
HYPOTHESIS

How can a causal role for small bacteria in
chronic inflammatory arthritides be established or
refuted?

D Taylor-Robinson, A Keat

The concept of septic arthritis in which bac-
teria replicate in joint tissue and cause inflam-
mation, joint destruction, and sometimes death
is well established. Equally, the idea that some
forms of aseptic inflammatory arthritis, such as
rheumatoid arthritis, may well be provoked or
sustained by the direct or indirect eVects of
microbial infection is familiar and attractive,
though the notion is underpinned more by
logic than by data. Between these extremes,
reactive arthritis appears to oVer a new under-
standing of microbial pathogenesis as joints,
conventionally aseptic, have been found to
contain small numbers of bacteria. These bac-
teria, principally chlamydiae and mycoplas-
mas, may well provoke and maintain the
arthritis. Much evidence has accumulated that
they have proinflammatory components, in-
duce immune responses, and could interact
with HLA-B27 in a manner consistent with
current theories of disease pathogenesis.

The issue of searching for bacteria in joint
tissue, however, has become complex. When
conventional cultures are positive, the eVect of
eradication of the micro-organism can readily
be gauged, so that the significance of finding
the bacterium in the joint can be established.
But, when a small number of intra-articular
bacteria can only be detected by using
ultrasensitive molecular techniques, mainly
those based on the polymerase chain reaction
(PCR), and there is no discernible benefit from
antimicrobial treatment, at least so far as
current data show, how can we tell whether
these bacteria are part of the normal milieu,
have spread from elsewhere into an already
inflamed joint as innocent passengers, have
spread from elsewhere and contribute to
disease persistence or, in fact, are the cause of
the disease? By comparison, identifying Myco-
bacterium tuberculosis in diseased lung by
culture provides satisfactory evidence of spe-

cific infection and using a PCR or other nucleic
acid amplification technique may reduce the
time for diagnosis in acute cases by 40-fold.1

However, identifying DNA or RNA compo-
nents of bacilli by a PCR in diseased or,
particularly, apparently healthy lung, may raise
concern about their role in pathogenesis. It is a
diVerent scenario, the significance of which has
to be established.

PCR technology now allows us to search for
minute numbers of bacteria, of any kind, in any
tissue. Inevitably, there will be positive findings
and some will be consistent with prejudices
and data about arthritis development and some
will not. There are temptations, therefore, to
take up extreme views—either micro-
organisms identified in a joint must be the
cause of the arthritis or, alternatively, their
presence may be seen as uninterpretable and
therefore insignificant. Dispassionately, how-
ever, neither point of view is logical or tenable
and the fundamental question remains: how
can we decide whether bacteria identified in an
apparently aseptic inflamed joint are or are not
the cause of the arthritis? It is essential to take
both the new and older observations seriously
and not to dismiss them out of hand. Indeed,
the time has come to consider in depth what
needs to be done before accepting a micro-
organism as a cause of arthritis. Kuipers and
colleagues have recently set out one approach
to understanding the role of bacteria in reactive
arthritis.2 We accept that the meaning of the
term “reactive arthritis” has changed over time
and that the original implication of an inflam-
matory joint response to an extra-articular
rather than intra-articular micro-organism is
no longer appropriate. However, it is not at all
clear to us whether each of the bacteria on the
list proposed by Kuipers and colleagues as
triggering reactive arthritis do in fact do so.
Such conclusions are based more on “accepted

Ann Rheum Dis 2001;60:177–184 177

Department of
Genitourinary
Medicine, Imperial
College School of
Medicine, St Mary’s
Campus, London
W2 1NY, UK
D Taylor-Robinson

Department of
Rheumatology,
Northwick Park and St
Mark’s Hospitals,
Harrow, Middlesex
HA1 3UJ, UK
A Keat

Correspondence to:
Dr Keat

Accepted 29 August 2000

www.annrheumdis.com

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.60.3.177 on 1 M
arch 2001. D

ow
nloaded from

 

http://ard.bmj.com/


wisdom” than clear evidence so that there are
very real risks of failing to consider alternative
possibilities, however unlikely, which cannot
currently be excluded. We have attempted to
ask, therefore, what properties of the relation
between individual bacteria and joint disorders
might indicate that this relation between them
is causal rather than incidental. In order to do
this, we have not dealt with the issues of diag-
nostic criteria, with their inevitable pitfalls. We
do not set out to review all the available litera-
ture, nor to unravel likely or possible patho-
genic mechanisms; instead, drawing upon
informative clinical circumstances, we have put
forward what we believe is a rational set of sug-
gestions which should help in eVorts to judge
causality.

Koch’s postulates—ancient and modern
Determining whether a micro-organism is a
cause of a particular disease is, of course,
hardly a new problem. Koch put forward his
proposals (Koch’s postulates) many years ago
and these were admirably suited for the condi-
tions he was tackling, where bacteria could be
detected in clinical material in pure culture.
Subsequently, the criteria were less easily
fulfilled by those dealing with infections at a
mucosal surface, at which there are multiple
diVerent organisms or at a site (joint) distant
from the primary (mucosal) site of infection.
Thus an extension of the postulates was
considered appropriate recently in determining
whether Mycoplasma genitalium is a cause of
acute and chronic urethritis in man.3 The
problem has been compounded by develop-
ment of sensitive molecular techniques, and
with it the more frequent detection of micro-
organisms. Their detection in joints by such
methods stimulated Kingsley to pose the ques-
tion: how can an aetiological role for a
micro-organism in human arthritis be con-
firmed?4 It was suggested, in keeping with
Koch’s postulates, that firstly, the micro-
organism should be detected in most if not all
patients; however, it was pointed out that this
might not be strictly applicable because
chronic arthritides may be triggered by a range
of diVerent micro-organisms. Secondly, the
micro-organism should reproduce the disease
in an animal model; however, it was noted that
this might be impossible where pathogens are
host-specific. Thirdly, an organism-specific
immune response should occur; it was sug-
gested that this provides circumstantial evi-
dence for causality but not proof. All this tends
to leave investigators in a quandary as to the
paths they should follow in attempting to pro-
duce convincing evidence that a certain micro-
organism is a cause of a particular type of
arthritis. We may all agree that the original
postulates do not meet current needs; if so, it is
time to consider how investigations should be
aimed so that we come to an understanding of
the true causes of arthritis.

To help in defining a yardstick against which
to assess causality, we have chosen to consider
two types of human arthritis and two families
of micro-organisms. Lyme arthritis and myco-
plasmal arthritis in hypogammaglobulinaemia

are chosen because, though uncommon, there
is wide consensus on their bacterial cause.
Mycoplasmas and chlamydiae are chosen
because their possible roles in several forms of
arthritis have recently come under scrutiny.

Lyme arthritis
It was, in fact, the discovery that the apparently
aseptic and sometimes chronic form of arthritis
occurring in Lyme disease5 was linked to the
presence of identifiable spirochaetes within
diseased synovium that caused a radical rethink
of the role of infectious agents in arthritis. Epi-
demiological studies clearly linked the develop-
ment of arthritis with bites by ixodid ticks and
a characteristic skin lesion.6 After the demon-
stration of transmission of a spirochaete, Borre-
lia burgdorferi, from the tick to the skin, it
became clear that both the skin and joint lesion
represented persistent bacterial infection7 and
that it resolved with appropriate antimicrobial
treatment.8

Although the distribution of arthritis is often
oligoarticular and asymmetrical, the histologi-
cal appearances of the synovial lesion resemble
those of rheumatoid arthritis9 and the patterns
of cytokine production are comparable with
those found in rheumatoid synovium.10 How-
ever, the lesion is distinguished from other
forms of joint disease by the identification of B
burgdorferi by immunohistochemistry,11 cul-
ture,12 and PCR13 techniques in joint tissue
from patients with early disease.7 In addition,
an antibody response to B burgdorferi in
patients with Lyme arthritis has been well
characterised14 and is a diagnostic feature.
Antibiotic treatment aimed at eradication of B
burgdorferi is usually curative in the early stage.8

Once arthritis has become chronic, however,
the eVectiveness of antimicrobial treatment
and the likelihood of identifying B burgdorferi in
the joint are reduced.15 Thus it appears that
sepsis is the major pathogenetic factor in early
disease, but other mechanisms contribute to
persistence of chronic disease.

In summary, epidemiological links, detection
of the spirochaete in the joint, an antibody
response, and response to antimicrobial treat-
ment are key features in ascribing an aetiologi-
cal role to the micro-organism.

Mycoplasmal arthritis in
hypogammaglobulinaemia
Mycoplasmas are the smallest organisms capa-
ble of self replication, their small size being
ascribable to the presence of only a very small
number of copies of even the most important
genes.16 They have no rigid cell wall, in this
respect diVering from conventional bacteria,
and are contained only by a plasma membrane.
As a consequence, they are insensitive to anti-
biotics that act on bacterial cell walls.17 They
cause respiratory and genital tract diseases in
humans and animals and their ability to cause
naturally occurring and experimentally in-
duced acute and chronic arthritides in animals
has placed them under scrutiny as potential
initiators of acute and chronic arthritis in
humans,18 even though observations in animals
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do not provide significant support for aetiologi-
cal involvement in human arthritis.

Ureaplasma urealyticum organisms (ureaplas-
mas) are mycoplasmas, unique in their ability
to metabolise urea.19 Their detection in the
synovial fluids of hypogammaglobulinaemic
patients by two groups working independently
20 years ago,20 21 as well as the isolation of
Mycoplasma pneumoniae at this time,22 heralded
the isolation of ureaplasmas and other myco-
plasmas from synovial specimens on numerous
occasions subsequently.23–31 Sometimes very
large numbers of organisms have been recov-
ered, often early in disease and often sequen-
tially. Indeed, it has been determined that iso-
lation can be made from at least two fifths of
cases of arthritis occurring in hypogamma-
globulinaemia.32 Molecular technology has
been used to make the microbiological diagno-
sis,33 but whether this approach would make a
significant contribution to identifying
mycoplasma-associated joint diseases in pa-
tients from whose joints mycoplasmas are not
culturable is a moot point that needs to be
determined. Antibody responses have not been
recorded, which is not surprising in view of the
paucity of antibody production in this group of
patients. Cell mediated responses have not
been sought, though they would seem unlikely
in view of the strong polymorphonuclear
leucocyte response in the joint, signifying the
septic nature of the disease. Antibiotic treat-
ment is successful, particularly when given
early, but may fail owing to the development of
resistance by the organisms.34 A vaccine has
never been given, but high titre-specific anti-
body given passively appears to have been
helpful in the management of antibiotic resist-
ant disease.34

Overall, therefore, the features that have
incriminated these organisms have been their
recovery often early in disease and often
repeatedly, a response to antibiotic treatment,
and to passively administered antibody.

Proposals to be considered in defining
causality
Considering the evidence reviewed above, we
suggest that the following statements, which
are a modification and extension of Koch’s
postulates, provide a sound and rational basis
for judging a micro-organism as playing a
causal role in a particular form of arthritis. It
appears logical that a causal micro-organism
should:
+ Be found by use of a PCR or other molecu-

lar techniques more often in specimens
(synovial fluid and/or membrane) from
patients with the particular arthritis than in
those from controls

+ Preferably be found in joint specimens by a
culture method also

+ Be found in more than one joint specimen—
that is, in sequential specimens, from the
same patient, particularly in chronic disease
and preferably in more than one site if more
than one is involved

+ Be found specifically in joint specimens
from patients with early disease

+ Be found by other investigators studying
diVerent groups of patients with the same
disease, preferably in another geographical
location

+ Stimulate humoral antibody more often and
in higher titres, particularly in synovial fluid,
in people with arthritis than in those without

+ Stimulate a specific cellular response in peo-
ple with disease rather than in those without.
In addition, there should be clinical improve-

ment after treatment with an antibiotic to
which the micro-organism is sensitive, and the
disease should be prevented or improved by a
vaccine made against the micro-organism.

A rare micro-organism is unlikely to cause a
common disease but, conversely, a common
micro-organism might cause a rare disease.
Thus a degree of epidemiological compatibility
must be built into assessments of possible cau-
sality, though detailed epidemiological studies
may not be helpful. We recognise that interpre-
tation of data relating to some of these propos-
als may be problematic—such as determining
the specificity of cellular immune responses—
but such diYculties do not detract from the
validity of the proposals themselves. Similarly,
the extent to which immunological and other
mechanisms contribute to the pathogenesis of
the arthritis is outside the scope of this
communication. Some antibiotics, especially
tetracyclines, have anti-inflammatory proper-
ties and these must be taken into account in
assessing their eVect in arthritis.

Table 1 shows the reasons for believing that
B burgdorferi causes Lyme arthritis and that
mycoplasmas cause arthritis in hypogamma-
globulinaemia. These form a yardstick against
which it is then possible to consider the various
small bacteria (chlamydiae and mycoplasmas)
that have been found in the joints of patients
with inflammatory arthritides. Against this it
may be possible to form a judgment as to
whether similar microbiological findings in
these conditions support the same conclusions.
These assessments are summarised also in
table 1. For those proposals that have not been
fulfilled, we discuss what might be achieved
realistically in future studies.

REACTIVE ARTHRITIS

Association with U urealyticum and other
mycoplasmas
Ureaplasmas have been associated with a few
cases of reactive arthritis35 36 and recently were
detected by a nested PCR technique in the
joint fluid of two patients with reactive
arthritis.37 38 Furthermore, these organisms and
Mycoplasma fermentans were detected by a PCR
technique and culture, respectively, in joint
fluid specimens from a B27 negative woman
who developed monarthritis after an episode of
cervicovaginitis.39 In addition, synovial fluid
lymphocytes, more than peripheral blood lym-
phocytes, have been shown to proliferate
specifically in response to ureaplasmal
antigens.40–42 As ureaplasmas are associated
with genital tract disease,3 it is reasonable to
believe that they might trigger a sexually
acquired reactive arthritis in some patients.
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However, whether or not this is so, remains
unproved.

Evidence that Mycoplasma genitalium is a
cause of urethritis is strong,3 so that the possi-
bility that it might cause sexually acquired
reactive arthritis exists. It has been detected in
the synovial fluid of one such patient by PCR
technology,43 but obviously its role, if any,
remains unclear. Further eVorts should be
focused on detection of this micro-organism in
joint and other samples.

Association with Chlamydia trachomatis
Chlamydiae (C pecorum) have long been recog-
nised as a cause of arthritis in animals,44 so are
clear candidates for causes of human arthritis.
As shown in table 1, a large proportion of the
proposals to incriminate an organism as a cause
of disease has been met with regard to the pos-
sible role of C trachomatis. Initially, there was
circumstantial serological evidence to impli-
cate C trachomatis as a cause of sexually
acquired reactive arthritis,45–49 then direct
evidence as a result of finding chlamydial anti-
gen in joints by immunofluorescence or
immunohistochemical methods,50–52 and then
by molecular techniques in the hands of
most,37 53–58 but not all investigators.59 60 C
trachomatis has also been demonstrated in the
joints of patients with seronegative
oligoarthritis.56 61–63 However, although a syno-
vial lymphocyte response to C trachomatis anti-
gens is known to occur in patients with sexually
acquired reactive arthritis,40 41 64–69 the response
is not chlamydia-specific, so that this phenom-
enon cannot be used alone to implicate
chlamydiae as a cause. Evidence that C tracho-
matis antigens are presented by synovial fluid
dendritic cells69 indicates that these antigens
provoke an immune response. This in itself is
not proof of the causation of the arthritis,
though an immunological basis for the induc-
tion of reactive arthritis by chlamydiae has
been cogently argued.70 However, there are
gaps in our knowledge that need to be filled
(table 1). It may never be possible to culture C
trachomatis from synovial specimens,71 but
showing that the chlamydial genotype in the
joint is the same as that detected in the genital
site would be of further help in defining causal-
ity in acute cases. A close temporal relation
between the development of arthritis and a

genital tract infection is clearly an asset in asso-
ciating C trachomatis with arthritis. However,
this temporal relation should not be regarded
of itself as defining causality and, therefore,
should not prevent further eVorts to test the
strength of other relations bearing on causality.

Association with Chlamydia pneumoniae
C trachomatis is considered to disseminate from
the genital tract and cause reactive arthritis;
there seems no inherent reason why C pneumo-
niae should not spread haematogenously from
the respiratory tract and cause the same prob-
lem. It is genomically diVerent from C
trachomatis,72 causes respiratory infections in
children and adults,73 and is known to dissemi-
nate haematogenously from the respiratory
tract because it has been detected in arterial
tissues.74 However, there is the diYculty that a
temporal relation between a respiratory infec-
tion caused by C pneumoniae and arthritis is
diYcult to recognise, mainly because a specific
diagnosis of the former is uncommon. Further-
more, in adults, current evidence for an
association between this micro-organism and
arthritis rests mainly upon a small number of
case reports,75–80 a serological survey,81 and an
exaggerated synovial lymphocyte response to C
pneumoniae antigens in a proportion of arthritic
patients studied.82 One group has reported
detection of C pneumoniae 16s RNA sequences
in joint tissue by use of the PCR technique,83

but another found no evidence of C pneumoniae
outer membrane 1 gene, also using PCR tech-
nology.84 Much has yet to be done before a case
for causality can be made.

CHRONIC INFLAMMATORY ARTHRITIDES

Association with M fermentans
The isolation of mycoplasmas, including M fer-
mentans, from synovial specimens through the
use of cell cultures in the 1960s and early
1970s85–88 has to be viewed with scepticism in
view of the fact that such cultures were and are
frequently contaminated with mycoplasmas.
The use of cell-free medium is the only
approach that is likely to provide valid results.
Nevertheless, the observations of Williams89 90

who, by using a sucrose density gradient to
concentrate organisms before culture, claimed
to have isolated M fermentans from about 40%
of synovial specimens from patients with rheu-
matoid arthritis, came under muted criticism,90

Table 1 Extent of fulfilment of potential criteria for determining whether a micro-organism is a cause of a particular type of arthritis

Criterion
Lyme
arthritis

Arthritis in
hypogamma-
globulinaemia
(mycoplasmas)

Reactive arthritis Chronic inflammatory arthritides Juvenile
chronic
arthritis
C.pn.U.u.

Other
mycoplasmas C.t. C.pn. M.f. U.u.

Other
mycoplasmas C.t.

1. Detection by molecular method ++ ++ + + +++* − +++ ++ + + +
2. Isolation by culture ++ +++ − + − − ++ − + − −
3. Detection in sequential samples ? +++ ?− ?− ?− ?− + ? ? ? ++
4. Detection in early disease +++ +++ ++ ? +++ ? ++ ? ? ++ +
5. Consensus among investigators +++ +++ + ? + ? ++ ? ? − ?
6. Specific antibody response +++ NA ? ? +++ ? ? ? ? ? ++
7. Cellular proliferative response +++ ? ++ ? ++ ++ + ? ? ? ?
8. Response of arthritis to appropriate

antibiotic treatment
++ ++ ? ? + ? ? ? ? ? ?

9. Prevention or improvement of
disease by appropriate vaccine

? + ? ? ? ? ? ? ? ? ?

U.u. = Ureaplasma urealyticum; C.t.= Chlamydia trachomatis; C.pn.= Chlamydia pneumoniae; M.f.= Mycoplasma fermentans; −, +, ++, +++ = No, weak, moderate, strong
fulfilment of criterion, respectively; ? = Still questionable because of little or no information; ?− = Questionably negative because of few opportunities for sequential
samples; * = Also detected by direct immunofluorescence techniques.
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particularly as others91 92 failed to repeat the
observations and because M fermentans ap-
peared to have a natural epidemiological
history that was incompatible with it being a
realistic contender for causing rheumatoid
arthritis; that is, it was found by culture only
very rarely in the genital tract, though,
admittedly, serology suggested a more frequent
occurrence.93 However, the recovery of this
mycoplasmal species from a small proportion
of specimens by several other investigators94–98

and, even less often, other human mycoplasmal
species too, seems beyond doubt. Most re-
cently, M fermentans has been detected by the
PCR technique in the throat of about 20% or
more of the population99 100 and in 20% or more
of synovial specimens from patients with
various chronic inflammatory arthritides, in-
cluding rheumatoid arthritis, but not in any
specimens from patients with osteoarthritis,
post-traumatic hydrarthrosis or gout,96–98 ob-
servations which have heightened interest in
their true role. This, however, has not been
accomplished by all investigators101 and the
reason for failure must be determined, prefer-
ably by exchange of methods and specimens.
Because M fermentans has been detected in
association with the peripheral blood mononu-
clear cells of about 10% of HIV negative
patients attending a sexually transmitted dis-
ease clinic,99 the view that this mycoplasma is
present as a bystander in the joints of patients
with chronic inflammatory arthritis and has no
primary aetiological role, cannot be dis-
counted. Of course, perpetuation of chronic
disease, which had originally been initiated by
some other stimulus, would be an important
function. Finding M fermentans in a relatively
large proportion of cases of early arthritis and
in sequential samples would be in keeping
with, but not prove, the former. Nevertheless,
the answers to such questions as these would
contribute materially to our understanding of
the potential role of mycoplasmas in some
forms of arthritis. EVorts should be made to
provide the answers, as well as studying
serological and cellular responses91 92 in greater
detail; for example, antibody in synovial fluids.
If evidence of local M fermentans antigen pres-
entation can be found, and if the response of
synovial lymphocytes turns out to be greater
than that of peripheral blood lymphocytes and
is specific to M fermentans, then it can be
assumed to have some significance in terms of
causality and certainly better than no response
at all. Furthermore, the time is ripe to
determine whether administration of antibiot-
ics with anti-M fermentans activity, based on
known antibiotic profiles,3 102 will convert
synovial specimens that are M fermentans PCR
positive to those that are PCR negative. This
might be a prelude to, or run in parallel with,
the undertaking of controlled antibiotic thera-
peutic trials with, rather than without,103 104

microbiological support, preferably on early
cases. The latter may require collaborative
eVorts. Of course, it has to be recognised that
no antibiotic is M fermentans-specific, so that
even a successful outcome of such trials will
not in itself provide evidence for the pathogenic

role of this mycoplasma. That will come only
from an overall assessment of the collective
data pertaining to each of the proposals that we
have put forward.

Association with U urealyticum and other
mycoplasmas
Ureaplasmas are a likely cause of some cases of
non-gonococcal urethritis,17 particularly
chronic disease. In addition, they are found in
the urethra of about 20% of men without
disease105 and in vaginal specimens from at
least 40% of subjects without symptoms.106

The opportunity for spread from these mucosal
sites exists and it is of interest that ureaplasmas
have been detected by the PCR technique in
synovial specimens from about 14% of subjects
with various chronic inflammatory arthritides
(Schaeverbeke et al, unpublished data). Fur-
thermore, subjects with ureaplasma-associated
disease were not the same as those with M
fermentans-associated disease. The detection
rate for ureaplasmas seems suYcient to ques-
tion their role, rather than to disregard them,
and this can only be done by testing the set of
proposals for defining causality that we have
outlined. Other mycoplasmas have been de-
tected by culture (M hominis, M orale)98 or by
PCR technology (M genitalium)43 so infre-
quently that trying to meet any set of potential
criteria in their case is not a sensible proposi-
tion, at least presently. M penetrans has been
sought but not found at all.97

Association with C trachomatis
One group of investigators has presented some
preliminary evidence, based on 16s RNA tech-
nology, to suggest that C trachomatis might be
found in a sizeable proportion of synovial
specimens from patients with early rheumatoid
disease.107 Others, previously50 53 54 56 58 61 or
subsequently,62 63 have not made this observa-
tion. Its validity needs to be established before
it will be worthwhile attempting to assess
further the relation between C trachomatis and
rheumatoid arthritis.

JUVENILE CHRONIC ARTHRITIS

Association with C pneumoniae
This chlamydial species infects children,73

whereas C trachomatis does not, except occa-
sionally at birth. The possibility, therefore, that
C pneumoniae might be responsible for some
cases of juvenile chronic arthritis should not be
ignored. It is noteworthy that a bacteria-
specific synovial cellular immune response has
been found to occur dominantly in late onset
pauciarticular juvenile chronic arthritis (type
II),108 a disease occurring mainly in older
HLA-B27 positive boys who may develop
spondyloarthropathy. In this regard, it is of
interest that DNA of the organism has been
detected in synovial specimens from one
patient with HLA-B27 positive spondyloar-
thropathy by the PCR technique and chlamy-
dial joint involvement was identified serologi-
cally in a similar case.109 Identifying a
chlamydial respiratory infection before the
onset of arthritis will always be diYcult because
children are subject to many respiratory infec-
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tions of various causes, many of which may be
asymptomatic or trivial. The question of
controls in studying children is clearly impor-
tant and it is fair to state that obtaining synovial
specimens from age matched normal children
is at best extremely diYcult; identification of a
C pneumoniae-associated arthritis in HLA-B27
positive children only, in the study mentioned
above, does, however, provide an internal con-
trol and suggests that further studies should be
directed particularly at children who are B27
positive. Such studies should be undertaken
with the proposals for defining causality in
mind.

Including or excluding candidate
micro-organisms
Apart from identifiable micro-organisms, bac-
terial degradation products have been detected
in the joint. Muramic acid, a marker of
bacterial cell wall peptidoglycan, was reported
several years ago to occur in synovial fluids
from patients with acute inflammatory arthri-
tis, some of which were culture negative.110

Since then, the ability to detect trace amounts
of muramic acid in synovial fluids of patients
with septic arthritis has been brought about
through the development and use of gas
chromatography-tandem mass spectrometry,111

a method 1000-fold more sensitive than used
previously. In addition, bacterial peptido-
glycan-polysaccharide has been detected in
synovial tissues by immunohistological stain-
ing.112 Although it would be churlish to suggest
that such findings are uninteresting, the
problem is that without being able, in most
cases, to relate a bacterial product to a specific
micro-organism there is no means of proceed-
ing with the proposals that we have outlined. So
far as these are concerned, we feel that they
cannot be regarded as strict criteria for
determining whether a micro-organism is a
cause of arthritis. This would assume that they
have to be met in each case, which, though
desirable, may not be possible for each
potential causative micro-organism. Rather
than as strict criteria, the proposals should be
seen as guidelines that investigators should
attempt to follow. Furthermore, some may
consider that our exclusion of one of Koch’s
postulates—namely, production by a micro-
organism of disease in an animal model which
is similar to that occurring in the human
species is an error and they may wish to pursue
such a line of investigation. However, the
production of arthritis in a small animal model,
as opposed to a subhuman primate (chimpan-
zee), after experimental inoculation with an
organism isolated from a human joint, does not
necessarily point to it causing the human con-
dition, particularly if injected directly into the
animal joint and even if given extra-articularly.
The production of acute or chronic arthritis in
mice by various mycoplasmas18 is of only
superficial interest so far as determining
whether they are a cause of rheumatoid arthri-
tis. That is why we have not included the pro-
duction of disease in an animal model as a
requirement that has to be met in recognising
causality. Admittedly, if causation is apparent

through fulfilment of the proposals outlined,
then the model might provide hints about
questions that can be posed in attempting to
unravel the mechanisms of pathogenesis and
other features.

Those involved in the areas of investigation
covered in this review should be aware that the
ubiquity of a micro-organism is in favour of,
not against, it having a role in arthritis. If the
natural history of infection points to the micro-
organism being found rarely at either the respi-
ratory or genital mucosal site, then it cannot be
regarded as a contender. In addition, demon-
strating a temporal relation between peripheral
mucosal infection and micro-organism-
associated arthritis may not always be feasible,
particularly if the micro-organism in conten-
tion is regarded as a commensal at the periph-
eral site. In this regard, there seems no reason
to believe that such perceived behaviour at this
site excludes it from being a pathogen in the
joint. Although desirable, it may not be
possible to detect organisms in joints other
than the knee if smaller ones are aVected sim-
ply owing to the diYculty of obtaining
specimens. Whether detection of a large
number of organisms rather than a small
number in a joint is important is unknown.
Only by quantitative culture or by application
of quantitative PCR technology will this be
determined. In doing this, the use of universal
primers, with the possibility of detecting any
bacterial agent, is not necessarily better than
the use of specific primers, particularly when
an investigator is obtaining positive results with
the latter. There is room for the use of all the
techniques that are available and, in the current
state of knowledge, those providing investiga-
tive support should not turn a blind eye to this.
Of course, the detection of a micro-organism or
its DNA in a joint does not automatically make
it the cause of the arthritis, as pointed out
before.4 However, none of the findings should
be dismissed as irrelevant or trivial so long as
they constitute a progressive move towards
meeting criteria concerned with causation.
Finally, we must emphasise that it is not possi-
ble to state categorically how many of the pro-
posals need to be met before a micro-organism
can be regarded unequivocally as a cause of
arthritis. They should be regarded as guidelines
for those attempting to define causality and, at
least, raise the level of debate on an issue that,
to a large extent, remains enigmatic.
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