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Abstract. Objective: Septic arthritis (SA) is a clinical emergency that requires prompt diagnosis and surgical
treatment to minimize morbidity and mortality. A synovial fluid cell count (SFCC) greater than 50 000 mm—>
has been a threshold used to diagnose SA. However, patients with lower cell counts may have culture-positive
septic arthritis, resulting in missed or delayed diagnoses. The purpose of this study was to assess the risk of
culture-positive SA in patients with synovial fluid analyses that would typically be considered inconclusive and
determine what factors may increase the risk of SA. Methods: Patients with SFCC < 50 000 mm~> were retro-
spectively assessed at a single academic institution between 2010 and 2019. Laboratory measures such as white
blood cell count (WBC), C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), SFCC polymorphonu-
clear leukocyte percent (PMN), and patient factors and comorbidities were evaluated to determine a threshold
for diagnosing SA in this patient population. Results: A total of 199 of 849 patients met inclusion criteria.
There were 31 (15.6 %) cases of SA. SFCC and PMN thresholds of 20000 cell mm~—3 and 70 %, respectively,
maximized sensitivity and specificity of SA detection. Prior history of SA, inflammatory arthritis and/or crys-
talline arthropathy was associated with increased risk of SA. Conclusion: The traditional SFCC threshold of
50000 cells mm~3 may not be a reliable diagnostic criterion for all patients. Prior history of SA, inflammatory
arthritis, or crystalline arthropathy is associated with increased risks of SA. It may be more appropriate to have

lower diagnostic thresholds to clinically diagnose SA in these subsets of patient populations.

1 Introduction

Septic arthritis (SA) is a clinical emergency with significant
morbidity and mortality. In 2012, SA was responsible for
16 382 emergency room (ER) visits, resulting in significant
financial and healthcare burden (Singh and Yu, 2018). The
most common cause of SA arises from hematogenous seed-
ing (Morgan et al., 1996). The inflammatory response from
SA, with subsequent release of proteolytic enzymes, can lead
to irreversible cartilage and subchondral bone loss in as lit-
tle as 3 d, if not properly diagnosed and treated (Shirtliff and
Mader, 2002). In addition, case fatality rate associated with
SA can be as high as 11 % (Mathews et al., 2010). There-
fore, a prompt diagnosis, initiation of antibiotics, and surgi-
cal debridement and irrigation should be performed as soon
as possible to decrease morbidity and mortality.

Historically, the diagnosis of SA has been made using a
combination of clinical history and presentation, physical ex-
amination, laboratory data, and arthrocentesis, with arthro-
centesis being the most objective criteria and the gold stan-
dard for definitive diagnosis. A synovial fluid cell count
(SFCC) greater than 50 000 cells mm ™3 is accepted to be di-
agnostic of SA in clinical practice. However, the evidence
supporting 50000 cellsmm™ as the threshold for SA is
limited. It has been reported that synovial fluid findings
can be highly variable, and there can be significant over-
lap in patients with the underlying diagnosis of gout, pseu-
dogout, or rheumatoid arthritis (Yu et al., 2003; Lenski and
Scherer, 2014). Conversely, septic arthritis can present with
SFCC < 50000 cellsmm™> in patients who are unable to
mount an adequate leukocytic response — such as immuno-

Published by Copernicus Publications on behalf of EBJIS and MSIS.

a[o1e yibuaj-|ny [reuibuo



288 B. Liu et al.: Can we identify which patients are likely to have septic arthritis?

compromised patients. Coutlakis et al. (2002) reported that
rates of SA with SFCC < 50000 mm™ can be as high as
5 %. It is unclear whether a lowered threshold should be used
for the aforementioned subsets of patients in order to avoid a
missed or delayed diagnosis of SA.

The primary objective of this research study was to assess
the risk of culture-positive SA in patients with synovial fluid
analyses that would typically be considered inconclusive and
to identify which patient-specific factors may modify the risk
of SA. Furthermore, our secondary objective was to deter-
mine a threshold of SFCC and PMNs that can be utilized in
making an accurate diagnosis of SA in at-risk patient popu-
lations.

2 Methods

2.1 Study design and patient population

After Institutional Review Board (IRB) approval, a retro-
spective study was performed at a single academic institution
and included all patients who underwent joint arthrocente-
sis between July 2010 and December 2019. A total of 849
patients were identified. The patients were then screened to
exclude those with active septic arthritis, patients who did
not undergo an aspiration, patients with SA involving a pros-
thetic total joint replacement, patients with therapeutic joint
aspirations, and patients with SA with SFCC greater than
50000 cellsmm™3. A total of 199 patients met the criteria
and were used for this analysis.

For the patients who met inclusion criteria, demographic
data (age, sex, BMI, tobacco use), medical history (HIV, di-
abetes mellitus, liver disease, chronic kidney disease, his-
tory of SA, osteomyelitis or cellulitis, inflammatory arthritis,
immunocompromised status), social history (self-reported
oral antibiotics use within 2 weeks of presentation, his-
tory of intravenous drug use, presence of hardware from
prior trauma), laboratory measures (white blood cell count
(WBCQ), C-reactive protein (CRP), erythrocyte sedimentation
rate (ESR)) and synovial fluid aspiration results (synovial
fluid nuclear cell counts (SFCCs), percent polymorphonu-
clear leukocytes (PMNs), cultures, crystals, gram stain) were
recorded. Laboratory data were analyzed within 1h of ob-
taining the synovial samples by our institution’s microbiol-
ogy laboratory.

2.2 Septic arthritis

The diagnosis of SA was determined based on positive cul-
tures from initial joint arthrocentesis or cultures obtained
during a surgical debridement and irrigation. Patients with
frank purulence upon aspiration or surgical approach or fea-
tures consistent with septic arthritis (e.g., draining sinus)
were also regarded as having a diagnosis of septic arthritis.
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2.3 Statistical analysis

Patients were categorized according to quartiles of SFCC at
clinical examination. Continuous variables were summarized
as mean =+ standard deviation or median (percentiless_75),
and categorical variables are presented as absolute num-
bers (n) and percentages. Clinical characteristics were com-
pared across these four groups using ANOVA or Kruskall-
Wallis tests as appropriate. A restricted cubic spline func-
tion with three knots was used to examine the potential non-
linear dose-response association of SFCC with SA. To fur-
ther evaluate the power of SFCC to predict SA, eight arbi-
trary values of SFCC (10 000, 15 000, 20 000, 25 000, 30 000,
35000, 40000, 45000 cells mm’3) and seven arbitrary val-
ues of PMNs from 30 % to 90 % were selected to study their
associations with SA using a multinomial logistic model.
The area under the curve for receiver operating characteris-
tic (ROC) and a 95 % confidence interval were calculated for
sensitivity and specificity at different arbitrary thresholds for
SFCC and PMNs. In the adjusted models, the associations
were further corrected for age, sex, BMI, smoking status, di-
abetes, chronic kidney disease, liver disease, history of septic
arthritis, history of inflammatory arthritis, immunocompro-
mised state, IV drug use, CRP and ESR. In addition, the vari-
ables strongly associated with nucleated cell count were as-
sessed using a stepwise forward multinomial logistic model.
All statistical analyses were performed using STATA® Sta-
tistical Software version 16.0 (STATA Corp, College Station,
Texas).

3 Results

3.1 Patient demographics

Overall, 199 patients who underwent joint aspiration and
met the inclusion criteria were included in the final analysis.
The average age was 51 £ 17, and the majority of patients
were male (125, 63 %). The average BMI was 29.3 +8.2,
and 12 % of patients reported current tobacco use. Average
Charlson comorbidity index (CCI) was 2.7 +2.7, and me-
dian hospital length of stay was 0.8d [0.3, 8.2]. The distri-
bution of aspirated joints by anatomic location was as fol-
lows: knee (151 aspirates, 76 %); hip (36 aspirates, 18 %);
and other joints, including shoulder, ankle and elbow (12 as-
pirates, 6 %). Patient demographics were categorized accord-
ing to synovial fluid cell count quartiles and are summarized
in Table A1 in the Appendix.

3.2 Coexistent conditions

Table A2 lists a number of coexistent conditions which were
frequently identified. In our cohort, 49 (25 %) patients had
crystalline arthropathy, 13 (7 %) had inflammatory arthri-
tis and 16 (8 %) had purulent aspirate upon arthrocente-
sis. Higher levels (highest quartile) of nucleated cell counts
were associated with higher prevalence of joint purulence,
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intra-articular crystals and inflammatory arthritis. Addition-
ally, patients with increasing SFCC levels had longer hospital
stays and were more likely to have a prior history of SA. A
total of 72 (36 %) patients reported recent use of antibiotic
medications for the treatment of pathologies other than sep-
tic arthritis.

3.3 Laboratory testing

Overall, the median SFCC was 4345 cells mm™3 (range:
356-46942), which is further demonstrated in Fig. Al in
the Appendix, indicating that the distribution of nucleated
cell counts was highly skewed. Aspiration volumes did not
change across quartiles of nucleated cell count. Patients with
increased SFCC were more likely to have higher levels of
CRP, ESR and aspirate PMN percentage. Only 7 of the 31
patients with SA (22.6 %) had a positive synovial fluid gram
stain immediately following joint aspiration. The most com-
mon infectious species was Staphylococcus aureus (41.9 %).
Only one case was diagnosed off of visualized aspirate puru-
lence alone. In that case, more purulence was encountered in
the operating room without a clear sign of synovitis. A total
of 22 cases were diagnosed off of aspirate culture alone (no
definitive purulence on aspiration). Of these 22 cases, 15 had
findings in the operating room that were consistent with sep-
tic arthritis (infected/necrotic synovium, chondrolysis, etc.).

Of the 199 subjects included, there were 31 (16 %) cases
of SA. Patients with a higher level of SFCC were more likely
to have SA. Figures A2 and A3 display the restricted cubic
spline plot that graphically describes the independent expo-
nential association between SFCC and PMNs with SA. Fur-
thermore, eight arbitrary threshold values of nucleated cell
count (from 10000 to 50 000) and seven arbitrary thresholds
for PMNSs (from 30 % to 100 %) were studied in the associ-
ation analysis (Table A3). SFCC of 15000 mm~> and 50 %
PMN were the lowest arbitrary threshold values to have a
statistically significant association with SA in the univari-
ate model, (odds: 2.39, CL: 1.08-5.31, p =0.03 and odds:
3.68, CL: 1.06-12.71, p =0.04, respectively). The likeli-
hood ratio increased with increases in values of nucleated
cell count and PMNs as well, which remained statistically
significant throughout all threshold values. After adjusting
for covariates, including age, sex, BMI, smoker, Charlson
comorbidity index, history of diabetes, chronic kidney dis-
ease, liver disease and septic arthritis, inflammatory arthritis,
immunocompromised, IV drug use, HIV, and hepatitis C, as
well as laboratory tests such as WBC, CRP and ESR, SFCC
of 20000 mm~> and 60 % PMNs were the lowest arbitrary
threshold values to have a statistically significant association
with SA (odds: 4.55, CL: 1.18-17.47, p =0.03 and odds:
8.66, CL: 1.22-61.53, p = 0.03, respectively). Similarly, the
diagnostic performance of SFCC and PMNs, including sen-
sitivity, specificity and area under the curve (AUC) from
the ROC analysis, was consistent with the results that we
observed in the association analysis (Table AS). The maxi-
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mized combinations (AUC) of sensitivity and specificity on
the ROC curve were 0.62 (CI 0.52-0.71 for SFCC at the
threshold of 20 000 mm—3) and 0.66 (CI 0.59-0.72 for PMN
at the threshold of 70 %). Through a stepwise selection pro-
cedure, a history of septic arthritis, inflammatory arthritis and
crystalline arthropathy was found to be associated with ele-
vation of nucleated cell count and subsequent increased risk
of SA. An increase in PMNs in SA was more likely associ-
ated with the history of SA, crystalline arthropathy and blood
tests of CRP and ESR (Table A4).

4 Discussion

Septic arthritis continues to be associated with significant
morbidity and mortality even with effective treatment (Fer-
rand et al., 2016). Although uncommon, the clinical presen-
tation of SA patients can mimic other benign joint pathology
such as crystalline arthropathy, inflammatory arthritis exac-
erbation, or other rare causes such as local aspiration or prior
corticosteroid injection (Hunter and Blyth, 1999). The task of
clinicians is to properly diagnose and subsequently treat pa-
tients for which there is a clinical suspicion of SA. This can
be made challenging when the history and presentation are
suggestive of SA but joint aspirate analysis is inconclusive or
culture data are not available in a timely fashion. A delayed
diagnosis may lead to irreversible joint damage, while over-
diagnosis may cause patients to undergo unnecessary medi-
cal and surgical treatments. Therefore, accurate diagnosis is
crucial. In clinical practice, a positive culture from the af-
fected joint serves as the gold standard diagnostic test. How-
ever, this may take days to produce a final result. In order to
initiate prompt and appropriate treatment, alternative labora-
tory data are often utilized to make a clinical diagnosis. In
addition to analysis of systemic inflammatory markers such
as CRP, ESR and WBC, the SFCC and percentage of PMNs
from arthrocentesis are frequently used to arrive at the clini-
cal diagnosis of septic arthritis in the absence of a positive as-
pirate culture. Historically, SFCC above 50 000 cells mm ™3
with greater than 75 % PMNs raised concern for SA in a
native joint (Jokic et al., 2020; Long et al., 2018). How-
ever, the literature to support this threshold is rather incon-
clusive. In contrast, retrospective studies have reported that
only 32.5 % of patients with culture-positive SA had a nucle-
ated cell count above 50 000 mm—3 (Rasmussen et al., 2020).
Furthermore, Coutlakis et al. (2002) reported SA with nu-
cleated cell counts lower than 50 000 cellsmm™> can be as
high as 5 %. Therefore, the diagnosis of SA using an SFCC
threshold of 50000 mm~—> may be more dogmatic than evi-
dence based. The purpose of our study was to retrospectively
review patients who underwent joint aspirations with SFCC
less than 50000 mm~> and determine if this value is a valid
threshold in clinical practice.

In our association analysis of 199 joint aspirations, we
found that values of SFCC greater than 15000 mm— (OR:
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2.39 [1.08-5.31]; P < 0.03) and PMNs greater than 50 %
(OR: 3.68 [1.06-12.71]; p < 0.04) were associated with an
increased risk of having SA without any adjustment. The
threshold value of SFCC and PMNs became 20 000 mm >
(OR: 4.55 [1.18-17.47]; p <0.03) and 60% (OR 8.66
[1.22-61.53]; p < 0.03), respectively, after adjusting for im-
portant clinical correlates (Table A3). This contrasts with a
prior meta-analysis by Carpenter et al. (2011); they reported
an SFCC of 50 000—100 000 cells mm > has 64 % probabil-
ity of developing SA, while SFCC > 100000 mm~> signif-
icantly elevated that probability to 83 %. Our study results
have not only supported the importance of SFCC and PMNs
in clinical diagnosis of SA, but also defined a lower threshold
value for SFCC and PMNss in our culture-confirmed SA pa-
tient cohort. These results may provide valuable insight for
properly diagnosing at-risk patients with SA and allow for
prompt treatment.

Several studies (Rasmussen et al, 2020; Carpenter et al.,
2011; Kinugasa et al., 2020) have evaluated the diagnostic
power of nucleated cell counts in SA patients but have re-
ported controversial results. Margaretten et al. (2007) eval-
uated 14 studies of laboratory testing for diagnosing SA
and reported that the aspirate SFCC and PMN measures
were the most useful diagnostic markers for SA. With an
increase in the nucleated cell count from 25000 to greater
than 50 000 mm™—3 , the likelihood ratio of SA increased from
2.9 to 7.7. On the same synovial fluid samples, the like-
lihood ratio of SA with PMN values less than 90 % was
0.34 but reached 3.4 with PMN values greater than 90 %.
Carpenter et al. (2011) have also reported a lower likeli-
hood ratio of 1.06 if the nucleated cell count was 25 000—
50 000 cells mm ™3, rising to 3.59 when the nucleated cell
count was above 50 000 cells mm 2. Li et al. (2007) reviewed
156 patients who underwent arthrocentesis and included only
those with positive cultures or intraoperative findings of in-
fection. SFCC of 50 000 cells mm™3 from their study did not
provide an accurate diagnosis of SA, with a sensitivity of
only 50 %, while a lower threshold value of 17 500 mm™3
had maximized the sensitivity (83 %) and specificity (67 %).
Results from our study demonstrate similar trends. Our study
has highlighted that the likelihood of SA significantly in-
creases at a lower SECC threshold of 20 000 mm ™~ after ad-
justing for medical comorbidities (OR: 4.55, CI: 1.18-17.47;
p < 0.03). In addition, our study has also shown that PMNs
greater than 60 % serve as an even stronger predictor of SA
(OR: 8.66, CI: 1.22-61.53; p < 0.03). The diagnostic per-
formances of AUC for SFCC and PMNs that maximized the
combination of sensitivity and specificity were the highest at
a threshold of 20000 mm~3 for SFCC and 70 % for PMNs
(Table AS), which were consistent with the results that we
observed in the association analysis (Table A3). We acknowl-
edge that values of the ROC were somewhat low. This study
focuses on a pathology that is not always straightforward to
diagnose. As such, interpretation of multiple clinical and lab-
oratory findings is often used to reach a conclusion. In light
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of this, we think that 82 % specificity and an adjusted odds
ratio of 4.55 are relatively high for a proposed SFCC cut-
off of 20000 cells. Although increasing the cutoff values for
SFCC and PMN thresholds could reduce the number of false
positives, it could also increase the number of missed and/or
delayed diagnosis. Based on our results, we would suggest
lowering the diagnostic threshold of 20 000 mm ™~ for SFCC
and 70 % for PMNss as these cutoffs were correlated with sig-
nificantly increased likelihood of SA in the population stud-
ied.

Numerous risk factors have been reported to be associ-
ated with increases in SFCC and/or PMNs in SA patients.
They include age, recent joint surgery, intra-articular corti-
costeroid injection, inflammatory arthritis and immunocom-
promised states (including chronic kidney disease, liver dis-
eases and HIV) (Kaandorp et al., 1995; Zeller et al., 2007).
For example, Edwards et al. (2007) suggested that the in-
cidence of SA is 12.9 times higher in patients with inflam-
matory arthritis than in those without. Kennedy et al. (2015)
found that patients with rheumatoid arthritis develop SA at a
rate 48 times that of those without RA. Interestingly, 23.4 %
of their cohort had SA with underlying crystalline arthropa-
thy. Our study has identified similar risk factors that were
associated with changes in SFCC or PMNs, highlighting the
importance of identifying at-risk patients when SA is clini-
cally suspected.

There were some limitations with this study. It had inher-
ent weaknesses generally expected with a retrospective study
design. Given that it was not a prospective study, a power
analysis was not performed. Multiple joints were included in
the study, which may have different pathological responses to
infection. Information regarding the degree of immunocom-
promised status, the current state of immunocompromising
medication administration, steroid use and severity of dia-
betes was not recorded. In our study, 47/199 (23.6 %) had
a history of prior intra-articular steroid injection. A total of
14/31 (45 %) patients with SA in this study had a prior his-
tory of steroid injection. However, information regarding in-
jection location, dosing frequency or time to last injection
was not recorded. In addition, we were limited in the reso-
lution of our findings due to the number of cases fitting our
inclusion criteria, although this was one of the largest stud-
ies to date. This limited our ability to comment on some of
our findings with statistical confidence, such as the potential
ability of laboratory testing to identify SA, as evidenced by
the wide 95 % confidence intervals associated with the like-
lihood ratios in Table A3. However, previous studies have
also included multiple joints and did not have a large sam-
ple size (Ferrand et al., 2016; Carpenter et al., 2011; Kinu-
gasa et al., 2020; Margaretten et al., 2007; Li et al., 2007;
Gupta et al., 2003). In prior studies, both crystalline and in-
flammatory arthropathies were found to be implicated in the
diagnosis of SA. In our study, nearly 25 % of patients had
a history of crystalline arthropathy. While our data analy-
sis included inflammatory arthropathy as a covariate in our
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regression, a history of crystalline arthropathy was not in-
cluded as a covariate. We also acknowledge that in our study,
SFCC was skewed towards lower values. While this likely
helps with evaluation of lower SFCC and PMN values, it
may limit the interpretation of higher values. Despite these
limitations, given the signal that was found, our findings of-
fer important diagnostic insight as they prompt clinicians to
consider a lower threshold of SFCC and PMNs when making
the diagnosis of SA, especially in at-risk patient populations.
A future prospective study may better elucidate this.

5 Conclusion

In conclusion, both SFCC and PMNs are important labora-
tory tests in diagnosing SA. A lowered threshold value of
SFCC (20000 mm—3) and PMNs (60 %) may be more ap-
propriate for patients at risk. Heightened clinical suspicion
should be raised for patients with underlying inflammatory
arthritis, a history of crystalline arthropathy and/or a history
of septic arthritis. Notably, the culture-positive SA patients in
this study were selected based on their nucleated cell count
under 50 000 mm 3. Clinical evaluation, such as patient his-
tory, physical examination and laboratory values, is recom-
mended for early diagnosis and treatment of SA.
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Appendix A

Table A1. Basic patient demographics categorized by quartile of synovial fluid cell counts (SFCCs). Bold text indicates statistically signifi-
cant p value (< 0.05).

Overall Quartile 1 Quartile 2 Quartile 3 Quartile 4 p
(SFCO) (SFCO) (SFCO) (SFCC) (SFCC) for trend
4345 76 933 8232 25630
[356, 16942] [44, 180] [639, 1762] [6286, 11 610] [22 000, 32750]
(n=199) (n =50) (n =50) (n =50) (n=49)

Demographic
Age (mean + SD) 51+17 48 +17 50+ 15 52+19 51417 0.27
Sex, male (n, %) 125 (62.8 %) 33 (66.0 %) 27 (54.0 %) 36 (72.0 %) 29 (59.2 %) 0.94

Race (n, %) 0.42
White 168 (84.4 %) 40 (80.0 %) 43 (86.0 %) 43 (86.0 %) 42 (85.7 %)

African American 28 (14.1 %) 9 (18.0 %) 6 (12.0 %) 7 (14.0 %) 6 (12.2 %)
Asian 1 (0.5 %) 1 (2.0%) 0(0.0%) 0(0.0%) 0 (0.0 %)
Middle Eastern 1 (0.5 %) 0(0.0%) 1(2.0%) 0(0.0%) 0(0.0%)
Unreported 1 (0.5 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 1(2.0%)

BMI 20.3+8.2 305+11.5 31.0+6.8 27.7+6.8 27.9+6.2 0.034
Weight 87.6+28.0 92.6 +40.2 92.0+23.5 82.9+23.1 82.94+199 0.032
Height 172.44+10.7 173.0£9.9 1722+ 11.7 172.3+10.9 172.2£10.8 0.72

Tobacco use (n, %) 0.81
Never 104 (53.1 %) 27 (54.0 %) 23 (46.9 %) 29 (60.4 %) 25 (51.0 %)

Former 68 (34.7 %) 19 (38.0 %) 20 (40.8 %) 13 (27.1 %) 16 (32.7 %)
Current 24 (12.2 %) 4 (8.0%) 6 (12.2 %) 6 (12.5 %) 8 (16.3 %)

Charlson comorbidity 2.7+£2.7 2.8+2.8 29430 25424 2.6+£2.7 0.60

index

Length of hospital stay 0.8 [0.3, 8.2] 0.51[0.2, 4.0] 0.8[0.4,9.9] 0.7[0.3, 6.1] 4.0[0.4, 12.5] 0.01

Affected joint 0.44
Knee 151 (75.9 %) 35 (70.0 %) 38 (76.0 %) 42 (84.0 %) 36 (73.5 %)

Hip 36 (18.1 %) 10 (20.0 %) 9 (18.0 %) 7 (14.0 %) 10 (20.4 %)
Other (shoulder, 12 (6.0 %) 5(10.0 %) 3(6.0 %) 1 (2.0 %) 3(6.1 %)

elbow, ankle)

Basic demographic data of subjects grouped by SFCC quartile. Data are presented as means & SD or n (%) and median (25th and 75th percentiles) unless indicated otherwise.
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Table A2. Clinical features, laboratory measures and cultured species categorized by quartile of synovial fluid cell counts (SFCCs). Bold
text indicates statistically significant p value (< 0.05).

Overall Quartile 1 Quartile 2 Quartile 3 Quartile 4 p
4345 76 933 8232 25630  for trend
[356, 16 942] [44, 180] [639, 1762] [6286, 11610] [22 000, 32750]
(n=199) (n =50) (n =50) (n=50) (n=49)
Clinical features
SA 31 (15.6 %) 3 (6.0 %) 6 (12.0 %) 9 (18.0 %) 13 (26.5 %) <0.001
Purulence on initial 16 (8.0 %) 1(2.0 %) 2 (4.0 %) 3 (6.0 %) 10 (20.4 %) <0.001
aspiration
Recent antibiotic use 72 (36.2 %) 21 (42.0 %) 17 (34.0 %) 15 (30.0 %) 19 (38.8 %) 0.65
Crystal arthropathy 49 (24.6 %) 5(10.0 %) 9 (18.0 %) 20 (40.0 %) 15 (30.6 %) 0.002
Presence of hardware 18 (9.0 %) 5 (10.0 %) 5 (10.0 %) 5(10.0 %) 3(6.1%) 0.53
Inflammatory 13 (6.5 %) 0 (0.0 %) 2 (4.0 %) 4 (8.0 %) 7 (14.3 %) 0.003
arthritis
Immunocompromised 42 (21.1 %) 12 (24.0 %) 12 (24.0 %) 8 (16.0 %) 10 (20.4 %) 0.47
IV drug user 25 (12.8 %) 7 (14.0 %) 4 (8.2 %) 6 (12.5 %) 8 (16.3 %) 0.60
Diabetes 29 (14.6 %) 6 (12.0 %) 8 (16.0 %) 5 (10.0 %) 10 (20.4 %) 0.40
Chronic kidney disease 24 (12.1 %) 5 (10.0 %) 10 (20.0 %) 3(6.0 %) 6 (12.2 %) 0.72
HIV 6 (7.4 %) 4 (16.0 %) 1(5.9 %) 1(5.3 %) 0 (0.0 %) 0.045
Liver diseases 11(5.5%) 2 (4.0%) 3(6.0%) 3(6.0%) 4 (8.2 %) 0.41
Osteomyelitis 19 (9.5 %) 5 (10.0 %) 4 (8.0%) 4 (8.0%) 6 (12.2 %) 0.72
Cellulitis 14 (7.0 %) 3(6.0%) 5 (10.0 %) 3(6.0%) 3 (6.1 %) 0.83
History of septic 30 (15.1 %) 5(10.0 %) 6 (12.0 %) 7 (14.0 %) 12 (24.5 %) 0.047
arthritis
Laboratory
WBC 12.6£8.3 11.5+£94 11.7£6.0 120+£5.5 14.7£10.6 0.09
CRP 9.0+94 7.1+9.9 45+54 11.3+9.9 12.1+9.6 0.002
ESR 54.6+329 449+31.1 50.3+32.7 57.7+£31.4 64.4+34.1 0.009
Aspiration vol 27.4+£339 20.5+£459 24.1£26.7 36.3£28.6 28.9+£32.2 0.13
% PMNs 67+32 42+33 54+33 81+18 91+8 <0.001
Gram stain 7 (3.6 %) 1(2.1 %) 0 (0.0 %) 0 (0.0 %) 6 (12.2 %) 0.01
Septic arthritis cases
Enterococcus faecalis 1(3.2%) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 1 (8.3 %)
Gram-positive rods 1 (3.2 %) 1 (25 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Kocuria rhizophola 1 (3.2 %) 0 (0.0 %) 1(14.3 %) 0 (0.0 %) 0 (0.0 %)
MRSA 5(16.1 %) 1 (25 %) 1 (14.3%) 1(12.5%) 2 (16.7 %)
MSSA 8 (25.8 %) 0 (0.0 %) 1(14.3 %) 2 (25 %) 5(41.2%)
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Table A2. Continued.

Overall Quartile 1 Quartile 2 Quartile 3 Quartile 4 p
4345 76 933 8232 25630  for trend
[356, 16942] [44, 180] [639, 1762] [6286, 11 610] [22 000, 32 750]
(n=199) (n =50) (n =50) (n =50) (n=49)
Septic arthritis cases
Other staphylococcus 8 (25.8 %) 1 (25 %) 2 (28.6 %) 4 (50 %) 1 (8.3%)
species
Purulent aspirate with 4 (12.9 %) 0 (0.0 %) 0 (0.0 %) 1(12.5 %) 3(25 %)
negative culture
Serratia mascerans 1 (3.2%) 0 (0.0 %) 1(14.3 %) 0 (0.0 %) 0 (0.0 %)
Streptococcal species 2 (6.5 %) 1 (25 %) 1(14.3 %) 0 (0.0 %) 0(0.0%)

Comparison of clinical features, laboratory measures and cultured species using ANOVA and Kruskall-Wallis tests, categorized by quartile of SFCC. Data are presented as
means =+ SD or n (%) and median (25th and 75th percentiles) unless indicated otherwise.

Table A3. Association of septic arthritis with synovial fluid cell counts at different thresholds. Bold text indicates statistically significant p
value (< 0.05).

SFCC Unadjusted (OR, 95 % CI) p |Z| ‘ Adjusted* (OR, 95 % CI) D |Z|
> 10000 2.09 (0.96-4.55) 0.06 1.86 1.90 (0.52-6.96) 0.33  0.98
> 15000 2.39 (1.08-5.31) 0.03 2.14 2.42 (0.68-8.63) 0.17 136
>20 000 3.32 (1.47-7.51) 0.004 2.89 4.55 (1.18-17.47) 0.03 2.21
>25000 4.86 (1.93-12.20) 0.001 3.36 9.88 (1.93-50.47) 0.006 2.75
>30 000 6.96 (2.38-20.34) <0.001 3.54 7.23 (1.29-40.48) 0.02 2.25
>35000 11.96 (3.26-43.92) <0.001 3.74 18.81 (1.90-186.72) 0.01 2.51
>40 000 24.21 (4.75-123.40) <0.001 3.83 20.63 (1.96-217.51) 0.01 2.52
>45 000 17.89 (1.80-178.16) 0.01 246 33.49 (1.45-772.52) 0.03 2.19
% PMN  Unadjusted (OR, 95 % CI) p |Z| ‘ Adjusted* (OR, 95 % CI) p |Z|
>30% 2.76 (0.79-9.60) 0.11  1.59 1.87 (0.26-13.56) 0.53  0.62
> 40 % 3.15(0.91-10.92) 0.07 1.81 2.38 (0.33-17.22) 0.39 0.86
> 50 % 3.68 (1.06-12.71) 0.04 2.06 2.88 (0.42-19.66) 028 1.08
>60 % 4.63 (1.34-15.93) 0.02 243 8.66 (1.22-61.53) 0.03 2.16
>70 % 6.35 (1.85-21.78) 0.003 2.94 10.93 (1.62-73.89) 0.01 245
>80 % 5.25 (1.92-14.40) 0.001 3.22 9.32 (1.75-49.73)  0.009 2.61
>90 % 4.15 (1.85-9.33) 0.001 3.45 14.55 (2.86-74.02) 0.001 3.23

Association of SA at arbitrary threshold values of SFCC and % PMN. * Adjusted analysis included the following variables: age; sex;
BMI; smoker; history of DM, CKD, liver disease, septic arthritis, and/or inflammatory arthritis; immunosuppressed; IV drug user; CRP
and ESR; Charlson comorbidity index; HIV; and hepatitis.
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Table A4. Risk factors associated with increased synovial fluid cell counts through stepwise selection procedure. Bold text indicates statis-

tically significant p value (< 0.05).

SFCC \ PMNs
Variables Coef. 95 % CI ] p ‘ Variables Coef. 95 % CI | 4
History of SA 9.67 4.06 1530 341 0.001 | History of SA 16.81 448 29.14 270 0.008
Inflammatory arthritis 11.11 330 1892 282 0.006 | ESR 0.22  0.05 0.39 2.55 0.01
Crystalline arthropathy 6.08 0.77 1139 227 0.03 | Crystalline arthropathy  13.93 448 29.14 255 0.02
CRP 0.62 0.05 1.18  2.17 0.03

Stepwise forward selection procedure used to identify patient/presentation characteristics associated with SFCC and % PMNs.

Table A5. Sensitivity and specificity at different thresholds for septic arthritis. Bold values correlate with statistically significant (p < 0.05)

cut-off thresholds seen in Table A3.

SFCC Sensitivity (95 % CI)  Specificity (95 % CI)  Area under the curve (95 % CI)
> 10000 48 % (32-65) 69 % (62-76) 0.59 (0.49-0.68)
> 15000 42 % (26-59) 77 % (70-83) 0.59 (0.50-0.69)
>20 000 42 % (26-59) 82 % (76-87) 0.62 (0.52-0.71)
>25000 32 % (19-50) 91 % (86-95) 0.62 (0.53-0.70)
>30 000 26 % (14-43) 95 % (91-96) 0.61 (0.52-0.69)
> 35000 23 % (11-40) 98 % (94-99) 0.60 (0.53-0.68)
>40 000 23 % (11-40) 99 % (96-99) 0.61 (0.53-0.68)
>45 000 10 % (3-24) 99 % (97-99) 0.55 (0.49-0.60)
% PMN Sensitivity (95 % CI)  Specificity (95 % CI)  Area under the curve (95 % CI)
> 30% 90 % (75-97) 23 % (17-30) 0.57 (0.50-0.63)
> 40 % 90 % (75-97) 25 % (19-32) 0.58 (0.52-0.64)
> 50% 90 % (75-97) 28 % (21-35) 0.60 (0.53-0.66)
>60 % 90 % (75-97) 33 % (26-40) 0.61 (0.55-0.69)
>70 % 90 % (75-97) 40 % (33-47) 0.66 (0.59-0.72)
>80 % 84 % (67-93) 49 % (42-57) 0.67 (0.59-0.75)
>90 % 61 % (44-76) 71 % (64-77) 0.67 (0.57-0.76)

Receiver operating characteristic (ROC) data for arbitrary SFCC and PMN threshold values, including sensitivity,
specificity and AUC values.

Figure A1. Distribution of synovial fluid cell counts (cells mm ) among patients.
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Figure A2. Relationship of synovial fluid cell counts with septic
arthritis. Cubic spline analysis demonstrating increasing probabil-
ity of septic arthritis with increasing SFCC values. The continuous
line demonstrates the non-linear relationship of SFCC and SA. The
dashed lines indicate the upper and lower limits of the spline model.
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Figure A3. Relationship of % of PMN with septic arthritis. Cubic
spline analysis demonstrating increasing probability of septic arthri-
tis with increasing % PMN values. The continuous line demon-
strates the non-linear relationship of % PMN and SA. The dashed
lines indicate the upper and lower limits of the spline model.
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