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Introduction

Considerable progress has been made to elucidate the complex 
pathogenesis of Alzheimer disease (AD) especially during the 
last two decades. Yet many questions still remain unanswered. 
The neurodegenerative character of AD has virtually been undis-
puted. However, as a classic example for a protein misfolding 
disease, it has been hypothesized that pathogenetic similarities 
between AD and prion diseases might exist.1,2 The concept of 
“seeded proliferation of misfolded proteins” in Alzheimer disease 
is already part of the current scientific paradigm.3 This implies 
that AD might harbor the potential for being communicable. 
Latest experiments of Jucker, Eisele and collegues,4 Morales et 
al.5 as well as Clavaguera et al.6 have shed new light on the pos-
sibility that certain neuropathological hallmarks of AD such as 
Aβ or tau aggregation might be inducible. However, the results 
of these experiments have to be interpreted with care and cannot 
be generalized since they were performed using highly susceptible 
mouse models. They do not necessarily imply that a similar pro-
cess occurs in humans. Yet, the idea of AD “inducibility” (and 
furthermore “transmissibility”) is being discussed in the broad 
public.7-10

This is not the first time this topic has been debated.7 Yet the 
question arises whether human AD can also be induced exog-
enously, e.g., by accidental or common contact with AD-typical 
pathological protein aggregates. This issue has to be discussed 
also on the basis of evidence from epidemiological studies which 
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Results from recent experiments with rodents imply that 
Alzheimer disease might be inducible by seeding Aβ peptides 
into recipient animals. in respect to this new experimental data, 
public health aspects as well as epidemiological data have to 
be reevaluated. in this article, the available experimental and 
epidemiological data are reviewed.
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were performed using classical approaches.2,7,8,11 But are the avail-
able epidemiological studies on disease risk factors valid in this 
context? Did they take the potentially long lag time between 
the assumed pathological event and clinical disease onset into 
account?

Beforehand, we need to define precisely what to understand 
by the terms “inducible” and/or “transmissible.” Broadly cat-
egorized, three levels of induction of pathological changes on 
protein level can be distinguished: First, conversion of confor-
mations restricted to within a cell’s cytosol (e.g., yeast prions); 
second, conversion of conformations within the secretory system 
(e.g., extracellular proteins, Aβ) or secretion and uptake of cyto-
solic proteins (e.g., tau, synuclein, SOD1) including cell-to-cell 
spreading usually within one organ (CNS); third, true (classic) 
transmissibility between individuals (e.g., prion diseases).9,12 The 
main difference between the second and third is that for the third 
category, specific (receptor-based) uptake and neuroinvasive 
mechanisms have to be present. In our opinion, “infectivity” and 
“transmissibility” should only be used referring to the third cat-
egory. Otherwise, “inducibility” appears to be the term of choice 
and mainly refers to cell-to-cell spreading.

Moreover, it is essential to note that a possible “induction/
transmission” of neuropathologically detectable, Alzheimer-like 
lesions does not necessarily mean “induction/transmission” of 
clinically symptomatic disease. Even in brains of non-demented 
subjects AD-like lesions have been found.13,14 Therefore, it can 
be considered a big step from induction of sole neuropathologi-
cal alterations on one side and induction of clinically relevant 
Alzheimer dementia on the other.

Due to the newly emerging evidence it must be critically dis-
cussed whether AD-typical protein aggregates could be inducible 
or not—and if so, which implications this might have in an epi-
demiologic context. Here we review the available evidence from 
published literature regarding that matter. References for this 
work were selected systematically through searches of Medline 
with search terms such as “Alzheimer,” “transmission,” “infec-
tivity,” “epidemiology,” “risk factors,” “induction” and “prion 
disease.” Titles and abstracts were analyzed and assessed for rele-
vance. Reference lists of relevant studies were searched to identify 
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any effect,10 Eisele and collegues decided to inoculate Aβ rich 
brain extracts from mice into the peritoneum of APP23 trans-
genic mice.4 These rodents, which were predisposed to the for-
mation of plaques, developed Aβ plaques. This implies, that 
cerebral amyloidosis can be accelerated if not even induced by 
peripheral inoculation of Aβ seeds, possibly analogous to prion 
diseases.27-29 Morales and colleagues took a further step and 
were able to show that this process is reproducible in animals, 
which without inoculation, would not develop Aβ plaques.5 It 
is hypothesized, that some kind of cell-to-cell transfer of patho-
genic Aβ molecules must have been present in this scenario. 
The results of various immunization studies could be used as 
an argument in favor of this cell to cell transfer.30,31 Moreover, 
the publication of data from experiments in which peripheral 
seeding is attempted by blood transfusion is expected in the 
near future.

Epidemiologic Clues

Several attempts have been made during the 1980s and 90s to 
investigate the potential transmissibility as well as other risk fac-
tors of AD with classic epidemiological methods.16,32 Early stud-
ies focused on the identification of potentially infectious agents. 
Like in other diseases of unknown origin, slow virus infections 
were suspected to play a role in AD pathogenesis. However, only 
very few studies provided evidence for an association of AD with 
Herpes simplex and Herpes zoster infections, whereas the vast 
majority was not able to demonstrate any proof.33-42 (Table 1).

Iatrogenic risk factors were studied in a number of case-con-
trol studies. One of the most interesting topics was the patients’ 
history of blood transfusions. Numerous studies were conducted 
with different populations in several countries with various meth-
ods, yet no evidence for an association between prior blood trans-
fusions and the risk of AD could be shown.32,33,39,43-45 However, 
these studies were prone to recall biases (subjects answers are 
affected by their memory) as well as to selection biases of the 
control group (error in choosing the group correctly) to some 
extent. (Table 1).

Important aspects were mainly discussed as limitations con-
cerning issues such as case definitions, control of confounding 
factors (e.g., surgery, use of anesthetics) appropriate use of proxies 
or design of questionnaires.

The choice of control groups is crucial in all kind of case-
control studies, since it is challenging to find a specific control 
population matching the population under observation in respect 
to potential confounding factors. In addition to the issue of recall 
bias, population-based controls will be generally less likely to 
have a history of e.g., blood transfusions than AD patients diag-
nosed at a hospital based reference center and included in any 
kind of study. Conversely, hospital-based controls will usually be 
more likely to have a history of blood transfusions due to the 
diseases, which they had initially been referred for to the medical 
facility. Selection bias will therefore generally play an important 
role, even more, since the expected effect sizes might be small. 
Breteler et al. discussed this issue in detail, but until now, no 
feasible solution has been developed.32 [When blood transfusions 

additional literature not covered by the database search. Since 
epidemiological evidence is scarce, all relevant literature was 
sought to be included into this review. A meta-analysis approach 
was not considered useful due to the lack of utilizable epidemio-
logical data on AD and potential transmissibility.

Experimental Clues

Early experiments particularly from the era before sensitive 
detection of prions was possible (first anti-human PrP antibodies 
became available in 198715) reported a so-called transmissibility 
of AD-neuropathology in a few cases.16-20 Given the possibility 
that prion diseases might not have been recognized or not been 
defined adequately, this “transmissibility” may have been mis-
takenly observed due to unrecognized Creutzfeldt-Jakob disease 
(CJD) or even both, concurrent CJD and AD in the same indi-
vidual.16 In any case, no reasonable explanation for these results 
has been found so far.

In inoculation experiments by Baker and collegues,21 pri-
mates injected intracerebrally with brain homogenate from 
eoAD (early onset AD) patients developed Aβ plaques (but no 
neurofibrillary tangles) while controls did not. The induction 
of congophilic angiopathy—a form of Aβ aggregation in cere-
bral blood vessels—was observed, too. In 1994, Brown et al.22 
reviewed transmission experiments regarding various human 
CNS diseases performed with non-human primates including 
chimpanzees as the closest relatives presumably with the lowest 
“species barrier.” It was concluded that only CJD but no other 
degenerative brain diseases would be transmissible and lead to 
clinical symptoms. However, it has not been reported, whether 
the recipient brains were thoroughly (re)investigated with sen-
sitive detection methods for Aβ or phosphorylated Tau (pre)
tangle formations.

Induction of cerebral amyloidoses appears to be possible by 
intracerebral “seeding” as has been demonstrated by Kane et 
al., who injected brain homogenate of AD patients into trans-
genic mice, which in return developed profuse Aβ plaque for-
mations23 or by DeGiorgio, who implanted tissue samples from 
AD patients’ meninges or skin into mice cortices.24 These mice 
developed plaques consisting of APP, Aβ, cathepsin D, apoli-
poprotein E and ubiquitin. However, those plaques were pres-
ent only for a short period of time (one month post implant). 
Melanie Meyer-Luehmann and colleagues succeeded in induc-
ing AD-neuropathology in transgenic mice by intracerebral 
injection of diluted human AD brain extracts in a concentra-
tion- and time dependent manner.25 This seeding could be 
counteracted by Aβ immunodepletion or immunization of the 
hosts. Moreover, Langer et al. were able to demonstrate, that 
especially soluble Aβ seeds are very potent inducers of cerebral 
amyloidosis and might thereby be mediators of the spreading 
pathology.26

All these experiments involved central inoculation or seed-
ing. During the past few years, Eisele and team have been inves-
tigating, whether induction of cerebral amyloidosis might be 
achievable by peripheral inoculation of Aβ.4 After oral, intra-
venous, intraocular and intranasal inoculations did not show 
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still inconclusive.56 This exemplifies the difficulties in interpret-
ing these kinds of studies.

Furthermore, head trauma and surgery have been shown to 
be associated with a higher risk of AD. Increased stress hor-
mone levels were suggested as one possible causal factor.47,61 
Traumatic brain injury (TBI) may even trigger neuropathologi-
cally detectable abnormal tau and amyloid deposition.62,63 One 
surely could argue that general anesthesia, TBI or transmis-
sibility between individuals might be the causal factor beneath 
the observed association. This clarifies that although poten-
tial molecular mechanisms have been discussed, it is still not 
known which factors might be causal and which might only be 
confounders, since they appear highly correlated and collinear 
to each other.

In synopsis, for most of the investigated iatrogenic risk fac-
tors, inconclusive or no evidence of an association with AD was 
detectable. Specific issues such as endoscopy or surgery were 
not evaluated in detail. Is this absence of evidence based on 
a few case control studies conducted 20 years ago enough to 
conclude evidence of absence of associations between AD and 
iatrogenic risk factors in general? The only solution to answer 
this question is to set up new specifically designed epidemio-
logic studies.

are mentioned here in context with AD, it has to be kept in mind 
that no study to date has provided evidence for AD transmissibil-
ity through transfusion of blood products. Epidemiologically, no 
association has been found (Table 1). Some data from experi-
ments using mice models were reported on conferences, however, 
details of the experiments are not known and a final conclusion 
can be dawn after the publication only.]

Other iatrogenic risk factors have also been examined.32,45-48 
Among these, general anesthesia had been suspected to be asso-
ciated with an increased risk for AD, since long-term cognitive 
decline was observed after anesthesia in various studies.49-55 To 
discuss general anesthesia in this context is important, as it may 
act as a major confounder when researching surgery or (intraop-
erative) blood transfusions as risk factors for potential transmis-
sion of AD in epidemiological studies. Molecular mechanisms 
were hypothesized and especially volatile anesthetics were dem-
onstrated to be associated with Aβ production, Aβ oligomer-
ization, Tau formation and Tau phosphorylation as described 
thoroughly in a review by Papon et al.56 Several observational 
studies were designed to substantiate these experimental theo-
ries with epidemiological data.32,47,48,57-60 Nonetheless, a recent 
systematic review concluded that, despite the amount of studies 
available, evidence for an association of anesthesia with AD is 

Table 1. Overview of case control studies, in which risk factors for developing AD were examined

Study Method N (patients) N (controls)

Examined factor  
categories potentially 
relating to induction 

or transmission of AD

Results regarding  
factors potentially 

related to AD induc-
tion/transmission

Amaducci 
198633 Case control 116

116 (hospital based), 97  
(population based)

viral no association

Heyman 
198439 Case control 40 80 (community based) environmental, viral no association

Graves 
199038 Case control 183

130 matched pairs  
(friends, non blood relative)s

viral no association

Bohnen 
199443 Case control 252 252 matched pairs blood transfusions no association

Broe  
199044 Case control 170 170 matched pairs no association

O’Meara 
199745 Case control 326 330 matched pairs blood transfusions no association

Breteler  
199132

Pooled  
re-analysis 
of 8 case 
control 
studies

exposure frequencies exposure frequencies

blood transfusions, 
viral

no association

blood transfusions 71/523 blood transfusions 112/562

herpes simplex 94/314 herpes simplex 78/295

herpes zoster 100/1103 herpes zoster 105/1110

poliomyelitis 5/451 poliomyelitis 7/467

encephalitis/ 
meningitis

7/1081
encephalitis/ 

meningitis
5/1167

Zuo 201048 Case control 26 161 spine surgery no association

Selected were those possibly associated with AD induction by a potentially transmissible pathogen (e.g., viral infections, blood transfusion,  
cns surgery). Therefore, studies regarding anesthesia, peripheral surgery, life style factors, genetics, etc., which are more abundant, are not shown.
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performed using predisposed animals with short periods of fol-
low-up. No valid conclusion about long-term effects can be drawn 
therefore. Moreover, it has to be asked: are there alternate ways 
of transmission apart from inoculation of brain material, CSF or 
blood? And if so, what would the public health implications be?

In summary, epidemiological evidence is extremely difficult to 
assess in this context. This is especially true, since case definitions 
and case detection rates have changed over time. Given the fact 
that a potential way of transmission is not only unknown but that 
no way of transmission can be excluded yet, careful assessment 
is imperative.

Public Health Implications

In the epidemic of non-communicable diseases AD plays an 
important role for morbidity and mortality as well as the associ-
ated costs. To date, AD is the 6th leading cause of death in the 
US and the projected costs in the US by 2050 are $1.1 trillion.66

Knowledge about transmissibility is essential in all kinds of 
epidemics for prevention, diagnosis and treatment. If AD fea-
tured transmission patterns comparable with those of prion dis-
eases, iatrogenic induction/transmission would play a major role 
for public health. Prevention would be first priority and might 
include measures such as extended sterilization methods for sur-
gical instruments as well as identification of patients potentially 
posing a risk as well as patients at risk. From a public health 
perspective also alternate ways of transmission not evaluated yet 
must be considered. For prevention to work, biomarkers for early 
disease detection must be validated, independently of the ways 
of possible induction since the disease itself starts well before 
clinical onset. As Sigurdsson stated correctly almost 10 years ago, 
future research on therapies might also be limited as long as there 
is no convincing evidence against transmissibility of AD.8 This 
is especially true for vaccination studies and clinical trials using 
parts of β-amyloid.

Conclusion

In conclusion, with this short review, we want to encourage a 
broader discussion and modern epidemiological research in this 
context. Well-designed epidemiologic studies have to be initiated. 
Methodologically these studies must be constructed to address 
the epidemiologically challenging aspects of Alzheimer disease 
such as dissociation between first neuropathological alterations 
and clinical onset, uncertainties in early diagnosis as well as AD 
heterogeneity.
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Problems to Address in Epidemiological Studies

Unfortunately, the application of classical epidemiological meth-
ods entails more significant limitations in a disease with unknown 
time of pathophysiologic onset than only selection biases. The 
dissociation between pathophysiologic and clinical onset—or, in 
terms of infectious diseases, unknown incubation times—with 
possibly more than 20–30 years is complicating matters severely, 
as has been demonstrated in various case-control studies in the 
prion field.64 On one hand, differential misclassification in terms 
of recall bias might play an important role. On the other hand, 
non-differential misclassification might also be able to bias an 
existing effect against unity until it becomes undetectable, since 
detailed information such as contact patterns or other potential 
iatrogenic risk factors have to be remembered irrespective of a 
recall bias. Moreover, in newly arising diseases with unusual ways 
of transmission, these limitations regarding detection of infec-
tivity are even more pronounced and appropriate study designs 
become even more crucial. Experiences from prion studies might 
be useful for further research in this respect.

Irrespective of the current lack of evidence, iatrogenic induc-
tion/transmission needs to be re-evaluated in the light of the 
recent experimental data. Case control studies with improved 
measures of detection of exposure (e.g., by using medical records 
of population based databases) as well as improved questionnaires 
(e.g., by breaking down intervals to a maximum of only a few 
years to allow for unknown incubation times) might be helpful. 
Prospective cohort studies with the power to detect even small 
effect sizes need to be designed despite the fact, that they will 
have to be continued for decades before a final conclusion can be 
drawn. In addition, studies evaluating the AD risk attributed to 
sub-populations at risk (e.g., nursing homes, physicians) might be 
of use to gain further insights. The only study available to date 
compares disease-specific mortality rates (SMR) of neurosurgeons 
with the general US population. It suggests neurosurgeons to have 
a more than 2-fold risk of death from AD.65 Is the exposure to 
patient brain responsible for that finding or are there alternative 
explanations? First of all, careful assessment of potential biases is 
necessary. Neurosurgeons (pursuing a profession associated with 
high socioeconomic status) are less likely to die from other causes 
than the general population. A healthy worker effect might have 
influenced the study considerably. It is somehow conspicuous that 
AD was the only disease evaluated which featured a significantly 
higher risk whereas the SMRs for other neurodegenerative dis-
eases (e.g., Parkinson) were not increased. Reasons other than a 
potential induction of AD appear more likely. As described above, 
exposition to volatile anesthetics must be taken into account. It 
has to be discussed, whether anesthesiologists would have been 
the adequate control group in a prospective study.

Almost all these considerations depend on the assumption that 
AD-typical neuropathology, if transmissible at all, resembles prion 
diseases in some way. The available epidemiological and experi-
mental evidence is by far not good enough to either conclude that 
AD is transmissible or, on the other hand, to guarantee that cer-
tain ways of transmission are excluded to play a role in the devel-
opment of some AD cases at all. Previous experiments were mostly 



©
20

12
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te

www.landesbioscience.com Prion 5

and writing parts of the conclusion. All authors contributed to 
the revision of the manuscript. The authors declare no conflicts 
of interest.

C.K. provided parts of the section on experimental clues regard-
ing AD transmissibility/inducibility. I.Z. was responsible for the 
initiation of the project, the critical review for contentual errors 

References
1. Soto C, Estrada L, Castilla J. Amyloids, prions and 

the inherent infectious nature of misfolded pro-
tein aggregates. Trends Biochem Sci 2006; 31:150-
5; PMID:16473510; http://dx.doi.org/10.1016/j.
tibs.2006.01.002.

2. Kim J, Holtzman DM. Medicine. Prion-like behav-
ior of amyloid-beta. Science 2010; 330:918-9; 
PMID:21071652; http://dx.doi.org/10.1126/sci-
ence.1198314.

3. Jucker M, Walker LC. Pathogenic protein seeding in 
Alzheimer disease and other neurodegenerative disor-
ders. Ann Neurol 2011; 70:532-40; PMID:22028219; 
http://dx.doi.org/10.1002/ana.22615.

4. Eisele YS, Obermüller U, Heilbronner G, Baumann 
F, Kaeser SA, Wolburg H, et al. Peripherally applied 
Abeta-containing inoculates induce cerebral beta-amy-
loidosis. Science 2010; 330:980-2; PMID:20966215; 
http://dx.doi.org/10.1126/science.1194516.

5. Morales R, Duran-Aniotz C, Castilla J, Estrada LD, 
Soto C. De novo induction of amyloid-β deposition in 
vivo. Mol Psychiatry 2011; PMID:21968933; http://
dx.doi.org/10.1038/mp.2011.120.

6. Clavaguera F, Bolmont T, Crowther RA, Abramowski 
D, Frank S, Probst A, et al. Transmission and spreading 
of tauopathy in transgenic mouse brain. Nat Cell Biol 
2009; 11:909-13; PMID:19503072; http://dx.doi.
org/10.1038/ncb1901.

7. Reis HJ, Mukhamedyarov MA, Rizvanov 
AA, Palotás A. A new story about an old guy: is 
Alzheimer’s disease infectious? Neurodegener Dis 
2010; 7:272-8; PMID:20502038; http://dx.doi.
org/10.1159/000309659.

8. Sigurdsson EM, Wisniewski T, Frangione B. Infectivity 
of amyloid diseases. Trends Mol Med 2002; 8:411-3; 
PMID:12223307; http://dx.doi.org/10.1016/S1471-
4914(02)02403-6.

9. Aguzzi A, Rajendran L. The transcellular spread of 
cytosolic amyloids, prions, and prionoids. Neuron 
2009; 64:783-90; PMID:20064386; http://dx.doi.
org/10.1016/j.neuron.2009.12.016.

10. Eisele YS, Bolmont T, Heikenwalder M, Langer F, 
Jacobson LH, Yan ZX, et al. Induction of cerebral beta-
amyloidosis: intracerebral versus systemic Abeta inocu-
lation. Proc Natl Acad Sci U S A 2009; 106:12926-
31; PMID:19622727; http://dx.doi.org/10.1073/
pnas.0903200106.

11. Schnabel J. Amyloid: little proteins, big clues. Nature 
2011; 475:S12-4; PMID:21760575; http://dx.doi.
org/10.1038/475S12a.

12. Westermark GT, Westermark P. Prion-like aggregates: 
infectious agents in human disease. Trends Mol Med 
2010; 16:501-7; PMID:20870462; http://dx.doi.
org/10.1016/j.molmed.2010.08.004.

13. Mortimer JA. The Nun Study: risk factors for patholo-
gy and clinical-pathologic correlations. Curr Alzheimer 
Res 2012; 9:621-7; PMID:22471869.

14. SantaCruz KS, Sonnen JA, Pezhouh MK, Desrosiers 
MF, Nelson PT, Tyas SL. Alzheimer disease pathology 
in subjects without dementia in 2 studies of aging: 
the Nun Study and the Adult Changes in Thought 
Study. J Neuropathol Exp Neurol 2011; 70:832-
40; PMID:21937909; http://dx.doi.org/10.1097/
NEN.0b013e31822e8ae9.

15. Kascsak RJ, Rubenstein R, Merz PA, Tonna-DeMasi 
M, Fersko R, Carp RI, et al. Mouse polyclonal and 
monoclonal antibody to scrapie-associated fibril pro-
teins. J Virol 1987; 61:3688-93; PMID:2446004.

16. Goudsmit J, Morrow CH, Asher DM, Yanagihara 
RT, Masters CL, Gibbs CJ Jr., et al. Evidence for 
and against the transmissibility of Alzheimer disease. 
Neurology 1980; 30:945-50; PMID:6775247; http://
dx.doi.org/10.1212/WNL.30.9.945.

17. Wisniewski HM, Merz GS, Carp RI. Senile dementia 
of the Alzheimer type: possibility of infectious etiol-
ogy in genetically susceptible individuals. Acta Neurol 
Scand Suppl 1984; 99:91-7; PMID:6377804; http://
dx.doi.org/10.1111/j.1600-0404.1984.tb05673.x.

18. Manuelidis EE, de Figueiredo JM, Kim JH, Fritch 
WW, Manuelidis L. Transmission studies from 
blood of Alzheimer disease patients and healthy rela-
tives. Proc Natl Acad Sci U S A 1988; 85:4898-
901; PMID:3387446; http://dx.doi.org/10.1073/
pnas.85.13.4898.

19. Liberski PP. Transmissible cerebral amyloido-
ses as a model for Alzheimer’s disease. An ultra-
structural perspective. Mol Neurobiol 1994; 8:67-
77; PMID:7522013; http://dx.doi.org/10.1007/
BF02778009.

20. Gajdusek DC. Spontaneous generation of infectious 
nucleating amyloids in the transmissible and nontrans-
missible cerebral amyloidoses. Mol Neurobiol 1994; 
8:1-13; PMID:8086124; http://dx.doi.org/10.1007/
BF02778003.

21. Baker HF, Ridley RM, Duchen LW, Crow TJ, Bruton 
CJ. Induction of β (A4)-amyloid in primates by injection 
of Alzheimer’s disease brain homogenate. Comparison 
with transmission of spongiform encephalopathy. Mol 
Neurobiol 1994; 8:25-39; PMID:8086126; http://
dx.doi.org/10.1007/BF02778005.

22. Brown P, Gibbs CJJ Jr., Rodgers-Johnson P, Asher 
DM, Sulima MP, Bacote A, et al. Human spongiform 
encephalopathy: the National Institutes of Health series 
of 300 cases of experimentally transmitted disease. Ann 
Neurol 1994; 35:513-29; PMID:8179297; http://
dx.doi.org/10.1002/ana.410350504.

23. Kane MD, Lipinski WJ, Callahan MJ, Bian F, Durham 
RA, Schwarz RD, et al. Evidence for seeding of beta 
-amyloid by intracerebral infusion of Alzheimer brain 
extracts in beta -amyloid precursor protein-transgenic 
mice. J Neurosci 2000; 20:3606-11; PMID:10804202.

24. DeGiorgio LA, Manuelidis L, Bernstein JJ. Transient 
appearance of amyloid precursor protein plaques in 
the brain of thymectomized rats after human lepto-
meningeal cell grafts. Neurosci Lett 2002; 322:62-6; 
PMID:11958844; http://dx.doi.org/10.1016/S0304-
3940(02)00065-4.

25. Meyer-Luehmann M, Coomaraswamy J, Bolmont 
T, Kaeser S, Schaefer C, Kilger E, et al. Exogenous 
induction of cerebral beta-amyloidogenesis is gov-
erned by agent and host. Science 2006; 313:1781-4; 
PMID:16990547; http://dx.doi.org/10.1126/sci-
ence.1131864.

26. Langer F, Eisele YS, Fritschi SK, Staufenbiel M, 
Walker LC, Jucker M. Soluble Aβ seeds are potent 
inducers of cerebral β-amyloid deposition. J Neurosci 
2011; 31:14488-95; PMID:21994365; http://dx.doi.
org/10.1523/JNEUROSCI.3088-11.2011.

27. Bolton DC. Prion distribution in hamster lung and 
brain following intraperitoneal inoculation. J Gen Virol 
1998; 79:2557-62; PMID:9780064.

28. Muramoto T, Kitamoto T, Tateishi J, Goto I. 
Accumulation of abnormal prion protein in mice 
infected with Creutzfeldt-Jakob disease via intraperi-
toneal route: a sequential study. Am J Pathol 1993; 
143:1470-9; PMID:8238261.

29. Prusiner SB, Cochran SP, Alpers MP. Transmission 
of scrapie in hamsters. J Infect Dis 1985; 152:971-
8; PMID:3930630; http://dx.doi.org/10.1093/
infdis/152.5.971.

30. Nicoll JAR, Barton E, Boche D, Neal JW, Ferrer 
I, Thompson P, et al. Abeta species removal after 
abeta42 immunization. J Neuropathol Exp Neurol 
2006; 65:1040-8; PMID:17086100; http://dx.doi.
org/10.1097/01.jnen.0000240466.10758.ce.

31. Schenk D, Barbour R, Dunn W, Gordon G, Grajeda H, 
Guido T, et al. Immunization with amyloid-beta atten-
uates Alzheimer-disease-like pathology in the PDAPP 
mouse. Nature 1999; 400:173-7; PMID:10408445; 
http://dx.doi.org/10.1038/22124.

32. Breteler MM, van Duijn CM, Chandra V, Fratiglioni 
L, Graves AB, Heyman A, et al.; EURODEM Risk 
Factors Research Group. Medical history and the risk 
of Alzheimer’s disease: a collaborative re-analysis of 
case-control studies. Int J Epidemiol 1991; 20(Suppl 
2):S36-42; PMID:1833352.

33. Amaducci LA, Fratiglioni L, Rocca WA, Fieschi C, 
Livrea P, Pedone D, et al. Risk factors for clini-
cally diagnosed Alzheimer’s disease: a case-control study 
of an Italian population. Neurology 1986; 36:922-
31; PMID:3714054; http://dx.doi.org/10.1212/
WNL.36.7.922.

34. Ball MJ, Lewis E, Haase AT. Detection of herpes virus 
genome in Alzheimer’s disease by in situ hybridization: 
a preliminary study. J Neural Transm Suppl 1987; 
24:219-25; PMID:2824690.

35. Ball MJ. Limbic predilection in Alzheimer dementia: is 
reactivated herpesvirus involved? Le Journal Canadien 
Des Sciences Neurologiques 1982; 9:303-6.

36. Deatly AM, Haase AT, Fewster PH, Lewis E, 
Ball MJ. Human herpes virus infections and 
Alzheimer’s disease. Neuropathol Appl Neurobiol 
1990; 16:213-23; PMID:2169597; http://dx.doi.
org/10.1111/j.1365-2990.1990.tb01158.x.

37. Gautrin D, Gauthier S. Alzheimer’s disease: environ-
mental factors and etiologic hypotheses. Le Journal 
Canadien Des Sciences Neurologiques 1989; 16:375-
87.

38. Graves AB, White E, Koepsell TD, Reifler BV, van 
Belle G, Larson EB, et al. A case-control study 
of Alzheimer’s disease. Ann Neurol 1990; 28:766-
74; PMID:2285263; http://dx.doi.org/10.1002/
ana.410280607.

39. Heyman A, Wilkinson WE, Stafford JA, Helms MJ, 
Sigmon AH, Weinberg T. Alzheimer’s disease: a study 
of epidemiological aspects. Ann Neurol 1984; 15:335-
41; PMID:6742780; http://dx.doi.org/10.1002/
ana.410150406.

40. Middleton PJ, Petric M, Kozak M, Rewcastle NB, 
McLachlan DR. Herpes-simplex viral genome and 
senile and presenile dementias of Alzheimer and Pick. 
Lancet 1980; 1:1038; PMID:6103379; http://dx.doi.
org/10.1016/S0140-6736(80)91490-7.

41. Mozar HN, Bal DG, Howard JT. Perspectives on the 
etiology of Alzheimer’s disease. JAMA 1987; 257:1503-
7; PMID:2950247; http://dx.doi.org/10.1001/
jama.1987.03390110079031.

42. Taylor GR, Crow TJ, Markakis DA, Lofthouse 
R, Neeley S, Carter GI. Herpes simplex virus and 
Alzheimer’s disease: a search for virus DNA by 
spot hybridisation. J Neurol Neurosurg Psychiatry 
1984; 47:1061-5; PMID:6094727; http://dx.doi.
org/10.1136/jnnp.47.10.1061.

43. Bohnen NI, Warner MA, Kokmen E, Beard CM, 
Kurland LT. Prior blood transfusions and Alzheimer’s 
disease. Neurology 1994; 44:1159-60; PMID:8208415; 
http://dx.doi.org/10.1212/WNL.44.6.1159.

44. Broe GA, Henderson AS, Creasey H, McCusker E, 
Korten AE, Jorm AF, et al. A case-control study of 
Alzheimer’s disease in Australia. Neurology 1990; 
40:1698-707; PMID:2146525; http://dx.doi.
org/10.1212/WNL.40.11.1698.



©
20

12
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te

6 Prion volume 6 issue 5

61. Mortimer JA, van Duijn CM, Chandra V, Fratiglioni 
L, Graves AB, Heyman A, et al.; EURODEM Risk 
Factors Research Group. Head trauma as a risk factor 
for Alzheimer’s disease: a collaborative re-analysis of 
case-control studies. Int J Epidemiol 1991; 20(Suppl 
2):S28-35; PMID:1833351.

62. Tran HT, Sanchez L, Esparza TJ, Brody DL. Distinct 
temporal and anatomical distributions of amyloid-β 
and tau abnormalities following controlled cortical 
impact in transgenic mice. PLoS One 2011; 6:e25475; 
PMID:21980472; http://dx.doi.org/10.1371/journal.
pone.0025475.

63. Johnson VE, Stewart W, Smith DH. Widespread 
tau and amyloid-Beta pathology many years after a 
single traumatic brain injury in humans. Brain Pathol 
2012; 22:142-9; PMID:21714827; http://dx.doi.
org/10.1111/j.1750-3639.2011.00513.x.

64. de Pedro Cuesta J, Ruiz Tovar M, Ward H, Calero 
M, Smith A, Verduras CA, et al. Sensitivity to bias-
es of case-control studies on medical procedures, 
particularly surgery and blood transfusion, and risk 
of Creutzfeldt-Jakob disease. Neuroepidemiology 
2012; 39:1-18; PMID:22777385; http://dx.doi.
org/10.1159/000339318.

65. Lollis SS, Valdes PA, Li Z, Ball PA, Roberts DW. 
Cause-specific mortality among neurosurgeons. J 
Neurosurg 2010; 113:474-8; PMID:20170305; http://
dx.doi.org/10.3171/2010.1.JNS091740.

66. Thies W, Bleiler L; Alzheimer’s Association. 2011 
Alzheimer’s disease facts and figures. Alzheimers 
Dement 2011; 7:208-44; PMID:21414557; http://
dx.doi.org/10.1016/j.jalz.2011.02.004.

53. Moller JT, Cluitmans P, Rasmussen LS, Houx P, 
Rasmussen H, Canet J, et al.; International Study 
of Post-Operative Cognitive Dysfunction. Long-term 
postoperative cognitive dysfunction in the elderly 
ISPOCD1 study. ISPOCD investigators. Lancet 
1998; 351:857-61; PMID:9525362; http://dx.doi.
org/10.1016/S0140-6736(97)07382-0.

54. O’Keeffe ST, Ní Chonchubhair A. Postoperative 
delirium in the elderly. Br J Anaesth 1994; 73:673-
87; PMID:7826799; http://dx.doi.org/10.1093/
bja/73.5.673.

55. Seymour DG, Severn AM. Cognitive dysfunction after 
surgery and anaesthesia: what can we tell the grandpar-
ents? Age Ageing 2009; 38:147-50; PMID:19153069; 
http://dx.doi.org/10.1093/ageing/afn289.

56. Papon M-A, Whittington RA, El-Khoury NB, Planel 
E. Alzheimer’s disease and anesthesia. Front Neurosci 
2011; 4:272; PMID:21344011; http://dx.doi.
org/10.3389/fnins.2010.00272.

57. Bohnen NI, Warner MA, Kokmen E, Beard CM, 
Kurland LT. Alzheimer’s disease and cumulative expo-
sure to anesthesia: a case-control study. J Am Geriatr 
Soc 1994; 42:198-201; PMID:8126336.

58. Bohnen N, Warner MA, Kokmen E, Kurland LT. 
Early and midlife exposure to anesthesia and age 
of onset of Alzheimer’s disease. Int J Neurosci 
1994; 77:181-5; PMID:7814211; http://dx.doi.
org/10.3109/00207459408986029.

59. Bufill E, Bartés A, Moral A, Casadevall T, Codinachs 
M, Zapater E, et al. [Genetic and environmental factors 
that may influence in the senile form of Alzheimer’s 
disease: nested case control studies]. Neurologia 2009; 
24:108-12; PMID:19322689.

60. Gasparini M, Vanacore N, Schiaffini C, Brusa L, 
Panella M, Talarico G, et al. A case-control study on 
Alzheimer’s disease and exposure to anesthesia. Neurol 
Sci 2002; 23:11-4; PMID:12111615; http://dx.doi.
org/10.1007/s100720200017.

45. O’Meara ES, Kukull WA, Schellenberg GD, Bowen 
JD, McCormick WC, Teri L, et al. Alzheimer’s 
disease and history of blood transfusion by apo-
lipoprotein-E genotype. Neuroepidemiology 
1997; 16:86-93; PMID:9057170; http://dx.doi.
org/10.1159/000109675.

46. Plassman BL, Williams JWJ Jr., Burke JR, Holsinger T, 
Benjamin S. Systematic review: factors associated with 
risk for and possible prevention of cognitive decline 
in later life. Ann Intern Med 2010; 153:182-93; 
PMID:20547887.

47. Vanderweyde T, Bednar MM, Forman SA, Wolozin B. 
Iatrogenic risk factors for Alzheimer’s disease: surgery 
and anesthesia. J Alzheimers Dis 2010; 22(Suppl 3):91-
104; PMID:20858967.

48. Zuo C, Zuo Z. Spine Surgery under general anes-
thesia may not increase the risk of Alzheimer’s 
disease. Dement Geriatr Cogn Disord 2010; 
29:233-9; PMID:20375503; http://dx.doi.
org/10.1159/000295114.

49. Ahlgren E, Lundqvist A, Nordlund A, Aren C, Rutberg 
H. Neurocognitive impairment and driving perfor-
mance after coronary artery bypass surgery. Eur J 
Cardiothorac Surg 2003; 23:334-40; PMID:12614803; 
http://dx.doi.org/10.1016/s1010-7940(02)00807-2.

50. Ancelin ML, de Roquefeuil G, Ledésert B, Bonnel 
F, Cheminal JC, Ritchie K. Exposure to anaesthetic 
agents, cognitive functioning and depressive symptom-
atology in the elderly. Br J Psychiatry 2001; 178:360-
6; PMID:11282816; http://dx.doi.org/10.1192/
bjp.178.4.360.

51. Bedford PD. Adverse cerebral effects of anaesthe-
sia on old people. Lancet 1955; 269:259-63; 
PMID:13243706; http://dx.doi.org/10.1016/S0140-
6736(55)92689-1.

52. Fodale V, Santamaria LB, Schifilliti D, Mandal PK. 
Anaesthetics and postoperative cognitive dysfunction: 
a pathological mechanism mimicking Alzheimer’s dis-
ease. Anaesthesia 2010; 65:388-95; PMID:20136805; 
http://dx.doi.org/10.1111/j.1365-2044.2010.06244.x.




