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Introduction
The neurodegenerative diseases include Alzheimer’s (AD), 

Parkinson’s (PD), frontotemporal dementia (FTD), posttraumatic 
stress disorders (PTSD), including dementia pugilistica, and chronic 
traumatic encephalopathy (CTE) seen in athletes, and soldiers after 
episodes of traumatic brain injury. All of these diseases present with 
dementia and show accumulation within the brain of misfolded disease-
specific amyloid proteins. The deposition of misfolded amyloid proteins 
is also a manifestation of Creutzfeldt-Jakob disease, a transmissible 
spongiform encephalopathy (TSE) in humans with a significant animal 
disease reservoir including scrapie in sheep, chronic wasting disease 
(CWD) in deer, and bovine spongiform encephalopathy (BSE) or ‘mad 
cow disease’ in cattle. All transmissible spongiform encephalopathies 
show accumulation of ‘prion’ amyloid deposits considered to be novel 
self-propagating proteins [1]. The pathogenic mechanism in TSEs 
involves accumulation of misfolded or unfolded proteins that trigger 
the ‘unfolded protein response’ (UPR), which is a protective cellular 
mechanism whereby protein translation is shut down and chaperone 
proteins are recruited [2]. The unfolded protein response and autophagy 
are important cellular homeostatic mechanisms that affect cell survival 
or lead to cell death in the TSEs [2,3]. The toxicity of the prion amyloid 
proteins builds up with continued stimulation of the UPR and leads to 
neuro-degeneration and synapse loss [3].

Presumably the same phenomenon is operative in AD and PD, 
although the neuronal damage is not as severe as seen in TSEs. This 
comparison brings up the idea that all neurodegenerative diseases 
are potentially infectious, with the focus on the amyloid deposits 
themselves by extension of the prion replicating protein theory [4]. 
However, the UPR response and disruption of autophagy are known 
to occur after the buildup of misfolded amyloid proteins associated 
with intracellular viruses and bacteria [3]. This phenomenon is 
operative in plant virus infection [5]. Furthermore, there are problems 
with the concept of replicating prion amyloid in TSEs, since there is 
convincing evidence of consistent involvement of spiroplasma, a wall-
less bacterium, in TSE-affected brains and eyes. Thus Spiroplasma 
spp. are candidate causal agents in CJD and the animal TSEs [1,6,7]. 
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 Abstract
Alzheimer’s disease (AD) is the most prevalent of the neurodegenerative amyloid diseases and is characterized 

by accumulation of amyloid-β and tau. Recent studies have indicated that AD may be a brain infection. Although 
AD has not been shown to be transmissible, the burning issue is whether the potential infectious causes are the 
misfolded amyloid proteins themselves, or an unidentified microorganism. The idea of a replicating protein (prion) 
evolved from research on the transmissible spongiform encephalopathies (TSE) represented by Creutzfeldt-Jakob 
disease in humans. Prions are now suspect in all of the amyloid related neurodegenerative diseases. However, 
the popularized prion theory is controversial since there is convincing evidence that spiroplasma, a wall-less 
prokaryote, is involved in the pathogenesis of TSE, and may represent the trigger mechanism. Interest in bacterial 
involvement in AD has surfaced from discovery that most bacteria produce biofilm and that components of the 
biofilm experimentally induce misfolded amyloid proteins. The recent discovery of H. pylori in AD has brought this 
controversy to a head. In this review we will discuss involvement of bacteria as candidate causal agent/s for the 
neurodegenerative diseases, and relate the evidence to involvement of spiroplasma in the pathogenesis of the TSEs 
as a model for these neurodegenerative diseases.

Recognition of conventional bacterial or viral involvement in the 
pathogenesis of the neurodegenerative diseases could lead to new 
diagnostic and therapeutic approaches. This treatise encourages a more 
balanced research and funding approach to investigating the exciting 
possibility of the infectious nature of AD.

The Linking of AD to Prion Diseases
By definition, ‘prions are infectious proteins that can transmit 

biologic information by propagating protein misfolding and 
aggregation’ [8]. The mechanism proposed is the seeding of PrP(c) (a 
normal host protein) by the abnormally folded prion amyloid, but there 
is no definitive proof that this actually happens [9]. The introduction 
of small amounts of misfolded insoluble hyperphosphorylated Tau 
protein leads to conversion of soluble Tau into insoluble neurofibrillary 
tangles (NFTs), which are a component of AD pathology [10]. This 
seeding process along with discovery of trans-synaptic transmission 
of Tau [11] are consistent with the pathogenic mechanisms proposed 
in prion diseases, therein leading to the all encompassing ‘concept 
of disease-causing amyloidogenic proteins’ [10,12,13]. While there 
is no convincing evidence of transmissibility in AD and PD, the idea 
is emerging that prions including all the amyloid proteins associated 
with neurodegenerative diseases, namely Tau, amyloid-β and alpha-
synuclein, are infectious. Although there is binding between beta 
amyloid oligomers and PrP(c), there are no functional consequences 
[14]. Injection of AD-affected brain tissue into animals leads to 
amyloid-β deposits that progressively increase over time [15]. The 
increase may simply be due to amyloid self-assembly following the 
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seeding by the foreign protein [16]. There is continuous production of 
prion amyloid in experimental prion infection in vitro, even after the 
infectious particles are eliminated [17]. The interpretation is that an 
environmental infectious agent initiates the process, and may no longer 
be present in late stages of the disease. Consideration must be given 
to the much dissimilarity between AD and the TSEs, exemplified by 
recognition that the precursor and propagated proteins differ in TSE 
and AD, as well as clinical manifestations and pathological findings 
[18]. Populations receiving growth hormone have been susceptible 
to TSE, but not to AD or PD [19] suggesting that there are major 
differences in the pathogenesis of each disease. Furthermore, there are 
basic problems with the prion concept in TSEs, which raises the issue 
regarding the significance of association of enteric bacteria with AD.

Problems with the Prion Concept
Since prions are becoming a major focus of research efforts in 

trying to determine underlying pathogenic factors in AD and other 
neurodegenerative diseases, the basic concept of replication of proteins 
as cause of disease has to be critically evaluated. Prions accumulate 
in at least 90% of CJD cases (DeArmond, personal communication) 
and appear to be important in the pathogenesis of CJD and the other 
TSEs, possibly by toxicity of the prion amyloid on neurons. Others have 
hypothesized that the prion-like amyloid protein provides the template 
for the infectious agent/s [3]. On the other hand the prion concept in 
TSEs remains controversial after 30 years. The mechanism whereby a 
prion amyloid protein is able to misfold a host protein is not established 
[9] and the theory does not satisfactorily explain the multiple disparate 
strains involved [20,21]. Manuelidis has shown in several publications 
that prion accumulation is not directly related to TSE infectivity 
[17]. Similarly the protein misfolding cyclic amplification (PMCA) 
technique [22] that has become a standard in detecting small quantities 
of prion in suspect CJD cases has raised issues whether the prion is 
a separate marker from infectivity. Repeated sonication of test brain 
samples in the presence of excess host PrP(c) leads to accumulation of 
prion amyloid [23].

However, there is no corresponding increase in infectivity 
suggesting another factor is involved [24]. False positives in controls of 
the PMCA test are often ignored as evidence of spontaneous generation 
[25]. Nevertheless, the prion concept has become the sole explanation 
of causality in TSEs and alternate theories have been discounted. We 
propose that the prion may not be the surrogate marker for infectivity 
in brains affected with TSE. Instead our laboratory has presented data 
showing that spiroplasma, a wall-less bacterium, is involved in the 
pathogenesis of TSE.

Spiroplasmosis and the TSEs
The spiroplasmosis concept arose from ultrastructural findings 

of spiroplasma inclusions in a CJD brain biopsy [26], which has been 
confirmed by several laboratories in autopsy tissues [27,28]. Succeeding 
experiments have shown a clear association of spiroplasma with the 
TSEs. Spiroplasma ribosomal rDNA is found in brains from all forms 
of TSE [29]. Spiroplasma are isolated in cell-free culture from TSE 
affected brains [30] and eyes of sheep with terminal scrapie (Figure 1) 
[31]. Spiroplasma was found initially in mice fortuitously inoculated 
with rabbit tick isolates for purposes of screening for arboviruses [32]. 
Initially thought to be a slow virus infection, suckling mouse cataract 
agent (SMCA) strain of S. mirum inoculated intracranially (IC) 
into mice induced a persistent brain infection with development of 
neurological deterioration [33]. Experimental spiroplasma inoculation 
IC into rats was done to examine the neuropathological lesions and 

the bacterium was found to induce spongiform encephalopathy [34]. 
Spiroplasma was isolated from the rat tissues [35]. Spiroplasma show 
morphological variability and spiral forms, which are rare in the tissues 
[34]. The ultrastructural pathology is remarkably similar to lesions 
associated with CJD [34]. In a recent study, the spiroplasma laboratory 
strains isolated from rabbit ticks and passaged for many years in the 
laboratory induce clinical neurological disease ½ in deer at 3 months 
after IC inoculation [30]. The experimental spiroplasma infection in 
the deer is manifested by neurological deterioration with brain stem 
signs and wasting, which closely resembles naturally occurring chronic 
wasting disease (CWD) in deer and elk [5].

Sheep inoculated with the SMCA strain of S. mirum showed no 
clinical neurological deterioration at 16 months, but were probably 
significantly visually impaired since marked retinopathy was noted at 
autopsy [31]. Particularly exciting was the finding of bulbar lesions 
identical to natural scrapie or CWD in sheep and goats inoculated 
IC with spiroplasma isolates from brains affected with scrapie or 
CWD [30]. Subsequent experiments have shown that there is no 
immune cross-reactivity between the rabbit tick isolate strains and the 
spiroplasma isolates from TSE suggesting presence of a novel strain of 
spiroplasma in TSE-affected tissues [31]. Still it has been difficult to 
grasp that tiny bacteria possess the unusual biologic properties of the 
transmissible agent of TSE.

Biofilm, Spiroplasma and Prion
The breakthrough research is the discovery that spiroplasma induce 

biofilm formation [36]. Spiroplasma embedded in a polysaccharide 
matrix are resistant to 50% glutarraldehyde simulating an important 
biologic property of the TSE agent. This explains our unpublished data 
wherein spiroplasma shows significant resistance to radiation, and heat 
treatment near boiling temperatures, unlike other more conventional 
bacteria. Biofilm formation by spirolasma on stainless steel and nickel 
may be the mechanism responsible for iatrogenic transmission of 
CJD [36]. Spiroplasma biofilm forms readily on mica suggesting the 
tendency of the organisms to bind to clay particles. The long conjugate 

Figure 1: A novel Spiroplasma sp. was isolated from contents of globes and 
corneas of eyes from sheep affected with terminal scrapie into cell-free Sp-4 
media. The scrapie spiroplasma isolate is seen on dark field microscopy as a 
tightly coiled spiral. Original magnification: 1000X.
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inter-spiroplasma connections observed in spiroplasma biofilm 
would provide a reliable means for communication in micro-colonies 
established in soil [37]. The location of scrapie or CWD infectivity 
in soil rich in clay [38] and the tendency of ruminants to ingest large 
amount of soil would explain the lateral transmission spread of CWD 
[39]. Bacteria in biofilm express different pathogenicity related proteins 
compared to planktonic organisms [40]. Furthermore, there is presence 
of curli fibers (functional amyloid) in spiroplasma biofilms [36] that 
bacteria use to attach and enter host cells [41]. Curli fibers also combine 
with host proteins and cause misfolding or amyloid formation [42,43] 
and induce amyloidosis when inoculated into susceptible mice [44]. 
This misfolded amyloid then increases by self-assembly [16]. In the case 
of neurodegenerative disease, amyloids may be the toxic element but the 
bacterium may be the trigger. Prion amyloid has not been documented 
as yet in experimental infection with laboratory strains of spiroplasma. 
However it is noteworthy that in vitro SMCA infection of bovine corneal 
endothelia cells or mouse neuroblastoma cell produces alpha-synuclein 
(Feng, personal communication). Alpha-synuclein formation by a 
bacterium interacting with host proteins is significant evidence that a 
conventional pathogen can trigger onset of neurodegenerative diseases. 
My inclination is that the novel spiroplasma isolates from scrapie or 
CWD are more likely to produce prion, since the bulbar lesions in 
experimental spiroplasmosis are more in line with natural disease than 
lesions associated with the laboratory strains [30]. The data supporting 
involvement of a Spiroplasma sp. in the causality of TSEs provides new 
possibilities for developing protocols for diagnosis and treatment of the 
TSEs.

The Genetic Connection
There is a genetic connection in CJD and a long llisting of 

susceptibility genes to CJD exists [45]. Gerstmann-Sträussler-Scheinker 
syndrome (GSS) and fatal familial insomnia (FFI) are genetic forms of 
TSEs attributed to mutations of the prion protein gene on chromosome 
20 [46]. However, protease-resistant prion deposits are absent in some 
brains with characteristic GSS neuropathology [46]. GSS and FFI are not 
purely genetic since both heredity forms of CJD have been transmitted 
to animal models [46,47]. There is a rationale for spiroplasma being 
involved in heredity CJD cases. An important related observation 
is localization of infectivity to the ovary in scrapie in sheep [48] is 
important since spiroplasma show transovarian passage in Drosophilia 
[49]. Spiroplasma induces chromosome abnormalities in tissue culture 
infection (unpublished data) suggesting possible transformation of 
host genetic material. Spiroplasma are gene manipulators [50] and 
may be involved through the action of bacterial DNA binding proteins, 
or transformation or transfection wherein the bacterium inserts 
exogenous genetic material into animal cells [51]. The answer can only 
come from experimentation.

New Horizons in TSE Dx & Rx
Involvement of a bacterium in the pathogensis of CJD or other 

neurodegenerative diseases broadens the variables that can be 
addressed. It has been problematic trying to develop a diagnostic test 
for TSEs solely based upon the prion.

The quaking test developed at Rocky mountain laboratories 
[52] has proved unreliable according to the prion center (Gambetti, 
personal communication). The protein misfolding cyclic amplification 
test is difficult to control and has proved unreliable with controls being 
positive [25]. Evaluation of other brain proteins using the 14-3-3 test 
has proved unreliable with no better than 50% accuracy [53]. On the 
other hand, a serological test is possible for detection of a bacterial 

infection, especially since we have evidence that polyclonal scrapie 
specific antibodies react with spiroplasma proteins derived from cell-
free cultures [54]. We have shown consistent presence of spiroplasma 
ribosomal DNA by PCR in TSE-affected brain tissues [29], and there 
are numerous spiroplasma proteins that are specific for this species [5]. 
Vaccine production has been considered problematic for TSEs since it 
may be impossible to generate antibodies against prion amyloid proteins 
without developing autoimmune response [55]. Antibodies against an 
extraneous spiroplasma infecting organism are more likely to succeed 
in development of a workable vaccine. Experimental spiroplasma 
infection localizes to the eye with development of severe degenerative 
retinopathy remarkably similar to retinopathy that occurs in terminal 
scrapie in sheep [31,56]. It is noteworthy that degenerative retinopathy 
has been described in AD [57] suggesting that a thorough ophthalmic 
examination is essential for evaluation of patients presenting with 
dementia. It is important that eyes from dementia patients be examined 
at autopsy to confirm the usefulness of ophthalmic examinations. 
Furthermore, the localization of spiroplasma to the eye in experimental 
spiroplasmosis in ruminants [31] suggests the eyes from these patients 
may be important for research studies. The evidence supporting 
spread of CWD by contamination of soil [58] makes control of CWD 
infection especially difficult in wild animal populations, even if we now 
know a Spiroplasma sp. is likely involved. There is need for a vaccine 
to protect susceptible cattle populations that mingle with deer in the 
fields. A diagnostic test based on spiroplasma could finally resolve the 
epidemiology of the transmissible agent/s.

Conclusion
This review presents a major cross-road for research on AD and 

PD, and care must be taken to avoid the pitfalls of past research efforts 
on CJD and the animal TSEs. Failure to consider alternate theories in 
investigations of the TSEs has hindered progress in the TSE field. Our 
pioneer work shows a role for spiroplasma in the pathogenesis of the 
TSEs. We propose that spiroplasma acts as a trigger in TSE, while the 
prion amyloid is the byproduct of the infection. The prion amyloid may 
be the toxic element that causes the neurodegeneration in TSEs, but is 
unlikely to be the cause. This controversy is important for the future 
research direction in other potentially infectious neurodegenerative 
diseases such as Alzheimer’s disease and Parkinson’s disease. Reports of 
involvement of conventional viruses or bacteria in neurodegenerative 
diseases [58,59] must be investigated since such associations may be 
useful for developing future diagnostic tests and treatment regimens. 
It is remarkable that curli fibers in bacterial biofilms are capable of 
misfolding host proteins [42,43], and the accumulation of alpha-
synuclein in tissue cultures infected with spiroplasma is a prime example. 
These experimental data provide further avenues of investigations 
in the neurodegenerative diseases. Of practical importance in the 
spiroplasmosis model is the localization of the infection to the eyes with 
development of retinal degeneration [31].

It is noteworthy that similar eye involvement is seen in naturally 
occurring TSEs and in neurodegenerative diseases [57] such as AD and 
PD suggesting that a thorough eye examination be done on any patient 
presenting with dementia.
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