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. u NT-IL 30 years ago, Crcutzfcldt-Jakob dis- 
ease was an obscure form of dementia un- 
known to most physicians. The name is now 

familiar to the medical community as the major 
transmissible spongiform cnccphaiopathy (or prion 
disease) in humans and to rcscarch scientists because 
of its strange causative agent with novel modes of 
replication and transmission. Furthcrmorc, the term 
“Crcutzfcldt-Jakob disease” has caused distress to 
patients who have been notified that they may have 
rcccivcd tainted blood or blood products, and it has 
been popularized by cxtcnsivc media coverage of 
bovine spongiform cnccphalopathy (“mad cow dis- 
ease”), with its profound economic impact in Eu- 
rope and probable transmission to humans in the 
United Kingdom. To our knowledge, the incidence 
of Crcutzfcldt-Jakob discasc has not changed in rc- 
cent years, but professional and lay intcrcst in the 
disease has burgeoned. 

The nature of prion dkcascs and their pathogcn- 
csis at a cellular lcvcl and in transgcnic mice have 
been rcccntly rcvicwcd in the @rnuf~ and clsc- 
whcrc.8-6 Our rcvicw will comment briefly on trans- 
missible spongifbrm cnccphalopathics in general and 
then focus on the practical aspects of the cpidcmiol- 
ogy and diagnosis of Crcutzkldt-Jakob discasc, the 
possible modes of transmission and inhcritancc, and 
the risks to recipients of blood transfusions, physi- 
cians, and rclativcs. Fiially, the British outbreak of 
bovine spongiform cnccphalopathy, the rcccnt cvi- 
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dcncc that this disorder may have been transmitted 
to humans, and the rcsuhant apprchcnsion in North 
America will be addrcsscd. 

TRANSMISSIBLE SPONGIFORM 
ENCEPHALOPATHIES 

A number of transmissible spongiform cnccpha- 
lopathics have been dcscribcd in animals and hu- 
mans (Table 1). All have incubation period8 of 
months to years, and all gradually incrcasc in scvcr- 
ity and lead to death over a period of months. None 
evoke an immune rcsponsc, and all sham a common 
noninflammatory pathologic process rest&cd to 
the central nervous system. The only mauomolc- 
cults thus hu associated with infection arc isofkms 
of a host membrane sialoglycoprotcin called prion 
protein (PrP). These transmissible agents appear to 
have common mechanisms of pathogen&s and pos- 
sibly a common origin. Somca have 8prc& acro8s 
spccic~ barricrs(tmns&sibic mirth cnccphalopathy 
and possibly new-variant~Crcut&.ldt-Jakob disc&k 
some have rcachcd cpidcmic proportion8 by cntcr- 
ingthcfoodchain( tmnsmkiblc mink cnccphalop- 
a% ~~spongiformcn~~h~oprthy,uld~~r:, 
and others have been transmitted by inhcrit.ancc of 
mutations in the RP gene (familal CrcutxkIdt- 
Jakob d.iscasc, Gcrstmann-Str&sslcr-Schcinkcr dis- 
ease, and fatal familial insomnia). 

Scrapic is a subacute, progrcssivc ataxia of sheep 
and goats. Animals affected by scrapic have been rcc- 
ognizcd by shepherds for over 200 years, and for 
many years the disorder was rcgardcd as an inhcrit- 
cd, degenerative disease of the brain and spinal cord. 
In 1936 scrapic was reported to be transmitted from 
sheep to sheep with an incubation period in cxccss 
of one year’; ncvcrthckss, controvcrky continues to 
this day about the natural mode of transmission and 
the rclativc role of genetic susceptibility.* The dis- 
ease has been cxpcrimcntalJy transmitted to many 
species, but although amplification occurs in some 
neural cell lines, no in vitro assay has been dcvcl- 
opcd. Thcrcforc, most of our knowlcdgc of the na- 
ture of prions comes from studks of the suapic 
agent in mice and hamsters. 

Bccurrcnt outbrcahs of transmissible spongifbrm 
cnccphalopatby have occurred on mink ran&8 in 
Wisconsin, and isolated outbreaks have been rcport- 
cd in Canada, Finland, Germany, and Russia.9 Feed 
contaminated with tissue horn scrapic-afktcd sheep 
was assumed to be the mode of transmission, but rc- 
cent observations suggest that tissue from other in- 
fected animal species may also have been involvcd.rO 
Chronic wasting discasc of deer and elk is a trans- 
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TMU l.lhm.wwm~ &‘ONGlPOIlM 
EN~XPHALOPA~ (hION DISEASLS).’ 

Animal- 
sEnpL(Ihecp~lP-) 
Tansminibkminkcncep)ulopathy 
waaingdiu.auofdcaandclk 
BoGncapon&mulc~ 
l-ianmNbk~cnccpNopathy 

of captive wild ruminanutt 

New-WC Crcuafcldt-Jakob disasct 

Within uch catcgoty (animal or h- disca- 
CK),diWC8uCliUCdillthCO&XillWhiChththcy 
wcrc ttxopid m be mmsmisiblc. 

tThac dkaau all appear m have a common 
SOOIU. 

#ncwiki Nminanulffmcdarcthe*getns- 
bok, A&ii oryx, eland, k&u, scimim-homed 
oryr, ankolc, and 

$TThe klinea al?ictcd arc the domestic cat, puma, 
cheetah, ocelot, and tiger. 

missiblc spongiform encephalopathy found in cap- 
tive animals in the western United States and Cana- 
da. The disease has been found in wild deer and elk 
in northeastern Colorado and southeastern Wyo- 
ming, and a pmvalencc of 2.5 percent has been cs- 
timatcd in deer in that area. The mechanism of 
transmission remains unknown (Williams E: pcrson- 
al communication). 

Km-u was the first human spongiform cnccpha- 
lopathy shown to bc transmissible. This subacute, 
uniformly fkal disease of ccrcbcllar degeneration 
reached epidemic proportions among the Fore cth- 
nit group in a remote mountainous area of New 
Guinca.rr The discasc was spread by ritual cannibal- 
ism and has gradually disappeared over the 40 years 
since the practice ceased. The similarities in the 
epidemiology, clinical course, and histopathological 
features of kuru and scrapic led to the suggestion 
that transmission of km-u to nonhuman primates 
should be attempted. l2 Intracercbral inoculation of 
brain homogcnatc transmitted the disease to chim- 
panzees, with incubation periods of 14 months or 
morc,rs and serial transmission with limiting difu- 
tio.ns established the occurrence of replication. 

Crcutzfcldt-Jakob disease occurs as both a spo- 
radic and a familial disease. Its epidemiologic and 
clinical patterns are d&rent from those of scrapie 
and kuru, but it produces similar spongiform chang- 
es in the nervous system. These similarit& prompt- 
cd studies of transmission from humans to nonhu- 
man primates. Succcssfkl transmission has occurred 
with samples obtained from more than 300 pa- 

tients.l%rs Transmission can occur by peripheral 
routes of inoculation, but larger doses arc rcquircd 
than for transmission by intraccrcbral inoculation. 
In some cases, oral transmission has been possible, 
with even larger dosages of inoculum.16 

N8tun of Prions 

Studies of the scrapic agent and more limited stud- 
ies of prions of human origin indicate that the agents 
arc resistant to treatments that inactivate nucleic ac- 
ids and viruses (alcohol, formalin, ionizing radiation, 
proteases, and nuclcascs) but that they arc inactivat- 
cd by treatments that disrupt proteins (autoclaving, 
phenol, detergents, and extremes of pH). Prusincr 
showed that infectivity colocalizcd with a protein 
and proposed the term prion “to denote a small pro- 
tcinaccous infktious particle which is resistant to most 
procedures that modify nucleic acids.“17 The pro- 
tease-resistant protein associated with disease (dcsig- 
natcd PrPm or PRPL) proved to be an isoform of a 
protcasc-sensitive normal host cellular protein (dcs- 
ignatcd Prl+ or PrPc). I3 In the pathologic process, 
PrPm undergoes a post-translational conformational 
change to PrP=; this conformational change con- 
verts the protein from a predominantly alpha-helical 
structure into one with a large beta-sheet content. 
This protcasc-resistant isoform accumulates in neural 
cells, disrupting function and leading to vacuolixa- 
tion and cell death. 

&k?ldlWkMpti@-ti*~Cai@;&~m~bS 

ia ~:~~~~~~~~,Pr~~~~~xp~iQn of thr& 
g@lemn baet@spsngiF GhangeaJ Mice hckin$ 
tk prp geile CrnQ~be~~ctCd with scrapk, an ob- 
scg.yation- unquivoea.l!y showing that PrP is neccs- 
sary fbr the disc&!@@ Whether PrP is suflkicnt is un- 
cle&c A chaperone protein that binds PrP and 
fiditatcs conversion may be necessary,2 and cogent 
~tscontinuc to question the “protein-only” 
thory.21 

Patlboganris 

In lambs exposed to scrapic-ticted flocks, infcc- 
tivity is &rst found at about one year of age in the 
lymphatic tissues and intestines, suggesting trans- 
mission by way of the alimentary tract. Infectivity in 
the brain is found at about two years of age, and in- 
fectivity slowly incrcascs in the brain, with resultant 
spongiform changes and clinical disease during the 
subsequent year.22 

In mice cxpcrimcntally infected by subcuta.ncous 
inoculation, infectivity is found !irst in the lymphat- 
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ia and spleen and later in the brain.*3 Infectivity has 
been found in the blood of cxpcrirnentaBy infected 
rodents,24 and the presence of differentiated B cells 
appears important for invasion of the nervous system 
of the mouse after inwperitoneal inoculation.25 Af- 
ter inoculation into the limbs, however, the scrapie 
agent travels along the nerves to the central nervous 
system,zb so multiple routes of invasion of the nerv- 
ous system may be possible. The route of ehtry of 
the pathogen, inficctivity of blood and tissue kt dif- 
ferent stages of the infection, and variations between 
speci~.artc&tween thc_routes of inoculation of the 
nervous system are central to many of the questions 
about the risk of infection that are discussed below. 

SPORADIC CKEUTZPBLDT- JAKOB 
DISEASE 

Early Racognltion and Epidemiology 

Creutzfcldt-Jakob disease was first described clin- 
ically and pathologically in the 1920s. However, the 
patient described by Creutzfcldt and three of the 
five patients described by Jakob would not fi,tlMl 
present-day criteria for the diagnosis.27 Subsequently, 
an array of cponyms was applied to similar diseases 
with differing clinical presentations or topographic 
distributions of pathological findings. The cxpcri- 
mental transmission of Creutzfeldt- Jakob disease to 
chimpanzees in 196814 led to a rational delineation 
of the syndrome and acceptance of the flawed dcs- 
ignation of CreutWdt- Jakob disease. 

The disease occurs worldwide with an incidence 
of 0.5 to 1.5 cases per million population per year. 
There is no seasonal distribution, no evidence of 
changing incidence over the years, and no convinc- 
ing geographic dustcring, except for areas with large 
numbers of familial cases. 

Many series and case-control studies have searched 
for risk factors. By analogy to other spongiform cn- 
ccphalopathies, dietary factors, exposure to animals, 
and occupational exposures have been scrutinized 
Thoinfzi&ncein Austratia ~~~~~~;~ 
i I&&&% 436 SC&lpi+isz~simi ttY thF#‘“~~~ kh&j 

Kingdom, where scrapio in ,sheep ~en&nt&, NeiT 
tkg% c~?,&,~&adr~ m &time 
be@%arianism alters the risks, Surgeons, patholo- 
gists, butchers, abattoir workers, and cooks exposed 
to blood and uncooked animal products do not have 
increased ri~k.s.~~~ Only a single conjugal pair of 
cases has been verified,~.J* and there is no evidence 
of transplacental infection. This is not an epidemio- 
logic picture that would suggest a transmissible dis- 
ease, and the documented absence of comnmnica- 
bility should reassure medical perso~cl and family 
members who care for patients with this disease. 

Clinkal D&mm 

Eighty percent of sporadic cases of Creutzfcldt- 
Jakob disease are diagnosed in persons between 50 

1~ 2. MAJOR Cu~lca SIGNS IN SPORADIC 
CREUIZFELDT- JAKOB DISEASE. 

SmN FumENm’ 

K 

Cognitive d&its (dementia), including . . pf+ianic and be- abnomulmcr 
Myodonus 
l+amiddmutsigns 
ccrebdJar signs 
J?mqyma signs 
cortiul VisuaJ d&iu 
AbnommJ errnocuhr muancnu 
Lower-motor-ncnmn dgns 
Vcsdbulardyshnchn 
SC- 
Scnscuy d&u 
AutonomJc abnormaiitic.s 

100 

L-80 
>50 
HO 
Z-50 
z-20 
z-20 
<20 
<20 
<20 
<20 
<20 

*Dam arc hm the United Statu,~* the United King- 
dom,= and Fmncc.u 

and 70 years of age. About one third of patients ini- 
tially express vague feelings of fitigue, disordered 
sleep, or decreased appetite. Another third initially 
have ncurologic symptoms, such as memory loss, 
confusion, or unchamcteristic behavior. The final 
third initially have focal signs, such as ataxia, aphasia, 
visual loss, hemiparesis, or amyotrophy. The last 
group includes the patients who pose the most dif- 
ficult diagnostic problems, since the insidious onset 
of muscle wasting in the spinal cord form of the dis- 
ease may simulate motor neuron disease and the rapid 
evolution of aphasia or hcmianopia may be mistaken 
for the results of a cctebrovascular event.32 

A diagnosis of Creutzfeldt-Jakob disease is sug- 
gested by the typical clinical course of inexorable 
progression, with the dissolution of cognitive abii- 
ties from week to week or even day to day, and the 
development of myoclonic jerking, particularly startle 
myoclonus, in response to sounds or touch. An array 
of other nemologic symptoms and signs may develop 
(Table 2). When the clinical progression is dominat- 
cd by ataxia, choreoathetosis, or lower-motor-neuron 
signs, the diagnosis is often delayed. 

During the late stages of the disease, the patient 
becomes mute and akinetic, and even the myoclonic 
jerking subsides. The mean survival time is only five 
months, and 80 percent of patients with sporadic 
disease die within one y~ar.15~33 

Labomtory findings 

Clinical laboratory studies show no evidence of in- 
flammation, no consistent abnormalities of liver or 
renal function, and no antibodies that neutralize the 
disease agent. The ccrebrospinal fluid has a normal 
P-m, does not an increase in cells or abnor- 
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Rgura 1. Histopathologlcal Changes in Creutzfeldt-Jakob Disease. 
Panel A shows a plastic-embedded section of a brain-biopsy specimen from a patient with sporadic Creutzfeldt-Jskob disease, 
rhowfng intmcytoplasmic vacuoles containing fmgments and loops of membranes (arrow). (Cresyl violet, X300.) 
Panel B shows a paraffin-embedded section of a brain-biopsy specimen from a 2S-year-old woman with new-varfant Creurzfeldt- 
Jakob disease, showing a large fibrillary amyloid plaque surrounded by patchy sponglform changes (arrows). Uiematoxylin and 
eosin, X100; provided by Dr. James Ironside, Edinburgh, Scotland.) 

mal levels of immunoglobulin, and has a normal or 
mildly elevated protein content (only rare instances 
of more than 100 mg of protein per deciliter have 
been reported). 

Early in the course of the disease the clcctrocnceph- 
alograrn may be normal or show nonspecific slowing 
Later in the disease, periodic, biphasic or triphasic, 
synchronous, sharp-wave complexes arc superim- 
posed on the slow background rhythm in most pa- 
tients, but these characteristic complexes may disap- 
pear as myoclonus subsides in the terminal phase of 
the discasc. Periodic complexes have shown a scnsi- 
tivity and specificity of 67 percent and 86 pcrccnt, 
respectively, for detection of Creutzfeldt-Jakob dis- 
casc,ss but if rcpcatcd recordings arc obtained, more 
than 90 percent of patients may show periodic ab- 
normali ties.” 

The results of brain imaging arc usually normal in 
the early stages of the disease. As the disease pro- 
gresses, computed tomography (CT) may show pro- 
gressive pcralizcd atrophy. Magnetic resonance 
imaging (MRI) may show hypcrintcnsc signals in 
the basal ganglion on T,-weighted images; a retro- 
spective study detected these changes in 79 percent 
of patients. W New pulse sequences may increase the 
sensitivity and prospcctivc value of MRI. 

Abnormal protein patterns in the ccrcbrospinal 
fluid of patients with Crcutzfcldt-Jakob discasc 
were originally found with two-dimensional clcctro- 
phoresis,s but the method was not practical for rou- 
tine use. l?u-tia.l sequencing of these proteins showed 
that they matched a normal brain protein kn0~1-1 a~ 
14-3-3, and a rapid immunoassay for the protein has 
proved useful in the diagnosis.39 Elevated levels of 

this protein arc found in the ccrcbrospinal fluid of 
patients with viral encephalitis and during the first 
month after ccrebrovascular accidents. In patients 
with progressive dementia without plcocytosis who 
arc subsequently confkmcd to have sporadic Crcutz- 
fcldt- Jakob disease, the sensitivity is 96 percent and 
the specificity is 99 percent. Assays of ncuron-spccif- 
ic cnolasc and SlOO protein have not shown similar 
sensitivity or spccifkity. 

Since familial Creutzfcldt-Jakob disease is domi- 
nantly inherited, sequence analysis of the gene for 
PrP is not indicated unless there is a history of dc- 
mcntia in a first-degree relative. 

Pathological Findings 

Histologic examination of the brain and immuno- 
staining for PrPm are the gold standards for diagno- 
sis. The crucial features arc spongiforrn change ac- 
companied by ncuronal loss and gliosis; amyloid 
plaques arc found in 10 percent of brains in the spo- 
radic form of the disease. In contrast, plaques are 
common in kuru, some familial spongiform cnccph- 
alopathics, and new-variant Crcutzfcldt- Jakob dis- 
ease (Fig. 1). In all cases, immunocytochcmical stain- 
ing for PrPm shows difhrsc synaptic and pcrivacuolar 
staining, wick striking staining of plaques when they 
arc present.*0 

Possible pathological diagnosis from peripheral 
tissue has been suggested by the report of PrP 
staining of cells in the germinal centers of tonsillar 
tissue from the autopsy of a patient with new-variant 
Crcutzfcldt- Jakob discasc.*r Tonsillar biopsy has not 
been shown to be an effective diagnostic method 
early in the disease or in sporadic or familial cases. 
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Differmtial Diagnosis 

Rapidly progressive dementia with myodonus and 
various other neurologic 8nding.s suggests the diag- 
nosis of Crcutzfeldt- Jakob disease, but it is essential 
to examine the ccrebrospinal fluid to rule out infcc- 
tions such as tertiary syphilis or subacute sclcrosing 
panencephalitis. Toxins such as bismuth, bromides, 
and lithium must be cxeludcd. In Crcutzfcldt- Jakob 
disease, in contrast to toxic and metaboliCI disorders, 
myoelonus is rarely prcscnt at the onset, and sci- 
zures, when they occur, arc late in the course of the 
disca.scAlzhcimcf&liscasc, particularly familial cas- 
cs with myoelonus, posts the most difficult problem 
in the differential diagnosis. 

With a typical presentation and myoelonus, a rapid 
course, an clcctroenccphalogram showing periodic 
complexes, and the ptescncc of 14-3-3 protein in the 
ccrcbrospinal fluid, the diagnosis is reasonably assured. 
In many patients dcmcntia is not the initial prominent 
feature, howcvc r, and myoelonus may dcvclop late or 
be obseurcd by other movements. Bceausc clcetrocn- 
ccphalographic and ccrcbrospinal fluid tests arc not 
100 pcrccnt specific, the diagnosis is often uncertain, 
requiring either watch&l waiting or brain biopsy. 

Risks of Infection from Patients and Tissues 

$Ii&md&tcnt .: II .*: taE~RliS.SiO~O&-- 
t)r has bce~~*~~ ri-df b~~-~; Qi- 

n;ll co&g md- eye @&de. Tf&&&bn o,-- inwlw 

thanhalf of tho attempts with preparations of lung, 
livs;~n kidneys spleen, lymph node, and ccrcbrospinti 
fluid&B+ansmission to primates has ncvcr occwrqiz 
with, any. body fluid other than ccrcbrospinal fluid. 
Univcrsall precautions should be applied when car- 
ing. fir, patients with Crcutzfcldt-Jakob discasc. In 
view-of the lack of communicabiity and the lack of 
any excess risk for caretakers, added isolation prccau- 
tions, such as gowns or masks, arc unncccssary. Iso- 
lation precautions during hospitalization simply tcr- 
rorizc medical perso~cl and family members and 
impede firturc placement in a nursing home. Ccrc- 
brospinal fluid should bc obtained carefully, with 
the use of double gloves and protcetivc glasses, and 
specimens should be marked as infectious. 

Biopsies and autopsies rcquirc similar precautions. 
There is no justification for r&sing to perform an 
autopsy or biopsy. The risk is less than that of a bi- 
opsy or autopsy on a patient who is scropositivc for 
hepatitis B virus or the human immunodcfi&ncy vi- 
rus. Indeed, the risk is thcorctical and has not been 
demonstrated. Safety gloves, disposable aprons, and 
eye and mouth coverings should be used in handling 
tissues. Instruments should be disposable or should 
bc dccontaminatcd by soaking in 1N sodium hy- 
droxide (40 g per liter) or undiluted sodium hy- 
poehloritc for one hour and then autoelaving at 
134’C for one hour. T’issuc should be bloekcd thinly 
for histologic analysis and soaked in concentrated 
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formic acid for 1 hour and then in 4 percent form- 
aldehyde solution for at least 48 hours.*2 Archival 
formalin-fixcd tissue embedded in paraflin and stored 
at room tcmpcraturc may be infectious for years and 
should be handled with caution. 

The demonstrated hazard is not to physicians but 
from physicians, who have transmitted the discasc 
through transplantation procedures, contaminated 
instruments, and drugs dcrivcd from affcctcd human 
tissues. 

IATROGBNIC CRBUTZFBLDT- JAKOB 
DISBASB 

The human-to-human transmission of a spongi- 
form cncephalopathy was tragically demonstrated 
among the Fore pcoplc with km-u. Whether that 
unique epidemic originated with an index case of 
sporadic Crcutzfcldt-Jakob disease or some other 
source will probably ncvcr be known. 

Surglal ~rmsmldon 

Physicians have inadvertently transmitted sporadic 
casts of Crcutzfcldt-Jakob disease in the course of 
a variety of proecdurcs (Table 3). The first suspected 
human transmission was reported in 1974 when rap- 
idly progrcssivc disease dcvclopcd in a woman 18 
months after she rcecivcd a comeal transplant. The 
donor had died of undiaposcd Crcutzfcldt-Jakob 
discasc ‘S Human transmGon was more dramatical- 
ly and’ convincingly demonstrated when Crcutz- 
fcldt- Jakob discasc dcvclopcd in two young patients 
16 and 20 months after they undcrwcnt surgery to 
excise epileptic foci. Stcrcotaetic clcetrocnccphalo- 
graphic exploration was undcrtakcn at the time of 
surgery with silver electrodes that had previously 
been implanted in a patient with known Crcutz- 
fcldt- Jakob discasc.~ The clcetrodcs had been “stcr- 
ilizcd” with 70 percent alcohol and formaldehyde 
vapor, yet two years later these electrodes were rc- 
tricvcd and implanted into a chimpanzee in which 
the disease subsequently dcvclopcd. Contaminated 
ncurosurgical instruments have been suspected as 
modes of transmission in other patients.47 For cxam- 
ple, an early paper on spongiform cnccphdopathy 
dcscribcd three patients who had been operated on 
by the same neurosurgeon in the same ncurosurgical 
unit during an tight-month period.* 

Over the past 10 years, more than 80 cases of 
Crcutzfcldt-Jakob disease have been recognized 16 
months to 17 years a&r ncurosurgical placcmcnt of 
graf%s of human cadavcric dura mater. Since almost 
all the patients rcccived dura mater from a single 
surgical-supply company, most of the outbreak had 
a eomrnon sourcc.~ Two other casts Moped in 
patients who had extrancural inoculation of lyophi- 
lizcd cadavcric dura mater, to cmbolizc the ititcreos- 
tal artcrics in one patient and to treat a nasopharyn- 
gcal angiofibroma in the other.so.s* 
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TAME 3. TRANSMISSION OF PRJON DISEASES 
FROM HUMAN TO HUMAN. 

In- mans- nut-d enfa PW 1.3-17 
plantation ot 

lf=zY 
smilizedinmu- 0.6-2.2 

ttlochhn 
smeocva clccmldcs(2) 1.3-1.8 

comacgrfo (2) 1.3-1.5 

Exmamidinoculadon Humanpwhhommemd 4-19. 
of ncunl tbsue m~pJ;OF~ 

3.5-7.5 
IyophSd dun mata (2) 

EmMnialinoculation Foaihka.pomuctohtwinerpon- ? 
orodcxpautc l%ty “CPM wt 

~ofblNhytitlulcDn- 4-40 
lhliDm (rmnl tl-howd) ormom 

l Numhcn rep-t minimal incub perids, since hotmoms wcrc 
*n m-3 pcrbda of yun (mun rim from midpoint of treatment to oa- 
=t, 12 Y-d. 

Tmnsmlssion b-v Pitubry Mormon08 
In 1985 Creutzfeldt-Jakob disease developed in 

four patients who had received human growth hor- 
mone, all of them under 40 years of age. Injection 
of the hormone, which was derived from pooled ea- 
davcric human pituitary glands, had been discontin- 
ucd 4 to 15 years bcfbre the onset of diseases’ Rc- 
combiiant growth hormone was licensed promptly, 
but between 1963 and 1985, about 8000 children 
and adolescents in the United States rcccivcd human 
growth hormone to treat short stature. 

Marc than 100 casts of Crcutzfcldt-Jakob disease 
worldwide have been related to growth hormone 
and gonadotropic hormones. The largest number 
has been in France, where the discasc has dcvelopcd 
in about 2.5 pcrecnt of recipients, with a mean in- 
cubation period of eight years. ln the United King- 
dom about 1 pcrecnt of reeipicnts have been a&ted, 
with a mean incubation period of 12 years. In the 
United States the discasc has dcvclopcd in 0.2 pcr- 
cent of rccipicnts (16 patients), with a mean incuba- 
tion period of 18 years.53 The diflbrcnccs in the frc- 
qucney of transmission and the length of incubation 
probably reflect variable contamination resulting from 
di&rcnt protocols for hormone extraction. Ncvcr- 
thclcss, in all affected countries, growth hormone- 
related disease begins with ccrcbellar ataxia and 
movement disorders, with dementia developing Iate. 
Pathological changes in the ccrcbcllum and basal 
ganglia arc prominent on autopsy. Thcsc findings 
arc rcminisccnt of kuru, suggesting that age at cxpo- 

sure or the route of inoculation influences the clini- 
copathological features. 

RI&s Associated with Blood Products 

Although the hazards of injection or transplanta- 
tion of affected human tissues arc obvious, the pos- 
sible hazards of transmission through human blood 
products arc debatable. Several sorts of evidence 
have failed to demonstrate a role of human blood 
products. No epidemiologic cvidencc has incriminat- 
cd a history of blood transfusion. The disease has 
not been found in patients with hemophilia. lntravc- 
nous drug use does not inereasc the risk. Tmeking of 
blood donated by those in whom Crcutzfcldt- Jakob 
discasc subsequently developed has not uncovered 
the disease in rccipicnts.~ Finally, the transfusion of 
full units of blood from patients with Crcutzfcldt- 
Jakob discasc into chirnpanzccs, the most susceptible 
hosts, has failed to induce the diseasc.ss 

Howcvcr, anecdotal reports of disease after the 
administration of blood products to humans,~~s7 and 
several reports of disease in mice inoculated intraccr- 
cbrally with blood from patients with Crcutzfcldt- 
Jakob discasc,s*~s9 have led to concern. The Food 
and Drug Administration has mandated that prod- 
ucts containing blood from persons in whom the 
disease subsequently develops bc withdrawn from 
the market, and the agency has left the option of no- 
tification of recipients to the supplier. Persons who 
receive such notice cannot do anything to prevent 
disease, and as their advisors, physicians can only 
give strong reassurance that the risk is theoretical 
and not documented. 

FAMILIAL CRBUTZFBLDT- JAKOB DISEASE 
Between 10 and 15 pcrccnt of pcr~~ns with 

Creutzfcldt- Jakob disease have a family history con- 
sistent with an autosomal dominant inheritance of 
the disease. In most of thcsc kindfeds, point muta- 
tions, deletions, or insertions are found in the cod- 
ing sequence of the gene for PrP on the short arm 
of chromosome 20. More than 20 mutations in this 
gene have been described that are associated with 
phenotypes mimiek.ing typical CrcutAldt-Jakob dis- 
case or that induce distinctive progrcssivc diseases 
with spongiform changes in the nervous system. 

ln general, familial Crcutzfcldt-Jakob discasc has 
an earlier age of onset and a more protracted course 
than sporadic disease. The typical elcctrocnccphalo- 
graphic changes arc often missing, and the 14-3-3 
protein is not detected in ccrebrospinal fluid in 
about half of cases.60 The ncuropathological changes 
may vary in topographic distribution and in the 
prevalence of amyloid plaques, but the essential 
changes of vacuoiization of neural cells with ghosis 
and ncuronal loss arc generally present. 

Several mutations are of special note. The most 
common mutation leading to the typical clinical and 
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pa&&@ findings of Crcutzfeldt- Jakob discasc is 
at codon 200. Clusters of disease among Libyan 
JCWS in h-ad, in a region of Slovakia, and in Chile 
arc alI explained by this mutation.61 

Distincthm SYndromeS 

Scvcral mutations lead to phcnotypcs that have 
been regarded as di&cnt diseases. Gcrstma~- 
Stiusslcr-Schcinkcr disease is an auto&ma! domi- 
nant illness characterized by severe ccrcbitilar ataxia 
and often spastic paraparcsis. In some families myoc- 
lonus is not prominent, and dementia may develop 
late in the course of illness. The disease has a pro- 
longed course of 5 to 11 years, yet the mean age at 
death is only 48 years. The ncuropathological find- 
ings arc distinct, with many PrDcl-positive amyioid 
plqxs throughout the brain.62 In two dif%crcnt 
mutations in kindrcds from Indiana and Swcdcn, 
ncurofibrillary tangles wcrc found in the ccrcbclhun 
and ncocortcx - pathological fcaturcs akin to those 
of Alzhcimer’s discasc. The most frcqucnt mu&on 
associated with Gcrstmann-Stiusslcr-Schcinkcr 
discasc is at codon 102, but the syndrome has also 
been associated with mutations at other sites. 

Fatal familial insomnia is an even stranger phcno- 
type, with a mutation in the gene for PrP. The il.lness 
is characterized by progrcssivc insomnia, dysautono- 
mia, and dementia, leading’ to death in 7 to 15 
months. At autopsy, sclcctivc atrophy of the ventral 
and mcdiodorsai thalamic nuclei is evident.63 In 
some patients, spongiform changes arc found in the 
thalamic nuclei, and immunocytochcmical staining 
for Prado is positive Thcsc findings led to sequence 
analysis of the gene for PrP, which found a mutation 
at codon 178.M Howcvcr, this mutation had also 
been found in kindrcds with typical familial Crcutz- 
feldt-Jakob disease. The association of two distinct 
phenotypes with the same mutation is explained by 
a polymorphism at codon 129. This polymorphism, 
involving mcthioninc and valinc, is important in 
sporadic and iatrogcnic casts of Crcutzficldt-Jakob 
disease, since homozygosity is disproportionately as- 
sociated with disease (T&lc 4). In the mutations at 
codon 178, the mcthionine allele scgrcgatcs with fi- 
ml fimilial insomnia and the valinc with familial 
Crcuafildt-Jakob +c. Presumably this site is 
important in determining the tertiary structure of 
PrpI, and d.ifI%rcnt amino acids at this site can ahcr 
the conformation of the Prp present in these two 
discasa.6’ 

Genetic Counseling 

Sequence analysis of the gene for PrP can dctcr- 
mine the presence of f&n&al prion disease, but pn- 
symptomatic testing of relatives raises the same dif- 
fidt ~SUCS a~ the testing of family members at risk 
for Huntington’s discasc.~ Both arc autosornai dom- 
inant ~~SC~SCS with high pcnctrancc and uniformly 
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TABLE 4. Po~r~o~p~lshfs AT CODON 129 -i-HAT hi~Y INFLUENCE 
SUSCEP~BII~~ TO OR PHwOTWE OP DISWE.’ 

DmmtE 1EnEJ mr/wrt MEWU vulvu zmam 

PMD3M of rubjwts 

Healthy conuok 261 
sporadic Crcutzfkldt- 73 

Jakob diwasc 
latrogenic Creutzkldt- 63 

Jakob dirux 
New-vwhnt Crcutzfeldt- 22 

JrLob dkuc 

37 52 11 40 
78 12 10 aa 

60 11 29 a9 

100 0 0 100 

fatal outcomes. Both diseases evolve after the child- 
bear& years, so that knowledge of risk may be of 
value in estate planning, but no idvicc cti bc given 
to delay the onset or modify the relentless course of 
the disease. Since the rclativcs have usually witnessed 
the frightening, rapid dissolution of cognition in a 
family member, professional counseling bcforc tcst- 
ing is essential to help them weigh the value and 
risks of foreknowledge. 

BOVINE SPONGIPORM BNCBPHALOPATHY 
AND NBW-VARIANT 

CREUTZFBLDT- JAKOB DISBASB 

The Mad-Cow Outbreak 

In the spring of 1985, several dairy cows in the 
United Kingdom were noted to have become apprc- 
hens&, developed aggrcssivc behavior, and showed 
ataxia leading to fAling. The pathological findings 
indudcd spongi&m lesions with gliosis and neuro- 
nal loss that resembled scrapic.69 Over the subsc- 
qucnt years, the number of affcctcd cows rose sharp- 
ly ftom 16 in 1986, to 7000 in 1989, and to 36,000 
in the peak year of 1992.Ovcr 170,000 cases of bo- 
vine spongiform cnccphalopathy have been con- 
fumed in more than 34,000 herds, with no evidence 
of lateral transmission. The uniformity of the disease 
and its lesions, the cxplosivcncss of the epidemic, 
and the wide distribution of casts throughout the 
United Kingdom all pointed to an epidemic with a 
common source. Supplementation of the diets of 
calves and dairy cattle with meat and bone meal pro- 
duced by commercial rendering plants appcarcd to 
be the source of the disease. It is assumed that the 
epidemic started when cows wcrc fed diets contain- 
ing material from scrapic-infected sheep. A&r the 
disease had been transmitted to cows, it was spread 
tier by the addition of material from infected 
cows to cattle feed. The onset of the epidemic fbl- 
lowed changes in the rendering process in the 1970s. 
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Feed ban 
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Year 
Flgure 2. Casea of Bovine Spongiform Encephalopathy (Lineer Gmph) and New-Variant Creutzfeldt-Jakob Disease (Bar 
Graph) in the United Kingdom. 
The decline in the incidence of bovine rpongiform encephalopathy began five yearn after the imposition of the ban on 
feeding ruminant-derived protein to ruminants. Care8 of new-variant Cmutzfeldt-Jakob disease have been mported 
since February 1994. lt her been postulated that there patient8 were exposed to contaminated meat products befom 
the ban on cattle offal in human food was impored in lS8S. In the absence of knowledge of the duration of the incuba- 
tion period in humans, this cluster of caees provider little information on the possible future incidence of the disease. 
Date6 represent the yearn when cases wem reported rather than yearn of onset or death. 

At this time continuous heating rcplaccd batch hcat- 
ing to conscrvc oil during the oil crisis. Also, with 
the dccIinc in the tallow market due to dietary sh& 
away tiom lard, more tallow was left in bone meal 
and hydrocarbon solvents wcrc rcmovcd !?om the 
processing, increasing the l&&hood of persistent in- 
fktivity. 

Bovine spongiform cnccphalopathy has been cx- 
pcrimcntally transmitted to a variety of spccics, in- 
cluding laboratory rodents and nonhuman primates. 
It has been transmitted orally to some species.70 In- 
fectivity in cattle has been curiously limited to the 
brain, spinal cord, retina, and (in cxpcrimentally in- 
fected cattle) ileum. Infectivity has not been dctcct- 
cd in muscle, milk, or blood.71 

A statutory ban on feeding ruminant-derived pro- 
tein to ruminants was imposed in the United King- 
dom in 1988. Af& four to five years (the incubation 
period of the disease), the number of cases began to 
decline and has continued to decline at a rate of 
about 40 percent per year (Fig. 2). A small number 
of cases have been rcportcd in other countries, ci- 
thcr in cattle imported from the United Kingdom or 
in cattle given imported feed. Domestic cats, as well 
as captive exotic ruminants, wild felines, and one 
rhesus monkey, have died of spongifiorm cnccph- 
alopathics, presumably from eating beef or bone 
mcal.7~P7z 

Concern mounted about possible oral transmis- 
sion across species barriers. In 1989 cattle of33l was 
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banned from  human food in the United Kingdom, 

:a 
but by this time an estimated 450,000 infected cat- 
tle had entered the food chain.73 In 1997 the sale of 
meat on the bone was banned in Britain to m inim ize 
potential contamination by the dorsal-root ganglia. 

N8W-V8dUlt thutxfddt-J8kob oh888 
Because of concern about cross-species transm is- 

sion in the United Kingdom, a national surveillance 
unit for Crcutzfkldt- Jakob, disease was established in 
1990. No unusual casts were noted during the first 
four years of monitoring, but bcMreen 1994 and 
l997,X C&s of wh%i-now called new-variant 
Crcutzfcldt-Jakob disease wcrc reported (Fig. 2). 
These patients are younger than those with the 
more fam iliar fbrms of the disease, with prominent 
early psychiatric and behavioral manifestations and 
persistent parcsthcsias and dyscsthcsias. Ccrcbcllar 
ataxia un%ormJy develops, and the course of the dis- 
ease is prolonged (Table 5). The clcctrocnccphalo- 
gram fiils to show typical periodic complexes. The 
pathological examination shows prominent and dif 
fuse Prp plaques rem iniscent of kuru (Fig. 1B). 
None of the patients with new-variant Crcutxfcldt- 
Jakob disease have had mutations in the gene for 
PrP, but all have been homozygous for methioninc 
at the polymorphism at codon 129. All patients had 
eaten meat, although one had become a strict vcge- 

4B 

tarian in 1991. None had knowingly eaten brains, 
but before the ban on ofFal, brain and spinal cord 
were often included in sausages, hamburger, and 
other processed meats. The oral intake of meat 
products contaminated with bovine spongiform en- 
cephalopathy before the bans on rum inant-derived 
kcd and on of&l has been proposed as the origin of 
these cases.~ Others have argued that the reporting 
of these variant cases in younger patients is an arti- 
fact of intcnsc survcillancc. 

Bcccnt laboratory studies provide power&l cvi- 
dcncc that the causative agents of new-variant Crcutx- 
fcldt-Jakob discasc and bovine spongiform en- 
ccphalopathy have a common origin. Glycosylation 
patterns of Prpl and susceptibility studies in r&c 
show that the patterns in brain tissue of patients 
with new-variant Crcutxfcldt-Jakob discasc and an- 
imah with bovine spongifbrrn cnccphalopathy arc 
sim ilar and arc distinct from  the pattcms associated 
with sporadic and iatrogcnic discasc.r* In inbred 
mouse strains, difkrcnt strains of scfapic have dis- 
tinctivc incubation periods and a difkrcnt topo- 
graphic distribution of Icsions. Preliminary studies 
of the agents of bovine spongiform cnccphalopathy, 
new-variant Crcutzfildt-Jakob disease, and the 
spongifbrm cnccphalopathy of exotic rum inants and 
cats show sim ilarities in incubation periods and in 
the distribution of Icsions, which arc di&net from  
those of sporadic Crcutzfcldt-Jakob discasc.~ Nev- 
C~IC~CSS, the common origin of these prions c&s 
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TAEU 5. ~MPMUSON OF NEW-VARIANT AND SPORADIC 
CRBUIZFELDT- JAKOB DISEASE. 

NmV- 

M=nrgcu-tW 29 60 
Man duration of disac (mo) 14 5 
Most conshnt and promincnr Psychiaric abnonndi- Dementia, 

4Yrignr ties, sensory symptoms myoclonur 
ccrcbcllar signs (X of patients) 100 40 
WccaoaKcphrlognphic phodic 0 94 

cxnnpkm (W of patients) 
wcbw DifIiw amyloid sparse plrquu 

PhU in 10% 

not prove that humans were infktcd by eating bo- 
vine nervous tissue or other animal products. 

ksuos of Concern in North Amrka 

A single cow imported from  Britain died of bo- 
vine spongiform cncephalopathy in Canada, but no 
imported cows arc known to have had the disease in 
the United States. No human disease resembling 
new-variant Crcutzkldt-Jakob discasc has been found 
in North America, and no increase in the incidence 
of Crcutxfeldt-Jakob disease in persons under 45 
years of age has been rcportcd.sO 

The United States has banned the importation of 
European cattle and sheep and derived products. 
With few exceptions, the use of materials derived 
from  cattle or sheep from  affected countries in cos- 
metics, pharmaceuticals, and medical products and 
dcviccs is also banned in the United States. To re- 
duce transm ission should the agent of bovine spongi- 
form  cnccphalopathy gain entry, there is also a ban 
on kcding rum inant-derived food to rum inants. 
Since American cattle are free of disease, no ban on 
ofhl has been imposed. 

Concern about an outbreak in the United States 
focuses on three possible sources: imported cattle, 
spontaneous disease among indigenous farm  ani- 
mals, and wasting disease of deer and elk. If the dis- 
ease should arise from  any of these sources, its sub- 
scqucnt spread would bc dependent on the rendering 
industry, in particular on the incoming supply of 
cmasses, the methods of processing, and the distri- 
bution of products (tallow and meat and bone 
meal). Most British cattle imported bcforc the ban 
have been traced, and the known survivors are under 
quarantine. Spontaneous spongiform CnccphaIop- 
athy has not been documcntcd in any specks other 
than humans, but an old clinical paper that rcportcd 
a scrapic-Iikc disease in cows*l and a recent outbreak 
of transm issible m ink cnccphalopathy, in which dis- 
cased or dead cattle and horses, but not sheep, wcrc 
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fed to mink,lO have raised the possibility of low rates 
of sporadic disease in other species, including cattle. 
&ally, chronic wasting discasc of deer and elk is 
common in one region of the western United States. 
Id%lBdm&d- ob&wad-ce&:mU by 
~.~~.~~~~~-~~n 
~&~&~mm~h~U.*~ &hc~dimct&-or 
&).q@&fd~&&qyp* 

In addition to concern about the food chain, con- 
cern has been expressed about the external use of 
tallow in cosmetics and soap& USC of bone meal 
in health products, pet food, garden food for roses, 
and a host of other common products; and the use 
of bovine serum and gelatin in pharmaccuticalssa 

One of the most common questions WC have cn- 
countered from friends and colleagues who arc about 
to embark on trips to Europe concerns whether or 
not to cat beef. The risks need to be kept in pcrspcc- 
tive; both of us have enjoyed British beef in recent 
years. 

CONCLUSIONS 

Despite clues provided by iatrogcnic and familial 
cases of Crcutzfcldt-Jakob disease and by the possi- 
ble transmission of bovine spongiform cnccphalop- 
athy to humans, the cause of the sporadic instances 
of Crcutzfeldt-Jakob disease that make up 85 to 90 
percent of cases remains a mystery. Past cxposurcs, 
dietary ccccnaicitics, occupation, contact with oth- 
ers with the disease, recreational activities, pets, and 
a myriad of other fictors provide no aid in cstablish- 
ing the diagnosis and no clue to causation. The spo- 
radic cases arc associated with no abnormalities in 
the gene for PrP. Somatic mutation has been postu- 
lated as the cause, but this seems unlikely, since the 
phenotype of patients with sporadic disease is more 
stereotyped than that of patients who have familial 
disease with mutations in the gene for PrP. 

If the prions are composed only of protein and if 
disease is determined by protein configuration, ccr- 
tain pathogenic isoforms may occur spontaneously 
or because of mutltions in the gene coding for the 

‘e-73 
~~~~- 

e~difkenccs may det~rmini? the likeIIh~ 
B ciiscds ezossirrg-8pcei~ barrim and explain 

the flack of phylogenctic order in transrnissi~fiorc 
eaEan+q~nom&8cqu~~~fite~col2l& explain 
w&&scrapi6,ca~ be. transf& f$om sheep; to mice 
but not to pigs, why the bovine isoform can cause 
dagencrativc disease in cats but not in dogs, and why 
t& disease may be spread to humans by beef prod- 
ucts but not mutton. 

Tht iisk of sptid dearly arises from the transfer 
of cells or extracts to genetically susceptible hosts or 

the entry into the food chain of prions that can in- 
fect by the oral route and across species barriers. 
Knowledge of the factors that allow spread could 
prevent future outbreaks, and knowledge of the rcp- 
lication of the pathogenic isoform could lead to the 
development of drugs to prevent familial discasc and 
arrest the progression of sporadic cases. 
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