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ABSTRACT

Autoimmune rheumatic diseases are
generally considered as a multifactorial
aetiology, mainly genetic susceptibility
combined with environmental triggers
of which bacteria are considered one of
the most prominent. Among the rheu-
matic diseases where bacterial agents
are more clearly involved as triggers
are: reactive arthritis (ReA), rheumatic
fever (RF) and Lyme disease. The role
of bacterial infections in inducing oth-
er seronegative spondyloarthritis and
antiphospholipid antibody syndrome
has been hypothesized but is still not
proven. The classic form of ReA is as-
sociated with the presence of HLA-B27
and is triggered by the urethritis or
enteritis causing pathogens Chlamy-
dia trachomatis and the enterobacteria
Salmonella, Shigella, and Yersinia,
respectively. But several other patho-
gens such as Brucella, Leptospira,
Mycobacteria, Neisseria, Staphylococ-
cus and Streptococcus have also been
reported to cause ReA. RF is due to an
autoimmune reaction triggered by an
untreated throat infection by Strepto-
coccus pyogenes in susceptible indi-
viduals. Carditis is the most serious
manifestation of RF and HLA-DR7 is
predominantly observed in the develop-
ment of valvular lesions. Lyme disease
is a tick-transmitted disease caused by
the spirochete Borrelia burgdorferi.
Knowledge is limited about how this
spirochete interacts with human tissues
and cells. Some data report that Borre-
lia burgdorferi can manipulate resident
cells towards a pro- but also anti-in-
flammatory reaction and persist over a
long period of time inside the human
body or even inside human cells.

Introduction

Until the second half of the 20th cen-
tury, infectious diseases, especially of
bacterial etiology, were the first cause
of mortality in the world population.
The discovery of antimicrobial drugs

changed this state, but a lower lethality
has not led to a lower morbidity, in fact
some bacterial infections have been
shown to cause a number of rheumatic
and non-rheumatic diseases which were
previously considered of unknown ori-
gin. A possible mechanism to explain
how a pathogen may induce these dis-
eases could be molecular mimicry (1)
in which host immune responses are
inadvertently directed against endog-
enous host tissues by virtue of anti-
genic cross-reactivity between host
and microbial determinants (2, 3). An-
other possible explanation is that the
persistence of bacterial agents could
give a long-lasting over-stimulation
of the immune system characterized
by a robust production of cytokines
and consequently tissue damage. Also,
during normal immune response, the
presence of particular polymorphisms
of immune related genes (i.e., human
leukocyte antigens, cytokines) could
produce an abnormal reaction towards
autologous tissues (4). In this review,
we discuss some rheumatic diseases in
which bacteria are considered the most
prominent triggers.

Reactive arthritis

The current definition of reactive ar-
thritis (ReA) was introduced in 1969
by Ahvonen (5) referring to a joint
inflammation which is triggered by a
preceding bacterial infection of an ex-
trarticular site, most commonly urethri-
tis, enteritis, and respiratory infections.
As opposed to septic arthritis, ReA is
sterile and thus the causative microbial
agent can not be cultured from the syn-
ovial compartment of the joint. There
are several predisposing factors in ReA
of which the best studied one is HLA-
B27; in fact, 30-80% of ReA patients
carry this antigen and they are more
likely to experience a chronic course
or an axial manifestation. Some stud-
ies suggest correlations with sequence
variants of the interleukin-10 gene. The



estimated prevalence is 30-40 cases per
100,000 adults; the annual incidence is
about 4-5/100.000 for Chlamydia- and
Enterobacteria- induced arthritis (6,
7). About 1-3% and 6-30% of patients
with chlamydial and enterobacterial in-
fections, respectively, go on to develop
reactive arthritis. A minimal interval
between preceding symptoms and the
arthritis is proposed to be between 1-
7 days and 4 weeks. The typical clini-
cal picture is usually oligoarticular
and affects most frequently the lower
extremity joints. Prognosis of ReA is
generally good. Most patients recover
within months. However, a consider-
able percentage suffers from long-last-
ing joint symptoms and 10-20% of
patients experience an ongoing disease
even two years after the first symptoms.
Sacroiliitis can develop in up to 30% of
patients.

The classic concept of ReA is based
on a persistent bacterial infection
which is different to the early, produc-
tive infection and originates from the
primary site of infection or the joint.
This requires an ongoing synthesis of
bacterial antigens which maintain the
synovial inflammation. Persistence is
a long-term interaction of the pathogen
and its host in which the latter one is
not able to eliminate the bacteria. The
molecular processes involved lead to
modifications of gene and protein ex-
pression patterns of both the pathogen
and the infected host cells (8, 9). Fol-
lowing the current hypothesis on this
concept: a) the triggering pathogen is
an obligate or at least a facultative in-
tracellular organism, in addition, b) the
pathogen and/or its antigen is delivered
from the primary site of the infection
to the joint; c) the pathogen escapes the
immune response mounted by the host;
d) the pathogen is capable of surviving
and persisting within the joint (10). In
this regard, Chlamydia provide one of
the best studied examples. They exhib-
it a modified metabolism, an aberrant
morphology, and a reversible arrest of
development explaining the fact that
they can not be cultured from the joint
material. However, for Enterobacteria-
induced reactive arthritis intraarticular
persistence of viable organisms is not
definitely established but one study
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has reported Yersinia enterocolitica
antigens in the joint and the circula-
tion suggesting bacterial persistence
at the site of entry or within the joint.
Apart from Chlamydia (C. trachomatis
as well as C. pneumoniae) and Yers-
inia, intraarticular bacterial DNA has
also been demonstrated for Salmonella
and Campylobacter. Recently, also a
non-classical ReA form initiated by a
variety of additional bacteria has been
established. Among them are Borre-
lia, Brucella, Haemophilus, Hafnia,
Leptospira, Mycobacteria, Neisseria,
Staphylococcus, Streptococcus, Urea-
plasma, and Vibrio. This form is not
associated with HLA-B27 and shows
a more diverse clinical pattern affect-
ing more peripheral joints and the
upper extremity (polyarthritis) with
less extraarticular features. Some au-
thors suggest terming this condition
as postinfectious or infection-related
arthritis thereby excluding it from the
spondyloarthritis group (11). From that
perspective, reactive arthritis is defi-
nitely an infectious disease and might
rather be seen as a “slow-bacterial”
infection instead of a mere post-in-
fectious, i.e., “reactive” disease. The
following pathogenic mechanisms are
currently under scrutiny: a) the innate
immunity derived pathogen associated
molecular patterns (PAMPS) such as
chlamydial LPS binding to Toll-like
receptors (TLRs); b) bacterial effector
proteins being secreted into the host
cell cytosol acting as virulence fac-
tors, and c) adaptive immune response
mechanisms induced by MHC class I
and II restricted CD4* and CD8* T cell
responses to bacterial antigens. These
specific T-cell responses to reactive ar-
thritis triggering bacteria do also sup-
port the hypothesis of an intraarticular
persistence of viable microbial patho-
gens or bacterial antigens. There are
conflicting data in regard to pro- and
antiinflammatory cytokines, i.e., a po-
tential Th1/Th2 imbalance generated
by ReA derived T lymphocytes (12).
In synovial fluid mononuclear cells,
a Th2 cytokine response as one ReA
mechanism was reported whereas other
studies in synovial fluid derived T cell
clones have shown a predominance of
Th1 cytokines (13-16).

Spondyloarthritis

The role of infection in the pathogen-
esis of spondyloarthritis (SpA) is best
displayed in reactive arthritis. Epide-
miological and clinical studies have
shown a close association between in-
fection with certain arthritogenic bac-
teria (Yersinia, Campylobacter, Salmo-
nella, and Chlamydia) and the develop-
ment of arthritis. The role of bacteria in
other seronegative spondyloarthropa-
thies, such as ankylosing spondylitis
(AS), is less clear. However, given
the clinical and genetic similarities
between reactive arthritis and AS, re-
search continues to explore the role of
bacteria in the pathogenesis of AS. In
humans, research continues to explore
the role of gut microflora in the patho-
genesis of AS. This association follows
the findings that 15% of patients with
AS show clinical manifestations of gut
inflammation and 60% show subclini-
cal manifestations. The recent finding
that IL23R polymorphisms represent
susceptibility factors for both Crohn’s
disease and AS keeps the interest high
in the role of the GI tract in SpA. With
respect to infectious triggers in AS,
most interest is focused on Klebsiella
pneumoniae, following earlier reports
of increased recovery of Klebsiella
from stool cultures of patients with ac-
tive AS. A recent re-evaluation of this
phenomenon did not confirm earlier
studies (17). It is of interest to note that
on clinical grounds, acute infection
with K. pneumoniae is not followed by
reactive arthritis, unlike Salmonella or
Yersinia infections. There seems to be
no intrinsic tropism for joints on these
grounds. Furthermore, PCR approach-
es to identifying persisting pathogens
in ReA following infections with other
gram-negative bacteria have been neg-
ative, so possible roles for Klebsiella
in chronic arthritis remain obscure. It
should also be pointed out that argu-
ments for causality based solely on se-
rological grounds depend critically on
the prevalence of the pathogen in that
local population. A clear definition of
control groups continues to be a key is-
sue in this area.

There have been several strong links
between infection and SpA, and this is
most clearly seen in reactive arthritis.
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In this case, an antecedent infectious
trigger in the gastrointestinal or geni-
tourinary tract initiates a non-septic
arthritis (18). Several hypotheses have
been developed. One possibility is that
ReA represents an example of molecu-
lar mimicry, in which host immune
responses are inadvertently directed
against endogenous host tissues by
virtue of antigenic cross-reactivity be-
tween host and microbial determinants.
In vitro studies have provided some ev-
idence of an intimate relationship be-
tween antichlamydial T cell responses
and anti-B27 autoimmune responses
(19). The role of anti-B27 cytotoxic T
lymphocytes in SpA pathogenesis re-
mains unknown. The primary mecha-
nism underlying ReA has not been
definitively resolved, but there is evi-
dence of microbial antigens and possi-
bly transiently viable organisms depos-
iting in the joint. There are numerous
points at which genetic alteration in
host defense might contribute to these
events. From animal models of reactive
arthritis, there is evidence of a geneti-
cally programmed cytokine signature
in the joint, which dictates local clear-
ance of the pathogen from joint tissues
(20). In this experimental model, resist-
ant rats (e.g., Brown Norway rats) are
characterized by a robust production of
TNF and IFN in the microenvironment
of the joint, with an effective clearance
profile of the Chlamydia resulting. Sus-
ceptible strains of animals (e.g., Lewis
rats) have a more intense inflamma-
tory response in the joint, and have de-
layed clearance of the pathogen. This
is temporally related to a relative im-
pairment in pro-inflammatory cytokine
in the synovial tissues. This intrinsic
host defense profile can be modified by
non-infectious environmental factors.
The experimental models have also
implicated innate immune responses
in defining the initial stages of reactive
arthritis, with both Toll-like receptors
—2 and —4 playing a role in this proc-
ess (21). From recent studies involving
epidemic enteric pathogens, there is
evidence that polymorphisms in TLR-2
represent a genetic susceptibility factor
for acute reactive arthritis. In AS there
is recent evidence for a role for TLR-4
as a susceptibility factor (22-25). In-

nate immune responses not only define
the first line of host defense against ar-
thritogenic pathogens, but also serve as
a bridge to adaptive immunity and the
long-term clinical course of reactive
arthritis.

Rheumatic fever

Rheumatic fever (RF) is the most con-
vincing example of molecular mimicry
in human pathological autoimmunity.
The disease is triggered by Streptococ-
cus pyogenes (Group A streptococcus)
and affects susceptible untreated chil-
dren. In the 1950’s, Jones established
the major criteria for diagnosing initial
attacks of RF, which comprised pol-
yarthritis, carditis, chorea, erythema
marginatum and/or subcutaneous nod-
ules. These criteria remain useful to
date, despite small periodic changes
(26). Carditis, the most serious mani-
festation of the disease, occurs a few
weeks after throat GAS infection and
frequently leads to chronic rheumatic
heart disease (RHD) (27).

The Streptococcus pyogenes, cell wall is
composed of carbohydrates as N-acetyl
B D-glucosamine linked to a polymeric
rhamnose backbone. Group A strepto-
cocci contain M, T and R surface pro-
teins and lipoteichoic acid (LTA), in-
volved in bacterial adherence to throat
epithelial cells. The M protein, which
extends from the cell wall, is composed
of two polypeptide chains with approxi-
mately 450 amino acid residues, in an
alpha-helical coiled-coil configuration.
The M protein is the most important
antigenic structure of the bacteria and
shares structural homology with alpha-
helical coiled-coil human proteins like
cardiac myosin, tropomyosin, keratin,
laminin, vimentin and valvular proteins
(28). As only 1 to 5% of untreated chil-
dren develop RF/RHD, genetic predis-
position is considered plausible. Sever-
al polymorphic systems were studied in
order to define some alleles associated
with the disease. The search for genet-
ic markers revealed that HLA class II
genes or other genes located in the same
chromosome as TNF alpha genes prob-
ably in linkage disequilibrium were po-
tentially involved with the development
of RF/RHD. Several HLA class II genes
(DRB1, DQB and DQA) were found in

association with RF and RHD in dif-
ferent populations. HLA-DR?7 allele is
most consistently associated with RHD.
The association of DR7 with some DQ-
B or DQ-A alleles seems to be associ-
ated with the development of multiple
valvular lesions in RHD patients (29).
The polymorphism at the promoter re-
gion of the TNFA-308G/A was found
to be associated with the susceptibil-
ity to RHD in patients from Mexico,
Turkey and Brazil (19). Recently, ge-
netic variations in the exon 1 of MBL
(mannose binding lectin) gene were
found in Brazilian RHD patients (29).
Autoimmune reactions are mediated by
the molecular mimicry mechanism by
which streptococci antigens and human
proteins that exhibited some degree of
homology are recognized by T and B
lymphocytes. The presence of cross-re-
active antibodies against M protein and
N-acetylglucosamine as well as human
proteins, mainly heart-tissue proteins
have been described since 1945 (30,
31). Only recently, the potential role in
the development of RHD of the cross
reactive antibodies has been demon-
strated by showing that they are able to
bind to the valvular endothelial surface
leading to the upregulation of the adhe-
sion molecule VCAM-1 that facilitates
inflammation and T cell infiltration (29,
31). CD4* T cells are predominant in
the heart tissue (32) and the first evi-
dence of molecular mimicry between
streptococci and heart tissue was shown
through an analysis of the T cell reper-
toire leading to local damage in RHD
(33). Three immunodominant regions
of the M protein (residues 1-25, 81-103
and 163-177) and heart-tissue proteins
were recognized by cross reactivity by
intralesional T cell clones (27). These
auto reactive T lymphocytes were in
oligoclonal expansions (29). Both myo-
cardium and valvular infiltrating mono-
nuclear cells secrete IFN-y and TNF-a
which are inflammatory cytokines.
Mononuclear cells secreting IL-10 and
IL-4 (regulatory cytokines) were also
found in the myocardium tissue, how-
ever, in the valvular tissue only a few
cells secrete IL-4 suggesting that these
low numbers of IL4-producing cells
might contribute to the progression of
valvular RHD lesions (34, 35). All the



findings described in this review con-
tributed to a better understanding of the
pathogenesis of RF/RHD considered as
a model of autoimmune disease caused
by infection. The association of the dis-
ease with HLA class II alleles reflects
the role of HLA class II molecules in
the presentation of streptococci and
self antigens. The description of new
polymorphisms in TNF alpha and MBL
genes contributed to the definition of
new genetic markers. Both T and B
lymphocyte reactions against strepto-
cocci and self antigens contribute to the
development of RF/RHD lesions. The
progression and maintenance of valve
lesions in RHD patients probably is due
to the low numbers of IL-4, a regulatory
cytokine.

Lyme disease

Even though the first descriptions of
the clinical disease caused by borrelia
can be dated back to the late 19™ cen-
tury, a variety of pathophysiological
aspects of this infectious disease are
still unknown. Certainly, early stages
of skin disease and neurological dis-
ease can successfully be treated with
antibiotics. Long-term sequels, how-
ever, are still a challenge with regard
to diagnosis and treatment. Chronic
borreliosis manifests itself as a multi-
system disease affecting skin, joint, the
nervous system, the heart and the eyes.
Borrelia burgdorferi uses vectors from
the ixodes species which transmit the
bacterium to predominantly mammals.
The natural reservoir is rodents and
deer. The transmission from the “low
temperature” vector ixodes towards the
“high temperature” mammal organism
goes along with a profound change in
the expression of genes mainly tran-
scribing surface proteins of the patho-
gen. The outer surface lipoproteins A
and C seem to be of major relevance
in this regard. Especially outer surface
lipoprotein C (OspC) is predominantly
expressed in the human host. Fur-
ther outer surface proteins like OspE,
OspF are of relevance for the interac-
tion with the host. Several borrelia-re-
lated pathogenic factors have been de-
scribed which can lead to a prolonged
infection. One of them is called anti-
genic variation: Borrelia burgdorferi
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can change the genomic sequences at
various loci finally deteriorating the
borrelia-specific immune response of
the host against proteins derived from
these genes (36-44). Involved are the
genes ospC and variable major protein
like sequence vis. Especially the visE
locus is extremely variable by modes
of gene recombination. Another patho-
genic factor is the expression of the
ERP- and CRASP (complement acquir-
ing surface protein) protein families
(41). These proteins are able to bind
complement regulatory proteins, factor
H and FHL-1, present in the host serum
to their own surface. Subsequently,
complement components C3b, ¢ and d
are bound to factor H and FHL-1 and
are inactivated. Impaired activation of
the complement cascade in the alterna-
tive pathway represents an important
mechanism in spirochete transmission
and propagation of the infection (44).
Persistence of Borrelia burgdorferi in
bradytrophic tissues, deep invagina-
tions of the outer cell membrane or even
in the cytosol of local joint cells, might
contribute to chemotherapeutic resist-
ance and interference with immune
clearance (36). In this regard we were
able to show that Borrelia burgdorferi
can persist inside human synovial cells
for months (38). Subsequently, the
spirochete modulates the gene expres-
sion capacity of these infected synovial
cells by down regulating, for instance,
cell adhesion molecule ICAM-1 on
these cells (39). In addition, major his-
tocompatibility antigen expression is
not altered and especially not stimu-
lated by this infection (39). Obviously,
one major goal of the spirochete is to
avoid the attack of the immune system
leading to a long-term establishment of
the infection (37).

Nevertheless, the human innate and
adaptive immune system tries to de-
tect and eliminate Borrelia burgdoferi.
Since the pathogen lacks lipopolysac-
charide on its surface, lipoproteins
are major determinants of spirochete-
host interaction. These lipoproteins,
like OspC, are detected by the human
Toll-like receptor system, here espe-
cially Toll-like receptor 2 (44). By
this interaction, human resident tissue
cells become activated and potentially
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subsequent immune recognition or im-
mune activation can take place. How-
ever, we have discovered particular
immuno-suppressive capacities of the
living pathogen in comparison with the
isolated outer surface proteins A and C
alone (42, 46). By using Borrelia burg-
dorferi as a whole cell stimulant, we
were able to demonstrate a suppression
of IL-8 chemokine expression and oth-
ers in synvoial fibroblast cells. Over-
all this reaction can be described as a
stealth phenomenon. The infected and/
or stimulated synovial cell is no longer
as recognisable to the immune system
as it had been before. This finding might
be a major step for the spirochete in
establishing a long-term infection and
overcoming the attack of the immune
system. Even though the host finally
does mount a strong immune reaction
against the pathogen, this reaction does
no longer seem to be of relevance with
regard to pathogen elimination. Chron-
ic immuno-stimulatory features might
have primed the organism towards an
uncontrolled auto-immune reaction
(35, 41, 44, 45, 47). Borrelia burgdor-
feri has a strong potential for acclima-
tisation in the invertebrate as well as in
the vertebrate host. During this process
it adopts different molecular strategies
needed for survival in these different
environments. The spirochete Borrelia
burgdorferi challenges the human host
immune system through a broad vari-
ety of molecular mechanisms which
include a complex differential gene
expression. Strategies for the treatment
of chronic, antibiotic-resistant Lyme
disease, which is probable of auto-im-
mune and auto-inflammatory nature,
might evolve based on the described
findings and future research in the
pathogenesis of Lyme disease.

Antiphospholipid syndrome

Antiphospholipid syndrome (APS) is
a systemic autoimmune disease char-
acterized by numerous manifestations
and mainly by thrombosis and recurrent
pregnancy loss in the presence of ele-
vated titers of circulating antiphosphol-
ipid antibodies (48). Like many other
autoimmune diseases, APS is generally
considered as having a multifactorial
etiology, mainly genetic susceptibility
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combined with environmental triggers,
of which infectious agents are consid-
ered most prominent. Beta-2-glyco-
protein-I (B2GPI) is considered the
autoantigen in APS. Following 32GPI
attachment to phospholipids, both mol-
ecules undergo conformational changes
that result in the exposure of cryptic
epitopes from within the $2GPI struc-
ture, allowing the subsequent binding
of anticardiolipin antibodies (aCL)
(49). Using a phage display library three
hexapeptides have been identified to be
specifically recognized by pathogenic
anti-B2GPI antibodies eluted from APS
patients (50). In a study of 295 APS
patients (49) heterogeneous activity of
anti-B2GPI antibodies directed against
various epitopes of P2GPI has been
demonstrated. These target peptides
have been found to have similarities
with peptides within common infec-
tious pathogens (51-52).

Circulating anti-B2GPI antibodies have
been identified in the sera of patients
having different infectious conditions,
and have been associated with various
clinical manifestations of APS (53).
One example would be H. pylori. A
screen of 50 patients with H. pylori in-
fection has revealed 33.3% prevalence
of anti-B2GPI antibodies. Circulating
anti-B2GPI antibodies have been found
in patients infected with many other
bacteria, viruses or yeasts which have
also been found to share structural ho-
mologies with the B2GPI molecule
(54). The involvement of molecular
mimicry in the induction of APS has
been demonstrated in an experimen-
tal animal model (55). In this study,
naive BALB/c mice were immunized
with microbial pathogens which share
structural homology with the TLRVYK
peptide, a peptide previously shown to
be specifically recognized by the path-
ogenic H-3 anti-f2GPI antibody, and
proven to induce endothelial cell acti-
vation and APS in experimental mod-
els (50, 56). Mouse antibodies were
then purified from the sera of the previ-
ously immunized mice and infused in-
travenously into naive mice at day 0 of
pregnancy (55). The mice infused with
anti-TLRVYK antibodies developed
experimental APS, namely thrombocy-
topenia, prolonged aPTT and increased

fetal loss, similar to a control group of
mice immunized with pathogenic anti-
P2GPI antibodies. In other studies by
Gharavi et al. (57) the production of
anti-B2GPI and antiphospholipid anti-
bodies was induced by the immuniza-
tion of NIH/Swiss mice with synthetic
peptides which share structural simi-
larity with the putative phospholipid-
binding region of the B2GPI molecule.
These peptides were also shown to bear
homology to various infectious agents
such as cytomegalovirus, human ad-
enovirus type 2 and Bacillus subtilis
(57). These studies thus provide evi-
dence supporting epitope mimicry as a
possible mechanism for APS develop-
ment. Those peptides of APS-inducing
potential, sharing structural homology
with infectious pathogens, can inhibit
the binding and biological effect of
antiphospholipid antibodies (50, 55-
64). This has important implications
in designing new targeted therapies.
Unraveling the epitope specificity of
antiphospholipid antibodies may allow
design of therapeutic agents to act as
toleragens for specific B cells that se-
crete these autoantibodies (50).

The above-mentioned studies are en-
couraging in terms of rationale for the
search for prevalence and clinical asso-
ciations of various infectious agents in
APS. Identification of the exact preva-
lence of various infectious agents in
APS compared to control subjects or
subjects with other autoimmune dis-
eases can help discriminate between
those infectious agents which are asso-
ciated with APS and those that are not
or even might be protective. In addi-
tion, a comparison of infectious agent
prevalence between APS and related
conditions such as systemic lupus ery-
thematosus can help define which in-
fectious agents are more important in
any of these syndromes, and whether
a single infectious agent can increase
the chance of a patient having one dis-
ease develop another. Finally, within
patients having APS which is also con-
sidered a systemic syndrome, the pres-
ence of specific infectious agents might
also be associated with a given clinical
manifestation, hence suggesting that
these antibodies could also be of pre-
dictive or therapeutic importance (64).
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