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long incubation periods are still appearing. The principal
sources of these outbreaks are contaminated growth
hormone (226 cases) and dura mater grafts (228 cases)
derived from human cadavers with undiagnosed CJD
infections; a small number of additional cases are caused
by neurosurgical instrument contamination, corneal grafts,
gonadotrophic hormone, and secondary infection with
variant CJD transmitted by transfusion of blood products.
No new sources of disease have been identified, and
current practices, which combine improved recognition of
potentially infected persons with new disinfection methods
for fragile surgical instruments and biological products,
should continue to minimize the risk for iatrogenic disease
until a blood screening test for the detection of preclinical
infection is validated for human use.
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SYNOPSIS

he first case of what would eventually become a

major outbreak of iatrogenic Creutzfeldt-Jakob
disease (CJD) was reported in 1974; the patient had
received a corneal transplant from an infected cadaver (1).
In the years that followed, other sources of infection were
identified: stereotactic electroencephalogram electrodes,
neurosurgical instruments, cadaveric dura mater and
pituitary glands, and, most recently, secondary variant
CJID (vCJD) blood products. The ensemble of iatrogenic
cases, including a bibliography of primary references, was
last reviewed in 2006 (2). Today, after nearly 40 years of
surveillance, the chronology and essential characteristics
of iatrogenic CJD have been finalized, and the purpose
of this article is to present these data along with a few
brief comments about factors that determined the risk
for infection and how future risks might be foreseen and
avoided.

By far the most common sources of iatrogenic disease
were human cadavers from which pituitary hormones
and dura mater grafts were obtained (Table 1; Figure);
the other major variety of environmentally acquired
disease is vCJD. The incidence curves of human growth
hormone—associated and dura mater—associated CJD are
almost superimposable; a broad peak occurred in the mid-
to-late 1990s, just ahead of the sharper peak incidence of
vCJD in the United Kingdom at the turn of the century.
The incidence in other countries peaked a few years later,

in 2004, as a result of the delayed appearance of bovine
spongiform encephalopathy in those countries.

The long incubation periods—years to decades—
of these low-dose infections pose a particularly difficult
problem for public health officials, whose recommendations
may diminish the number of new cases but are impotent
when it comes to preventing cases in already-infected
persons in the preclinical phase of disease. It is worth
remembering that the early recognition of iatrogenic
sources of CJD was entirely because of a few remarkably
astute neurologists, neurosurgeons, and, astonishingly, a
pediatric endocrinologist who pursued the unlikely (and
unpopular) diagnosis of CJD in a growth hormone recipient
(3). It is true that some of these connections had the benefit
of comparatively short intervals between the infecting
events and the onset of CJD. It is especially fortunate
from the standpoint of early recognition of the dura mater
association that the interval of 19 months between the
operation and onset of symptoms in the first case-patient
was among the shortest on record for this form of iatrogenic
CID (Table 2).

Human Growth Hormone

The current worldwide total of growth hormone—
associated cases of CJD is 226. Most cases occurred in
France (119 cases/1,880 recipients; attack rate 6.3%), the
United Kingdom (65 cases/1,800 recipients; attack rate

Table 1. Global distribution of cases of iatrogenic Creutzfeldt-Jakob disease*

Source of infection and no. cases

Surgical procedure

Medical procedure

Dura mater Surgical EEG Corneal Growth Packed red
Country grafts instruments needles transplantst hormonezt Gonadotropin blood cells§
Argentina 1
Australia 5 4
Austria 3 1
Brazil 2
Canada 4
Croatia 1
France 13 1 119
Germany 10 1
Ireland 1
Italy 9
Japan 142
Netherlands 5 2
New Zealand 2 6
South Korea 2
Qatar 1
South Africa 1
Spain 14
Switzerland 3 2
Thailand 1
United Kingdom 8 3 65 3
United States 4 1 29
Total 228 4 2 2 226 4 3

*EEG, electroencephalogram.

tAdditional possible single cases after corneal transplant or keratoplasty (not included in table) in Japan, United Kingdom, and United States.

FHuman growth hormone given in Brazil and New Zealand was prepared in the United States; that given in Qatar was prepared in France. Additional
possible single cases with human growth hormone as source (not included in table) occurred in Sweden, Australia, and New Zealand.

§An additional asymptomatic but infected red-cell recipient died of an unrelated illness; another asymptomatic infected hemophilia patient who had been
exposed to potentially contaminated factor VIII also died of an unrelated illness (neither is included in the table).

902

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 18, No. 6, June 2012



>

35
30 [ Non-UK

25 W UK

20
15
10

No. cases

1995 2000 2005 2010

20
15
10

1085 1990 1985 2000 2005 2010

20
15
10

No. cases €) No.cases B

1985 1990 1995 2000 2005 2010

Year of onset

Figure. Annual incidence of variant Creutzfeldt-Jakob disease
(vCJD) caused by ingestion of meat products contaminated with
bovine spongiform encephalopathy agent (A) and iatrogenic CJD
caused by contaminated dura mater (B) and cadaveric human growth
hormone (C), 1982-2011. White bars in panel A represent cases
from outside the United Kingdom, which were delayed in parallel with
the later appearance of bovine spongiform encephalopathy outside
the United Kingdom (not a second wave resulting from codon 129
genotype differences). Two patients are excluded: 1 presymptomatic
patient from the United States who received human growth hormone
and died of an intercurrent iliness and 1 dura mater recipient from the
United Kingdom with disease onset in 1978.

3.6%), and the United States (29 cases/7,700 recipients;
attack rate 0.4%).

In France, further epidemiologic observations have
revealed that all 119 cases occurred within a 1,170-patient
cohort receiving treatment during a 20-month period, from
December 1983 through July 1985, when there seems
to have been substantial contamination resulting from
sourcing and processing deficiencies. According to these
numbers, the attack rate for the at-risk cohort in France
increases to 10.2%. No new case has been identified since
2008. In the United Kingdom, no cohort pattern is evident,
and cases continue to occur at an average rate of about 2
per year (only 1in2011). In the United States, CJD has not
occurred in any patient who started treatment after 1977,
when a highly selective column chromatography step was
introduced into the purification protocol. Since 2003, only
2 new cases have been identified (1 in 2007 and 1 in 2009).
An estimated ~2,700 patients received treatment before
1977, so the attack rate in the United States for this at-
risk cohort increases to 1.1% (4). The revised attack rates
therefore become 10.2% in France, 3.6% in the United
Kingdom, and 1.1% in the United States.
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The methionine (M)/valine polymorphism at codon
129 of the PRNP gene has been examined in populations
with and without CJD in many countries; results have
varied (Table 3). Overall, it is clear that the M allele bestows
substantial susceptibility to the sporadic and the iatrogenic
forms of CJD; in consequence, the proportion of persons
with MM homozygous genotype is overrepresented in both
categories of disease (the sole exception occurred in UK
growth hormone recipients, which led to speculation that
a different strain of the pathogenic agent might have been
disseminated) (10). It is also clear that, as a group, persons
with heterozygous genotype had longer incubation periods
than did those with homozygous genotype, particularly in
France. Notwithstanding this statistical conclusion, it is
noteworthy that several persons with MM homozygous
genotype had incubation periods >30 years, including a
patient with recently diagnosed CJD, whose incubation
period was 42 years, the current world record for any type
of iatrogenic disease.

Incubation periods for the total case population (not just
those examined for the codon 129 genotype) ranged from 5
to 42 years (mean 17 years), based on the interval between
the midpoint date of what was almost always a multiyear
period of treatment and the onset of CJD symptoms; the
actual date of infection is impossible to determine. Mean
incubation periods for cases in the United States and New
Zealand (patients received hormone made in the United
States) were 22 and 26 years; United Kingdom, 20 years;
and France, 13 years. The shorter incubation periods in
France could have resulted partly from the narrower limit
for the date of infection in France and are in accord with the
mean incubation period of 13.5 years in the 4 gonadotropin
recipients from Australia, for whom there is an even more
precise date of infection. However, a greater contribution
probably came from different infectious doses received by
patients in the different countries. Among all patients, the
clinical features were distinctive in that, unlike sporadic
CJD, signs and symptoms almost never included dementia,
which, if it occurred at all, was typically a late component
of the clinical course.

Dura Mater

The worldwide tally of dura mater—associated cases is
228, and new cases still continue to occur here and there,
the most recent being individual cases in Austria, South
Korea, and the Netherlands in 2011. If the pharmaceutical
industry (in contrast to government-sponsored laboratories)
comes away from the growth hormone story with an almost
untainted record—only 1 case has been attributed to
industrially prepared hormone (11)—the same cannot be
said about the private sector producing dura mater grafts.
The source of almost all infections was a manufacturer in
Germany, B. Braun Melsungen AG, which has a worldwide
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Table 2. Incubation periods and clinical presentations of iatrogenic Creutzfeldt-Jakob disease, according to source of infection®

Source of Infection No. cases Mean incubation period, y (range) Clinical signst

Dura mater graft 228 12 (1.3-30) Cerebellar, visual, dementia
Neurosurgical instruments 4 1.4 (1-2.3) Visual, dementia, cerebellar
Stereotactic EEG needles 2 13,17 Dementia, cerebellar

Corneal transplant 2 1.5, 27 Dementia, cerebellar

Growth hormone 226 17 (5-42)t Cerebellar

Gonadotropin 4 13.5 (12-16) Cerebellar

Packed red blood cells§ 3 6.5,7.8,8.3 Psychiatric, sensory, dementia, cerebellar

*EEG, electroencephalogram.
tIn order of decreasing frequency.

FAverages and ranges were 13 (5-24) y in France; 20 (7-39) y in the United Kingdom; and 22 (10—42) y in the United States.
§An additional asymptomatic but infected red-cell recipient died of an unrelated iliness; another asymptomatic infected hemophilia patient who had been
exposed to potentially contaminated factor VIl also died of an unrelated iliness (neither is included in the table).

distribution network, and the incidence of CJD appears to
have more or less paralleled the frequency with which this
source of dura mater was used. In Japan, it is estimated
that as many as 20,000 patches may have been used each
year, and the 142 cases in that country constitute two thirds
of the global total. Nevertheless, the overall attack rate in
the at-risk patient population in Japan is <0.03%. For the
entire (worldwide) group of dura mater—recipient patients,
incubation periods ranged from 1.3 to 30 years (mean 12
years), and, except in Japan, the clinical and neuropathologic
features were similar to those of sporadic CJD. In Japan,
approximately one third of the cases had atypical features
(slow progression, noncharacteristic electroencephalogram
tracings, plaque deposition, and an atypical prion protein
molecular signature on Western blots), which suggested
the possibility of 2 different strains of infecting agent
(12,13). One patient had florid plaques and a pulvinar sign
on magnetic resonance imaging, mimicking vCJD (5).

Evaluation of the influence of the codon 129 genotype
is complicated by the fact that the population in Japan,
among whom most cases occurred, has a high frequency
of the M allele (>90%), which dominated sporadic and
dura mater—associated forms of CJD (Table 3) (6-9,14,15).
Among the cases in persons not from Japan, the distribution
of genotypes approximated that found among patients with
sporadic CJD, and, as with growth hormone—associated
cases, incubation periods were somewhat longer for persons
with heterozygous than with homozygous genotypes.

Current Prevention Strategies

The best way to abolish secondary iatrogenic infections
is, obviously, to prevent primary infections, but without
a test to identify infected but asymptomatic persons, we
cannot entirely eliminate the risk inherent in human-to-
human tissue transfer. We are therefore obliged to rely on
the default strategies of 1) identification and donor deferral
of persons at higher than normal risk for CJD development
and 2) inclusion of prion-reduction steps in the sterilization
of penetrating instruments and the processing of therapeutic
tissues and fluids.

904

Delineation of high-risk categories initially focused
on precisely those groups of persons who were exposed
to the known sources of iatrogenic disease: recipients of
cadaveric dura mater grafts or pituitary-derived hormones.
When vCJD started to occur, restrictions were also placed
on donor time of residence in the most heavily infected
regions—the United Kingdom and, to a lesser extent,
continental Europe—and embargoes were placed on the
importation of biological products from these regions.
These deferral and import restrictions remain in place
today and need some thoughtful reevaluation in view of
the near extinction of all such sources of iatrogenic CJD.
In the United States, there have been only 4 cases of dura
mater—associated disease (the most recent in 2005) and no
case of growth hormone—associated CJD for anyone who
began treatment after 1977.

On the other hand, the possibility of iatrogenic
infection resulting from transfer of tissues or fluids from
persons who have contracted a prion disease from animals
has not disappeared with the abating epidemics of bovine
spongiform encephalopathy and vCJD. A few persons
who may be experiencing a long incubation phase of
vCJD still pose an obvious danger in the United Kingdom,
but an underappreciated potential danger lies in 2 other
animal diseases: scrapie and chronic wasting disease
(CWD). Although scrapie-infected sheep tissues have
been consumed for long enough (hundreds of years) to be
considered harmless for humans, the same cannot be said
about the atypical strains of scrapie that are beginning to
displace the typical strains and with which we do not yet
have enough experience to evaluate human pathogenicity.
Similarly, we cannot declare with certainty that CWD
poses no threat to humans, and CWD is continuing its
unchecked spread across the United States and Canada with
no guarantee that it will not become globally distributed
in the years to come. One hunter has already put a group
of unwitting persons at risk for infection by donating a
deer, later found to have CWD, for consumption at a rural
banquet in New York State (16); more such exposures are
likely to occur as CWD continues its geographic expansion.
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Table 3. Comparison of PRNP codon 129 genotype frequencies and incubation periods in growth hormone— and dura mater—

associated cases of iatrogenic CJD*

Category MM VvV Homozygotes Heterozygotes
Population
Healthy Caucasian, %t 40 10 50 50
European, with sporadic CJD, % 67 17 84 16
Healthy Japanese, % 92 0 92 8
Japanese, with sporadic CJD, (%) 97 1 98 2
Infection source
Growth hormone
France (111)
Genotype frequency, % 54 15 69 31
Incubation period, y 12 9 11 17
United Kingdom (28)
Genotype frequency, % 4 50 54 46
Incubation period, y 21 18 20 23
United States (11)
Genotype frequency, % 55 18 73 27
Incubation period, y 21 18 20 23
Combined total (150)
Genotype frequency, % 45 22 67 33
Incubation period, y 13 12 13 17
Dura mater
Japan (54)1
Genotype frequency, % 96 0 96 4
Incubation period, y 16 NA 16 13
Countries other than Japan (54)§
Genotype frequency, % 65 15 80 20
Incubation period, y 12 12 12 16
Combined total (108)
Genotype frequency, % 81 7 88 12
Incubation period, y 14 12 14 16

*CJD, Creutzfeldt-Jakob disease; M, methionine; V, valine; NA, not applicable. All values are rounded to the nearest whole number.

tBased on several large-scale population studies (5-9).

FPersonal communication from M. Yamama, Department of Neurology, Kanazawa University Hospital, Kanazawa, Japan.
§Cases from France (11), Spain (11), Germany (10), Italy (8), the Netherlands (5), and 1 or 2 cases from each of 6 other countries with Caucasian

populations.

Future Prevention Strategies

The issue of reducing risk by taking steps to inactivate
prions is always a work in progress as new therapeutic
products come into production and new methods to
inactivate prions are discovered. The tried-and-true
laboratory method of prion sterilization (1-hour exposures
to either undiluted bleach or 1 N sodium hydroxide
followed by steam autoclaving at 3 atmospheres pressure
for 20 minutes) is applicable only to nonfragile instruments
and not at all to living tissues. The surprising resistance of
dura mater to 0.1 N sodium hydroxide (17) and of growth
hormone to 6 M urea (18) led to their incorporation into
processing protocols before being replaced by nondural
tissue or synthetic patches and recombinant hormone. To
reduce infectivity, blood, blood products, and other fluids
can be subjected to nanofiltration and prion-affinity ligands
(19-22), which should also be applicable to other biological
products, for example, vaccine and stem cell cultures, should
they be susceptible to infection (23). Fragile instruments
such as endoscopes and electrodes remain a challenge, but
new and gentler methods— alkaline cleaning solutions,
phenolics, and gaseous hydrogen peroxide—have proven
harmless to instruments and give a high, if not always
complete, degree of prion inactivation (24-26).

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 18, No. 6, June 2012

The ongoing refinement of a quaking-induced
conversion detection of the misfolded prion protein holds
the best prospect of evolving into a sensitive and practical
tool, but it has yet to be validated in blind testing of
plasma from symptomatic patients or in presymptomatic
persons, even more rigorous but necessary (27,28). It
may be necessary to use scrapie-infected animals for
presymptomatic validation because only 1 group of
humans could furnish appropriate samples—asymptomatic
carriers of CJD-inducing mutations—and putting together
and testing a reasonable number of such samples will take
years to accomplish.

The total numbers of cases for the 2 major causes
of iatrogenic CJD during the past 40 years (226 growth
hormone cases and 228 dura mater cases) are amazingly
close and are likely to remain so after the few additional
long-incubating cases finally surface in the next few years.
The combination of appropriate blood donor deferrals
and the incorporation of tissue, fluid, and instrument
infectivity—reduction steps should continue to hold the
sources of potential iatrogenic disease to a minimum
until such time as a practical screening test for inapparent
infection is validated for human use.
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