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Arthrites réactionnelles associées à 
l’antigène HLA B27

§  Déclenchées par un nombre limité d’infections par des 
agents à développement intracellulaire 

§  Articulations stériles par les techniques habituelles 

§  Rhumatisme inflammatoire des membres inférieurs, 
touchant volontiers les talons et les sacro-iliaques, 
associé dans 1/3 des cas à une inflammation oculaire 

§  Appartiennent au groupe des spondylarthropathies 

§  50 à 80 % des patients sont porteurs de l’HLA B27
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Physiopathologie des arthrites 
réactionnelles

Prédisposition 
génétique

Pathogène 

Arthrite 

Environ 20 % (?) des patients B27 développent une 
arthrite réactionnelle lorsqu’ils sont exposés à certains 
germes arthritogènes. 

Spondyloarthropathies 

Moins de 2% des spondyloarthropathies (Casls-Sanchez JL 2012) 
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Arthrites réactionnelles : infections 
déclenchantes

Infections génitales 
Chlamydia trachomatis 

 
Infections pulmonaires 

C. Pneumoniae 

(Mycoplasma Pneumoniae) 

 

Infections urinaires 
BCG intravésical 

E. Coli

Infections intestinales 
Shigella flexneri et sonnei 

Salmonella (mineures) 

Y enterocolitica and 
pseudotuberculosis 

Campylobacter jejuni 

Clostridium difficile 

Rôle de l’HLA B-27 

§  Hypothèse du « Misfolding » 
§  Hypothèse du Peptide arthritogénique 
§  Hypothèse des homodimères B27 
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Classification de Dumonde (1976)

•  Arthrites septiques : 
microorganismes vivant dans l’articulation 

•  Arthrites post-infectieuses : 
composants microbiens présents dans l’articulation 
mais pas de microorganismes viables 

•  Arthrites réactionnelles : 
pas de germe vivant ni de composant microbien 
dans l’articulation 

Arthrites réactionnelles associées à B27

Germe  antigènes  acides nucl.  
 intraarticulaires  intraarticulaires 

C trachomatis  +  + 
C pneumoniae   + 
U urealytica   + 
Salmonella  +  ? 
Shigella  + 
Yersinia  +  ? 

? = non confirmé par plusieurs équipes
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Infection déclenchant une arthrite récidivante chez 5 
patients HLA B27 

(Konttinen et coll., BMJ 1988;296:1644)  

Patient  Agent déclenchant  Agent déclenchant  Intervalles entre 
  la 1 ere poussée  la 2 eme poussée  les 2 poussées (ans) 

 H/20  Y. Enterocolitica  C. Trachomatis  11  

 H/22  Salmonelle  Y.enterocolitica  6 

 F/32  Y. enterocolitica  Salmonelle  9  

 H/39  N. gonorrhoeae  Salmonelle  10 

 H/21  Salmonelle  Y. enterocolitica  1,5 

Arthrites réactionnelles : Clinique 

§  Forme typique : oligoarthrite des membres 
inférieurs, talagies, fessalgies 

§  Post-épidémies digestives : atypies très 
fréquentes (petites articulations des mains, 
arthralgies…) 

§  L’évolution peut être chronique 
§  Une SPA peut survenir dans l’évolution 
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Arthrites réactionnelles post-vénériennes

§  Complication des uréthrites non gonococciques et 
mixtes 

§  Incidence post-uréthrite non gonococcique 
  Population générale : 1 % 
  B27 + : 20 %    
  Groenland (u. non traitées) : FLR : 30 %,  
      B27 apparenté : 4 à 8 % 

§  La fréquence a baissé dans les suites de 
l’épidémie de SIDA

J Rheumatol 1995;22:252-4 
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studies have been published from USA [31], Germany [32], Denmark [33], Finland [34], Canada [35],
Australia [36] and Spain [37]. These studies are reviewed in Table 4. As in the previous studies, the
incidence of ReA had a wide variety, depending greatly on the study methodology and the diagnostic
criteria of ReA applied. Interestingly, no cases of ReA were observed in the German study dealing with
children up to 9 years [32]. However, both adults and children developed ReA, although a lesser
proportion in the latter group (12% vs. 24%), in an Australian study, in which joint pain, not synovitis,
was required for the diagnosis of ReA [36]. As in the previous outbreak studies [20], the frequency of
HLA-B27 was considerably lower than in hospital series.

The other approach to estimate incidence of ReA is to conduct population-based studies on the
annual incidence of ReA (Table 5). In these studies, the total incidence has been estimated to be 0.6–27/
100 000. The two recent studies come from United States [38] and from Czech Republic [39] and
reviewed here in brief.

In the US study, telephone interviews were performed of individuals with Campylobacter, E. coli
O157, Salmonella, Shigella and Yersinia infections confirmed by positive culture reported to FoodNet
[38]. A case of possible ReA was defined as a subject with new onset of rheumatological symptoms.
Subjects with possible ReA were invited to complete a more detailed medical history and physical
examination. A case of definite ReAwas defined as a subject with possible ReA and a history or physical
examination findings consistent with monoarthritis, oligoarthritis, dactylitis, enthesitis or inflamma-
tory back painwithout other rheumatological explanation. A total of 6379 culture-confirmed infections
were reported to FoodNet during the study. The estimated incidence of ReAwas 0.6–3.1 cases/100 000.
Campylobacter and Salmonella infections were the most important identified triggers of ReA. No
association between risk of acquiring ReA and HLA-B27 positivity was found.

In the study from the Czech Republic, the patients with suspect symptoms were referred by their
general physicians and other physicians and relevant hospital departments to the rheumatologists for
a clinical investigation, including laboratory tests and radiographs [39]. The diagnostic criteria
proposed at the Third International Workshop on Reactive Arthritis in 1995 were used to diagnose ReA
[6]. Seventeen patients were identified as incident cases, which gave the age-standardised incidence of
9.3/100 000. Eleven patients had post-enteric and six genitourinary ReA. HLA-B27 was not
investigated.

Table 4
Occurrence of reactive arthritis in Salmonella outbreak studies published after the year 2000.

Serotype Subjects in the outbreak, n Reactive arthritis, % Frequency of HLA-B27 Reference

Enteritidis 217 29 NA Dworkin et al. [31]
Enteritidis 286 0 NA Rudwaleit et al. [32]
Enteritidis 94 19 NA Locht et al. [33]
Typhimurium 78 8 2/4 Hannu et al. [34]
Typhimurium 261 14.6 5/30 Lee et al. [35]
Enteritidis 592 19.2a 5/37 Rohekar et al. [36]
Hadar NA 10 NA Arnedo-Pena et al [37]

a With visibly swollen joints. NA ¼ not available.

Table 5
Annual incidence of reactive arthritis based on population studies.

Country Year Incidence per 100 000 Reference

Enteric Urogenital Total

Finland 1978 14 13 27 Isomaki et al. [69]
Norway 1994 5 5 10 Kvien et al. [70]
Finland 2000 7 3 10 Savolainen et al. [71]
Sweden 2002 18 1 19 Söderlin et al. [72]
USA 2008 0.6–3.1 NA NA Townes et al. [38]
Czech Republic 2010 6 3 w9 Hanova et al. [39]

NA ¼ not available.

T. Hannu / Best Practice & Research Clinical Rheumatology 25 (2011) 347–357350

Clinical picture

There is usually an interval of 1–2 weeks from the start of infection to the onset of musculoskeletal
symptoms; in Chlamydia infection, the interval can extend up to 4 weeks. The triggering infection can
also be asymptomatic, which can hamper the diagnosis. The ReA patients are usually young adults,
with a mean age of nearly 30–40 years. The disease is uncommon in children [32,40,41]. Male and
female patients have similar risk for the development of ReA induced by gastrointestinal infection,
while ReA triggered by C. trachomatis is more frequently diagnosed in male patients.

The arthritis is typically characterised by asymmetrical oligoarthritis, often in large joints of the
lower extremities. Patients can also have arthritis in the upper extremities. A mild polyarticular form,
particularly in the small joints, can also occur. Patients can have dactylitis (sausage digit).

Typical extra-articular manifestation consists of enthesitis, tendinitis and bursitis. Importantly,
these manifestations can occur not only in association with arthritis but also as the only reactive
complication [42,43]. Inflammatory low back pain, which is typically worse during night and radiates
to buttocks, is not rare.

Other extra-articular features include eye disease, where conjunctivitis is most prevalent, followed
by acute anterior uveitis, and skin changes, such as erythema nodosum, keratodermia blenorrhagica
(a pustular skin lesion usually observed in the soles of the feet) and circinate balanitis. Erythema
nodosum is usually associated with Yersinia infection, whereas circinate balanitis is most frequently
associated with Chlamydia arthritis.

There are no specific laboratory tests for the diagnosis of ReA. Erythrocyte sedimentation rate and
C-reactive protein are usually elevated. Synovial fluid leucocyte count is between 2000 and
64 000 mm!3. Benign changes in electrocardiogram (ECG) can be observed indicating a sub-clinical
carditis. Mildly abnormal urine analysis (increased number of leucocytes, haematuria and mild
proteinuria) is common during the acute period, but frank glomerulonephritis and decreased kidney
function is very rare.

Investigation

In addition to the typical clinical picture, the diagnosis of ReA relies on the diagnosis of the trig-
gering infection. During the acute phase of enteric infections, isolation is usually possible from the
stools. However, by the time arthritic complications appear, the patient may have already recovered
from the gastroenteritis and the microbe may no longer be detectable in the faeces. Therefore, the
laboratory diagnosis of ReA is often dependent on the detection of specific antibodies in the serum.

Salmonella and Yersinia infections are usually associated with a strong antibody response, and
therefore, in clinical settings, the detection of specific antibodies for these microbes is useful. The
techniques of the tests vary greatly and include the classical agglutination tests (by Widal technique),
enzyme-linked immunosorbent assay (ELISA), immunoblotting, haemagglutination, radioimmuno-
assay and immunofluorescence tests [7], but none of these techniques have gained general acceptance.
Moreover, there are no international standards for the tests, meaning that a test should be validated in
advance for each community. For demonstration of antibodies against Campylobacter infection, a wide
range of methods also exists, including complement fixation, Western blot and ELISAs [44]. There are
also gastroenterical infections, for example Shigella, in which no reliable serological methods exist.

For the diagnosis of C. trachomatis, search for it in the first portion of the morning urine by nucleic
acid amplification tests is the test of choice [45]. The tests are more convenient for patients, and the
results are comparable with that by urogenital swab. Various techniques are used including comple-
ment fixation, microimmunofluorescence (MIF) and enzyme immunoassay for assaying serum,
but they are not useful in lower urinary tract infections, which do not necessarily elicit systemic
antibody response adequately. Further, the tests are limited by the serological cross-reactivity between
C. trachomatis and C. pneumoniae, and by the persistence of antibodies, which prevents distinction
between past and present infection [45]. A positive evidence of Chlamydia by polymerase chain
reaction (PCR) in the joint is probably strongly diagnostic, but the current methods used for the
detection of chlamydia in the urine are not validated for diagnostic purposes for synovial samples. In
the diagnosis of acute C. pneumoniae infection, MIF is still the recommended serological method.

T. Hannu / Best Practice & Research Clinical Rheumatology 25 (2011) 347–357 351

Ureaplasma urealyticum et arthrites post-
vénériennes

•  Ford et coll. Ann Rheum Dis 1985, 701 
sensibilisation des lymphocytes articulaires 

•  Archambeaud et coll. Rev Rhum 1988,73 
observation clinique 

•  Horowitz et coll. J Rheumatol 1994, 21, 877 
cultures urétrales + : 74 % de 31 FLR 
sensibilisation des lymphocytes articulaires 

•  Li et coll. Arthritis Rheum 1996, 950. Schaeverbeke. Clin Rheum 1995, 252 
ADN + par PCR du liquide articulaire 



8

Arthrites chlamydiennes 

§  Triade oculo-uréthro-synoviale 
§  Formes incomplètes, y compris arthrites nues 
§  Manifestations cutanéo-muqueuses 

Balanite circinée 
Pustulose (kératodermie blénoragique) 

§  Evolution souvent récidivante, dans la moitié 
des cas post-ré-infestation 

§  Formes prolongées/chroniques fréquentes 
§  Association à une SPA, uvéites, BAV 

Internal Medicine Vol. 44, No. 5 (May 2005)410

Figure 4. Keratoderma blennorrhagium in Chlamydia-induced reactive arthritis.

Figure 5. Arthritis at ankle joints in patients with post-streptococcal reactive arthritis.

Treatment
For Chlamydia-induced ReA, prompt, appropriate antibi-

otic treatment of acute urethritis is necessary and will pre-
vent subsequent reactive arthritis. Non-steroidal anti-inflam-
matory drugs benefit most patients to some degree. Sulfa-
salazine is beneficial to patients with persistant ReA.
Immunosuppressive agents such as azathioprine or metho-
trexate are also effective. Intra-lesional glucocorticoid injec-
tion is beneficial for tendonitis and for other enthesitic
lesions.

Shigeto KOBAYASHI and Issei KIDA
Department of Internal Medicine, Juntendo Koshigaya Hospital,

560 Fukuroyama, Koshigaya, Saitama 343-0032
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Arthrites indifférenciées et C. trachomatis (1)

 Auteur  Nb arthrites  Moyen de  % arthrites  M/F  Remarques 
 Année  étudiées  diagnostic  chlamydiennes 

 Taylor Robinson  15  IF synoviale  33 %  0/15  Mauvaise corrélation 
 1988   ou liquide    avec la sérologie 

      Cultures génitales 

 Sieper  50  Sérologie  12 %   Mauvaise corrélation 
 1992   Prolif lympho liquide  22 %  ?  avec la sérologie 

   IF liquide  22 %   Chevauchement 
      entre les 3 techn. 

 Weyand  83  Cultures génitales  21 %  8/9  Pas de corrélation 
 1992   Sérologie  15 %  8/4  entre les 2 techn.

Arthrites indifférenciées et C. trachomatis (2)
 Auteur  Nb arthrites  Moyen de  % arthrites   Remarques 
 Année  étudiées  diagnostic  chlamydiennes 

 Hammer  24  Hybridization rRNA  12,5 %   Mauvaise corrélation 
 1992   Sérologie    des 2 techniques 

 Bas  27  PCR 2 ADN plasmid  24,7 %   Plus grande 
 1995   MOMP génom    sensibilité 

   16 SRNA génom    ADN plasm.  
 Braun  50  PCR omp1 génom  4 %   Pas de corrélation 
 1997   Prolif lymph liq  14 %   entre les 3 techn. 

   Sérologie  20 % 
 Wilkinson  31  PCR 16SrNA génom  25,8 %   Abs. de corrélation 

 1998      avec prolifération des 
      lymphocytes 
                             

synoviaux et sérologie       
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Kumar et al. – Chlamydia trachomatis-induced reactive arthritis              J Infect Dev Ctries 2014; 8(5):648-654. 
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A total of 78.9% (30/38) ReA and uSpA patients had 
low backache in the study group, while 15.7% (6/38) 
had enthesitis in their small joints. Further clinical 
details of all patients (Groups I and II) have been 
summarized in Table 1. 

 
PCR results 

Overall, SF from 10 of 76 (13.1%) arthritic 
patients (5 with ReA, 4 with uSpA, and 1 with RA) 
were positive for at least one C. trachomatis DNA 
(MOMP/plasmid) by snPCR or nPCR. In Group I, 
23.6% (9/38) of ReA and uSpA patients were positive 
for either C. trachomatis MOMP/plasmid by snPCR or 
nPCR. The C. trachomatis plasmid was found in 8 of 
the 38 patients (21.05%), while the C. trachomatis 
MOMP was found in 6 of the 38 patients (15.7%). 
Both plasmid and MOMP genes were found in 5 of the 
38 patients (13.1%; 2 ReA and 3 uSpA) (Table 2). 
These patients were significantly more likely to be 
PCR positive compared to RA (1/38 [2.6%]; p < 0.05).  

Five of the 16 (31.2%) ReA patients were positive 
for the plasmid gene, 2/16 (12.5%) for MOMP DNA, 
and 2/16 (12.5%) for both genes. C. trachomatis DNA 
was detected in 18.1% (4/22) of synovial samples 
from the uSpA group of patients. Three of the four 
(75%) positive uSpA patients were amplified by the 

plasmid PCR, 4/4 (100%) were positive for the 
MOMP gene, and 3/4 (75%) were positive for both 
genes (Table 2). 

 
Comparison between PCR and antibody results 

Serology results showed the presence of C. 
trachomatis IgG antibodies in 5 of 38 ReA and uSpA 
patients (13.1%).  A total of 2/16 (12.5%) ReA 
patients were positive for C. trachomatis IgG 
antibodies, while C. trachomatis IgG antibodies were 
detected in 3 of 22 uSpA (13.6%) patients. Serum IgG 
antibodies against C. trachomatis were detected in 2 of 
9 (22.2%) of the PCR-positive ReA and uSpA patients 
and in 3 of 29 (10.3%) PCR-negative samples.  

Intra-articular C. trachomatis IgA antibodies were 
detected in the SF of 9/38 (23.6%) patients (in 6 of 16 
ReA [37.5%] and in 3of 22 [13.6%] uSpA). C. 
trachomatis IgA antibodies were found in the SF of 3 
of 9 PCR-positive ReA and uSpA cases (33.3%) and 
in 6 of 29 (20.6%) PCR-negative samples (Table 3). 
However, none of the ReA and uSpA patients were 
positive for both serum IgG and SF IgA antibodies to 
C. trachomatis. Also, none of the RA patients had IgG 
or IgA antibodies to C. trachomatis. 
 
  

Table 1. Clinical and demographic details of arthritic patients (N = 76) 

Features Reactive arthritis (n = 
16) 

Undifferentiated 
spondyloarthropathy (n = 22) 

Rheumatoid arthritis (n 
= 38) 

Mean age ± SD (years) 34.2± .8 30.7±9.2 36.6±7.7 
Male : Female (%) 13 : 3 (81 : 19) 15 : 7 (68 : 32) 4 : 34 (10 : 90) 
Urogenital symptoms (%) 16 (100) 0 0 
Disease duration ± SD (months) 15±9.9 14.1±9.8 36±16.4 
Monoarthritis (%) 3 (18.7) 6 (27) 0 
Oligoarthritis (%) 12 (75) 15 (68) 2 (5.2) 
Polyarthritis (%) 1 (6.2) 1 (4.5) 36 (94.7) 
Synovitis (%) 16 (100) 22 (100) 38 (100) 
C-reactive protein ± SD (µg/mL) 38.1±35.5 29.6±16.1 27.5±24.6 
Rheumatoid factor 0 0 38 
 
 
 
 
Table 2. Percentage PCR positivity of C. trachomatis in reactive arthritis (ReA) and undifferentiated spondyloarthropathy 
(uSpA) patients 

Patients 
(Group I) 

snPCR 
(MOMP) 

nPCR 
(Plasmid) 

snPCR + nPCR 
(MOMP/Plasmid) 

ReA (n = 16) 2 (12.5%) 5 (31.2%) 2 (12.5%) 
uSpA (n = 22) 4 (18.1%) 3 (13.6%) 3 (13.6%) 

snPCR: semi-nested PCR; nPCR: nested PCR; MOMP: major outer membrane protein  
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Abstract 
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Introduction 

Chlamydia trachomatis is the most common 
sexually transmitted disease globally and has emerged 
as a major etiologic cause of Reiter’s syndrome and 
reactive arthritis (ReA) [1-5]. Intra-articular 
persistence of viable, although non-culturable, C. 
trachomatis is considered to be the cause of arthritis 
[6]. Urogenital infection is often asymptomatic (in up 
to 80% of women and 40% of men), making treatment 
difficult [7]. Also, the intracellular localization creates 
an additional challenge for diagnosis of C. trachomatis 
in asymptomatic and in chronic or persistent infections 
where the pathogen load is low. In cases of chronic 
infection, C. trachomatis shows an unusual profile of 
gene expression that includes the attenuation and up 
regulation of certain set of genes. [5,8]. A recent study 
confirmed the presence of metabolically active 
chlamydiae during the remitting phase in synovial 
tissues from patients with chronic C. trachomatis-
induced ReA [9].  

Different techniques, such as immunofluorescence, 
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amplification tests, have been used to detect C. 
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(MOMP), rRNA, and plasmid DNA in the affected 
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Chlamydiae as Etiologic Agents in
Chronic Undifferentiated Spondylarthritis
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Objective. The majority of patients with
Chlamydia-induced reactive arthritis do not present with
the classic triad of arthritis, conjunctivitis/iritis, and
urethritis. Moreover, acute chlamydial infections are
often asymptomatic. The aim of the present study was to
assess the prevalence of synovial Chlamydia trachomatis
and Chlamydia pneumoniae infections in patients with
chronic undifferentiated spondylarthritis (uSpA).

Methods. Study patients met the European Spon-
dylarthropathy Study Group criteria for SpA, without
evidence of ankylosing spondylitis, psoriasis, inflamma-
tory bowel disease, or preceding dysentery. Symptoms
were present for >6 months. Each patient underwent a
synovial biopsy; tissue and concomitantly obtained peri-
pheral blood mononuclear cells (PBMCs) were analyzed
by polymerase chain reaction (PCR) for C trachomatis
and C pneumoniae DNA. Other data collected on the day
of the biopsy included standard demographic informa-
tion and medical history, including any known history
of C trachomatis or C pneumoniae. Physical examination
(including joint count, evaluation for dactylitis and/or
enthesitis, and skin examination) and HLA–B27 typing
were performed. Synovial tissue (ST) samples from 167
patients with osteoarthritis (OA) were used as controls.

Results. Twenty-six patients met the entry cri-
teria and underwent synovial biopsy (25 knee, 1 wrist).
Sixteen of them (62%) were positive for C trachomatis
and/or C pneumoniae DNA (10 for C trachomatis, 4 for
C pneumoniae, and 2 for both). PCR analysis of ST
revealed the presence of Chlamydia significantly more
frequently in patients with uSpA than in OA controls
(P < 0.0001). No specific clinical characteristics differ-
entiated Chlamydia-positive from Chlamydia-negative
patients. PBMCs from 4 of the 26 uSpA patients (15%)
were positive for Chlamydia, and Chlamydia was found in
ST from 2 of these 4 patients. No significant correlation
between PCR positivity and HLA–B27 positivity was
found.

Conclusion. The frequency of Chlamydia-positive
ST samples, as determined by PCR, was found to be
significantly higher in patients with uSpA than in
patients with OA. Our results suggest that in many
patients with uSpA, chlamydial infection, which is often
occult, may be the cause.

In 1978, a group of rheumatoid factor–negative
inflammatory arthritides was recognized as a unified
entity and collectively termed seronegative polyarthritis
(1). Now known as the spondylarthritides (SpA), these
arthritides share clinical and radiographic features and
include ankylosing spondylitis (AS), psoriatic arthritis,
inflammatory bowel disease–related arthritis, reactive
arthritis (ReA), and undifferentiated SpA (uSpA). The
term “uSpA” is used to designate patients with clinical
and radiographic features consistent with SpA who do
not fulfill the classification criteria for any of the estab-
lished disease categories.

In 1991, the European Spondylarthropathy Study
Group (ESSG) criteria were developed in order to
establish diagnostic criteria for the spondylarthritides
(2). These criteria include both clinical and radiographic
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formed at the time of study entry. Fourteen of these 16
(88%) had asymmetric sacroiliitis of grade 2 or 3 (no
subject had grade 4 radiographic sacroiliitis or symmet-
ric sacroiliitis). Seven patients were taking a disease-
modifying antirheumatic drug for their SpA at the time
of biopsy (sulfasalazine in 3, methotrexate in 2, and
hydroxychloroquine in 2).

PCR analysis revealed that 16 of the 26 study
subjects (62%) were positive for either C trachomatis or
C pneumoniae DNA, or both, in multiple assays using ST
nucleic acid preparations (Table 3). Of the biopsies from
the 16 patients who tested positive for Chlamydia, 10
(63%) were positive for C trachomatis only, 4 (25%)
were positive for C pneumoniae only, and 2 (13%) were
positive for both. Patients with uSpA were significantly
more likely than OA controls to be positive for Chla-
mydia (20 of 167 controls [12%]; P ! 0.0001). Interest-
ingly, only 2 of the 26 uSpA patients (8%) exhibited
clinical symptoms of a possible C trachomatis infection
within 6 weeks before the onset of ReA symptoms.
Because we had neither documented proof of the orig-
inal C trachomatis infection nor evidence of the actual
timing of the infection, these 2 patients were not origi-
nally classified as having Chlamydia-induced ReA. Seven
of the 10 patients (70%) whose ST was positive for C
trachomatis only had no known clinical history of infec-
tion with the organism at any time previously, and no
patient had a known clinical history of C pneumoniae
infection. None of the specific clinical characteristics of
these study subjects (Table 2), including a history of C
trachomatis at any time, and none of the medications
they were taking significantly correlated with Chlamydia
positivity (P " 0.25). Both of the patients who had a
history of C trachomatis infection within the 6 weeks
prior to the onset of uSpA tested positive for C tracho-
matis, but the numbers were too low to determine if this
was a significant correlation.

As stated above, each ST sample was analyzed in
duplicate by 2 observers using PCR to test for the
presence of 2 genes, specifically, omp1 and 16S rRNA to
assay for C trachomatis and 2 homologous genes to assay
for C pneumoniae. This resulted in 8 assays per ST
sample for each organism. Only samples that were
positive for Chlamydia in all 8 assays were considered to
be true positive. In no uSpA or OA patient was there a
positive result in only some of the PCR assays (i.e.,
positive results in !8 of the 8 assays). Although 3–4 ST
samples were obtained from each patient, we did not
assay more than a single tissue sample per patient in
order to conserve the samples for future studies.

The disease duration was known for only 70 of

167 OA patients (Table 1). In many of these patients, the
ST sample was collected at the time of arthroscopy that
was performed for routine clinical care. OA disease
inception was defined as the time of initial diagnosis by
a physician. These factors contributed to the short
disease duration and relatively young age of the OA
patients.

PBMCs from only 4 of the 26 patients (15%)
were positive for chlamydiae (3 C trachomatis and 1 C
pneumoniae). ST samples from 2 of these 4 patients were
also positive for chlamydiae (1 C trachomatis and 1 C
pneumoniae), and PBMCs from both of these patients
were positive for C trachomatis. Four of 25 patients
(16%; test not performed on 1 subject) were HLA–B27
positive. ST samples from all 4 of these patients were
positive for chlamydiae (3 C trachomatis and 1 C pneu-
moniae), but there was not a significant correlation (P "
0.26).

DISCUSSION

Undifferentiated SpA is one of the most common
forms of SpA, and some data suggest that it is the most
common presentation of all spondylarthritides (8). Chla-
mydial infections are the most common cause of ReA
(12,13), although the initial infection frequently can be
asymptomatic (14,15). Importantly with regard to the
present study, uSpA has been argued to be a forme
fruste of ReA (11). The data presented here demon-
strate that the rate of Chlamydia positivity in the ST of
patients with uSpA (62%) was significantly higher than
the rate in OA controls (12%), suggesting that chla-
mydial infection, which is often occult, may be the cause
of uSpA in many patients. Background C trachomatis
positivity rates of #5–20% in synovial samples have
been reported (26,27), and urogenital cultures from
patients with suspected Chlamydia-induced ReA have
higher rates of positivity for C trachomatis compared
with patients with other types of SpA (28).

Table 3. Synovial tissue positivity for Chlamydia trachomatis or
Chlamydia pneumoniae in the uSpA patients and OA controls*

uSpA patients
(n " 26)

OA controls
(n " 167) P

Chlamydia 16 (62) 20 (12) !0.0001
C trachomatis 10 (38) 19 (11) 0.001
C pneumoniae 4 (15) 0 (0) 0.0003
Both C trachomatis

and C pneumoniae
2 (8) 1 (0.6) 0.048

* Values are the number (%) positive. uSpA " undifferentiated
spondylarthritis; OA " osteoarthritis.
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Arthrite chlamydiennes: Diagnostic 

§  Sérologie, culture: abandonnées 
§  Mise en évidence de Chlamydia dans le 

prélèvement urétral par biologie moléculaire 
§  Diagnostics différentiels 

– Arthrite gonococcique 
– Rhumatisme psoriasique 
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Arthrites réactionnelles post-vénériennes

§  Infection chlamydienne récente : 40 à 60 % 

§  Sensibilisation des lymphocytes articulaires 

§  Antigènes chlamydiens intra-articlaires 

§  Acides nucléiques chlamydiens intra-
articulaires (25-80 %) 

Arthrites chlamydiennes

Antigènes et acides 
nucléiques

Cultures 
négatives 

Infection persistante 
Trachome, infections génitales, 

arthrites post-vénériennes 
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Infectious life cycle of Chlamydia with main morphological and metabolic features of normal 
productive vs. persistent Chlamydia trachomatis infection.1 45 Left: schematic description of 

persistent life Chlamydia arrested at partially known state of the normal life cycle.  

Henning Zeidler, and Alan P Hudson Ann Rheum Dis 
2014;73:637-644 

©2014 by BMJ Publishing Group Ltd and European League Against Rheumatism 

Infections chlamydiennes 
persistantes in vitro

§  Corps réticulaires  atypiques 
 de grande taille 
 ne se divisant pas 

§  Diminution de synthèse des protéines de 
structures MOMP, LPS 

§  Synthèse hsp60 maintenue 
§  Etat réversible après suppression du 

facteur inducteur 
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Facteurs induisant une infection 
chlamydienne persistante in vitro

§  Antibiotiques : pénicilline, ampicilline 
sulfamides, chloramphénicol, tétracycline, 
ciprofloxacine   

§  Milieu pauvres en tryptophane et en cystéine 
§  Réponse immune 

 Interféron γ 
 TNF α

Infection chlamydienne : effet de l’INF γ

Ø In vitro 
§  forte dose : disparition 
§  faible dose : infection persistante 

Ø In vivo (souris) 
§ anticorps anti-INFγ : prolongation de l’infection 
§  INFγ : résolution  
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Arthrites réactionnelles

Balance TH1/TH2 dans l’articulation 

Sieper et coll. :  réponse TH2 prédominante 
 niveaux bas d’INFg 

Bas et coll : niveaux plus bas chez B27+ que 
chez B27-

Réponse cellulaire T 
Lymphocytes T Helper

TH1 TH2 

IL10 

IL12 

INFγ 
TNFα 

IL4 
IL5 

Bactéries 
intracellulaires 

Anticorps 

- 
- 

+ 
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Figure 2 Outcomes of a type 1 dominant versus type 2 dominant inflammatory response during chlamydial 
infection 

Gracey, E. & Inman, R. D. (2011) Chlamydia-induced ReA: immune imbalances and persistent 
pathogens 
Nat. Rev. Rheumatol. doi:10.1038/nrrheum.2011.173 

those heterozygous and with ReA. More patient samples must
be studied to confirm this trend.

DISCUSSION
In this brief report, we provide initial insight into the

effect of genotype at the CCR5-encoding locus on disease
association and bacterial load for C trachomatis in synovial
tissue from patients with Chlamydia-induced arthritis and those
with UO. The data presented suggest that presence of the 32-bp
deletion in the gene in heterozygous individuals confers no
protection from disease induction in patients with diagnosed
ReA caused by C trachomatis, but it may provide some
protection from induction of UO. In analyses not given here, we
showed that presence of this deleted allele type does not influence
relative bacterial load or induction of arthritis as a function of
patient gender or patient age at first presentation. However, an-
other analysis suggested that presence or absence of the !32 allele
does not affect relative synovial bacterial load in PCR positive
individuals having different disease durations.

The possible role of the wild-type versus the deleted gene
products from CCR5 in various rheumatic diseases has been
examined in contexts other than that assessed here. In the case of
rheumatoid arthritis, for example, it is generally accepted that

presence of the deleted form of the receptor is protective, even in
individuals heterozygous at that locus.14–16 However, the role of
the deleted gene product in other rheumatic diseases is somewhat
unclear at this point.16,17 In contrast to the situation for rheumatoid
arthritis, the data presented here indicate that homozygosity for the
wt allele is protective; that is, the wt/wt genotype is associated
with lower bacterial loads in the patient samples examined. In this
context, it is not clear why heterozygotes for the deleted allele
should be at risk for higher pathogen burdens nor is it clear that
those with higher burden have more severe disease; however, the
latter prediction does seem reasonable. As to the former question,
we speculate that individuals having 2 copies of the wt allele may
be able to mount a more effective inflammatory immune response
to the pathogen than do individuals having and expressing only 1
allele encoding a functional receptor, with the other allele produc-
ing only a defective receptor. We are currently testing this possi-
bility. Consistent with this contention, in experiments not shown
here, we assessed the relative level of attachment of C trachomatis
elementary bodies to homozygous wild-type cells for CCR5
(HEp-2 cells) and those cells with expression of CCR5 knocked
down by "70% via a standard siRNA method. In those experi-
ments, we found no difference in attachment level in wild-type
versus the knockdown strain, indicating that CCR5 does not function
as a coreceptor for attachment of C trachomatis to host cells.

Because of the nature of our previous studies, the patient
samples included in our “library” were mostly from individuals
with chronic, rather than acute and inflammatory arthritis, eg,
Ref.12 It would be of interest to assess CCR5 genotype longitudi-
nally in a large group of individuals presenting for the first time
with genital C trachomatis infections but who have not (yet)
developed arthritis and to determine who among them develop
acute and then chronic inflammatory arthritis. Thus, we have
initiated analysis of CCR5 genotype in patients presenting at an
sexually transmitted disease clinic and who display signs and
symptoms of genital chlamydial infection. To date, we have
screened DNA from more than 150 individuals, and analysis of
this large and increasing patient group will be ongoing for the
foreseeable future.
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FIGURE 1. Bacterial burden in wt/wt versus wt/!32 DNA prep-
arations from patient samples. Real-time PCR was used to as-
sess the number of C trachomatis chromosome copies/5 mg
tissue in synovial biopsies from patients with 15 wt/wt and 10
wt/!32 ReA and UO. Real-time analyses were done by using
primers and calculations as described in Patients and Methods
section. Bars are the average bacterial load for each genotype.
The difference in bacterial burden between the 2 groups was
statistically significant (P # 0.03).

TABLE 4. Average load of C. trachomatis in ReA vs. UO
patients as a function of CCR5 genotypea

wt/wt wt/!32

ReA 1.8 $ 0.5 % 106 6.2 $ 0.8 % 106

UO 0.8 $ 0.2 % 106 12.4 $ 2.8 % 106

a Data presented as number of chlamydial chromosome copies/5
mg tissue.

ReA, reactive arthritis; UO, undifferentiated oligoarthritis.
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CLINICAL INVESTIGATION

Functional CCR5 Receptor Protects Patients With
Arthritis From High Synovial Burden of Infecting

Chlamydia trachomatis
Hervé C. Gérard, PhD, Jessica A. Stanich, BS, Cynthia E. Oszust, BS,

Judith A. Whittum-Hudson, PhD, John D. Carter, MD, H. Ralph Schumacher, MD
and Alan P. Hudson, PhD

Abstract: Introduction: The CCR5 chemokine receptor occurs in a
wild-type (wt) and a nonfunctional deleted form (!32). Reports sug-
gested that Chlamydia-induced reproductive tract pathology is attenu-
ated in women bearing !32. The authors asked whether the mutation
affects synovial prevalence and burden of Chlamydia trachomatis.
Methods: Polymerase chain reaction (PCR) defined CCR5 genotype in
synovial tissue DNA from 218 individuals: 21 controls, 110 with
reactive arthritis (ReA), 83 with undifferentiated oligoarthritis (UO), 4
with osteoarthritis (OA). Disease durations were 0.5 to 21 years.
Additional PCR assays defined the presence of C trachomatis DNA.
Bacterial load was assessed by real-time PCR in selected samples. Results:
Five controls were wt/!32, 16 were wt/wt; 2 of 21 controls (both wt/wt)
were PCR positive for C trachomatis. Eighty-five (44%) patients with
arthritis were PCR positive for C trachomatis (69 ReA and 16 UO). For
patients with ReA, 14 (13%) had wt/!32, 10 (71%) of whom were PCR
positive. Nineteen patients with UO (23%) were wt/!32, with 1 (1%) PCR
positive. No differences existed for gender or other factors. One patient
with OA had wt/!32. In ReA and UO samples, wt/!32 heterozygotes had
a 5- to 10-fold higher bacterial burden than did wt/wt patients (P " 0.03),
regardless of diagnosis. Conclusion: These results indicate that the wt/wt
genotype is associated with attenuated synovial bacterial load compared
with loads in wt/!32 patients. Although no alleles other than !32 were
assessed, our data suggest that this allele provides little/no protection from
ReA in patients infected with Chlamydia- but it may provide some
protection in patients with UO. The basis of this possible differential effect
of CCR5 genotype is under study.

Key Indexing Terms: Chlamydia trachomatis; Reactive arthritis;
Pathogenesis; Inflammation; Chemokine receptor. [Am J Med Sci
2010;340(6):448–451.]

Current thinking holds that many rheumatic diseases result
from interaction between infectious agents and various

known or unknown aspects of host genetic background.1,2 For
example, genital infection with the intracellular bacterial pathogen
Chlamydia trachomatis is known to cause an acute inflammatory

arthritis in approximately 5% of those infected; approximately half
of those patients will progress to chronic arthritis.3 Given that
more than a million new genital chlamydial infections are reported
to the Centers for Disease Control and Prevention each year in the
United States, Chlamydia-associated arthritis represents a signifi-
cant number of both new and chronic patients. Furthermore,
reports indicate that 20% to 40% of individuals with inflammatory
arthritis but no documented prior genital infection with C tracho-
matis and who are given a diagnosis of undifferentiated oligoar-
thritis or monoarthritis are polymerase chain reaction (PCR) pos-
itive in synovial tissue and/or fluid for DNA from this organism.4
At this point, we have a poor understanding of why only some
individuals develop arthritis after genital chlamydial infection, and
we do not know why only a portion of those with acute disease
progress to chronicity. However, it is clear that aspects of disease
induction, severity and chronicity are a function of the strain of the
infecting Chlamydia and of as yet unknown properties of host
genetic background.5

The CCR5 protein is a promiscuous chemokine receptor
that occurs in 2 forms on human cells: a standard wild-type (wt)
form and a truncated, nonfunctional form that results from a
32-bp deletion in the encoding gene, referred to as the !32
form.6 It has been well established that CCR5 is a coreceptor on
T cells for human immunodeficiency virus-1, the virus causing
AIDS. Individuals who are homozygous wild-type for the
receptor are fully susceptible to infection with the virus,
whereas !32 homozygotes cannot be infected; wt/!32 het-
erozygotes can be infected but show long clinical courses.6,7

This receptor and its deleted form also have been associated
with survivability and/or pathogenicity of several bacterial and
viral infections, including plague caused by Yersinia pestis,
although these associations remain controversial.8,9 Interest-
ingly, 1 recent report indicated that women with the CCR5-!32
mutation showed lower levels of tubal pathology during C
trachomatis infection than did women who lacked the muta-
tion.10 Because of these observations, we asked whether the
CCR5 receptor allele type correlated with susceptibility to
Chlamydia-induced arthritis and/or with the bacterial burden in
synovial tissue in patients with that inflammatory arthritis.

PATIENTS AND METHODS
Patient Samples

DNA prepared from synovial biopsies was analyzed as
described below. These “freezer library” samples were pro-
cured over several years by the authors HRS and JDC under
approved protocols to study Chlamydia-associated arthritis.
DNA preparations from 218 individuals were studied, includ-
ing those from 21 normal control individuals. Patients had
diagnoses of reactive arthritis (ReA, n " 110), undifferentiated
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those heterozygous and with ReA. More patient samples must
be studied to confirm this trend.

DISCUSSION
In this brief report, we provide initial insight into the

effect of genotype at the CCR5-encoding locus on disease
association and bacterial load for C trachomatis in synovial
tissue from patients with Chlamydia-induced arthritis and those
with UO. The data presented suggest that presence of the 32-bp
deletion in the gene in heterozygous individuals confers no
protection from disease induction in patients with diagnosed
ReA caused by C trachomatis, but it may provide some
protection from induction of UO. In analyses not given here, we
showed that presence of this deleted allele type does not influence
relative bacterial load or induction of arthritis as a function of
patient gender or patient age at first presentation. However, an-
other analysis suggested that presence or absence of the !32 allele
does not affect relative synovial bacterial load in PCR positive
individuals having different disease durations.

The possible role of the wild-type versus the deleted gene
products from CCR5 in various rheumatic diseases has been
examined in contexts other than that assessed here. In the case of
rheumatoid arthritis, for example, it is generally accepted that

presence of the deleted form of the receptor is protective, even in
individuals heterozygous at that locus.14–16 However, the role of
the deleted gene product in other rheumatic diseases is somewhat
unclear at this point.16,17 In contrast to the situation for rheumatoid
arthritis, the data presented here indicate that homozygosity for the
wt allele is protective; that is, the wt/wt genotype is associated
with lower bacterial loads in the patient samples examined. In this
context, it is not clear why heterozygotes for the deleted allele
should be at risk for higher pathogen burdens nor is it clear that
those with higher burden have more severe disease; however, the
latter prediction does seem reasonable. As to the former question,
we speculate that individuals having 2 copies of the wt allele may
be able to mount a more effective inflammatory immune response
to the pathogen than do individuals having and expressing only 1
allele encoding a functional receptor, with the other allele produc-
ing only a defective receptor. We are currently testing this possi-
bility. Consistent with this contention, in experiments not shown
here, we assessed the relative level of attachment of C trachomatis
elementary bodies to homozygous wild-type cells for CCR5
(HEp-2 cells) and those cells with expression of CCR5 knocked
down by "70% via a standard siRNA method. In those experi-
ments, we found no difference in attachment level in wild-type
versus the knockdown strain, indicating that CCR5 does not function
as a coreceptor for attachment of C trachomatis to host cells.

Because of the nature of our previous studies, the patient
samples included in our “library” were mostly from individuals
with chronic, rather than acute and inflammatory arthritis, eg,
Ref.12 It would be of interest to assess CCR5 genotype longitudi-
nally in a large group of individuals presenting for the first time
with genital C trachomatis infections but who have not (yet)
developed arthritis and to determine who among them develop
acute and then chronic inflammatory arthritis. Thus, we have
initiated analysis of CCR5 genotype in patients presenting at an
sexually transmitted disease clinic and who display signs and
symptoms of genital chlamydial infection. To date, we have
screened DNA from more than 150 individuals, and analysis of
this large and increasing patient group will be ongoing for the
foreseeable future.
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FIGURE 1. Bacterial burden in wt/wt versus wt/!32 DNA prep-
arations from patient samples. Real-time PCR was used to as-
sess the number of C trachomatis chromosome copies/5 mg
tissue in synovial biopsies from patients with 15 wt/wt and 10
wt/!32 ReA and UO. Real-time analyses were done by using
primers and calculations as described in Patients and Methods
section. Bars are the average bacterial load for each genotype.
The difference in bacterial burden between the 2 groups was
statistically significant (P # 0.03).

TABLE 4. Average load of C. trachomatis in ReA vs. UO
patients as a function of CCR5 genotypea

wt/wt wt/!32

ReA 1.8 $ 0.5 % 106 6.2 $ 0.8 % 106

UO 0.8 $ 0.2 % 106 12.4 $ 2.8 % 106

a Data presented as number of chlamydial chromosome copies/5
mg tissue.

ReA, reactive arthritis; UO, undifferentiated oligoarthritis.
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Hervé C. Gérard, PhD, Jessica A. Stanich, BS, Cynthia E. Oszust, BS,

Judith A. Whittum-Hudson, PhD, John D. Carter, MD, H. Ralph Schumacher, MD
and Alan P. Hudson, PhD

Abstract: Introduction: The CCR5 chemokine receptor occurs in a
wild-type (wt) and a nonfunctional deleted form (!32). Reports sug-
gested that Chlamydia-induced reproductive tract pathology is attenu-
ated in women bearing !32. The authors asked whether the mutation
affects synovial prevalence and burden of Chlamydia trachomatis.
Methods: Polymerase chain reaction (PCR) defined CCR5 genotype in
synovial tissue DNA from 218 individuals: 21 controls, 110 with
reactive arthritis (ReA), 83 with undifferentiated oligoarthritis (UO), 4
with osteoarthritis (OA). Disease durations were 0.5 to 21 years.
Additional PCR assays defined the presence of C trachomatis DNA.
Bacterial load was assessed by real-time PCR in selected samples. Results:
Five controls were wt/!32, 16 were wt/wt; 2 of 21 controls (both wt/wt)
were PCR positive for C trachomatis. Eighty-five (44%) patients with
arthritis were PCR positive for C trachomatis (69 ReA and 16 UO). For
patients with ReA, 14 (13%) had wt/!32, 10 (71%) of whom were PCR
positive. Nineteen patients with UO (23%) were wt/!32, with 1 (1%) PCR
positive. No differences existed for gender or other factors. One patient
with OA had wt/!32. In ReA and UO samples, wt/!32 heterozygotes had
a 5- to 10-fold higher bacterial burden than did wt/wt patients (P " 0.03),
regardless of diagnosis. Conclusion: These results indicate that the wt/wt
genotype is associated with attenuated synovial bacterial load compared
with loads in wt/!32 patients. Although no alleles other than !32 were
assessed, our data suggest that this allele provides little/no protection from
ReA in patients infected with Chlamydia- but it may provide some
protection in patients with UO. The basis of this possible differential effect
of CCR5 genotype is under study.

Key Indexing Terms: Chlamydia trachomatis; Reactive arthritis;
Pathogenesis; Inflammation; Chemokine receptor. [Am J Med Sci
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Current thinking holds that many rheumatic diseases result
from interaction between infectious agents and various

known or unknown aspects of host genetic background.1,2 For
example, genital infection with the intracellular bacterial pathogen
Chlamydia trachomatis is known to cause an acute inflammatory

arthritis in approximately 5% of those infected; approximately half
of those patients will progress to chronic arthritis.3 Given that
more than a million new genital chlamydial infections are reported
to the Centers for Disease Control and Prevention each year in the
United States, Chlamydia-associated arthritis represents a signifi-
cant number of both new and chronic patients. Furthermore,
reports indicate that 20% to 40% of individuals with inflammatory
arthritis but no documented prior genital infection with C tracho-
matis and who are given a diagnosis of undifferentiated oligoar-
thritis or monoarthritis are polymerase chain reaction (PCR) pos-
itive in synovial tissue and/or fluid for DNA from this organism.4
At this point, we have a poor understanding of why only some
individuals develop arthritis after genital chlamydial infection, and
we do not know why only a portion of those with acute disease
progress to chronicity. However, it is clear that aspects of disease
induction, severity and chronicity are a function of the strain of the
infecting Chlamydia and of as yet unknown properties of host
genetic background.5

The CCR5 protein is a promiscuous chemokine receptor
that occurs in 2 forms on human cells: a standard wild-type (wt)
form and a truncated, nonfunctional form that results from a
32-bp deletion in the encoding gene, referred to as the !32
form.6 It has been well established that CCR5 is a coreceptor on
T cells for human immunodeficiency virus-1, the virus causing
AIDS. Individuals who are homozygous wild-type for the
receptor are fully susceptible to infection with the virus,
whereas !32 homozygotes cannot be infected; wt/!32 het-
erozygotes can be infected but show long clinical courses.6,7

This receptor and its deleted form also have been associated
with survivability and/or pathogenicity of several bacterial and
viral infections, including plague caused by Yersinia pestis,
although these associations remain controversial.8,9 Interest-
ingly, 1 recent report indicated that women with the CCR5-!32
mutation showed lower levels of tubal pathology during C
trachomatis infection than did women who lacked the muta-
tion.10 Because of these observations, we asked whether the
CCR5 receptor allele type correlated with susceptibility to
Chlamydia-induced arthritis and/or with the bacterial burden in
synovial tissue in patients with that inflammatory arthritis.

PATIENTS AND METHODS
Patient Samples

DNA prepared from synovial biopsies was analyzed as
described below. These “freezer library” samples were pro-
cured over several years by the authors HRS and JDC under
approved protocols to study Chlamydia-associated arthritis.
DNA preparations from 218 individuals were studied, includ-
ing those from 21 normal control individuals. Patients had
diagnoses of reactive arthritis (ReA, n " 110), undifferentiated
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a b s t r a c t

Some individuals with a genital Chlamydia trachomatis infection develop inflammatory arthritis, but it is
unknown whether particular chlamydial serovar(s) engender the disease more often than others. We
defined serovar in synovial tissues from arthritis patients infected with this organism. DNA from synovial
biopsies of 36 patients with PCR-confirmed synovial C. trachomatis was analyzed. Diagnoses included
reactive arthritis, undifferentiated oligoarthritis, rheumatoid arthritis, and osteoarthritis. The chlamydial
omp1 and trpA genes were amplified, cloned, and 10 or more clones from each sample were sequenced.
The cytotoxin locus also was analyzed. omp1 sequences showed 2 patients having only C. trachomatis A
serovar, 1 with only B, and 33 having only C, all ocular serovars. Analyses of trpA and the cytotoxin locus
uniformly displayed standard ocular serovar characteristics for each patient. Identification of ocular
chlamydial serovars in the synovia of arthritis patients is unexpected. These observations suggest that
urogenital chlamydial infections, while consisting primarily of organisms of genital serovars, include
some of ocular serovar(s). They further suggest that during such infections unknown selection pressures
favor establishment of the latter in the synovium to the exclusion of genital serovar chlamydiae.

! 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Genital infections with the bacterial pathogen Chlamydia tra-
chomatis are a significant problem in the United States, and they
must be reported to the Centers for Disease Control (CDC) from all
50 states and the District of Columbia. Data from the CDC indicate
that more than 3 million new infections are reported/year, with
a stable population of C. trachomatis-infected individuals in the US
in excess of 6 million [1]. Importantly, genital chlamydial infections
can engender serious sequelae, one of which is chronic reactive
(inflammatory) arthritis (ReA) (e.g., [2–6]). Reports indicate
thatw5% of those with a genital chlamydial infection will develop
acute ReA, and about half of these latter will proceed to chronicity
(e.g., [7]). Further, published data indicate that 20–40% of individ-
uals with inflammatory arthritis but no documented prior genital
infection with C. trachomatis, and who are given a diagnosis of
undifferentiated spondyloarthropathy, oligo- or mono-arthritis, are
PCR-positive in synovial tissue and/or fluid for C. trachomatis DNA

[8,9]. Our studies and those of others have made progress in
understanding the molecular and cellular biology of C. trachomatis,
and in understanding its pathogenic interaction with its host cells
in the synovium and elsewhere ([6] for review). However, we do
not know whether organisms of one or more particular serovars/
strains of the organism are responsible for arthritogenesis, and if so
how organisms of that/those serovars initiate and maintain syno-
vial pathogenesis. We also have a poor understanding of why only
some individuals develop arthritis following genital chlamydial
infection, and why only a portion of those with acute disease
progress to chronicity. It is clear that many aspects of disease
induction, severity, and chronicity are functions of the serovar of
the infecting Chlamydia, and of as yet unknown properties of the
host genetic background [10,11].

In addition to its role in genital infections, C. trachomatis is the
etiologic agent for trachoma, a disease that remains the most
prevalent cause of treatable blindness worldwide (e.g., [12,13]). As
the designation indicates, serovars of this organism have been
differentiated serologically via the antigenic structure of the chla-
mydial major outer membrane protein, encoded by the omp1 gene
([14] and see below). However, many recent studies have utilized
DNA sequence information to identify serovars in clinical or other
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samples ([15]; see also below). Chlamydiae of serovars A, B, Ba, and
C are ocular (trachoma) agents, while those of serovars D–K are
recognized as standard genital agents. A separate biovar includes
the chlamydiae responsible for lymphogranulosum venereum
(LGV), designated biovars L1–L3 [14,16]. Importantly, organisms of
ocular serovars can cause genital infections, and vice-versa, under
some conditions (e.g., [17–19]). However, genital infections by
ocular serovars are rare [17–19].

Recent reports have demonstrated that ocular and genital
chlamydial serovars can be distinguished from one another as
groups at several chromosomal loci, in addition to the amino acid or
DNA sequence of the omp1 gene. Organisms of ocular and genital
serovars possess different deletions in and around the cytotoxin
gene (designated gene Ct166); organisms of ocular serovar B have
a large deletion spanning gene Ct162 through the trp operon [20].
Further, while genital serovar chlamydiae produce functional
products from the trp operon, organisms of ocular serovars have
deletions in trpBA that result in non-functional products [21,22].
These differences have been postulated to account in part for tissue
tropism and variable pathogenicity between organisms of the
ocular and genital serovar groups. A recent study further demon-
strated that subtle differences in genomic variation in ocular
serovars result in variations in IFN-g sensitivity, growth rate in vitro,
virulence, and other characteristics [23].

As mentioned, one longstanding question in relation to synovial
pathogenesis in Chlamydia-associated arthritis concerns whether
the disease is elicited by organisms of a particular ‘‘arthritogenic’’
serovar, or whether a range of serovars can disseminate to joints
and induce disease. Further, it is not clear whether those patients
who develop only acute ReA following genital chlamydial infection
are infected by serovars different from that/those infecting patients
who progress to chronic disease. Here, we present surprising
observations relating to the infecting C. trachomatis serovars iden-
tified in the synovia of arthritis patients who are PCR-positive in
that tissue for DNA of C trachomatis.

2. Results

2.1. Infecting chlamydial serovar determined by the DNA sequence
of omp1

Serovars of C. trachomatis often are differentiated and defined on
the basis of the predicted amino acid sequence of the omp1 gene
product (e.g., [14,15]). We amplified the complete omp1 gene, plus
some 50 and 30 flanking sequence, using DNA prepared from each of
36 synovial biopsies from individuals known to be PCR-positive for
chromosomal DNA from the organism. The resulting DNA
sequences were compared to serovar type-sequences in GenBank,
and the infecting serovar was deduced from those data. The results
shown in Table 1 indicate that of the 36 patient samples so
analyzed, 2 were infected with A serovar chlamydiae (patients 7,
12), 1 was infected with organisms of B serovar (patient 36), and the
rest were infected with C serovar C. trachomatis. None of the
patients analyzed showed any DNA sequences characteristic of
genital chlamydial serovars in the synovial DNA preparation used
as template for PCR amplification. This finding of exclusively ocular
rather than genital serovars in these synovial samples from arthritis
patients is unlikely to be the result of laboratory contamination,
since none of the groups associated with this work studies or has
grown or studied ocular chlamydial serovars for many years.
Further, negative control PCR assays run with each amplification
reaction for each patient sample were universally negative (see also
Patients and Methods, below). To be certain that we were not
identifying a minor component serovar in a mix with primarily
genital serovars, we sequenced at least 10 (and usually 15 or more)

clones from each of the 36 patient samples. In all cases, each clone
gave a DNA sequence, and thus a deduced serovar, which matched
that of the initially sequenced clone from each patient (Fig. 1).
Moreover, and interestingly, we found relatively little DNA
sequence diversity among the clones sequenced from each patient.
This is in contrast to data from other laboratories regarding genital
samples assessed for chlamydial serovar by DNA sequence (e.g.,
[15]; see also below).

2.2. Assessment of ocular vs genital chlamydial serovars via the
DNA sequence of trpA

Studies from other groups have identified DNA sequence char-
acteristics that can differentiate ocular from genital serovars of C.
trachomatis. For example the trpA gene, which encodes the alpha
subunit of tryptophan synthase, includes a single base pair (bp)
deletion near the 30 end of the coding sequence (nucleotide 528) in
organisms of ocular serovars A, Ba, and C, but not in chlamydiae of
genital serovars; also, the ocular serovar organisms have a 3 bp
deletion upstream of the single bp deletion (nucleotides 408–410)

Table 1
Characteristics of patients from whom samples were procured.

Patient Age/sex Working
diagnosis

Disease
duration
(mo)

Serovar trpA Cytotoxin
region

1 27/F ReAa 1 C ndb ocular
2 51/M ReA na C ocularþgenitalg –c

3 ?/F UOd 6 C nd –
4 44/M ReA 11 C ocular ocular
5 47/M UO 11 C ocular ocular
6 ?/F UO na C nd –
7 38/M UO 15 A ocular –
8 58/M RAe 84 C nd ocular
9 33/F UO 6 C ocular –
10 25/F UO na C nd –
11 32/M RA 7 C ocular ocular
12 39/M RA 12 A ocular –
13 32/M UO 0.5 C ocular ocular
14 ?/M UO 96 C nd ocular
15 44/M ReA 2 C ocularh –
16 37/M ReA na C ocular ocular
17 26/M ReA na C nd –
18 58/F UO 75 C ocular –
19 63/M ReA 25 C ocular –
20 47/F ReA 16 C nd –
21 58/M ReA 5 C ocular –
22 61/F RA 7 C oculari –
23 54/F ReA na C oculari –
24 49/F ReA na C ocular –
25 45/F ReA na C ocular –
26 60/M OAf na C nd –
27 68/M RA 4 C ocular –
28 44/M ReA 2 C ocular –
29 55/F RA na C nd ocular
30 53/F ReA na C ocularh ocular
31 54/F UO na C nd –
32 57/F OA na C ocular –
33 55/F RA na C ocular –
34 49/F RA na C ocular –
35 82/F RA na C ocular –
36 58/F ReA na B nd –

a ReA, reactive arthritis.
b Not done due to lack of material.
c Not done due to lack of material, or no PCR product produced.
d UO, undifferentiated oligoarthritis.
e RA, rheumatoid arthritis.
f OA, osteoarthritis.
g Ocular sequences linked to genital sequences; see Fig. 3.
h Most trpA DNA sequences of the ocular type but some proportion Group I genital

type [22].
i Most trpA DNA sequences of the ocular type but some proportion Group II

genital type [22].
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Infections chlamydiennes persistantes: 
facteurs infectieux 

§  Sérovars particuliers (oculaires) 
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– Ureoplasma urealiticum 
– mycoplasmes 
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Chlamydia pneumoniae et arthrites
Gian 1993, Saario 1993, Braun 1994, Beaudreuil 1995 : 
12 observations d’oligoarthrites 

 Infection pulmonaire ou pharyngée : 50 % 
 B27 + : 60 % 
 Manifestations extraarticulaires : 1 myocardite, 1 BAV, 
 1 érythème noueux 
 Diagnostic : sérologie ou prolifération des   
 lymphocytes articulaires (TPLA) 

Braun 1994 : TPLA + dans 5/70 arthrites indifférenciées 
Saabi 1996 : PCR + dans 13/118 (11 %) arthrites récentes 
Braun 1997 : PCR + dans 1/50 arthrites indifférenciées 
Wilkinson 1998 : PCR + dans 0/31 arthrites indifférenciées
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Abstract: Reactive (inflammatory) arthritis has been known for many years to follow genital infection
with the intracellular bacterial pathogen Chlamydia trachomatis in some individuals. Recent studies
from several groups have demonstrated that a related bacterium, the respiratory pathogen Chlamydia
pneumoniae, can elicit a similar arthritis. Studies of these organisms, and of a set of gastrointestinal
pathogens also associated with engendering inflammatory arthritis, have been relatively extensive.
However, reports focusing on coinfections with these and/or other organisms, and the effects of
such coinfections on the host immune and other systems, have been rare. In this article, we review
the extant data regarding infections by multiple pathogens in the joint as they relate to engendering
arthritis, and we suggest a number of research areas that must be given a high priority if we are to
understand, and therefore to treat in an effective manner, such arthritides.
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1. Introduction

Genital infection by the bacterial pathogen Chlamydia trachomatis (C.tr.) has been known for
many years to function as a trigger for Reiter’s syndrome (RS) and reactive arthritis (ReA) [1,2].
Recent studies further indicate a chlamydial aetiology even for patients with spondyloarthritis (SpA) [3,4].
Epidemiologic data suggest that Chlamydia-induced reactive arthritis (CReA) is a more common
condition than previously thought, and that clinicians often fail to recognize it [5,6]. Most importantly,
a recent controlled study demonstrated that CReA can be successfully treated with combination
antibiotic therapy, thereby raising the possibility of a cure [7,8]. That possibility highlights the increased
significance of awareness and diagnosis of arthritis and SpA elicited by Chlamydiae.

It has become clear during the last two decades that two chlamydial species are responsible for
causing arthritis, C.tr. and the related respiratory pathogen Chlamydia (Chlamydophila) pneumoniae
(C.pn.), and that both elicit the disease via their persistent presence in the joint [1,2,9,10]. C.pn. is
essentially ubiquitous in all populations so far examined, raising the possibility that coinfection
involving the two chlamydial species might be significant in the aetiology of ReA and/or uSpA.
This possibility was reinforced by the observation that DNA from a wide variety of bacterial species
can be found in the joints of patients with arthritis [11].

Polymicrobial or coinfections are well-known and of demonstrated clinical importance in
infectious diseases of the oral cavity, in otitis media, in diabetic foot wound infections, chronic
infection in the cystic fibrosis lung, and in other clinical entities [12]. In general, coinfections can be
concurrent, as in bacterial pneumonia with Staphylococcus aureus complicating flu infection, or they can
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Traitements des arthrites 
Chlamydiennes 

§  Traitement de l’infection initiale 
Azythromycin 1g dose unique 
Ou doxycycline 100 mgx2/j, 7 jours 

§  Dépistage et traitement des maladies 
sexuellement transmissibles (Gono, HIV, 
siphylis, hépatite C) 

§  Traitement des partenaires 
§  Education : éviter les réinfestations, traiter 

rapidement une nouvelle infection 

Effet du traitement des urétrites 
chlamydiennes sur les récidives 

d’arthrite chlamydiennes 
192 BARDIN ET AL 

or penicillin-treated episodes did not differ signifi- 
cantly (Table 2). Overall, 57 of 156 (37%) of the 
episodes that were either untreated or treated only 
with penicillin were followed by an articular attack 
(Table 3). The sex-specific incidences of the attacks 
were 56 of 145 (39%) in males, and 1 of 1 1  (9%) in 
females. 

In contrast, only 7 of 68 episodes of urethritis or 
cervicitis treated with erythromycin or tetracycline 
(10%) were followed by articular symptoms (7 of 65, or 
11%, observed incidence in males and 0 of 3, or 0%, 
observed incidence in females). Differences in the 
incidence of arthritis with versus without erythromy- 
cin or tetracycline treatment were statistically signifi- 
cant (P < 0.001). Similar effects were seen when only 
those arthritis attacks involving joint swelling or only 
those meeting the ACR proposed criteria were exam- 
ined (Table 3). 

Of the 60 Reiter’s syndrome patients with epi- 
sodes of genitourinary tract inflammation, 10 met the 
New York criteria for AS; 9 of the AS patients 
developed arthritis symptoms following urethritis or 
cervicitis during the study period. The effect of anti- 
biotics was even more pronounced in this subgroup of 
patients. The incidence of articular symptoms was 
57% (17 of 30) following untreated or penicillin-treated 
episodes, compared with 4% (1 of 28) after episodes 
treated with erythromycin or tetracycline. 

Finally, 3 patients developed keratoderma blen- 
norrhagicum (associated with arthritis in 2 patients), 
and 4 patients developed balanitis (associated with 
arthritis in 3 patients) following urethritis that had not 
been treated with erythromycin or tetracycline. 
Twenty-nine episodes of uveitis were recorded in 24 
Reiter’s syndrome patients. None was associated with 
a preceding episode of genitourinary tract inflamma- 
tion, and articular symptoms were concomitant with 
the ocular attacks in 2 patients. 

Table 2. Episodes of genitourinary tract inflammation, with and 
without associated arthritis, by treatment category, in patients with 
Reiter’s syndrome* 

Total no. of No. (%) of episodes 
episodes followed by arthritis 

Treatment (n = 224) (n = 64) 

No treatment 59 20 (34) 
Penicillin only 97 37 (38) 
Erythromycin or tetracycline 68 7 (10) 

* A total of 224 episodes of genitourinary tract inflammation oc- 
curred in 60 of the 109 patients studied. 

Table 3. Rates of postvenereal arthritis, arthritis with joint sweli- 
ing, and arthritis attacks meeting ACR criteria in patients with 
Reiter’s syndrome, by treatment category* 

Untreated or Erythromycin 
penicillin or tetracycline 
treated treated 

(n = 156) (n = 68) P 

All articular attacks 57 (37) 7 (10) <0.001 
Attacks with joint swelling 39 (25) 5 (7) <0.005 
Attacks meeting ACR 24 (IS) 2 (3) <0.01 

* Rates are for men plus women. Values are the number (%). The 
American College of Rheumatology (ACR) (formerly, the American 
Rheumatism Association) proposed criteria for a diagnosis of Reit- 
er’s syndrome are described in ref. 6. 

criteria 

DISCUSSION 
High frequencies of both the spondylarthropa- 

thies and the HLA-B27 antigen have been observed in 
various Inuit populations (8,9). In Greenland, the 
frequency of the HLA-B27 antigen is estimated to be 
29% (lo), and the mean prevalence of postvenereal 
Reiter’s syndrome in the 8 communities included in 
this study has been calculated to be 0.68% (5). A high 
incidence of venereal diseases was observed in the 
Greenland population before and during the years of 
this study (1 1). Together with the high frequency of the 
HLA-B27 antigen, this may account for the elevated 
prevalence of postvenereal Reiter’s syndrome and the 
strikingly recurrent nature of the disease. 

Previously, several investigators have reported 
the frequent recurrence of arthritis in Reiter’s syn- 
drome ( I ) ,  but the role of genital reinfection has been 
debated. Csonka (12) and Kousa (13) proposed that 
articular recurrences frequently followed new epi- 
sodes of urethritis. In contrast, Calin (1) observed that 
many disease exacerbations developed without obvi- 
ous cause, and that the evidence in favor of the role of 
venereal reinfection in the genesis of articular recur- 
rences was inconclusive. 

In the Greenland study population, venereal 
infections appeared to be an important trigger of 
articular recurrences (but, interestingly, not of uveitis) 
in Reiter’s syndrome patients: 58% of the articular 
recurrences followed an episode of urethritis or cervi- 
citis. Indeed, the recorded frequency of episodes of 
genitourinary tract inflammation was much higher in 
patients who experienced exacerbations of articular 
disease: 86% had a recorded history of urethritis or 
cervicitis during the course of the study, whereas 21% 
of patients without new articular attacks had such a 

Bardin et al Arthritis Rheum 1992 
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Traitement antibiotique des arthrites 
Chlamydiennes 

•  Plusieurs essais de monothérapies prolongées 3 à 
6 mois n’ont pas été efficaces 

presence of extra-articular manifestations (conjunctivitis,
keratoderma, oral ulcers).
Laboratory evaluations at each visit included CRP, serum

alanine aminotransferase, aspartate aminotransferase, alka-
line phosphatase, and creatinine; haemoglobin, packed cell
volume, white blood cell count with differential, and platelets
were also measured. CRP was measured both at each study
site and at a central laboratory.
Urine samples were collected at each visit, stored at 220 C̊,

and analysed by ligase chain reaction (LCR) for the presence

of Chlamydia trachomatis DNA. These tests, together with
measurements of CRP, rheumatoid factor, and HLA-B27
status were each performed at a single laboratory.
Patients were screened for adverse drug reactions and

intercurrent illnesses at every visit.

Data collection and analyses
The primary efficacy measures were physician assessment of
disease activity, patient assessment of disease activity,
number of swollen and number of tender joints, and time

Table 3 Mean (SD) changes in disease activity measures from baseline to 24 weeks (ITT, last observation carried forward) in
the azithromycin and placebo groups

Azithromycin (n = 81) Placebo (n = 71)

Treatment effect!Baseline* Change Baseline* Change

Physician global 2.06 (0.71) 1.11 (0.86 to 1.36) 2.00 (0.70) 1.21 (0.98 to 1.44) 0.10 (20.24 to 0.44)
Patient global 2.11 (0.72) 1.14 (0.87 to 1.41) 2.06 (0.77) 1.18 (0.94 to 1.43) 0.04 (20.32 to 0.42)
Joint pain 2.20 (0.73) 1.32 (1.06 to 1.59) 1.99 (0.84) 1.23 (0.96 to 1.49) 20.09 (20.47 to 0.30)
Back pain 0.52 (0.85) 0.38 (0.19 to 0.57) 0.38 (0.72) 0.21 (0.03 to 0.39) 20.17 (20.43 to 0.09)
Heel pain 0.62 (0.98) 0.33 (0.12 to 0.55) 0.73 (1.00) 0.35 (0.09 to 0.61) 0.02 (20.31 to 0.35)
Swollen joint count 2.63 (1.53) 1.44 (0.95 to 1.94) 2.25 (1.28) 1.44 (1.01 to 1.86) 20.01 (20.66 to 0.64)
Tender joint count 3.69 (3.31) 1.79 (0.92 to 2.65) 3.52 (3.45) 1.76 (0.87 to 2.65) 20.03 (21.26 to 1.21)
CRP 43 (49) 25 (11 to 38) 47 (55) 35 (20 to 50) 10.0 (29.6 to 30.5)
CRP centrally measured 60 (51) 47 (30 to 64) 38 (55) 32 (12 to 52) 215.0 (240.0 to 11.0)

*No significant difference between baseline values; !mean (95% CI) difference (placebo minus azithromycin) between 24 week changes in disease activity
measures.

Figure 1 Time dependent improvement of six important end point measures in the completer population (mean (95% CI)): (A) tender joint count; (B)
swollen joint count; (C) joint pain; (D) CRP; (E) patient global assessment; (F) physician’s global assessment.

Treatment of ReA with azithromycin 1115
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Une combinaison d’antibiotiques 
semble efficace 

42, and 1 of 42 subjects were positive for C pneumoniae
IgG, C pneumoniae IgA, C trachomatis IgG, and C
trachomatis IgA, respectively.

The demographics and baseline characteristics of
all 80 subjects who were screened were similar to those
of the 42 who were enrolled and randomized. Specifi-
cally, their mean age was 45.5 years (range 21–70 years)
with mean disease duration of 9.9 years (range 0.5–40
years). Comparing baseline demographics and charac-
teristics of the 2 combination antibiotic groups also
yielded similar results. There were no statistically signif-
icant differences between the 2 groups that received
active treatment (data not shown).

Treatment. All randomized study patients re-
ceived at least 1 dose of the study drugs and were
included in the ITT and safety analyses. Thirty-four of
42 subjects (81%) completed the 6 months of treatment;
3 of 27 subjects (11%) receiving combination antibiotics
and 5 of 15 subjects (33%) receiving placebo discontin-
ued the study medications prematurely. Of the 3 subjects
receiving combination antibiotics who discontinued pre-
maturely, 2 were receiving doxycycline and rifampin
(reasons for discontinuation were peripheral edema and
loss to followup), and 1 was receiving azithromycin and
rifampin (reason for discontinuation was loss to fol-
lowup). Regarding the 5 subjects receiving placebo, the
reasons for discontinuation were lack of efficacy (n ! 1),
nausea and diarrhea (n ! 1), seizures (n ! 1), with-
drawal of consent (n ! 1), and loss to followup (n ! 1).

Efficacy. The primary end point was achieved in
17 of 27 patients (63%) receiving combination antibiot-
ics and in 3 of 15 (20%) receiving placebo (P ! 0.01).
Five of the 6 individual components that determined
responder status improved significantly at 6 months
compared with baseline in the combination antibiotic
group (P " 0.0001, P " 0.0001, P ! 0.002, P ! 0.01, and
P ! 0.008 for the modified SJC, the TJC, current low
back pain on a VAS, current peripheral joint pain on a
VAS, and global assessment of disease activity on a
VAS, respectively). The sixth component (average dura-
tion of morning stiffness in low back) revealed a trend
toward improvement at 6 months compared with base-
line in those subjects receiving combination antibiotics
(P ! 0.068). In the placebo group, none of the 6
components improved significantly at month 6 com-
pared with baseline. Responders did not differ from
nonresponders in their baseline characteristics, includ-
ing age, sex, disease duration, axial and/or peripheral
joint involvement, history of known chlamydial infec-
tions, or HLA–B27 status (data not shown). In a head-
to-head comparison of the modified SJC and TJC in

subjects receiving combination antibiotics and those
receiving placebo, the modified SJC and TJC were
significantly lower at month 1 and at all subsequent time
points in subjects receiving combination antibiotics (Fig-
ure 1).

All secondary end points demonstrated either
statistically significant improvement or a trend toward
improvement in patients receiving combination antibiot-
ics compared with those receiving placebo (Table 2). We
found no significant worsening in any of the end points
from month 6 to month 9. Seven of 27 subjects (26%)
randomized to combination antibiotics and 4 of 15
subjects (27%) randomized to placebo had dactylitis at
baseline; all 7 subjects receiving combination antibiotics
had resolution of their dactylitis at month 6, while only
2 of 4 subjects receiving placebo experienced resolution.
Downward adjustments in background DMARD usage
were allowed if the subject reported feeling better. Four
of the 7 subjects taking DMARDs at baseline in the

Figure 1. A, Modified swollen joint counts in patients receiving
combination antibiotics compared with those receiving placebo. ! !
P ! 0.0001; !! ! P " 0.0001; # ! P ! 0.0007; ## ! P ! 0.0005,
versus baseline. B, Tender joint counts in patients receiving combina-
tion antibiotics compared with those receiving placebo. ! ! P !
0.0009; !! ! P " 0.0001; # ! P ! 0.002; ## ! P ! 0.0004, versus
baseline. Values are the mean.
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Chronic Chlamydia-Induced Reactive Arthritis
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Objective. Chlamydia trachomatis and Chlamy-
dophila (Chlamydia) pneumoniae are known triggers of
reactive arthritis (ReA) and exist in a persistent meta-
bolically active infection state in the synovium, suggest-
ing that they may be susceptible to antimicrobial agents.
The goal of this study was to investigate whether a
6-month course of combination antibiotics is an effec-
tive treatment for patients with chronic Chlamydia-
induced ReA.

Methods. This study was a 9-month, prospective,
double-blind, triple-placebo trial assessing a 6-month
course of combination antibiotics as a treatment for
Chlamydia-induced ReA. Eligible patients had to be
positive for C trachomatis or C pneumoniae by polymer-
ase chain reaction (PCR). Groups received 1) doxycy-
cline and rifampin plus placebo instead of azithromy-
cin; 2) azithromycin and rifampin plus placebo instead
of doxycycline; or 3) placebos instead of azithromycin,
doxycycline, and rifampin. The primary end point was
the number of patients who improved by 20% or more in

at least 4 of 6 variables without worsening in any 1
variable in both combination antibiotic groups com-
bined and in the placebo group at month 6 compared
with baseline.

Results. The primary end point was achieved in
17 of 27 patients (63%) receiving combination antibiot-
ics and in 3 of 15 patients (20%) receiving placebo.
Secondary efficacy end points showed similar results.
Six of 27 patients (22%) randomized to combination
antibiotics believed that their disease went into com-
plete remission during the trial, whereas no patient in
the placebo arm achieved remission. Significantly more
patients in the active treatment group became negative
for C trachomatis or C pneumoniae by PCR at month 6.
Adverse events were mild, with no significant differences
between the groups.

Conclusion. These data suggest that a 6-month
course of combination antibiotics is an effective treat-
ment for chronic Chlamydia-induced ReA.

Chlamydia trachomatis and various species in the
genera Salmonella, Shigella, Campylobacter, and Yersinia
are all known triggers of reactive arthritis (ReA) (1). A
number of studies have also indicated that Chlamy-
dophila (Chlamydia) pneumoniae is another, although
less frequent, causative agent in ReA (2,3). C trachoma-
tis and C pneumoniae are both commonly acquired
asymptomatically (4,5), making the causative trigger less
clinically apparent in many cases (6). Polymerase chain
reaction (PCR) technology occasionally has demon-
strated the presence of chromosomal DNA from the
known triggering organisms in the synovial tissue of
patients with the postdysentery form of ReA (7–10).
This same technology has demonstrated the routine
presence of both C trachomatis and C pneumoniae DNA
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reaction (PCR) technology occasionally has demon-
strated the presence of chromosomal DNA from the
known triggering organisms in the synovial tissue of
patients with the postdysentery form of ReA (7–10).
This same technology has demonstrated the routine
presence of both C trachomatis and C pneumoniae DNA

ClinicalTrials.gov identifier: NCT00351273.
Supported by the NIH (National Institute of Arthritis and

Musculoskeletal and Skin Diseases grants AR-053646 to Dr. Carter
and AR-52541 to Dr. Hudson).

1J. D. Carter, MD, K. B. Sneed, PharmD, L. R. Ricca, MD,
F. B. Vasey, MD, J. Valeriano, MD: University of South Florida
College of Medicine, Tampa; 2L. R. Espinoza, MD: Louisiana State
Health Science Center, New Orleans; 3R. D. Inman, MD: University of
Toronto, Toronto, Ontario, Canada; 4J. A. Stanich, MS, C. Oszust, BS,
H. C. Gerard, PhD, A. P. Hudson, PhD: Wayne State University
School of Medicine, Detroit, Michigan.

Address correspondence and reprint requests to J. D. Carter,
MD, Department of Internal Medicine, Division of Rheumatology,
University of South Florida College of Medicine, 12901 Bruce B.
Downs Boulevard, MDC 81, Tampa, FL 33612. E-mail: jocarter@
health.usf.edu.

Submitted for publication July 10, 2009; accepted in revised
form February 4, 2010.

1298

Arthrites chlamydiennes:  
Traitements non antibiotiques 

§  AINS, injections cortisoniques 
§  Formes chroniques : traitements de fond 

Salazopyrine 
Méthotrexate 
Azathioprine 
Biothérapies : anti TNFsurtout,  

   tocilizumab un cas 



23

Anti TNF et arthtrites 
réactionnelles chroniques 

extraarticular manifestations. The recurrent anterior
uveitis of patient 5 totally disappeared after 6 months
of treatment with etanercept, without relapse. The pso-
riasis in patients 3 and 8 improved with etanercept and
infliximab treatment.

Patients 1–3, 7, 9, and 10 stopped anti-TNF!
treatment after a median of 7.5 months (range 1.5–10
months). Patients 1, 3, and 10 had relapses of disease
after a median of 6 months (range 3–6 months) and
restarted anti-TNF treatment, with satisfactory results.
Conversely, without anti-TNF treatment, patients 2, 7,
and 9 did not have relapses of disease after 11, 16, and
14 months of followup, respectively.

DISCUSSION

This is the largest study to date of the safety and
efficacy of anti-TNF! treatment of refractory ReA,

adding 10 patients to the 13 previously reported, mainly
as case reports. All data in the present study were
recorded using a standardized questionnaire. The main
limitations of the study are its retrospective design and
the limited followup.

The diagnosis of ReA may be difficult to define.
We have enhanced the validity of ReA diagnosis by
combining the 2 most recent sets of criteria (8,9).
Moreover, use of criteria for the classification of ReA
for clinical and experimental studies proposed by
Pacheco-Tena et al (9) led to a diagnosis of “definite
ReA triggered by bacteria” in all 10 patients. We are
therefore confident that all 10 patients had ReA.

All patients received NSAIDs, corticosteroids,
and DMARDs and experienced intolerance or ineffi-
cacy before starting anti-TNF. Of note, a majority of
them were treated with methotrexate, for which only

Table 2. Reported data from studies of patients with reactive arthritis treated with anti-TNF!*

Author, year (ref.)
No. of

patients

Anti-TNF!
agent/mg

per kg
Clinical evidence of
preceding infection

Biologic evidence of
preceding infection

Severe
adverse
effect Efficacy

Flagg et al, 2005 (10) 7 E At least clinical or biologic
evidence within 6 weeks
before the onset of
arthritis

At least clinical or biologic
evidence within 6 weeks
before the onset of
arthritis

None 56%†

Kaipiainen-Seppanen et al,
2003 (11)

2 I/3 Diarrhea/none Yersinia enterocolitica
(serology)

None Yes

Gaylis, 2003 (12) 1 I/5 HIV HIV None Yes
Gill and Majithia, 2008 (13) 1 I/3 Urethritis None None Yes
Schafranski, 2010 (14) 1 I/5 Urethritis Chlamydia trachomatis None Yes
Abdelmoula et al, 2008 (15) 1 I/3 None C trachomatis (serology

and DNA in the joint)
None Yes

Present study 10 I, A, E Clinical evidence within
the month before the
onset of arthritis

Biologic evidence within
the month before the
onset of arthritis

None 90%

* HIV ! human immunodeficiency virus (see Table 1 for other definitions).
† Both in reactive arthritis and in undifferentiated arthritis.

Figure 1. Evolution of pain score on a 0–100-mm visual analog scale (VAS) and of C-reactive protein (CRP) level during the first 6 months of
anti–tumor necrosis factor ! treatment. Values are the median " SD. D ! day; M ! month.
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infection were asymptomatic; 1 of these (3%) reported
developing rheumatological symptoms. Antibiotic treatment
of the acute infection was common among those with and
without new rheumatological symptoms; the mean number of
days from onset of diarrhoea to start of antibiotics was 7 days
for both groups. After controlling for age group and sex,
antibiotic use was not associated with risk of new rheumato-
logical symptoms.

Rheumatology history and examination findings
Rheumatology history and physical examinations were com-
pleted on 68 (38%) of the 178 Oregon subjects with
rheumatological symptoms. Most had been diagnosed
with Campylobacter or Salmonella infections (57% and 29%

respectively); evaluations were completed on only four subjects
each with a history of E coli O157 or Shigella infection, and on
one person with Yersinia infection. In Minnesota, 124 adults
had rheumatological symptoms with culture dates after August
1, 2003, when the examination phase was approved; 14 (11%)
completed rheumatology evaluations, 10 had a history of
Campylobacter and four had Salmonella infection. Evaluations
were completed a median of 17 days after the screening
interviews (range 3–79 days) in Oregon and 33 days after
interviews in Minnesota (range 3–64 days). There were no
significant differences in the demographic and clinical char-
acteristics of subjects who completed rheumatology evaluations
and those who did not, except for the over-representation of
Campylobacter cases in the former group.

Table 1 Demographic and clinical features of 4468 subjects with culture-confirmed infection screened for
new rheumatological symptoms, Minnesota and Oregon, 2002–2004

Feature*
Campylobacter
n = 2384

Salmonella
n = 1356

Escherichia
coli O157
n = 395

Shigella
n = 298

Yersinia
n = 35

All
pathogens
n = 4468

Median age (years) 35 29 15 21 31 31

Adult age >18 74 70 47 54 66 69

Child age ,18 26 30 53 46 34 31

Female sex 47 56 52 55 51 50

White 91 87 94 74 89 89

Hispanic 5 5 4 17 6 6

Foreign travel 17 14 2 27 0 15

History of arthritis 17 14 13 10 17 15

Acute illness:

Diarrhoea 99 95 99 99 89 97

Fever 73 73 44 74 46 70

Chills 65 66 37 65 46 63

Bloody stools 40 43 84 53 9 45

Vomiting 30 38 40 43 26 34

Took antibiotic 83 61 41 91 77 73

Quinolone 33 35 20 37 43 33

Macrolide 30 3 1 4 3 17

b Lactam 2 6 4 6 11 4

Emergency room visit 30 38 54 35 23 35

Hospitalised 13 20 39 13 9 17

Diarrhoea persistent at time of screening 4 5 2 3 3 4

Specimen source:{
Stool 99 92 100 100 89 97

Blood 1 4 ,1 ,1 3 2

Urine ,1 4 0 ,1 0 1

Joint ,1 ,1 0 0 0 ,1

Other/unknown{ ,1 1 0 0 8 ,1

* Except for age, numbers represent the percentage of total without missing values for each variable. Data were .94% complete
for all variables. Age was recorded for all subjects. { Totals greater than 100% because 11 had more than one site with
positive culture. { Other known sources: abscess (n = 2), bile (n = 1), peritoneal fluid (n = 1), breast discharge (n = 1), palm swab
(n = 1).

Table 2 Frequency and proportion of subjects with new onset of rheumatological symptoms following
culture-confirmed infection, Minnesota and Oregon, 2002–2004

Age/sex category
Campylobacter,
n (%)

Escherichia
coli O157, n (%)

Salmonella,
n (%)

Shigella,
n (%)

Yersinia,
n (%)

All pathogens,
n (%)

Age >18 262 (14.8) 27 (14.5) 176 (18.5) 19 (11.8) 5 (21.7) 489 (15.8)

Age ,18 40 (6.5) 8 (3.8) 28 (6.9) 10 (7.3) 0 (0) 86 (6.2)

Female 168 (15.1) 26 (12.7) 130 (17.2) 18 (11.0) 4 (22.2) 346 (15.4)

Male 134 (10.5) 9 (4.7) 74 (12.3) 11 (8.2) 1 (5.9) 229 (10.3)

All subjects 302 (12.7) 35 (8.9) 204 (15.0) 29 (9.7) 5 (14.3) 575 (12.9)
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ABSTRACT
Objective: To describe the epidemiology and clinical
spectrum of reactive arthritis (ReA) following culture-
confirmed infection with bacterial enteric pathogens in
a population-based study in the USA.
Methods: We conducted telephone interviews of
persons age .1 year with culture confirmed
Campylobacter, Escherichia coli O157, Salmonella,
Shigella and Yersinia infections reported to FoodNet
(http://www.cdc.gov/FoodNet/) in Minnesota, USA and
Oregon, USA between 2002 and 2004. Subjects with
new onset joint pain, joint swelling, back pain, heel pain
and morning stiffness lasting >3 days within
8 weeks of culture (possible ReA) were invited to
complete a detailed questionnaire and physical
examination.
Results: A total of 6379 culture-confirmed infections
were reported; 70% completed screening interviews. Of
these, 575 (13%) developed possible ReA; incidence was
highest following Campylobacter (2.1/100 000) and
Salmonella (1.4/100 000) infections. Risk was greater for
females (relative risk (RR) 1.5, 95% CI, 1.3 to 1.7), adults
(RR 2.5, 95% CI, 2.0 to 3.1) and subjects with severe
acute illness (eg, fever, chills, headache, persistent
diarrhoea). Risk was not associated with antibiotic use or
human leukocyte antigen (HLA)-B27. A total of 54 (66%)
of 82 subjects examined had confirmed ReA. Enthesitis
was the most frequent finding; arthritis was less
common. The estimated incidence of ReA following
culture-confirmed Campylobacter, E coli O157,
Salmonella, Shigella and Yersinia infections in Oregon was
0.6–3.1 cases/100 000.
Conclusions: This is the first population-based study of
ReA following infections due to bacterial enteric
pathogens in the USA. These data will help determine
the burden of illness due to these pathogens
and inform clinicians about potential sequelae of these
infections.

Bacterial gastroenteritis is usually self-limited, but
sequelae such as reactive arthritis (ReA) may
follow acute infection. The epidemiology and
clinical spectrum of ReA in the US is poorly
defined, and is based primarily on information
obtained through outbreak investigations.

We present results of a study that involved
follow-up of culture-confirmed cases of
Campylobacter, Escerichia coli O157, Salmonella,
Shigella and Yersinia infections reported among
residents of Minnesota and Oregon. Our
main objective was to use the population-based

framework of the Foodborne Disease Active
Surveillance Network (FoodNet) to define more
clearly the epidemiology and clinical spectrum of
ReA following foodborne illness in the US.

METHODS
The study was reviewed and approved by the
investigational review boards at each participating
medical institution, state health department and
CDC. Informed consent was obtained from all
participating subjects. A description of the
FoodNet program and surveillance methods is
available at http://www.cdc.gov/foodnet/index.
htm.

Beginning March 15, 2002, we attempted to
interview all subjects age .1 year whose incident
culture-confirmed Campylobacter, E coli O157,
Salmonella, Shigella, or Yersinia infection had been
reported to FoodNet in Minnesota and Oregon.
Telephone interviews were conducted 4 to 8 weeks
after the specimen collection date using a standar-
dised screening questionnaire developed for this
study (see Appendix). Interviews were conducted
in Oregon until 14 March 2004, and in Minnesota
until 14 August 2004. Children (age ,18 years)
were not interviewed directly; parents or legal
guardians provided proxy interviews. Exclusion
criteria are shown in fig 1.

We defined a possible ReA case as a subject with
new onset of any of the rheumatological symp-
toms listed in the screening questionnaire. Subjects
with possible ReA were invited to complete a more
detailed medical history and physical examination.
We defined a case of definite ReA as a subject with
possible ReA and a history or physical examination
findings consistent with monoarthritis, oligoarthri-
tis, dactylitis, enthesitis, or inflammatory back
pain without other rheumatological explanation.
Enthesitis was measured by the Mander Enthesis
Index (MEI),1 which scores the degree of tender-
ness at 30 individual and grouped enthesis sites on
a scale of 0 to 3 (0 = no tenderness, 1 = mild
tenderness, 2 = moderate tenderness, 3 = wince or
withdraw tenderness) with a maximum score of
90. One of three rheumatologists (MT, AD, AB) in
Oregon and a single rheumatologist (HK) in
Minnesota conducted the physical examinations.
In Minnesota, no examinations were performed on
subjects screened during the first year of
surveillance; children were excluded from the
examination portion of the study at that site. A
follow-up questionnaire that addressed ongoing
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confirmed infection with bacterial enteric pathogens in
a population-based study in the USA.
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persons age .1 year with culture confirmed
Campylobacter, Escherichia coli O157, Salmonella,
Shigella and Yersinia infections reported to FoodNet
(http://www.cdc.gov/FoodNet/) in Minnesota, USA and
Oregon, USA between 2002 and 2004. Subjects with
new onset joint pain, joint swelling, back pain, heel pain
and morning stiffness lasting >3 days within
8 weeks of culture (possible ReA) were invited to
complete a detailed questionnaire and physical
examination.
Results: A total of 6379 culture-confirmed infections
were reported; 70% completed screening interviews. Of
these, 575 (13%) developed possible ReA; incidence was
highest following Campylobacter (2.1/100 000) and
Salmonella (1.4/100 000) infections. Risk was greater for
females (relative risk (RR) 1.5, 95% CI, 1.3 to 1.7), adults
(RR 2.5, 95% CI, 2.0 to 3.1) and subjects with severe
acute illness (eg, fever, chills, headache, persistent
diarrhoea). Risk was not associated with antibiotic use or
human leukocyte antigen (HLA)-B27. A total of 54 (66%)
of 82 subjects examined had confirmed ReA. Enthesitis
was the most frequent finding; arthritis was less
common. The estimated incidence of ReA following
culture-confirmed Campylobacter, E coli O157,
Salmonella, Shigella and Yersinia infections in Oregon was
0.6–3.1 cases/100 000.
Conclusions: This is the first population-based study of
ReA following infections due to bacterial enteric
pathogens in the USA. These data will help determine
the burden of illness due to these pathogens
and inform clinicians about potential sequelae of these
infections.

Bacterial gastroenteritis is usually self-limited, but
sequelae such as reactive arthritis (ReA) may
follow acute infection. The epidemiology and
clinical spectrum of ReA in the US is poorly
defined, and is based primarily on information
obtained through outbreak investigations.

We present results of a study that involved
follow-up of culture-confirmed cases of
Campylobacter, Escerichia coli O157, Salmonella,
Shigella and Yersinia infections reported among
residents of Minnesota and Oregon. Our
main objective was to use the population-based

framework of the Foodborne Disease Active
Surveillance Network (FoodNet) to define more
clearly the epidemiology and clinical spectrum of
ReA following foodborne illness in the US.

METHODS
The study was reviewed and approved by the
investigational review boards at each participating
medical institution, state health department and
CDC. Informed consent was obtained from all
participating subjects. A description of the
FoodNet program and surveillance methods is
available at http://www.cdc.gov/foodnet/index.
htm.

Beginning March 15, 2002, we attempted to
interview all subjects age .1 year whose incident
culture-confirmed Campylobacter, E coli O157,
Salmonella, Shigella, or Yersinia infection had been
reported to FoodNet in Minnesota and Oregon.
Telephone interviews were conducted 4 to 8 weeks
after the specimen collection date using a standar-
dised screening questionnaire developed for this
study (see Appendix). Interviews were conducted
in Oregon until 14 March 2004, and in Minnesota
until 14 August 2004. Children (age ,18 years)
were not interviewed directly; parents or legal
guardians provided proxy interviews. Exclusion
criteria are shown in fig 1.

We defined a possible ReA case as a subject with
new onset of any of the rheumatological symp-
toms listed in the screening questionnaire. Subjects
with possible ReA were invited to complete a more
detailed medical history and physical examination.
We defined a case of definite ReA as a subject with
possible ReA and a history or physical examination
findings consistent with monoarthritis, oligoarthri-
tis, dactylitis, enthesitis, or inflammatory back
pain without other rheumatological explanation.
Enthesitis was measured by the Mander Enthesis
Index (MEI),1 which scores the degree of tender-
ness at 30 individual and grouped enthesis sites on
a scale of 0 to 3 (0 = no tenderness, 1 = mild
tenderness, 2 = moderate tenderness, 3 = wince or
withdraw tenderness) with a maximum score of
90. One of three rheumatologists (MT, AD, AB) in
Oregon and a single rheumatologist (HK) in
Minnesota conducted the physical examinations.
In Minnesota, no examinations were performed on
subjects screened during the first year of
surveillance; children were excluded from the
examination portion of the study at that site. A
follow-up questionnaire that addressed ongoing
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follow acute infection. The epidemiology and
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defined, and is based primarily on information
obtained through outbreak investigations.

We present results of a study that involved
follow-up of culture-confirmed cases of
Campylobacter, Escerichia coli O157, Salmonella,
Shigella and Yersinia infections reported among
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after the specimen collection date using a standar-
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study (see Appendix). Interviews were conducted
in Oregon until 14 March 2004, and in Minnesota
until 14 August 2004. Children (age ,18 years)
were not interviewed directly; parents or legal
guardians provided proxy interviews. Exclusion
criteria are shown in fig 1.

We defined a possible ReA case as a subject with
new onset of any of the rheumatological symp-
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with possible ReA were invited to complete a more
detailed medical history and physical examination.
We defined a case of definite ReA as a subject with
possible ReA and a history or physical examination
findings consistent with monoarthritis, oligoarthri-
tis, dactylitis, enthesitis, or inflammatory back
pain without other rheumatological explanation.
Enthesitis was measured by the Mander Enthesis
Index (MEI),1 which scores the degree of tender-
ness at 30 individual and grouped enthesis sites on
a scale of 0 to 3 (0 = no tenderness, 1 = mild
tenderness, 2 = moderate tenderness, 3 = wince or
withdraw tenderness) with a maximum score of
90. One of three rheumatologists (MT, AD, AB) in
Oregon and a single rheumatologist (HK) in
Minnesota conducted the physical examinations.
In Minnesota, no examinations were performed on
subjects screened during the first year of
surveillance; children were excluded from the
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reported diarrhea (Table 1). The frequency of consult-
ation of a physician varied with age group (0–4 years:
40% (n=63); 5–14 years: 34% (n=37), ≥15 years: 23%
(n=25)) and symptom (fever: 59% (n=56); visible blood
in stool 56% (n=5); vomiting 33% (n=24); diarrhea 27%
(n=25); tenesma 26% (n=12); abdominal pain 25%
(n=29); pain in lower right abdomen 24% (n=5); other
symptoms 41% (n=88)). A stool sample was taken from
6/25 persons (24%) with diarrhea who sought medical care.

Cohort study 2 (post-infectious symptoms of ReA, EN,
conjunctivitis)
About 12% of yersiniosis patients (n=41) reported at least
one symptom consistent with probable ReA (Table 4). The
most frequently reported symptom was joint pain (6%;

n=20), mainly in the knees (n=14), elbows (n=9), and an-
kles (n=5). Seven yersiniosis patients (17%) reported two
symptoms and 4 patients (10%) reported more than two
symptoms of ReA. The incidence of symptoms of probable
ReA increased with age. About 25% of case-patients ≥15
years of age (n=23) were affected by symptoms of prob-
able ReA versus 3% of children aged <5 years (n=4) and
12% of children aged 5–14 years (n=14). The median age
of yersiniosis patients with symptoms of probable ReA
was 18 years (IQR 10–34 years), case-patients without
these symptoms were significantly younger (median age
7 years, IQR 2–14 years; P<0.001). Eleven yersiniosis pa-
tients (3%; median age 10 years; IQR 2–20 years) reported
symptoms consistent with EN. Sixteen yersiniosis patients
(5%; median age 5 years; IQR 2–16.5 years) reported
symptoms consistent with conjunctivitis (Table 4). The
median age of case-patients with symptoms of probable
EN or conjunctivitis was not significantly different from
the age of case-patients without these symptoms. The
occurrence of symptoms of probable sequelae was not
associated with gender. Symptoms of ReA were not asso-
ciated with Y. enterocolitica serotype (O:3 vs. non-O:3).
We found a statistically significant negative association
of serotype O:3 with occurrence of EN (RR 0.2, 95%
CI 0.1-0.9; P=0.028). A link of conjunctivitis and serotype
was not assessed because none of the case-patients
positive for non-O:3 serotypes reported conjunctivitis
symptoms.
Yersiniosis patients were about 3-times more likely to

report at least one symptom of ReA and about 25-times
more likely to report symptoms of EN compared to per-
sons without yersiniosis (Table 4). Yersiniosis was not
associated with symptoms of conjunctivitis (Table 4).
The median time interval between onset of symptoms of
yersiniosis and first onset of symptoms consistent with
sequelae was 15 days for ReA (IQR 7–28 days), 10 days

Table 3 Risk ratio of hospitalization and appendectomy
by symptom of Y. enterocolitica infection in yersiniosis
patients, Germany 2009–2010 (N=571)

Hospitalization Appendectomy

Symptom Risk ratioa

(95% CIb)
P valuec Risk ratioa

(95% CI)
P valuec

Diarrhea 0.5 (0.4 -0.7) <0.001 0.3 (0.1-0.6) 0.001

Abdominal pain 0.9 (0.6 -1.2) 0.406 0.4 (0.2 -1.0) 0.049

Pain in lower
right abdomen

2.7 (1.9-3.8) <0.001 19.0 (2.6-140.7) 0.004

Tenesma 0.9 (0.6-1.2) 0.428 0.6 (0.2-2.1) 0.451

Fever 2.0 (1.5-2.8) <0.001 2.3 (0.9 -5.6) 0.075

Vomiting 1.7 (1.3 -2.1 ) <0.001 1.0 (0.3-2.8) 0.929

Visible blood in stool 0.9 (0.5 -1.9) 0.871 .d 0.626

Other symptoms 1.2 (0.9-1.7) 0.154 0.6 (0.3 -1.4) 0.277
aadjusted for age group and sex in a log-binomial regression model.
bConfidence interval.
cWald test.
dNo RR estimate was calculated because none of the 22 patients with
appendectomy had reported visible blood in stool.

Table 4 Symptoms consistent with sequelae of Y. enterocolitica infection (reactive arthritis, erythema nodosum,
conjunctivitis) in yersiniosis patients (N=351) and “sequelae-like” symptoms in a population-based reference group
(N=819), Germany 2009-2010
Symptom Yersiniosis patients

n (%)
Reference group

n (%)
Risk ratioa

(95% confidence interval)
P value

(Wald test)

Any symptom of sequelae 62 (19.1) 67 (8.3) 2.3 (1.7 3.2) <0.001

Any symptom of reactive arthritis 41 (12.4) 39 (4.8) 2.6 (1.7 -3.9) <0.001

Joint pain 20 (5.9) 19 (2.3)

Joint swelling 9 (2.6) 1 (0.1)

Lower back pain 15 (4.5) 11 (1.4)

Buttocks pain 8 (2.4) 2 (0.3)

Heel pain 7 (2.1) 11 (1.4)

Morning joint or back stiffness lasting >1 hour 4 (1.2) 3 (0.4)

Erythema nodosum 11 (3.2) 1 (0.1) 25.1 (3.3-194.7) 0.002

Conjunctivitis/iritis 16 (4.6) 29 (3.6) 1.2 (0.7-2.3) 0.465
aadjusted for age group and sex in a log-binomial regression model.
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Abstract

Background: Foodborne Yersinia enterocolitica infections continue to be a public health problem in many
countries. Consumption of raw or undercooked pork is the main risk factor for yersiniosis in Germany. Small
children are most frequently affected by yersiniosis. In older children and young adults, symptoms of disease may
resemble those of appendicitis and may lead to hospitalization and potentially unnecessary appendectomies. Y.
enterocolitica infections may also cause sequelae such as reactive arthritis (ReA), erythema nodosum (EN), and
conjunctivitis.

Methods: We studied clinical aspects of yersiniosis, antimicrobial use, and self-reported occurrence of
appendectomies, reactive arthritis, erythema nodosum and conjunctivitis. To assess post-infectious sequelae
participants of a large population-based case–control study on laboratory-confirmed Y. enterocolitica infections
conducted in Germany in 2009–2010 were followed for 4 weeks.

Results: Diarrhea occurred most frequently in children ≤4 years (95%); abdominal pain in the lower right quadrant
was most common in children 5–14 years of age (63%). Twenty-seven per cent of patients were hospitalized, 37%
were treated with antimicrobials. In 6% of yersiniosis patients ≥5 years of age, appendectomies were performed.
Self-reported symptoms consistent with ReA were reported by 12% of yersiniosis patients compared to 5% in a
reference group not exposed to yersiniosis. Symptoms consistent with EN were reported by 3% of yersiniosis
patients compared to 0.1% in the reference group. Symptoms of conjunctivitis occurred with the same frequency in
yersiniosis patients and the reference group.

Conclusions: Acute Y. enterocolitica infections cause considerable burden of illness with symptoms lasting for
about 10 days and hospitalizations in more than a quarter of patients. The proportion of yersiniosis patients treated
with antimicrobial drugs appears to be relatively high despite guidelines recommending their use only in severe
cases. Appendectomies and post-infectious complications (ReA and EN) are more frequently reported in yersiniosis
patients than in the reference group suggesting that they can be attributed to infections with Y. enterocolitica.
Physicians should keep recent Y. enterocolitica infection in mind in patients with symptoms resembling appendicitis
as well as in patients with symptoms of unclear arthritis.
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database covering the central hospital and communal healthcare
as well as occupational healthcare centres of the patients so
found were assessed. To supplement the data, a query was sent
to all of these patients 1 year after the outbreak. The query was
focused on tracing of a possible source of infection, onset of
first symptoms, extra-gastrointestinal symptoms and their dur-
ation. ReA was defined as swelling (synovitis) of at least one
joint if documented in the medical record of a patient. The sub-
jects who in this 1-year query reported to have had swelling or
limitation of joint movement timely associated with the out-
break were classified as probable ReA. To assess duration of the
primary musculoskeletal symptoms and possible development of
chronic spondyloarthropathy also a 4-year review of the
medical records were performed.

RESULTS
Tracing the source of infection, environmental investigation
At the beginning of July 2008, there were several cases of
gastroenteritis in subjects who had dined in a same workplace
canteen. After the confirmation of the first cases of Y
pseudotuberculosis-induced gastroenteritis, the health inspector
of the environmental healthcare reviewed the lunch menus
served and interviewed the workers who had fallen ill. The
process gave rise to suspicion of contamination of grated carrots
as the cause of the outbreak. It was found that the same dis-
tributor had delivered carrots stored over the winter from a
single farm to 57 different canteens.

Approximately 2 weeks after the suspicion of the outbreak, Y
pseudotuberculosis could be detected by real-time PCR from
samples taken from the grated carrots in one of the canteen
kitchens involved and samples taken from the carrot distributor.
Immediately thereafter, the environmental health office
informed the local food business operators and blocked further
distribution of raw carrots. At the same time, information on
the outbreak and on the means to avoid the infection was given
to the public in the local newspaper.

Later, Y pseudotuberculosis was also isolated from samples
originating from the carrot storage floor and plastic covering of
storage box and from conveyor belt of the carrot processing
machine. The isolates showed serotype of O:1 and genotype

S12 identical with the Y pseudotuberculosis isolates from the
patient stool samples.

Laboratory and clinical data
Y pseudotuberculosis infection was laboratory-confirmed in 48
subjects. Of them, 38 had stool culture positivity, seven subjects
had antibody positivity by a qualitative test and three were posi-
tive for both tests. Due to a thorough stool culture screening of
the subjects with abdominal complaints, antibody testing was
performed only in 11 cases. Stool cultures for other bacterial
enteric pathogens than Y pseudotuberculosis were negative. One
patient with febrile gastroenteritis and ReA but without labora-
tory confirmation of the infection who had dined in one of the
above-mentioned canteens was included in the study. His stool
culture was not taken at the time of infection and the antibody
testing remained negative.

The response rate of the 1-year postal query was 71% (35/
49). Of the patients, 37% were women and 25% were children
(table 1). Definite ReA was identified in eight (22%) of the 37
adults. The most typical joints affected in the eight patients
were knee (N=4) and ankle (N=3) and three patients had dac-
tylitis. Median (range) number of swollen joints in them was
two (1–4). Median (range) duration of joints symptoms in six of
the eight patients with the data available was 12 (6–26) weeks.
Three (8%) of the adults had probable ReA. Six (67%) of the
nine patients with ReA or possible ReA had human leucocyte
antigen (HLA)-B27. Erythema nodosum was notified in 42% of
the children, while none of them had definite ReA. HLA-B27
was not tested in the children. Twenty (41%) of the 49 patients
had needed treatment in hospital, seven of them were inpati-
ents. Appendectomies were not performed.

Thirty-two (65%) of all the 49 patients, including five (63%)
of the eight ReA patients, had primarily been treated with anti-
biotics for gastrointestinal infection. The antibiotics used were
as follows: ciprofloxacin (N=25), amoxicillin (N=2; children),
sulfa-trimethoprim (N=2; children), ceftriaxone (N=2), cefur-
oxime (N=1) and ciprocloxacin +metronidazole (N=1).

Follow-up
After 1 year, 12% (6/49) of the patients still suffered from joint
pain. None of them had features of persisting arthritis. One of
them had low back pain but sacroiliitis could not be confirmed
on MRI.

During a follow-up of 4 years, no recurrent gastrointestinal
infections among the patients were reported in the medical
records. A HLA-B27 positive male patient had haduveitis and
transient knee swelling. In the same patient, a bicuspidal aortic
valve was diagnosed by ultrasound at the time of ReA. In a later
control, a dilatation of ascending aorta was visualised. One
77-year-old patient had died from heart failure after myocardial
infarction.

DISCUSSION
We describe the occurrence of ReA and other musculoskeletal
symptoms in 49 patients followed for 4 years after the large
point-source foodborne outbreak caused by Y pseudotuberculo-
sis strain of serotype O:1, genotype S12. This outbreak had
spread in almost 60 canteens of the workplaces, schools and
day-care centres, which had grated carrots in their lunch menus.
Y pseudotuberculosis strain of identical serotype and genotype
was detected in the patient samples and among the bacterial iso-
lates in samples taken from the vegetable processing facility and
storage. This is the first time when Y pseudotuberculosis was
detected in the grated carrots collected from the canteen

Table 1 Characteristics (N (%)) of the patients, (N=49) in a
Yersinia pseudotuberculosis outbreak

Sex, female 18 (37)
Children (<16 years) 12 (25)
Age (years; median (range))
Children 6 (3–14)
Adults 49 (21–75)
Fever 39 (80)
Abdominal pain 39 (80)
Diarrhoea 33 (67)

ReA
Adults 8 (22)
Children 0

Probable ReA
Adults 3/37 (8)
Children 3 (25)

Erythema nodosum
Adults 8 (22)
Children 5 (42)

ReA, reactive arthritis.
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ABSTRACT
Objective We describe the epidemiological and
microbiological process in the clearing of a foodborne
outbreak of Yersinia pseudotuberculosis O:1 linked to
raw carrots and frequency of the associated reactive
extra-gastrointestinal manifestations.
Methods The patient samples were investigated
by routine culture or antibody testing methods. The
real-time bacterial PCR was used to detect
Y pseudotuberculosis in samples from the grated carrots
and in those taken from the carrot storage. Genotype of
bacterial isolates was determined by pulsed-field gel
electrophoresis. For case identification, we retrospectively
looked over the laboratory files of the central hospital
focusing on the time period of the outbreak.
Results Altogether 49 case patients were identified.
Y pseudotuberculosis was detected by real-time PCR
analysis in samples taken from grated carrots and from
the carrot distributor. Bacterial isolates originating from
the farm environment showed identical serotype (O:1)
and genotype (S12) with the patients’ isolates. Among
37 adults, reactive arthritis (ReA) was found in 8 (22%)
and three adults had probable ReA. Six (67%) out of
nine human leucocyte antigen (HLA) typed patients with
ReA were HLA-B27 positive. Erythema nodosum was
found in 42% of the 12 children, whereas none of them
had definite ReA.
Conclusions In this outbreak, Y pseudotuberculosis
was for the first time detected in both patient and food
samples. ReA was more common than earlier reported in
the outbreaks associated with this pathogen; the reason
may be that the previous outbreaks have occurred
among children. HLA-B27 frequency was higher than
usually reported in single-source outbreaks of ReA.

INTRODUCTION
The term reactive arthritis (ReA) was launched
40 years ago in the connection of arthritis triggered
by the enteric pathogen Yersinia enterocolitica.1

Among the other well-known enteric bacteria
causing ReA are Salmonella, Shigella and
Campylobacter. According to the reports hitherto,
Yersinia pseudotuberculosis serotype O:3 has an
association with ReA,2 3 whereas the association is
weak with serotype O:1.4 We report an outbreak
caused by Y pseudotuberculosis O:1 where the
origin was raw grated carrots. According to our
results, it seems that the extra-gastrointestinal mani-
festations triggered by this microbe differ between
children and adults. The most common

manifestation in children was erythema nodosum,
whereas it was ReA in the adults.

PATIENTS AND METHODS
Primary study population
In 2008, a widespread foodborne outbreak of
Y pseudotuberculosis infection occurred in Kainuu
Region, in Finland. First cases of gastroenteritis
appeared at June in the workers who had dined in
the same company canteen. Later also nursery and
school children developed symptoms compatible
with foodborne epidemics.

Laboratory methods
Stool samples were routinely cultured for Yersinia,
Salmonella, Campylobacter and Shigella species by
standard methods. Briefly for Yersinia, CIN
(cefsulodin-irgasan-novobiocin, Merck KGaA,
Darmstadt, Germany) agar plates were primarily
streaked and incubated in room temperature for
2 days. All stool samples were also cold-enriched
(+4°C) for 1 week in nutrient broth tubes before
streaking on CIN plates. Colonies that resembled
Yersinia were pure cultured and identified with API
20E (bioMérieux, Marcy l’Etoile, France). Serum
samples from culture negative symptomatic patients
were collected. Antibodies for Y pseudotuberculosis
were measured by bacterial agglutination method
for Y pseudotuberculosis O:1 and O:3 serotypes.
Positive IgM-class antibodies as an indication of a
recent infection or IgG-class antibodies with a
rising titre were considered positive when con-
nected with a compatible clinical picture. The food
and environmental samples were analysed by
culture method and real-time PCR as previously
described.5 6

Isolate subtyping
Y pseudotuberculosis isolates were serotyped by
slide agglutination with antisera against serotypes
O:1 to O:6 (Denka Seiken, Tokyo, Japan) and gen-
otyped by pulsed-field gel electrophoresis after
restriction of DNA with SpeI enzyme as previously
described.7

Retrospective analysis of the clinical data
For case identification, the laboratory files of
Kainuu Central Hospital for persons with Y pseu-
dotuberculosis culture and/or antibody positivity
from 1 April 2008 to 31 July 2008 were retrospect-
ively looked over. Based on a personal identifica-
tion code, the medical records in the electrical
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Arthrites de cause obscure et 
 C. trachomatis 

In patients with the clinical picture of UOA a
specific triggering bacterium was identified in
35/74 (47%) of patients, yersinia in 14/74
(19%), salmonella in 9/74 (12%), and Chlamy-
dia trachomatis in 12/74 (16%) (fig 1). There
was no evidence for campylobacter or shigella
infection in any of the patients with ReA or
UOA. Interestingly, 17/34 (50%) of the pa-
tients with UOA in whom a triggering
bacterium could be identified were positive for
HLA-B27 compared with 30/52 (58%) among
the clinically defined ReA group, 26/74 (35%)
in the whole group of patients with UOA, and
9/40 (23%) in the UOA group without identi-
fication of a triggering bacterium (table 1).

In 6% of patients with salmonella induced
arthritis, 4% with yersinia induced arthritis,
and 10% with chlamydia induced arthritis
there was laboratory evidence of infection with
one of the other bacteria. None the less, a deci-
sion about the triggering infectious agent was
made in these patients on the basis of the inhi-
bition with relevant bacterial antigens in corre-
sponding EIAs18 or based on the experts’ opin-
ion, or both. For these cases the experts’
opinion was based on the following evidence:
two patients with the diagnosis of salmonella
induced arthritis presented both with a preced-
ing diarrhoea and the presence of salmonella-
specific antibodies, and in one of them salmo-
nella was detected in the stool; both patients
also had a positive chlamydia-specific serology.
One patient with the diagnosis of yersinia
induced arthritis presented with a preceding
diarrhoea and yersinia-specific antibodies; in
this patient Chlamydia trachomatis was also
detected in the urogenital tract. Two patients
with chlamydia induced arthritis presented
both with a preceding symptomatic urethritis
and detection of chlamydia in the urogenital
tract; in both patients salmonella-specific anti-
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tive anti-chlamydial MIF test and had a
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positive anti-chlamydial MIF test and a posi-
tive yersinia serology, and one patient had a
preceding urethritis, detection of Chlamydia
trachomatis in a urogenital swab, a positive
anti-chlamydial MIF test, preceding enteritis,
and a positive yersinia serology. These patients,
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DETECTION OF BACTERIA IN STOOL OR

UROGENITAL TRACT

In 3/33 (9%) patients with an enteric ReA the
stool culture was positive for one of the enteric
bacteria (two for salmonella, one for yersinia,
none for campylobacter or shigella). All three
patients also had a positive serology for the
responsible bacterium. However, a positive
stool culture was not found in any of the
patients with UOA or urogenic ReA.

Chlamydia trachomatis was detected in the
urogenital tract in 6/12 (50%) patients with
urogenic ReA but also in 4/74 (5%) patients
with UOA.

COMPARISON OF TESTS AND CLINICAL SYMPTOMS

IN PATIENTS WITH YERSINIA OR SALMONELLA

INDUCED ARTHRITIS

In 20 patients yersinia and in 20 patients
salmonella was identified as the causative bac-
terium for arthritis. A positive serology showed
a sensitivity of 90% for patients with yersinia
induced arthritis and of 95% for patients with
salmonella induced arthritis (fig 2). This
indicates that in most of the patients the diag-
nosis was based on serology because—in
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cultures for these bacteria were rarely positive
(fig 2). In less than 5% of a local healthy con-
trol population a positive serology for yersinia
or salmonella was found, resulting in a good
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cut oV point of 3SD above the mean of a con-
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agglutination test (Widal) for the detection of
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preceding diarrhoea was only reported in 35%
of patients with yersinia induced arthritis but in
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arthritis (fig 2), indicating that triggering yers-
inia infections are associated more often with
no symptoms or only minor symptoms10

compared with patients with salmonella infec-
tions.26 27

COMPARISON OF TESTS AND CLINICAL SYMPTOMS

IN PATIENTS WITH CHLAMYDIA INDUCED

ARTHRITIS

Chlamydia trachomatis was identified as the
trigger for arthritis in 24 patients. In 12/24
(50%) of these patients a preceding sympto-
matic urethritis/cervicitis was present (fig 2). In
10/24 (42%) of all patients with chlamydia

Figure 1 Frequency of all bacteria or single bacteria identified as responsible for enteric
reactive arthritis (eReA), urogenic reactive arthritis (uReA), or undiVerentiated
oligoarthritis (UOA).
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Diagnostic des arthrites 
réactionnelles d’origine digestive 

§  Précession d’un épisode de diarrhée (4 à 6 
semaines) 

§  Coproculture rarement + au stade d’arthrite 
§  Sérologies, peu standardisée, réactions 

croisées 
§  Recherche de composants bactériens dans 

le liquide ou la synoviale: non disponible en 
routine 

Arthrites réactionnelles d’origine 
digestive

§  Présence d’antigènes bactériens (Yersinia, 
Salmonella, Shigella) dans les articulations 

§   LPS et HSP 60 sont phlogogènes 
§  Pas ou très rare démonstration d’acides 

nucléiques bactériens 
§  Les arthrites réactionnelles sont associées à 

des infections persistantes les muqueuses ou 
les ganglions 
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lymphatics rather than blood). This could depend on the host, but
also on the subset of the triggering pathogen, as it has been shown
that a few Salmonella set up the infection independently in gut
associated lymphoid tissue (spread of bacteria into MLN  via DCs),
and systemic compartments like spleen (spread of bacteria through
gut blood vessels) [7].

This review focuses on microbial antigens trafficking from gut
to axial sites rather than extra-intestinal sites like peripheral
joints/enthesis, and addresses the possibility that retrograde traf-
ficking of DCs loaded with bacterial antigens from gut lymphatics
and MLNs to sacroiliac joint and spine contributes to the frequent
axial involvement observed in SpA. This hypothesis does not rule
out a major role in SpA pathogenesis for migration of other immune
cells from gut to joints and enthesis, like innate lymphoid cells,
mucosal associated invariant cells, and some subset of T cells har-
bouring the CD103 integrin expressed at high levels in the skin,
eyes, bowel [8], and on DC migrating through lymph in murine
models of SpA [9].

1. Physiologic role of gut lymphatics

The importance of lymphatics in disease is gaining renewal
of interest in acute and chronic inflammation, especially in gut
inflammation. Indeed, the gastro-intestinal absorptive surface
is immense (> 200 m2), and, whereas total lymph formation in
humans is approximately 1–4 liters/day, most is formed in the
gastro-intestinal tract [10]. Lymphatic vessels constitute a ubiq-
uitous countercurrent system to the blood vasculature that returns
interstitial fluid, salts, small molecules, resorbed fat, and cells, to
the bloodstream. Lymphatic vessels also serve as conduits to lymph
nodes. Reciprocal interactions between the lymphatic vessels and
immune cells cause considerable influence over the process of
immune cell migration and lymphatic vessels growth, especially
in chronic inflammatory bowel diseases [10,11]. When no obstacle
is present, the lymph exiting from MLNs reaches the thoracic duct,
which transports ingested fat and immune cells, including DCs, to
central veins in the neck. In adults, the thoracic duct is typically
38–45 cm in length and has an average diameter of about 5 mm.  It
collects most of the lymph in the body other than from the right
thorax, arm, head and neck, which are drained by the right lym-
phatic duct. The most common site of termination is at the internal
jugular vein (46%), followed by the jugulo-subclavian angle (32%),
and the subclavian vein (18%) [12].

2. Gut bacteria can invade the host by blood or lymphatic
routes

Some indigenous intestinal bacteria can invade distant organs,
either by blood or lymphatic routes. This remote bacterial translo-
cation can be indirectly estimated in animal models by using
labeled bacteria, blood culture, and detection of microbial DNA
or endotoxin [13]. In humans, transient bacterial translocation
from the digestive tract also seems a frequent event: in a study
on eighteen patients with esophageal cancer, where MLN  were
also harvested from the jejunal mesentery both before surgical
mobilization (MLN-1) and after the restoration of bowel continu-
ity (MLN-2), the detection rates of bacteria in MLN  after surgery
(MLN-2) was 56%, but even before surgery (MLN-1) the detection
rate was already 17%. The rates of detection of bacterial traffic-
king were of the same magnitude in blood (56% in Blood-2 versus
22% in Blood-1), but the sequence homology between the RT-qPCR
products in the MLN-2 and Blood-2 was only 80% [14], suggesting
that some bacteria trafficked only through blood, and others only
through lymphatics.

Fig. 1. Antigen presenting cells (APCs) (including dendritic cells (DCs) and
macrophages) migrate from lamina propria, Peyer’s patches and/or colic lymphoid
follicles to the mesenteric lymph nodes (MLNs) through afferent lymphatic system
(Figure from [34]). Most of the bacteria found in MLNs, including the Gram-negative
Alcalinigenes spp., are commensal, and more beneficial than detrimental for the
host, through their production of antimicrobial-substances inhibiting the growth
of pathogenic bacteria in MLNs. Those protective bacteria seem to be sampled from
the  gut lumen by DCs only when they have been previously coated with specific
mucosal antibodies to be taken up by Peyer’s patches through M-cells expressing
IgA  receptors. Infected DCs migrate towards the draining MLN, but normally not
beyond.
From Meng et al., 2015 [34].

3. Trafficking through blood

The mDCs that are elevated in the blood as a result of low-grade
bacteremia, often do not trigger a productive immune response.
They can however disseminate the pathogen throughout the host,
accelerating some systemic inflammatory disease progression [15].
Analysis of the blood mDC  microbiome by 16S rDNA sequencing
showed Porphyromonas gingivalis and other species. The survival of
the anaerobe P. gingivalis under aerobic conditions was enhanced
within mDCs [16]. It has been shown that DCs can similarly act
as vehicles for dissemination and systemic spread of Burkholde-
ria pseudomallei [17]. However, those bacteria belong mostly to
the oral microbiome, and most of the few gut commensal bacte-
ria entering the bloodstream in gut within DC are captured in
the vascular firewall of liver [18], which receives the intestinal
venous blood circulation. Only a minority of gut bacteria can man-
age to escape the liver firewall and traffic through the blood within
infected mDC, for instance through anastomosis between the por-
tal and caval systems. The extreme sensitivity of myeloid dendritic
cells (mDCs) in peripheral blood to chronic low-grade infections
could be used to detect them [15], at least during the onset of reac-
tive arthritis or flares of SpA, especially in patients with peripheral
arthritis and few or no axial complaints.

4. Trafficking through lymphatics

The firewalls for lymphatic routes are the MLNs (Fig. 1), where
some commensal bacteria unexpectedly contribute to prevent
systemic diffusion of pathogenic gut bacteria. Indeed, bacterial
translocation to MLNs is more common than previously thought
[19], but most of the bacteria found in MLNs are commensal,
and more beneficial than detrimental for the host [20], through
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jugular vein (46%), followed by the jugulo-subclavian angle (32%),
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routes
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either by blood or lymphatic routes. This remote bacterial translo-
cation can be indirectly estimated in animal models by using
labeled bacteria, blood culture, and detection of microbial DNA
or endotoxin [13]. In humans, transient bacterial translocation
from the digestive tract also seems a frequent event: in a study
on eighteen patients with esophageal cancer, where MLN  were
also harvested from the jejunal mesentery both before surgical
mobilization (MLN-1) and after the restoration of bowel continu-
ity (MLN-2), the detection rates of bacteria in MLN  after surgery
(MLN-2) was 56%, but even before surgery (MLN-1) the detection
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king were of the same magnitude in blood (56% in Blood-2 versus
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products in the MLN-2 and Blood-2 was only 80% [14], suggesting
that some bacteria trafficked only through blood, and others only
through lymphatics.

Fig. 1. Antigen presenting cells (APCs) (including dendritic cells (DCs) and
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(Figure from [34]). Most of the bacteria found in MLNs, including the Gram-negative
Alcalinigenes spp., are commensal, and more beneficial than detrimental for the
host, through their production of antimicrobial-substances inhibiting the growth
of pathogenic bacteria in MLNs. Those protective bacteria seem to be sampled from
the  gut lumen by DCs only when they have been previously coated with specific
mucosal antibodies to be taken up by Peyer’s patches through M-cells expressing
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3. Trafficking through blood

The mDCs that are elevated in the blood as a result of low-grade
bacteremia, often do not trigger a productive immune response.
They can however disseminate the pathogen throughout the host,
accelerating some systemic inflammatory disease progression [15].
Analysis of the blood mDC  microbiome by 16S rDNA sequencing
showed Porphyromonas gingivalis and other species. The survival of
the anaerobe P. gingivalis under aerobic conditions was enhanced
within mDCs [16]. It has been shown that DCs can similarly act
as vehicles for dissemination and systemic spread of Burkholde-
ria pseudomallei [17]. However, those bacteria belong mostly to
the oral microbiome, and most of the few gut commensal bacte-
ria entering the bloodstream in gut within DC are captured in
the vascular firewall of liver [18], which receives the intestinal
venous blood circulation. Only a minority of gut bacteria can man-
age to escape the liver firewall and traffic through the blood within
infected mDC, for instance through anastomosis between the por-
tal and caval systems. The extreme sensitivity of myeloid dendritic
cells (mDCs) in peripheral blood to chronic low-grade infections
could be used to detect them [15], at least during the onset of reac-
tive arthritis or flares of SpA, especially in patients with peripheral
arthritis and few or no axial complaints.

4. Trafficking through lymphatics

The firewalls for lymphatic routes are the MLNs (Fig. 1), where
some commensal bacteria unexpectedly contribute to prevent
systemic diffusion of pathogenic gut bacteria. Indeed, bacterial
translocation to MLNs is more common than previously thought
[19], but most of the bacteria found in MLNs are commensal,
and more beneficial than detrimental for the host [20], through
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Reactive arthritis is usually a self-limiting polyarthritis which develops after certain gastrointestinal or uro-
genital infections. Microbial antigens found in the inflamed joints are thought to play a key role in the de-
velopment of this disease. It is not known how antigens of the pathogenic organisms migrate from the mucosal
tissues into the joints. The data presented here show that mononuclear phagocytes which mediate the dissem-
ination of several intracellular pathogens acquire an enhanced capacity to bind to nonstimulated vascular en-
dothelial cells after phagocytosis of Yersinia enterocolitica O:3, one of the causative organisms of reactive arth-
ritis. The increased binding to previously nonstimulated endothelial cells was mediated by P-selectin, whose
translocation to the endothelial cell surface was induced by monocytes with intracellular Yersinia bacteria.
These results suggest that mononuclear phagocytes may be responsible for the dissemination of bacterial an-
tigens and the initiation of the joint inflammation in reactive arthritis.

Reactive arthritis is triggered by gastrointestinal or urogen-
ital infections caused by yersiniae, salmonellae, shigellae, campy-
lobacters or chlamydiae. Previous studies have suggested that
the microbes may persist in the bodies of arthritic patients,
perhaps in the mucosa-associated lymphoid tissue (13, 18).
Bacterial fragments found in the inflamed joints of patients
with reactive arthritis are suggested to have a role in the patho-
genesis of the disease (4, 10). It is, however, unclear how these
antigens eventually migrate from the primary site of the infec-
tion at mucosal surfaces to the joints. Phagocytes, especially
cells of the monocyte/macrophage lineage, may participate in
the process, because these cells are long-living, are highly mo-
bile, and have been shown to be involved in persistence and
dissemination of intracellular pathogens (26). Mononuclear
phagocytes are also very important effector cells and contribute
to both the induction and maintenance of various inflamma-
tory conditions (5, 26). For example, in the streptococcal cell
wall model of arthritis, the prevention of phagocyte accumu-
lation inhibits the development of chronic arthritis (41).

Adhesion molecules which have been shown to be involved
in mediating migration of mononuclear phagocytes into the
joints include P-selectin, E-selectin, and the leukocyte inte-
grins LFA-1, Mac-1, and VLA-4 (15, 20). In this study we
investigated the possibility that phagocytosis and processing of
arthritis-triggering bacteria might modify the adhesion prop-
erties of human monocytes. We found that monocytes which
had processed Yersinia enterocolitica O:3 acquired the capacity
to bind to nonstimulated endothelial cells via P-selectin. In-
duction of P-selectin expression on endothelial cells by mono-
cytes with intracellular bacterial components may be the first
event to guide microbial antigens into previously healthy joints
where the microvascular bed favors the binding of mononu-
clear phagocytes of peripheral blood (15).

MATERIALS AND METHODS

Bacteria. The strain of Y. enterocolitica serotype O:3 used (4147/83) was a stool
isolate from a patient developing reactive arthritis as a result of infection. The
strain contains a virulence-associated 72-kb plasmid (9). The presence or absence
of the virulence plasmid of Yersinia bacteria was verified by autoagglutination
(28). A plasmid-cured derivative of Y. enterocolitica O:3 was obtained by culti-
vating the bacteria on a magnesium-oxalate agar (45). As a control bacterium we
used Streptococcus pyogenes (strain 8184 from the American Type Culture Col-
lection [ATCC]). S. pyogenes was chosen as a control bacterium because it can
cause postinfection joint complications which are not linked to HLA-B27. S. pyo-
genes does not contain lipopolysaccharide (LPS). Stock cultures were maintained
at "40°C in 20% (vol/vol) glycerol-Trypticase soy broth. The Yersinia bacteria
were grown in RPMI 1640 medium mimicking the extracellular conditions or in
Luria-Bertani broth. The resulting bacterial cultures were suspended in saline,
harvested by centrifugation (20 min, 3,000 # g), and washed three times in saline.
The bacteria were killed with heat (1 h, 100°C) and stored in phosphate-buffered
saline (PBS) at 4°C. S. pyogenes was grown on blood agar plates for 2 days.
Enteroinvasive Escherichia coli (strain RHE-3459 from the Central Public
Health Laboratory, London, United Kingdom) was grown in Luria-Bertani broth
like Y. enterocolitica. The resulting bacterial cultures were harvested, killed with
heat, and suspended in saline.

Preparation of LPS. Y. enterocolitica O:3 was cultivated in nutrient broth at
room temperature overnight. The LPS extraction with hot phenol-water was
carried out by the method of Westphal et al. (44) as modified by Hurvell (19).
After treatment with proteinase K (100 $g/ml) (Boehringer, Mannheim, Ger-
many), RNase (100 $g/ml) (Sigma, St. Louis, Mo.), and DNase (100 $g/ml)
(Boehringer), the LPS preparation was free of contaminating proteins and nu-
cleic acids. E. coli LPS (O55:B5) was purchased from Difco Laboratories (De-
troit, Mich.).

Monocyte isolation. Monocytes from healthy blood donors (Finnish Red
Cross, Turku, Finland) were isolated as described previously (45). Briefly, human
peripheral blood mononuclear cells were isolated by Ficoll-Paque gradient cen-
trifugation (Pharmacia LKB Biotechnology AB, Uppsala, Sweden), and mono-
cytes were allowed to adhere to plastic tissue culture chambers precoated with
human AB serum (Finnish Red Cross) for 1 h. Thereafter, nonadherent cells
were washed off. The purity of monocyte populations was !95% as analyzed by
using morphological characteristics and, in several samples, by also using immu-
nofluorescence staining of the monocyte-specific CD14.

Incubation with bacteria, latex beads, or LPS. Monocytes were allowed to
phagocytose the bacteria or latex particles (Bacto latex 0.81; Difco) in RPMI
medium supplemented with 10% AB serum for 1 h, and then extracellular bac-
teria were washed off. We used about 200 Y. enterocolitica O:3 or 20 S. pyogenes
or E. coli bacteria per monocyte. Lower doses of S. pyogenes or E. coli were used
because these bacteria were more toxic to monocytes and doses higher than 20
bacteria per monocyte affected the viability of the cells, especially after pro-
longed incubation periods. The number of heat-killed bacteria which were
phagocytosed by the monocytes was studied by the indirect immunofluorescence
technique. Briefly, cytocentrifuge preparations containing monocytes which had

* Corresponding author. Mailing address: MediCity Research Lab-
oratory, University of Turku, Tykistökatu 6, FIN-20520 Turku, Fin-
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ital infections caused by yersiniae, salmonellae, shigellae, campy-
lobacters or chlamydiae. Previous studies have suggested that
the microbes may persist in the bodies of arthritic patients,
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Bacterial fragments found in the inflamed joints of patients
with reactive arthritis are suggested to have a role in the patho-
genesis of the disease (4, 10). It is, however, unclear how these
antigens eventually migrate from the primary site of the infec-
tion at mucosal surfaces to the joints. Phagocytes, especially
cells of the monocyte/macrophage lineage, may participate in
the process, because these cells are long-living, are highly mo-
bile, and have been shown to be involved in persistence and
dissemination of intracellular pathogens (26). Mononuclear
phagocytes are also very important effector cells and contribute
to both the induction and maintenance of various inflamma-
tory conditions (5, 26). For example, in the streptococcal cell
wall model of arthritis, the prevention of phagocyte accumu-
lation inhibits the development of chronic arthritis (41).

Adhesion molecules which have been shown to be involved
in mediating migration of mononuclear phagocytes into the
joints include P-selectin, E-selectin, and the leukocyte inte-
grins LFA-1, Mac-1, and VLA-4 (15, 20). In this study we
investigated the possibility that phagocytosis and processing of
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carried out by the method of Westphal et al. (44) as modified by Hurvell (19).
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many), RNase (100 $g/ml) (Sigma, St. Louis, Mo.), and DNase (100 $g/ml)
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cleic acids. E. coli LPS (O55:B5) was purchased from Difco Laboratories (De-
troit, Mich.).

Monocyte isolation. Monocytes from healthy blood donors (Finnish Red
Cross, Turku, Finland) were isolated as described previously (45). Briefly, human
peripheral blood mononuclear cells were isolated by Ficoll-Paque gradient cen-
trifugation (Pharmacia LKB Biotechnology AB, Uppsala, Sweden), and mono-
cytes were allowed to adhere to plastic tissue culture chambers precoated with
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* Corresponding author. Mailing address: MediCity Research Lab-
oratory, University of Turku, Tykistökatu 6, FIN-20520 Turku, Fin-
land. Phone: 358-2-3337007. Fax: 358-2-3337000. E-mail: sirpa.jalkanen
@utu.fi.
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§  Anamnèse : épisode digestif dans le mois 
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§  Coproculture : généralement stérile au  
moment des arthrites 
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§  Salmonelles : Widal inutile 



31

Traitements antibiotiques des 
arthrites réactionnelles d’origine 

digestive 

§  Pas d’effet préventif du traitement 
antibiotique au stade d’entérite 

§  Certaines études suggèrent même un effet 
délétère 

no significant differences in the arthritogenicity of the serotypes to trig-
ger ReAwere identified (Tuompo et al., 2013). The precision of genomic
methods, such as whole genome sequencing, may provide further in-
sights into differing potential for bacterial strains to trigger sequelae.

Our study has a number of major strengths. Firstly, our study ad-
dresses an existing knowledge gap by assessing the available evidence
on factors contributing to the development of sequelae following Cam-
pylobacter and NTS infection. This is important in understanding factors
amenable to intervention. Secondly, our review highlights the need for
investigators to consider remediable risk factors in sequelae develop-
ment following GI infections.

The reliance of observational studies on “natural experiments” such
as outbreaks makes them prone to low study quality and high level of

bias and heterogeneity. Most outbreak investigations are set up as a
rapid response to an emergency situation to determine the cause of
the outbreak. Time constraints limits the opportunity to address sec-
ondary factors that may improve the overall evidence on GI triggered
sequelae. Therefore, it was possible for a study to have a high quality
score for the primary research but missing key items such as method
of diagnosis of pathogen and sequelae, crucial for risk factor study.
Thus, a quality criteria was not adopted for inclusion of studies for
meta-analysis. Although heterogeneity was significantly reduced for
studies reporting a specialist consultation for diagnosis of ReA following
either Campylobacter or NTS infection, we did not report a pooled esti-
mate. Specialist diagnosis was preceded by self-reported symptoms.
Not all patients with symptoms were seen by a specialist. Further, the

Table 3
Risk of developing ReA following prescription/usage of antibiotics in Campylobacter and NTS patients stratified by healthcare facility accessed.

Author_year Pathogen No. with pathogen Antibiotics usage N (%) Antibiotics Proportion of ReA vs. non-ReA using
antibiotics

Visited general practitioner/physician
Locht and Krogfelt (2002) Campylobacter 173 56 (32) N.R. 56% with ReA vs. 26% non-ReA; p = 0.03a,d

Arnedo-Pena et al. (2010) S. Hadar PT2 155 57 (38)b Fluoroquinolones aRRc 0.43; 95% CI 0.17–1.08
Hannu et al. (2002b) S. Typhimurium DT193 63 32 (63)b Fluoroquinolones 0% with ReA vs. 16% no ReA; p = 0.056
Mattila et al. (1998) S. Bovismorbificans 191 78 (41) Fluoroquinolones 59% with ReA vs. 35% non-ReA; p = 0.021a,d

Visited accident & emergency/hospitalised
Dworkin et al. (2001) S. Enteritidis 217 66 (30) Fluoroquinolones RR 1.6; 95% CI 1.1–2.5a

Townes et al. (2008b) NTS 1356 365 (27) Quinolone, β-lactam
and macrolide

No associated risk (data not reported)

Townes et al. (2008b) Campylobacter 2384 1978 (83) Quinolone, β-lactam
and macrolide

No associated risk (data not reported)

Visit of healthcare facility not reported
Buxton et al. (2002) S. Typhimurium 61 28 (46) N.R. OR 0.29; 95% CI 0.07–1.18
a Antibiotics information not available for all with gastroenteritis.
b Adjusted relative risk.
c Significant results.
d Chi-squared test in comparison of proportion.

Table 4A
Subgroup meta-analysis for studies reporting development of reactive arthritis following
Campylobacter infection by sequelae diagnosis, follow-upperiod, study size and healthcare
facility visited.

Variable I2
Number of
studies

Sequelae diagnosis
Physician/medical records 95.6% 6
Self-reported disease status 97.0% 6
Self-reported disease status based on a validated scale – 1
Specialista 48.6% 2
Combination 0.0% 3
Not reported – 1

Follow-up period
b3 months 97.0% 8
3 months – 1
N3 months b 1 year – –
1 year 95.6% 3
N1 year 97.8% 2
Not reported 56.4% 5

Study size
Extra small (n b 100) 95.3% 7
Small (101–500) 86.3% 7
Medium (501–1000) – 1
Large (1001–10,000) 97.70% 2
Extra-large (N10.000) 99.20% 2

Healthcare facility visited
GP/physician – 1
GP/hospitalised – –
A&E/hospitalised – 1
Hospitalised 97.8% 7
Not reported 98.8% 10
a Heterogeneity significantly reduced (I2 b 50%).

Table 4B
Subgroup meta-analysis for studies reporting development of reactive arthritis following
NTS infection by sequelae diagnosis, follow-up period, study size and healthcare facility
visited.

Variable I2
Number of
studies

Sequelae diagnosis
Physician/medical records 97.7% 9
Self-reported disease status 96.8% 9
Self-reported disease status based on a validated scale – 1
Specialista 41.2% 6
Combination – 1
Not reported – 1

Follow-up period
b3 months 97.3% 10
3 months 81.3% 5
N3 months b 1 year 93.5% 4
1 year 97.8% 2
N1 year 95.3% 2
Not reported 97.7% 4

Study size
Extra small (n b 100) 58.8% 7
Small (101–500) 95.6% 16
Medium (501–1000) 96.1% 1
Large (1001–10,000) – 1
Extra-large (N10.000) 99.80% 1

Healthcare facility visited
GP/physiciana 2.0% 3
GP/hospitalised – 1
A&E/hospitalised 99.9% 2
Hospitalised 91.7% 5
Not reported 98.8% 20
a Heterogeneity significantly reduced (I2 b 50%).
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1. Introduction

Campylobacter and non-typhoidal Salmonella enterica (NTS) are im-
portant agents of human bacterial gastroenteritis, representing over
30% (174.3 million) of diarrhoeal illnesses globally in 2010.While Cam-
pylobacterwas the most common cause of bacterial gastroenteritis, NTS
accounted for most of the deaths caused by a bacterial foodborne agent
(over 59,000) andwith the highest rank for disability adjusted life years
amongst foodborne disease hazards in 2010 (Havelaar et al., 2015).
Globally, foodborne disease burden is not equally distributed amongst
the World Health Organisation (WHO) sub regions, with the greatest
burden falling on the sub regions in Africa. Nevertheless, both Campylo-
bacter and NTS (henceforth gastrointestinal (GI) infections) still pose a

significant disease and economic burden in developed countries
(Scallan et al., 2011; Majowicz et al., 2010).

Gastroenteritis caused by Campylobacter jejuni/coli and most sero-
types of NTS are characterised by a self-limiting illness without the
need formedical intervention. Yet, a subset of patients develop sequelae
such as reactive arthritis (ReA), Reiter's Syndrome (RS), irritable bowel
syndrome (IBS), Guillain-Barré Syndrome (GBS), Inflammatory Bowel
Disease (IBD), Crohn's disease (CD) and ulcerative colitis (UC) (Ajene
et al., 2013; Keithlin et al., 2014, 2015).

Evidence on the factors predisposing some patients to sequelae de-
velopment is limited, with only one study assessing the factors for de-
velopment of IBS following enteric infection (Thabane et al., 2007).
The authors found that young age, prolonged fever, anxiety and depres-
sion were risk factors for post-infectious IBS, but they did not stratify
those factors by the infecting pathogen. This is a drawback for burden
of disease studies, as estimates of pathogen specific sequelae develop-
ment are required for prioritization of public health interventions.

In a systematic review to assess the proportion of patients who de-
velop chronic sequelae following GI infection, the authors found that
study-level factors, such as diagnosis method for complications,
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Traitement antibiotique des 
arthrites établies 

•  Nombreuses études négatives 

Investigator Antibiotic 
tested 

Treatment 
duration  

N° 
pts 

Disease 
duration 

Effect 

Sieper 1999 Ciprofloxacin 
500mg  t a d 

3 months 126 50% < 3 
months 

None 

Wakefield 
1999 

Ciprofloxacin 
750mg  x2 

12 months 72 4.6 months 
(1-24) 

None 

Yli-Kerttula 
2000 

Ciprofloxacin 
500mg  t a d 

3 months 71 < 6 months None 

 Toivanen 
1993 

Ciprofloxacine 
500mgx2 

3 months 
 

36 4.9 years 
 

None 

Hoogkamp 
2000 

Ciprofloxacine 
500mgx2 

3 months 
 

18 
 

1.9 years 
 

Faster 
remission (ns) 
Elimination of 
Y from gut 
Disappearance 
of IgA ab 
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induced ReA [60]. In their study (9-month, prospective, double-blind, triple-placebo trial), eligible
patients had to be positive for C. trachomatis or C. pneumoniae by PCR. The three treatment arms were
(1) doxycycline and rifampin plus placebo; (2) azithromycin and rifampin plus placebo; (3) the use of
three placebos. The primary end point was improvement by 20% or more in at least four of six variables
at month 6 comparedwith baseline. This was achieved in 17 of 27 patients (63%) receiving combination
antibiotics and in three of 15 patients (20%) receiving placebo. Six of 27 patients (22%) randomised to
combination antibiotics considered their disease in complete remission during the trial, whereas no
patient in the placebo arm reported remission. Significantly more patients in the active treatment
group became negative for C. trachomatis or C. pneumoniae by PCR at month 6. Adverse events were
mild, with no significant differences between the groups. The study was not powered to determine
which combination of antibiotics was most effective, but five of six patients with remission received
the combination of azithromycin and rifampin.

What is the long-term outcome?

The average duration of acute ReA is 3–5 months. Clinically, the duration of arthritis for >6 months
is regarded as a sign of development of chronicity.

We summarised the long-term outcome of enteric ReA in this journal in 2006 [7]. Since then, no
new clinical studies dealing with this issue have been published. Two older studies have assessed the
long-term prognosis of Salmonella-triggered ReA [51,61]. In an American study with 5 years’ follow-up,
one-third of the patients had fully recovered and one-half had developed chronic arthritis at follow-up
[61]. Two-thirds of the patients continued to have subjective complaints. No cases of AS were reported.
No relationship between HLA type and the duration of arthritis was found. In the other study, with the
mean follow-up time of 11 years, 16% of the patients developed a chronic course [51]. In this study from
Finland, most of the patients did have late symptoms, usually only transient subjective complaints
without objective findings. A few patients also experienced development of sacroiliitis; one explana-
tion for this could be that 88% of the study patients were HLA-B27 positive.

There is one study reporting long-term outcome of Shigella-triggered ReA [62]. In the Finnish study
with Shigella arthritis 20 years previously, 14% had AS and 32% had radiological sacroiliitis. There are
several studies with long-term prognosis of Y. enterocolitica -triggered ReA [50,63–65]. Of these studies
with a longer follow-up time (mean 10 years), about 25% of the patients had developed radiological
sacroiliitis; most of such patients had antigen HLA-B27. Similar findings were gathered related to ReA
attributable to Y. pseudotuberculosis, although the findings are based only on four patients [66]. Even
more scant evidence is available for the long-term prognosis of Campylobacter-triggered ReA, which is
reported only of one patient [23].

Table 7
Case studies with favourable outcome on the use of biologicals in the treatment of reactive arthritis.

Triggering
agent

Age, gender Underlying
disease

Biological Reference

Yersinia 36, M Ankylosing
spondylitis

Infliximab (3 mg/kg i.v. at
weeks 0, 2, and 6)

Kaipiainen-Seppänen et al [78]

Yersinia 37, M None Infliximab (3 mg/kg i.v. once) Kaipiainen-Seppänen et al [78]
NAa 41, M HIV positive Infliximab

(300 mg i.v. at weeks 0, 2, 6,
and then every 6–7 weeks)

Gaylis [79]

Poststreptococcal 21, F None Adalimumab (40 mg s.c.
every 15 days)

Sánchez-Cano et al [80]

NAa 28, M None Infliximab (200 mg i.v. at weeks
0, 2, 6, and 14)

Gill & Majithia [81]

Chlamydia
trachomatis

41, M None Infliximab (5 mg/kg i.v. on days
0, 15, and 45, and then every 2 months)

Schafranski 2010 [82]

a Patient had Reiter’s disease. NA ¼ not available.

T. Hannu / Best Practice & Research Clinical Rheumatology 25 (2011) 347–357354
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Finland, most of the patients did have late symptoms, usually only transient subjective complaints
without objective findings. A few patients also experienced development of sacroiliitis; one explana-
tion for this could be that 88% of the study patients were HLA-B27 positive.

There is one study reporting long-term outcome of Shigella-triggered ReA [62]. In the Finnish study
with Shigella arthritis 20 years previously, 14% had AS and 32% had radiological sacroiliitis. There are
several studies with long-term prognosis of Y. enterocolitica -triggered ReA [50,63–65]. Of these studies
with a longer follow-up time (mean 10 years), about 25% of the patients had developed radiological
sacroiliitis; most of such patients had antigen HLA-B27. Similar findings were gathered related to ReA
attributable to Y. pseudotuberculosis, although the findings are based only on four patients [66]. Even
more scant evidence is available for the long-term prognosis of Campylobacter-triggered ReA, which is
reported only of one patient [23].

Table 7
Case studies with favourable outcome on the use of biologicals in the treatment of reactive arthritis.

Triggering
agent

Age, gender Underlying
disease

Biological Reference

Yersinia 36, M Ankylosing
spondylitis

Infliximab (3 mg/kg i.v. at
weeks 0, 2, and 6)

Kaipiainen-Seppänen et al [78]

Yersinia 37, M None Infliximab (3 mg/kg i.v. once) Kaipiainen-Seppänen et al [78]
NAa 41, M HIV positive Infliximab

(300 mg i.v. at weeks 0, 2, 6,
and then every 6–7 weeks)

Gaylis [79]

Poststreptococcal 21, F None Adalimumab (40 mg s.c.
every 15 days)

Sánchez-Cano et al [80]

NAa 28, M None Infliximab (200 mg i.v. at weeks
0, 2, 6, and 14)

Gill & Majithia [81]

Chlamydia
trachomatis

41, M None Infliximab (5 mg/kg i.v. on days
0, 15, and 45, and then every 2 months)

Schafranski 2010 [82]

a Patient had Reiter’s disease. NA ¼ not available.

T. Hannu / Best Practice & Research Clinical Rheumatology 25 (2011) 347–357354

Arthrites réactionnelles 

§  Présentations cliniques diverses 
§  Cause d’arthrites indifférenciées 
§  Intérêt de la PCR chlamydia urinaire 
§  Intégrées dans les spondyloarthropathies 
§  B27 surtout dans les formes graves 
§  Formes chroniques et SPA fréquentes 
§  Intérêt des associations d’antibiotiques dans 

les arthrites chlamydiennes 
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ANTIBIOTICS IN YERSINA (Y) 
ARTHRITIS  

Placebo-controlled randomized trials

Investigator Tested 
treatment

n° 
pts

Disease
duration

Effect

 Toivanen
1993

Ciproflox
500mgx2
3 months

36 4.9 years None

Hoogkamp
2000

Ciproflox
500mgx2
3 months

18 1.9 years Faster remission (ns)
Elimination of Y from gut
Disappearance of IgA ab

Arthrites réactionnelles 
et arthrites indifférenciées
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Faut-il traiter les arthrites réactionnelles 

par les antibiotiques?

Traitement antibiotique préventif des 
arthrites réactionnelles à porte 

d’entrée vénérienne 

(au stade de l’infection muqueuse)
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T. Bardin et coll. Rheum Dis Clin North Am 1992;18:81-93. 

Traitement des arthrites 
réactionnelles à porte d’entrée 
vénérienne à la phase d’état 
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Traitement antibiotique des arthrites    
réactionnelles à porte d’entrée vénérienne 

Etudes randomisées

 Auteur  Antibotique  Durée  Effet 

 Popert  oxytétracycline  5 jours  aucun 
 1964 

 Lauhio  limécycline  à 3 mois  æ durée 
 1991    des arthrites 

 Wollenhaupt  doxycycline  3 mois  aucun 
 1997 

Lauhio A. et coll. Arthritis Rheum 1991;34:6-14. 
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Traitement antibiotique des 
arthrites réactionnelles à porte 

d’entrée digestive

Traitement antibiotique des arthrites  
yersiniennes expérimentales 

  

Zhang et coll. Arthritis Rheum 1996;39:1238-43.

•  Effet préventif de la ciprofloxacine donnée 
pendant 7 jours avant l’apparition de l’arthrite. 

•  Pas d’effet curatif de la ciprofloxacine donnée 
après le debut de l’arthrite. 
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Effet du traitement de l’infection 
digestive sur le développement des 

arthrites réactionnelles
 
Etudes d’épidémies d’infections digestives :  

–  pas d’effet noté du traitement antibiotique sur le développement 
d’arthrites réactionnelles 

–  Hanu et coll (2002) : moins d’arthrites après ttemt antibio de la 
salmonellose inaugurale 

Séries d’arthrites réactionnelles : 
–  certains patients ont développé une arthrite malgrè traitement 

antibiotique 

Traitement des arthrites 
réactionnelles à porte d’entrée 

digestive à la phase d’état 
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Traitement des arthrites réactionnelles à porte 
d’entrée digestive par les antibiotiques 

(Fryden et coll. BMJ 1990;301:1299)
Essai randomisé sur arthrites de moins de 4 semaines  

Traitement antibiotique de 10 à 14 jours  

  Groupe traité  Groupe placebo 

Y enterocolitica  13  14 

Salmonelles    5    4  

Shigella flexneri    0    1 

Campylobacter    2    1 

% B27  50 %  65 % 

Durée des arthrites  12 (3-72)  12 (3-48)

T Kvein et al. Ann Rheum Dis 204; 63: 1113-19 
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Essai randomisé en double aveugle comparant

Ä ciprofloxacine (1,5 g/j) pendant 1 an

Ä placebo

Suivi de 1 an

56 arthrites réactionnelles, 42 uvéites antérieures

Pas d’effet sur les symptômes ni sur les récidives

D. Wakefield et coll. Arthritis Rheum 1999;42:1894-7. 

Traitement antibiotique d’un an 

Effet à long terme du traitement 
antibiotique

Suite de l’étude de Yili-Kerttula (ARD 2000)
53/72 patients revus 4-7 ans après
26 traités par ciprofloxacine

20/26 B27+
27 du groupe placebo

25/27 B27+
« Un traitement antibiotique de 3 mois à la phase aigüe 

pourrait améliorer le pronostic à long terme »

Yli-Kerttula et al. Ann Rheum Dis 2003; 62: 880-4 
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Effet à long terme du taitement 
antibiotique des a. réactionnelles

Placebo 
(n = 27)

Ciprofloxacine
(n = 26)

Arthrite chronique 11 (41%) 2 (8%)

Spondylarthrite
ankylosante

2 0

Uvéite récidivante 3 0

Yili-Kerttula et al. Ann Rheum Dis 2003; 62: 880-884 

Effet des associations d’antibiotiques ���
JD Carter et al. J Rheumatol 2004; 31: 1973-80 

•  30 Spondylarthropathies indifférenciées (critères 
ESSG), chroniques (moy 10 ans)

•  Traitements de 9 mois : 
– doxycilline 100mg x2/j
– Doxicilline 100mg x 2/j + rifampicine 600mg/j
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JD Carter et al. J Rheumatol 2004; 31: 1973-80 

JD Carter et al. J Rheumatol 2004; 31: 1973-80 
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Arthrites réactionnelles liées à B27 : 
Traitements antibiotiques

•  Associées à la persistance des germes dans l’articulation 
ou dans des foyers muqueux :  en faveur du traitement 
antibiotique

•  Effet  préventif  probable  du  traitement  de  l’infection 
génitale, expliquant peut-être la diminution des arthrites 
post-vénériennes

•  Effet  controversé  de  l’effet  du traitement  sur  la  phase 
aigüe ou sur le pronostic lointain

Faut-il traiter les arthrites réactionnelles 
par les antibiotiques?

•  Elimination de l’infection muqueuse (Chlamydia, 
Yersinia)

•  Niveau de preuve insuffisant pour traiter les 
arthrites déclarées par des traitements de 3 mois

•  Questions non résolues:
– Effet d’associations d’antibiotiques
– Effets de traitements plus prolongés
– Association à une immunomodulation (INFγ, TNFα,)
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Arthrites réactionnelles liées à B27 : 
Acquisitions récentes

•  Ne sont pas réactionnelles stricto sensu mais septiques 
inapparentes ou liées à la présence d’ag bactériens. 

•  Représentent 20 à 50 % des arthrites de cause obscure 
des mb inférieurs. 

•  Pas d’effet bien prouvé des ab sur arthrites 

•  Effet préventif probable du traitement de l’infection 
génitale, expliquant peut-être la diminution des arthrites 
post-vénériennes 

42, and 1 of 42 subjects were positive for C pneumoniae
IgG, C pneumoniae IgA, C trachomatis IgG, and C
trachomatis IgA, respectively.

The demographics and baseline characteristics of
all 80 subjects who were screened were similar to those
of the 42 who were enrolled and randomized. Specifi-
cally, their mean age was 45.5 years (range 21–70 years)
with mean disease duration of 9.9 years (range 0.5–40
years). Comparing baseline demographics and charac-
teristics of the 2 combination antibiotic groups also
yielded similar results. There were no statistically signif-
icant differences between the 2 groups that received
active treatment (data not shown).

Treatment. All randomized study patients re-
ceived at least 1 dose of the study drugs and were
included in the ITT and safety analyses. Thirty-four of
42 subjects (81%) completed the 6 months of treatment;
3 of 27 subjects (11%) receiving combination antibiotics
and 5 of 15 subjects (33%) receiving placebo discontin-
ued the study medications prematurely. Of the 3 subjects
receiving combination antibiotics who discontinued pre-
maturely, 2 were receiving doxycycline and rifampin
(reasons for discontinuation were peripheral edema and
loss to followup), and 1 was receiving azithromycin and
rifampin (reason for discontinuation was loss to fol-
lowup). Regarding the 5 subjects receiving placebo, the
reasons for discontinuation were lack of efficacy (n ! 1),
nausea and diarrhea (n ! 1), seizures (n ! 1), with-
drawal of consent (n ! 1), and loss to followup (n ! 1).

Efficacy. The primary end point was achieved in
17 of 27 patients (63%) receiving combination antibiot-
ics and in 3 of 15 (20%) receiving placebo (P ! 0.01).
Five of the 6 individual components that determined
responder status improved significantly at 6 months
compared with baseline in the combination antibiotic
group (P " 0.0001, P " 0.0001, P ! 0.002, P ! 0.01, and
P ! 0.008 for the modified SJC, the TJC, current low
back pain on a VAS, current peripheral joint pain on a
VAS, and global assessment of disease activity on a
VAS, respectively). The sixth component (average dura-
tion of morning stiffness in low back) revealed a trend
toward improvement at 6 months compared with base-
line in those subjects receiving combination antibiotics
(P ! 0.068). In the placebo group, none of the 6
components improved significantly at month 6 com-
pared with baseline. Responders did not differ from
nonresponders in their baseline characteristics, includ-
ing age, sex, disease duration, axial and/or peripheral
joint involvement, history of known chlamydial infec-
tions, or HLA–B27 status (data not shown). In a head-
to-head comparison of the modified SJC and TJC in

subjects receiving combination antibiotics and those
receiving placebo, the modified SJC and TJC were
significantly lower at month 1 and at all subsequent time
points in subjects receiving combination antibiotics (Fig-
ure 1).

All secondary end points demonstrated either
statistically significant improvement or a trend toward
improvement in patients receiving combination antibiot-
ics compared with those receiving placebo (Table 2). We
found no significant worsening in any of the end points
from month 6 to month 9. Seven of 27 subjects (26%)
randomized to combination antibiotics and 4 of 15
subjects (27%) randomized to placebo had dactylitis at
baseline; all 7 subjects receiving combination antibiotics
had resolution of their dactylitis at month 6, while only
2 of 4 subjects receiving placebo experienced resolution.
Downward adjustments in background DMARD usage
were allowed if the subject reported feeling better. Four
of the 7 subjects taking DMARDs at baseline in the

Figure 1. A, Modified swollen joint counts in patients receiving
combination antibiotics compared with those receiving placebo. ! !
P ! 0.0001; !! ! P " 0.0001; # ! P ! 0.0007; ## ! P ! 0.0005,
versus baseline. B, Tender joint counts in patients receiving combina-
tion antibiotics compared with those receiving placebo. ! ! P !
0.0009; !! ! P " 0.0001; # ! P ! 0.002; ## ! P ! 0.0004, versus
baseline. Values are the mean.
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and 1 to placebo. Four of 6 subjects receiving active
treatment were negative by PCR analysis of synovial
tissue at month 6; the subject receiving placebo with
synovial tissue available at month 6 remained positive by
PCR. Combining the PCR data from PBMCs and avail-
able synovial tissue, 16 of 23 subjects (70%) receiving
combination antibiotics and 3 of 11 subjects (27%)
receiving placebo cleared at month 6 (P ! 0.03).

As stated, 17 responders had received combina-
tion antibiotics and 3 responders had received placebo.
Two of the 17 responders receiving active treatment who
were randomized based on a synovial tissue analysis that
was positive by PCR did not undergo a repeat synovial
biopsy at month 6, leaving 15 subjects with PCR data at
baseline and at month 6. Thirteen of these 15 responders

(87%) became negative for Chlamydia by PCR at month
6. Of the 3 placebo-treated responders, 1 became nega-
tive by PCR at month 6.

PCR analyses of PBMCs were performed again
at month 9 (3 months after completion of the study
drugs). Regarding the 12 of 17 subjects whose PBMCs
became negative by PCR at month 6, PBMCs from all
but 2 remained negative by PCR at month 9.

Safety. Table 4 lists the serious AEs and any AEs
that occurred more than once in either group. Although
both serious AEs occurred in the placebo group, neither
was believed to be related to the study drugs (seizures
[n ! 1] and stabbing [n ! 1]). None of the adverse
events was statistically more likely to occur in subjects
receiving combination antibiotics than in those receiving
placebo. The most common AEs in subjects receiving
combination antibiotics were gastrointestinal in nature
(nausea, diarrhea, abdominal pain, gastroesophageal
reflux disease [GERD]). Only 1 subject had to discon-
tinue study medications due to gastrointestinal AEs; this
subject was receiving placebo.

DISCUSSION

This randomized 9-month prospective, blinded
study demonstrated that compared with placebo, a
6-month course of combination antibiotics resulted in a
significantly higher response rate in patients with
chronic Chlamydia-induced ReA. Although cases of
acute ReA often remit spontaneously, the fact that all of
the patients in this study had disease duration of at least
6 months (mean "10 years) makes it extremely unlikely
that their ReA would improve or resolve spontaneously.

Table 4. Adverse events*

Combination
antibiotics
(n ! 27)

Placebo
(n ! 15)

Serious adverse events 0 (0) 2 (13)
Any adverse event 22 (81) 10 (67)
Nausea 6 (22) 1 (7)
Abdominal pain 3 (11) 1 (7)
Diarrhea 5 (19) 1 (7)
GERD 2 (7) 0 (0)
Arthralgia 2 (7) 1 (7)
Rash 2 (7) 0 (0)
Viral/upper respiratory infection 3 (11) 1 (7)
Vaginal candidiasis† 2/12 (17) 1/6 (17)

* Values are the number (%) of subjects. There were no significant
differences between the groups. GERD ! gastroesophageal reflux
disease.
† There were 12 women in the combination antibiotics group and 6
women in the placebo group.

Table 3. PCR results*

Combination antibiotics
(n ! 27)

Placebo
(n ! 15)

Screening
PCR

Month 6
PCR

Screening
PCR

Month 6
PCR

PBMCs positive for Ct 12 3 7 5
PBMCs positive for Cpn 3 2 2 1
PBMCs positive for both Ct and Cpn 2 0 1 1
PBMC clearance at month 6 NA 12/17 (71) NA 3/10 (30)
Synovial tissue positive for Ct 6 2/4 3 0/1
Synovial tissue positive for Cpn 3 0/2 1 ND
Synovial tissue positive for both Ct and Cpn 1 ND 1 ND
Synovial tissue clearance at month 6 NA 4/6 (67) NA 0/1 (0)

* Values are the number or number (%) of subjects. Of the 27 subjects who received combination
antibiotics, 17 were positive for Chlamydia in peripheral blood mononuclear cells (PBMCs) by polymerase
chain reaction (PCR) and 10 were positive for Chlamydia in synovial tissue by PCR. Of the 15 subjects who
received placebo, 10 were positive for Chlamydia in PBMCs by PCR and 5 were positive for Chlamydia in
synovial tissue by PCR. Ct ! Chlamydia trachomatis; Cpn ! Chlamydophila (Chlamydia) pneumoniae;
NA ! not applicable; ND ! not done.
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Combination Antibiotics as a Treatment for
Chronic Chlamydia-Induced Reactive Arthritis
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Objective. Chlamydia trachomatis and Chlamy-
dophila (Chlamydia) pneumoniae are known triggers of
reactive arthritis (ReA) and exist in a persistent meta-
bolically active infection state in the synovium, suggest-
ing that they may be susceptible to antimicrobial agents.
The goal of this study was to investigate whether a
6-month course of combination antibiotics is an effec-
tive treatment for patients with chronic Chlamydia-
induced ReA.

Methods. This study was a 9-month, prospective,
double-blind, triple-placebo trial assessing a 6-month
course of combination antibiotics as a treatment for
Chlamydia-induced ReA. Eligible patients had to be
positive for C trachomatis or C pneumoniae by polymer-
ase chain reaction (PCR). Groups received 1) doxycy-
cline and rifampin plus placebo instead of azithromy-
cin; 2) azithromycin and rifampin plus placebo instead
of doxycycline; or 3) placebos instead of azithromycin,
doxycycline, and rifampin. The primary end point was
the number of patients who improved by 20% or more in

at least 4 of 6 variables without worsening in any 1
variable in both combination antibiotic groups com-
bined and in the placebo group at month 6 compared
with baseline.

Results. The primary end point was achieved in
17 of 27 patients (63%) receiving combination antibiot-
ics and in 3 of 15 patients (20%) receiving placebo.
Secondary efficacy end points showed similar results.
Six of 27 patients (22%) randomized to combination
antibiotics believed that their disease went into com-
plete remission during the trial, whereas no patient in
the placebo arm achieved remission. Significantly more
patients in the active treatment group became negative
for C trachomatis or C pneumoniae by PCR at month 6.
Adverse events were mild, with no significant differences
between the groups.

Conclusion. These data suggest that a 6-month
course of combination antibiotics is an effective treat-
ment for chronic Chlamydia-induced ReA.

Chlamydia trachomatis and various species in the
genera Salmonella, Shigella, Campylobacter, and Yersinia
are all known triggers of reactive arthritis (ReA) (1). A
number of studies have also indicated that Chlamy-
dophila (Chlamydia) pneumoniae is another, although
less frequent, causative agent in ReA (2,3). C trachoma-
tis and C pneumoniae are both commonly acquired
asymptomatically (4,5), making the causative trigger less
clinically apparent in many cases (6). Polymerase chain
reaction (PCR) technology occasionally has demon-
strated the presence of chromosomal DNA from the
known triggering organisms in the synovial tissue of
patients with the postdysentery form of ReA (7–10).
This same technology has demonstrated the routine
presence of both C trachomatis and C pneumoniae DNA
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