics, such as onset at
a young age or unusual neurological symptomes,
it may be very difficult to find a link. Since the
mid-1980s many people with hemophilia have
died with central nervous system problems,
which were thought to be secondary to HIV. If
physicians confuse CJD illness for AIDS-related
problems, cases of CJD might be missed.

One of the largest surveillance programs is in
the United States. From 1979 to 1994 the total
number of cases of CJD and the number
occurring in young people have not increased
and there have been no cases reported in people
with hemophilia or other blood disorders [33].
Since 1983, the Centers for Disease Control
(CDC) has examined the bodies of 30 people
who died with symptoms of a nervous system
disease. Most of them had had severe
hemophilia and had received blood products for
more than 15 years [34]. No cases of CJD have
been uncovered. Similar findings were found by
investigators in the UK [35]. The numbers are
still too low to draw any final conclusions.
However, the information suggests that if CJD is
transmitted through blood products, it is
uncommon and/or has an extremely long
incubation time.

In case control studies, people who received
blood products and who developed CJD are
compared with people who received blood
products but who did not develop CJD. Six
studies of this sort have been carried out and
none has detected a link between blood
transfusions or blood products and CJD [36-41].
These studies suggest that transmission by
transfusion, if it occurs, is not common. One
group of researchers combined data from three
of the studies, consisting of 178 cases of CJD and
333 cases in which CJD did not develop, and did
not find any link between CJD and blood
transfusions [42]. The major weakness in these
studies is that CJD is very rare in the donor
population; only 0.0016 % of units of blood
transfused might carry the CJD agent. The lack
of any link between blood transfusion and CJD
may be due to the fact that very few people
receiving blood transfusions are exposed to the
CJD agent.

Cohort studies look at the number of patients
who develop CJD after receiving blood from
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donors infected with CJD. So far, no cases of
CJD have been found, but some results stand
out. In two studies, no recipients developed CJD
but less than 30% lived longer than five years
following the transfusion [43]. These studies
support the theory that transmission by blood
transfusion is uncommon. However, the
incubation periods are not long enough to make
the findings definitive [31, 44]. In another study,
76 out of 101 people who received
cryoprecipitate between 1979 and 1985 have
lived at least 11 to17 years after receiving
infected blood products and none has developed
CJD [44].

All these studies support the idea that
transmission of CJD by blood transfusions or
blood products is very rare if it exists. However,
because of the short incubation times seen in the
studies and the very small number of cases, no
one can definitely say that transmission is non-
existent.

Bovine Spongiform Encephalopathy
and Variant Creutzfeldt-Jakob
Disease

In 1985, a number of dairy cows in the United
Kingdom developed a fatal illness characterized
by usual symptoms of abnormal and aggressive
behavior and ataxia. Autopsies on these cows

showed findings resembling scrapie in sheep,
and the disease was named bovine spongiform
encephalopathy [9-10]. The epidemic that
followed affected more than 170,000 cows in
more than 34,000 herds (Figure 1). The
epidemiologic evidence all pointed to a common
source cause, most likely a food supplement
made from meat and bone meal produced by
commercial rendering plants. Cattle that had
died from the initial infections were used by the
rendering plants in the food supplement and
thus quickly spread the disease. The disease has
been experimentally transmitted to a variety of
different animals including nonhuman primates
and laboratory rodents by various routes. The
number of affected cattle began to decline after
an imposed ban on feeding food supplements
derived from ruminants was imposed in 1988.
In the United Kingdom, a surveillance program
for CJD was established in 1990, in part because
of the concern of cross-species transmission of
BSE. Because of this program, 38 cases of what is
currently known as vCJD were detected
between 1994 and the present. These patients are
younger than those with classical CJD, develop
early psychiatric and behavioral changes, and
have persistent paresthesia and dysesthesia,
followed by ataxia [45]. All had eaten meat prior
to 1991, and it was suggested that the disease
was the result of cross-species transmission of
BSE. Supporting this hypothesis were the

Figure 1: BSE and vCJD in the U.K.
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observations that no cases had appeared before
1993; only one case had appeared outside the
U.K.; the cases followed the BSE epidemic; the
vCJD prion resembles the BSE prion; and the
pathologic patterns seen in vCJD and mice
infected with BSE are similar to each other but
distinct from those of classical CJD [10-13].

The suspected transmissions to humans raised
the possibility that vCJD may be transmitted
more easily than classical CJD or may be in
higher titer in tissues. This possibility has
caused concern about the transmission of vCJD
by blood or blood products. Subsequently,
tonsils and spleen of animals infected with BSE
adapted to various species and individuals
infected with vCJD (but not sporadic CJD) have
been found to contain prion protein, in
concentrations as high as 10 per cent of that
found in the brain. [46] In addition, several
studies have shown that vC]JD can be
transmitted by blood transfusion in different
experimental animals. The most notable
transmission was reported in 2002 when blood
obtained from sheep was experimentally
infected with BSE and blood obtained from
sheep with naturally acquired scrapie was
transfused into healthy sheep that had not
previously been exposed to these agents. Two of
24 (8%) of the healthy sheep that received the
blood contracted BSE and four of 21 (20%)
developed scrapie. [47]

Recently, a suspected human transfusion-
acquired case of vC]D was reported. [48] This
patient was one of 48 patients who received
various blood components from 15 donors who
later developed vCJD in the United Kingdom.
This patient, over the age of 60, developed
symptoms of vCJD 6.5 years after receiving five
units of red cells, one of which was donated by a
donor 3.5 years before developing the symptoms
of vCJD. Although it is possible that this
infection was acquired by eating infected beef in
Britain, several observations support the
hypothesis that this was a transfusion-acquired
case:
e  Statistical analysis of cases in Britain
suggests the chance of acquiring a case in
the absence of transfusion to be 1 in 15,000
to 1 in 30,000.
e  The cellular components of blood contain
the highest concentration of suspected
infectious agent for vCJD and, therefore,

are more likely to transmit the disease as
compared with the other compenents or
derivatives.

e  The possible incubation period, 6 years,
was appropriate for vC]JD transmission via
a peripheral route of infection (blood).

e  Nearly all the vCJD cases have been
considerably below the age of 55 (15-40)

e  Inlight of the accumulating experimental
animal data, it would not be unreasonable
for the transmission to have occurred.

Discussion

Based on information accumulated to date, it is
still difficult to judge absolutely the risk of CJD
and blood transfusion. It is reasonable to
conclude that CJD is produced by a
transmittable agent which is probably contained
in low titer in the blood of infected persons and
animals. The agent possibly partitions in
cryoprecipitate and immune globulin fractions
of plasma during Cohn fraction procedures, but
little or none can be found in fractions that
eventually are used to manufacture albumin and
factor IX concentrates. As has been noted with
other infectious agents, the losses of infectious
titer found with initial fractionation procedures
are possibly duplicated by further fractionation
procedures used in the manufacture.
Transfusion or intravenous injection may be
such an inefficient route for CJD transmission
that the low titer of any infectious material that
may be in blood or blood products may be
below the threshold for causing disease in
humans. The inefficient routes of inoculation
and the low titer of infectious material probably
cause longer incubation times before clinical
disease; thus, with any transmission by blood or
blood products, incubation times longer than 30
years may be a possibility. From the present
clinical and epidemiologic studies, transmission
by blood or blood products appears to be a rare
or nonexistent cause of current and past cases of
classical CJD in humans. Variant CJD, on the
other hand, must be considered differently.
Although not proven, it is reasonable to assume
that transmission of vCJD by blood transfusion
is possible. For patients with hemophilia, two
important issues need to be considered while
estimating risk:

e  the risk of various blood products; and

e the geographic location of the risk.
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Risk to patients receiving other blood
products

The causative agent of vCJD has been shown to
be present in low concentration in the blood of
experimental animal models of the disease.
White blood cells (which are present in packed
red cell transfusions) have a much greater
concentration of infectivity than plasma).
Plasma derivatives, such as clotting factor
concentrates, are manufactured from plasma
pools. The lower risk of infection from such
concentrates is partly due to two factors: 1) the
dilution of a contaminated donation by
thousands of uncontaminated donations in the
same plasma pool, and 2) the manufacturing
process, which includes steps that are known
from extensive laboratory studies to remove the
infectious agent (e.g., precipitation, filtration,
and column chromatography). Based upon
animal experiments, the total reduction of
infectious material in contaminated plasma has
been calculated to be more than a million-fold.
As a result, health authorities have considered
plasma derivatives to be among the lowest risk
blood products for vCJD.

Geographic localization of risk

The risk of blood-borne transmission of vCJD is,
for practical purposes, restricted to the UK,
where 145 people have died from the disease,
and where by far the largest number of
individuals have been potentially exposed to
“mad cow disease,” the cause of the vC]D
outbreak. Outside the U.K., only Europe and
Japan have had cases of BSE, and the number of
affected cattle is extremely small compared with
the U.K. Plasma collected from donors in the
U.K. is not currently used for manufacturing
plasma clotting factor concentrates. In addition,
blood donor screening procedures used around
the world have restrictions on donors who have
resided in the U.K. and other countries where
vCJD has been identified.

Exposure of hemophilia patients in the
U.K. to vCJD

Plasma from a number of donors incubating
vCJD was used in the U.K. to manufacture
plasma-derived blood products prior to policy
changes with regard to the use of U.K. plasma.
As a result, several hundred hemophilia patients
have used these products. These patients have
been counseled and are under health

surveillance for signs of developing vCJD.
Reports indicate that, currently, none have
developed apparent vCJD.

Summary

Finally, the most reasonable assessment of risk
at this time would be to accept possible blood
transmission of vCJD as a reality.

e The risk of such occurrences appears to be
predominately a risk for recipients of blood
components collected in the U.K.

e  Donor screening procedures and blood
banking policies initiated in countries
throughout the world appear to be
appropriate to reduce such transmissions to
a minimum.

e  Currently, clotting factor concentrates
manufactured from plasma obtained outside
the U.K. appear to carry a very low risk of
transmission of vCJD because of the
exclusion of potential donors incubating
vCJD and the reduction of potential agents
by the manufacturing processes. Continued
vigilance is important to identify any
changes in the level of suspected risk.

The WFH continues to monitor this situation
and will keep the hemophilia community
informed.
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