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Synovial fluid specimens obtained from patients with arthritis were plated onto solid media (conventional
cultures) or inoculated into an Isolator 1.5 microbial tube (Isolator cultures), and the yield and time to
detection of organisms were compared. Overall, 144 specimens obtained from 137 patients were processed, and
31 (21.5%) cultures obtained from 29 patients were positive by at least one method. Staphylococcus aureus was
isolated from 12 patients, Streptococcus pneumoniae and Kingella kingae were isolated from 4 patients each,
group G streptococci were isolated from 3 patients, Staphylococcus epidermidis and members of the family
Enterobacteriaceae were isolated from 2 patients each, and Streptococcus mitis and Peptostreptococcus prevotii
were isolated from 1 patient each. Overall, the causative organism was detected in 31 of 31 (100.0%) Isolator
cultures and 24 of 31 (77.4%) conventional cultures (P < 0.02). Twenty-nine of 31 (93.5%) positive Isolator
cultures and 20 of 24 (83.3%) conventional cultures were positive by the second day of incubation. Among the
24 cultures positive by both methods, higher numbers of CFU per milliliter were detected with the Isolator
system in 13 cultures and with conventional cultures in 2 cultures (P < 0.002). Inoculation of synovial fluid into
an Isolator 1.5 microbial tube improves the recovery of organisms causing septic arthritis.

Septic arthritis, the name given to an infectious process
involving the joint space, is an important clinical condition
which, if neglected, may result in permanent disability (1, 7, 8).
Because of the serious implications of delayed diagnosis of
septic arthritis, patients with suspected articular infections are
usually given empirical antimicrobial therapy based on clinical
considerations and cytological and biochemical examination of
the joint fluid aspirate (8–11). Detection of the causative mi-
croorganism remains important to confirm the diagnosis and to
guide the antimicrobial regimen (5, 8). Culture of synovial fluid
of patients with suspected septic arthritis, even when per-
formed prior to the initiation of antibiotics, is frequently dis-
appointing (1, 5, 7, 14).

In an attempt to improve the bacteriological diagnosis of
children with septic arthritis, we have introduced the inocula-
tion of synovial fluid into an aerobic (NR6A) BACTEC blood
culture bottle (Becton Dickinson Diagnostic Instruments Sys-
tems, Towson, Md.) as a routine procedure. Adoption of this
approach has resulted in the unexpected enhanced detection of
Kingella kingae and the recognition of this organism as one of
the most common etiologies of skeletal infections in young
children (15).

In recent years, the Isolator 1.5 microbial tube (Wampole
Laboratories, Cranbury, N.J.) has become commercially avail-
able for processing blood cultures obtained from pediatric
patients (3). The system consists of a tube containing a mixture
of saponin, polypropylene glycol, and sodium polyanethole
sulfonate that prevents clot formation, causes rapid lysis of
erythrocytes and leukocytes, and inhibits complement. The
Isolator system has been recognized as a sensitive method for
the detection of a wide array of organisms in blood cultures
and is particularly useful in the isolation of obligatory and

facultative intracellular pathogens, such as mycobacteria,
yeasts, and staphylococci (2–4, 6).

A prospective study was carried out between 1 July 1992 and
31 December 1996 to compare the performance of the Isolator
1.5 microbial tube, inoculated with joint tap fluid, with that of
conventional cultures for the microbiologic diagnosis of septic
arthritis.

Adult and pediatric patients with clinical arthritis, who were
treated at the Soroka Medical Center in southern Israel, un-
derwent a diagnostic joint tap. Synovial fluid was aspirated
from the affected joint by a strict sterile technique, as recom-
mended (8). Specimens of fluid from the joint aspirate were
sent without delay to the Microbiology Laboratory in a sterile
syringe sealed with a sterile plastic top. Once in the laboratory,
the amount of fluid was measured and recorded, and the spec-
imen was divided into two aliquots. Small volumes of fluid were
transferred to an insulin syringe for precise measurement. Half
of the specimen was plated onto chocolate-agar plates and
Trypticase soy agar plates supplemented with 5% sheep blood
supplied by a commercial source (Hy-Labs, Rehovot, Israel)
(conventional cultures), and the remaining fluid was inocu-
lated into an Isolator 1.5 microbial tube (Isolator cultures).
This pediatric tube was chosen instead of the large adult Iso-
lator tube because, in our experience, only small amounts of
synovial fluid are sent for microbiological examination, and
according to the manufacturer’s recommendation, volumes
less than 6 ml should not be placed in the adult tube because
of the inhibitory effect of the lytic agents. The Isolator tube was
processed in a biological safety cabinet, according to the meth-
odology recommended for blood cultures. The lysate was
plated onto solid media similar to those described for conven-
tional cultures. Up to 0.25 ml of synovial fluid or lysate was
dispersed on each plate. When volumes smaller than 0.25 ml
were received, a single chocolate-agar plate was seeded. Con-
ventional and Isolator cultures were incubated at 35°C in a 5%
CO2-enriched atmosphere and examined daily for 1 week.

Identification of recovered organisms was performed ac-
cording to conventional microbiological procedures. Identifi-
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cation of coagulase-negative staphylococci was performed with
the API Staph strip (Biomerieux, Marcy l’Etoile, France). Iso-
lation of Bacillus spp., diphtheroids, alpha-hemolytic strepto-
cocci, and coagulase-negative staphylococci, when not recov-
ered from a prosthetic joint, was considered indicative of
contamination. Organisms growing out of the streaked area of
the plates were also dismissed as contaminants.

The Fisher exact test was used to assess the statistical sig-
nificance of the observed differences between discordant Iso-
lator and conventional synovial fluid culture pairs.

A total of 144 synovial fluid specimens obtained from 137
different patients (including 92 children and 45 adults) were
cultured. Twenty-four cultures were obtained from patients
with prosthetic joint devices, and the remaining cultures were
obtained from patients with primary arthritis. Total specimen
volumes ranged between 0.3 and 6 ml, with a median of 1 ml.
Thirty-one (21.5%) synovial fluid cultures obtained from 29
patients (21.2%) were positive by at least one method. Twenty-
five of these culture-positive patients suffered from primary
septic arthritis, and the remaining 4 had an infected prosthetic
device. In 113 cultures (78.5%) drawn from 108 (78.8%) pa-
tients, no organisms were recovered by either of the two meth-
ods used. The Gram stain examination revealed the causative
organisms in 14 of the 25 (56.0%) cultures in which the test was
performed.

The bacteriologic results for the 29 culture-positive patients,

including concentration of organisms, time for detection, and
Gram stain, are summarized in Table 1. In two Isolator cul-
tures and three conventional cultures, quantitative results were
not recorded. Overall, all 31 positive cultures were detected by
the Isolator 1.5 microbial tube (sensitivity, 100.0%), compared
to 24 conventional cultures (sensitivity, 78.9%) (P , 0.02).
Close examination of conventional culture plates frequently
revealed that bacterial growth was inhibited in the area in
which most of the synovial fluid specimen was deposited.
Among those 24 cultures positive by both methods, higher
numbers of CFU per milliliter were detected with the Isolator
system in 13 cultures and with conventional cultures in 2 cul-
tures (P , 0.002).

The times to detection of positive cultures were similar by
both methods. Twenty-nine of 31 (93.5%) Isolator cultures and
20 of 24 (83.3%) conventional cultures were positive by the
second day of incubation (P . 0.05). Overall, the contamina-
tion rates were 7.8% for the Isolator system and 6.4% for
conventional cultures (P . 0.05).

Attempts to obtain a bacteriologic diagnosis in patients with
suspected septic arthritis are frequently unsuccessful, and be-
tween one-third and two-thirds of synovial fluid cultures do not
detect the causative organisms (1, 5, 7, 14). Examination of
conventional plates seeded with synovial fluid specimens fre-
quently shows that purulent exudates exert an inhibitory effect
upon bacterial growth, which may explain the overall low sen-

TABLE 1. Comparative results of Isolator and conventional cultures for 29 patients with culture-proven septic arthritis

Patienta Organism

Result by:

Isolator culture Conventional culture
Gram stain

CFU/ml Detection (day) CFU/ml Detection (day)

1a Staphylococcus aureus 500 2 10 2 2
1b Staphylococcus aureus 4 2 NDb

2 Staphylococcus aureus 52 2 2
3 Staphylococcus aureus 50 2 25 2 ND
4 Staphylococcus aureus .1,000 2 .1,000 2 1
5 Staphylococcus aureus .1,000 2 .1,000 2 1
6a Staphylococcus aureus .1,000 2 .1,000 2 1
6b Staphylococcus aureus .1,000 2 .1,000 2 1
7 Staphylococcus aureus .1,000 2 12 2 2
8 Staphylococcus aureus .1,000 2 44 2 2
9 Staphylococcus aureus ,1 2 2
10 Staphylococcus aureus 30 2 152 2 2
11 Staphylococcus aureus ND 2 ND 2 1
12 Staphylococcus aureus .1,000 1 67 1 1
13 Streptococcus pneumoniae 52 2 30 2 ND
14 Streptococcus pneumoniae 28 1 2
15 Streptococcus pneumoniae .1,000 1 .1,000 1 1
16 Streptococcus pneumoniae 88 2 60 1 1
17 Streptococcus group G .500 2 10 2 1
18 Streptococcus group G ND 2 ND
19 Streptococcus group G 5 3 2
20 Kingella kingae 15 2 10 2 1
21 Kingella kingae 300 2 16 2 1
22 Kingella kingae 11 2 1
23 Kingella kingae 80 1 2 1 1
24 Salmonella enteritidis .1,000 1 .1,000 1 1
25 Escherichia coli 56 2 8 2 ND
26c Staphylococcus epidermidis 280 2 ND 4 2
27c Staphylococcus epidermidis 250 2 44 3 ND
28c Streptococcus mitis 400 5 200 5 2
29c Peptostreptococcus prevotii 200 2 ND 4 2

a a, first (diagnostic) joint tap; b, specimen obtained 24 h after onset of antimicrobial therapy.
b ND, colony count not done.
c Infected prostheses.
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sitivity of synovial fluid cultures in patients with joint infections
(12). It seems natural then that blood culture systems in which
strategies to overcome the detrimental activity of host defenses
are implemented may also prove to be useful for culturing
other normally sterile body fluids (13). Inoculation of synovial
fluid into the large volume of broth probably dilutes some of
these inhibitory factors, explaining the improved detection of
synovial fluid cultures performed with the BACTEC system
compared to routine plating of joint tap fluid onto solid media
(15).

Because the inflammatory response in the infected joint
space is usually characterized by accumulation of leukocytes in
the order of .105/ml of synovial fluid, we speculated that
active phagocytosis may contribute to the failure to recover
bacteria noted in a large fraction of patients with septic arthri-
tis (8). Introduction of the Isolator system was thus considered
to be a rational choice when trying to improve the isolation of
the causative organisms. Although the numbers presented
herein are small, adoption of this practice seems to have en-
hanced bacterial isolation in cases that would have been missed
by conventional cultures. Examination of the quantitative data
shows that in those specimens for which precise colony counts
were performed, plates seeded with the Isolator lysate usually
yielded the largest number of colonies, suggesting that lysis of
the leukocytes releases already phagocytized but still viable
organisms (2, 4).

In addition, the present study shows that concentration of
bacteria in the synovial fluid of patients with septic arthritis
may be of low magnitude. It appears that the highest concen-
tration of organisms may be found in patients with infections
caused by gram-positive organisms and especially by Staphylo-
coccus aureus. The concentration of organisms observed may
have contributed to the overall low sensitivity of the Gram
stain examination of the joint fluid observed in this and other
series of patients with septic arthritis, as well as the frequent
failure to detect the causative organism when small volumes of
specimen are cultured (5).

Despite the significant contribution to the bacteriologic di-
agnosis made by the Isolator system, the positivity rate of
synovial fluid cultures found in the present study is in the lower
range of that found in other series (1, 5, 7, 14). It should be
mentioned that in our institution, all synovial fluid specimens
are routinely sent for bacteriologic culture, and, therefore, the
population included patients with a variety of clinical condi-
tions, whereas other studies included joint fluid from patients

with suspected septic arthritis only. It is possible, however, that
an unknown fraction of patients with septic arthritis was also
missed by the Isolator system. Although inoculation of synovial
fluid into an Isolator 1.5 microbial tube enhances the recovery
of microorganisms from patients with septic arthritis, addi-
tional studies are needed to determine the optimal method or
combination of techniques needed to optimize the bacterio-
logical diagnosis of joint infections.
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