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Abstract

Patients with neurodegenerative and behavioral disorders often have systemic bacterial, viral and/or fungal infections
that may play important roles in their pathogenesis. We and others have examined patients with various neurodegenerative
and behavioral neurological conditions, such as Amyotrophic Lateral Sclerosis (ALS), Multiple Sclerosis (MS) and
Autistic Spectrum Disorders (Autism, Attention Deficit Disorder, Asperger Syndrome), and found evidence for systemic
intracellular bacterial and viral infections in a majority of patients. For example, examination of blood leukocytes for evi-
dence of Mycoplasma spp., Chlamydia pneumoniae, Borrelia burgdorferi and other infections by polymerase chain reac-
tion revealed high incidences of systemic co-infections that were not found in control subjects (P<0.001). The results
were compared to other chronic illnesses where neurological manifestations are often found, such as Chronic Fatigue
Syndrome/Myalgic Encephlomyopathy (CFS/ME), Fibromyalgia Syndrome (FMS), Lyme Disease and Gulf War Ill-
nesses. Most of these chronic illness patients also had multiple intracellular bacterial infections compared to control sub-
jects (P<0.001), and the most common co-infection found was Mycoplasma species in all of the conditions examined. In
contrast, in the few control subjects that tested positive, only single infections were found. The results suggest chronic
intracellular bacterial infections are common features of neurodegenerative and behavioral disorders, and treatment regi-
mens should address the multiple infections present in these conditions.
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1. Introduction eases are complex [2]. One of the types of change found
in essentially all neurological degenerative diseases is the
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and symptoms and in extreme cases dementia [1,2].
There appears to be a genetic link to neurodegenerative
diseases, but the genetic changes that occur and the
changes in gene expression that are found in these dis-

An attractive model for neurodegeneration and resulting
neurological disease involves the toxic products produced
as a result of chronic bacterial and/or viral infections
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[6,7]. Infectious agents may enter the CNS in infected
migratory macrophages, or they may gain access by tran-
scytosis across the blood-brain-barrier or by intraneuronal
transfer from peripheral nerves [6]. Cell wall-deficient
bacteria, principally species of Mycoplasma, Chlamydia,
Coxiella, Brucella, Borrelia, among others, are candidate
infectious agents that may play an important role in neu-
rodegenerative diseases [8]. Such infections may also
cause disease progression, and since they are usually sys-
temic, they could affect the immune system, CNS and
other organ systems.

2. Methods

Blood Collection

Blood was collected in EDTA-containing tubes, immedi-
ately brought to ice bath temperature and shipped with
wet ice by air courier to the Institute for Molecular Medi-
cine for analysis. All blood samples were blinded. Whole
blood was used for preparation of DNA using Chelex as
previously described [9, 10]. Multiple tests were per-
formed on all patients and control subjects [9, 10].

Amplification of Gene Sequences by PCR

~ Amplification of the target gene sequences by Polymerase

Chain Reaction (PCR) was accomplished as previously
described [9, 10]. Negative and positive controls were
present in each experimental run. The amplified samples
were separated by agarose gel electrophoresis. After de-
naturing and neutralization, Southern blotting was per-
formed to confirm the PCR product [9, 10]. Multiple PCR
primer sets were used for each species tested to minimize
the chance that cross-reacting microorganisms were de-
tected.

Statistics

Subjects' demographic characteristics were assessed using
descriptive statistics and students' t-tests (independent
samples test, t-test for equality of means, 2-tailed). The
95% confidence interval was chosen. Pearson Chi-Square
test was performed to compare prevalence data between
patients and control subjects.

3. Amyotrophic Lateral Sclerosis (ALS)

ALS is an adult-onset, idopathic, progressive degenerative
disease affecting both central and peripheral motor neu-
rons. Patients with ALS show gradual progressive weak-
ness and paralysis of muscles due to destruction of upper
motor neurons in the motor cortex and lower motor neu-
rons in the brain stem and spinal cord, ultimately resulting
in death, usually by respiratory failure [11,12]. The over-
all clinical picture of ALS can vary, depending on the lo-

cation and progression of pathological changes found in
nervous tissue [13].

The role of chronic infections has attracted attention with
the finding of enterovirus sequences in 15 of 17 spinal
cord samples from ALS patients by Polymerase Chain
Reaction (PCR) [14,15]. Although others have failed to
detect enterovirus sequences in spinal cord samples from
patients with or without ALS [16], infectious agent(s)
may play a role in the etiology of ALS.

We studied the presence of systemic microbial infections
in a preliminary number of ALS patients [17]. We found
that 8/8 Gulf War veterans diagnosed with ALS from
three nations had systemic mycoplasmal infections. All
but one patient had M. fermentans infections, and one pa-
tient had a systemic M. genitalium infection. In 22/28
nonmilitary ALS patients from the USA, Canada and
Great Britain we also found blood mycoplasmal infec-
tions. Of the mycoplasma-positive civilian patients who
were further tested for M. penetrans, M. fermentans, M.
hominis and M. pneumoniae, most were positive for M.
fermentans (13/22, 59%), but we did find other Myco-
plasma species, such as M. hominis (7/22, 31%) and M.
pneumoniae infections (2/22, 9%). Two civilian ALS
patients had multiple mycoplasmal infections (M. fer-
mentans plus M. hominis, 9%). The difference in inci-
dence of mycoplasmal infections between ALS patients
and control subjects was highly significant (P<0.001)
[17].
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Figure 1. Percent incidence of systemic bacterial and viral in-
fections in 46 patients with Amyotrophic Lateral Sclerosis
(ALS).

ALS patients also have other chronic infections, including
Human Herpes Virus-6 (HHV-6), Chlamydia pneumoniae
and Borrelia burgdorferi (Figure 1). Similar to the possi-
ble role of enteroviruses in the pathogenesis of ALS, the
exact role that the other infections play in the pathogene-



sis or progression of ALS is not known. They could be
cofactors in the pathogenesis of ALS, or they could sim-
ply be opportunistic infections that cause morbidity in
ALS patients, such as the respiratory, rheumatic symp-
toms and other problems often found in ALS patients.
They could also be involved in the progression of ALS
rather than in its inception.

4. Multiple Sclerosis (MS)

Multiple Sclerosis is a disease of the nerves of the central
nervous system, and it can occur in young as well as older
people. The nerves in various parts of the brain are cov-
ered by a protective insulation containing the protein
myelin and other proteins imbedded in a lipid sheath so
that the electrical impulses that cause nerve conduction
are protected. In MS, inflammation and the presence of
autoimmune antibodies against myelin and other antigens
causes the protective sheath to break down (demyelina-
tion), resulting in decrease or loss of electrical impulses
along the nerve. In progressive MS the nerve cells are
damaged by demyelination and deposition of plaques on
the nerve cells to the point where nerve cell death occurs.
There is also breakdown of the blood-brain barrier associ-
ated with local inflammation caused by glial cells [18,19].

The clinical results of demyelination and blood-brain bar-
rier lesions are variable but usually include impaired vi-
sion, alterations in motor, sensory and coordination sys-
tems and cognitive dysfunction. Often these are cyclic
(relapsing-remitting) over some time, but a subgroup of
patients’ progress more rapidly [19].

For several years a possible infectious cause for MS has
been under investigation [20,21]. Epidemiological and
twin studies suggest that MS is acquired not inherited.
Since more than 90% of MS patients show immunological
and cytokine characteristics of an infection, patients have
been examined for various viral and bacterial infections.
One of the most common findings is the presence of
Chlamydia pneumoniae in MS brains [22-24], although
this has not been found by all researchers [25,26].

Recent research at the Institute for Molecular Medicine
and elsewhere has shown that some of the autoimmune
response to nerve cell proteins may be caused by intra-
cellular infections. As many as 80% of MS patients may
have intracellular bacterial infections caused by Myco-
plasma, Chlamydia and other cell wall-deficient bacteria
species that were found only at low incidence in age-
matched subjects (P<0.001). Additional bacterial infec-
tions, such as Borrelia burgdorfii (Lyme Disease), and
other intracellular bacterial infections may be another
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class of bacteria involved in some MS cases (Figure 2).
Viruses may also be involved in MS, and certain viruses
have been found at high incidence in MS patients, such as
human herpes virus-6 (HHV-6) [27]. We have also found
this virus in the systemic circulation of MS patients (Fig-
ure 2).
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Figure 2. Percent incidence of systemic bacterial and viral in-
fections in 65 patients with Multiple Sclerosis (MS).

Infections can stimulate immunological responses, and
the presence, in particular, of intracellular bacterial infec-
tions in nerve cells can stimulate autoimmune responses
when these intracellular bacteria are released from nerve
cells carrying nerve cell antigens. In the case of MS some
20 different bacterial and viral infections have been
found, but the link between these infections and the
pathogenesis of MS is still being debated [27].

Upon autopsy intracellular bacteria, such as C. pneumo-
niae and Mycoplasma species, have been found inside
nerve cells in the CNS [28,29], and the presence of such
bacteria has been linked to neurological diseases [23]. In
addition, infection of non-human primates with bacteria,
such as Mycoplasma fermentans, results in a fatal disease
with neurological complications [30].

5. Autistic Spectrum Disorders (ASD)

Children with Autistic Spectrum Disorders, such as
Autism, Attention Deficit Disorder, Asperger Syndrome,
etc., generally suffer from an inability to properly com-
municate, form relationships with others and respond ap-
propriately to their environment. Such patients do not all
share the same signs and symptoms but tend to share cer-
tain social, communication, motor and sensory problems
that affect their behavior in predictable ways. These chil-
dren often display repetitive actions and develop trouble-
some fixations with specific objects, and they are often
painfully sensitive to certain sounds, tastes and smells






