Concomitant Septic Arthritis in Crystal Monoarthritis
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ABSTRACT. Objective. In acute monoarthritis, the presence of crystals in synovial fluid may lead to a diagnosis

of crystal arthritis (CA) before septic arthritis (SA) can be excluded by culture. We aimed to identi-
fy the frequency of coexistence of CA with SA and to compare these with regard to synovial fluid
microscopy, C-reactive protein (CRP), and blood culture.

Methods. We examined 1612 synovial aspirates from 2004 to 2009 retrospectively. Of these, 104
patients with clinically significant SA were identified. These were compared to 295 patients with iso-
lated CA.

Results. Five percent of joints with CA had concomitant infection. A high synovial white blood cell
(WBC) count and elevated CRP (> 100 mg/l) were predictive of concomitant SA with a sensitivity
of 86.4%, specificity of 48.3% and 54.6%, and negative predictive values of 98.5% and 98.7%,
respectively. In patients with SA who had a blood culture, 42.5% were positive with a matching
organism. SA of the shoulder had a 90% rate of bacteremia.

Conclusion. Crystals alone in synovial fluid from acute monoarthritis cannot exclude SA, as CA and
SA frequently coexist. High WBC counts and elevated CRP are common to both SA and CA. Blood
cultures should be collected and septic arthritis considered, even when crystals are present, particu-
larly if the shoulder is affected. The exception is when Gram stain is negative and the CRP is < 100
mg/l and joint WBC count is < 10,000/u1. In these circumstances it is very unlikely that there will

be concomitant SA. (J Rheumatol First Release Dec 1 2011; doi:10.3899/jrheum.110368)
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Monoarthritis due to bacterial infection has significant mor-
bidity and a mortality of 11%!2. Crystal arthritis (CA) is
another common cause of monoarthritis that may be clinical-
ly indistinguishable from septic arthritis (SA)3. The finding
of crystals on synovial fluid microscopy may lead to a pre-
sumptive diagnosis of CA and treatment with corticosteroids
rather than antibiotics. However, SA and CA can coexist,
leading to misdiagnosis and inappropriate treatment.

Microscopy and culture of synovial fluid represents the
“gold standard” for investigation of monoarthritis. Unlike
culture, synovial white blood cell (WBC) count, Gram stain,
and peripheral blood tests such as C-reactive protein (CRP)
can be available quickly to guide initial clinical manage-
ment. There is a need to establish how useful these tests are
in excluding SA compared to the gold standard of synovial
fluid culture.
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CALCIUM PYROPHOSPHATE
BACTEREMIA

Previous studies identified raised synovial fluid WBC
count as correlated with SA, with sensitivity of 50%—64%
and specificity of 88%*> or a likelihood ratio of 2.9 for
counts > 25,000/u1°. Laboratory tests such as erythrocyte
sedimentation rate, CRP, and peripheral WBC count have
high sensitivity but poor specificity?. CA itself can cause
elevated blood and joint WBC count and inflammatory
markers, further reducing the diagnostic utility of these
tests.

In the only recent study examining rates of concomitant
infection in crystal arthropathy, 4 of 265 (1.5%) cases had
concomitant SA”. The mean synovial fluid WBC count for
CA samples was 23,000/u1 with WBC counts > 50,000/¢1 in
the 4 septic joints. However, numbers were too small to
make meaningful statistical conclusions.

The primary aim of our study was to identify the fre-
quency of coexistence of SA with CA, and to compare these
conditions with regard to joint fluid microscopy and CRP.
The secondary aim was to document the type of organisms
causing SA in our cohort and rates of bacteremia coexisting
with SA.

MATERIALS AND METHODS

This was a retrospective study conducted at Flinders Medical Centre, a ter-
tiary care referral facility in a suburban setting. The microbiology labora-
tory database was queried for all synovial fluid aspirates between January
2004 and April 2009. This identified patients who had an aspirate that either
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was culture-positive or had crystals (or both). Further data about these
patients were then collected using a second clinical database. Because
many patients had multiple episodes of SA or CA during the study period,
only 1 sample per patient was included.

Further data collected included age, sex, type of joint aspirated, Gram
stain, synovial WBC count, culture result, type of crystal, CRP, and blood
culture results within 7 days of joint aspiration. Samples were included in
the study if there was growth of a clinically significant pathogen or crys-
tals were seen on fluid microscopy as long as the cell count, site of aspi-
ration, and type of fluid could be verified in the clinical database. In our
laboratory it is standard procedure for the microbiologist to discuss all
positive culture results from sterile sites with the consulting infectious dis-
eases physician. This physician then reviews the case during the acute
admission and determines the significance of the microbiology prior to the
finalization of the results. If there was a comment on the report that the
organism grown was a probable contaminant, then that sample was
excluded from the study.

If the specimen was grossly purulent, grossly blood-stained, or clotted,
the joint WBC count was represented semiquantitatively. The result was
reported as “+” if there was 1 cell per high powered field on the 100x
objective lens, “++” for 2-10 cells, and “+++” for > 10 cells. In this study
“+++7 was estimated to be at least 10,000 cells/u1, although the actual num-
ber was often much higher. Therefore, the results were reported as either
greater than or less than 10,000 cells/u1 and no mean synovial WBC count
was calculated.

All data were analyzed using Stata MP 11.1 software (StataCorp,
College Station, TX, USA). Binary data were compared using the chi-
square test and Fisher’s exact test was used when numbers were small.
Continuous data were examined by t test and/or Wilcoxon rank-sum test.
P values < 0.05 were considered significant.

RESULTS

There were 1681 aspirates from 1213 individual patients on
the database. Of these, 204 culture-positive aspirates in 185
patients were initially identified. Fifty-three patients’ aspi-
rates were excluded, based on the growth of a probable con-
taminant. A further 28 patients were excluded for the fol-
lowing reasons: age < 16 years, patient not on clinical data-
base, joint type not indicated, not synovial fluid, or aspirate
not from a sterile site. After exclusion, 104 patients (8.6% of
all patients) were identified with a culture-positive and clin-
ically significant episode of SA.

There were 600 aspirates from 457 individual patients
with fluids positive for crystals on the microbiology data-
base, or 38% of all patients. The crystal types included 325
monosodium urate, 261 calcium pyrophosphate, and 14
aspirates with both types of crystals (Table 1). These data

Table 1. Types of crystals and coexistence of septic arthritis.

No. Aspirates with
Concomitant Septic
Arthritis
(percentage of total)

Total No. Aspirates

Type of Crystal (percentage of total)

Sodium urate 325 (52.9) 13 (4.0)

Calcium pyrophosphate 261 (42.5) 19 (7.3)

Mixed calcium pyrophosphate 14 (2.3) 0
and sodium urate

All crystals 600 31(5.2)

were used to represent the total number of crystal-positive
cases during the study period. However, 162 patients’
samples were excluded from further analysis for the follow-
ing reasons: patient not on clinical database, joint type not
indicated, not synovial fluid, positive blood culture, positive
synovial fluid culture, or WBC count not recorded. This left
a total of 295 patients included in the crystal group.

Concomitant CA and SA were present in 31 aspirates
from 22 patients. This constitutes 21% of patients with con-
firmed SA and 4.8% of total patients (5% of aspirates) with
CA before exclusion (Table 1). Concomitant SA was present
in 19 (7.3%) of 261 aspirates with calcium pyrophosphate
crystals compared to 13 (4%) of 325 aspirates with
monosodium urate crystals (p = 0.10).

The 104 subjects with clinically significant SA were com-
pared with the 295 cases of CA. The CA group had 159
patient aspirates with monosodium urate crystals, 133 calci-
um pyrophosphate crystals, and 3 with both types present.
Further analysis was performed to assess predictive criteria
for the presence of SA, as follows. The demographic charac-
teristics of the groups were similar and are shown in Table 2.

White cell count. The synovial WBC count was recorded
semiquantitatively in 87/104 (84%) of septic samples com-
pared to 159/295 (54%) of samples with crystals only. The
finding of high synovial WBC count (> 10,000/ul or +++)
was common in all groups (Table 3), but significantly more
likely to occur in septic joints (p < 0.001). All groups had
cases with low WBC counts (< 10,000/u1 or < +++) includ-
ing 3 of 22 in the mixed CA/SA group, but this was more
likely in the CA group (p < 0.001). When compared to cases
of CA alone, a high synovial WBC count was predictive of
concomitant SA with a sensitivity of 86.4% (95% CI
65.1%-97.1%), specificity of 483% (95% CI
42.5%-54.2%), positive predictive value (PPV) of 8.0%,
and negative predictive value (NPV) of 98.5% (95% CI
95.9%-99.5%).

C-reactive protein. The mean CRP for patients with SA,
patients with CA, and those with mixed CA/SA was 185,
107, and 224 mg/l, respectively (Table 3). The difference
between the SA group and the CA group was significant
(mean difference 78 mg/l, 95% CI 52.8%-103.1%; p <
0.001). Compared to cases of CA alone, a CRP = 100 mg/I
was predictive of concomitant SA with a sensitivity of
86.4% (95% CI 65.1%-97.1%), specificity of 54.6% (95%

Table 2. Characteristics of study subjects.

Characteristic Type of Arthritis
Mixed Septic
Septic Only Crystal Only and Crystal
Number 82 295 22
Mean age, yrs 62 72 76
Male:female 33 2.8 34
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Table 3. Comparison of microscopy, CRP, Gram stain, and blood culture results by type of arthritis.

Type of Arthritis WBC Mean CRP, Gram Stain Positive Blood
> 10,000/ul mg/1 Positive (%) Culture* (%)
Septic only, n = 82 66 (80) 185 (n=179) 49 (60) 24 (42)
Crystal only, n = 295 151 (49) 107 (n = 238) 0 0
Calcium pyrophosphate 61 (46) 108 (n = 98) 0 0
crystal only, n = 133

Sodium urate crystal only, n = 159 89 (56) 105 (n = 140) 0 0
Mixed septic and crystal, n = 22 19 (86) 224 (n=22) 12 (55) 7 (44)

* Performed in 57 septic-only cases and in 16 mixed septic and crystal cases. CRP: C-reactive protein; WBC:

white blood cells.

CI 48.1%—61.1%), PPV 9.1%, and NPV 98.7% (95% CI
96.4%-99.5%). In the mixed SA/CA group, CRP was < 100
mg/l in 3 of 22 cases, but these were different from the cases
that had low synovial fluid WBC count.

Gram stain. Gram stain was positive in 58.7% of all samples
that were eventually culture-positive. In the mixed CA/SA
group Gram stain was positive in 12 (54.5%) of 22 patients.
In all cases the Gram stain organism corresponded to the
organism grown subsequently in culture. There were 4
(0.2%) of 1681 samples in which Gram stain was thought
after clinical and laboratory review to be a false-positive.
Thus Gram stain of synovial fluid had a sensitivity of 58.6%
(95% CI 48.6%—68.2%), specificity of 99.7% (95% ClI
99.4%-99.9%), PPV 93.8% (95% CI 85%—-98.3%), and
NPV 97.5% (95% CI 96.6%-98.2%) in relation to its corre-
lation with clinically significant SA.

Of the 10 mixed SA/CA cases with a negative Gram
stain, none had both serum CRP < 100 mg/l and synovial
WBC count < 10,000/u1. Of the 238 crystal samples for
which both CRP and WBC counts were recorded, 61 (26%)
fell into this category. Of the SA cases without crystals pres-
ent, 4 (5%) had CRP < 100 mg/l and synovial WBC counts
< 10,000/u1 as well as a negative Gram stain.

Microbiology. Gram-positive organisms predominated, con-
stituting 86% of all organisms cultured. The most common
organism cultured from septic joints was Staphylococcus
aureus, accounting for 60% of all clinically significant
organisms cultured. Methicillin-resistant S. aureus (MRSA)
accounted for 5 cases, 7.9% of S. aureus cases, and only
4.7% of the total. Fewer Gram-negative organisms were cul-
tured, with Pseudomonas aeruginosa the most common
(4.7% of the total). There was only 1 case of gonococcal
arthritis (Figure 1).

Blood cultures were performed in 73 patients (70.2%)
with confirmed SA, and were positive with the same organ-
ism as cultured in synovial fluid in 42.5%. When analyzed
by joint type, 9 of 10 patients with shoulder SA had bac-
teremia (Table 4). Patients with shoulder SA were signifi-
cantly more likely to have bacteremia than other joint types
(risk difference 55.1%, 95% CI 33.1%-77.1%; p = 0.001).
All cases of shoulder SA were due to staphylococcal infec-

Gonococcal 1%

Other Gram-
positive organism
27%

S. aureus 60%

Gram-negative
organism 12%

Figure 1. Data represent the microbiology results of 107 organisms cul-
tured from 104 septic joints. Gram-positive organisms 86.9%: Staphylo-
coccus aureus 59.8%, other Gram-positive organisms 26.2%; non-gono-
coccal Gram-negative organisms 12.1%; Neisseria gonorrhoeae 1%.

Table 4. Bacteremia rates by joint involved in septic arthritis.

Joint Type No. with Blood Culture Blood Culture
Septic Arthritis Taken (%) Positive (%)
Knee 71 42 (59) 16 (38)
Shoulder* 10 10 (100) 9 (90)
Hip 8 7 (88) 2(29)
Ankle 3 3 (100) 1(33)
Other 12 11 (92) 3(27)
Prosthetic 35 20 (57) 10 (50)
Total 104 73 (70) 31 (43)

* Patients with shoulder septic arthritis were significantly more likely to
have bacteremia compared to other joint types (p < 0.05).

tion. Patients with prosthetic knee joints were more likely to
have bacteremia than those with native knee joint infection
(p =0.086).

DISCUSSION

Our results show that as a percentage of all joint aspirates with
crystals there was concomitant SA in 5.2%. This is consider-
ably higher than the previously published incidence of 1.5% in
an American study of 267 joint aspirates’. Among samples
with confirmed SA, the coexistence of crystals on microscopy
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is relatively common, at 21% (22 of 104 patients). In the 10
patients with mixed CA/SA who had crystals but no organisms
on Gram stain, it is probable that the patients were treated ini-
tially for CA rather than SA. We therefore examined the use of
other rapidly available laboratory tests for predicting the pres-
ence of coexisting CA and SA.

Gram stain is a rapid test with a high specificity and pos-
itive predictive value. It is the most useful test to perform,
identifying 59% of cases of SA in this series, similar to pre-
viously published data?©. If positive, the joint must be treat-
ed as septic, but Gram stain does not have adequate sensi-
tivity to exclude SA. There is more difficulty in clinical
decision-making when the synovial fluid Gram stain is neg-
ative. In many cases both plasma CRP and synovial WBC
count will also be elevated and in these cases concomitant
SA cannot be excluded. However, lower plasma CRP (< 100
mg/l) and lower synovial WBC (< 10,000/ul) each have
high negative predictive values. When found together, SA is
unlikely to be present.

Systemic sepsis with a matching organism was found in
42% of the SA group. The rates of positive blood culture and
the microbiological profile are similar to previously pub-
lished data!-23-8_ Interestingly, there was a very high rate of
bacteremia associated with shoulder arthritis in our series
(9/10 cases), with all cases due to staphylococcal infection.
This is a higher incidence of bacteremia in shoulder arthritis
than previously reported®. Previous reviews of SA of the
shoulder have shown it to be more resistant to treatment and
more frequently associated with older age and comorbid
conditions” 1011 Bacteremia may also be more common
because of more subtle presentations and later diagnosis.
The implication of this is that when acute shoulder arthritis
in a febrile patient is observed, blood cultures and prompt
systemic antistaphylococcal treatment should be initiated as
there is likely to be systemic, not just local, infection.

Limitations to this study include the following: data were
collected retrospectively; clinical significance was based on
recording by the microbiologist’s entry on the computer
database rather than clinical case note review. Also, the
numbers of concomitant SA with negative Gram stain were
small (10) and the findings need to be taken in this context.
Many synovial WBC counts were reported semiquantita-
tively and this type of reporting was much more likely to
occur in the septic specimens. This reflects the much higher
likelihood of these specimens being grossly purulent and

therefore unsuitable for precise cell counts. Although the
inclusion of semiquantitative data for joint WBC counts
may be seen as a limitation, we decided to include these data
in our analysis because often this is the only type of result
available to clinicians.

The presence of crystals alone in synovial fluid in
patients presenting with acute monoarthritis cannot exclude
infection, because septic arthritis and crystal arthritis fre-
quently coexist. High synovial fluid WBC counts and ele-
vated CRP are common to both conditions and cannot reli-
ably distinguish the two. Bacteremia in septic arthritis, espe-
cially of the shoulder, is common. Blood cultures should be
collected and empirical antibiotic therapy considered in
most cases of monoarthritis even if crystals are detected.
The exception is in cases where there is a negative Gram
stain with both plasma CRP < 100 mg/l and joint WBC
count < 10,000/u1. In these circumstances it is unlikely that
there will be concomitant septic arthritis.
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