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Background and aim of clinical application

A patient presenting with a red, swollen, painful joint poses a clinical challenge to both the
emergency department doctor and to the General Practitioner, as the spectrum of severity is
diverse, and there are several differential diagnoses. The reported annual incidence of septic
(bacterial) arthritis in the native joint is estimated to be 2-60 per 100.000 individuals (1-3). This
means that non-bacterial arthritis such as reactive arthritis (incidence 6-300 per 100.000) or
gout (incidence 100-300 per 100.000) are more likely to be the final diagnosis (4, 5). Thus, in
the emergency department, less than one in four patients presenting with a single acutely
painful joint will have a septic arthritis (6, 7). However, as septic arthritis is a serious condition
with reported mortality rates of 7-11% (3, 8-11), that may be encountered by several specialties
(e.g. infectious diseases, emergency medicine, internal medicine, rheumatology, orthopedy,
intensive care), the importance of rapid clinical evaluation, collection of relevant samples for
microbiological analysis, and interpretation of laboratory analyses followed by adequate
treatment must be emphasized. The aim of this workgroup report is to summarize the current
literature and evidence on available tools for the primary diagnostic work-up in suspected
septic arthritis of the native joint.

Summary of recommendations and level of evidence for
each clinical dilemma

1. Areclinical parameters important in the evaluation of a patient with an inflamed
painful joint?
No clinical parameters can exclude or confirm septic arthritis, even if a thorough patient
history may contain important information (Bll). However, clinical parameters are
critical for identifying the patient with concomitant sepsis or septic shock, requiring
immediate attention and rapid adequate treatment (BIII).

A thorough patient history may aid in the management of patients with suspected
septic arthritis. Age (>80 years), diabetes, rheumatoid arthritis, concurrent superficial
skin infection, iv drug use and previous arthrocentesis are risk factors for septic arthritis
(1, 7, 12), while alcohol use, diet and medications may, together with chronic diseases
and genetic factors, predispose for gout (4). A history of crystal-induced arthritis was
associated to a lower likelihood of septic arthritis at an OR of 0.09 (95% CI1 0.01-0.9) in
a multivariate analysis (13). Furthermore, a history of bacterial gastroenteritis or genital
infection with Chlamydia trachomatis may precede reactive arthritis (5).

Septic arthritis presents as a monoarthritis in 85-94% of cases, and rheumatoid arthritis
is a risk factor for septic polyarthritis (14-17).

Fever has been described in 44-71% of patients (8, 13, 18), but was not significantly
associated to septic arthritis (13) and was poorly sensitive in previous systematic
reviews, at 57% (95%CI 52-62) and 34-54%, respectively (6, 7). Chills has been
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described as significantly associated to septic arthritis at a frequency of 39.5% (13),
but Margaretten et al. reported a sensitivity of 19% (95% CI 15-24) (7). In a prospective
cohort (19) “Sepsis syndrome” (defined according to the now outdated sepsis-2 criteria
as SIRS and infection) was present in 11.4% of patients and in a retrospective cohort
(20), 7.6% of patients developed septic shock, emphasizing the importance of using a
scoring system (e.g qSOFA or NEWS-2) in order to identify patients with concomitant
sepsis (21).

2. What is the indication for aspiration of joint fluid?
When septic arthritis is suspected, aspiration of joint fluid should be performed as
quickly as possible unless the risks of aspiration outweigh the benefits (Alll).

As treatment of septic arthritis requires long-term pathogen-directed antibiotic
treatment, often in combination with surgery, a correct diagnosis is essential. Analysis
of joint fluid is crucial when differentiating septic arthritis from potential differential
diagnoses, such as skin and soft tissue infections, septic bursitis, hemarthrosis, gout,
pseudogout, reactive arthritis, rheumatoid arthritis or other arthropathies (7, 12, 22,
23).

3. What are the risks of performing aspiration of joint fluid?
In severely ill patients, the main risk associated to aspiration of joint fluid prior to
starting antibiotic therapy is delay in treatment of concomitant sepsis and septic shock
(BII). Arthrocentesis may be associated with the risk of an iatrogenic bacterial arthritis
in an uninfected inflamed joint, while the risk for bleeding in patients treated with
warfarin or DOACs is low (BII).

Performing joint aspiration must not delay adequate treatment of concomitant sepsis or
septic shock (22, 24), as these are life-threatening events. Still, microbiological
diagnosis and antimicrobial susceptibility testing are important to avoid suboptimal
antibiotic treatment, and efforts should be made to secure cultures from blood and
synovial fluid rapid enough not to delay treatment (22, 25).

In an Icelandic study, the risk of septic arthritis post-arthrocentesis was estimated to be
low (0,037% per injection), but still constituted 17,9% of diagnosed cases of septic
arthritis (12), while Kaandorp et al. described 1.6% of septic arthritis cases being
preceded by arthrocentesis (15).

Arthrocentesis in patients with ongoing warfarin (26, 27) or direct oral anticoagulants
(DOACS) (28) seem to be safe procedures.

4. Which analyses should be made from synovial fluid?
When analyzing synovial fluid in the setting of septic arthritis, several factors must be
considered. The volume of aspirated synovial fluid may limit which and how many
analyses are possible. Also, capacity and accessibility at the clinical laboratory may be
another limitation (ClII).
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Bacterial cultures, synovial white blood cell count (synWBC) including neutrophil
percentage (PMN%) and analysis for presence of crystals should be performed (All).
Additional analyses, such as Gram stain, synovial lactate or synovial glucose should
be considered if possible (Bll). Leucocyte esterase strip with or without glucose strip
may add useful information bedside (BlIl). Molecular diagnostics such as PCR may be
considered in select cases (CIIl). The role of synovial calprotectin is yet to be
determined (CIII). Alpha-defensin is not recommended in this setting (CIlI).

A recent review by Turner et al. (23) identified 15 studies evaluating diagnostic tests in
septic arthritis.

As a positive synovial fluid culture was the most common reference standard for the
diagnosis, this specific test was not evaluated. Bacterial growth in synovial fluid was
part of Newman'’s criteria (29), and is a common reference standard for the diagnosis
of septic arthritis in current publications (23). Optimizing microbiological methodology is
important, as approximately 20% of synovial fluid cultures on solid media is reported to
be false negative (6, 7, 30, 31). However, as bacterial growth from synovial fluid will
also enable antibiotic susceptibility testing, cultures are crucial for both diagnosis and
treatment of septic arthritis.

Synovial WBC count and synovial PMN percentage are widely used, even though
several factors such as virulence of the pathogen, anatomical location of the joint and
concomitant crystal arthropathy may influence the interpretation of the results (6, 7, 23,
32, 33). Further discussion on the use of synWBC/synPMN including bedside
leucocyte esterase test can be found below (“Can certain levels of synovial leukocyte
and/or differential count confirm/exclude septic arthritis?”).

Detection of crystals in synovial fluid is important in differential diagnostics of the
inflamed joint. However, the presence of crystals does not rule out a concomitant
bacterial infection (23), as septic arthritis has been described in 1.5%-4.8% of patients
with crystals in the synovial fluid (34, 35).

Lactate and glucose in synovial fluid are markers of bacterial metabolism, leading to
elevated lactate and decreased glucose in septic arthritis. However, not all pathogens
(e.g. Neisseria gonorrhea) lead to an increase in synovial lactate (36). Previous studies
from the early 1980s using lactate cut-offs between 10-12 mmol/L showed sensitivity
ranging from 0.86-1.0, and specificity 0.56-1.0 (22, 36). Lenski et al. compared
synovial lactate 210 mmol/L in septic/gouty arthritis (37), while Shu et al. and Berthoud
et al., prospectively included patients with inflamed joints (36, 38).

A low (<1.0 mmol/L) synovial glucose has been described as a highly specific finding in
septic arthritis (23). Furthermore, a lactate/glucose ratio =25 had a LR+ of 27 (36). This
cohort was further analyzed, resulting in a proposed score (RESAS) composed by
synWBC, presence of crystals, synovial lactate and synovial glucose. Also performing
internal validation in an additional cohort, sensitivity ranged 0.56-0.92, specificity 0.98-
0.98 giving a LR+ of 29.1-53.2 (39). The key findings regarding lactate and glucose are
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Table 1. Summary of positive likelihood-ratios, sensitivity, and specificity (95% CI) for septic

arthritis at different levels of synovial lactate (mmol/L) and glucose (mmol/L)

Analysis LR+ Sensitivity Specificity
Berthoud et al. Lactate 211.0 74.9 (9.9-566) 0.36 (0.20-0.55) 0.99 (0.97-1.0)
(36)

Glucose 1.0 33.3(7.5-148) 0.32(0.17-0.52) 0.99 (0.97-1.0)

Lac/Gluc ratio 25 27.0(9.5-76) 0.52(0.34-0.70) 0.98 (0.95-0.99)
Lenski et al. Lactate 24.3 3.9 (1.8-8.6) 0.90 (0.76-0.96) 0.77 (0.57-0.90)
(37)

Lactate>10 +o0 0.55 1.0

Glucose <2.9 8.2 0.66 (0.51-0.78) 0.92 (0.75-0.98)
Shu et al. (38) Lactate 25 2.3 0.55 (0.32-0.94) 0.76 (0.62-0.93)

Lactate=10 7.9 0.27 (0.1-0.72) 0.97 (0.79-0.99)
Omar et al. (40) | Glucose <1.4 12.5 1.0 (0.78-1.0) 0.92 (0.84-0.97)

Broad-range 16s rDNA PCR is appealing, especially in patients on antibiotic therapy at
the time of arthrocentesis. Coiffier et al. found a sensitivity of 0.24 (95% CI 0.12-0.40)
and specificity 1.0 (95%CI 0.94-1.0) in a cohort including 34 patients with septic
arthritis. However, in three of those, PCR was positive while cultures were negative,
suggesting a role for molecular diagnostics in select cases (41).

Synovial calprotectin is another biomarker available as point-of-care test for PJI, even
though it is not yet part of diagnostic algorithms (42, 43). For native joint arthritis,
synovial calprotectin has been evaluated in two prospective studies (44, 45). Couderc
et al. presented sensitivity of 73% (95% CI 45%-92%), specificity 67% (95% CI 41%-
87%) and LR+ 2.2 (95% CI 1.1-4.5) using the threshold 854 mg/L, while Baillet et al.
found sensitivity 73%, specificity 94% and LR+ 11.6 using the threshold 150 mg/L.
Lowering the cut-off to 52 mg/L, consistent with the threshold for one commercially
available PJI point-of-care test, resulted in sensitivity 96%, specificity 44% and LR+
1.7. However, this cut-off yielded a LR- of 0.09, thus making synovial calprotectin a
possible test for ruling out septic arthritis (23). Still, the wide range of published
thresholds raises questions about the clinical utility of synovial calprotectin in this
setting (46). Further studies are needed to determine the usefulness of calprotectin in
the diagnosis of septic arthritis in the native joint.

The alpha-defensin point-of-care lateral flow test kit has been developed and evaluated
in prosthetic joint infections (PJI) (47), and is also included in two recent PJI definitions
(42, 43). Cooper et al. (48) evaluated a retrospective cohort including 40 patients in
whom alpha-defensin had been analyzed in synovial fluid aspirated from native knee
joints. SynWBC and syn PMN percentage were significantly higher among alpha-
defensin positive patients. Both culture-positive synovial fluids were also alpha-
defensin positive, leading to a sensitivity of 100% (95% CI 16%-100%), specificity of
68% (95% CIl 51%-83%), NPV 100% (95% CI 87%-100%) and PPV 14% (95% CIU
2%-43%). However, there was a high false-positive rate (28%), including a 64%
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positivity in infection-free samples containing crystals. The authors recommend against
the use of alpha-defensin in distinguishing between septic and crystalline arthritis.

5. Which analysis are most important when the fluid volume is low?
Bacterial cultures, synovial white blood cell count (synWBC) including neutrophil
percentage (PMN%) and analysis for presence of crystals (in that order) are the most
important analyses when fluid levels are low. (All). Leucocyte esterase strip with or
without glucose strip may add useful information if the remaining fluid volume after
cultures is too small for standard clinical chemistry analysis (BlII).

6. Can certain levels of synovial leukocyte and/or differential count
confirm/exclude septic arthritis?
A synovial WBC count (synWBC) of >50,000 cells/uL is suggestive of septic arthritis
but is not alone sufficient for diagnosis. Only extreme values of synwBC (>100,000
cells/uL) can reliably diagnose septic arthritis (Bll). Limited data suggests that these
cutoffs may not be applicable in immunosuppressed patients (CIII).
A positive leukocyte esterase strip (++ or +++) is a valid marker for high synwBC and
add valuable information, either bedside or if synovial fluid volume is low (BlI).
The existing literature on cell differentiation is not conclusive and the data should be
cautiously interpreted. As such, it is not possible to give a recommendation for a
particular percentage of synovial polymorphonuclear leukocytes (synPMN) to diagnose
septic arthritis (BIl). Low synWBC (<25,000 cells/uL) can decrease post-test
probability, but given the current level of evidence it cannot exclude septic arthritis
(BI). There is not enough data to elaborate potential situations in which a normal
synPMN count would exclude septic arthritis (ClII).

Leucocyte cell count (synWBC)

Septic arthritis is clinically difficult to distinguish from other inflammatory conditions in
joints. As septic arthritis can rapidly damage the affected joint, and the optimal
management of septic arthritis requires antibiotic therapy and orthopedic intervention,
diagnostic tests that can quickly determine whether infection or sterile inflammation is
the etiology behind the arthritis, are essential. Synovial leukocyte count is a readily
available analysis and is often the first objective measurement available to the
clinician.

In several studies, data are presented as sensitivity, specificity and likelihood ratios
(LR) at a defined cutoff value. In general, a LR+ >10 indicates that a positive test may
be useful in confirming a diagnosis, while LR- <0.1 indicates that a negative result may
be useful in excluding it (23).

Confirming septic arthritis (“rule-in”):

Several reviews recommend starting empirical treatment for septic arthritis if the
synovial leukocyte count is above 50,000 cells/uL (6, 7, 30) .

To date, only two meta-analysis have been performed (6, 7). However, both these
studies are essentially based on the same original papers. The scope of the Carpenter
et al. meta-analysis is on septic arthritis in the emergency department setting, even
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though the authors do acknowledge that not all original papers included are solely on
emergency department patients, hence the risk of spectrum bias. The Carpenter et al.
meta-analysis is based on 7 published studies on septic arthritis, yet certain studies
had to be excluded for the analysis of sensitivity (1 study) and specificity (3 studies)
due to heterogeneity. As such, the final analysis yields comparable, but distinct
findings compared to the work by Margaretten et al.

Table 2. Summary of positive likelihood-ratios, sensitivity, and specificity (95% CI) for septic
arthritis at different levels of synovial WBC counts

synWBC LR+ Sensitivity Specificity
(cells/uL)
Meta-analysis
Margaretten et <25,000 0.32 (0.23-0.43)
al. (7)
>25,000 2.9 (2.5-3.4)
>50,000 7.7 (5.7-11.0)
>100,000 28 (12-66)
Carpenter et al. | >25,000 3.2(2.3-4.4)
(6)
>50,000 4.7 (2.5-8.5) 0.56 (0.49-0.63) 0.90 (0.88-0.92)
>100,000 13.2 (3.6-51.1)
Subsequent
publications
Couderc et al. >10,000 1.36 0.89 0.35
13)
>50,000 3.14 0.57 0.82
>100,000 3.93 0.29 0.93
Borzio et al. >64,000 4 0.40 0.90
(49)
Ferreyra et al. >50,000 5.8 0.54 0.92
(50)
>70,000 8.9 0.39 0.96
Shu et al. (38) >50,000 7.9 0.27 (0.1-0,71)  0.97 (0.79-0.99)
Berthoud et al. >50,000 3.6 0.72 0.80
(36)
Coiffier et al. 270,000 4.51 (3.07-6.63)

(39)
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Since the publication of the most recent meta-analysis, several original papers have
been published. Coiffier et al. (39) conducted a cross-sectional study based on a
prospective cohort of unselected acute arthritis patients on native joints and found that
purulent synovial fluid or synWBC 270,000 cells/uL had a LR+ 4.51 (95%CI 3.07 —
6.63) with a OR 17.9 (95%CI 6.18 — 51.6) in the univariate analysis vs. OR 13.8
(95%CI 3.39 — 56.0) in the multivariate analysis. Borzio et al. (49) conducted a
retrospective study on 458 patients identified via inpatient databases from 2 hospitals
for whom a complete dataset could be extracted, and found that a synwBC >64,000
cells/pL had a LR+ of 4 and a sensitivity of 40% and a specificity of 90%. Couderc et
al. (13) conducted a prospective observational cohort study on consecutive patients
referred to a rheumatologist in the setting of acute arthritis and found quite low LR+
even at high leukocyte counts. Ferreyra et al. studied a retrospective cohort consisting
of acute and chronic arthritis, while Berthoud et al. performed a prospective study on
arthritis with a duration <30 days (36, 50). Finally, Bell et al. published a small
retrospective cohort (n=33) of patients under immunosuppression. Only 31% of
patients with septic arthritis had a synWBC >50,000 cells/uL, and no useful threshold
differentiating between infected and non-infected patients could be established. The
key findings in these studies are summarized in Table 2.

Excluding septic arthritis (“rule-out”):

The meta-analysis by Carpenter et al. (6) found that synWBC of 0-25,000 cells/pL
resulted in an LR of 0.33 (6). As such, only in situations with low pretest probability of
septic arthritis can a cell count <25,000 cells/uL reliably guide the clinician (Pposttest =
Ppretest X LR/(1 = Ppretest + PpretestXLR)). For example, a synWBC of 20,000 cells/uL
would decrease pretest probability of septic arthritis from 10% to approximately 3.8%.
Several studies have demonstrated that large proportions of included patients have
positive cultures from aspirated synovial fluid in the setting of cell counts below 50.000
cells/ L. Li et al. (11) found that 36% of 73 positive joint samples came from patients
with synWBC <50,000 cells/uL. Baran et al. (32) found that 27% of 44 positive joint
samples came from patients with synWBC <50,000 cells/uL.

Leucocyte esterase test from synovial fluid

A recent prospective study by Kolbeck et al. (51) on 455 patients with arthritis found
excellent performance of leukocyte esterase strips (Combur 7). A total of 293 patients
were included in the final dataset of which 41 had septic arthritis. The combination of a
positive leucocyte esterase strip (++ or +++) with a negative glucose reading had a
sensitivity of 85% (95% CI 75-96%) and specificity of 100 % (95% CI 100-100%,). The
patients diagnosed with septic arthritis based on leucocyte esterase strips had a mean
synWBC of 81,266 (25,700-522,600) cells/uL with mean PMN percentage of 93 (95%
Cl 84-98%).

Knapper et al. (52) performed a prospective multicenter study on 80 patients, in which
septic arthritis was present in 5 patients. Using a similar leucocyte esterase strip
(Combur 9) with identical threshold for positivity (++ or +++), sensitivity was 100%
(95% CI 47.8-100) and specificity was 30% (95% CI 20.5-42.4).
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Cell differentiation (neutrophil count/percentage)

Confirming septic arthritis (“rule-in”):

Carpenter et al. found, based on 3 studies, that synovial polymorphonuclear leukocytes
(PMNs) >90% had sensitivity of 60% and a specificity of 78% with a +LR of 2.7 (6)
whereas Margaretten et al. found that synovial PMN >90% had a LR+ of 3.4, but this
was based on no more than 4 studies (whereof only 1 study was used in both meta-
analysis) in which differential counts was performed (7).

Subsequently a few original papers have addressed cell differentiation. Baran et al.
(32) conducted a retrospective study to assess the sensitivity and specificity of synovial
fluid for a positive culture of various parameters. For PMN differentiation they found
decreasing sensitivity and increasing specificity as percentage of PMNs increased. The
corresponding LR+ for 80, 85 and 90% are 2.0, 2.1 and 2.5 respectively when
calculated (LR+ = sensitivity/1-specificity).

Couderc et al. found that synPMN >90% had a LR+ of 2.26 and a sensitivity of 42%
and a specificity of 82% (13). Ferreyra et al. conducted a retrospective study based on
two cohorts of acute or chronic mono- or polyarthritis (50) in which synovial fluid with
complete cytologic profiles were analyzed. Amongst patients with septic arthritis, the
synPMN percentage was 91.6 + 7.7 (mean, SD), and synPMN >95% reached a LR+ of
4.55. Finally, Berthoud et al. (36) performed a prospective, single-center study on
acute (<30 days) joint effusions. The key findings in these studies are summarized in
Table 3.

Table 3. Summary of positive likelihood-ratios, sensitivity, and specificity for septic arthritis
at different levels of synovial PMN percentages

PMN (%) LR+ Sensitivity Specificity
Meta-analysis
Margaretten et >90 3.4
al. (7)
Carpenter etal. | >90 2.7 0.6 0.78
(6)
Subsequent
publications
Baran et al. (32) | >80 2.0 0.93 (0.80-0.98) 0.54 (0.40-0.68)
>85 2.1 0.89 (0.75-0.96) 0.58 (0.43-0.71)
>90 2.5 0.82 (0.67-0.91) 0.67 (0.53-0.79)
Couderc et al. >90 2.26 0.42 0.82
(13)
Ferreyra et al. >90 3.52 0.71 0.79
(50)
>95 4.55 0.50 0.89
Shu et al. (38) >90 1.2 0.45 (0.24-0.87) 0.62 (0.47-0.82)
Berthoud et al. >90 1.7 0.59 0.64
(36)

Excluding septic arthritis (“rule-out”):

The authors have not been able to identify any study addressing this question
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specifically. This question was not addressed in the work by Carpenter et al. or
Margaretten et al (6, 7), and the studies by Li and Baran (11, 32) did not correlate
synWBC with differential counts. However, Ferreyra et al. calculates a LR- 0.07 for
synPMN <80% in a retrospective study based on two cohorts of acute or chronic
mono- or polyarthritis (50).

7. Do these cut-off levels apply to all joints?
It is currently unknown whether differential thresholds of synWBC or synPMN
percentages should be used for different joints when diagnosing septic arthritis (ClIII).

The available data on septic arthritis seldom contains details on the anatomical
location of the affected joint. A single retrospective study on native knee joints found
that a synWBC 230,000 cells/uL had a OR of 90.8 in the multivariable analysis (95% CI
26.6 — 310.1) (53). Ottink et al. states in a review (33) that the optimal thresholds for
both synWBC and synPMN percentage are affected by location of affected joint in
diagnosing prosthetic joint infection (PJI). Their analysis implies that the optimal
synWBC cutoff would be highest in shoulder PJI, followed by hip PJI with the lowest
cutoff in knee PJI. Whether the synWBC differ from one anatomical location to another
also in native septic arthritis is currently unknown and as of now, data supporting
differential thresholds for synWBC or synPMN percentage in native septic arthritis is
lacking. Further studies in this field are warranted.

8. What blood/serum tests should be performed in patients with suspected septic
arthritis (septic arthritis)?
Routine blood tests have neither the sensitivity nor the specificity to verify or exclude
septic arthritis (BIl). However, blood cultures may provide the microbiological diagnosis
and CRP, PCT and WBC count (including neutrophil percentage) are routine
investigations that may support the diagnostic hypothesis and should be performed on
all patients suspected of having septic arthritis (All). CRP kinetics may be useful when
monitoring clinical response to treatment (BIIl). Creatinine and liver ALTs are important
for optimizing antibiotic doses in septic arthritis (BIII).

Blood cultures in patients with septic arthritis has been reported to be positive in 9-41%
(10, 17, 20, 22, 54), providing microbiological diagnosis and antibiotic susceptibility
patterns. Blood cultures can be taken at the same time as routine blood analyses, still
they were only performed in 56-70% of septic arthritis cases (20, 54). A positive blood
culture, especially if S. aureus or streptococci are found, is reason to perform further
diagnostic tests to exclude septic foci, such as endocarditis (22).

ESR (erythrocyte sedimentation rate) levels has in several studies been reported to be
higher in septic arthritis compared to non-infectious arthritis (10, 11, 13, 55, 56). Using
differentiated cutoff values (men: 17 mm/h, women: 25 mm/h), Talebi-Taher et al. (56)
calculated a sensitivity of 100%, albeit with a specificity of 26%. Several studies have
reported decent sensitivity, but as the specificity for this analysis has overall been poor
(6, 7) the benefit of ESR in this setting is limited.
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CRP. In general, higher CRP values has been reported in patients with septic arthritis
compared to non-infectious arthritis (10, 13, 19, 54, 55, 57). However, Chouk et al.
found no significant difference in CRP values between septic arthritis and gout (16),
and overall, the diagnostic power is limited due to low specificity (6, 7, 23). Even if CRP
alone is insufficient to diagnose septic arthritis, it is a useful component when
evaluating patients with an acute inflamed joint. Furthermore, as CRP is expected to
decline during successful treatment, CRP kinetics is a useful tool to monitor response
to treatment (25, 58)

PCT (procalcitonin). There are several studies (10, 16, 18, 19, 56, 57, 59) and meta-
analyses (60-62) on the use of serum PCT in diagnosing septic arthritis. In general,
serum PCT levels are higher in septic arthritis than in non-infectious arthritis. Chouk et
al., however, found no significant difference between serum PCT levels when
comparing septic arthritis and gout (16). Concomitant infection at a distant site from
inflammatory arthritis lowers the performance of serum PCT (18), and serum PCT
levels were similar when comparing patients with chronic gouty arthritis complicated by
fever caused by infection (all-cause) or non-infectious fever (63). Several different cut-
offs have been suggested. Hugle et al. (18) proposed that septic arthritis is highly
unlikely when serum PCT is below 0.1 ng/mL (sensitivity 100%, specificity 46%), and
unlikely if below 0.25 ng/mL (LR- 0.09). In a recent review, Turner et al. calculated a
negative likelihood ratio of <0.1 for PCT <0.39 ng/mL suggesting that this would be
sufficient to consider as a “rule-out” test if synovial WBC count is < 50.000/uL (23).
However, current French guidelines (22) recommends against the use of PCT, as a
test result <0.5 mg/mL does not rule out septic arthritis.

Leucocyte count (WBC) in serum has too low specificity to be useful in distinguishing
septic arthritis from non-infectious arthritis (6, 7). While a single study suggested
significantly elevated WBC and neutrophil percentage in serum (19), several other
studies found no difference whatsoever (11, 13, 55).

Other blood/serum tests

Routine blood tests evaluating kidney and liver function are essential to assess kinetics
and metabolism of antimicrobial agents, in order to optimize dosing and minimize the
risk of adverse effects.

Serological analyses are required in the diagnosis of certain pathogens in bacterial
arthritis (e.g., borreliosis, brucellosis, chronic Q-fever), and should be considered in
cases where these are suspected.

9. Does normal blood-CRP exclude septic arthritis?
There is not enough data to elaborate potential situations in which a normal blood-CRP
would exclude septic arthritis (CIII).

The authors have not been able to identify any study addressing this question
specifically. Septic arthritis encompasses a range of pathogens of different virulence,
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which may impact the clinical presentation. Furthermore, a short symptom duration
may infer false low CRP values. As CRP starts to rise in 6 hours followed by a peak at
48 hours (64), the timeline of the current symptoms is crucial when evaluating a CRP
value. Also, therapeutic immunomodulatory drugs may affect the production of
inflammatory markers. Notably, the IL-6 inhibitor tociluzumab used in rheumatoid
arthritis, shuts off IL-6-mediated production of acute phase proteins (e.g., CRP) from
the liver which may mask even severe infections (65).

Setting the cutoff at CRP >15-18 mg/L yields a sensitivity of 92% (13, 56).
Furthermore, Gupta et al. described elevated CRP values in 74 of 75 patients (8), and
Bell et al. in 15 of 16 immunosuppressed patients with septic arthritis (66). Still, even if
several studies indicate significantly higher CRP in septic arthritis than in non-
infectious arthritis (10, 13, 19, 54, 56), data is lacking whether a normal blood CRP
may exclude septic arthritis, neither in normal or immunosuppressed patients, nor for
specific more virulent pathogens (e.g., S. aureus, hemolytic streptococci).

However, in a recent review (23), Turner et al. proposed considering one or more
analyses with a calculated negative LR<0.1 (blood PCT <0.39 ng/mL, serum TNF-
alpha <10 pg/uL, synovial neutrophil count <15,000 cells/pL, synovial neutrophils <
80%, synovial calprotectin <52 mg/L) as “rule-out” test in patients with less than 50,000
cells/uL WBCs in synovial fluid. This algorithm remains to be validated.

10. What is the role of imaging in patients with suspected septic arthritis?
Systematic use of radiology is not indicated in septic arthritis, and radiology should not
delay arthrocentesis and treatment unless necessary (CllIl). Radiographs are useful in
diagnosing pre-existing conditions as well as be a reference for future monitoring and
may detect changes consistent with septic arthritis (Blll). Ultrasound may be useful to
detect joint effusion, and in select cases may be used to guide a joint aspiration (BIII).
The usefulness of MRI is limited by accessibility, but MRl may be required for
diagnosis in specific joints (BIII).

Radiographs are safe and accessible, and may both add information regarding pre-
existing conditions as well as be a reference for future monitoring (67) Radiological
findings, such as reduced joint space, cartilage destruction and later osseous erosions
and osteomyelitis can evolve rapidly but may also not be visible on standard
radiological imaging for ten days (22, 67). Still, they were significantly more common
among patients with septic arthritis compared to inflammatory arthritis in a prospective
cohort published by Couderc et al., even though the sensitivity was 0.3, specificity 0.95
and LR+5.8 (13).

Ultrasound. Synovitis (96%) and joint effusion (93%) already at the start of antibiotic
therapy were common findings using ultrasound (68). Furthermore, joint aspirations in
suspected septic arthritis can be performed using ultrasound guidance (67).

Magnetic resonance imaging (MRI) is the radiologic modality of choice for detecting
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concomitant osteomyelitis (67). The usefulness of MRI in septic arthritis has been
evaluated (69, 70), and it may be particularly useful in certain locations, such as the
sacroiliac joint (22, 71). However, limited access to MRI renders this modality
inconvenient in the acute setting.

FDG-PET CT. As FDG accumulates in both septic and inflammatory arthritis, there is
currently no evidence for using FDG-PET in the diagnosis of septic arthritis (67).
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