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Abstract

The presence of pathogenic mycoplasmas in various chronic illnesses and
their successful suppression using conventional and integrative medicine ap-
proaches are reviewed. Evidence gathered over the last three decades has
demonstrated the presence of pathogenic mycoplasma species in the blood,
body fluids and tissues from patients with a variety of chronic clinical condi-
tions: atypical pneumonia, asthma and other respiratory conditions; oral cav-
ity infections; urogenital conditions; neurodegenerative and neurobehavioral
diseases; autoimmune diseases; immunosuppressive diseases; inflammatory
diseases; and illnesses and syndromes of unknown origin, such as fatiguing
illnesses. Only recently have these small intracellular bacteria received atten-
tion as possible causative agents, cofactors or opportunistic infections or
co-infections in these and other conditions. Their clinical management is of-
ten inadequate, primarily because of missed diagnosis, under- and inadequate
treatment and the presence of persister or dormant microorganisms due to
biofilm, resistence and other mechanisms. Pathogenic Mycoplasma species
infections have been suppressed slowly by anti-microbial and integrative
treatments, resulting in gradual reductions in morbidity, but not in every pa-
tient. Even if mycoplasmas are not a cause or an initial trigger for many
chronic illnesses, they appear to play important roles in the inception, pro-
gression, morbidity and relapse of chronic illnesses in rather large patient
subsets. Ignoring such infections can result in failure to achieve eventual pa-
tient recovery, even with application of potentially curative treatments.
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1. Introduction

Mycoplasmas belong to the class Mollicutes, and they are considered the smal-
lest free-living prokaryocytes capable of self-replication [1] [2]. There are more
than 200 bacterial microorganisms that belong to the genus of Mycoplasma, and
the more than two dozen pathogenic species found in humans are typified by: 1)
lack of an external cell wall; 2) obligate parasitic behavior; 3) intracellular
growth; and 4) the loss of many of their genes due to reductive evolution [2] [3]
[4]. Mycoplasmas are widely distributed in nature, where they are often found
attached to the external surfaces of cells or residing and replicating inside host
cells [1] [2].

It has been only fairly recently that mycoplasmas have been identified as im-
portant pathogens in humans, animals, plants and insects [1] [3] [5] [6]. There is
evidence in humans that pathogenic mycoplasmas are associated with certain
chronic diseases where they could function as causative agents, cofactors or op-
portunistic infections that cause patient morbidity [5] [6] [7]. For example, pa-
thogenic mycoplasmas in humans are often associated with respiratory infec-
tions, urogenital infections, fatiguing illnesses, autoimmune diseases, neurode-
generative and neurobehavioral diseases and complications affecting the central
nervous system, cardiac infections, oral infections, peridontal diseases, sexually
transmitted diseases and systemic infections found in various solid cancers and
leukemias and immunosuppressive diseases, such as HIV-AIDS [5] [6] [7].

Although various mycoplasmas are commonly found as commensals in the
oral cavity and at other superficial sites [3], certain pathogenic species appear to
cause morbidity when they penetrate into the blood and spread to and colonize
various tissues [2] [5] [6] [7]. For example, Mycoplasma hominis and Ureaplas-
ma urealyticum are common inhabitants of the human genital tract, but they can
play an etiologic role in pyelonephritis, pelvic inflammatory disease as well as in
post-abortion and post-partum fevers [3] [7] [8] [9] [10]. Furthermore, there are
reports of mycoplasmas causing serious acute infections, such as septicemia,
septic arthritis, neonatal meningitis and encephalitis [2] [6] [7] [11]. As an ex-
ample of their pathogenic potential in mammals, it was shown that M. fermen-
tans can cause severe neurological signs and symptoms after injection into the
cerebral fluid of rats [12] [13]. Although still a subject of intense discussion, sev-
eral pathogenic mycoplasma species have been proposed to be etiologic agents
or cofactors in various chronic diseases of man [1] [2] [3] [5] [6] [7]. This will be
discussed briefly in the next sections.

Mycoplasmas contain the smallest known self-replicating genomes, and they
have an unusually low G + C content (25% - 33%) [1] [4]. With their limited
genomes mycoplasmas have provided researchers with a simple model for the
identification of the minimal gene set required for the survival and growth of a
free-living bacterium [14] [15]. The small genomes of M. genitalium and M.
pneumoniae encode approximately 400 - 600 proteins, compared to about 4000

in E. coli [16]. Furthermore, mycoplasmas still maintain all of the essential genes
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for replication, transcription, and translation as well as the minimal number of
energy metabolism genes needed for their parasitic modes of life. They can do
this with a core number of slightly less than 400 essential genes [17].

Essentially all mycoplasmas live as parasites or commensals in various species
of animals and plants, where they are usually found attached to or inside host
cells [3] [4] [5]. Thus a significant number of mycoplasmal genes are devoted to
encoding cell adhesion and attachment structures as well as variable membrane
surface antigens to maintain parasitism and evade host immune and
non-immune surveillance systems [3] [4] [5]. The adherence of mycoplasmas to
specific tissue cell surfaces is a crucial step in the establishment of infections, and
pathogenic mycoplasmas possess specialized structures that permit targeted cell
attachment to specific host cells. For example, M. pneumoniae, which is com-
monly found in cases of atypical childhood pneumonia, requires a network of
interactive adhesion molecules and accessory proteins for its adherence to host
epithelial cells [4] [5]. The adhesion molecules must cluster at specific mycop-
lasma organelles in close association with cytoadherence-related accessory pro-
teins that appear to function together and comprise a primitive membrane adhe-
sion structure [4] [5] [18] [19].

Mycoplasmas can adapt quickly to their microenvironments. This adaptation
is an important element in mycoplasma pathogenicity, and it can be attributed
to their rapidly varying genomic structures and abilities to quickly change [3].
When mycoplasmas evolved and adapted to parasitic modes of life, their trans-
formation was likely made possible by devoting many of their genes to parasitic
functions. Thus the genetic evolutions of mycoplasmas have ensured rapid alte-
rations in cell membrane characteristics, such as membrane lipid phase varia-
tions and variable regulations of distinct membrane surface proteins involved in
cell colonization and host immune system avoidance. Some examples include
size and sequence variations in the structural domains of surface proteins, epi-
tope masking and demasking, and changes in protein surface presentations [20].

Mycoplasmas are known to variably express structurally heterogeneous cell
surface antigens and adhesion molecules. For example, variations in the genes en-
coding cell surface adherence molecules, such as the variable adherence-associated
(Vaa) antigen, reveal distinct patterns of mutations capable of generating mul-
tiple changes in mycoplasma cell surface antigen molecules and their antigenic
size and diversity [21]. In addition, mycoplasmas can scavenge host structures,
such as host glycans, for decoration of their own surface glycolipids to avoid de-
tection [22].

Variable surface antigenic structures and rapid changes in their expression are
thought to play important roles in the pathogenesis of mycoplasmal infections
by providing altered epitope structures for an escape from immune responses
and changes in adhesion structures. This can influence cell and tissue coloniza-
tion and penetration of mucosal barriers [21] [23].

Mycoplasmas have small and unique genomes that contain repetitive and

other elements, and this contributes to the variability in antigenic structures. For
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example, the genome of M. genitalium was recently sequenced and found to en-
code a number of identifiable membrane proteins as well as membrane glycolipo
proteins whose sequences do not resemble previously sequenced genes [24]. For
example, repeated fragments of a gene encoding a 140 kDa adhesion lipoprotein
(MgPa) have been found, and interestingly, this lipoprotein has been localized to
the tips of mycoplasma protrusions where it facilitates cell attachment and pe-
netration [25]. Repetitive sequence elements are also variably present that do not
appear to encode expressed proteins. However, recombination of these repetitive
elements with other genes may explain the appearance of polymorphisms within
the genes and their encoded surface proteins of different mycoplasma strains.
These repetitive elements, for example in the M. genitalium genome, may pro-
vide a reservoir of sequences that could contribute to the variability of antigenic

structures and adhesive properties found in pathogenic mycoplasmas [26].

2. Mycoplasmas and Host Response Systems

Pathogenic mycoplasmas can activate or suppress host response systems, and
they apparently use these and other strategies to evade host immune surveillance
[27]. For example, pathogenic mycoplasmas can act as immune cell suppres-
sors/activators and inhibit or stimulate the proliferation of various lymphocyte
subsets involved in memory, suppression and other activities. Pathogenic my-
coplasmas can also induce B-cell differentiation and trigger the secretion of
pro-inflammatory cytokines, including interleukin-14 (IL-1p), IL-2, IL-6, IL-8,
among others, tumor necrosis factor-a (TNFa), various interferons, and granu-
locyte macrophage-colony stimulating factor (GM-CSF) from cells. This also
occurs in vivo in patients with pathogenic mycoplasmal infections. In fact, the
release of inflammatory cytokines in vivo is predictive of refractory mycoplasmal
infections in children [28].

Mycoplasma-derived lipopeptides can directly stimulate host response cells,
such as macrophages. Such lipoproteins have been found to be highly effective at
immune stimulation similar to endotoxins derived from other bacteria [29]. Us-
ing nitric oxide release by macrophages as an indicator of immune stimulation a
M. fermentans-derived lipopeptide was identified as a potent activator of ma-
crophage function [30]. In addition, M. fermentans-derived lipoproteins can in-
terfere with the interferon gamma-dependent (IFN-)-dependent) expression of
MHC class II molecules on macrophages [31].

Pathogenic mycoplasmas are also able to secret soluble factors that can acti-
vate and stimulate proliferation or inhibit the growth and differentiation of im-
mune competent cells. For example, M. penetrans can induce significant proli-
ferative responses in peripheral blood mononuclear cells, and this was found to
be associated with the expression of surface markers of lymphocyte activation.
The activation was observed in lymphocytes (both CD4+ and CD8+ T lympho-
cytes) from healthy donors as well as from HIV-infected subjects at different
stages of disease progression [32]. Thus pathogenic mycoplasmas have evolved

with the ability to modulate and interfere with host responses.
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The secretion of immune-modulating substances stimulated by pathogenic
Mpycoplasma species is an important aspect of mycoplasma immune modulation
[27]. In the case of Mycoplasma fermentans a released lipoprotein can stimulate
the induction of monocyte cytokines and chemokines [33]. Another example is
spiralin, a well-characterized mycoplasma lipoprotein that can stimulate the in
vitro proliferation of human peripheral blood mononuclear cells and murine
splenocytes. This results in secretion of proinflammatory cytokines, such as
TNFa, IL-1 and IL-6. Spiralin can also induce the maturation of murine B-cells.
The spiralin-mediated activity appears to be similar to other immune-modulating
lipoproteins secreted by other pathogenic bacteria [34]. The stimulation of vari-
ous cytokines by pathogenic mycoplasmas is an important property that contri-
butes significantly to patient morbidity.

Pathogenic mycoplasmas can evade immune recognition and destruction by
undergoing rapid surface antigenic variations [7] [27]. Even with their slow
intracellular growth rates, by rapidly altering their cell surface antigenic struc-
tures as well as modulating host immune responses, pathogenic mycoplasmas
can evade host surveillance mechanisms [7] [27]. This helps explain the chronic
nature of mycoplasmal infections and the inability of hosts to completely sup-
press pathogenic mycoplasmal infections via host responses that are effective
against other more rapidly growing bacteria [27]. Slow-growing microorganisms
like mycoplasmas use these properties to change surface antigens and hide from
immune systems, a strategy that is quite unlike most rapidly growing bacteria
that attempt to use their rapid proliferation rates to outpace and overwhelm host
immune defenses.

Adaptations of pathogenic mycoplasmas to unique host microenvironments
are usually accompanied by rapid changes in cell surface adhesion receptors (for
cell binding and entry) as well as rapid structural protein changes in order to
mimic host antigenic structures (antigen “mimicry”). During chronic pathogenic
mycoplasma infections the size, antigenic diversity and expression of cell adhe-
sion antigens change. For example, the divergence of variable surface antigens
can affect the adherence properties of mycoplasmas and enhance their abilities
to evade foreign protein recognition by host immune systems, thus contributing
to their adaptive abilities and survival in their human hosts [27]. This is only one
example of the abilities of mycoplasma surface antigens to promote survival and

pathogenic properties [5] [7] [23] [27].

3. Mycoplasma Toxicity and Pathogenesis

As described briefly above, pathogenic mycoplasmas can induce host responses
that result in the release of inflammatory cytokines that cause host symptoms. In
addition, the severity of host symptoms during pathogenic mycoplasma infec-
tions parallels the elevated expression of inflammatory cytokines [21] [27].
Various virulence mechanisms have been implicated in the pathogenesis of
mycoplasmas (reviewed in [21] [35]). For example, intracellular mycoplasmas

compete for cellular nutrients and metabolites, and this can interfere with cellu-
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lar metabolism by depleting biosynthetic precursors and disrupting metabolic
and synthetic pathways. Mycoplasmas secrete some of their own enzymes, such
as lipases, proteases, nucleases and other enzymes, that can disrupt and interfere
with host substrates, structures, enzymes and metabolic cycles [5] [21]. Mycop-
lasmas also have the capacity to stimulate the generation of hydrogen peroxide
and superoxide radicals that damage host cellular membranes and other struc-
tures [36]. There are other possible ways that pathogenic mycoplasmas could be
involved in damaging host cellular structures and normal cellular processes,
such as direct membrane-membrane interactions found in cell adhesion, mem-
brane fusion, vacuolization, and release of toxins or cytopathic molecules, but
the actual molecular damage mechanisms of many of these interactions have
remained elusive [21] [35]. The goal of pathogenic mycoplasmas is to hide and
survive, not necessarily to kill their host, and they are very adept at achieving
these goals.

One property of pathogenic mycoplasmas that can be used to directly sup-
press host cell responses is the initiation of apoptosis or programmed cell death
of particular host cells, such as cells involved in host immune and non-immune
responses [35]. One of the hallmarks of this process is host cell DNA fragmenta-
tion. For example, M. penetrans can induce or enhance apoptosis of peripheral
mononuclear cells. The usual telltale sign of this is DNA fragmentation (typified
by DNA ladder formation seen after electrophoretic separation) catalyzed by
endogenous Ca**, Mg**-dependent endonucleases. In this example, an M. pene-
trans endonuclease (p40) was identified as a pathogenic mycoplasma determi-
nant [36].

Pathogenic mycoplasma-released nucleases may also be involved in secondary
necrosis, as seen in some advanced mycoplasmal infections [37]. This is indi-
cated by the occurrence of both morphological characteristics of apoptosis
(chromatin condensation) and necrosis (loss of membrane integrity with orga-
nelle swelling) [38]. In these examples, cell death was accompanied by oligonuc-
leosomal DNA fragmentation and loss of chromosomal DNA.

Cytokine-inducing activity is a general feature of most if not all pathogenic
mycoplasma species, but it appears that only some mycoplasma species can in-
duce cell death. In the case of M. fermentans infections the cell death-inducing
effects were not mediated by known mycoplasmal-induced cytokines, which are
typically mediated by lipid-associated molecules (lipoproteins). Also, they were
not accompanied by decreases in the mitochondrial trans-membrane potential
or inhibited by preincubation with the antioxidant drug N-acetylcysteine, events
typically found in TNFa-mediated apoptosis. Instead, a non-lipid-associated
protein (15 - 30 kDa) mediated the cytocidal effects [39].

Pathogenic mycoplasmas can cause cardiovascular and pulmonary manifesta-
tions that can result in extreme patient morbidity [35] [40]. There are several
examples of this in the literature, and they have been reported as vascular occlu-
sion due to thrombosis caused by stimulation of autoimmunity and the forma-

tion of vascular immune complexes. Vascular occlusion has been reported for

DOI: 10.4236/ijcm.2019.1010041

482 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2019.1010041

G. L. Nicolson

heart, lung, kidney, brain and other organs in pathogenic mycoplasma infections
[38] [40].

In addition to stimulating cell and organ death, pathogenic mycoplasmas can
also release growth inhibitory molecules into their surroundings. For example,
the enzyme arginine deaminase is an example of a growth-inhibitory enzyme
derived from mycoplasmas that inhibits the growth of human T-cells and
T-lymphoblastoid cell lines. Arginine deaminase can suppresses IL-2 production
and receptor expression in T-cells stimulated by non-specific mitogens, while
also inducing the morphologic features of dying cells, including the type of DNA
fragmentation seen during apoptosis [41]. This enzyme has been followed in pa-
tients with community-acquired pneumonia as a possible marker for M. pneu-
moniae infections [42].

Pathogenic mycoplasmas can also release toxins that directly damage cells or ac-
tivate innate host response systems [40]. For example, Becker et al [43] have iso-
lated a Mycoplasma pneumoniae-released factor, called the community-acquired
respiratory distress syndrome toxin (CARDS), an ADP-ribosylating and vacuolat-
ing cytotoxin. This pathogenic mycoplasma toxin activates the NLRP3 inflamma-
some complex and causes subsequent release of IL-1 and hyper-inflammation
that can cause tissue damage and other pathologies. The mycoplasma toxin ap-
pears to cause pulmonary inflammation, cytokine release, and significant airway
dysfunction and may be responsible, in part, for respiratory failure and fatal

outcomes found in acute M. pneumoniae infections [44].

4. Mycoplasmal Infections in Various Acute and Chronic
Illnesses

Pathogenic mycoplasmal infections have been found in a variety of human dis-
eases and conditions [45] [46] [47]. First, pathogenic mycoplasmas have been
detected at higher incidence in blood and tissue specimens obtained from pa-
tients with various chronic illnesses compared to comparable healthy controls.
Since the possible involvement of mycoplasmas in the cause and pathogenesis of
chronic illnesses have not been firmly established, it remains uncertain whether
such mycoplasmas are causal agents, cofactors, or opportunistic infections or
co-infections in patients with various diagnoses [7] [11] [45] [46] [47]. As stated
above, various mycoplasmas can be found as normal flora in the genitourinary
tract, oral cavity, gut and other sites, but they are not thought to be pathogenic at
these superficial sites [7] [45] [46] [47].

The determining factor on whether mycoplasma infections are pathogenic in
various diseases and illnesses or simply bystanders could be the requirement that
pathogenic mycoplasmas must penetrate into the blood circulation and even-
tually enter into tissues and cells. This could explain the routine result of finding
pathogenic mycoplasmas in the genitourinary tract, oral cavity, gut and occa-
sionally in the blood of asymptomatic subjects. Unless mycoplasmas penetrate

into the blood circulation and eventually enter tissues and cells, it may be un-
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likely that they can exert their full pathogenic effects [6] [7] [45] [46] [47].

4.1. Laboratory Testing for Pathogenic Mycoplasmas

The clinical detection of Mycoplasma species has been achieved using in vitro
culture, serology or molecular detection of DNA or RNA (reviewed in [40]). Al-
though the first two approaches have been used extensively, they have many li-
mitations. For example, the slow and fastidious growth of most Mycoplasma
species precludes in vitro culture as a practical, reliable method of detection. Pa-
thogenic mycoplasmas generally require intracellular conditions for growth, and
this cannot be easily duplicated in culture. Serological testing is also difficult be-
cause of the possibility of suppression of immune responses and the sequestering
of pathogenic mycoplasma antigens inside cells and away from the immune sys-
tem. Thus more recent publications have used molecular techniques, such as
various methods of polymerase chain reaction (PCR) for detection of Mycop-
lasma species [40].

However, there are still some problems with many of these methods due to
specimen limitations, availability of clinical samples that contain pathogenic
mycoplasmas, rapid sample degradation, the presence of inhibitors or interfering
factors and other considerations. Some of the technical limitations have been
extensively discussed by Waites et al [40] and will not be further considered
here.

Non-amplified DNA hybridization methods have also been used successfully
in a few studies, for example for M. fermentans sequences [48]. In general, these
test formats suffer from the complex nature of the tests themselves, their relia-
bility and the requirement for sufficient numbers of microorganisms for a posi-
tive result.

In studies where both serology and PCR were used there were often differing
results, depending on the time of sampling, antibody type (IgM, IgG, IgA, etc.)
examined, PCR method used, and other factors [49]. New methods have been
developed using, for example, matrix-assisted laser desorption ionization-time
of flight mass spectrometry or other techniques, but these are time-consuming,
costly and have not been thoroughly evaluated [40]. Thus there remain some
questions on whether negative test results using currently and routinely available
diagnostic procedures are truly reliable indicators that mycoplasmal infections

are not involved.

4.2. Respiratory Infections

Pathogenic mycoplasmas have been routinely observed in community-acquired
respiratory infections, such as atypical pneumonia [40] [50]. Indeed, M. pneu-
moniae represents one of the more common and potentially dangerous etiologi-
cal agent found in interstitial pneumonia, and it is often associated with a
long-lasting tracheobronchitis in children and adults [50] [51]. Indeed, this in-
fection is often overlooked in adults, even though it is quite commonly found in
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certain communities, such as in the military [52] [53]. In addition to the recog-
nition of M. pneumoniae as a possible etiological agent in primary atypical
pneumonia, it is also found in other inflammatory and autoimmune diseases,
such as various forms of arthritis (to be discussed below).

Along with their ability to act as precipitators, cofactors or progression fac-
tors in severe respiratory diseases, pathogenic mycoplasmas have been found
to facilitate alterations in local respiratory immunity, such as activation or
suppression of pulmonary macrophages or T-cells. In addition, some mycop-
lasmas have the capacity to alter the structures and functions of host pulmo-
nary cells, such as activation and inflammation of lung epithelium and endo-
thelium, especially by secretion of cytokines, enzymes and other molecules
[49] [50] [51] [52].

The pathogeneticity of M. pneumoniaeis thought to be based, at least initially,
on its adhesion to respiratory epithelial cells. Once attached to epithelial cells, its
unique gliding motility and the induction of pathological hyper-stimulation of
local host cellular response mechanisms appear to be important [19] [21] [35]
[40]. During the acute phase of either primary or secondary infections by M.
pneumoniae cytokines commonly associated with innate resistance and inflam-
mation are expressed [28]. Host responses involving pulmonary macrophages,
mast cells, neutrophils, natural killer cells, and T and B cells as well as humoral
antibody responses have been extensively studied in pathogenic mycoplasma
respiratory infections [27] [35] [40]. Thus the pathogenesis of M. pneumoniae
lung infections is known to be associated with host responses and elevated ex-
pression of certain proinflammatory cytokines. It is also associated with exten-
sive tissue damage and the expression of non-cytokine host factors [19] [21]
[40]. In some patients this can result in a fatal course of the infection with mul-
ti-system involvement [54]. Tissue and cell damage caused by pathogenic my-
coplasma-released enzymes and toxins were briefly discussed above, and several
additional mechanisms have been described [39]-[44] [50].

Pathogenic mycoplasmas like M. pneumoniae have the capacity to mimic
some of the structures of pulmonary host cells, and this could be important in
allowing colonization and escape from host pulmonary immune recognition. For
example, antigenic similarities between important functional adhesion molecules
of M. pneumoniae and various host cell surface molecules could be one of the
factors responsible for hindering host recognition and response mechanisms and
could determine host failure to protect against repeated mycoplasma pulmonary
colonizations [40] [50].

In addition to pneumonia, pathogenic mycoplasmas have for some time been
implicated in the pathogenesis of chronic asthma [35] [40] [50]. Indeed, allergic
sensitization and respiratory pathogens have been known for some time to be
important in the inception of asthma [55]. Waites et al have discussed the evi-
dence for pathogenic mycoplasma infections in chronic asthma and its exacerba-
tions [40].
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4.3. Oral Infections

Various pathogenic mycoplasmas have been implicated in a variety of clinically
important oral infections [6] [40]. Indeed, Mycoplasma species infections have
been implicated in diseases of the gingival crevices and respiratory tract, and
they have been found at high incidence in patients with gingivitis and periodon-
titis [56]. For example, mycoplasmas were cultured from almost all saliva and
plaque samples in children with gingivitis [57]. Although their pathogenesis in
oral diseases has not been well studied, various pathogenic mycoplasma species
are able to induce cytokine secretion by gingival fibroblasts. Although mycop-
lasmas have been isolated using throat swabs, sputum and tracheal secretions,
they are also routinely found in the oral cavities of normal hosts where they ap-
parently do not cause symptoms. Thus the rather common finding of mycop-
lasmas, even pathogenic mycoplasmas, in the oral cavities of non-symptomatic
subjects may simply reflect their superficial colonization of these sites. Unless
accompanied by other pathogenic microorganisms, or if tissue damage occurs
that allows entry of the mycoplasmas into surrounding tissues and blood circu-

lation, they may not routinely express their full pathogenic potentials [6] [7].

4.4. Airway Inflammation

Pathogenic mycoplasma respiratory tract infections can result in airway inflam-
mation and induction of bronchial hyper-responsiveness (BHR) [58]. The pro-
duction of M. pneumoniae-specific IgE and IgA may play an important role in
exacerbation of BHR and asthma. Elevated IgE antibodies specific to M. pneu-
moniae have been detected in the serum of children with M. pneumoniae
pneumonia, and in patients with preexisting asthma-BHR increased levels of M.
pneumoniae specific IgE and IgA occurred after infection (reviewed in [59]).
Mycoplasmal infections are also routinely involved in severe asthma-BHR at-
tacks in adults. For example, M. pneumoniae was isolatable in 24.7% of patients
with asthma but in only 5.7% of control subjects, suggesting that this pathogenic
mycoplasma plays a role in asthma attacks [60].

Although pathogenic mycoplasma infections are often associated with chronic
asthma, the exact role of mycoplasmas in the pathogenesis of asthma remains
unclear [59]. Mycoplasmas are likely only one of many agents that can trigger
BHR, and other co-infectious or chemical agents may contribute to a complex

disease process.

4.5. Urogenital Infections

Pathogenic mycoplasmas are commonly found in urogenital infections, such as
M. genitalium, M. fermentans, M. hominis, M. pneumoniae and Ureaplasma
urealyticum [61]. Importantly, M. hominis and U. urealyticum have been impli-
cated in a wide variety of urogenital diseases, such as pelvic inflammatory dis-
ease, infertility, non-gonococcal urethritis (NGU) and other genital infections.

Pathogenic mycoplasmas have been isolated from various tissues of patients,
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such as urethra, fetal-placental tissue, cervix, endometrium, vagina, various
wounds, and from urine, blood, peritoneal fluid, and amniotic fluid. M. hominis
was one of the first mycoplasmas to be isolated from urogenital infections, and
this species has been strongly associated with bacterial vaginosis [62]. The se-
quence of appearance of various pathogenic mycoplasma species in bacterial va-
ginosis may be a result of pathophysiological alterations of the vaginal ecosys-
tem, and mycoplasmas appear to play an important role in this process. Patho-
genic mycoplasmas are but one class of many types of bacterial infections that
can be present at various times and in varying amounts in the vaginal ecosystem.

There is good evidence, however, for an etiological role for U. urealyticum in
acute NGU and its chronic forms in men. This species was found in a majority
of male patients with NGU, and sexually transmitted U. urealyticum, M. homi-
nis or Chlamydia trachomatis infections have been detected in approximately
one-half of 400 young symptomatic females under the age of 30, and a majority
of 86 pregnant women with sexually transmitted diseases. Although the inci-
dence rate of the detected microorganisms varied in different reports, infections
with pathogenic mycoplasmas are thought to be an important cause or cofactor
in many patients with urogenital conditions, such as inflammations, fertility
problems and premature deliveries.

Some commonly found pathogenic mycoplasmas are not usually associated
with NGUs. For example, M. fermentans, M. penetrans, and M. pirum were not
found in urethral swab specimens collected from male patients with or without
acute NGU. Although M. fermentans was not detected by PCR or culture me-
thods in patients with urethritis or cervicitis, this species was detected by PCR in
4 of 232 amniotic fluid samples tested. The results suggest that in these four cas-
es M. fermentans was transferred transplacentally. Histological evidence of cho-
rioamnionitis was present in two of the four patients, a finding that supports the
hypothesis that M. fermentans may be a possible cause of chorioamnionitis.

4.6. Infertility and Spontaneous Abortion

Pathogenic mycoplasmas are known to reduce fertility rates [63]. For example,
U. urealyticum was found to be involved in a number of patients with fertility
problems. This has been related to both women and men with these infections,
and successful treatment has been correlated with improvements in fertility. For
example, in men U. urealyticum infection was found to reduce sperm motility
and viability, which are directly related to fertility, and treatment of this infec-
tion resulted in improvements in quantity, motility, and appearance of sperm,
and importantly, in improvements in fertility [64]. Multiple studies on several
species have shown that pathogenic mycoplasma infections are a risk factor for
male infertility [65].

The mere presence of pathogenic mycoplasmas on, for example, the vaginal
mucosal surfaces of the cervix or vagina is not necessarily an indication of infer-
tility, because U. urealyticum and M. hominis may occur in 40% to 80% of

asymptomatic women. However, where inflammatory infections of the upper
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urogenital tract occur and are related to mycoplasmal infections, there was a
good correspondence with infertility [64]. Although infections of the lower ge-
nital tract are not well correlated with infertility and adverse pregnancy out-
comes, pathogenic mycoplasma infections of the upper tract and chorioamnion
were strongly associated with adverse pregnancy outcomes [66]. The evidence in
experimental animal infections is even clearer. In these cases Koch’s postulates
have been fulfilled. In addition, a portion of infertile clinical cases of nongono-
coccal urethritis have been confirmed as caused by pathogenic mycoplasmas
[64].

Pathogenic mycoplasmal infections also cause spontaneous abortions and a
higher risk of birth complications, such as post-Cesarean delivery endometritis
[64]. Pathogenic mycoplasma infections appear to be important in prematurity,
pregnancy loss, chorioamnionitis and other complications. These microorgan-
isms can invade the amniotic cavity and cause intense inflammatory reactions in
the absence of labor [66].

4.7. Immunosuppressive Diseases

One of the most immunosuppressive diseases in humans is caused by the human
HIV-1 virus. Various Mycoplasma spp. have been implicated as infectious co-
factors along with HIV-1 virus in the pathogenesis of HIV-AIDS [67] [68]. Us-
ing relatively insensitive techniques three mycoplasma species have been de-
tected in patients with HIV-1 infections, and the incidence of systemic mycop-
lasmal infections in HIV-AIDS patients is likely much higher than previously
thought. Possible mechanisms that could allow mycoplasmas to influence HIV
pathogenesis appear to be the specific and direct activation or suppression of the
immune system, the production of superantigens with subsequent alterations in
immune responses, and their contribution to the oxidative stress observed in
HIV-positive patients [68] [69].

Specific species of mycoplasmas have been isolated from HIV-infected indi-
viduals. Mycoplasma fermentans was the first mycoplasma species reported in
AIDS patients, and there is evidence that it is an important cofactor in the pro-
gression of AIDS [70]. M. fermentans co-infection occurs with HIV-1 infections
in approximately one-half of patients with AIDS [71], and lower percentages of
other pathogenic mycoplasma species have also been identified [72] [73].

Mycoplasma molecular mimicry may be involved in the pathogenesis of
AIDS. Antigen similarities between the surface components of pathogenic my-
coplasmas and HIV-1 have led to speculation that they use similar mechanisms
for cell entry. Interestingly, the HIV-1 gp120 envelope glycoprotein and M. ge-
nitalium adhesin proteins share sequence homology and also have significant
similarity with the CD4-binding site of the class II major histocompatibility
complex (MHC) proteins. The interactions of pathogenic mycoplasmas with
MHC-related antigens on host cells could contribute to a number of possible
outcomes, including T-cell dysfunction, T-cell depletion, T-cell shift, B-cell pro-
liferation, hyperglobulinemia and antigen-presenting cell dysfunction. All of
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these have been observed during the development and progression of HIV-AIDS
[74].

4.8. Rheumatic Diseases

Although the underlying causes of rheumatic diseases, for the most part, remain
unknown, these diseases appear to involve, at least in part, infectious agents [75]
[76]. Also, the progression of rheumatic diseases may be related to infectious
processes. The clinical and pathological similarities between known infectious
diseases in animal species and those of some human rheumatic diseases, such as
rheumatoid arthritis, have supported microbial etiologies. In fact, there is a long
list of microorganisms, including aerobic and anaerobic bacteria, as well as vi-
ruses, that have been proposed as important in these illnesses. Among these
possible infectious agents are various species of pathogenic mycoplasmas [6]
[75].

There is increasing evidence that pathogenic mycoplasmas may promote the
progression of rheumatic diseases, such as rheumatoid arthritis (RA) [6] [75].
First, mycoplasmas have been proven to cause arthritis in animals [77]. Second,
various pathogenic species of mycoplasmas have been detected in the synovial
fluid and blood of RA and other arthritis patients [78] [79]. Although a few re-
ports have not confirmed this, possibly because of the insensitive techniques
used for detection, various species of pathogenic mycoplasmas have been loca-
lized in the joint tissues of patients with arthritis [59] [78] [80].

Pathogenic mycoplasmas are known to be able to induce immune dysfunction
and autoimmune reactions that could be related to the development of arthritis
[21] [40] [45] [59]. Thus, mycoplasmal infections could be, in part, involved in
the pathogenesis of RA [20] [40] [78]. In animal models of arthritis, M. arthriti-
dis-related superantigens were found to compromise T-cells, and they can trig-
ger and exacerbate autoimmune arthritis. These superantigens involve parts of a
T-cell receptor that has been proposed to be involved in arthritis [81]. Further-
more, mycoplasmas can release substances, such as oxygen free radicals and
chemotactic and aggregating substances that could interact with mononuclear
and other cell types.

Importantly, the injection of isolated membranes from M. arthritidis resulted
in toxicities in animals similar to those found in rheumatic disease [82]. This
might be related to correspondence in the antigenic epitopes of chondrocytes
and M. arthritidis membrane components. Similarly, using immunological me-
thods the presence of trace amounts of pathogenic mycoplasmal antigens or spe-
cific antibodies against pathogenic mycoplasma species were found quite often
in RA patients [82].

4.9. Cardiovascular Diseases

Infections of the cardiovascular system by pathogenic mycoplasmas have been

reported recently in patients with different forms of carditis [40] [59]. This has
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also been found in chronic M. pneumoniae infections [59]. Indeed, endocarditis
and myocarditis associated with M. pneumoniae infections appear to be impor-
tant causes in the fatal outcomes in M. pneumoniae-infected patients [83]. Di-
rect invasion of M. pneumoniae into pericardial tissue appears to be the likely

cause of pericarditis, rather than autoimmune phenomena [83].

4.10. Autoimmune Diseases

Pathogenic mycoplasmas seem to play an important but not well-understood
role in many autoimmune diseases. Several characteristics of mycoplasmas make
them attractive as agents that could be responsible for triggering autoimmune
responses. First, during their intracellular replication and release from host cells
mycoplasmas can capture antigens from the host cell surface and incorporate
them into their cell membranes. This can lead to concomitant immune res-
ponses against these host antigens and possibly autoimmune reactions. Second,
mycoplasmal antigens often mimic host antigens. If immune responses are gen-
erated against these mycoplasmal antigens, the result could be cross-reactivity to
normal host antigens. Third, mycoplasmas can cause apoptosis of host cells with
subsequent release of normal host antigens that could elicit host autoimmune
responses.

There is an example of a pathogenic mycoplasma superantigen immunomo-
dulator that can be found during M. pneumoniae infections and cause transient
autoimmune hemolytic disorders characterized by high titers of autoantibodies,
in this case against carbohydrate antigens [84]. The effects of super-antigens on
immune systems may be elicited through their binding to the outer portions of
MHC structures on antigen-presenting cells and to the non-antigen recognizing
structures of the hypervariable regions of T-cell antigen receptors [81]. Such su-
per-antigens can also induce immunological tolerance [81]. When injected into
mice, M. arthritidis super-antigen causes a chronic arthritis that resembles RA
histologically. This mycoplasma species produces a super-antigen (MAM) that
in humans preferentially expands T-cells whose antigen receptors (TCR) express
the segment Vbetal7. T cells with this phenotype appear to be increased in fre-
quency in RA synovial effusions. In addition to resembling human RA patho-
logically, other diseases, such as Kawasaki disease, Sjogren syndrome, lupus ery-
thematosus and multiple sclerosis also show oligoclonal expression of TCR beta
specificities on infiltrating T-cells [85].

4.11. Neurodegenerative and Neurobehavioral Diseases

Infections have been recently considered to be important in neurodegenerative
and neurobehavioral diseases [45] [46] [47] [86]. Infectious bacterial agents,
such as Mycoplasma spp., Chlamydia pn., Borrelia spp., among others, can enter
the central nervous system (CNS) by direct penetration of the blood-brain-barrier,
intraneuronal transfer, or by being carried inside infiltrating mononuclear cells
[46] [86]. Once inside the CNS such infections appear to be common features of

various neurodegenerative conditions that cause dementia and other brain im-
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pairments [46]. Neurobehavioral disorders overlap with neurodegenerative dis-
eases in their signs and symptoms and can be found in brain disorders of mainly
the elderly, such as stroke, dementia, multiple sclerosis and other disorders, as
well as disorders of the young, such as autism spectrum disorders, attention def-
icit disorders and other brain developmental impairments. Both types of condi-
tions are poorly understood and generally poorly addressed clinically [87].

To understand the complexities of neurodegenerative and neurobehavioral
disorders there are a variety of considerations, including genetics, immune func-
tions, head trauma, nutritional deficiencies, mitochondrial defects, oxidative
stress, environmental toxins, heavy metal and chemical exposures, neurotrans-
mitter abnormalities and chronic viral and bacterial infections [45] [46] [47]
[86] [87]. Here we will only consider the potential role of chronic pathogenic
mycoplasmal infections in these diseases.

A major adult onset neurodegenerative disease, amyotrophic lateral sclerosis
(ALS), is an example of a progressive CNS disease that ultimately results in
death, usually by paralysis and respiratory failure due to destruction of upper
motor neurons in the cortex and lower motor neurons of the brain stem and
spinal cord [88]. Evidence for the presence of particular viruses and intracellular
bacteria in the brains of ALS patients has stimulated explorations for various
pathogens [45] [46]. In fact, pathogenic mycoplasmal infections were found to
be quite common in veterans and civilians with ALS, with 83% of ALS patients
showing positive blood results compared to less than 9% of controls [89]. Some
of these ALS patients also were positive for Borrelia infections. All of the Gulf
War veterans with ALS that were tested were mycoplasma-positive, and almost
all had M. fermentans infections [89]. Many patients with an incomplete diag-
nosis of ALS were also positive for mycoplasmal infections [46]. A recent study
found that 46% of civilian ALS cases were positive by PCR [90].

Another rather common neurodegenerative disease, multiple sclerosis (MS),
also shows evidence of chronic viral and bacterial infections, but in this case
mycoplasmal infections were rarely found in brain tissue [91]. A somewhat dif-
ferent result using a different test source was obtained with female MS patients
in remission. These patients were found to have higher levels of M. pneumoniae
antibodies in their serum, suggesting that mycoplasmal infection(s) may be, in
fact, related to progression in certain MS patients [92]. A more common finding
was the presence of Chlamydia pn. in MS patients [93]. In MS the presence of
various viruses, including human retroviruses, has shifted the focus to now look
for endogenous viruses [94].

Neurobehavioral disorders, such as autism spectrum disorders (ASD) in
children, also show high frequencies of chronic bacterial and viral infections.
Several Mycoplasma species, Chlamydia pneumoniae, and human herpes-6
co-infections were found in the blood of a majority of children with ASD [95].
An association has also been found between ASD and Borrelia burgdorferi infec-
tions [96]. This has resulted in a proposal for long-term antibiotic therapy for
children with ASD and associated conditions [97].
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4.12. Fatiguing Illnesses

The most common fatiguing illness is chronic fatigue syndrome (CFS) or myal-
gic encephalomyelitis. This is an unexplained, long-term, persistent illness cha-
racterized by disabling fatigue plus additional signs and symptoms [98] [99].
Most if not all patients with CFS show evidence of chronic viral and bacterial in-
fections (reviewed in [45] [47]). In fact, the odds ratio for the presence of chron-
ic infections was calculated to be 18.0 (p < 0.001), suggesting that CFS patients
have a very high probability of multiple chronic infections [100]. The most
commonly found infections (by PCR of blood monocytes) were various patho-
genic species of mycoplasmas [100] [101]. M. pneumoniae was the most com-
mon mycoplasma species found, followed by M. fermentans, M. hominis, and
M. penetrans [101]. In European CFS patients these infections were also found,
but in different frequencies. M. hominis was the most commonly found patho-
genic mycoplasma in European CFS patients, suggesting that there are regional
differences in the pathogenic mycoplasmal infections found in CFS patients
[102]. In CFS patients the number of different chronic infections found in pa-
tients may also be important, because patients with multiple infections have a
more severe illness course, in terms of the severity of their signs and symptoms
[103].

A related fatiguing illness, fibromyalgia (FM) has many of the signs and
symptoms of CFS, but its characteristic symptoms are diffuse widespread pain
and other symptoms [104]. FM is often diagnosed along with CFS, and these two
illnesses generally have overlapping signs and symptoms. However, widespread
pain is the most characteristic symptom of FM, and it has been described as
spontaneous pain, burning pain, pressure pain, and combinations of these [104].
Infections are a suspected trigger in FM, and various viral and bacterial infec-
tions have been found in FM patients (reviewed in [104]). Among the most fre-
quent infections found are various pathogenic species of Mycoplasma [47] [101].

Another fatiguing illness is Gulf War Illness (GWI) [48] [89] [105]. GWI
loosely fits the symptom profile of CFS, but depending on the multiple envi-
ronmental exposures of veterans during this conflict symptoms can vary and in-
clude fatigue, pain, cognitive problems, gastrointestinal symptoms and respira-
tory and skin problems [105] [106]. This group of illnesses is thought to be
caused by multiple hits, mainly through chemical and biological exposures.
Many if not most GWI cases show evidence of pathogenic mycoplasmal infec-
tions (in about one-half of cases), and the majority of these were found to be M.
fermentans infections [48] [89]. In fact, treating such infections with long-term
anti-microbial therapy resulted in recoveries, but not with every patient [48]
[105].

4.13. Other Illnesses and Conditions

There are a variety of other illnesses and diseases where pathogenic mycoplasmal

infections can cause morbidity [45] [46] [47]. For example, Guillain-Barré syn-
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drome, characterized by muscle weakness, pain, numbness, tingling in the arms,
face and legs, among other symptoms, is a demyelinating neuropathy often asso-
ciated with bacterial infections [107]. M. pneumoniae infections are commonly
found in over one-half of Guillain-Barré syndrome patients [108]. As discussed
above, M. pneumoniae infections are common in children, and they can be
present as an important co-infection with other bacteria. As an example of this,
pathogenic mycoplasma co-infections are often found in infectious illnesses like
PANDAS (pediatric autoimmune neuropsychiatric disorders associated with
Strepococci) [109]. Another PANDAS-related condition, Tourette’s syndrome,
has also been related to the involvement of bacterial co-infections, such as Bor-
relia spp. and Mycoplasma pn. [110] [111].

Infections like pathogenic mycoplasmas have also been found associated with
a number of cancers, such as lymphomas [112], oral carcinomas [113], prostate
cancers [114] and lung cancers [115]. Mycoplasmal infections can promote ma-
lignant transformation in vitro [116] and in vivo [117].

Various systemic illnesses involving different tissues and organs, such as vas-
culitis, dermatitis, neuritis, hepatitis, sarcoidosis, encephalitis, pancreatitis, he-
matologic illnesses, among others, can apparently be caused or promoted by pa-
thogenic mycoplasma infections. Matsuda has listed a number of other condi-

tions and illnesses that are linked to mycoplasmal infections (see Figure 1 [118]).

5. Conventional Treatment of Pathogenic Mycoplasmal
Infections

Pathogenic mycoplasmal infections can occur alone or as co-infections with
other microorganisms. Most often they are present with other bacteria, viruses,
fungi, etc. in complex multiple infections, as discussed in various sections above.
In many cases mycoplasmal infections are not the definitive infection that de-
fines the condition. An example of this is chronic Lyme disease, a complex clin-
ical condition with Borrelia species as the prominent infectious agent but with
other bacterial, parasite, and viral components as co-infections [47] [119] [120]
[121]. Pathogenic mycoplasmal co-infections are important in such multiple in-
fection diseases, being present in up to 80% of chronic Lyme diseases cases [120]
[122]. These multi-infectious conditions have been called Multiple Systemic In-
fectious Disease Syndromes (MSIDS) [121], and they present a significant treat-
ment challenge to practitioners due to the number of infections involved, the
wide variety of symptoms found, and the difficulty of finding effective treat-

ments for complex clinical conditions [119] [120] [121].

5.1. Antimicrobial Treatments

There remains an ongoing controversy whether to treat clinically patients who
have mycoplasmal infections. Even with mycoplasmal involvement as possible
causes of chronic illnesses, as co-factors or as bystanders causing co-morbid

conditions, this controversy has endured [45] [47] [123]. These notions will not
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be considered here, but the most important concept for practitioners and pa-
tients is whether recovery from complex chronic illnesses with infectious com-
ponents can be affected without taking into account the extensive morbidity that
can be caused by pathogenic mycoplasmas. Treatment or not of such infections
present in many chronic illnesses may be among the most important decisions
that practitioners render for their chronically ill patients.

The conventional antimicrobial treatments of pathogenic mycoplasmal infec-
tions usually involve systemic therapy with oral antibiotics, but the choice of an-
tibiotic(s) depends to a certain degree on the mycoplasma species being treated.
Since mycoplasmas do not have a cell wall, antibiotics that act on cell wall syn-
thesis are ineffective [2] [3] [7] [40] [50] [59] [124] [125]. Instead, mycoplasmas
are treated with anti-microbials that attack their metabolism, replication, syn-
thetic machinery or other specific bacterial targets. Since most mycoplasmas and
ureaplasmas are generally sensitive to tetracyclines (doxycycline, minocycline,
among others), with some notable exceptions, these should be considered for
frontline treatment, and quinolones (ciprofloxacin, sparfloxacin, levofloxacin,
ofloxacin, among others) [125] [126] [127] [128], as alternative treatment.
However, M. pneumoniae and M. genitalium strains are especially sensitive to
macrolides (azithromycin, clarithromycin, erythromycin, among others), whe-
reas M. hominis strains are usually resistant [126] [127] [128]. Ureaplasmas are
moderately susceptible to macrolides [127] [128]. M. hominis and Ureaplasma
urealyticum are generally more resistant to tetracyclines than other species [129]
[130], and M. hominis strains have been observed to be resistant to quinolones
[131]. Some discussion of these antimicrobials and their uses in treating patho-
genic mycoplasmal infections in chronic illnesses can be found in [132] [133]
[134].

Mycoplasmal infections have been treated with intravenous antibiotic ther-
apy, but this is generally done for only a short period of time due to potential
long-term toxicities [132]. Treatment of pathogenic mycoplasma infections
with oral antibiotics generally involves daily or pulsed treatment, such as
every-other-day administration, at the maximum dose recommended for a par-
ticular antibiotic [132] [133] [134] [135]. Due to the cyclic nature of mycoplas-
mal proliferation some organizations recommend every-other-day antibiotic re-
gimens [135].

There are important considerations in determing treatment, such as patient
age. For example, some suggest that macrolides be considered first for young
children with pathogenic mycoplasma infections due to the potential side effects
of tetracyclines and quinolones [136]. However, some adverse effects, such as
staining of developing teeth in children under the age of eight with tetracyclines,
are not much of a problem with some newer antibiotics, such as doxycycline,
and in some cases low-dose administration has been used [137].

Another important consideration is antibiotic resistance, which can occur
during treatment [132] [138]. A major problem has been the shifting minimum

inhibitory dose concentrations required to treat mycoplasmal infections with
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antibiotics, such as treatment of M. genitalium infections with oral tetracyclines
[139]. This requires increasing dose levels or shifting to a different antibiotic re-
gimen [132].

In most chronic illness patients pathogenic mycoplasma infections do not re-
spond quickly to anti-microbial therapy, so long-term therapy must be consi-
dered [123] [132] [133] [135]. Although acute infections involving Mycoplasma
species, such as atypical pneumonia [50] [124], have been treated with short pe-
riods of antibiotics, this approach is generally ineffective for chronic infections
[45] [46] [47] [48] [121] [123] [132] [133]. A major concern during long-term
antibiotic treatment is the possibility of antibiotic resistance [140]. This can oc-
cur for a number of reasons that are connected to various genes or resistance
determinants that, in turn, are linked to various targets and processes, including
those that control the metabolism, activation-inactivation, influx and efflux of
drugs and other important activities [140]. In general, this can be avoided, when

necessary, by switching to another antibiotic [132].

5.2.]Jarisch-Herxheimer Reactions

When antibiotics are used to treat pathogenic mycoplasmal infections, Ja-
risch-Herxheimer reactions (J-H reactions) usually occur [132] [141]. These are
observed as temporary increases in the severity of signs and symptoms, and J-H
reactions generally involve fevers, chills, muscle aches, fatigue, skin rashes, pain
and other signs and symptoms related to cytokine release [141]. Although there
are some rather simple methods to reduce the severity of some J-H reactions
[132], their appearance with antimicrobial treatments is thought to be due to the
release of mycoplasma particles and fragments and subsequent host response
and cytokine release. Strong J-H reactions may suggest the efficacy of treatment,
but the lack of strong J-H reactions during anti-microbial treatment is not nec-
essarily an indication of treatment failure.

The signs and symptoms of J-H reactions during antibiotic therapy usually
revert within days from their initial appearance but can go on for some time
[132]. A simple approach to reducing J-H reactions may require reducing tem-
porarily the dose of anti-microbial therapy, or rotating therapy, such as changing
to antibiotics that display a completely different mechanism of action. In addi-
tion, drugs that decrease cytokine production or release can be effective, such as
low-dose naltrexone and Cox-2 inhibitors [121]. The use of integrative treat-

ments to mitigate J-H reactions will be discussed in section 6.4.

5.3. When to Stop Anti-Microbial Therapy

Other important considerations during the treatment of pathogenic mycoplasma
infections are the overall length of treatment or when to stop therapy and how to
deal with interfering microenvironments. Conventional guidelines suggest using
only limited treatments for microbial infections, but such limited treatments in

many chronic illnesses usually do not resolve the illness or the infection [133]
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[142] [143]. Indeed, pathogenic mycoplasmas are slow-growing, cyclic, fasti-
dious, intracellular microorganisms that appear to be less sensitive to antibiotics
in their usual in vivo microenvironments [120] [121] [132].

In many but often less than a majority of patients with pathogenic mycoplas-
mas the infection can be suppressed by short-term antibiotic treatments of a few
weeks, but this usually does not completely resolve the infection, and slow re-
lapse often occurs. Thus the in vitro antimicrobial sensitivities of various my-
coplasmas may not be useful in determining the time of treatment regimens in
vivo, especially because of differing mycoplasma tissue locations and differences
in metaboic states. Importantly, routine anti-microbial treatments may not ac-
curately predict the time required to completely suppress systemic mycoplasmal
infections in their natural intracellular microenvironments [143]. In most pa-
tients this has required prolonged treatments that have resulted in very slow re-
coveries, often requiring a year or more of treatment [48] [121] [123] [132]
[133].

There are a number of factors in vivo that protect pathogenic mycoplasmas
from antimicrobial therapies. For example, microbial biofilms may protect some
mycoplasmas from antibiotics, allowing these mycoplasmas to survive in the
presence of high drug concentrations, a characteristic that has been termed “re-
calcitrance” [143]. This will be discussed further in section 6.3. The intracellular
locations and microenvironments of pathogenic mycoplasmas present additional
membrane barriers for conventional drugs. Also, cells naturally try to detoxify
chemicals that enter intracellular compartments. In addition, the presence of
“persister tolerant” microorganisms, such as metabolically inactive forms, in-
sures that there will always be some survivors after successful antimicrobial
therapy. This is thought to occur, in part, by the dormancy of some microorgan-
isms and diminishing antibiotic targets because of reduced metabolism and pro-
liferation variants, along with selective pressures that can account for unusual
antibiotic tolerance in certain survivor microbes [144].

There is also the possibility that host immune responses are essential in sur-
veying survivor mycoplasmas that resist antimicrobial treatments. Variant mi-
croorganisms can resist surveillance by alteration or suppression of host res-
ponses [5] [6] [7] [19] [21] [144]. These and other possibilities could explain
why lengthy treatments of antibiotics are required in most chronically ill pa-
tients to achieve complete mycoplasma suppression (without complete eradica-
tion) and allow patient recovery [7] [48] [132] [133]. Antibiotic therapy alone
has not been successful in suppressing mycoplasmal infections in many patients
without other treatment considerations [132] [133]. These will be discussed in
Section 6.

There are some alternative procedures that can increase the in vivo effective-
ness of antimicrobial therapies. One method that has been used to increase the
effectiveness of antibiotics has been the use of agents that increase the penetra-

bility or the intracellular activities or effectiveness of antibiotics or other drugs.
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For example, the anti-malarial drug Plaquenil (hydroxychloroquine) has been
used to alkalize intracellular compartments and improve antimicrobial entry and
cytotoxic effects [121] [132] [145].

5.4. Anti-Inflammatory and Other Treatments

Inflammation can be a major issue in pathogenic mycoplasma infections, espe-
cially when multiple infections are involved [121]. Inflammatory cytokines are
produced and released during mycoplasmal infections [28] [33] [35], and the le-
vels of inflammatory cytokines have been correlated to patient morbidity [138].
In patients with severe mycoplasma infections inflammation can be serious, and
anti-inflammatory treatments have been recommended [146]. For example, in
children with severe M. pneumoniae infections corticosteroid treatment was
temporally associated with clinical and radiographic improvements, and this an-
ti-inflammatory addition to therapy was considered important in reducing pa-
tient morbidity [146].

In pathogenic mycoplasma cases with acute, severe inflammation patients
have been treated with steroids or other immunosuppressive drugs with or
without intravenous administration of immunoglobulins (IVIG) [134]. In the
most refractory cases patients have received plasma exchange along with im-
munosuppressive drugs, but IVIG and plasma exchange remains a good option
[147] [148].

Some antibiotics have immunomodulatory effects themselves. For example,
tetracyclines and macrolides show some immunomodulatory effects in patients
[149] [150]. This may have some advantage by reducing the inflammation asso-
ciated with pathogenic mycoplasma infections.

There are a number of other considerations for patients with pathogenic my-
coplasmal infections, such as allergies, food sensitivities, functional deficiencies,
mitochondrial dysfunction, heavy metal and chemical sensitivities, mold and
other biotoxins, endocrine and sleep disorders, nervous system dysfunction,
pain and other phenomenon that make recovery difficult [121] [132]. Some of
these considerations will be discussed in the next section. They are discussed in
more detail elsewhere by Horowitz [151]. For the most part integrative treat-
ment considerations are compatible with conventional therapies, and they are
often used in conjunction with conventional therapies. Patients can generally
continue their dietary supplements and foods while on antibiotics, but most an-
tibiotics should not be taken at the same time of day as dietary supplements
[132].

6. Diet and Integrative Treatments of Mycoplasmal
Infections

As briefly discussed above, treatment of mycoplasmal infections with an-
ti-microbials, such as long-term antibiotics, without other treatment considera-

tions has, in general, been only marginally effective in achieving stable patient
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recoveries [121] [133] [151]. Because of this, moreover, some patients have been
inappropriately diagnosed with psychological problems due to their partial or
incomplete recoveries [47]. Although the literature is rife with the appearance of
pathogenic mycoplasmal infections in psychiatric disorders [47] [134], the per-
sistence of psychiatric symptoms should not be considered the basis of an inabil-
ity to recover using conventional anti-microbial treatments. Thus the addition of
proper diet and integrative medical management along with conventional an-
ti-microbial treatments should be considered, instead of assuming that patients
have psychological reasons for not recovering on conventional antimicrobial
therapies [131] [132] [133] [151].

6.1. General Nutritional Considerations

There are some basic nutritional or dietary considerations for patients under-
going treatment for pathogenic mycoplasma infections [132] [133] [151] [152]
[153]. First, avoidance of high-sugar, yeast-containing and processed foods is
essential [132] [153]. Decreasing or eliminating simple or refined sugars, alco-
hol, acid-forming, high-yeast- and trans-fat-containing foods as well as increas-
ing intake of cruciferous vegetables, fish, soluble fiber foods and whole grains are
useful for maintaining healthy digestive and immune systems [151] [152] [153].

Pathogenic mycoplasmas deplete many normal cellular molecules, mainly be-
cause they have limited genomes and can’t synthesize many of the metabolites
that they require for growth and proliferation [1] [5] [7] [15] [17] [153]. Restor-
ing depleted nutrients is an essential part of any mycoplasma treatment program
[132] [151] [152] [153]. Thus organizing diets to replace mycoplasma-depleted
nutrients is especially important [153]. In the next sections consideration of im-
portant vitamins, minerals, lipids, proteins and other nutrients will be discussed.

Since fungal (yeast) overgrowth can be a problem, especially during antibiotic
therapy, anti-fungal foods and supplements (grapefruit extract, olive leaf extract,
garlic extract, berberine, and oregano oil) can be useful in treating or avoiding
fungal infections [151] [152] [153]. Simple dietary advice for fungal or yeast
overgrowth includes eliminating or significantly reducing yeast-containing and
fermented foods, sugars, and alcoholic beverages [151] [152]. Anti-fungal drugs,
such as nystatin and diflucan, can also be useful in controlling fungal/yeast in-
fections [132] [151], but careful monitoring and consideration of possible in-
flammation should be done to improve outcome [151].

Controlling inflammation during therapy through dietary practice is a simple,
practical approach. Recommendations include switching to “alkaline” or “Medi-
terranean” diets that are low in sugar, dairy, and processed meats and that are
high in low-sugar fruits, vegetables, and olive oils [151]. There are also some
specific illustrations of particular foods that are helpful. For example, poultry
eggs contain a number of bioactive components that can modulate inflammation
[154]. There is a suggestion that eating raw eggs can reduce the morbidity of
chronic mycoplasmal infections, but this has not been tested in controlled clini-

cal trials. Probiotics are important and will be discussed in another section (6.5).
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6.2. Vitamins, Minerals and Proteins

Chronic illness patients, and especially patients with chronic pathogenic mycop-
lasma infections, should be considered depleted in many essential vitamins and
minerals that can be replaced by diet or dietary supplements [132] [151] [152]
[153]. For example, we have suggested adding sublingual vitamin B complex
(riboflavin, thiamine, niacin, pantothenic acid, pyridoxine, folic acid, biotin,
cyanocobalamin, choline), and vitamins A, C and E to routine vitamin use [132]
[152]. Other mitochondrial replacement supplements that may be useful include
coenzyme Q-10 (CoQyo) L-carnitine, Alpha-lipoic acid, and glycerolphospholi-
pids (see Section 6) [151] [152] [153] [155].

Important minerals that are often depleted during mycoplasmal infections in-
clude zinc, magnesium chromium and selenium. These can be replaced by tak-
ing mineral supplements [151] [152] [155].

Other useful supplements containing beta-carotene, bioflavoids, and amino
acids, such as L-cyseine, L-tyrosine and L-glutamine. A supplement formulation
of specific amino acids, Fatigue Reviva™, has been developed to support amino
acid depletion found in conditions of sub-health, such as chronic infections
[157]. Buhner [153] also suggests adding L-arginine, L-tryptophan, L-threonine,
and L-serine to this mixture of amino acids. Poultry eggs were mentioned in sec-

tion 6.1 as an excellent source of proteins and other nutritional components.

6.3. Modifying Mycoplasma Microenvironments

Pathogenic mycoplasmas can reside in both extracellular and intracellular mi-
croenvironments. In the latter they are adept at modifying their microenviron-
ments to optimize uptake or cellular transport of nutrients. Mycoplasmas can
also adjust their enzymatic and other activities, depending on where they are lo-
cated. To provide microenvironments that are not optimal for mycoplasmas, it is
imperative that acidity be controlled at both the extracellular and intracellular
levels [151]. This has been done extracellularly with antacids or diet that is not
acidic. For intracellular regulation of acidity vitamin C, lemon-lime water, a
lemon-olive oil drink or fruits and vegetables that raise intracellular pH have
been used to modulate intracellular environments to more alkaline states [132]
[151].

Next, the oxidative states of tissues and cells need to be under control to pre-
vent excess oxidative stress, but not too much control, because many natural
functions require some free radical oxidants for metabolic and gene regulation.
This can safely be accomplished with dietary use of particular anti-oxidants, and
there are some excellent examples of natural anti-oxidants that can be useful.
Some are mentioned in section 6.2 and elsewhere [132] [151] [152] [153]. Since
normal cellular signaling and metabolism are dependent on the presence of nat-
ural cellular oxidants, it is important to not interfere with normal cellular oxida-
tive balance, but at the same time controlling excess oxidative stress [158]. Die-

tary antioxidants, such as beta-cryptoxanthin found in fruits and vegetables, ap-
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pear to be useful in controlling cellular redox states. This turns out to be impor-
tant in essentially all types of infections, but it has also been found to be particu-
larly important in cancers, neurodegenerative and other diseases [159].

A very safe and effective method to control oxidative stress and reduce in-
flammation during mycoplasma treatment is the use of hydrogenized water
[160]. Molecular hydrogen reduces oxidative stress and cytotoxic oxygen radi-
cals by a gene regulation mechanism not by direct interactions [161]. Hydroge-
nized water does not interfere with conventional or integrative therapies against
mycoplasmas. It can be easily consumed orally without need to worry about
contraindications [160].

As mentioned in Section 5, chronic infections can hide in biofilms and be re-
fractory to anti-microbial treatments. There are several natural biofilm-degrading
enzymes that can be useful during anti-microbial treatments, such as nattoki-
nase, lumbrokinase, and serrapeptase [151]. Together with monolauren or gly-
cerol monolaurate, an anti-biofilm agent derived from lauric acid found in co-
conut and other oils [162], these are useful in disrupting biofilm and potentially
improving therapy against a variety of microbial pathogens that hide in biofilms.
A natural sweetener, stevia, extracted from the leaves of Stevia rebaudiana plant,
has also been shown to be a natural biofilm disrupter [163]. Other natural herbal
biofilm disrupters, such as extracts of pomegranate, maple syrup, cinnamon and
peppermint, have been used separately or together to inhibit biofilms [151].

Chronic infections also stimulate the release of inflammatory cytokines, as
discussed in section 5. Natural cytokine inhibitors have been used to reduce in-
flammation, such as alpha-lipoic acid (ALA). As mentioned previously, ALA has
been used for mitochondrial support [155] [156]. ALA has also been shown to be
a good inhibitor of inflammatory cytokines in rheumatoid arthritis patients
[164]. Other herbs and vegetables, such as curcumin, broccoli seed extracts,
cordyceps, Chinese skullcap, Isatis and Houttuynia extracts, have also been used
to reduce specifically inflammation during mycoplasmal infections [151] [153].

Inside cells mycoplasmas compete with mitochondria for metabolites and
precursor molecules [153] [155] [156]. In most cells mitochondria supply ap-
proximately 90% of cellular energy needs, so having mycoplasmas competing for
precursor molecules and stealing high-energy mitochondrial products can result
in reduced mitochondrial function and output. This translates to loss of overall
energy that is perceived as fatigue and reduced function [155] [156]. Thus it is
important that these depleted components be replaced, such as L-carnitine,
ALA, CoQ, and other components, especially membrane glycerolphospholipids
[155] [156] (This will be discussed separately in Section 6.8).

6.4. Herbal Use to Reduce Jarisch-Herxheimer Reactions

In Section 5, I discussed the J-H adverse reactions that are often found during
treatment of pathogenic mycoplasma infections. Various natural supplements
and herbs have been used to minimize J-H reactions. Horowitz [151] has dis-

cussed the use of smilix, redroot, and boneset to reduce J-H reactions. He has
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also discussed the employment of Stephania root, Andrographis, and polygonum
(a form of resveratrol) for J-H reactions [151]. In addition, Cordyceps, Chinese
skullcap, Isatis and Houttuynia extracts, and the flavones baicalein and wagonin
as well as extracts of Scutellaria baicalensis and Acacia catechu have been uti-
lized by either Horowitz [151] or Buchner [153] to reduce inflammation and de-

crease J-H reactions.

6.5. Probiotics and Prebiotics for Gut Health

It is becoming increasing clear that maintenance of an appropriate balance of
gut microbes is essential to gastrointestinal and general health [165] [166]. Pro-
biotics and prebiotics (growth and other factors that support gut microbiome
balance) have been used in a variety of clinical conditions to rebalance gut mi-
crobe proportions and reduce pathogenic bacterial strains. There are a few ex-
amples, such as Clostridium difficile-associated diarrhea, where this has this re-
sulted in significant changes in disease status or morbidity [166]. Thus there has
been considerable interest in using probiotics and prebiotics in clinical practice,
especially for prevention of antibiotic-associated diarrhea [167].

In pathogenic mycoplasma-infected individuals undergoing antibiotic therapy
it is especially important to maintain gut microbial balance, so addition of pro-
biotic/prebiotic supplements would be expected to useful for patients [132] [151]
[152]. We generally suggest that supplementation be done at maximal suggested
doses of probiotic mixtures 1 - 2 hours after oral antibiotics have been taken to
reduce gut microbiome susceptibility to unabsorbed antibiotics [132]. Certain
probiotic mixtures can lower inflammation and abdominal symptoms, and these
appear to be useful [151]. Addition of fiber to the diet, such as flaxseed, has also
been suggested to increase bowel movement in order to remove toxic substances
and allergins [132] [151].

The use of oral digestive enzymes to help dissolve biofilm was discussed in
section 6.3. Such enzymes have also been used to improve food uptake and

maintenance of a healthy gut microbiome.

6.6. Other Herbals and Natural Remedies

In Section 5, the use of conventional therapies, for the most part antibiotics, to
treat pathogenic mycoplasma infections was discussed. This should remain an
important, documented strategy for suppressing mycoplasmas. However, some
patients do not tolerate favorably antibiotics, and often discontinue their use at
inappropriate times. Also, after antibiotic therapies are discontinued, patients
often require some additional anti-microbial tactics to maintain mycoplasmal
suppression [132]. Therefore, the use of herbal supplements has been added to
mycoplasma treatment strategies during and after antibiotics have been stopped
[132] [151] [152] [153]. Although for the most part these herbs and natural re-
medies have not been tested in controlled clinical trials with mycoplas-

ma-infected patients, their use has become so widespread that they should be
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considered on a patient-to-patient basis.

There are many types of herbal extract mixtures and formulations that have
been used in patients with pathogenic mycoplasma infections [153]. These in-
clude those that contain, in no particular order, cordeceps (Cordycepsspp.),
Chinese skullcap (Scutellaria sinensis), Chinese senega root (Polygala tenufolia),
kudzu root (Pueraria lobata), isatis (Isatis indigotica and other species), hout-
tuynia (Houttuynia cordata) olive leaf (Olea europaea), berberine (Berberis
spp.), uva ursi (Arctostaphylos uva-ursi), pomegranate (Punica granatum), ano-
geissus (Anogeissus leiocarpus), tea tree (Melaleuca alternifolia), noni (Morinda
citrifolia), among others. Buhner [153] has carefully discussed the available evi-
dence justifying the use of these herbal formulations in patients with mycoplas-
mal infections. Although some herbal mixtures are available as commercial
products, such as Myco+ (by Rain Tree available on Amazon.com), for the most
part the anti-mycoplasma herbal mixtures can be found on various websites

[132] or must be developed de novo for individual patients [153].

6.7. Oxidative and Other Therapies

Pathogenic mycoplasmas can exist in both aerobic and anaerobic environments,
but in certain tissues, such as joint synovia with lower oxygen tension, they can
be considered as borderline anaerobes [1]. As a borderline anaerobe, they should
be susceptible to suppression by high oxygen tension. Thus one approach to
mycoplasma therapy has been to increase the overall oxygen content of tissues
by hyperbaric oxygen, hydrogen peroxide or ozone. These approaches to my-
coplasma therapy appear to be mainly cytostatic not cytotoxic, but they have
been used in conjunction with other therapies to treat mycoplasma-infected in-
dividuals (discussed in [132]).

Immunotherapy has been suggested for mycoplasmal infections, but there are
few examples in the literature. In non-human primates mycoplasmal infections
have been prophylactically treated by prior immunization with immunogenic
surface components [118] [168]. Humans have also been immunized with my-
coplasma (M. pneumoniae) components, and the results have generally been
promising [169] [170]. Further efforts will have to be made in this area before
effective vaccines are available, including the development of more sensitive and
quantitative techniques of measurement of mycoplasmas in cells and body fluids
[170].

Immune modulators have been used to boost host immunity. For the most
part these have been non-specific modulators [132] [133]. For example, bioactive
whey proteins, polysaccharides, mushroom extracts, transfer factors and other
natural products have been used in patients with mycoplasmal infections. In
general, their clinical effectiveness has not been carefully evaluated, and their ef-
facicy has not been documented in clinical trials.

One problem that can potentially interfere with anti-mycoplasmal therapies is

the presence of heavy metals in tissues and organs, which can contribute to in-
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flammation and immune dysfunction [121] [151]. Horowitz has discussed the
use of chelation and nutritional supplementation in the removal of heavy metals

from patients undergoing treatments for chronic infections [151].

6.8. Membrane Lipid Replacement

Membrane Lipid Replacement (MLR) is the critically important oral supple-
mentation of membrane glycerolphospholipids to provide replacement mole-
cules that are damaged or lost during pathogenic mycoplasma infections [171]
[172] [173]. Replacement membrane phospholipids are important for a variety
of cellular and tissue functions and for general health [172]. Patients with
chronic illnesses and infections as well as aged individuals are often deficient in
undamaged membrane glycerolphospholipids, because dietary sources usually
cannot provide enough undamaged MLR lipids for maintenance of cellular
membranes [172] [173].

The use of oral MLR glycerolphospholipids with unsaturated fatty acids (ex-
ample, NTFactor Lipids) in doses ranging from 3 - 4 g per day has proven to be
safe and effective for many clinical conditions, including acute and chronic my-
coplasmal infections (reviewed in [172] [174]). MLR results in the actual re-
placement of damaged membrane phospholipids with undamaged (unoxidized)
phospholipids to ensure proper functioning of cellular and intracellular mem-
branes, such as mitochondrial inner membranes essential to cellular energy
production.

MLR has also been used to reduce fatigue, pain, gastrointestinal and other
symptoms [172] [173] [174], and in mycoplasma-infected and other patients it
can restore critical cellular membrane functions [173]. MLR can also help re-
move hydrophobic neurotoxins, such as mold toxins, that can interfere with cel-

lular response mechanisms and mitochondrial function [171] [172].

7. Final Comments

There is now a growing awareness that many chronic illnesses are associated
with pathogenic mycoplasma infections that are either responsible (causative)
for the illness or more likely acting as cofactors, progression factors and certain-
ly factors which are responsible for aggravating patient morbidity, and in some
cases possibly even contributing to fatal outcomes [7] [45] [46] [47]. In addition,
pathogenic mycoplasmas routinely occur with other pathogens, often in com-
plex multi-infectious syndromes [121]. Once they have been diagnosed, and that
is often difficult with currently available tools, the successful treatment of pa-
thogenic mycoplasmas has been challenging, especially in their chronic forms
where the reduced effectiveness of conventional therapies, usually antibiotics,
has forced us to consider other treatment options, some of which are discussed
in this review.

The present review lists a number of contributing factors for successful sup-

pression of pathogenic mycoplasma infections and extends previous efforts [132]
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[133]. However, each of these and other treatment suggestions is ever changing
and often difficult to apply to individual cases in a uniform regimen. General
recommendations are to initially apply conventional therapies that employ anti-
biotics best suited for treatment of specific Mycoplasma species at maximum
suggested doses either daily or every other day, unless patients are unable to to-
lerate antibiotics. In this case, integrative therapies should be considered as fron-
tline therapy. The extended treatments of mycoplasmal infections require pa-
tience and the flexibility to change treatment strategies if patients do not slowly
show improvements in symptom severities. Various integrative medicines and
patient support strategies should also be employed during initial and follow-on
therapies as outlined but not limited to this review [121] [151]. As stated here
and elsewhere, a major problem is under-treatment, and practitioners will have
to decide how long to treat individual patients with mycoplasmal and other in-
fections. This author is also acutely aware of the inability of most treatments to
completely eliminate chronic pathogenic mycoplasmas. Thus we have focused
on suppression, support and recovery rather than complete eradication of pa-
thogenic mycoplasmas, because the latter may be extremely difficult if not im-
possible to achieve.

Many of the suggestions presented here do not strictly depend on the proper-
ties of the pathogen(s) itself; they are instead focused on modification of host
microenvironments. Thus different approaches to the therapy of complex infec-
tious illnesses and syndromes involving pathogenic mycoplasmas should always
be considered. For example, the MSIDS multifactorial treatment model pro-
posed by Horowitz [121] identifies and treats overlapping symptoms and their
downstream effects rather than focusing on individual infections. This and other
approaches to therapy may be necessary to overcome the complex natures of
pathogenic mycoplasmas and their treatments, including other co-infections,
and the abilities of pathogenic mycoplasmas to persist and cause multiple, over-

lapping symptoms.
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