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precedes the arthritis and chlamydiae have been recovered from
many sites, including the synovia and the conjunctivas. There is,
however, no evidence of genital tract infection occurring before the
arthritis, but conjunctivitis may occur among a plethora of other
signs. The evidence suggests an oral rather than a genital route of
infection in animals, since antigenically identical chlamydial
strains are found in the joints and gastrointestinal tract of animals
with polyarthritis and viable organisms may be excreted in large
numbers in their urine and faeces. It has been suggested that poly-
arthritis of cattle and sheep is the veterinary counterpart of RS in
man; however, the major differences in the distribution of the
affected sites and in the severity of the diseases suggest that the
only conclusion to be drawn from the comparison is that
chlamydiae do infect joint tissues and can induce arthritis.

The involvement of chlamydiae in human genital disease, the
association of arthritis with such disease, the occurrence of animal
chlamydial arthritis, and the availability of techniques for studying
these micro-organisms have combined to stimulate interest in the
extent to which chlamydial infection may be responsible for human
inflammatory arthritis. We will present such evidence, as is
available, to indicate that C. trachomatis infection is of significance
in this condition.

1 Arthritis Associated with Genital Tract Infection

a Lymphogranuloma Venereum

Arthritis is a feature of LGV, although with the decline of this
condition it is now seen rarely in Europe. Migratory joint pains are
common during the early phase of LGV, but these may be non-
specific. However, during this early phase there may be wide-
spread dissemination of chlamydiae, and septic arthritis, osteo-
myelitis and meningoencephalitis may occur. In contrast to septic
lesions, acute aseptic arthritis develops in up 5% of patients with
LGV (Kornblith, 1939; Levy et al 1942). Erythema nodosum
occurs in approximately 10% of women and 1.7% of men with LGV
(Sonck, 1951); aseptic arthritis occurs especially in these individ-
uals and in those with extensive rectal involvement. Joint disease
is usually poly- or oligo-articular, involving mainly knees, ankles,
wrists and hips, and generally resolves over a period of months,
following treatment of the infection. Some patients, however,
develop chronic or relapsing disease, especially with persisting or
intermittent hydrathrosis of one or both knees. An allergic basis
for aseptic joint disease is suggested by the induction of arthritis
after intravenous administration of the Frei test antigen (Korn-
blith, 1939). Neither sacro-iliitis nor spondylitis has been reported
in patients with LGV.

b Reactive Arthritis

Reactive arthritis is defined as sterile synovitis developing in
association with a localized infection at a distant site. It is implicit
in this definition that synovitis results from the action of
immunological or toxic mediators formed at the site of infection
and transmitted to the joint via the circulation. This should be
regarded as a working definition only, as cryptic infection within
the joint is difficult to exclude.

The genitourinary and gastrointestinal tracts are currently
recognized as the sites of initiating infections. Reactive arthritis
occurs in 1 - 3 % of individuals with gut infection by Shigellaflexneri,
Salmonella typhimurium, Salmonella enteritidis, Yersinia enterocoli-
tica and Campylobacter jejuni, although some outbreaks of
dysentery have been associated with a much higher frequency of
arthritis. These conditions are relatively uncommon in the United
Kingdom, in contrast to sexually acquired NGU, which is the more
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Evidence from several sources suggests that chlamydiae are likely
to be a cause of peripheral and axial forms of human arthritis. The
most common form of arthritis associated with chlamydiae is that
which develops after non-gonococcal urethritis (NGU) and has
been termed "sexually acquired reactive arthritis" (SARA) (Keat
et al. 1978a). In approximately 35% of patients with SARA,
conjunctivitis and other lesions characteristic of the full complex of
Reiter's syndrome (RS) are seen. One to two per cent of patients
with NGU develop arthritis. Since up to half the cases of NGU
are due to Chlamydia trachomatis infection (Taylor-Robinson &
Thomas, 1980) it is reasonable to consider the possibility that
SARA, including sexually acquired RS, may be of chlamydial
origin. It is becoming evident that C. trachomatis is responsible for
more extensive genital tract disease, especially in women, which in
some patients is associated with sacro-iliitis and spondylitis. Thus,
C. trachomatis genital infection and human arthritis are juxtaposed
so that, the relationship between them needs to be established.

Arthritis is well recognized as a complication of lymphogranu-
loma venereum (LGV) (Sonck, 1951) caused by the L1-L3
immunotypes of C. trachomatis, especially when the disease is
chronic and extensive. In addition, arthritis seems to occur, albeit
rarely, during the course of psittacosis, caused by C. psittaci
infection (Favour, 1943).

Additional, indirect support for a role for chlamydiae in human
arthritis is afforded by the well-established role of C. psittaci in
naturally occurring animal arthritides. However, unlike the
arthritis in SARA and RS, the polyarthritis caused by C. psittaci is
only one manifestation of a severe systemic disease affecting cattle
and sheep and occurs in epizootics which can result in considerable
losses from herds and flocks (Storz, 1967). Systemic infection
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commonly recognized initiator of reactive arthritis. Approxi-
mately 35% of patients, irrespective of the type of initiating
infection, have the triad of features, that is arthritis and genital and
ocular inflammation, which comprise RS. A third group of
patients has been defined in which musculoskeletal features closely
resemble those of reactive arthritis, but an initiating infection
cannot be found. These patients share the same genetic marker as
those with reactive arthritis (see below), so that there is good reason
for including them within the same diagnostic category. The
existence of this group of patients implies that initiating infections,
at present unrecognized and possibly occurring at other sites,
remain to be identified. The importance of C. trachomatis as a
cause of genital tract infection has stimulated efforts to determine
its role in the induction of SARA.

i Clinical Features

The various lesions that characterize reactive arthritis are well
known, so that a detailed description will not be given. An over-all
picture of the condition is difficult to obtain as some investigators
have confined their observations to patients with classical RS
while others have considered the broader spectrum of reactive
arthritis. In addition, patients with reactive arthritis may present
to physicians within a variety of specialties so that certain features
may be emphasized more strongly by some than by others. In an
attempt to present a consensus viewpoint, therefore, a synthesis of
the frequency of various clinical features of patients with SARA,
including RS, drawn from several large series, is presented in Table
I. It is worth pointing out that the calculated sex ratio may be
spurious because in one recent study (Keat et al. 1979) a
male: female ratio of 9.6:1 was found. Genital tract infection in
women is often more difficult to detect than in men because of its
asymptomatic nature, so that the possibility of SARA may be over-
looked.

TABLE I. Clinical features of reactive arthritis
associated with sexually transmitted genital
infection (557 patients)*

(a) Demographic data

Mean age at onset
Ratio mat* female
Mean total incubation penod
Mean number of affected joints
Commonest joints

Mean duration of episode
Episode < 6 months
Multiple episodes
Symptoms > 1 year
Reitsr't triad
HLA-B27
Prevalence of arthrtos among males with NGU

(b) Prevalence (%) of individual lesions

Monoarthntis
Secro-ilntis
Ten dm His/dactyl itis
F ascrrtis/ e n thesopeth y
Ore) ulcers
Cirdnate balanitb
Keratoderma blennorhagica
Acute anterior uveitn
Conjunctivitis
Neurological lesions
Cerdros (E.C.G.)
Aortic valve disease
Amyloidosis

29 years (15-69)
28.1t
28 days
2.8
Kne«, ankle.
metatanopriatangeal
19 weeks
717%
48 2%
16.5%
35.2%
79 5%*
1%J

8.7
9.8

15.8
22 3

9.8
23 2
116
4 1

35.0
0 7
6 3
1.6
0.2

• Data are pooled from Ford (1953), Wright (1963). Hawkes (1973), Csonka (1979)
and Keat rt Ml (1979), except for those marked with t and i

tSee text
• Data are pooled from Brewerton e< «/ (1973), Moms efl (1974), Aho 1 a/. (1975)

and Keat or </. (1979)
f Data are pooled from Csonka (1958), Laird (1958) and Kousa (1978)

ii HLA-B27 Association

Family and twin studies suggested the importance of genetic
factors in the development of RS and this has been confirmed by
the finding of a genetic marker, the histocompatibility antigen
HLA-B27, in approximately 80% of patients. No association with
HLA-D locus antigens has been described. An HLA-B27-positive
man is approximately 100 times more likely to develop reactive
arthritis than an HLA-B27-negative individual. It is important to
note that three other groups of patients, those with seronegative
peripheral oligoarthritis without evidence of infection, those with
isolated calcaneodynia and tendinitis and those with acute anterior
uveitis, irrespective of the presence of associated rheumatic
disease, also share a high prevalence of the HLA-B27 antigen.
Thus the same genetic factor appears to be associated with a
number of different entities which can occur together in the same
individual or in different members of a family.

Detailed discussion of the possible significance of the HLA-B27
antigen in the pathogenesis of reactive arthritis is outside the scope
of this paper, but it is pertinent that susceptibility to C. trachomatis
genital infection is not influenced by HLA-B27 status (Keat et al.
1978b). Both direct and indirect involvement of the HLA-B27
antigen in pathogenesis have been proposed, but in either event it
is likely that genes within the major histocompatibility region, or
their gene products, determine aspects of the immune response to
infecting micro-organisms. The absence of the HLA-B27 antigen
in 20% or more of patients with reactive arthritis implies that the
HLA-B27 gene may be close to, but not identical with, genetic
material determining disease suceptibility. It is of considerable
interest, however, that HLA-B27-positive patients are likely to
have more joints involved, more extra-articular lesions, a longer
disease duration and a greater likelihood of recurrence than their
HLA-B27-negative counterparts (McClusky et al. 1974; Keat et al.
1979).

iii Evidence of Chlamydial Infection

Isolation of chlamydiae. The most convincing evidence for the
implication of C. trachomatis infection in sexually acquired
arthritis would be identification of the organism in the genital
tract, eyes and joints of a large proportion of patients. However,
most attempts to isolate chlamydiae have produced inconclusive
results and failure to recover them from the joints has led to the
belief that the arthritis is reactive.

One of the major problems associated with the recovery of
chlamydiae from any site in patients with SARA is that a large
proportion of them have received antibiotic therapy before
isolation attempts are made. Recent observations in our labora-
tory (M F Hanna, B Thomas and D Taylor-Robinson,
unpublished data) confirm the futility of attempting to isolate C.
trachomatis from the urethras of patients with SARA or other
patients attending a sexually transmitted disease (STD) clinic if
they had received tetracyclines or erythromycin within a month
prior to examination. Thus, chlamydiae were not isolated from
any of 19 patients who had been treated in this way, but they were
recovered from 16 of 74 patients who had been given peni-
cillin, co-trimoxazole (Septnn), metronidazole or who had not
had any antibiotics.

Isolation from the genital tract. Isolation studies from 1964 to
1971 relied upon the relatively insensitive and cumbersome method
of inoculating the yolk sac (YS) of embryonated hens' eggs.
Fourteen per cent of patients (19 of 136) with RS were found to
have a chlamydial genital tract infection (Table II) compared with
10% of the very small number of men with uncomplicated NGU
who had been tested previously. Later, with the introduction of
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TABLE II. Isolation of Chlamydia trachomatis from patients with sexually acquired reactive arthritis (and
Reiter's syndrome)

References

Schechter & Dawton, 1978
Duntop till. 1967
Ford, 1969
Ostler «f tl. 1971

Total

Number of patients
(males females)

89 (NR)
20 (19.1)
12 (NR)
23 (22:1)

144

Antibiotics
given

NR
NR
Y M
NR

GT

12/81
2/20
0/12
5/23

19/138
(14%)

IsoMon she

SF

4/34
3/8
0/9

7/61
(14%)

SM

5/29
1/8

2/11

6/37
(16%)

Eye

3/33

0/4
1/22

4/59
(7%)

Technique

YS
YS
YS
YS

Ford & McCandSsh. 1971

Vaughan-Jeckson fff tl. 1972

Gordon et tl 1973

Kousaai*/. 1978

Keat it tl. 1980

Vilppula at tl. 1981

Martin at tl 1982

14 (14:0)

29 (29 0)

16 (16:0)

52 (62:0)

30 (30.0)

31 (24:7)

32 (32 0)

NR

Yes

Yes

Yes

No

NR

Yes

0/14

3/29

1/16

36/62

9/25

6/31

9/19

—

0/9

0/12

—

—

1/31

0/6

—

0/12

1/13

—

—

—

Irradiated
McCoy ceBs

Irradiated
McCoy cells

Irradiated
McCoy cells

Irradiated
McCoy cens

IDUR-treated
McCoy cells

Irradiated
McCoy celts

Irradiated
HeLa-229 cells

Total 204 63/180
(35%)

1/52
(2%)

0/6 1/25
(4%)

Abbreviations. NR' not recorded. GT genital tract; SF: synovia! fluid; SM' synovial membrane biopsy: YS: yofc sac. IDUR: lododeoxyundine

more sensitive cell-culture techniques for isolation, chlamydiae
were recovered from the urethras of 35% (63 of 180) of men with
SARA, including RS (Table II), compared with a recovery rate of
40% for men with uncomplicated NGU.

These isolation figures have done little to elucidate the role of
chlamydiae in SARA, since they may be interpreted in different
ways. First, the recovery of chlamydiae about as frequently from
men with uncomplicated NGU as from those with NGU
associated with arthritis might suggest that the arthritis is
unrelated to the genital infection. Second, since only 1-2% of men
with NGU develop arthritis it would be feasible for all of them to
be among the 60% of men who have Chlamydia-negati\e
urethritis. Indeed, in a study in Canada (Ford & McCandlish,
1971) all patients with RS had Chlamydia-negativt urethritis. On
the other hand, Kousa et al. (1978) in Finland (Table II) recorded
an urethral chlamydial isolation rate of 69% among their RS
patients who presented with active urogenital inflammation, and a
greater association between chlamydiae and RS than between
chlamydiae and NGU. These discrepant results may reflect
differences in selection of patients, differences in isolation
methods, or a true regional variation in the aetiology of RS.

Thus, the only conclusions that can be drawn from the isolation
of chlamydiae from the genital tract of patients with sexually
acquired forms of reactive arthritis are that these organisms are
responsible for the urethritis in those patients from whom they
are isolated, and that in some unknown way they may trigger
joint inflammation. It is thus a reasonable assumption that in
Chlamydia-neg,ati\e patients with SARA, other sexually trans-
mitted micro-organisms are responsible for both the genital and
joint disease.

Isolation from the pint. Attempts to isolate chlamydiae from
joint specimens from patients with RS, by inoculating the YS,
resulted in their reputed recovery from 15 (15%) of 99 specimens
(Table II). Since these micro-organisms were isolated from
synovial biopsies and fluids, sometimes from the same patient, this
figure does not represent an accurate chlamydial isolation rate for
these patients.

The isolation of chlamydiae from joints apparently has not been
enhanced by use of the more sensitive cell-culture techniques; since
1971 only one chlamydial isolate has been reported from synovial
fluid (Table II) and the results of our own studies confirm these
findings. We have been unable to isolate chlamydiae from
synovial fluids from 20 patients with SARA, despite the specimens
being taken, stored and processed under optimal conditions.

The almost total failure to find viable organisms in the joint
supports the contention that arthritis associated with NGU is
genuinely reactive, the chlamydial infection being localized in the
genital tract with the arthritis mediated by antibody, immune
complexes, sensitized cells or toxins. However, high titres of
chlamydial antibody have been found in the synovial fluids of
many patients with SARA. Such antibody has a neutralizing effect
on chlamydiae in vitro and may make isolation impossible. Since
chlamydiae are obligatory intracellular organisms, it may be more
profitable to attempt to isolate them from synovial membrane
biopsies rather than from synovial fluid.

Isolation from the conjunctiva. Seven per cent of patients (4 of 59)
with conjunctivitis associated with RS reputedly had chlamydiae
isolated from conjunctival specimens by the YS method (Table II).
This figure compares unfavourably with a chlamydial isolation rate
of approximately 30% (Schachter et al. 1970) for those with acute
uncomplicated inclusion conjunctivitis and has not been enhanced
by application of the cell-culture technique. This procedure
increased the isolation rate to up to 90% for patients with inclusion
conjunctivitis (Darougar et al. 1977) but, as in the case of joint
specimens, only one chlamydial isolation has been reported from
the eyes of patients with RS. We have been unable to obtain a
single conjunctival isolation from 16 patients with SARA, despite
one-third of the patients having chlamydiae in the urethra. These
results have led to the idea that conjunctivitis in these patients may,
like the arthritis, be "reactive" rather than infectious.

Antibody studies. The complement-fixation (CF) test for
chlamydial group-specific antibody has been used successfully in
the diagnosis of LGV and psittacosis. Its application to sera from
patients with RS, in an attempt to elucidate the role of chlamydiae,
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has, however, produced conflicting results. Complement-fixing
antibody titres of > 16, or rises in the titre of antibody, were found
in one-third of RS patients presenting with eye disease (Ostler et al.
1971). Furthermore, CF antibody and high titres of antibody were
found more often among patients with RS than among those with
uncomplicated NGU (Schachter, 1971). By contrast, in an earlier
study (Kinsella et al. 1968) the proportion of antibody-positive
patients was similar in these two groups, and later workers
(Vaughan-Jackson et al. 1972) recorded only low titres of antibody
and found no correlation between these titres and the isolation of
chlamydiae from patients with RS.

The development and use of a micro-immunofluorescence (micro-
IF) test, which is more sensitive than the CF test and able to detect
type-specific chlamydial antibody, has resulted in more convincing
evidence for implicating C. trachomatis in SARA. Vaughan-
Jackson et al. (1972) found that 8 of 10 patients with RS had
antibody titres of ^ 16, including all those from whom chlamydiae
were isolated. Further, Kousa et al. (1978) reported that 46% of
patients with RS had an antibody titre of > 64, compared with only
12% of non-arthritic men, but they found no correlation between
high antibody titres and the recovery of chlamydiae.

Some of the clearest serological evidence of chlamydial infection
in SARA has come from work in the UK. The results of a study of
30 men with SARA showed that 22 (73%) of them had serum
chlamydial IgG antibody titres of > 64 at presentation, including
all nine who had chlamydiae isolated from the urethra (Keat et al.
1980). In addition, patients with SARA had chlamydial IgG
antibody titres which were significantly greater than those in 50
men with uncomplicated NGU, or in patients with rheumatoid
arthritis, systemic lupus erythematosus, ankylosing spondylitis or
in healthy men. Fifteen men with SARA were studied serially
throughout the course of their disease, and significant rises and
falls in IgM and IgG antibodies were detected in eight of them,
suggesting a recent, acute chlamydial infection. The titre of IgM
antibody was maximal usually when they were first seen, and it fell
thereafter. Maximal titres of IgG antibody were reached during
the period of acute joint disease, about six weeks after the onset of
arthritis.

Vilppula et al. (1981), in Finland, included seven women in their
31 patients with RS. They found chlamydial IgG antibody at a
titre of >64 in 17 (55%) of their patients including all seven
women, and, as in Keat's patients, the antibody titres were greater
than those found in men with uncomplicated NGU. Similarly,
the results of a recent study in the USA (Martin et al. 1982)
demonstrated that 58% of male patients with RS had antibody
demonstrable by the micro-IF test compared with only 6% of a
group of seven men with post-diarrhoeal RS and eight men
with non-Reiter's arthritis. In addition, an exaggerated cellular
immune response to chlamydial antigens in a lymphocyte trans-
formation (LT) test was recorded in some of these patients. Both
Keat and Martin and their co-workers noted that the exaggerated
immune responses seen in their patients were directed only against
chlamydial antigens, and not against measles, rubella and
influenza viruses, nor against Candida albicans.

The high chlamydial antibody titres in men with SARA found by
most workers using the immunofluorescence test and the patterns
of antibody responses shown in patients with SARA are not typical
of those found in patients with uncomplicated chlamydial urethral
infections. The latter elicit only low titres of antibody, which
seldom rise further after the patient's presentation. Nor do the
high antibody titres in men with SARA appear to be the result of an
anamnestic response, since similar antibody titres are reached only
rarely in men experiencing repeated chlamydial genital infection.

Such high antibody titres would be compatible with dissemination
of chlamydial antigens from the urethra to the joint, the exposure to
these antigens resulting in a greater immune response than that
following an urethral infection alone. What is not yet clear is
whether the high levels of chlamydial antibody have any direct
influence on the development of the joint disease.

iv Role of Chlamydiae in Primary and Recurrent Arthritis

Evidence of C. trachomatis infection with an exaggerated
antibody response has been seen in cases of primary arthritis, that
is where there is no history of a previous episode of arthritis, and
also in some cases which would seem to be a recurrence of joint
disease. In those patients that we have seen with a recurrence of
arthritis, however, it has not been possible to ascertain whether the
previous episode(s) was associated with C. trachomatis infection or
not. Certainly there are patients with arthritis apparently triggered
by urethral chlamydial infection who subsequently develop an
episode of chlamydial urethritis but without arthritis ensuing. This
implies that, even in genetically susceptible individuals with
chlamydial urethritis, additional factors must be present if arthritis
is to be precipitated.

v Differentiation between Gonococcal and Chlamydial Arthritis

Neisseria gonorrhoeae infection of the urethra sometimes leads to
a systemic infection in which arthritis occurs. If gonococci are
isolated from the synovial fluid and the condition responds to
penicillin therapy, the diagnosis of gonococcal arthritis is beyond
doubt. However, the diagnosis is often assumed, without attempt-
ing to isolate gonococci from the joint, if arthritis follows
gonococcal urethritis. Since 20-30% of men with an urethral
gonococcal infection have a concomitant chlamydial infection it is
clear that arthritis considered to be due to gonococci could, in fact,
be due to C. trachomatis. Indeed, this may be regarded as so if
gonococci are isolated from the urethra but not from the joint of a
patient who develops a post-gonococcal urethritis responsive only
to tetracycline therapy, if the arthritis does not respond to
penicillin therapy and if there are high titres of chlamydial
antibody in serum and synovial fluid.

vi Influence of Antibiotic Therapy on the Development of Arthritis

There is currently no evidence that antibiotic treatment of NGU
in patients with SARA has any influence on the development or
course of the arthritis. In a study of 82 patients with established RS
randomly assigned to treatment with oxytetracycline or placebo,
Popert et al. (1964) could detect no difference in the severity or
duration of joint disease between the two groups. Some patients
develop arthritis after receiving effective antibiotic therapy for
NGU, indicating that early antibiotic treatment does not
absolutely prevent the development of arthritis. Whether the
duration of urethritis before antibiotic therapy is important in the
development of arthritis is not known. In a study of patients with
SARA who presented either to a self-referral venereal disease
clinic, where antibiotic treatment (oxytetracycline 1 g dairy for 2
weeks) was given routinely, or to a rheumatology department, Keat
et al. (1979) noted that patients in the former group developed
disease which was less extensive and of shorter duration than did
patients in the latter group. This might imply that early antibiotic
treatment influenced the outcome. However, it was also clear that
the HLA-B27 antigen was present in a higher proportion of those
presenting directly to rheumatologists and HLA-B27-positive
individuals are known to develop disease which is more severe and
extensive and of longer duration than that in HLA-B27-negative
patients. It appears likely, therefore, that the clinical differences
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between these two populations of patients are explained by
referral policies of patients and their general practitioners, rather
than by any effects of treatment.

c Sacro-Iliitis and Spondylitis

i Association with Prostatitis

Sacro-iliitis occurs in approximately 10% of patients with
SARA. Furthermore, radiological abnormalities of the sacro-iliac
joints have been found in men with paraplegia, who are susceptible
to chronic urogenital infections (Abel, 1950; Wright et al. 1965).
Grainger & Nicol (1959) have reported that men with sacro-iliitis
almost invariably have chronic prostatitis. Although the micro-
organisms causing disease in these three groups of patients are
likely to be different, the observations point towards an association
between genital infection and sacro-iliitis. The alternative
approach of looking at this association by considering men with
prostatitis was taken by Mailer et al. (1980). These workers,
however, found radiological evidence of sacro-iliitis in only two of
29 men (7%) who had chronic prostatitis of 1-11 years' duration.

Romanus (1953) drew attention to the presence of prostato-
vesiculitis in men with ankylosing spondylitis. This finding was
supported by Domeij et al. (1958) and also by Mason et al. (1958)
who reported, independently, the presence of chronic prostato-
vesiculitis in 97% and 83%, respectively, of men with ankylosing
spondylitis. However, similar signs of genital disease were present
in 58% and 33%, respectively, of men with rheumatoid arthritis,
and in 33% of asymptomatic controls (Domeij et al. 1958), so that
the significance of these findings is uncertain.

While symptoms of chronic genital tract infection undoubtedly
occur in some men with spondylitis, two outstanding problems
exist. First, although chronic prostatitis is a diagnosis often made,
the exact diagnosis of the genital tract disease in these patients
is frequently uncertain. Second, tempting though it may be to
suggest that C. trachomatis is a cause of chronic prostatitis, there is
no evidence to support this contention. Thus, an aetiological
association between chlamydiae and sacro-iliitis and spondylitis is
mere speculation.

ii Association with Salpingitis

The possible role of genital tract infection in the development of
sacro-iliitis in men led Julkunen & Pietila (1964) to investigate
whether upper genital tract infections were significantly associated
with spondylitis in women. Their finding of an increased
frequency of salpingo-oophoritis in these patients was followed up
by Szanto & Hagenfeldt (1979). In their study, 57 women were
reviewed 2-4 years after the onset of salpingitis; 72% of them were
found to have radiological evidence of sacro-iliitis and 40% had
low back pain. This symptom was present in only 5% of healthy
matched controls of whom only one had radioisotope-scan
evidence of sacro-iliitis.

The evidence that salpingitis in some women is caused by C.
trachomatis has been presented by Westr&m & Mardh (1983). In
brief, the most convincing data are those of Scandinavian workers
(Mardh. et al. 1981) who have suggested that, at least in their
locality, as much as two-thirds of acute disease has a chlamydial
cause. Other workers, for example those in the USA (Sweet et al.
1982), while agreeing that chlamydiae are responsible for some
cases of acute salpingitis would regard this figure as an over-
estimate and the true contribution of C. trachomatis to salpingitis
throughout the world remains to be seen. Nevertheless, since
sacro-iliitis is associated with salpingitis and since some cases of
salpingitis are caused by chlamydial infection, the possibility exists

that chlamydiae may be involved directly or indirectly in the
causation of sacro-iliitis.

2 Arthritis Associated with Other Chlamydial Infections

a Psittacosis

Polyarthralgia occurs commonly during the course of psittaco-
sis. The early literature contains a number of reports of arthritis
occurring in patients with atypical pneumonia attributed to
psittacosis (Favour, 1943), although the significance of these is
impossible to assess as other aetiological agents, such as Myco-
plasma pneumoniae, were not considered. Sporadic reports of
arthritis occurring in patients with psittacosis have appeared
(Simpson et al. 1971; Bhopal & Thomas, 1982), though the true
relationship, if any, between psittacosis and human arthritis
remains uncertain.

b Bowel Infection

Spondylitis or sacro-iliitis, which may be asymptomatic, occurs
in 15-20% of patients with ulcerative colitis (Wright & Watkinson,
1966) or Crohn's disease (Haslock & Wright, 1973). The aetiology
of both inflammatory bowel disorders is unknown, though it is
possible that they have an infectious cause or that inflammatory
bowel disease allows secondary infecting micro-organisms to gain
access, which would otherwise be prohibited, to the circulation and
to the immune system.

There is no evidence of C. trachomatis infection in Crohn's
disease or ulcerative colitis. Nevertheless, in view of the possibility
that spondylitis may be related to inflammatory, and possibly
infective, bowel disease, M Stodell, J D Treharne, T Forsey and S
Darougar (unpublished observations) looked for chlamydial
antigens in duodenal and rectal biopsies from 36 patients with
active spondylitis, by an immunofluorescence technique, but failed
to find any. Thus, there is no evidence that C. trachomatis is the
common denominator in the connection between sacro-iliitis and
inflammatory bowel disease.

c Trachoma

There are no reports of arthritis occurring in association with
trachoma. We are not aware, however, of any study in which such
an association has been sought. It is conceivable that, in areas
where trachoma is a major endemic problem, arthritis might have
been overlooked as a relatively trivial condition.

3 Annual Models of Chlamydial Arthritis

Arthritis has not been induced in an animal after experimental
genital tract infection with C. trachomatis, and thus there is no true
model of chlamydial SARA. A possible reason for this failure is
that there have been few attempts to induce chlamydial urethritis
in animals because of the difficulties of inoculating, and of sub-
sequently swabbing, the urethra. Chlamydial urethral infection
has, however, been established in male baboons, rhesus and
macaque monkeys and chimpanzees, but arthritis has not been
described. This is not unexpected, perhaps, if joint involvement
follows urethritis in experimental animals as rarely as it does in
man. The expense of non-human primates precludes their use in
large numbers for experimental purposes.

C trachomatis infection, verified by recovery of the organisms,
has been established in the joints of monkeys, rabbits and mice, by
direct inoculation into the joint space or, in one instance, into the
eye.
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a Monkeys

Direct intra-articular inoculation of the macaque monkey with
an isolate (25 SM—apparently C. psittaci) from the synovial
membrane of a patient with RS has been reported in two studies
(Jones et al. 1966; Smith et al. 1973). In the first report, a single
dose did not produce arthritis up to 30 days after inoculation, but
arthritis developed following second and third inoculations.
Arthritis also developed in some uninoculated knee joints and
chlamydiae were recovered from all the inoculated joints, some un-
inoculated knee and hip joints and from the lungs, liver, kidneys,
spleen and inguinal lymph nodes. In the second study of four
monkeys, arthritis followed a single intra-articular dose of isolate
25 SM, but it was restricted to the inoculated joint and chlamydiae
were recovered only from that joint and, in one animal, from an
axillary lymph node. In both studies the arthritis was acute,
developing within 24-48 hours and resolving in 11-49 days.
Inoculation of chlamydiae isolated from patients with inclusion
conjunctivitis and birds with ornithosis into the macaque knee
produced arthritis identical to that produced by isolate 25 SM, with
dissemination of the organisms to other joints and organs.
Inoculation of the urethra of a male macaque monkey with isolate
25 SM induced urethritis, but not arthritis, and chlamydiae were
not recovered from any joints.

b Rabbits

Inoculation of the knee joints of rabbits with isolate 25 SM
resulted in the rapid development of arthritis, which then became
chronic (Smith et al. 1968). Some animals developed polyarthritis
and others keratitis or uveitis. Chlamydiae were recovered from
multiple sites including diseased eyes and uninoculated joints. In
contrast, chlamydiae causing LGV and ornithosis seemed to be
restricted to the inoculated joints, where they caused arthritis
(Smith et al. 1973). Rabbits, unlike monkeys, failed to develop
arthritis after intra-articular inoculation of chlamydiae isolated
from patients with inclusion conjunctivitis.

Ostler et al. (1970) reported that a few rabbits developed a mono-
arthritis after isolate 25 SM had been introduced into the anterior
chamber of the eye or on to the conjunctiva; chlamydiae were
recovered from multiple sites including the eyes and the affected
joints.

c Mice

Recent experiments in our laboratory have demonstrated the
potential of the mouse as a model for C. trachomatis-mduced
arthritis. Inoculation of strain 78a, isolated originally from the
urethra of a man with NGU, into the knee joints of strain C3H and
TO mice resulted in arthritis in all animals. Inoculated joints
became red and swollen after 3 days, while joints which received
only chlamydial transport medium remained unaffected. Some
joints were inflamed for 8 weeks, but by 10 weeks all of them had
returned to normal. Chlamydiae were recovered from inoculated
joints and from spleens for up to 4 weeks, the latest time at which
specimens have so far been tested. The severity of chlamydial
infection, estimated by the number of organisms recovered,
reached a peak at around 14 days after inoculation, at which time
chlamydial IgG antibody, measured by an immunofluorescence
test, had also reached a high titre. Four weeks after inoculation
small numbers of chlamydiae could still be recovered from most
inoculated joints and from the liver and kidneys, but the spleens
contained large numbers. There was no evidence of dissemination
from the inoculated joint to other joints or to the eyes or genital
tract.

These experiments in various animals demonstrate that chlamy-
diae, including a strain of C. trachomatis that is known to be a cause
of NGU, will infect joint tissue and cause arthritis. Studies are
under way in our laboratory to determine the extent to which
chlamydiae infect mouse synovial tissue and to establish whether
chlamydial antigen remains in the synovium when viable
organisms can no longer be isolated. The mouse model may be
useful in providing some understanding of the mechanisms behind
the development of SARA. First, these relatively inexpensive
animals may be used in large numbers and, second, since details of
the murine H-2 histocompatibility region are well known, some
light may be shed upon the question of genetic susceptibility to
arthritis initiated by chlamydiae.

4 Conclusions and Proposals

In arthritis caused by C. psittaci in cattle and sheep the
organisms are recovered from the joints. This is rarely the case in
LGV. Furthermore, evidence for the recovery of C. trachomatis
organisms from the joints of patients with SARA, including RS, is
poor. A few reports of isolation may have been spurious, although,
admittedly, this has been strongly denied (Schachter, 1980).
Nevertheless, the over-all picture is one of a truly reactive
arthritis. The failure of antibiotic therapy to affect the arthritis is,
of course, consistent with the absence of viable organisms in the
joint and another reason for believing that the arthritis is reactive.
What then suggests that C. trachomatis organisms are involved at
all? It could be argued that their recovery from the urethra of
patients with SARA and the antibody responses detected in these
individuals are unrelated to the arthritis, occurring incidentally in
those whose arthritis is caused by some other micro-organism. It is
notable, however, that the serological responses are exaggerated
and are atypical of an uncomplicated chlamydial genital infection;
nor do they appear to be anamnestic, boosted as a result of a
previous chlamydial infection, because similar serological findings
are not seen in patients with NGU who have experienced several
attacks. Thus, the observations are more compatible with
dissemination of chlamydial antigen providing the stimulus for an
exaggerated immune response, the infection by C. trachomatis
occurring just before the onset of disease and being the initiating
factor of the arthritis. Nevertheless, it could still be argued that
these patients are genetically predisposed to respond in this way
and that the response is incidental to the occurrence of arthritis.
However, since the only persons with NGU who have an
exaggerated immunological reaction to chlamydiae are those
who develop arthritis, it would be remarkable if the arthritis was
completely unassociated with the chlamydial infection. Of course,
the precise way in which C. trachomatis initiates and causes disease
remains to be elucidated. The almost total failure to isolate
chlamydiae from affected joints does not mean that chlamydial
antigen could not be present in the synovia. High titres of
chlamydial IgG antibody have been found in synovial fluids so it is
possible that the tissue damage is mediated by immune complexes
formed in individuals who develop unusually high levels of
antibody and who have a focus of chlamydial infection in the
urethra. This and other possibilities need to be explored.

It is interesting that there are few reports of arthritis after
psittacosis and there appear to be no reports of arthritis occurring
during trachoma. This, however, is probably not a forceful
argument against C. trachomatis organisms being involved in
human arthritis. It is feasible that the serotypes causing trachoma
(A, B, or C), which are different from those causing genital tract
disease, are not capable of initiating arthritis. More likely,
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perhaps, is the possibility that those interested in trachoma have
not looked for the association. It seems that such an investigation
would be worth while.

Many other questions have no answers. Are particular serotypes
of C. trachomatis involved in the initiation of SARA? Why do
further occurrences of arthritis sometimes not have an urethral
component ? Why does a further bout of NGU in a patient who has
experienced SARA sometimes not result in another episode of
arthritis? Is this because the urethritis is non-chlamydial? Perhaps
only continuous long-term studies, unquestionably difficult to
undertake, are likely to reveal the answers. The association
between sacro-iliitis, spondylitis and genital tract infections on the
one hand and between chlamydiae and genital tract infections on
the other provokes the thought that there might be an association
between chlamydial infection and these axial forms of arthritis.
Particularly fruitful for further study in this difficult area must be
the possibility that chlamydial pelvic infection in women leads to
spondylitis. Indeed, apart from this, insufficient effort has been
directed at looking into the possibility that sero-negative arthritis
in women has a chlamydial aetiology. This may be easily over-
looked, since chlamydial infection in women often may be silent.
Some of the other possible associations will be difficult to resolve.

In this regard, chronic prostatitis and spondylitis pose a particular
problem not only because of the paucity of evidence that C.
trachomatis causes prostatitis but also because both genital and
arthritic disease have been long-standing when they come to be
investigated. As in SARA when seen for the first time in a chronic
stage, the micro-organism and the events that precipitated the
arthritis, perhaps years previously, may be quite unfathomable.

Finally, what might be learned from animal models, particularly
when we know that there is no true model in the sense that arthritis
has not been stimulated by infection of the genital tract? In some
experiments in monkeys, arthritis occurred only after a second
or third intra-articular inoculation, which suggests that prior
sensitization was required. In this regard, it is interesting that, in
some patients with LGV, arthritis was induced by intravenous
administration of the Frei test antigen. Could it be that SARA
occurs only in patients who have been sensitized to chlamydiae
previously? Exaggerated responses in lymphocyte transformation
tests may indicate that this is so, but prospective clinical studies to
evaluate the situation are clearly difficult to undertake. It is here
and also in determining the reason for failure to recover
chlamydiae from the joints that animal models may have their
greatest value.
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