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ABSTRACT
A growing body of evidence shows that
tumor necrosis factor (TNF) alpha, a
pro-inflammatory cytokine involved in
the pathogenesis of rheumatoid arthri -
tis (RA), is also involved in the patho -
genesis of re a c t ive and uncl a s s i fi e d
arthritis. Elevated levels of TNF- and
other pro-inflammatory cytokines are
seen in these infl a m m at o ry art h ro -
pathies. The clinical effect on a poten -
tial underlying infection is not known,
but several studies have suggested at
least short-term effectiveness and safe -
ty of anti-TNF- therapy in reactive
and unclassified arthritis.

I. Background 
Tumor necrosis factor α (TNF-α) is a
key factor in synovial infl a m m at i o n
and is an attractive target for several
b i o l ogic agents ap p roved for use in
r h e u m atoid art h ritis (RA) (1). Tra d i-
tional therapy against RA may also
work in part by affecting TNF-α pro-
duction and secretion. For instance,
low doses of methotrexate (MTX) sup-
p ress T N F -α p roduction by T cells
from RA patients (2). With the advent
of specific therapy against TNF-α, we
can now more directly assess the re-
sponse to altering this cytokine. TNF-α
blockade can be achieved therapeuti-
cally with biologic agents, including
a n t i - T N F -α m o n o clonal antibodies
such as infliximab and soluble TNF-α
re c ep t o rs. Etanerc ep t , an injectabl e
s o l u ble tumor necrosis factor (TNF)
receptor protein, decreases the inflam-
mation seen in RA and improves pa-
tients’ symptoms. However, investiga-
tion in other inflammatory arthritides
has only begun. T N F -α has been
detected in CT-guided biopsies of sacro-
iliac joints in patients with spondylo-
arthropathies, which has lead to inves-
tigation of this cytokine as a therapeu-
tic target (3). For example, Van den
Bosch and colleagues have shown ef-
fe c t iveness of infl i x i m ab in pat i e n t s

with active spondyloarthropathy (SpA)
(4). Entheseal pat h o l ogy in re s i s t a n t
SpA has also responded to etanercept,
(5) as well as has morning stiffness,
fatigue, and axial and peripheral arthri-
tis (6). Clinical and experimental evi-
dence exists that TNF-α blockade also
suppresses other inflammatory media-
tors, such as IL-1, IL-6, and IL-8, so
that the impact of TNF-α suppression
goes well beyond an effect on this one
cytokine (7).

II. TNF-a involvement in reactive
arthritis
Reactive arthritis (ReA) is an inflam-
matory arthropathy that occurs in re-
sponse to several characteristic infec-
tions (8). The typical pat t e rn of in-
volvement includes peripheral oligoar-
ticular arthritis generally prominent in
the lower ex t remities and fre q u e n t ly
accompanied by sacroiliitis. Extra-arti-
cular manifestations often involve the
skin, eyes, entheses, and tendons. 
Typically ReA occurs after a gastroin-
testinal or genitourinary infection. Sal-
m o n e l l a , S h i ge l l a , Ye rs i n i a , C a m py-
lobacter (with enteric infection), Chla-
mydia and Ure aplasma (with ge n i t a l
infection) have been implicated as inci-
ting organisms. Other bacteria may be
i nvo l ved in causing ReA, but these
have not been well characterized. The
exact pathogenesis of reactive arthritis
remains unclear, as cultures of synovi-
al fluid (SF) are generally negative for
organisms. Despite negative cultures,
m i c robial antigens and nu cleic acids
have been identified in some but not all
p atients with re a c t ive art h ritis (9).
Although Chlamydia are often not cul-
turable, evidence exists that viable and
metabolically active bacteria may per-
sist in synovium and specifi c a l ly in
m o n o cytes (10). Indeed, C h l a my d i a
trachomatis may persist in joint tissue
despite clinical improvement after an-
tibiotic treatment, as shown by in situ
hybridization techniques (11,12). Pres-
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ence of chlamydia was more common-
ly detected in synovial tissue than in SF
of patients with ReA (13). 
Cytokines and their soluble receptors
in the joints of inflammatory arthropa-
thies likely play a role in response to
infectious triggers. They can be detect-
ed in synovial tissue by highly sensitive
reverse transcriptase-polymerase chain
reaction (RT-PCR) techniques (14).
TNF-α is readily detected in synovium
of early ReA (15). Notably, p at i e n t s
with culture - p roven bacterial art h ri t i s
have higher levels of synovial TNF-α
than patients with osteoarthritis or with
other inflammatory arthritides, includ-
ing gouty arthritis and RA (16).  Lich-
tan et al. developed a rat model where-
by arthritis was induced by intra-articu-
lar injection of a polysaccharide from
group A streptococci. After the arthritis
resolved, experimentally-induced small
bowel overgrowth reactivated the arth-
ritis (17). Reactivation of arthritis was
p revented by anti-TNF-α a n t i s e ru m
and interleukin 1 receptor antagonist,
s u ggesting important roles for these
cytokines.
TNF responses may well be genetically
determined. Within the TNF gene re-
gion, several microsatellites have been
identified. Susceptibility to ReA may
be predicted by expression of polymor-
phisms within the gene region. Tuokko
et al. found that several TNF-α alleles
were increased in patients with ReA
(18). The increase in the c1 allele was
independent from HLA-B27, suggest-
ing that it might be a unique suscepti-
bility marker for the disease.
T helper 1 (Th1) cytokines such as in-
t e r fe ron gamma (IFN-γ) and T N F -α
appear from a variety of experiments to
be able to inhibit chlamydial growth
and are potentially helpful in eradicat-
ing chlamydia and some other intracel-
lular bacteria (19, 20). Th2 cytokines
(IL-4 and IL-10) may prevent a com-
plete Th1 response and favor pers i s-
tence of these organisms.
In the synovial fluid (SF) of patients
with ReA, an impaired T cell response
to a triggering microbe may result in
abnormal cytokine release (21). Thiel
et al identified antigen specific T cells
in SF of ReA patients and investigated
SF T cell responses from patients with

Chlamydia- and Yersinia-induced ReA
after stimu l ation with proteins fro m
each organism. TNF-α and IFN-γ posi-
t ive CD4 cells we re pre s e n t , but in
a ddition there was antigen specifi c
expression of IL-10, which could have
an inhibitory effect on IFN-γ and TNF-
α secretion (22). 
Kotake et al. used RT-PCR for synovial
tissue cytokine message analysis from
patients with ReA, unclassified arthri-
tis, and RA (23). Cytokine mRNA pro-
files revealed elevated TNF-α, as well
as other type 1 pro-inflammatory cyto-
kines. Lower levels of cytokine mRNA
expression in those on corticosteroids
or disease-modifying-anti-rheumat i c
medication (DMARD) compared with
those off of therapy suggested that drug
therapy may inhibit cytokine secretion.
A greater amount of IFN-γ and IL-2
was seen in patients with ReA than RA,
suggesting that underlying pathogene-
sis of the diseases may differ. Since
IFN-γ may alter chlamydial develop-
ment in a dose-dependent fashion, it is
of interest that atypical reticulate bod-
ies (RB) of C. trachomatis have been
found in fibroblasts and macrophages
of patients with ReA despite antibiotic
t re atment (23). In vitro ex p o s u re to
IFN-γ inhibited transformation of me-
tabolically active RBs into smaller in-
fectious elementary bodies (19, 2 0 ) .
Kotake et al. found relatively high IL-
10 amounts along with IFN-γ in syn-
ovium from patients with unclassified
oligoarthritis and chlamydia, and sug-
gested that the IL-10 may inhibit devel-
opment of sufficient IFN-γ to eradicate
the organisms (22).
A majority of patients with ReA expe-
rience a self-limited course that runs 3-
12 months. Howeve r, ap p rox i m at e ly
15% of patients continue to have
chronic often destructive and disabling
arthritis or enthesitis (24). The nature
of the immune system response may
explain why disease persists in some
persons. Can the TNF or other response
help by era d i c ating the organism or
might the response induce a resistant
phase of the infection and contribute to
the symptoms? Braun et al showed that
ReA patients with a disease duration of
≥ 6 months secreted a lower level of
T N F -α than patients with a disease

duration of < 6 months. In addition, a
higher frequency of B27 positive pa-
tients had a chronic course. The authors
suggested that a low TNF-α secretion
might contri bute to bacterial pers i s-
tence in ReA patients, but it is not yet
established if the lower TNF-α levels
were a cause or result of the course
(25). 
C h l a mydia-induced cytokine re l e a s e
f rom synovial fi b ro blasts may con-
tribute to the development of joint in-
flammation. Rodel at al demonstrated
that IFN-γ production was stimulated
by TNF-α in Chlamydia trachomatis-
i n fected synovial fi b ro blasts (26). In
response to Chlamydia infection and
synoviocyte treatment with interferon-
gamma (IFN-γ), TNF-α was released
(27). A separate study showed that re-
combinant TNF-α acted synergistically
with IFN-γ to inhibit the growth of
Chlamydia trachomatis in human lar-
yngeal carcinoma cells (28). This inhi-
bition may have occur red through cat-
a lyzing the degra d ation of essential
t ryptophan. Pe rsistent infection may
have developed through this alteration
of intracellular growth (29). 
Chlamydia are not the only organisms
causing ReA that can trigger inflamma-
tory mediators in various ways. Kirves-
kari et al. evaluated peripheral blood
mononuclear cells (PBMC) for inflam-
matory cytokines in patients with Sal-
monella infection. Those with ReA due
to Salmonella produced TNF-α, along
with IL-10, IL-8, and IL-6. During dis-
ease amelioration in these pat i e n t s
treated only with NSAIDs, most cyto-
kine levels fell, but TNF-α decreased in
only 1 of 4 (30). More studies on the
joints are needed.
TNF-α may also be able to destroy var-
ious intracellular organisms. Both IL-
1β and TNF-α destroyed Yersinia en-
tercolitica in human fibroblast cells. In
c o n t ra s t , IL-4 signifi c a n t ly support e d
bacterial survival. Huppertz et al. con-
cluded that cy t o k i n e s , found in the
joints of patients with Yersinia arthritis,
were able to affect intracellular survival
(31).

III. Why address unclassified 
arthritis?
U n d i ffe re n t i ated art h ritis or uncl a s s i-
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fied (unspecified) inflammatory arthri-
tis are terms that have been used to
describe inflammatory arthritides that
do not fit into any well-known clinical
diseases category. Such patients typi-
cally have rheumatoid factor negative
mono- or oligo a rt h ritis that cl o s e ly
resembles ReA, except for the absence
of evidence for an associated infection.
If there is also inflammatory back pain,
uveitis, and enthesitis, patients may be
considered as having undifferentiated
spondyloarthropathy (UspA). 
Between 25-50% of patients with in-
flammatory arthritis presenting to out-
patient rheumatology clinics are given
the diagnosis of unclassified arthritis. It
is unclear whether cases described as
unclassified arthritis represent: (1) an
early stage of a known type of inflam-
matory arthritis which has yet to fully
manifest itself, (2) an incomplete mani-
festation of a “specific” inflammatory
arthritis such as ankylosing spondylitis,
(3) an overlap syndrome between sev-
eral different diseases that cannot be
yet be differentiated, or (4) a syndrome
or syndromes that will eventually be
found to have specific mech a n i s m s
(32). The rep o rt by Hulsemann and
Zeidler (33)showed that the majority of
patients with undifferentiated arthritis
remained with uncl a s s i fied disease
after two years, although the prognosis
was ge n e ra l ly good with about half

achieving remission. Our own experi-
ence has been similar (22,23,34). Self-
limited inflammatory oligoarthritis has
also been described for years in various
populations. One example of generally
resolving olgoarthritis is in the Navajo
Indians (35, 36). One other seri e s
s h owed that 55% of patients with
unclassified arthritis developed a spe-
c i fic infl a m m at o ry joint disease, a n d
42% were termed rheumatoid arthritis,
which was consistently mild at the end
of 60 months. Resolution of all inflam-
m at o ry joint symptoms occurred in
28% of cases (37). 
Despite extensive testing to search for
bacterial infection, including standard
m i c ro b i o l ogic pro c e d u re s , s e ro l ogy,
urogenital smears, and stool cultures,
no causative infection is usually found
in unclassified cases. However, several
studies showing bacterial nucleic acids
in SF from patients with undifferentiat-
ed arthritis suggested a common etio-
l ogic process with re a c t ive art h ri t i s
(38). Clinically, the high rate of mono-
and oligoarthritis, the high frequency
of HLA-B27, the predominance of syn-
ovitis in the lower limbs, and the good
prognosis all characterize a condition
similar to ReA. Silveria et al. found in-
creased serologic evidence of chlamy-
dial infection in uncl a s s i fied pat i e n t s
with no known antecedent infe c t i o n
(39). Weyand and Goronzy found clini-

cally silent infections in many of their
patients with unclassified oligoarthritis
(40). Aggerwal et al. proposed that a
certain percentage of patients termed
uSpA may in fact have ReA. Th ey
found elevated IgA antibodies to Sal-
monella flexneri,Salmonella typhimur-
ium and Chlamydia trachomatis (com-
pared to levels for E. Coli) in patients
with uSpA (41). More studies are need-
e d, but it ap p e a rs that uncl a s s i fi e d
arthritis, although often a cause of con-
fusion, is common and offers many of
the same opportunities and concerns as
ReA (42, 43).

IV. Treatment and future directions
Etanercept has already been shown to
reduce the infl a m m at i o n , i m p rove symp-
toms and slow joint damage in RA. To
the extent that similar mech a n i s m s
underlie reactive and unclassified arth-
ritis, suppressing TNF-α would likely
provide a similar benefit. Alternatively,
if TNF-α is necessary or important for
microbial eradication, altering TNF-α
l evels could potentially ch a n ge the
cytokine milieu to favor a persistence
of microbes, which could possibly wor-
sen symptoms in a subset of patients
with reactive or undifferentiated arthri-
tis. It is unclear how current therapies
used in reactive arthritis or unclassified
a rt h ritis affect the cytokine env i ro n-
ment and the handling of micro b i a l

Table I. Effectiveness of anti-TNF-α therapy in reactive and undifferentiated arthritis.

Disease Author (reference) Drug used Outcome

Reactive and Meador et al. (45) Etanercept 25 mg Open label trial. Over a 6-month treatment period, Six patients (4 with
unclassified  arthritis SC twice weekly with uSpA, 2 with ReA) experienced improvement in global function as

well as tender and swollen joints. 

Undifferentiated Marzo-Ortega et al. Etanercept 25 mg Descriptive longitudinal study. Out of 10 patients with SpA treated for 6
spondyloarthropathy (5) SC twice weekly months, one patient had uSpA. 
(uSpA) This patient sustained remission for 9 months.

Undifferentiated Van den Bosch et al. Infliximab 5 mg/kg Randomized, double-blinded placebo controlled trial. Out of 40 patients 
spondyloarthropathy (4) with SpA treated with infliximab or placebo for 12 weeks, 2 had uSpA. 
(uSpA) One patient with unclassified arthritis was withdrawn from study

because of dramatic synovitis after initial improvement (see text). 
In the other, significant improvement occurred in patient and physician 
global assessments of disease activity. 

Undifferentiated  Brandt et al. (46) Infliximab 5mg/kg Six patients were treated over 12 weeks. Improvement in spinal symptoms,
spondyloarthropathy quality of life, and enthesitis occurred after the first dose and lasted for 5/6
(uSpA) patients, although 5 mg/kg was more effective than 3 mg/kg. One patient 

with a normal CRP showed improvement with enthesitis but no improve-
ment in spinal  symptoms.
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antigens. Steroids, both intra-articular
and systemic, as well as sulfasalazine,
m e t h o t rex at e, and azat h i o p ri n e, h ave
been shown to provide some benefit in
re a c t ive art h ritis patients. Pre d n i s o n e
and second-line drugs have seemed to
lead to a decrease of Th1 cytokine lev-
els in early synovitis (15). A small open
label study (still in progress and now
up to 9 patients) has demonstrated ear-
ly safety and efficacy of etanercept in
ReA and unclassified cases (44) (Table
I). While inflammation clearly decreas-
ed clinically and on synovial biopsies
p e r fo rmed after tre atment initiat i o n ,
some DNA evidence of organisms per-
sisted in several patients. No clinical
wo rsening was seen. More observa-
tions and longer follow up are needed. 
Recent studies with infliximab in spon-
dyloarthropathies have included a few
patients who had unclassified arthritis
that need consideration here, and have
suggested efficacy of anti-TNF treat-
ment (Table I) (45). A recent study in 6
patients with uSpA treated with inflix-
imab showed early and sustained im-
provement over a 12-week period (46).
A 1-year follow-up of patients from a
s t u dy by Van den Bosch (Table I)
showed a sustained improvement in all
disease manife s t at i o n s , although as
time passed, symptoms recurred in a
l a rger perc e n t age of patients befo re
each re-treatment (46). Importantly, in
a randomized double-blinded 12- week
trial, 1 patient with unclassified arthri-
tis of 1 knee improved initially, but 1
day after a synovial biopsy developed
acutely increased synovitis with nega-
tive cultures and PCR (4). He recov-
ered with IV antibiotics over 2 days.
Could this have been activation of
some occult infectious trigger? Follow-
up will be of interest. Not all patients
with re a c t ive and undiffe re n t i at e d
arthritis have identical disease process-
es. For ex a m p l e, o n ly some pat i e n t s
have identifiable bacterial antigens in
joints. 
Studying anti-TNF therapy in reactive
and undifferentiated arthritis may allow
us to determine how to predict which
patients may respond best to treatment
through characterization of subjects by
b a c t e rial nu cleic acids and cy t o k i n e s
found before and after treatment. Clini-

cal and chemical similarities between
these diseases and other inflammatory
a rt h ro p athies suggest that biologi c
agents have some role in therapy. The
potential for clinical deteri o rat i o n , h ow-
ever, requires close monitoring. Larger
and longer studies are needed to evalu-
ate safety and efficacy of this remark-
able therapy.
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