EDITORIAL

Chlamydia-induced reactive arthritis: the potential

for eradication

“Combination antimicrobial therapy as a potential cure for persistent chlamydial
infections would not only transform the treatment of Chlamydia-induced ReA, it could
have important implications in many chronic diseases.”
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The human genome project, gene therapy and
nanotechnology are just a few of the remarkable
advances in modern medicine. As medical science
evolves, the potential cure of human disease seems
more attainable. In apparent juxtaposition to these
focused therapeutic strategies that aim at treating
human disease at the genetic level, remains the
seemingly archaic paradigm that bacterial or viral
agents might also be causative of chronic human
diseases. Certainly, these environmental triggers
have the ability to alter the genetic makeup of
an individual, leading to mutations that could
cause disease in that same individual or even
lead to major genetic shifts in the population at
large. However, can persistent infections, either
bacterial or viral, be etiologic of chronic human
disease? The literature is replete with controversy
involving many environmental agents including
Epstein—Barr virus and Borrelia burgdorferi. Do
these agents trigger a genetic response in suscep-
tible individuals and then have no further role in
disease maintenance, or are some responsible for
both the genesis and propagation of disease? If
the latter is true, can eradication of the persistent
organism ameliorate, or even cure, the disease pro-
cess? The evolving story of Chlamydia-induced
reactive arthritis (ReA) offers many insights into
these important questions.

Beginning with the demonstration in the late
1980s and early 1990s that Helicobacter pylori is
an etiologic agent for certain ulcers (1], the notion
that bacterial, viral and possibly fungal patho-
gens can play either an initiating or exacerbatory
role in chronic disease has gained increasing cre-
dence (2-5]. In the case of Chlamydia trachomatis,
it has long been recognized that the sequelae of
primary genital infection can be severe; those
sequelae include not only chronic ReA (¢-3], but
also temporomandibular joint dysfunction [9]
and, in women, fertility deficit [10] and possibly

cervical cancer [11). Chlamydia pneumoniae has
been linked to asthma, chronic obstructive pul-
monary disease [12], atherosclerosis [13-15], neuro-
logic diseases, including multiple sclerosis [16,17)
and temporal arteritis [18], among other clinical
entities; many of these latter associations remain
controversial. However, much evidence supports
a role for C. pneumoniae in the genesis of ReA
(19,:20], although this is a much less common cause
of ReA than C. trachomatis.

When C. trachomatis and C. pneumoniae dis-
seminate from their sites of primary infection,
they can take up long-term residence at distant
anatomic locations [21); in the case of Chlamydia-
induced ReA, these organisms traffic to the syno-
vial tissue [20,22]. At those sites, both usually enter
an unusual biological state referred to as ‘persis-
tence’ [23]. In this state, a block in gene expres-
sion precludes completion of the developmental
cycle, and the organisms display unusual morpho-
logical, transcriptional, and other properties [24].
In addition to the transcription system, the chla-
mydial protein synthetic system behaves differ-
ently during persistent infection [25]. For example,
during persistence expression of the major outer
membrane protein (ompI) gene and several genes
required for the cell division process are severely
downregulated. This is coupled with differential
regulation of the three paralog genes specifying the
C. trachomatis (Ct) heat shock protein (HSP)-60
proteins (Ct110, Ct604 and Ct755) (26]. In vivo,
synovial cells that are infected with persistent Ct
display moderate upregulation of Ct110, signifi-
cant upregulation of Ct604 and downregulation
of Ct755. The principal host cell 77z vivo for persis-
tent synovial Ct is the macrophage. Further, there
is differential expression of these HSP-60 paralogs
when comparing 7z vitro and in vivo samples in
persistent infections [2¢]. Ct110 is downregulated
in vitro in infected monocytes, but it remains
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persistently elevated 77 vivo in synovial cells.
Ct604 is significantly upregulated both 7 vitro
and #n vive. Lastly, Ct755 transcription is down-
regulated both 7% vitro and in vive in persistently
infected cells. The means by which persistently
infecting chlamydiae engender pathology is poorly
understood, although it is clear that they do elicit
a strong immunopathogenic response.

Certain bacterial infections have unequivo-
cally been demonstrated to be causative of ReA
in a percentage of individuals who are exposed
to these organisms. These organisms include
chlamydiae as well as some enteric pathogens,
namely Salmonella, Shigella, Campylobacter and
Yersinia. Remarkably, the phenotypic expression
of ReA is the congruent whether the trigger is
chlamydiae or one of these enteric pathogens.
However, important differences in the patho-
physiology exist. One important difference in
postchlamydial ReA versus postdysentery ReA
is that these chlamydiae can exist in a persistent
metabolically active state, whereas the postenteric
organisms do not, with the possible exception of
Yersinia (27]. The fact that these chlamydiae exist
in a persistently viable state suggests they might
be susceptible to antimicrobial therapy.

“..can persistent infections, either bacterial
or viral, be etiologic of chronic human
disease? The literature is replete
with controversy...”

The current standard-of-care therapy for
patients with chronic ReA is adapted from the
treatment strategies of other chronic inflam-
matory arthritidies, such as rheumatoid arthri-
tis. These treatment strategies include various
disease-modifying antirheumatic drugs such as
sulfasalazine and methotrexate. There is a sur-
prising lack of data regarding the efficacy and
safety of disease-modifying antirheumatic drugs
in the treatment of chronic ReA. Indeed, previous
studies have suggested only modest improvement
with sulfasalazine 28] and there are no prospective
data analyzing methotrexate. Some recent reports
have suggested that anti-TNF therapy might
be an effective treatment for chronic ReA, but
these reports are few and primarily involve post-
dysentery ReA [29-31]. The rationale for the use
of traditional disease-modifying antirheumatic
drugs or biologics aims at suppressing the chronic
inflammation associated with this condition. Can
we do better? Should our goal be successful inhi-
bition of the ongoing inflammatory response or
should we strive to eliminate the very source of
inflammation itself? Is this even possible?
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As stated, upregulation of chlamydial HSP-60
is the hallmark feature of synovial-based chla-
mydiae. HSPs are thought to serve many pur-
poses, one of which is to confer antibiotic resis-
tance [32]. Therefore, abrogation of this gene
protein might be essential if eradication of the
infected cell is to occur. Rifampin targets RNA
polymerase and is known to inhibit chlamydial
HSPs [33]. Other antibiotics, such as doxycycline
and azithromycin, inhibit bacterial protein syn-
thesis [34,35]. Perhaps a combined antimicrobial
approach, using one antibiotic that inhibits RNA
polymerase and HSPs with another that inhibits
bacterial protein synthesis, could achieve suc-
cessful eradication of these persistent chlamyd-
iae leading to amelioration, or even cure, of the
disease process.

Interestingly, in vitro data suggest that suc-
cessful synergistic eradication of cells infected
with persistent Chlamydia can be achieved with
a combination of rifampin and azithromycin [36).
In this same study, neither antibiotic was effica-
cious when used alone. In 2004, we performed
an open-label trial that suggested a 9-month
course of doxycycline and rifampin was more
efficacious at ameliorating the symptoms of sus-
pected Chlamydia-induced ReA than doxycycline
monotherapy [37]. In this trial, there was no fur-
ther improvement from months 6-9 in patients
taking doxycycline and rifampin. Very recently,
we completed a double-blind placebo-controlled
trial demonstrating that a 6-month course of the
combination antibiotics (either doxycycline and
rifampin, or azithromycin and rifampin) were
superior to placebo at not only improving the
clinical symptoms of chronic Chlamydia-induced
ReA, but also clearing the chlamydial infection
(38]. Overall, 63% of the study participants treated
with combination antibiotics were responders
compared with 20% of placebo-treated patients
(p = 0.01). Further, 22% of the patients ran-
domized to combination antibiotics went into
complete remission, whereas none of the patients
randomized to placebo achieved this strict end
point. Although not powered to compare the
two combination antibiotic regimens in a head-
to-head fashion, the vast majority of participants
who achieved remission were treated with azithro-
mycin and rifampin; 33% of the subjects in this
treatment group achieved remission.

Although it is too soon to determine if this
combined antimicrobial therapeutic approach
truly represents the pathway to a cure, these data
certainly lend hope. Two studies now indicate
that improvement in the clinical symptoms of
Chlamydia-induced ReA can be achieved with
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this treatment approach. One of these studies
also suggests that the actual nidus of inflamma-
tion, that is, persistent chlamydiae, can be cleared
with combination antibiotics and this clearance
mirrors the clinical response; however, this was
a secondary end point of this trial. Despite these
promising results, important questions remain
regarding the most efficacious combination of
antibiotics as well as the proper dose and dura-
tion of this prolonged combined antimicrobial
approach. Furthermore, more data regarding
the clearance of these persistent chlamydiae are
needed. Because the inflammation is synovial
based, we need more data demonstrating defini-
tive clearance of synovial-based chlamydiae, spe-
cifically. If synovial-based clearance is attainable,
how do cytokine signatures change or how might
these changes influence successful eradication?
How does long-term combination antimicrobial
therapy alter these cytokine profiles?

Although the above referenced trials focus
specifically on Chlamydia-induced ReA, per-
sistent chlamydial infections have been linked
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to many chronic diseases including trachoma,

female infertility, coronary artery disease,

asthma and certain types of cervical cancer.
Although many of the links are speculative,
these observations suggest a more complex role

for persistent, metabolically active chlamydiae
than previously thought. Combination antimi-
crobial therapy as a potential cure for persistent

chlamydial infections would not only trans-
form the treatment of Chlamydia-induced ReA,
it could have important implications in many

chronic diseases.
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