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Summary
For over 30 years, a large volume of data has been collected indicating the possibility of an 
infectious form of Alzheimer’s disease (AD). Using various AD animal models and patients’ 
brain extracts it has been demonstrated that amyloid Aβ (Aβ) can be an infectious agent. The 
similarities of Aβ and PrPsc prion protein (PrPsc) have been an important indicator of a poten-
tially infective nature of AD. Nonetheless, the majority of epidemiological data have not yet 
supported the hypothesis of the infectious nature of this disease. It must be emphasized that 
AD is a very complex disease which is most likely unique to humans. The strong evidence on 
the infectivity and propagation of Aβ in animal models is accompanied by the uncertainty of 
whether the observed symptoms can be recapitulated in humans. Therefore, using currently 
available AD models it may not be feasible to collect data of sufficient quality clearly and 
unambiguously demonstrating the infectivity of the disease. We postulate that in order to 
gather stronger evidence for AD infectivity in humans, new experimental strategies must be 
considered. This approach should also lead to better understanding of the peripheral routes of 
Aβ infection. The aim of this review is to present the current state of knowledge and existing 
doubts in this important area of neurobiology and medicine. In the light of available data, AD 
infectivity has still not been proven, yet it should be seriously considered. The confirmation 
that some forms of AD are infectious may result in significant scientific, medical and social 
consequences.

Alzheimer’s disease • amyloid Aβ • Aβ peptide • prion protein • neurodegenerative diseases • transmis-
sible protein aggregates
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ALZHEIMER’S DISEASE AS THE MOST COMMON 
NEURODEGENERATIVE DISEASE 

Alzheimer’s disease (AD) was described for the first time 
by the German neuropathologist Alois Alzheimer in the 
early 20th century. It is the most widespread human neuro-
degenerative disorder. According to various estimates, AD 
accounts for 50% up to even 70% of all cases of neurode-
generative diseases and dementias. Generally, in this case 
we can already refer to it as a pandemic, because there are 
currently 46 million people in the world who suffer from 
AD [83]. The incidence of the disease increases significantly 
with age, doubling on average every 5 years after the age 
of 65. For this reason, it is a condition that has the big-
gest impact on reducing the quality of life of the elderly. In 
spite of intensive research conducted for several decades 
and extensive funds allocated for testing new therapies, 
the exact mechanism of the disease development is still 
unknown. There is also no therapy that could reverse or at 
least stop the development of clinical symptoms.

AD as well as many other less common neurodegenerative 
diseases may occur in the genetic and sporadic forms. The 
genetic form is caused by the presence of one of several 
hundred detected mutations in three genes (APP, PSEN1 
and PSEN2). The causes of the sporadic form are unknown, 
although it occurs in over 99% of all cases [10]. Since the 
beginning of research on AD the hypothesis of infectiv-
ity of this disease has been considered, i.e. transmitted 
between humans or by contact with an infectious agent 
present in the external environment. Seemingly such con-
siderations may seem unwarranted, because the etiology 
of neurodegenerative diseases has never been specifically 
linked to any classic infectious agents such as bacteria or 
viruses. Therefore, it has long been accepted that these dis-
eases do not occur in an infectious form. However, in the 
1960s., it was proved that one of the rare endemic prion 
diseases known as kuru is an infectious disease [40]. Kuru 
does not exist any longer; its causes were associated with 
ritual acts of cannibalism among the Fore people of Papua 
New Guinea. The research on this first infectious neuro-
degenerative disease was recognized and honoured with 
Nobel Prize in 1976 in Physiology and Medicine for Daniel 
C. Gajdusek. Later, it turned out that another human prion 
disease, known as iatrogenic form of Creutzfeldt-Jacob 
disease (iCJD), also has infectious etiology [14]. For a long 
time it seemed that infectivity of prion diseases was the 
exception rather than the rule among neurodegenerative 
disorders. However, the current state of research on the 
mechanisms leading to the development of neurodegen-
eration calls for serious consideration of the occurrence of 
an infectious form of AD. The aim of this paper is to present 
the current state of knowledge in this field, with particular 
emphasis on the arguments for and against AD infectivity.

CONFIRMATION OF AD INFECTIVITY IS IMPORTANT FROM 
THE CLINICAL POINT OF VIEW 

The issue of infectivity is important from the clinical 
point of view due to the very frequent occurrence of 

AD compared to rare prion diseases. In the case of the 
infectious form of prion disease, it was demonstrated 
that up to several hundred cases of infection occurred 
in the past because of various medical and neurosurgi-
cal procedures. An example of such a procedure may be 
administering cadaver-derived pituitary human growth 
hormone (GH) preparations to young persons to treat 
dwarfism in the years 1958-1985. In the late 1980s. it was 
proven that some of these preparations were contam-
inated with the pathogenic form of the prion protein 
which is an infectious agent. Several years up to a few 
decades later, the infected persons died of iCJD [14]. 
Similar events occurred also following corneal trans-
plants or dura mater grafts. For this reason, the use of 
cadaver-derived GH was discontinued, which stopped 
a further increase in the incidence of iCJD. However, it 
should be remembered that the incidence of iCJD is sev-
eral orders of magnitude lower than the incidence of AD. 
Therefore, the confirmation of AD infectivity may not 
only change the fundamental understanding of this dis-
ease, but it will also have more significant clinical con-
sequences [1]. Proving that infections are possible, even 
if they were rare among all AD cases, could affect the 
patient’s treatment and performance of medical/neuro-
surgical procedures [63].

VERIFICATION OF THE AD INFECTIVITY HYPOTHESIS IN 
PRIMATES

Infectivity of prion diseases was confirmed in chimpan-
zees and later in other monkeys [40]. Therefore, the first 
attempts to verify the AD infectivity hypothesis were 
made on the same experimental model. Certain clini-
cal and histopathological similarities between prion 
diseases and AD contributed to this hypothesis. In addi-
tion, the co-occurrence of CJD and AD – although diffi-
cult to interpret – has been acknowledged for long time 
[15, 72, 104]. During these pioneer experiments it was 
assumed that the incubation period of AD was at least 
a few years, hence these experiments had to last for 
a relatively long time. The first results of intracerebral 
inoculation of brain extracts from AD patients in pri-
mates were published in 1978 [87]. They initially con-
firmed that this route for the spread of the disease was 
possible. However, 2 years later, such explicit conclu-
sions were not reached when extended results of these 
studies on a larger number of animals were published 
[45]. This may indicate a complete absence of infectious 
etiology of AD. However, this could also result from the 
fact that AD development requires a much longer incu-
bation period compared to prion diseases. Conducting 
individual experiments that last longer than 4-5 years 
is very difficult. At that time, antibodies that specifi-
cally recognized prion protein and Aβ plaques/aggre-
gates had not yet been introduced into research, which 
in practice impeded a clear interpretation of histopath-
ological results. Therefore, the final criterion in the 
above studies was the occurrence of clinical symptoms 
of AD, which were not convincingly detected. However, 
it should be taken into account that, in monkeys it may 
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inoculation of human brain extracts derived from AD 
patients [81, 88]. Recently, chimpanzees’ brain sections 
obtained by Daniel C. Gajdusek et al. several decades ago 
during the first attempts to verify the hypothesis of AD 
infectivity, have been subjected to retrospective analy-
sis. It was possible because paraffin-embedded brain 
samples can be stored in well preserved condition for 
a long time. These studies were performed using state-
of-the-art research tools such as a wide panel of specific 
monoclonal antibodies towards various Aβ conform-
ers that were not available during the initial analysis. 
Similarly to marmosets, these results also indicate the 
infectious potential of AD [44]. As noted above, the ana-
lyzed brains belonged to monkeys that did not show any 
clinical symptoms of AD during the initial analysis [45]. 
The fulfillment of histopathological criteria in monkeys 
in the absence of clear clinical symptoms does not nec-
essarily contradict the AD infectivity in humans, which 
is discussed briefly at the end of this paper

TRANSGENIC ANIMAL MODELS SUPPORT THE HYPOTHESIS 
OF AD INFECTIVITY

Experiments performed in monkeys have numerous lim-
itations such as high costs, very long duration of exper-
iments and difficulties with using a large number of 
animals. These limitations were minimized in the mid-
1990s., when the technology of genetic modifications in 
mice developed rapidly. These transgenic mouse models 
have become most widely used in AD research. Most of 
the so-called „AD mice” show high levels of expression 
of APP, PS1 or PS2. Frequently, a combination of different 
mutations and overexpression of more than one of the 
above-mentioned human proteins is used in one mouse 
line. The endogenous mouse proteins are less frequently 
modified, and they are „humanized” by inserting a frag-
ment of the appropriate human gene into their sequence 
[2]. Due to the fact that for each of the three aforemen-
tioned genes many mutations have been indentified 
that lead to the familial form of AD in humans, currently 
over 100 mouse models of AD are known. Although these 
mouse lines do not show all symptoms characteristic of 
AD in humans, apart from histopathological changes 
they also show certain behavioral and cognitive changes 
resembling the human disease. These include, for exam-
ple, memory impairments and impaired long-term syn-
aptic potentiation. An important difference between the 
brain material derived from the AD mouse model and 
human AD brain analyzed post mortem is usually the lack 
of atrophy of neurons in the former. 

One of the most popular genetically modified models 
is the Tg2576 mouse. This mouse line is characterized 
by high-level expression of amyloid precursor protein 
(APP) bearing the Swedish-type mutation in codons 670 
and 671 [52]. Expression of the mutant protein causes 
the formation of significant amounts of Aβ deposits in 
mice aged about 9-10 months. These deposits are simi-
lar to the deposits present in the brains of AD patients. 
Tg2576 model was used for intracerebral inoculation 

not be possible to observe overall clinical changes that 
are characteristic of human patients. 

Finally, in the 1980s transmissibility and infectivity of 
AD were considered as an open issue for debates, thus 
requiring further research. Some researchers at that 
time were inclined to postulate that AD itself was not 
likely to be an infectious disease [39, 42]. Supporters of 
the AD infectivity hypothesis stressed the importance 
of the recipient’s genetic background as well as other 
potentially necessary requirements such as the presence 
of proinflammatory factors [94]. It was argued that the 
complexity of the issue may hinder proving interindivid-
ual transmissibility of AD, which, however, occurs under 
strictly defined conditions [107]. Then, in the 1990s., the 
results of many years of research on marmoset monkeys 
were published. The animals used in the research were 
analyzed after 7 years following intracerebral inocula-
tion of extracts derived from AD patients. These data 
confirmed the possibility of infection by direct con-
tact of the infectious agent with the brain [5, 6]. At that 
time, there was a growing awareness that the preclinical 
stage of AD in humans may actually last as long as 20-30 
years. That is why research on transmission of AD from 
humans to marmoset monkeys via intracerebral inocu-
lation became a long-term project. This resulted in fur-
ther studies published in 2006 [88], in which a number 
of monkeys were analyzed after intervals up to 8-9 years 
following intracerebral inoculation of AD extracts. The 
results obtained again confirmed a significant positive 
correlation between the occurrence of Aβ plaques – typi-
cal of AD – in the brains of the marmosets and the inoc-
ulation with patient-derived brain extracts. The use of 
control extracts from healthy subjects did not result in 
significant accumulation of Aβ aggregates. In addition, 
in control animals of comparable age no spontaneously 
developing Aβ plaques were found [5, 88]. Importantly, 
no sporadic or genetic forms of the prion disease were 
observed in the group of monkeys under study. This 
ruled out the direct effect of the prion disease on the 
development of the histopathological features charac-
teristic of AD.

The above experiments carried out in monkeys indicate 
a significant probability of the occurrence of the infec-
tious form of AD in humans. It should be noted, how-
ever, that the main reference point in these studies was 
solely the histopathological analysis of brains with the 
use of immunocytochemistry. As was mentioned above, 
no clinical symptoms typical of AD were found in the 
monkeys [34]. The histopathological features as such 
may not be a sufficient criterion for the occurrence of 
AD, since in some persons senile plaques can be detected 
without coexisting dementia and other symptoms char-
acteristic of AD [93]. In addition, the histopathological 
analysis of brains in these studies did not detect hyper-
phosphorylated tau tangles, which are also characteris-
tic of AD patients. Doubts also resulted from the fact that 
intracerebral inoculation of synthetic Aβ in monkeys did 
not induce Aβ plaques, as was observed following the 
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elderly who had a significant number of Aβ plaques 
in their brains, but nevertheless did not show clinical 
symptoms [27]. Persons who accumulate significant 
amounts of Aβ plaques in their brains without concur-
rent cognitive changes are probably in the asymptom-
atic long-term preclinical stage of AD [24].

While using the AD mouse model it was also proved that, 
similarly to iatrogenic prion diseases, neurosurgical pro-
cedures may be a potential source of infection. This was 
demonstrated by initiating the process of β-amyloidosis 
using a steel rod, inserted in the brain of a young mouse 
and coated with a brain extract derived from an old AD 
mouse [29].

Despite many convincing observations, papers using 
genetically modified mouse models were often accepted 
with skepticism due to the lack of similar effects after 
intracerebral inoculation of AD extracts in wild-type 
mice. However, this can be explained – according to 
the view currently considered among neuroscientists – 
by the fact that AD is a disease unique to humans [34, 
103]. Murine APP protein has indeed biological prop-
erties similar to the human homologue and it is sub-
ject to the same posttranslational modifications and 
complex proteolysis in neurons [71]. Yet, minor dif-
ferences between the amino acid sequence of APP 
in mice and in humans result in the formation of the 
endogenous Aβ peptide that does not show tendencies 
to aggregation and β-amyloidosis [38]. Thus, to initi-
ate the β-amyloidosis in mice, it is necessary to intro-
duce the human APP gene or optionally to insert the 
sequence coding a human Aβ peptide fragment within 
the mouse gene. As highlighted, most of the discussed 
studies used transgenic mice in which human APP con-
taining various mutations causing the genetic form of 
AD was overexpressed. However, it is acknowledged that 
the Aβ peptide derived from wild-type human APP also 
tends to aggregate. Therefore, the process of transmis-
sion of Aβ from the AD extract to the recipient mouse 
brain should also be successful if the mouse is modified 
with human APP without mutations. This type of mouse 
line (huAPP mouse) was created as early as in 2000. 
Unlike the mouse line with mutant APP, in the huAPP 
mouse, even in later stages of its life, Aβ deposits in the 
brain are not detected [70]. When the AD brain extract 
was injected into the hippocampus of this mouse, Aβ 
plaques formed in large areas of the brain were also 
visible (Fig. 1E) [69]. It means that the effects of infec-
tion and spreading of β-amyloidosis can be achieved not 
only in mice with expression of proteins carrying muta-
tions characteristic of the genetic form of AD. This is 
also the case in genetically modified mice in which Aβ 
aggregates and senile plaques are never produced dur-
ing lifetime. Moreover, a widely criticized aspect of AD 
mouse models is too high and presumably non-physi-
ological level of expression of human transgene. One 
of the latest studies, however, showed that transmissi-
bility and accelerated accumulation of Aβ can also be 
observed in knock-in mice in which the expression level 

of diluted brain extracts derived from AD patients. 
A much faster formation of amyloid plaques contain-
ing Aβ was observed than without inoculation (Fig. 1A) 
[57]. Controls involving the inoculation of extracts from 
human healthy control subjects of similar age or from 
wild-type mice into the cortex of Tg2576 mice did not 
cause the observed changes (Fig.1C) [57]. This suggested, 
similarly to previous experiments in monkeys, the pos-
sibility of transmitting an infectious agent present in the 
inoculated extract to the recipient’s brain. Significantly 
accelerated formation of Aβ plaques was observed only 
in genetically modified mice and not in wild-type mice 
(Fig.1A and B). The work of Kane et al. [57] initiated 
a series of further studies using other transgenic mouse 
models, and sometimes also rat models [90]. Their goal 
was to thoroughly verify the hypothesis of AD infectiv-
ity and to examine the mechanism of Aβ propagation in 
the brain. Subsequent studies performed on the APP23 
and APPPS1 mouse lines confirmed the possibility of dis-
ease transmission by intracerebral inoculation of brain 
extracts derived from AD patients or old AD mice [66]. 
Using AD mice it was also demonstrated that the accel-
eration of Aβ plaques formation positively correlated 
with the time that had elapsed since inoculation and 
with the concentration of Aβ aggregates present in the 
brain extracts [68]. Importantly, immunodepletion of Aβ 
with anti-Aβ antibodies added to brain extracts before 
inoculation caused a significant reduction of accelera-
tion of Aβ accumulation in the recipient (Fig.1D) [66]. 
A similar result was obtained after previous immuniza-
tion of recipient mice against aggregated forms of Aβ, or 
removal of Aβ molecules from the brain extracts using 
the ASR1 reagent bound to magnetic beads [26]. This 
proves that in the biochemically complex brain extract, 
these are the various forms of Aβ that are the component 
specifically responsible for the process of infection and 
propagation of Aβ in the recipient’s brain. Inoculation 
of AD brain extracts in wild-type mice does not result 
in the formation of new Aβ aggregates (Fig. 1B) [57, 66]. 
In contrast, injection as small amounts of Aβ as found in 
a million times diluted AD brain extract into the brain 
of Tg2576 mice also leads to accelerated accumulation 
of Aβ [68]. This indicates that the observed aggregates 
in the brains of recipient mice are not exclusively the 
result of a simple transfer of Aβ present in the inocu-
lated extract. These results suggest that an amplification 
process occurs which causes the number of aggregates 
to grow in the infected brain. Two essential conclusions 
can be drawn from the data presented: first of all, in the 
experimental models applied, it is undoubtedly possi-
ble to infect a compatible recipient with Aβ present in 
the external environment. Secondly, the amount of Aβ 
in the recipient’s brain is increasing, which is probably 
caused by amplification of the pathogenic structures of 
this peptide.

The ability to infect and to propagate Aβ within the 
mouse brain is manifested not only by brain extracts 
from AD patients and aged AD mice. The same proper-
ties were demonstrated by extracts derived from the 
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protein demonstrates – similar to Aβ – properties of 
intermolecular transfer of the pathogenic conformation 
to native non-pathogenic molecules of this protein [4]. 
A potential mechanism of this process is discussed in the 
further part of this paper.

SYNTHETIC AΒ AS THE FINAL TEST IDENTIFYING AN 
INFECTIOUS AGENT

In order to induce β-amyloidosis in the recipient, diluted 
brain extracts derived from AD patients or from old AD 
mice were used in majority of studies conducted in pri-
mates and genetically modified mice. Such extracts, in 

of the mutant APP gene is similar to the expression of 
the endogenous mouse gene [91]. 

Current research also indicates that intracerebral inocu-
lation of tau protein aggregates derived from the brain 
of AD patients initiates the aggregation of this pro-
tein even in the brain of genetically unmodified wild-
type mice [73]. Potential transmission of neurotoxic tau 
protein aggregates was also observed in persons who 
received contaminated GH preparations in early stages 
of their life [28]. The tau protein is the second – in addi-
tion to APP – major aggregating protein involved in 
the AD pathogenesis. Published data indicate that this 

Fig. 1. Effects of intracerebral inoculation of brain extracts containing Aβ in mice
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infections. This material is therefore a unique model for 
testing a potential transmission of not only prion dis-
ease but also other neurodegenerative diseases. As early 
as in 2006, a case of a 28-year-old patient was described, 
in whom after the cadaver-derived dura mater graft 
an infectious form of iCJD developed. In this patient, 
despite such a young age, symptoms of developing AD 
neuropathology were also observed (Table 1) [82]. The 
publication containing this data remained almost unno-
ticed as it concerned a single clinical case. The authors 
themselves speculated that the cause of the histopatho-
logical development of AD in this patient could be brain 
damage in early childhood, and not the transmission of 
the infectious agent from the dura mater graft [82]. 

The results of the work published in the last two 
years strengthened the hypothesis of AD infectivity. 
Researchers from the John Collinge’s and Sebastian 
Brandner’s laboratories carried out a retrospective 
immunocytochemical analysis of brain samples of 
patients who died of iCJD [54]. Such persons are very 
closely monitored in the UK and their brains are stored 
for many years. The development of iCJD in these peo-
ple was caused by injections of contaminated cadaver-
derived pituitary GH preparations in the past. Therefore, 
during the GH administration, these patients were 
repeatedly administered potentially infectious human 
brain extracts via the circulatory system. Surprisingly, 
Aβ aggregates and plaques characteristic of AD were 
found in the brain samples of most of individuals under 
study [54] (Table 1). What is important, these persons 
died at a much too early age to develop sporadic AD. Aβ 
deposits are observed in AD-asymptomatic persons, but 
these individuals are always at an advanced age [21]. 
Therefore, the logical reason for the detection of Aβ 
aggregates in the analyzed samples was the induction of 
β-amyloidosis by Aβ found in GH preparations adminis-
tered to these persons in the past. Following the above, 
these individuals probably did not develop full clini-
cal symptoms of AD, because they had died earlier due 
to a faster-developing iCJD prion disease. According to 
an alternative scenario consistent with the controver-
sial hypothesis of the so-called cross-seeding, aggrega-
tion of Aβ could be initiated by the previously generated 
aggregates of pathogenic PrPsc. However, the analysis of 
control materials derived from persons who died of spo-
radic CJD (sCJD) at a similar age did not show statistically 
significant presence of aggregates and Aβ plaques [54]. 
Previous studies also failed to prove a cause-and-effect 
relationship between prion diseases and AD, although 
this possibility was suggested by some in vitro obtained 
data [47,101]. For example, the analysis of 110 cases of 
CJD has led to the conclusion that the co-occurrence of 
histopathological features of CJD and AD is accidental 
and rather associated with advanced age [47]. Although 
some earlier studies have shown that Aβ deposits are 
frequent in prion diseases, they are difficult to inter-
pret because they mainly affect the genetic form of CJD 
[41, 104] or elderly patients who are frequently known 
to have Aβ deposits without the clinical symptoms of 

addition to Aβ, also contain numerous low molecular 
weight chemical compounds and macromolecules which 
can be an important factor initiating or modulating the 
amyloidogenesis of Aβ. As mentioned above, experi-
ments, in which immunodepletion of Aβ was performed 
using specific antibodies added to brain extracts prior 
to inoculation or immunization of the recipient mouse 
against Aβ, almost completely inhibited the develop-
ment of Aβ aggregates (Fig. 1D) [31, 66]. This suggests 
that Aβ is the main initiator of β-amyloidosis in the 
recipient. There is a consensus that the final evidence 
confirming these results would be the induction of histo-
pathological features characteristic of AD using synthet-
ically produced Aβ. Initial attempts to induce infection 
and propagation in the recipient’s brain with the Aβ 
peptide produced in cell-free system and aggregated in 
vitro gave negative results both in monkeys [81, 88] and 
in AD mice [66, 77]. Until now, two groups of research-
ers have managed to induce infection and propagation 
of Aβ in the brain of AD mice with such a synthetic agent 
(Fig.1F) [59, 99]. However, the infectious activity of Aβ 
thus produced is at least two orders of magnitude lower 
than the brain extracts containing a comparable amount 
of this peptide [98, 99]. Therefore, additional factors are 
probably necessary to obtain in vitro the spatial struc-
ture of Aβ that would be optimal for the infection and 
initiation of β-amyloidosis. Such factors supporting 
the process of polymerization and aggregation of Aβ 
are likely present in living cells, especially in neurons 
[77]. A similar situation occurs in the process of in vitro 
production of synthetic PrPsc. In this case, many cofac-
tors supporting the production of a pathogenic confor-
mation, such as some phospholipids or RNA molecules, 
were detected [110]. Therefore, to obtain synthetic Aβ 
with much higher infectious potential, it is necessary to 
characterize additional factors affecting the process of 
Aβ aggregation in living neurons.

THE MOST RECENT CHAPTER OF THE DEBATE 
– RETROSPECTIVE STUDIES OF HUMAN BRAIN 

In spite of existing controversies, the general outcome 
of research performed in monkeys and with genetically 
modified animal models clearly suggests that in addition 
to the genetic and sporadic forms, the infectious form 
of AD may also exist. So far, no data from human brains 
have been found, because similar experiments as those 
carried out in animals could not, obviously, be performed 
in humans. However, it is possible to retrospectively ana-
lyze the preserved brain materials derived from deceased 
persons who were in contact with an agent that could 
potentially cause AD transmission from one person to 
another. For this purpose, one can, for example, analyze 
paraffin-embedded brain samples of persons who died of 
iCJD caused by the administration of improperly purified 
preparations derived from human brain.

Due to the fact that brain samples derived from dif-
ferent persons were processed together, the process-
ing technology leading to iCJD was very conducive to 
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infection and Aβ plaques that are typical of AD. Control 
brain samples from persons who died of other forms of 
CJD showed no significant accumulation of Aβ deposits. 
About half of the brain materials from persons who had 
taken contaminated pituitary preparations but died of 
a different reason than iCJD also contained Aβ aggre-
gates [89]. This is an important observation, which also 
undermines the hypothesis about the potential initia-
tion of Aβ aggregation by the pathological prion pro-
tein. It should be emphasized that in the above studies 
microscopic colocalization of both types of protein 
aggregates was not observed, which evidences against 
the hypothesis claiming that the pathological prion pro-
tein is a factor causing the formation of Aβ aggregates. 
There are previous reports of colocalization of PrPsc and 
Aβ but they usually concern single cases and/or patients 
at an advanced age [79,104]. Another factor, apart from 
exogenous Aβ infection, that could initiate spontaneous 
formation of Aβ aggregates at an early age is the occur-
rence of a mutation characteristic of the genetic form of 
AD. In earlier studies suggesting the effect of PrPsc on the 
formation of Aβ deposits, the occurrence of mutations 
that could possibly promote the aggregation of Aβ was 
not verified [104]. However, in recent studies, including 
a retrospective analysis of brains derived from persons 
who died of iCJD, a wide range of this type of genetic 
analyses was carried out. Sequencing of DNA isolated 
from brain samples did not confirm the presence of 
mutations that cause accumulation of Aβ [54, 89]. It is 
worth noting that many different mutations were ana-
lyzed, not only those related to the development of AD, 
but also mutations that affect other neurodegenerative 
disorders [54]. In addition, the polymorphisms increas-
ing the likelihood of AD, such as the presence of the 

AD [46]. Summing up, the results of Jaunmuktane et 
al. [54] evidence against de novo induction of Aβ aggre-
gates by pathogenic prion protein, although they do 
not completely exclude this possibility. Clearly, how-
ever, they suggest the possibility of infection and, con-
sequently, the initiation of β-amyloidosis by exogenous 
forms of Aβ found in human GH pituitary preparations. 
Some researchers speculate that both processes may 
even occur simultaneously [63]. It would be advisable 
in this case to analyze GH preparations used in the past 
for their Aβ content. In practice, this is difficult because 
in 1985 their use in medicine was discontinued. Only in 
one study such analysis was performed, thus confirm-
ing the presence of aggregated potentially toxic Aβ in 
these preparations [28]. In addition, the presence of Aβ 
aggregates has been demonstrated in some pituitaries 
derived both from patients and healthy controls that 
have never been used for GH administration [53, 54]. 
This clearly indicates the possibility of transmitting 
pathogenic Aβ aggregates as a result of using human 
pituitary preparations.

Jaunmuktane et al. [54] initiated a new chapter in the 
debate on the infectious form of AD [1]. Soon, indepen-
dent analyses of similar brain samples derived from 
persons who died of iCJD were initiated in other labo-
ratories. Over the past few years, the results of 6 addi-
tional studies have been published which significantly 
confirm the key assumptions made by Jaunmuktane 
et al. [54] (Table 1). In one of the studies, Ritchie et al. 
[89] have recently analyzed brains derived from a much 
larger number of persons who died of iCJD because of 
having taken pituitary preparations. Similarly, a very 
high correlation was found between the prion disease 

Table 1. Comparison of the results of histopathological analysis of human brain samples from iCJD patients performed for the hallmarks of AD

References
Preusser et 

al., 2006
[82]

Jaunmuktane 
et al.,
2015
[54]

Frontzek 
et al., 2016

[37]

Kovacs el 
al., 2016

[58]

Hamaguchi 
et al., 2016

[48]

Ritchie et 
al., 2017

[89]

Duyckaerts
et al.,
2018
[28]

Cali
et al.,
2018
[19]

Clinical phenotype CJD CJD CJD CJD CJD CJD CJD CJD

Cause of iCJD hDM hGH hDM hDM hDM hGH hGH
hGH and 

hDM

Number of cases examined 1 8 7 2 16 33 24 21

Number of cases  with Aβ parenchymal 
deposits

1 6 5 2 13 12 1 5

Number of cases  with Aß 
CAA deposits

1 4 5 2 11 14 1 11

Age of cases with Aß deposits 28 40 – 51 28 – 63 28-33 35 – 81 20 – 38 23-39 23-54

a All the results except publications [82] were statistically significant, b All studies except [37] performed genetic test-
ing which excluded mutations involved in familial AD, c In the studies[28, 48, 89] deposition of hyperphosphorylated 
tau has been shown.
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POSSIBLE ROUTES OF INFECTION WITH AΒ

From the data presented, it can be concluded that in 
some AD patients an Aβ infection could have occurred 
and the infectious agent could enter the body via vari-
ous routes. Table 2 shows potential routes of infection 
with Aβ and their relative infection potential has been 
estimated. The direct contact with the central nervous 
system is considered to be the most effective route of 
infection. It occurs, for example, during neurosurgical 
procedures, such as the above mentioned dura mater 
grafts. After such procedures patients were infected with 
the pathogenic prion protein and in some cases probably 
also with Aβ. They died of iCJD disease because this dis-
ease is characterized by a shorter incubation period com-
pared to AD. It should be noted that the iatrogenic form 
is one of the fastest-growing forms of CJD disease. Its 
incubation period after direct contact of the infectious 
agent with the brain lasts between a few to 24 months 
on average [62]. Therefore, presumably in this case, the 
incubation period of AD may also be shorter than that of 
most other sporadic AD cases. Certainly, however, these 
are years rather than months, as long-term incubation 
periods were required in previously discussed experi-
ments with intracerebral Aβ inoculation in monkeys 
[88]. In addition, recent studies carried out in the labo-
ratory of Sebastian Brandner indicate a positive corre-
lation between the occurrence of amyloid aggregates 
characteristic of AD in the brain of middle-aged patients 
and the various neurosurgical procedures performed in 
their childhood [55]. These studies were done in a group 
of patients that did not show any pathology associated 
with prion protein aggregates [55]. Also these patients 
were too young to have Aβ aggregates and plaques occur-
ring spontaneously. In this case, the time from perform-
ing the neurosurgical procedure until the occurrence of 
significant amounts of Aβ was ca. 30-40 years.

Other potential pathways of Aβ infection are also consid-
ered. The intravenous route is less thoroughly described 
but also very likely; it was used when patients were 
given cadaver-derived pituitary GH preparations. As dis-
cussed above, in the brains of many of these patients, 
a statistically significant prevalence of histopathological 
features of AD was observed. It can be assumed that the 
clinical symptoms of AD would have developed if they 
had not died earlier due to iCJD. Incubation of iCJD as 
a result of infection with GH preparations takes, on aver-
age, up to over a dozen years. However, in the case of 
AD the preclinical stage is probably longer [62]. On the 
other hand, in the AD mice model the transmission of 
Aβ via the intravenous route has been described so far 
in two cases. This was obtained for the first time after 
multiple intravenous injections of 100 μg of synthetic Aβ 
[59]. Therefore, in order to cause infection and acceler-
ated aggregation of Aβ, at least several dozen times more 
synthetic factor should be administered via the circula-
tory system than via the intracerebral route [59, 99]. In 
the second study, AD mice were injected intravenously 
with brain extracts derived from AD patients and, after 

ApoEε4 allele, were also verified. This allele is a widely 
accepted genetic factor that increases the risk of AD. 

Brain samples from persons who died of iCJD are not 
readily available and therefore such analyses cannot 
be widely performed in many independent laborato-
ries. This stems from the fact that most cases of iCJD 
infection have been reported so far in the UK, France 
and the USA. In other countries, these were only single 
cases [13, 14]. As it is already known, however, taking 
pituitary preparations is not the only possible iatrogenic 
route of CJD infection. Such infections also occurred in 
the past following cadaver-derived dura mater grafts. 
When brain sections, derived from persons who died 
later of iCJD, were analyzed with a view to the presence 
of plaques and Aβ aggregates, a very frequent occur-
rence of the histopathological features characteristic of 
AD was also observed [37, 48, 50, 58]. As in the case of 
brains from persons taking pituitary preparations, con-
trols’ analysis did not show statistically significant cor-
relations. According to the authors, this precluded the 
initiation of Aβ aggregation by pathogenic PrPsc found 
in dura mater grafts. No mutations characteristic of 
the genetic form of AD were found. There was also no 
significant correlation between the occurrence of Aβ 
aggregates and the presence of the ApoEε4 allele which 
increases the probability of their formation. The results 
of the latest study in which the subject of concurrent 
analysis were brain samples from patients coming from 
different countries who were infected with contami-
nated pituitary preparations or dura mater grafts indi-
cate that the accumulation of Aβ aggregates in cerebral 
vessels and the absence of tau protein aggregates are 
a shared feature [19]. Perhaps, Aβ in humans demon-
strates a greater potential for infection and/or induc-
tion of its own β-amyloidosis compared to toxic forms of 
the tau protein. On the other hand, the first analysis of 
a group of 24 French patients who died of iCJD as a result 
of the administration of contaminated GH preparations 
showed only one case of Aβ pathology and it was rather 
in the parenchyma of the brain, and not in the vessels 
[28]. The authors of this study are of the opinion that 
this is due to the much shorter incubation period of iCJD 
in this group of patients compared to the UK patients. 
Due to the more rapid death of iCJD, there was probably 
not enough time for Aβ to accumulate and aggregate in 
their brains [28]. It is also possible that the procedures 
for the purification of cadaver-derived pituitary GH 
preparations used in France have been more effective in 
eliminating toxic forms of Aβ compared to the proce-
dures used in the United Kingdom.

In the light of the above research, both the results 
of studies based on the brain material from persons 
infected with „pituitary” preparations and dura mater 
grafts lead to the same conclusion. These studies show 
that not only is the infectious form of PrPsc transmit-
ted to humans, but also an additional infectious agent 
causing slow development of AD pathology is transmit-
ted (Table 1).
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order to achieve an effect similar to intracerebral inoc-
ulation, approximately 40 times more AD extract was 
administered to the APP23 mice into the peritoneum 
[32]. As in the case of transmissibility by direct contact 
with the brain, the efficacy of the intraperitoneal route 
also depends on the concentration of Aβ in the extract 
used and the level of expression of the human mutant 
APP in the recipient mouse brain [31] (Table 2). However, 
it does not depend on the level of this protein expression 
in peripheral tissues, as it was shown using 3 different 
lines of AD mice [31].

Other peripheral AD infection routes remain almost 
unexplored and it is a surprising gap in this intriguing 
field of research. Until now, they have been the focus 
of only one study in which ineffectiveness of intrana-
sal, oral and intraocular infection [29] was demon-
strated by using the AD mouse model. This suggests 
low effectiveness of these infection routes, yet does not 
completely exclude them (Table 2). For example, some 
population studies analyzing the effects of anaesthe-
sia and surgical procedures in the cardiovascular sys-
tem suggest an increase in the risk of dementia and/or 
AD within a few to several years later [61, 75]. However, 
similar analyses of patients undergoing prostate and 
hernia surgery did not show an increase in the risk of 
dementia and AD later in life [102]. In addition, the anal-
ysis of the causes of death in the neurosurgeons’ popu-
lation showed that these persons were more likely to die 
of Alzheimer’s disease compared to the general popu-
lation’s average [64]. One possible explanation for this 
phenomenon is a peripheral infection with Aβ, which 
can potentially occur during surgical procedures. In 
addition, the risk of developing AD increases more than 
six times when one of the co-habiting spouses is already 
suffering from this disease [76]. This may be related to 
peripheral pathogenic Aβ infection from a spouse suf-
fering from the disease. Therefore, the issue of periph-
eral routes of Aβ infection is still poorly recognized and 
requires further detailed studies.

PrPSC AND Aβ SHOW SIMILARITIES IN THEIR BIOLOGICAL 
PROPERTIES

Extensive research on prion diseases over the last sev-
eral decades has led to the confirmation of the concept 
of „prion” as a proteinaceous infectious particle that 
does not require DNA to propagate. This understand-
ing of „prion” was already suggested in the early 1980s. 
by Stanley Prusiner [84]. Prion diseases, although very 
rare, have become a model and reference point that 
can facilitate understanding of more common neuro-
degenerative disorders. In simple terms, it is assumed 
that PrP is present in neurons in two basic spatial con-
formations: native, i.e. physiologically normal (PrPc) 
and pathogenic, referred to as PrPsc. Under the influ-
ence of endogenous or environmental factors, some 
of the molecules of native PrPc may undergo a con-
version into a less soluble and more aggregated form 
of PrPsc. The results of many studies have shown that 

180 days, significant accumulation of Aβ aggregates was 
observed [17]. This result was not achieved after the 
administration of extracts from healthy controls who 
were, at their death, at a similar age. 

An additional argument indicating the possibility of 
Aβ infection via the intravenous route is Aβ’s ability to 
cross the blood-brain barrier [111]. In addition, it has 
also been proved that it is possible to transmit Aβ from 
the blood of AD mice to the brain of wild mice through 
the combined blood systems of two individuals [16]. 
However, repeated epidemiological analyses on groups 
of persons with a history of frequent blood transfusions 
do not corroborate an increase in the risk of develop-
ing AD [11, 25]. Nevertheless, many researchers are of 
the opinion that epidemiological analyses do not docu-
ment AD infectivity due to the complexity, heterogene-
ity, very long preclinical stage and other unique features 
of this disease. In addition, in the light of recent studies, 
the main difficulty in interpreting the impact of mul-
tiple blood transfusions may be the fact that these pro-
cedures can potentially have an opposite effect on the 
risk of developing AD. In mouse models, it was shown 
that after connecting blood systems of the young wild 
mouse and the old AD mouse, clinical symptoms of AD 
were reduced and/or the number of Aβ aggregates in the 
brain of the ill mouse was reduced as well [67, 108]. For 
this reason, administering plasma, derived from young 
persons to AD patients is now considered as a potential 
new treatment.

When using the AD mouse model, the possibility of 
intraperitoneal infection was also demonstrated [31, 32] 
(Table 2). The potential for infection and propagation 
of Aβ in the brain after peritoneal injection is signifi-
cantly lower as compared to intracerebral inoculation 
of an identical extract in the same AD mouse model. In 

Table 2. Possible routes of infection and assessment of the relative infectivity 
of Aβ

Routes of 
inoculation

Relative infectivity References

Intracerebral ****
[37, 55, 57, 

66, 87]

Intraperitoneal *** [31, 32]

Intraocular * [29]

Intranasal * [29]

Oral * [29]

Intravenous ***
[16, 17, 54, 

59]
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The seed nucleation process and prion-like propagation 
was also demonstrated for Aβ in invertebrates, using the 
Drosophila nervous system [96].

The propagation of aggregates to neighbouring neu-
rons is not only due to the process of seed nucleation 
and self-replication that leads to the generation of the 
pathogenic form of Aβ. The active axonal transport of 
Aβ molecules also participates in this process [12]. The 
use of axonal transport for propagation in the brain is 
also a feature of the prion protein [18]. Similar ‚prion’ 
properties are also displayed by other important pro-
teins associated with neurodegenerative processes, 
such as tau protein or α-synuclein that is associated 
with Parkinson’s disease [43]. Aβ in its aggregated and 
β-sheet rich structure is, similarly as PrPsc, resistant to 
digestion with proteinase K and to many other environ-
mental factors [66, 99]. In addition, both types of patho-
genic aggregates show high affinity to azo organic dyes 
such as Congo red [35]. These dyes recognize hydropho-
bic domains in proteins that tend to aggregate regard-
less of the primary structure. Moreover, both PrPsc 
and Aβ deposits are located mainly in the extracellular 
space of the brain, although other aggregating proteins 
in neurodegenerative diseases form rather intracellular 
aggregates.

The data presented allow us to assume that another simi-
larity to PrPsc may be the ability of Aβ to initiate its own 
self-replication also in the infected body. Considering the 
prion properties of Aβ, it can be assumed that the mech-
anism leading to infection of the new organism is the 
same as the mechanism of Aβ propagation between neu-
rons inside the patient’s brain (Fig. 2) [30]. In both cases, 
pathological conformers of Aβ transmit their toxic spatial 
structure to the native soluble molecules of the Aβ pep-
tide present in the yet unaffected neuron. The possibility 
of this scenario is evidenced by the results of previously 
discussed studies performed in monkeys and transgenic 
mice, as well as retrospective analyses of brains from per-
sons infected with transmissible prion disease.

after the development of seeds that initiate the genera-
tion of misfolded PrPsc, this process has autocatalytic 
properties. The PrPsc molecules are a kind of template 
that transmits its pathogenic conformation to native 
PrPc molecules. As a result, many more PrPc molecules 
are converted into a pathogenic form in the process of 
seed nucleation. The progressive accumulation of PrPsc 

results in large aggregates of this protein being accu-
mulated, as it may be observed histopathologically 
under the microscope. All molecular details of this pro-
cess are still unknown. It is acknowledged that further 
propagation occurs along the neural connections to the 
neighbouring neurons and gradually covers other areas 
of the brain [56, 105]. The pathogenic forms of the prion 
protein are extremely chemically stable and resistant to 
degradation. As a result, they can survive in the exter-
nal environment for a long time. That is why they are 
capable of transmitting the infection from one organ-
ism to another, for example by the intravenous, oral or 
the aforementioned cerebral route [95].

Currently, the term „prion” or „prion protein” is used 
not only in a narrower sense referring exclusively to PrP. 
In a broader sense, the term refers to a group of proteins 
that manifest abilities of transition between two dif-
ferent yet thermodynamically beneficial conformation 
states. Hence, such proteins or peptides are referred to 
as prion-like or prionoid proteins. It is believed that the 
conversion between two conformation states is depen-
dent on the presence of prion-like domains enriched in 
asparagine/glutamine, which have been found so far in 
many completely different proteins [7]. In some cases, 
each of the two spatial states may be associated with 
another, not necessarily toxic, physiological function 
of a given „prion” protein [51]. In neurodegenerative 
diseases, only one of the spatial states of this protein is 
beneficial for the body, while the other is harmful. Many 
recent experimental data obtained both in vitro and in 
vivo indicate that Aβ displays such prion-like proper-
ties. Therefore, it is able to self-replicate inside neurons 
and slowly spread to connected cells [56, 68, 105] (Fig. 2). 

Fig. 2. Diagram of the infection process, nucleation and self-replication of Aβ in the nervous system
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and only partially inhibit the induction of β-amyloidosis 
in the recipient [29, 66]. As with PrPsc, non-standard 
sterilization techniques should also be used to inactivate 
Aβ. In order to completely inhibit the potential of brain 
extracts containing Aβ for the induction of the patho-
genesis process, it is effective to use plasma sterilization 
[29]. It is worth noting that such cytotoxic compounds as 
formaldehyde do not completely inactivate the ability of 
pathogenic Aβ conformers to infect the recipient brain 
[36]. Similarly as PrPsc, many polymeric forms of Aβ have 
a relative resistance to digestion with proteinase K [99]. 
They retain the properties of inducing β-amyloidosis 
despite digestion with this protease even for 30 minutes 
[60]. These data indicate an exceptional stability of infec-
tious and pathogenic forms of Aβ in the external envi-
ronment and in brain extracts. Thus, also in this respect, 
the properties of Aβ resemble pathogenic PrPsc. In addi-
tion, pathogenic forms of Aβ can survive as dormant for 
a long period of time in the brain of an incompatible 
recipient, in whom they do not induce the formation of 
amyloid aggregates and still retain the ability to infect. 
An APP knockout mouse can be such a model incom-
patible recipient. The lack of APP results in the absence 
of native molecules of soluble Aβ peptide, to which the 
pathogenic conformation could be transmitted. Thus, 
the process of seed nucleation and self-replication of 
Aβ cannot take place. When the brain extracts of such 
mice were then used for the intracerebral inoculation in 
the AD mice, infection and accelerated formation of Aβ 
aggregates were nevertheless observed [109]. From the 
medical point of view, another undesirable property of 
Aβ aggregates is the ability to strongly adhere to metal 
surfaces, such as surgical instruments [29]. Nevertheless, 
it is possible to effectively inactivate pathogenic Aβ, as 
it is sensitive to protein-denaturing conditions, such as 
e.g. formic acid or strong alkaline compounds [66, 100].

THE FINAL EVIDENCE OF AD INFECTIVITY REQUIRES THE 
DEVELOPMENT OF NEW EXPERIMENTAL MODELS

As presented above, Aβ, which is likely to play one of 
the main roles in the pathogenesis of Alzheimer’s dis-
ease, has many properties characteristic of prion protein 
[105]. For this reason, the possibility of Aβ infectivity is 
discussed according to the criteria previously adopted 
for PrPsc. This classification includes four levels of infec-
tivity: (i) molecular, i.e. the occurrence of a pathogenic 
form capable of initiating the transition of native forms 
of this protein into pathogenic forms inside the neuron, 
(ii) interneuronal, involving the spread of this protein 
within the nervous tissue, (iii) transport inside the body 
through intercellular connections and perhaps diffusion 
from peripheral tissues to the brain and (iv) the abil-
ity to transmit an infectious agent from one organism 
to another [30]. Currently, many studies postulate that 
Aβ is „infectious” on the first three levels mentioned 
above, but for many years it has not been possible to 
obtain final evidence that infection with Aβ is possible 
from human to human. Earlier studies discussing the use 
of apes and rodents suggested this possibility, but also 

It is believed that, similarly as PrPsc, also pathogenic 
Aβ exists in many different spatial conformations [49, 
80]. In other words, there is no one pathogenic strain 
of Aβ, but many of its conformers or morphotypes. It 
is worth noting that such prion-like properties of Aβ 
could explain the long-observed interindividual vari-
ability at the histopathological and clinical level among 
AD patients [22, 86]. Presumably, various pathological 
Aβ conformers/morphotypes may lead to the develop-
ment of AD with slightly different clinical symptoms. Aβ 
is known to be present in endogenous samples (brain 
extracts of AD patients or AD mice) as well as in prepa-
rations obtained in vitro as a complex mixture of many 
spatial forms differing in their degree of polymeriza-
tion. It is not known exactly which of these multimers 
exhibit the strongest “prion” properties, and thus are 
mainly responsible for transmitting the aberrant con-
formation to subsequent native molecules of soluble and 
monomeric Aβ peptide. It is assumed that these may be 
some oligomeric conformers, and not highly aggregated 
polymeric forms that accumulate in the parenchyma 
and walls of cerebral vessels as senile plaques [78].

On the basis of these observations, it is increasingly 
accepted that despite differences in the amino acid 
sequence, both PrP and Aβ share many key biological 
properties. Both macromolecules belong to the same 
class of „prion-like” polypeptides exhibiting the feature 
of autocatalytic and self-replicating formation of amy-
loid aggregates [68, 105]. When assessing this issue from 
this perspective, the potential infectivity of Aβ is not 
surprising, because the ability of pathogenic conform-
ers of PrPsc to infect animals and humans has already 
been convincingly proved. It is worth adding that some 
aspects of the seed nucleation and aggregation process 
differ among the macromolecules discussed. For exam-
ple, pathogenic forms of PrPsc can now be obtained in 
completely cell-free system by the so-called method of 
cyclic amplification of protein misfolding known as the 
PMCA (Protein Misfolding Cyclic Amplification) tech-
nique [92]. So far, this technique has failed to achieve 
synthetic Aβ with an equally high degree of pathoge-
nicity, as this may require the presence of other cofac-
tors, compared to PrPsc that is generated with the use 
of this technique. Aβ is probably not the only protein 
involved in the development of neurodegenerative pro-
cesses that demonstrates „prion” properties. Currently, 
it is assumed that this is the nature of other important 
proteins associated with neurodegenerative processes, 
such as tau protein or α-synuclein [43].

INACTIVATION OF PATHOGENIC FORMS OF Aβ PRESENT IN 
THE EXTERNAL ENVIRONMENT

If, according to the data presented, we assume that the 
pathogenic forms of Aβ may cause the development 
of the infectious form of AD, it is important to know 
whether they can be effectively inactivated by routine 
methods. Studies using AD mice have shown that stan-
dard heat sterilization techniques may not be effective 
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interpreting certain results, as some of the studies sug-
gesting the transmissibility and infectivity of AD may 
in fact document only the process of Aβ aggregation in 
the recipient. It does not have to be synonymous with 
the occurrence of a fully developed human disease. It is 
possible that the development of all clinical symptoms 
would require additional factors or steps that may not 
be present in the recipients. Eespecially when it comes 
to a model non-human recipient such as mouse that 
never shows clinical symptoms without experimen-
tal manipulations. Thus, currently it is likely not pos-
sible to prove the AD infectivity hypothesis clearly and 
unambiguously.

It should be emphasized that currently, due to the lack 
of success of many therapies and clinical trials focusing 
on various forms of Aβ, the possibility that this factor 
may not be the main or sole cause of sporadic AD [3] is 
being more frequently considered. Due to the fact that 
the amount of collected data indicating high impor-
tance of APP and its derivative Aβ in the pathogenesis of 
AD is enormous, it can be assumed with high probabil-
ity that Aβ is a necessary yet an insufficient factor for 
the development of this disease [65]. In addition to the 
aggregation of the Aβ peptide, at least three additional 
pathogenic pathways are present in the nervous system 
during the development of neurodegeneration. These 
include the development of severe inflammation, mito-
chondrial damage and increased oxidative stress [106]. 
Thus, perhaps at least four parallel molecular mecha-
nisms that interact with one another are involved in the 
development of AD. In this respect, AD as well as other 
similar neurodegenerative disease seems to be unique. 
If this is the case, transmission of infectious Aβ from 
the environment to the human brain does not neces-
sarily mean that AD develops, but may be one of condi-
tions required for the full development of the disease. 
Therefore, nowadays the necessity to test combination 
therapies is often suggested. These therapies should 
target several mechanisms of pathogenesis at the same 
time, and not just different Aβ spatial conformers [106].

Very long time of asymptomatic preclinical stage of AD 
in humans also substantially hinders providing explicit 
evidence of AD infectivity. It is assumed that this is 
a period of at least 15 to even 30 years [20, 23]. Such long 
latent incubation periods are difficult to reproduce in 
laboratory conditions, which may explain the failure of 
some early experiments to transmit Aβ from humans 
to monkeys, or the difficulty in obtaining reliable epi-
demiological data. In transgenic mouse models high-
level expression of human APP is most commonly used 
[33]. As a result, aggregation and accumulation of vari-
ous forms of Aβ can be achieved during a relatively short 
lifetime of mice. However, it should be noted that the 
use of genetic manipulations can potentially distort the 
examined disease. 

So far, relatively few papers have been published, that 
may deny the existence of a infectious form of AD. 

raised certain doubts. A new chapter in this long-term 
debate was opened by the study of Jaunmuktane et al. 
[54], in which atypical histopathological features char-
acteristic of AD were observed in brains derived from 
iCJD patients. On this basis, the possibility of transmit-
ting Aβ to human brain via contaminated preparations 
of cadaver-derived growth hormone was postulated 
[54]. Other researchers independently confirmed these 
results in groups of patients who died of iCJD due to 
grafts of cadaver-derived dura mater. Still, not all data 
on this subject are consistent and understandable. This 
is mainly due to the limitations of experimental mod-
els used and very high complexity of the Alzheimer’s 
disease. 

One of the main problems impeding finding the solu-
tion to the Alzheimer’s disease is a considerable diffi-
culty associated with modelling this disease in animals. 
It is believed that AD, in contrast to transmissible prion 
diseases, is a disease unique to human [34]. Rodents do 
not naturally suffer from AD and no deposits of Aβ are 
observed, even in older animals [8]. It seems that this 
is due to the difference of three amino acids’ location 
in the 42-amino acid sequence of the mouse and human 
Aβ peptide [38]. In genetically modified AD mouse mod-
els, only some of the clinical symptoms characteristic of 
humans such as inhibition of long-term synaptic poten-
tiation and changes in various types of memory are 
observed. In general, however, no tau tangles or a sig-
nificant loss of neurons are detected. In the case of apes, 
the phenomenon of aggregation of senile Aβ plaques 
increasing with age has been observed, although mainly 
in long-living animals in captivity [34]. To date, no 
hyperphosphorylated tau protein tangles or clear clini-
cal symptoms of the disease have been found in them 
[103]. All this means that AD animal models are char-
acterized by significant limitations. On the other hand, 
without animal models, it is impossible to perform many 
basic experiments that are necessary to broaden our 
knowledge about potential infectivity of AD and to ver-
ify the concept of Aβ as a „prion-like” molecule.

Although well-defined criteria for AD in humans exist, 
such as the CERAD scores, there is little agreement 
among researchers which criteria are sufficient in ani-
mal models. It is believed that aggregation and deposi-
tion of Aβ plaques is a major process in the pathogenesis 
of Alzheimer’s disease. However, it should be remem-
bered that this is not a sufficient criterion. Nevertheless, 
it is widely accepted in studies using animal models. It 
has long been known that accumulation of Aβ plaques 
is observed in many elderly people, although some of 
them do not show cognitive symptoms characteristic 
of AD [21, 85]. Currently, it is assumed that Aβ accumu-
lation significantly precedes cognitive changes and is 
a necessary but not the only condition for the devel-
opment of full-blown AD [74]. It is assumed that one of 
additionally required processes is the formation of tau 
protein tangles, which occurs later than the aggrega-
tion of Aβ [97]. Therefore, caution should be taken when 
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highest percentage of iCJD infections has been reported 
after administration of cadaver-derived pituitary prepa-
rations [14]. So far, the analysis of French patients was 
made only in one study that presented surprising dif-
ferences compared to the UK population [28, 54, 89]. 
Therefore, it would be important to carry out more 
detailed analyses of the French population in order to 
explain the reasons for the observed differences. Other 
researchers, such as Mathias Jucker, postulate the use of 
completely new experimental and control groups. Such 
a group could gather patients who underwent neuro-
surgical procedures for the treatment of epilepsy in the 
past [1]. Such procedures could potentially increase the 
risk of the infection due to insufficient sterilization of 
the tools and equipment used. Therefore, other groups 
of persons with a potentially increased risk of develop-
ing AD should also be identified and analyzed. Some of 
the risk groups previously used in epidemiological stud-
ies, such as persons with a history of multiple blood 
transfusions, may – contrary to earlier expectations – 
not preclude achieving clear and unambiguous results.

CONCLUSIONS

It follows from the above considerations that despite the 
inability to conduct direct experiments in humans, still 
alternative ways exist to conduct experimental studies 
that could help explain the doubts. AD is a very com-
plex and heterogeneous disorder that can have possible 
various causes. This disorder may possible be affected 
by even several independent yet interacting mecha-
nisms of pathogenesis [9, 106]. The very long time of 
incubation of the disease and its uniqueness to humans, 
prevent from developing ideal animal models that fully 
reflect all clinical symptoms occurring in humans. For 
these and other reasons, to get clear evidence of the 
intriguing hypothesis that some cases of sporadic AD 
are infectious is not easy and perhaps this is currently 
not possible to prove beyond any doubts. However, 
mounting evidence suggests that this possibility is very 
probable and should be considered seriously. It is worth 
emphasizing that a positive answer to the question 
about AD infectivity can modify the standards of patient 
care and affect the course of certain medical procedures 
as well as the search for new therapies.

These studies also have their weaknesses. A frequently 
cited paper presenting the opposite point of view is 
a study (from the laboratory of John Trojanowski [53]) 
on a group of people who received GH preparations in 
the past. It contains a statistical comparison of several 
hundred death certificates and the patients’ medical 
history in the US population. This analysis did not show 
a significant increase in the incidence of AD [53]. It is 
worth noting, however, that medical records are often 
incomplete, and doctors are not always able to diag-
nose AD sufficiently early. This is due to aforementioned 
very long preclinical stage and high probability of death 
of other causes, despite the concurrent slow develop-
ment of AD dementia. In addition, it should be empha-
sized that the incidence of infection with iCJD after the 
administration of GH pituitary preparations showed 
a significant variability between countries. These differ-
ences ranged from 0.4% to as much as 6.5% [14], which 
probably resulted from differences in GH biochemical 
purification protocols. This led to varying amounts of 
pathogenic prion protein and probably also of Aβ in the 
GH preparations administered later to humans. In the 
USA, infection with pituitary preparations was relatively 
scarce compared to, for example, the UK and France. 
This hinders the interpretation of epidemiological anal-
yses of US patients.

Despite doubts, general implications of most stud-
ies conducted in monkeys and mice, as well as the lat-
est data based on the retrospective analysis of human 
brains support the AD infectivity hypothesis. Perhaps 
only a small proportion of cases of sporadic AD is due to 
infection with pathogenic Aβ. However, it cannot cur-
rently be ruled out that the infection with exogenous Aβ 
is a frequent but difficult to detect phenomenon leading 
to the development of many cases of sporadic AD. The 
infection may have occurred in the past, for example, 
through a contaminated pituitary preparation or a frag-
ment of the dura mater. It can be assumed that infec-
tions are also possible by other routes, because Aβ is 
extremely stable and can survive in the external envi-
ronment for a long period of time. Despite the clear 
progress of research, controversies still exist and should 
be clarified in the future by means of using other con-
trol groups and new models. For example, it has long 
been acknowledged that France is the country where the 
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