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SUMMARY The limulus assay for the detection of bacterial endotoxin has been applied to the study
of synovial fluid. Three of 5 patients (60%) with culture-positive gonococcal arthritis had positive
SF limulus assay results; as did 2 of 11 (18%) with presumptive evidence of gonococcal arthritis, 3
of 6 (50%) with nongonococcal infectious arthritis, and none of 47 patients with noninfectious
arthritis. Endotoxin levels ranged from 0 25 to 128*0 ng/ml. As at present applied to synovial fluid
the commercial limulus assay appears to be specific for the infectious process but apparently lacks
sensitivity.

The detection of endotoxin by a sensitive, rapid test
has long been a goal of the microbiologist attempting
to supplant the time-consuming procedures involved
in bacterial cultures. Such a test might also be used to
detect fastidious organisms which fail to grow if not
properly transported or cultured. Thus a simple assay
method that could be applied to clinical specimens
would have considerable advantages. The limulus
assay provides a means of detecting relatively low
endotoxin concentrations (nglml) in clinical speci-
mens1 and has been widely used.23 In some body
fluids, such as the cerebrospinal fluid,4 it appears to
be of value. In other body fluids, particularly blood
plasma,5 6 its value is more problematical, at least
partly because of the presence of substances7 which
appear to inhibit the gelation reaction necessary for
interpretation of the test.

It would seem to be particularly useful to apply a
technique for endotoxin analysis to synovial fluid
(SF), since Neisseria gonorrheae is a major cause of
septic arthritis, produces endotoxin, and may escape
detection unless transported and cultured under
optimal conditions. Furthermore, should this assay,
when applied to SF, prove sensitive and specific, it
might help resolve the question of whether culture-
negative arthritis occurring during disseminated
gonococcal disease is due to the presence of unde-
tected organisms in the joint or to some entirely
different immunopathological process (e.g., immune
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complex deposition) occurring in the absence of bac-
teria. Earlier reports have described the use of the
limulus assay for SF.89IThese authors, using reagents
prepared in their own laboratory, found the assay on
SF to be sensitive but not specific. We have per-
formed the limulus assay on 69 specimens of synovial
fluid obtained from patients with a variety of
rheumatological diseases. The assay appeared to be
relatively specific for septic processes but lacked
sensitivity.

Materials and methods

Synovial fluid was obtained from patients undergoing
diagnostic arthrocentesis for clinical indications as
determined by the attending physician. Samples were
collected in sterile disposable tubes and delivered to
the laboratory, where they were transfered to sterile
glass vials and frozen at -80°C until the endotoxin
assay was performed.
Limulus amoebocyte lysate. The limulus assay was

performed with a commercially available lysate (Mal-
linckrodt, Inc, St Louis, MO), which was rehydrated
with sterile water for injection USP (Abbott) just
prior to assay. All laboratory ware used was
depyrogenated prior to use by heating at 250°C for
one hour. The test was performed by adding 100 ,ul of
joint fluid or diluted joint fluid to a depyrogenated
10 x 75mm glass test tube. The lysate reagent in 100
,ul quantities was then added to each sample tube and
incubated for one hour at 37°C. The lysate tests were
read by gently inverting each tube through 1800. A

571

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.42.5.571 on 1 O
ctober 1983. D

ow
nloaded from

 

http://ard.bmj.com/


572 Cesurio, Jason, Andrews, Shanbron, Juranas, Katz, Friou

gel that maintained its integrity after its inversion was
recorded as a positive test.

Total endotoxin concentrations were determined
by serially diluting the joint fluids in 2-fold incre-
ments with pyrogen-free water. Each dilution was
tested with the lysate reagent until a negative lysate
test was obtained. The highest positive dilution was
multiplied by the lysate sensitivity (previously
determined to be 00125 ng/ml with Escherichia coli
055:B5 endotoxin, Mallinckrodt, Inc) to yield the
total endotoxin concentration.

For the purpose of this study infectious arthritis (8
patients) was defined as arthritis in which the SF
culture was positive for bacteria. Presumed infectious
arthritis (14 patients) was diagnosed when the clini-
cian(s) caring for the patient viewed the arthritis as an
infectious process but where the SF bacterial culture
results were negative (6 patients) or the results unav-
ailable (5 patients). Noninfectious arthritis (47
patients) was that in which the rheumatic condition
appeared to be entirely unrelated to bacterial infec-
tion, with a negative SF culture.

Results

Synovial fluid was obtained from 69 patients. Table 1
shows the underlying joint diseases of these patients.
Twenty-two patients had infectious or presumed
infectious arthritis and 47 noninfectious conditions.
The limulus assay was negative when performed on
SF from all patients with noninfectious arthritis. Of
the 8 patients with definite infectious arthritis 5 had
positive limulus assays (Table 2). Included in these 8
patients were 5 with gonococcal arthritis, one with

Table 1 Aetiological distribution ofsynovial fluid samples

Definite infectious
N. gonorrheae 5
Ps, aeruginosa 1
Staph. aureus 2
Total 8

Presumed infectious
N. gonorrheae 11*
Nongonococcal 3t
Total 14

Noninfectous
Rheumatoid arthritis 16
Degenerative joint disease 14
Gout or pseudogout 8
Miscellaneous 9
Total 47

Total 69

*In 6 patients the SF culture was negative for bacteria and in 5
patients the results of the cultures were unavailable.
tIncludes 2 patients with negative SF cultures and one with
unknown culture results.

Table 2 Results of limulus assay on synovial fluids from
patients with infectious and noninfectious arthritis

No. Synovial fluid Endo-
limulus assay toxin

concen-
+ - tration

(ng/ml)

Gonococcal arthritis
Definite (SF culture

positive) 5 3 2 0-25-050
Presumed (SF culture

negative or results
unavailable)

(a) Culture of other
sites positive 6 1 5 0-5

(b) Cinical diagnosis
only 5 1 4 8-0

Nongonococcal arthritis
Definite (SF culture

positive) 3* 2 1 0-25-2-0
Presumed (SF culture

negative or unknown) 3 1 2 128-0
Noninfectious arthritis 47 0 47 NDt

'Two patients had positive synovial cultures for Staph. aureus and
one for Ps. aeruginosa.
tND=not detected.

arthritis secondary to Pseudomonas aeruginosa, and
2 with arthritis caused by Staphylococcus aureus.
Three patients with gonococcal arthritis, one with Ps.
aeruginosa arthritis, and one with Staph. aureus ar-
thritis had positive limulus assays.
Among the 14 patients with presumed infectious

arthritis only 3 had positive limulus assays. These
included two of 11 with suspected gonococcal disease
and one of 3 with suspected nongonococcal infectious
arthritis. The levels of endotoxin encountered in SF
are detailed in Table 2.

Discussion

These studies show that similar problems to those
encountered in the adaptation of the limulus assay to
specimens of blood or plasma may also be encoun-
tered in the testing of SF. Thus, Stumacher et al.5
found positive limulus assays in the blood of 28 of 65
patients with Gram-negative bacteraemia but also in
the blood of 8 of 22 patients with Gram-positive
bacteraemia. In this same study nonbacteraemic
infections due to Gram-negative rods were also as-
sociated with endotoxaemia in 11 of 32 cases. Elin et
al.,6 using a panel of 7 different lysate preparations,
applied the limulus assay to plasma. They found 12 of
29 specimens from bacteraemic patients had positive
gelation reactions with at least one of the lysate sam-
ples used. However, 4 of the positive samples were
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from patients with Gram-positive bacteraemia. In
contrast, Levin et al.7 found that 12 of 17 patients
with Gram-negative sepsis had positive limulus as-
says, but all controls, including some patients with
Gram-positive infections, had negative test results.
These data indicate that not all lysate preparations
are effective in the assay and that occasionally organ-
isms considered to be endotoxin-negative may result
in false positive tests. In contrast to the results
obtained with blood Nachum et al.4 demonstrated
that the test is both sensitive and specific in cerebro-
spinal fluid.

In the current study we have applied the limulus
assay to SF samples. All of the 47 SF samples that we
tested from patients with noninfectious arthritis had
negative limulus assays. Thus the assay demonstrated
specificity for infectious arthritis. However, among
the 22 patients with infectious or presumed infectious
arthritis only 8 specimens were found to give positive
results in the limulus assays. Particularly disconcert-
ing was a positive result in one of 2 patients with
Staph. aureus infectious arthritis. Since Staph. aureus
is a Gram-positive organism and should not contain
endotoxin," a positive test in this setting must be
considered to be a false positive reading. Possible
alternative explanations include specimen contami-
nation or presence of 2 organisms within the joint.
Furthermore, 2 patients with culture-positive
gonococcal arthritis had negative limulus assays.
Thus, as with serum samples, we have found both
false negative and false positive reactions. Con-
versely, however, it was important to note that false
positive assays were not encountered in the group
with noninfectious arthritis. The low sensitivity of the
tests may relate to the dilution of the SF prior to
assay.
Our results reported here differ from those of Elin

et al.,8 who used their own lysate preparation. They
found endotoxin could be detected in all cases of
septic arthritis, including those with negative joint
fluid cultures. They also found endotoxin could be
found by the limulus assay in the SF of a substantial
percentage of patients with rheumatoid arthritis,
gout, Reiter's syndrome, and miscellaneous other
conditions. They concluded that the limulus assay
was not specific for septic processes. Tuazon et al.9
used the limulus assay to detect endotoxin in SF.
They found 6 patients with culture-proved septic ar-
thritis who had positive endotoxin assays, though 2
were patients with Gram-positive infections. The dif-
ferences seen between the results of ourselves and
Elin et al. may result from dissimilarities in the pre-
paration of the lysate. We used a commercially avail-
able preparation. Using this lysate we found no false
positives in patients with nonseptic conditions but
failed to detect endotoxin in several culture-positive

SF samples. It has previously been shown that the
lysate used does effect the results of the assay.6 "'
As there appear to be some limitations with the

limulus assay when applied to samples of SF, we are
unable to draw any definite conclusions regarding
patients with presumed gonococcal disease with
negative limulus assays. However, when the assay
was applied to SF with culture-negative gonococcal
arthritis, which was definitely diagnosed in 6 patients
in this study from the presence of positive gonococcal
cultures at other sites, a negative limulus assay was
present in 5 (83%). This would be compatible with
our previous suggestions"2 that culture-negative
gonococcal arthritis may result from either local for-
mation of immune complexes within the SF or de-
position within the synovial membrane of circulating
immune complexes. Paralleling the data on serum
analysis certain substance(s) appear to inhibit the
gelation reaction, with resulting false negative
results. This may afford an alternative explanation
for some false negative results with SF, but it remains
to be established.

Future research is being focused on the refinement
of the limulus assay with respect to sensitivity and the
elimination of potential false positive and false nega-
tive results, which are necessary before routine clini-
cal application of this assay for synovial fluid analysis
can be undertaken.
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