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Abstract: Alzheimer’s disease (AD) has been recently considered as a possible brain infection 
related to the Creutzfeldt-Jakob disease (CJD) transmissible dementia model. As with CJD, there is 
controversy whether the infectious agent is an amyloid protein (prion theory) or a bacterium. In this 
review, we show that the prion theory lacks credibility because spiroplasma, a tiny wall-less 
bacterium, is clearly involved in the pathogenesis of CJD and the prion amyloid can be separated 
from infectivity. In addition to prion amyloid deposits, the transmissible agent of CJD is associated 
with amyloids (A-β, Tau, and α-synuclein) characteristic of other neurodegenerative diseases 
including AD and Parkinsonism. Reports of spiroplasma inducing formation of α-synuclein in tissue 
culture and Borrelia spirochetes inducing formation of A-β and Tau in tissue culture suggests that 
bacteria may have a role in the pathogenesis of the neurodegenerative diseases. 

Keywords: spiroplasma; Alzheimer’s disease; prion; A-β; α-synuclein; prion, bacteria; Parkinson’s 
disease; neurodegenerative disease; amyloid 
 

 

mailto:fbastian@agcenter.lsu.edu�


 241 

AIMS Neuroscience Volume 2, Issue 4, 240–258. 

1. Introduction 

Alzheimer’s disease (AD) is presently a hopeless condition with cognitive deterioration 
spanning a decade in the patient’s life. On rare occasion a more rapid form of AD is seen [1]. The 
diagnosis of AD is complicated by clinical similarities to other neurodegenerative diseases such as 
Lewy body disease and Creutzfeldt-Jakob disease (CJD) [2]; these conditions are usually more 
rapidly progressive and of shorter duration. Of these neurodegenerative conditions, CJD has been 
shown to be infectious, and approximately 13 percent of patients diagnosed with AD have CJD [3,4]. 
Recently there has been a resurgence of the idea that occurrence of AD is related to brain infections [5]. 
The revelation of AD being infectious would have significant impact on the therapeutic approach to 
AD and on epidemiological studies of the disease. A controversy has already arisen whether 
conventional pathogens are involved, or whether AD is a prion disease similar to CJD. In this review, 
the data supporting each side of the argument will be presented, relying on the CJD model of 
infection for comparison and determination of the best approach to investigate the exciting 
possibility that AD may be infectious. 

2. Is AD an Infectious Disease? 

2.1. Historical 

The idea AD may be infectious comes from research on CJD. CJD was discovered to be 
experimentally transmissible to animals in the 1970s [6,7]. At that time, there was interest in whether 
AD was also infectious, but supporting data was lacking [6]. Then in 1988, Elias and Laura 
Manuelidis reported the transmission of AD to hamsters via blood from volunteers with family 
history of AD [8]. The Manuelidis had been conducting experiments on CJD transmission to mice [9], so 
their data showing that the blood buffy coats from five of the volunteers induced a spongiform 
encephalopathy in the hamsters similar to CJD was suspect. They concluded that the same organism 
was responsible for both CJD and AD, but their results were discredited by other neuroscientists who 
could not reproduce the data. My personal bias, as a practicing neuropathologist, was the Manuelidis 
had presented cases either contaminated with the transmissible agent of CJD from their laboratory 
studies of transmission of CJD [9] or from occurrence of the rarer CJD in association with the more 
common AD. Subsequently numerous examples of mixed CJD/AD cases have been presented at 
scientific meetings; AD changes are seen in 10.9% of CJD patients and 19.1% of control patients [10]. 
The neuropathology is distinctive for each condition [6]. AD may show some vacuolization of the 
neuropil beneath the pia over the parietal lobes, but the classic widespread perineuronal vacuolization 
of the neuropil of CJD in the lower third of the cortex is not seen in AD [6]. The case for combined 
diseases can easily be determined by recognizing the mating of these neuropathological patterns.  
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2.2. AD is an inflammatory process 

Inflammation appears to be important in leading to neuronal cell death in neurodegenerative 
disease processes such as Parkinson’s disease (PD), AD, prion disease (CJD), multiple sclerosis and 
HIV-dementia [11]. The inflammatory process in these conditions is mediated by activated microglia 
(immune cells of the central nervous system [CNS]), which respond to neuronal damage and phagocytize 
the damaged cells [12]. Microglia become less efficient in this scavenging as we age, with tendency 
for the microglia to become over-activated, therein causing too potent a reaction leading to further 
neuronal damage [11]. The pathological deposition of insoluble aggregates of amyloid-β (A-β) in 
AD activates microglia and initiates an inflammatory response [11,13]. These activated microglia 
release cytotoxic molecules such as pro-inflammatory cytokines, reactive oxygen intermediates, 
proteinases and complement proteins [12]. The IL-6 released by reactive microglia causes neuronal 
injury [14]. There are similarities between clinical and neuropathological features of AD and CJD 
such as progressive dementia, deposits of abnormally folded proteins in diseased tissue, and 
prominent neuronal loss. In both conditions there is generation of oxidative stress molecules and 
complement activation [14]. The phagocytic NADPH oxidase (NOX2) that plays a fundamental role 
in host defense and innate immunity is markedly up-regulated in microglia within affected brain 
regions of AD and CJD patients [15]. The endoplasmic reticulum (ER) responds to this by the 
activation of adaptive pathways, which is termed unfolded protein response [16]. The unfolded 
protein response and autophagy are protective cellular mechanisms that respond to ER stress [17–19]; 
these processes are activated in AD, and correlate with deposits of abnormally phosphorylated Tau in 
AD [14]. These homeostatic mechanisms are detected in prion diseases when concomitant 
neurofibrillary pathology is present [14]. Thus the pathogenic process in the AD brain involves 
deposition of insoluble aggregates of amyloid β-peptide, oxidative stress and calcium dysregulation 
in neurons, and activation of inflammatory cytokine cascades involving microglia [20], therein 
suggesting that AD may be an infectious process similar to CJD. 

3. The CJD Model for an Infectious Dementia 

3.1. The transmissible spongiform encephalopathies (TSE) of man and animals 

Creutzfeldt-Jakob disease and the other TSEs share pathologic features and infectious 
mechanisms, but have distinct differences in transmission and epidemiology due to host factors and 
strain differences [21]. The TSEs include scrapie in sheep, bovine spongiform encephalopathy (BSE 
or ‘mad cow disease’) in cattle, chronic wasting disease (CWD) in deer and elk, transmissible mink 
encephalopathy (TME) in farmed mink in Wisconsin, and related disease in exotic animals. All are 
characterized by vacuolization of the neuropil [6]. There is minimal immune pathology in  
TSE-affected brains, with microglial proliferation indicative of an inflammatory component [22]. 
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CJD typically presents as a rapidly progressive disorder that affects the central nervous system 
leading to memory loss, personality changes, ataxia and neurodegeneration [6]. TSEs are universally 
fatal in both in animals and humans showing a rapid clinical decline following onset of clinical 
disease. CJD patients typically die within a few weeks of diagnosis; 90% of CJD patients die within 
the first year. CJD usually occurs as a sporadic form or rarely (15% of CJD cases) as a hereditary 
form called Gerstmann-Straussler-Scheinker (GSS) syndrome. In GSS, there are missence mutations 
in the gene that encodes for prion protein, a misfolded protease-resistant isoform of a normal host 
protein (PrP). The misfolded prion is deposited in the tissues throughout the course of the disease [23]. 
The prion is the most important biomarker for these diseases, but is absent in 10% of cases [6]. 
Currently the prion can only be determined at autopsy or in brain biopsies as a diagnostic test. There 
are no other reliable in vivo tests for CJD, and often (50% of cases) the diagnosis turns out to be an 
unrelated condition such as lymphoma or cerebral vascular amyloid disease. CJD has to be 
differentiated from other rapidly progressive dementias including non-prion diseases such as Lewy 
body disease or a rapidly progressive form of AD [1,24]. Creutzfeldt-Jakob disease can be spread 
iatrogenically from CJD infected cadaver tissues used for corneal transplants or dural graphs, or from 
use of surgical instruments contaminated from neurosurgery or eye surgery on a prior case of CJD [6,25]. 
Creutzfeldt-Jakob disease is clearly infectious since the disease can be readily transmitted to 
laboratory animals [6]. 

3.2. Nature of the transmissible agent of CJD and biologic markers 

The transmissible agents associated with TSE are defined by their virulence for particular 
animal species (species barrier), their pattern of spread in the brains of affected animals, their 
incubation times needed to cause disease, and their neuropathological sequelae including pattern of 
prion glycosylation on Western blots [6]. The nature of the transmissible agent has been studied 
extensively by experimentation on scrapie, known for over 300 years as a transmissible fatal 
neurodegenerative disease in sheep [6]. There are over 20 known scrapie agent strains as defined by 
variation of neuropathological patterns in transmission studies in mice [6]. There are parallels 
between types of sporadic CJD and types of sheep scrapie showing that distinct groups of prion 
disease exist in different species [26]. Serial transmission of scrapie isolates in mice have produced 
prion proteins phenotypically identical to those causing sporadic CJD therein suggesting a possible 
link between animal and human TSEs [27]. Similar transmission studies of CJD in hamsters by 
Manuelidis has similiarly defined the properties of the transmissible agent responsible for CJD. The 
transmissible agent/s of TSEs possess unique biologic properties [6]. The agent is viral-like in size 
and will pass through a 100 nm filter but not through a 35 nm filter. The agent shows significant 
resistance to UV and ionizing radiation, and to extremes in other physical and chemical treatments ie. 
fixatives including glutaraldehyde, and survival following extreme heat treatments. For these reasons, 
the transmissible agent/s of CJD and the other TSEs have not been considered to be a typical 
conventional microbe. In addition to the prion, another biomarker of TSE infection are the  
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scrapie-associated fibrils (SAF)[28] seen on negative stain electron microscopy of ultra-centrifuged 
synaptosomal fractions as protease-resistant twisted 4 nm fibrils with 200 nm straight segments [6,28]. 
SAF are consistent and unique markers of TSE infection, whereas the prion is occasionally absent. In 
the author’s opinion, SAF likely represents part of the agent, whereas the prion is a reaction product 
of the infection since the prion can be readily separated from infectivity [6].  

4. Is AD a Prion Disease? 

4.1. Experimental evidence supporting AD as a prion disease 

Misfolded protein (amyloid) deposits are characteristically seen in brains of patients affected 
with neurodegenerative diseases that are associated with cognitive impairment. Prion protein is 
deposited in CJD-affected tissues, α-synuclein is present in Lewy body dementia and PD, Tau is 
found in fronto-temporal dementia, and A-β is associated with senile plaques in AD. Tau is seen as 
neurofibrillary tangles in AD along with amyloid angiopathy [29]. The amyloid plaques occur before 
onset of cognitive loss, whereas neurofibrillary tangles, neuron loss and synaptic loss parallel the 
progression of cognitive decline [30]. Increased deposits of A-β causes damage to neuronal synapses 
with reduction and loss of dendritic spines [31]. The spread of a toxic agent is likely responsible for 
the widespread amyloid deposition in brains affected with neurodegeneration [31]. The other 
possibility is that A-β aggregates may be transmissible themselves [32]. Deposits of phosphorylated 
Tau have been shown to spread to neurons at other sites in the brain suggesting a trans-synaptic 
mechanism [32,33]. There appears to be a spread of amyloid plaques and Tau tangles into specific 
regions of the brain at different stages of AD progression [30,35]. Injection of AD-affected brain 
tissue homogenates into brains of transgenic mice capable of making human A-β has led to spread 
and accumulation of A-β in the mouse brain suggesting a prion-like process [36]. Similarly injection 
of synthetic α-synuclein into brains of mice led to spread and formation of aggregates suggestive of 
Lewy bodies [37,38]. Injection of synthetic A-β into mouse brains accelerated formation of amyloid 
plaques [39]. Insertion of stainless steel wires coated with A-β particles into brains of mice 
simulating surgical instruments resulted in amyloid plaque formation around the wires [35]. 
Peripheral inoculation of A-β did not induce amyloid plaque formation in mice [35]. Although this 
process in AD is compared to prion diseases, the normal prion protein isoform (PrPc) appears not to 
be important in A-β-induced neurological degeneration [31]. The co-distribution of A-β plaques and 
CJD-associated changes suggests that PrPc may be involved in A-β formation and A-β pathology [40]. 
Further argument for the prion theory of generation of A-β in Alzheimer’s disease is that there is 
similar generation of A-β using the protein misfolding cyclic amplification (PMCA) method of 
repeated sonications [41]. These data have led to the concept of cross-seeding of A-β as the punative 
mechanism for development of AD [42]. On the other hand, A-β amyloid can be seeded and 
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increased by self-assembly [43] suggesting to the author that those espousing the prion concept have 
not taken this phenomenon into consideration. 

4.2. The significance of other amyloid proteins in CJD and AD 

If various amyloid proteins function individually as replicating prion-like infectious agents, then 
how do you explain the mixture of amyloid proteins presumably specific for different 
neurodegenerative diseases to be present along with prion deposits in familial CJD? A-β plaques 
have been seen in familial CJD in the same distribution of the spongiform encephalopathy [39]. 
Genetic CJD, which has been shown to be transmissible [44], show deposits of A-β, Tau and  
α-synuclein along with amyloid angiopathy and neurofibrillary tangles [45]. A sporadic case of CJD 
was reported with A-β and α-synuclein deposits [46]. Αlpha-synuclein and Tau levels were elevated 
in a CJD patient’s cerebrospinal fluid (CSF) while not in control CSF [47]. These studies suggest 
that the transmissible agent of CJD is capable of misfolding other host proteins in addition to prion, 
which is more likely than involvement of a complex mixture of infective prion-like proteins in the 
disease. Cross-seeding interactions between diverse forms of amyloid are suggested as important 
mechanisms in the pathogenesis of AD [48]. Amyloid variations lead to different cross-seeding 
efficiency [49]. Amyloid seeding and cross-seeding along with self-assembly may account for the 
spread of amyloid in the tissues [50] rather than the amyloid itself being infectious. Bacterial 
amyloids are capable of cross-seeding often with diverse amyloids [51] thus possibly representing a 
trigger mechanism. 

5. Prion Diseases and their Causality 

5.1. Experimental evidence does not support TSE as an exclusively prion disease 

The prion theory is complex and does not explain all aspects of the disease. It is presumed that 
the prion amyloid proteins deposited in tissues of TSE cases are the transmissible agents. [52]. The 
abnormally folded prion amyloid is thought to evolve by spontaneous generation, and once formed 
can serve as a template for formation of more prion copies [53]. There is no data directly supporting 
this type of replication [54]. Accumulation of the abnormally folded isoform of the prion protein 
(PrPsc) in the prion encephalopathies, and the formation of A-β protein from its precursor in AD 
takes place in lysosome-related organelles; the release of hydrolytic enzymes from the lysosomes 
may be the primary cause of neuronal damage in these conditions [55]. Another assumption is that 
the infectious form of prion shows different conformations that represent distinct TSE agent strains 
without involvement of nucleic acid [52]. Correlations between prion protein polymorphisms and 
disease have been found, however in what way these polymorphisms influence the conversion 
processes remains an enigma [56]. The heritable nature of this process has been determined from 
studies of yeast and fungal prions [57,58], although the prions generated by yeast are non-toxic in 



 246 

AIMS Neuroscience Volume 2, Issue 4, 240–258. 

contrast to those associated with prion diseases [58]. The exact mechanism by which mutant prion 
proteins affect the central nervous system and cause neurological disease is also not well understood [23]. 
It is interesting that a misfolded form of murine prion in a GSS model in Drosophila melanogaster 
causes motor abnormalities, but the process can be reversed [23]. Conformational transitions of prion 
induced at acid pH (pH 2) are reversible during the early moments of the misfolding transition [53]. 
The basis of the prion concept is open to question since experiments showing lack of susceptibility of 
scrapie infectivity to psoralen are flawed [59]. Psoralen cross-links nucleic acids making them 
susceptible to UV, and the lack of response of scrapie brain homogenates to these treatments 
indicated that there were no nucleic acids associated with scrapie infectivity. Prusiner [59] also added 
RNase and DNase with no effect. This author consulted Dr. John Hearst, a psoralen expert [60] who 
worked with Prusiner on that experiment. Dr. Hearst [personal communication] indicated that the 
results of Prusiner’s experiments [59] were over-interpreted; Dr. Hearst stated ‘if the chemical can’t 
get in, it can’t cause a problem’. He gave poliovirus and Bacillus subtilis as examples of 
conventional organisms that can survive these psoralen treatments. Therefore something else in 
involved in the pathogenesis of prion diseases, and may act as a trigger for the prion transformation. 

5.2. Additional evidence that the prion is not the causative agent of TSEs  

Manuelidis recently showed that there is a disconnect between prion protein and infectivity in a 
tissue culture model, with continuing increase in prion amyloid in spite of a fall in infectivity [61]. In 
the author’s opinion, the fall in infectivity shown by Manuelidis is more consistent with the lag phase 
of the growth curve of a conventional bacterial agent, while the prion amyloid continued to increase 
unabated more analogous to self-assembly of an amyloid protein [43]. This important study suggests 
that the initiating infectious agent may be absent by the time the tissues are evaluated, when only the 
resulting prion amyloid remains. Manuelidis has most convincingly shown in a sucrose gradient 
study that prion protein sediments at different gradient densities compared to infectivity [62]. 
Another example of this disparity between prion and infectivity is evaluation of the protein 
misfolding cyclic amplification (PMCA) test [63] used extensively for detection of miniscule 
amounts of prion in test samples. In this procedure, test samples are mixed with normal mouse brain 
to provide a source of PrPc then submitted to repeated sonication cycles. The result is recovery of 
increasing levels of prion amyloid but with no comparable increase in infectivity [64], suggesting 
that the prion is not the surrogate marker for the transmissible agent of CJD. It is interesting that 
studies using a 29 polymerase and chromatography strategy, highly infectious culture and brain 
homogenates of three different geographic TSE preparations all contained novel circular DNAs [65], 
therein challenging the prion concept. The neurotoxicity in prion diseases can be prevented by 
deletions of the octapeptide repeats within the flexible tail of the prion protein [66] suggesting prions 
are likely toxic factors generated during the course of the disease. Scrapie agents display doubling 
times that are 8× to 33× faster in cell cultures than in vivo, indicating release from complex innate 
immune responses, suggesting a foreign pathogen rather than an infectious form of host prion protein 
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(PrPsc) [67]. Manuelidis also presented evidence that the normal host prion (PrPc) serves as a 
receptor for the infectious agent of CJD, and that infection spreads from cell to cell by the agent 
reacting with the prion receptor. This idea explains the likely mechanism of spread of amyloids 
observed in the AD brain [34]. Interestingly PrPc serves as a receptor for Brucella sp. [68], which 
fits with our data that shows a bacterium is involved in the pathogenesis of CJD [69,70]. This 
controversy shows that the prion alone is not the cause, but rather another factor is involved that 
likely triggers the onset of the disease. 

6. Experimental Evidence Supporting AD as Caused by a Transmissible 
Bacterial or Viral Microorganism 

6.1. The candidate agent/s of AD 

Both CJD and AD have an inflammatory component with the neuroinflammation evidenced by 
presence of microglial proliferation in each [1,71–73], suggesting involvement of infectious agent/s 
capable of inducing amyloid formations that have become primary markers of these diseases. A 
search for a possible conventional etiologic agent in AD has led to investigation of several 
candidates. Gastrointestinal and mouth bacteria are often seen in association with AD [5,74–76]. 
Periodontal pathogens such as Porphyromonas gingivalis, Tannerella forsythia, and Treponema 
denticola have been implicated [77]. The importance of periodontal disease in pathogenesis of AD 
makes sense because of chronic inflammation related to daily episodes of bacteremia due to teeth 
brushing or flossing, and large injections during dental procedures possibly allowing bacteria to 
disseminate to the CNS [77]. Chronic bacterial inflammation is associated with amyloid formation, 
and spirochaetes contain amyloidgenic proteins [73,78]. Borrelia burgdorferi spirochetes have 
induced A-β and Tau formation in mammalian tissue culture cells [73]. Amyloid proteins in bacterial 
microbiota in the gut are able to cross-seed amyloid misfolding in the host tissues and induce 
oxidative stress [79]. AD pathology has been found after intranasal infection of mice with Chlamydia 
pneumonia that had been isolated from an AD-affected brain [80]. Another consideration is whether 
the culprit is a mixed infection with Mollicutes associated with other bacteria. The tiny wall-less 
Mollicutes could be missed on standard culture testing [6]. I base this suggestion on prior studies of S. 
citri and Wolbachia as mixed infections in insect vectors [81]. The association between S. citri or 
Wolbachia is complex in that each bacterium alone grow to high titer but as a mixture, the 
Wolbachia growth is subdued, while S. citri flourishes. Presumably S. citri, the smaller bacterium, is 
utilizing some growth factor or excretion product from the larger bacterium. 

6.2. Mechanics of Amyloid formation in bacterial infection 

Currently the initiating factors involved in the misfolding leading to amyloid deposits are 
unknown [79], but the amyloids when formed can increase by self-assembly [82]. It has been 
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proposed that cross-seeding of amyloid misfolding, altered proteostasis and oxidative stress may 
occur in response to amyloid proteins within bacteria in the microbiota of the gut [79]. ‘Similarities 
of tertiary protein structure may be involved in the creation of these prion-like agents through 
molecular mimicry’[79]. Viruses of animal or plant origin may mimic nucleotide sequences of 
microRNAs and influence protein expression, therein leading to formation of the amyloid proteins [79]. 
The most compelling study is in vitro formation of amyloid deposits similar to those seen in  
AD-affected brain in glial and neuronal cell cultures exposed to Borrelia burgdorferi and bacterial 
lipopolysaccharides [73]. A-β and hyperphosphorylated Tau were detected in cell extracts in this 
study by Western blots suggesting that A-β plaques can occur either by contact with the bacterium or 
bacterial toxic products. A mechanism of involvement of bacteria in amyloid formation may be 
related to discovery of curli fibers, otherwise known as bacterial amyloid [83,84]. Curli fibers are 
functional amyloids produced in bacterial biofilm and are involved in attachment of the biofilm to 
surfaces. Interestingly curli fibers can bind with host proteins and cause misfolding of those proteins 
(amyloid formation) [83,84]. Injection of bacterial curli fibers from bacterial biofilms into 
susceptible mice has resulted in formation of disease-associated amyloid A [85]. There are no studies 
that directly show curli fibers are involved in A-β formation, although cross-seeding is a possibility [51]. 
The ability of bacteria to trigger formation of amyloid suggest that a bacterial infection could 
possibly be involved in AD. 

7. CJD is a Bacterial Disease 

7.1. Experimental evidence supporting TSE is caused by a bacterial infection 

The biggest thorn in the prion theory is our evidence that CJD is a bacterial disease. 
Spiroplasma, a wall-less motile Mollicute, was found by transmission electron microscopy (TEM) of 
brain biopsy and autopsy brains from several CJD patients [86–89]. Ribosomal DNA specific to 
spiroplasma has been found in brain tissues from all forms of TSE including CJD, scrapie in sheep, 
and CWD in deer [90]. One negative poorly controlled study [70,91] is discounted since different 
primers were used even though our prior study presenting the workable primers was referenced [90]. 
Spiroplasma sp. have been grown in cell-free media from brain tissues from all forms of TSE [92], 
and recently from eyes of sheep with terminal scrapie [93]. The laboratory strain of spiroplasma (S. 
mirum isolated from rabbit ticks) intracranially (IC) inoculated into deer produced classic clinical 
signs of CWD at 4 months post injection [94]. The deer show neuropathological evidence of 
spongiform encephalopathy with demonstration of the organism in the obex (brain stem) of the deer 
with CWD clinical signs by immunohistochemistry (IHC) and TEM. Spiroplasma isolates from 
scrapie-affected sheep brain and CWD-affected deer brain inoculated IC into sheep and goats 
induced neuropathology in the obices of these animals identical to that seen in naturally occurring 
TSE in ruminants [94]. Experimental spiroplasmosis in the rodent has been shown to be dose 
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dependent and the organism can be re-isolated from the tissues [95]. Spiroplasma have been shown 
to be neurotropic in the rodent model [96]. Identification of spiroplasma in brain tissues by standard 
TEM is difficult since spiroplasma show morphological variation, and therefore are mostly seen as 
membranous forms within the tissues [94]. Spiral forms are rarely seen by TEM in experimental 
infection [94], but are identical to those originally seen in the brain biopsy of a CJD patient [86]. 
Immunehistochemistry studies of the brains of rats infected with the laboratory spiroplasma (S. mirum) 
strain show the bleb-like organisms lining the walls of the vacuoles [94]. Sheep inoculated with this 
organism show localization of the infection to the eye, involving primarily the retina, vitreous and 
corneal endothelia [92]. The spiroplasma scrapie isolates infected mouse neuroblastoma cells, 
inducing a vacuolar cytopathology and numerous apoptotic cells [66]. Bovine corneal endothelial 
(BCE) cells infected with scrapie spiroplasma isolates induced similar cytopathology [92]. Immune 
florescent antibody (IFA) studies of BCE cell cultures either infected with the scrapie isolates or the 
laboratory strain (S. mirum) using hyperimmune sera against S. mirum showed presence of 
spiroplasma in the positive control, both in the cells and in the surrounding media [92]. By contrast, 
there was no immunoflorescent staining of spiroplasma in BCE cells infected with the scrapie isolate 
in the IFA study, although the scrapie-associated bacterium was identified in the infected BCE cells 
by TEM [92]. Therefore, we can conclude that the scrapie spiroplasma isolate is immunologically 
distinct from the S. mirum laboratory strain. This immunological difference between the laboratory 
spiroplasma strain and the scrapie isolate suggests epitope differences of surface proteins on the 
scrapie spiroplasma isolate versus the laboratory spiroplasma strain, which can be further 
investigated for the purpose of developing a serological test for the disease. 

7.2. Spiroplasma as a pathogen for CJD 

Spiroplasma share morphological characteristics and biologic stringent properties with the 
transmissible agent of CJD. Spiroplasma phenotypic forms measuring 40 nm in diameter have been 
seen in broth culture during all stages of the growth cycle [65,66]. These tiny filaments have been 
seen by TEM of rat brains experimentally inoculated with S. mirum [93] and are remarkably similar 
to inclusions seen in scrapie-affected brain tissues by TEM [97]. Spiroplasma can easily pass through 
a 100 nm filter [6]. Prion amyloid deposits have not been clearly documented in experimental 
spiroplasmosis using the laboratory spiroplasma strain (S. mirum) isolated from ticks [Dr. M Hall, 
APHIS, personal communication, 2006]. On the other hand, this spiroplasma (S. mirum) produces α-
synuclein in BCE tissue culture [Feng, personal communication, 2012]. It is noteworthy that SAF 
bears a striking morphological resemblance to the internal fibrillar network of spiroplasma 
responsible for the locomotor machinery of the cell [65,98]. Scrapie-specific hyperimmune sera 
(courtesy Patricia Merz, New York State Institute of Basic Research) react by Western blot with the 
spiroplasma fibrils obtained from protease-digested spiroplasma cell-free broth cultures [99]. 
Spiroplasma form biofilm on glass, mica and stainless steel surfaces [100]. The reaction is 
particularly prominent on nickel. Spiroplasma mirum is resistant to all antibiotics, except for 
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tetracyclines or erythromycin, which are bacteriostatic drugs [6]. There is currently no bacteriocidal 
antibiotic for spiroplasma [6]. It is interesting that experimental scrapie infection in hamsters can be 
prevented by adding tetracycline to the inoculum [101,102]. Spiroplasma within biofilm are resistant 
to 50% glutaraldehyde [100] simulating the biologic properties of the scrapie agent. Spiroplasma 
mirum strains have shown survival after treatment with extremes in heat, with no loss of viability 
until 87.5oC and surviving near 100oC (unpublished data). Spiroplasma survival is identical to data 
regarding resistance of scrapie agent to heat treatments as reported by Pattison [103,104]. In our 
study, the control Escherichia coli were dead at 80o

8. Epigenetic Mechanism in AD-role of a Bacterium 

C. Spiroplasma mirum showed significant 
resistance to irradiation sources (unpublished observation). This remarkable resistance to physical 
and chemical treatments has long been proposed as unique biological characteristics of the 
transmissible agent of CJD [6] and strongly suggests that spiroplasma are candidate causal agents of 
CJD and the other TSEs [65,66]. 

Both AD and CJD fit the epigenetic model wherein there is alteration of the nuclear chromatin 
of the host without any changes in DNA sequence. DNA methylation and histone acetylation are two 
critical epigenetic mechanisms controlling chromatin structure and function in post-mitotic 
mammalian neurons [105,106]. Hypermethylated DNA recruits silencing transcription chromatin 
remodeling complexes with histone deacetylases, and promotes chromatin condensation. 
Hypomethylated DNA unfolds into a 'beads-on-a-string' structure in which histones are accessible 
for chromatin remodeling factors such as histone acetyltransferase, and the transcriptional co-
activator implicated in epigenetic mechanisms controlling memory consolidation. There is a 
‘correlation between ubiquitin load and histone modifications’ [105]. Epigenetic phenomena are 
multifactorial [107]. Obligate intracellular pathogenic bacteria possessing constrained compact 
genomes manipulate their host by recruiting chromatin modifying enzymes (histone decetylases and 
methyltransferases) or by acting directly on transcription [108]. Non-nuclear isoform of histone H1 
expressed in neurons is upregulated in AD and also in neurons and astrocytes of brains affected with 
scrapie [108]. Epigenic changes occur in the mitochondrial genome [109]. This phenomenon likely is 
related to the mitochondrial dysfunction seen in AD, both in brain neurons and leukocytes leading to 
oxidative stress and neurodegeneration. Mitochondria are also swollen and dysfunctional in brains of 
scrapie-infected mice [110]. Spiroplasma, the candidate causal agent of CJD, is an intracellular wall-
less bacterium that alters the cellular chromatin by means of hyper-methylation of chromatin and 
fuses with mitochondria leading to mitochondrial swelling and dysfunction [6]. Nearly 100% of S. 
mirum DNA CpG sequences are methylated suggesting the organism is a gene manipulator [111,112]. The 
term epigenetic mechanism has also been raised in the context of the prion protein, but with no 
supporting data; the term is used in this context only to try to interpret phenomena seen in the TSE 
literature that are difficult to explain based upon strict interpretation of the prion theory [113].  
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9. Summary 

Although there is no experimental evidence of the transmissibility of AD, the occurrence of 
inflammatory change in AD brain tissues and the association of AD with a wide variety of bacteria, 
supports the idea that AD may be infectious. If AD is infectious, it is likely that pre-amyloid proteins 
interact as receptor proteins with an infectious agent such as a bacterium [114]. The interaction of 
bacterial curli fibers with the precursor proteins could lead to formation of amyloids that damage the 
neuron. The epigenetic phenomena associated with AD supports a bacterial etiology [115]. The 
involvement of spiroplasma as a candidate causal agent of CJD serves as a model for investigating 
the possible role of a bacterium in the pathogenesis of AD. The consideration of amyloids as being 
infectious agents in AD is not plausible in light of the controversy regarding the prion theory in the 
causality of CJD. The finding of A-β, Tau, and α synuclein in hereditable forms of CJD suggest that 
the agent is able to transform other host proteins besides the normal host prion (PrPc). Future studies 
should look for wall-less bacteria as well in AD that would not be detectable unless one uses special 
growth media for testing. The determination that AD is a bacterial infection through further 
experimentation would revolutionize how we deal with this devastating illness. 

Acknowledgments 

I thank those who provided donations on behalf of CJD-affected families to my ‘Fund for CJD 
Research TAX# 45-2878559’ and particularly the Sardo Family who provided a substantial gift in 
memory of Joseph Sardo, a victim of CJD. This work has been supported in part by Louisiana State 
University Agricultural Center Research funds. 

Conflict of Interest 

The author has no conflict of interest. 

References  

1. Stoeck K, Schmitz M, Ebert E, et al. (2014) Immune responses in rapidly progressive dementia: 
a comparative study of neuroinflammatory markers in Creutzfeldt-Jakob disease, Alzheimer’s 
disease and multiple sclerosis. J Neuroinflam 11: 170-178. 

2. Kojima G, Tatsuno BK, Inaba M, et al. (2013) Creutzfeldt-Jakob disease: a case report and 
differential diagnosis. Hawai’i J Med Public Health 72: 136-139. 

3. Manuelidis EE, Manuelidis L (1989) A clinical series with 13% of Alzheimer’s disease actually 
CJD. Alz Dis Assoc Disorders 3: 100-109. 



 252 

AIMS Neuroscience Volume 2, Issue 4, 240–258. 

4. Bastian FO, McDermont ME, Perry AS, et al. (2005) Safe method for isolation of prion protein 
and diagnosis of Creutzfeldt-Jakob disease. J Virol Methods 130: 133-139. 

5. Nicolson GI (2008) Chronic bacterial and viral infections in neurodegenerative and 
neurobehavioral diseases. Lab Med 39: 291-299. 

6. Bastian FO (1991) Author, Creutzfeldt-Jakob Disease and Other Transmissible Spongiform 
Encephalopathies, New York, Mosby/Year Book 256 pp 

7. Matthews WB (1978) Creutzfeldt-Jakob disease. Postgrad Med J 54: 591-594. 
8. Manuelidis EE, De Figuriredo JM, Kim JH, et al. (1988) Transmission studies from blood of 

Azheimer disease patients and healthy relatives. Proc Natl Acad Sci (USA) 85: 4898-4901. 
9. Manuelidis EE, Gorgacz EJ, Manuelidis L (1978) Transmission of Creutzfeldt-Jakob disease 

with scrapie-like syndromes to mice. Nature 271: 778-779. 
10. Hainfellner JA, Wanschitz J, Jellinger K, et al. (1998) Coexistence of Alzheimer-type 

neuropathology in Creutzfeldt_Jakob disease. Acta Neuropathol 96: 116-122. 
11. Solito E, Sastre M (2012) Microglia function in Alzheimer’s disease. Frontiers Pharmacol 3: 1-10. 
12. Tousseyn T, Bajsarowicz K, Sanchez H, et al. (2015) Prion disease induces Alzheimer disease-

like neuropathologic changes. J Neuropathol Exp Neurol 74: 873-888. 
13. Dheen ST, Kaur C, Ling EA (2007) Microglial activation and its implications in the brain 

diseases. Current Med Chem 14: 1189-1197. 
14. Mattson MP (2002) Oxidative stress, perturbed calcium homeostasis, and immune dysfunction 

in Alzheimer’s disease. J Neurovirol 8: 539-550. 
15. Garcao P, Oliveira CR, Agostinho P (2006) Comparative study of microglia activation induced 

by amyloid-β and prion peptides. J Neurosci Res 84: 182-193. 
16. Lee DY, Lee J, Sugden B (2009) The unfolded protein response and autophagy: herpes viruses 

rule! J Virol 83: 1168-1172. 
17. Unterberger U, Hoftberger R, Gelpi E, et al. (2006) Endoplasmic reticulum stress features are 

prominent in Alzheimer’s disease but not in prion disease in vivo. J Neuropathol Exp Neurol 
65: 348-357. 

18. Sorce S, Nuvolone M, Keller A, et al. (2014) The role of NADPH oxidase NOX2 in prion 
pathogenesis. PLoS Pathogens 10: e1004531. 

19. Bastian FO (2014) Cross-roads in research on neurodegenerative diseases. J Alzheimer’s Dis 
Parkinsonism 4: 141. doi:10.4172/21610460.1000141. 

20. Moreno JA, Radford H, Peretti D, et al. (2012) Sustained translational repression of eIF2α 
mediates prion neurodegeneration. Nature 485: 507-511. 

21. Greenlee JJ, Greenlee MH (2015) The transmissible spongiform encephalopathies of livestock. 
Ilar J 56: 7-25. 

22. Baker CA, Martin D, Manuelidis L (2002) Microglia from Creutzfeldt-Jakob disease-infected 
brains are infectious and show specific mRNA activation profiles. J Virol 76: 10905-10913. 



 253 

AIMS Neuroscience Volume 2, Issue 4, 240–258. 

23. Murali A, Maue RA, Dolph PJ (2014) Reversible symptoms and clearance of mutant prion protein in 
an inducible model of a genetic prion disease in Drosophilia melanogaster. Neurobiol Dis 67: 71-78. 

24. Sala I, Marquie M, Sanchez-Saudinos MB, et al. (2012) Rapidy progressive dementia: 
experience in a tertiary care medical center. Alzheimer Dis Assoc Disorders 26: 267-271. 

25. Armitage WJ, Tullo AB, Ironside JW (2009) Risk of Creutzfeldt-Jakob disease transmission by 
ocular surgery and tissue transplantation. Eye 23: 1926-1930. 

26. Wemheuer WM, Benestad SL, Wrede A, et al. (2009) Similarities between forms of sheep 
scrapie and Creutzfeldt-Jakob disease are encoded by distinct prion types. Amer J Pathol 175: 
2566-2573. 

27. Cassard H, Torres JM, Lacroux C, et al. (2014) Evidence for zoonotic potential of ovine scrapie 
prions. Nature communications 5: 5821 doi:10.1038/ncomms6821. 

28. Merz PA, Somerville RA, Wisniewski HM, et al. (1983) Scrapie-associated fibrils in 
Creutzfeldt-Jakob disease. Nature 306: 474-476. 

29. Wisniewski T, Aucouturier P, Soto C, et al. (1998) The prionoses and other conformational 
disorders. Amyloid 5: 212-224. 

30. Serrano-Pozo A, Frosch MP, Masliah E, et al. (2011) Neuropathological alterations in 
Alzheimer Disease. Cold Spring Harb Perspect Med 1: a006189. 

31. Kessels HW, Nguyen LN, Nabavi S, et al. (2010) The prion protein as a receptor for amyloid-β. 
Nature 466: 7308 E3-4. 

32. Kumar A, Pate KM, Moss MA, et al. (2014) Self-propagative replication of A-β oligomers 
suggests potential transmissibility in Alzheimer disease. PLoS ONE 9: e111492. 

33. 

34. Liu L, Drouet V, Wu JW, et al. (2012) Trans-synaptic spread of Tau pathology in vivo. PloS 
ONE 7: e31302. Doi:10.1371. 

Guo JL, Lee VM (2011) Seeding of normal Tau by pathological Tau conformers drives 
pathogenesis of Alzheimer-like tangles. J Biol Chem 286: 15317-15331.  

35. Eisele YS, Bolmont T, Heikenwalder M, et al. (2009) Induction of cerebral β-amyloidosis: 
intracerebral versus systemic Aβ inoculation. PNAS 106: 12926-12931. 

36. Morales R, Duran-Aniotz C, Castilla J, et al. (2011) De novo induction of amyloid-β deposition 
in vivo. Mol Psychiatry 17: 1347-1353. 

37. Volpicelli-Daley LA, Luk KC, Patel TP, et al. (2011) Exogenous α-synuclein fibrils induce 
Lewy body pathology leading to synaptic dysfunction and neuron death. Neuron 72: 57-71. 

38. Luk KC, Kehm VM, Zhang B, et al. (2012) Intracerebral inoculation of pathological  
α-synuclein initiates a rapidly progressive neurodegenerative α-synucleinopathy in mice. J Exp 
Med 209: 975-986. 

39. Stöhr J, Watts JC, Mensinger ZL, et al. Purified and synthetic Alzheimer’s amyloid β (Aβ) 
prions. PNAS 109: 11025-11030. 



 254 

AIMS Neuroscience Volume 2, Issue 4, 240–258. 

40. Ghoshal N, Cali I, Perrin RJ, et al. (2009) Co-distribution of amyloid β plaques and spongiform 
degeneration in familial Creutzfeldt-Jakob disease with the E200K-129M haplotype. Arch 
Neurol 66: 1240-1246. 

41. Salvadores N, Shahnawaz M, Scarpini E, et al. (2014) Detection of misfolded Aβ oligonmers 
for sensitive biochemical diagnosis of Alzheimer’s disease. Cell Reports 7: 261-268. 

42. Morales R, Moreno-Gonzalez I, Soto C (2013) Cross-seeding of misfolded proteins: 
implications for etiology and pathogenesis of protein misfolding diseases. PLOS 9: e1003537. 

43. Chi EY, Frey SL, Winans A, et al. (2010) Amyloid-β fibrillogenesis seeded by interface-
induced peptide misfolding and self-assembly. Biophy J 98: 2299-2308. 

44. Tateishi J, Kitamoto T, Hoque MZ, et al. (1996) Experimental transmission of Creutzfeldt-
Jakob disease and related diseases to rodents. Neurology 46: 532-537. 

45. Kovacs GG, Seguin J, Quadrio I, et al. (2011) Genetic Creutzfeldt-Jakob disease associated with the 
E200K mutation: characterization of a complex proteinopathy. Acta Neuropathologica 121: 39-57. 

46. Vital A, Canron M-H, Gil R, et al. (2007) A sporadic case of Creutzfeldt-Jakob disease with β-
amyloid deposits and α-synuclein inclusions. Neuropathology 27: 273-277. 

47. Kasai T, Tokuda T, Ishii R, et al. (2014) Increased α-synuclein levels in the cerebrospinal fluid 
of patients with Creutzfeldt–Jakob disease. J Neurol 261: 7334-7337. 

48. Zhang M, Hu R, Chen H, et al. (2015) Polymorphic cross-seeding amyloid assemblies of 
amyloid-β and human islet amyloid peptide. Phys Chem Chem Phys 17: 23245-23256. 

49. O’Nuallain B, Williams AD, Westermark P, et al. (2004) Seeding specificity in amyloid growth 
induced by heterologous fibrils. J Biol Chem 279: 17490-17499. 

50. Westermark P, Westermark GT (2013) Seeding and cross-seeding in amyloid diseases, in 
Zucker M, Christen Y (eds.) Proteopathic Seeds and Neurodegenerative Diseases, Research 
and Perspectives in Alzheimer’ Disease, Berlin, Springer-Verlag pp. 47-60. 

51. Zhou Y, Smith D, Leong BJ, et al. (2012) Promiscuous cross-seeding between bacterial 
amyloids promotes interspecies biofilms. J Biol Chem 287: 35092-35103. 

52. Prusiner SB (1987) Prions causing degenerative neurological diseases. Ann Rev Med 38: 381-398. 
53. Vila-Vicosa D, Campos SR, Baptista AM, et al. (2012) Reversibility of prion misfolding: 

insights from constant –pH molecular dynamics simulations. J Physical Chem 116: 8812-8821. 
54. 
55. Mayer RJ, Landon M, Laszlo L, et al. (1992) Protein processing in lysosomes: the new 

therapeutic target in neurodegenerative disease. Lancet 340: 156-159. 

Eisenberg D, Jucker M (2012) The amyloid state of proteins in human diseases. Cell 148: 1188-1203. 

56. Rigter A, Priem J, Langeveld JP, et al. (2011) Prion protein self-interaction in prion disease 
therapy approaches. Vet Quarterly 31: 115-128. 

57. Safar JG (2012) Molecular pathogenesis of sporadic prion diseases in man. Prion 6: 108-115. 
58. Tuite MF, Cox BS (2003) Propagation of yeast prions. Nature Rev Mol Cell Biol 4: 878-890. 
59. Bellinger-Kawahara C, Diener TO, McKinley MP, et al. (1987) Purified scrapie prions resist 

inactivation by procedures that hydrolyze, modify, or shear nucleic acids. Virology 160: 271-274. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Kovacs%20GG%5BAuthor%5D&cauthor=true&cauthor_uid=20593190�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Seguin%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20593190�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Quadrio%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20593190�


 255 

AIMS Neuroscience Volume 2, Issue 4, 240–258. 

60. Hearst JE (1981) Psoralen photochemistry and nucleic acid structure. J Investigative Dermatol 
77: 39-44. 

61. Miyazawa K, Kipkorir T, Tittman S, et al. (2012) Continuous production of prions after 
infectious particles are eliminated: implications for Alzheimer’s disease. PLoS ONE 7: 1-8. 

62. Sun R, Liu Y, Zhang H, et al. (2008) Quantitative recovery of scrapie agent with minimal 
protein from highly infectious cultures. Viral Immunol 21:293-302. 

63. 

64. Klingeborn M, Race B, Meade-White KD, et al. (2011) 

Soto C, Estrada L, Castilla J (2006) Amyloids, prions and the inherent infectious nature of 
misfolded protein aggregates. Trends Biochem Sci 31: 150-155.  

Lower specific infectivity of protease-
resistant prion protein generated in cell-free reactions. PNAS 108: E1244-E1253. 

65. Manuelidis L (2011) Nuclease resistant circular DNAs copurify with infectivity in scrapie and 
CJD. J Neurovirol 17: 131-145. 

66. Sonati T, Reimann RR, Falsig J, et al. (2013) The toxicity of antiprion antibodies is mediated by 
the flexible tail of the prion protein. Nature 501: 102-106. 

67. Miyazawa K, Emmerling K, Manuelidis L (2011) Replication and spread of CJD, kuru and 
scrapie agents in vivo and in cell culture. Virulence 2: 188-199. 

68. Watarai M, Kim S, Erdenebaatar J, et al. (2003) Cellular prion protein promotes Brucella 
infection into macrophages. J Exp Med 198: 5-17. 

69. Bastian FO (2005) Spiroplasma as a candidate causal agent of transmissible spongiform 
encephalopathies. J Neuropathol Exp Neurol 64: 833-838. 

70. Bastian FO (2014) The case for involvement of spiroplasma in the pathogenesis of transmissible 
spongiform encephalopathies. J Neuropathol Exp Neurol 73: 104-114. 

71. Baker C, Martin D, Manuelidis L (2002) Microglia from Creutzfeldt-Jakob disease-infected 
brains are infectious and show specific mRNA activation profiles. J Virol 76: 10905-10913. 

72. Marlatt MW, Bauer J, Aronica E, et al. (2014) Proliferation in the Alzheimer hippocampus is 
due to microglia, not astroglia, and occurs at sites of amyloid deposition. Neural Plasticity 
2014: 693851 1-12. 

73. Miklossy J, Kis A, Radenovic A, et al. (2006) Β-amyloid deposition and Alzheimer’s type 
changes induced by Borrelia spirochetes. Neurobiol Aging 27: 228-236. 

74. Balin BJ, Little CS, Hammond CJ, et al. (2008) Chlamydophila pneumonia and the etiology of 
late-onset Alzheimer’s disease. J Alzheimer’s Dis 13: 371-380. 

75. Poole S, Singhrao SK, Kesavalu L, et al. (2013) Determining the presence of peridontopathic 
virulence factors in short-term postmortem Alzheimer’s disease brain tissue. J Alzheimer’s Dis 
36: 665-677. 

76. Singhrao SK, Harding A, Poole S, et al. (2015) Porphyromonas gingivalis periodontal infection 
and it putative links with Alzheimer’s disease. Mediators Inflam 2015: 137357. 

77. Singhrao SK, Harding A, Simmons T, et al. (2014) Oral inflammation, tooth loss, risk factors, 
and association with progression of Alzheimer’s disease. J Alzheimer’s Dis 42: 723-737. 

http://ovidsp.tx.ovid.com.libproxy.tulane.edu:2048/sp-3.15.1b/ovidweb.cgi?&S=GKJCFPFLMPDDFMAMNCKKGHOBFENNAA00&Complete+Reference=S.sh.44%7c49%7c1�
http://ovidsp.tx.ovid.com.libproxy.tulane.edu:2048/sp-3.15.1b/ovidweb.cgi?&S=GKJCFPFLMPDDFMAMNCKKGHOBFENNAA00&Complete+Reference=S.sh.44%7c49%7c1�


 256 

AIMS Neuroscience Volume 2, Issue 4, 240–258. 

78. Miklossy J (2008) Chronic inflammation and amyloidogenesis in Alzheimer’s disease- role of 
spirochetes. J Alzheimer’s Dis 13: 381-391. 

79. Friedland RP (2015) Mechanisms of molecular mimicry involving the microbiota in 
neurodegeneration. J Alzheimer’s Dis 45: 349-362. 

80. Little CS, Joyce TA, Hammond CJ, et al. (2014) Detection of bacterial antigens and 
Alzheimer’s disease-like pathology in the central nervous system of BALB/c mice following 
intranasal infection with a laboratory isolate of Chlamydia pneumoniae. Frontiers Aging 
Neurosci 6: 304. doi: 10.3389/fnagi.2014.00304 1-9. 

81. Goto S, Anbutsu H, Fukatsu T (2006) Asymmetrical interactions between Wolbachia and 
Spiroplasma endosymbionts coexisting in the same insect host. Applied Environmental 
Microbiol 72: 4805-4810. 

82. Takahashi Y, Mihara H (2004) Construction of chemically and conformationally self-replicating 
system of amyloid-like fibrils. Bioorg Med Chem 12: 693-699. 

83. Barnhart MM, Chapman MR (2006) Curli biogenesis and function. Annu Rev Microbiol 60: 
131-147. 

84. Wang X, Chapman MR (2008) Curli provide the template for understanding controlled amyloid 
propagation. Prion 2: 57-60. 

85. Lundmark K, Westermark G, Olsen A, et al. (2005) Protein fibrils in nature can enhance 
amyloid protein A amyloidosis in mice: cross-seeding as a disease mechanism. PNAS 102: 
6098-6102. 

86. Bastian FO (1979) Spiroplasma-like inclusions in Creutzfeldt-Jakob disease. Arch Pathol Lab 
Med 103: 665-669.  

87. Bastian FO, Hart MN, Cancilla PA (1981) Additional evidence of spiroplasma in Creutzfeldt-
Jakob disease. Lancet 1: 660.  

88. Gray A, Francis RJ, Scholtz CL (1980) Spiroplasma and Creutzfeldt-Jakob disease. Lancet 2, 660.  
89. Reyes JM, Hoenig EM (1981) Intracellular spiral inclusions in cerebral cell processes in 

Creutzfeldt-Jakob disease. J Neuropathol Exp Neurol 40: 1-8.  
90. Alexeeva I, Elliott EJ, Rollins S, et al. (2006) Absence of spiroplasma or other bacterial 16s 

rRNA genes in brain tissue of hamsters with scrapie. J Clin Microbiol 44: 91-97. 
91. Bastian FO, Dash S, Garry RF (2004) Linking chronic wasting disease to scrapie by comparison 

of Spiroplasma mirum ribosomal DNA sequences. Exp Mol Pathol 77: 49-56.  
92. Bastian FO, Sanders DE, Forbes WA, et al. (2007) Spiroplasma spp. from transmissible 

spongiform encephalopathy brains or ticks induce spongiform encephalopathy in ruminants. J 
Med Microbiol 56: 1235-1242.  

93. Bastian FO, Boudreaux CM, Hagius SD, et al. (2011) Spiroplasma found in the eyes of scrapie 
affected sheep. Vet Ophthalmol 14: 10-17.  

94. Bastian FO, Purnell DM, Tully JG (1984) Neuropathology of spiroplasma infection in the rat 
brain. Am J Pathol 114: 496-514.  

http://dx.doi.org/10.3389%2Ffnagi.2014.00304�


 257 

AIMS Neuroscience Volume 2, Issue 4, 240–258. 

95. Tully JG, Bastian FO, Rose DL (1984) Localization and persistence of spiroplasmas in an 
experimental brain infection in suckling rats. Ann Microbiol (Paris) 135A: 111-117.  

96. Bastian FO, Jennings R, Huff C (1987) Neurotropic Response of Spiroplasma mirum following 
peripheral inoculation in the rat. Ann Microbiol (Inst Pasteur) 138: 651-655. 

97. Jeffrey M, Scott JR, Fraser H (1991) Scrapie inoculation of mice: light and electron microscopy 
of the superior colliculi. Acta Neuropathol 81: 562-571. 

98. Trachtenberg S, Gilad R (2001) A bacterial linear motor: cellular and molecular organization of 
the contractile cytoskeleton of the helical bacterium Spiroplasma melliferum BC3. Mol 
Microbiol 41: 827-848. 

99. Bastian FO, Jennings R, Gardner W (1987) Antiserum to scrapie associated fibril protein cross-
reacts with Spiroplasma mirum fibril proteins. J Clin Microbiol 25: 2430-2431. 

100. Bastian FO, Elzer PH, Wu X (2012) Spiroplasma spp. biofilm formation is instrumental for 
their role in the pathogenesis of plant, insect and animal diseases. Exp Mol Pathol 93: 116-128.  

101. Forloni G, Iussich S, Awan T, et al. (2002) Tetracyclines affect prion infectivity. PNAS 99: 
10849-10854. 

102. Guo YJ, Han J, Yao HL, et al. (2007) Treatment of scrapie pathogen 263K with tetracycline 
partially abolishes protease-resistant activity in vitro and reduces infectivity in vivo. Biomed 
Environ Sci 20: 198-202. 

103. Haig DA, Pattison IH (1967) In-vitro growth of pieces of brain from scrapie-affected mice. J 
Path Bact 93: 724-727. 

104. Pattison IH (1969) Scrapie- a personal view. J Clin Pathol (Supp) 6: 110-114. 
105. Sinclair SH, Rennoll-Bankert KE, Dumier JS (2014) Effector bottleneck: microbial 

reprogramming of parasitized host cell transcription by epigenetic remodeling of chromatin 
structure. Front Genetics 5: 274. doi: 10.3389/fgene.2014.00274 1-10. 

106. Di Francesco A, Arosio B, Falconi A, et al. (2015) Global changes in DNA methylation in 
Alzheimer’s disease peripheral blodd mononuclear cells. Brain Behav Immun 45: 139-144. 

107. Drury JL, Chung WO (2015) DNA methylation differentially regulates cytokine secretion in 
gingival epithelia in response to bacterial challengs. Pathogens Dis 73: 1-6. 

108. Cal H, Xie Y, Hu L, et al. (2013) Prion protein (PrPc) interacts with histone H3 confirmed by 
affinity chromatography. J Chromat Analytical Tech Biomed Life Sci 929: 40-44. 

109. Derail M, Mill J, Lunnon K (2014) The mitochondrial epigenome: a role in Alzheimer’s 
disease? Epigenomics 6: 665-675. 

110. Choi HS, Choi YG, Shinn HY, et al. (2014) Dysfunction of mitochondrial dynamics in the 
brains of scrapie-infected mice. Biochem Biophys Res Comm 448: 157-162. 

111. Razin S, Yogev D, Naot Y (1998) Molecular biology and pathogenicity of mycoplasmas. 
Microbiol Mol Biol Rev 62: 1094-1156.  

112. Nur I, Szyf M, Razin A, et al. (1985) Procaryotic and eukaryotic traits of DNA methylation in 
spiroplasmas. J Bacteriol 164: 19-24. 



 258 

AIMS Neuroscience Volume 2, Issue 4, 240–258. 

113. Halfmann R, Lindquist S (2010) Epigenetics in the extreme: prions and the inheritance of 
environmentally acquired traits. Science 330: 629-632. 

114. Bastian FO (2014) Cross-roads in research on neurodegenerative diseases. J Alzheimer’s Dis 
Parkinsonism 4: 1000141.  

115. Bleme H, Hamon M, Cossart P (2012) Epigenetics and bacterial infections. Cold Spring Harb 
Perspect Med 2: a010272. 

© 2015 Frank O. Bastian et al., licensee AIMS Press. This is an 
open access article distributed under the terms of the Creative 
Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0) 

 


