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Abstract

Introduction/objectives Septic arthritis is a diagnostic and therapeutic emergency because of a high morbidity and mortality.
Nevertheless, the etiologic diagnosis is often difficult. The aim of our study was to determine if serum procalcitonin was a
discriminatory biomarker in case of arthritis of undetermined etiology.

Method Patients were separated in five groups: gouty arthritis, calcium pyrophosphate deposition arthritis, osteoarthritis or post-
traumatic arthritis (“mechanical” arthritis), chronic inflammatory rheumatic arthritis, and septic arthritis. Levels of serum white
blood cells, C-reactive protein and procalcitonin were measured.

Results Ninety-eight patients were included: 18 in the “gout” group, 26 in the “calcium pyrophosphate deposition arthritis” group, 16
in the mechanical group, 18 in the “chronic inflammatory rheumatic” group, and 20 in the “sepsis” group. The area under the receiver
operating characteristic curve of white blood cells, C-reactive protein, and procalcitonin levels to diagnose a septic arthritis were 0.69
(IC95% 0.55-0.83), 0.82 (IC95% 0.73-0.91), and 0.87 (IC95% 0.76-0.98) respectively. For a cutoff of 0.5 ng/ml, procalcitonin
sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood ratio and negative likelihood ratio were
65%, 91%, 65%, 91%, 7.2, and 0.4, respectively. Serum C-reactive protein and procalcitonin levels were correlated, were not different
in sepsis or gout groups, and were higher in non-septic arthritis with poly-arthritis than with mono-arthritis (p < 0.05).

Conclusions Serum procalcitonin is a useful biomarker in arthritis management with diagnosis performances higher than those of
other biomarkers (white blood cells, C-reactive protein).

Key Points

* Diagnostic performances of serum procalcitonin level in septic arthritis are higher than those of serum C-reactive protein or white blood cells levels.
* Serum procalcitonin levels are not different in septic arthritis or gouty arthritis.

* Serum procalcitonin levels are higher in non-septic arthritis with poly-arthritis than with mono-arthritis.
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Introduction

The distinction between a septic arthritis and a non-septic ar-
thritis is a major issue. Indeed, septic arthritis is a diagnostic
and therapeutic emergency because of a high morbidity and
mortality [1, 2]. Unfortunately, the etiologic diagnosis is often
difficult because these two entities are close in terms of clinical
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(fever, local inflammation) and biological (high levels of C-
reactive protein (CRP) and white blood cells (WBC)) features
[3]- The gold standard to identify a septic origin is the isolation
of a pathogenic microorganism, but blood or synovial fluid
Gram stains have poor yields, and blood or synovial fluid
cultures, or even microbial genome research by polymerase
chain reaction (PCR) although faster than cultures, take times
[4, 5]. Moreover, a prior initiation of antibiotics can make
negative the microbiologic samples. Finally, radiologic
abnormalities are often deferred in septic arthritis, not
allowing the clinician an early diagnosis [3]. A sensitive and
specific biomarker, usable in daily practice, would be a great
help for the rheumatologist. Of course, the perfect biomarker
does not exist, but it is essential to be aware of the diagnosis
performances of the biomarkers we use every day, so that we
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could use them in a diagnostic procedure of good quality and
relevance. The diagnostic performance of biomarkers could be
evaluated by the area under the corresponding receiver
operating characteristic (ROC) curve analysis for example.
Some studies suggest using procalcitonin (PCT) to guide us
in the etiological diagnosis of arthritis, because of its great
diagnostic performances.

PCT is a protein product by thyroid C cells, dependent of
the CALC-1 gene [6]. Almost all PCT products by thyroid
neuroendocrine cells are converted into calcitonin [7]. So, ex-
cept in clinical situations rare in rheumatologic practice like
medullary thyroid or small-cell lung carcinoma, cardiac shock,
and pancreatitis, after major trauma or surgery, PCT is virtually
undetectable in blood. To note, PCT can increase in adult-onset
Still’s disease (AOSD), and ANCA-associated vasculitis,
which can be seen in rheumatology [8]. In septic conditions,
CALC-1 gene expression is increased, and PCT production is
not limited to thyroid C cells but is possible in the liver, lung,
kidney, and adipose tissues [9], that is why there is a major
PCT level rise. Interestingly, PCT level is not impacted in
kidney failure [10], pathologic condition frequently observed
in gout for example. It has already been shown that PCT is an
interesting marker in different bacterial infections and that it is
correlated not only with bacterial load on the one hand but also
with the severity of the infection on the other hand [8].

Some studies were focused in patients affected by an osteo-
articular infection [11]. PCT can be an interesting biomarker for
daily practice in two nosological areas. First, it can be useful to
make the difference between an infection and an inflammatory
flare in patients with chronic rheumatism (inflammatory dis-
eases, crystal-induced arthritis or osteoarthritis) and thus allow
to introduce a suitable therapy (antibiotic therapy or, on the
contrary, increase immunosuppressors/immunomodulators)
and avoid unnecessary iatrogenesis. Second, it can guide the
diagnostic approach in case of arthritis of undetermined etiology
in all patients. We have chosen to focus on this second interest
because of a greater frequency in daily practice in rheumatology.
The aim of our study was to determine if serum PCT is a dis-
criminating marker, useful for diagnosis in presence of arthritis
of undetermined etiology, due to higher diagnostic performance
than other inflammatory biomarkers. The secondary aims were
to determine whether serum inflammatory markers (WBC, CRP,
PCT) correlated to each other according to the etiology of arthri-
tis and whether they differed according to the number of joints
affected and the age of the patients.

Materials and methods
Study population

We made a prospective, monocentric study, from April
2016 to July 2018. Inclusion criteria were the following:
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(1) patient with synovial fluid obtained by aspiration of a
joint or (2) patient with an arthritis showed by ultrasound
or MRI if synovial fluid was not obtained. Exclusion
criteria were the following: (1) etiologic treatment admin-
istration (colchicine, antibiotic therapy, non-steroidal anti-
inflammatory drug, increasing corticosteroids therapy)
during the week before the inclusion in the study, (2)
non-joint infection before or concomitant with arthritis,
(3) patient under 18 years old, and (4) patient affected
by a vasculitis or a AOSD.

Patients were separated in five groups: gouty arthritis
(“gout”), calcium pyrophosphate deposition arthritis
(“CPPD”), osteoarthritis or post-traumatic arthritis (“me-
chanical”), chronic inflammatory rheumatic arthritis
(“CIR”), and septic arthritis (“sepsis”). Patients were in-
cluded in the gout group if they fulfilled the American
College of Rheumatology (ACR) criteria [12]. Patients
were included in the CPPD group if there were calcium
pyrophosphate crystals in the synovial fluid and/or calcium
pyrophosphate deposition in the X-ray of the affected joint
[13]. Patients were included in the mechanical group if the
white cells count in the synovial fluid was less than
1000 cells/mm’. Patients were included in the CIR group
if they fulfilled the Assessment of SpondyloArthritis inter-
national Society (ASAS) classification criteria for the axial
[14] or peripheral [15] spondyloarthritis, if they fulfilled
the ACR/European League Against Rheumatism (EULAR)
for rheumatoid arthritis [16], or if they did fulfilled stricto
sensu those criteria but were affected by repeated inflam-
matory synovial fluid arthritis without an other diagnostic.
Patients were included in the sepsis group if they fulfill the
Newman’s criteria [17]: (a) organism isolated from joint,
(b) organism isolated from elsewhere, or (c) no organism
isolated but (i) histological or radiological evidence of in-
fection or (ii) turbid fluid aspirated from joint with prior
antibiotic therapy. No patient fulfilled the criteria for two
or more pathologies in our study. For each group, age, sex,
number of affected joint (1 = mono-arthritis, 2 or 3 = oligo-
arthritis, 4 or more = poly-arthritis), and the site of arthritis
were evaluated.

Biological analysis
Synovial fluid sample

Synovial fluid aspiration was made by a rheumatologist, and
samples were sent to the laboratory immediately after the as-
piration. Crystal identification was made using polarized light
microscopy, and synovial fluid Gram strain was realized. In
addition, synovial fluid cultures were performed, and a part
was frozen at —20° to carry out polymerase chain reaction
(PCR) in case of negative culture with a high suspicion of
septic arthritis.
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Blood samples

Venous blood sample were collected the day of the synovial
fluid aspiration, or lasted 24 h later, and before any treatment.
Analyses were performed on fresh samples. CRP was mea-
sured in serum by using latex particle enhanced turbidimetric
immunoassay (MULTIGENT CRP Vario, Abbott, Milan,
Italy). The limit of quantification provided by the manufactur-
er was 0.2 mg/l. PCT was measured in serum by using immu-
nofluorescent assay with Time Resolved Amplified Cryptate
Emission (TRACE) technology (B-R-A-H-M-S PCT sensitive
KRYPTOR, B-R-A‘-H-M‘S GmbH, Hennigsdorf, Germany).
The limit of quantification provided by the manufacturer
was 0.02 pg/l.

Statistical analysis

Values are presented as means (SD). Data were analyzed by
using GraphPad Prism (version 5.3) and SigmaStat (version
4.0) software. Continuous variables were compared using the
Mann—Whitney test or by analysis of variance (ANOVA) with
the Kruskal-Wallis test. Categorical variables were compared
using the x? test. The diagnostic performance of WBC, CRP,
and PCT was evaluated by the area under the corresponding
receiver operating characteristic (ROC) curve analysis. The
sensitivity, specificity, positive predictive value, negative pre-
dictive value, positive likelihood ration, and negative likeli-
hood ratio were examined by a constructed 2 x 2 table or by
analyzing of the ROC curve. The analysis of the relationship
between two parameters was determined using the Spearman
correlation coefficient. All of the tests were two-tailed, and a p
value <0.05 was considered as statically significant for all
analyses.

Ethics statement

Since PCT evaluation is a regular procedure in front of sepsis
in emergency room, no specific ethical procedure was re-
quired. Nevertheless, informed consent was obtained from
each patient.

Results
Clinical patient characteristics

Ninety-eight patients were included in our study: 18 were in-
cluded in the gout group, 26 in the CPPD group, 16 in the
mechanical group, 18 in the CIR group, and 20 in the sepsis
group. The clinical features are summarized in Table 1. As ex-
pected, the patients were significantly younger in the CIR group
compared to the gout (p <0.05) and CPPD (p <0.001) groups.
In the sepsis group, Staphylococcus aureus was isolated in six

patients, Streptococcus dysgalactiae in five patients,
Streptococcus pneumoniae in two patients, Streptococcus
pyogenes in one patient, Streptococcus oralis in one patient,
Streptococcus gallolyticus in one patient, Escherichia coli in
one patient, Pseudomonas aeruginosa in one patient, Neisseria
meningitidis in one patient, and no microorganism was isolated
in one patient. On all the groups, 74 patients (75.5%) were
affected by a mono-arthritis, 16 patients (16.3%) by an oligo-
arthritis, and 8 patients (8.2%) by a poly-arthritis. In case of
mono-arthritis, knee was affected in 50 patients (67.6%), hip
in 8 patients (10.8%), elbow in 4 patients (5.4%), shoulder in
3 patients (4.1%), sacroiliac joint in 3 patients (4.1%), wrist in 2
patients (2.7%), ankle in 2 patients (2.7%), pubic symphysis in 1
patient (1.3%), and facet joint in 1 patient (1.3%).

Biological patient characteristics

Mean blood levels of WBC, CPR, and PCT in each group are
summarized in Table 1 and in Fig. 1. As expected, the mean
level of WBC was significantly higher in the sepsis group than
in the mechanical group (p <0.05). However, there was no
difference between the other groups. About CRP level, it
was higher in the sepsis group compared to the mechanical
(p<0.0001) and CIR (p < 0.05) groups. Moreover, it was sig-
nificantly lower in the mechanical group compared to the gout
(p<0.001), CPPD (»p<0.0001), and CIR (p <0.05) groups.
Interestingly, CRP level was not different between the sepsis,
gout, and CPPD groups. At least, PCT level was significantly
higher in the sepsis group compared to the mechanical
(p<0.0001), CIR (p < 0.0001), and CPPD (p < 0.001) groups.
More specifically in the sepsis group, PCT level in elderly
patients (more than 75 years old) trended to be lower than that
in younger patients (less than 75 years old), but the difference
did not reach the significance (5.5 + 8.8 ng/ml versus 10.9 +
34.8 ng/ml, p =0.08). Interestingly, as for CRP level, PCT
level was not different between the sepsis and gout groups.
In addition, it is important to note that p values were not
impacted when we excluded the two patients with the higher
PCT level in sepsis group.

Diagnostic performance of inflammatory biomarkers

Diagnostic performance of WBC, CRP, and PCT levels to
diagnose a septic arthritis was evaluated by ROC curves
(Fig. 2). The area under the ROC curve (AUROC) of WBC
level was 0.69 (IC95% 0.55-0.83), that of CRP level was 0.82
(IC95% 0.73-0.91), and that of PCT level was 0.87 (IC95%
0.76-0.98). Since PCT levels are not different between the
“sepsis” and “gout” groups, and given the positive correlation
between PCT and CRP in gout, we have also made the ROC
curve of WBC, CRP and PTC levels to diagnose a gouty
arthritis, to avoid any doubts about PCT as a discriminatory
biomarker in case of septic arthritis (Figure 2). The AUROC
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Table 1 Clinical and biological characteristics of the population

Characteristics Gout (n=18) CPPD (n=26) Mechanical (n=16) CIR (n=18) Sepsis (n =20)
Age (years) 73.7+12.1 743 +14.5 62.6+184 474+£194 63.6+£22.4
Male gender, 1 (%) 14 (77.8) 10 (38.5) 11 (68.8) 8 (44.4) 8 (40.0)
Mono-arthritis, n (%) 7 (38.9) 22 (84.6) 16 (100) 12 (66.7) 17 (85.0)
Oligo-arthritis, n (%) 7 (38.9) 4 (15.4) 0 (0) 2 (11.1) 3 (15.0)
Poly-arthritis, n (%) 4(22.2) 0 (0) 0 (0) 4(22.2) 0 (0)

WBC (G/l) 8.8+28 9.6+3.0 7.6+£23 92+34 12.8+6.7
CRP (mg/l) 114.0£110.6 131.3+£82.9 15.5+24.6 93.3+85.2 2432 +150.4
PCT (ng/ml) 0.24+0.23 0.24+£0.32 0.11+0.06 0.15+0.17 8.76 £27.16

Values are means (SD)

CPPD calcium pyrophosphate deposition arthritis, CIR chronic inflammatory rheumatic arthritis, Mono-arthritis one joint affected, Oligo-arthritis two
or three joints affected, Poly-arthritis four or more joints affected, WBC white blood cells, CRP C-reactive protein, PCT procalcitonin
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Fig. 1 Biological characteristics of patients. Mean (SD) levels of white
blood cells (a), C-reactive protein (b), and procalcitonin (¢) in groups
“gout” (n=18), “CPPD” (n=26), “mechanical” (n=16), “CIR” (n=
18), and “sepsis” (n=20). To note, a logarithmic scale was used in c.

@ Springer

CPPD calcium pyrophosphate deposition arthritis, CIR chronic
inflammatory rheumatic arthritis. *p <0.05; **p <0.001;
*##%p < 0.0001. Statistical analysis: ANOVA (Kruskal-Wallis test). Only

significant differences are shown
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Fig. 2 (a) ROC curves of white blood cells, C-Reactive Protein and
procalcitonin levels to diagnose a septic arthritis. Sepsis group: n =20,
Non-sepsis group: n=78. (b) ROC curves of white blood cells, C-
Reactive Protein and procalcitonin levels to diagnose a gouty arthritis.
Gout group: n = 18, Non-gout group: n = 80. PCT procalcitonin, CRP C-
reactive protein, WBC white blood cells

of WBC level was 0.56 (IC95% 0.42—0.70), that of CRP level
was 0.52 (IC95% 0.38-0.65), and that of PCT level was 0.58
(IC95% 0.46-0.70) to diagnose a gouty arthritis.

About PCT performances, the sensitivity, specificity,
positive predictive value, negative predictive value, posi-
tive likelihood ratio, and negative likelihood ratio to

Table2 Diagnosis performances of procalcitonin with cutoff of 0.2 and
0.5 ng/ml

Sensibility Specificity PPV NPV LR+ LR

444 935 31 03
65.0 91.0 72 04

Cutoff of 0.2 ng/ml 80.0 74.4
Cutoff of 0.5 ng/ml 65.0 91.0

Diagnostic performance of procalcitonin level to distinguish a septic ar-
thritis from a non-septic arthritis for a cutoff of 0.2 and 0.5 ng/ml

PPV positive predictive value, NPV negative predictive value, LR+ pos-
itive likelihood ratio, LR— negative likelihood ratio

diagnose a septic arthritis for a cutoff of 0.2 and 0.5 ng/ml
are recapitulated in Table 2.

Correlations between inflammatory biomarkers

We studied the correlations between the inflammatory bio-
markers, according to the different pathologies (Table 3).
There was a correlation between CRP and PCT levels when
the sepsis group was excluded (»=0.453, p <0.0001) or not
(r=0.577, p <0.0001) to the all other groups of arthritis. More
specifically, PCT level was correlated to CRP level only in the
gout (r=0.618, p<0.05) and sepsis (r=0.505, p<0.05)
groups. Conversely, there was no correlation between WBC
and PCT levels.

Impact of the number of affected joint and the age
of patient on inflammatory biomarkers

We wanted to know if the number of affected joint (Fig. 3) and
the age of patient could impact the different inflammatory
biomarkers, whatever the cause of the arthritis, mistakenly
evoking a septic involvement if the levels of these biomarkers
rise. When excluding the sepsis group, WBC levels were not
different if there were mono-, oligo-, or poly-arthritis.
Conversely, CRP and PCT levels, which are positively corre-
lated, were both significantly higher in poly-articular than in
mono-articular arthritis (p < 0.05).

Moreover, when excluding the sepsis group, there was a
positive correlation between PCT level and the age of patient
(r=0.358, p<0.001), PCT level increasing in elderly patients.

Discussion

Our study has shown that serum PCT level could be an inter-
esting biomarker to guide diagnosis in case of arthritis without
clearly defined etiology, due to higher diagnostic perfor-
mances than other inflammatory biomarkers used in daily
practice. Our results are consistent with those of two previous
meta-analysis [11, 18]. In our study, we observed an AUROC
for PCT of 0.87, a sensibility of 65.0%, a specificity of 91.0%,
a positive predictive value of 65.0%, a negative predictive
value of 91.0%, a positive likelihood ratio of 7.2, and a neg-
ative likelihood ratio of 0.4. The meta-analysis of Shen et al.
[18] and of Zhao et al. [11] has included almost the same
studies and especially two studies with a pediatric population,
in contrary to us. Nevertheless, the diagnosis performances of
PCT, when taking into account only to studies focus on the
cutoff of 0.5 ng/ml, are very close to our, respectively,
AUROC of 0.66 and 0.78, sensibility of 46.0% and 49.0%,
specificity of 91.0% and 96.0%, positive likelihood ratio of
4.84 and 13.59, and a negative likelihood ratio of 0.6 and 0.53.
To note, odds ratio for the septic arthritis diagnosis of PCT is
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Table 3 Correlation between

procalcitonin, with blood cells Correlations PCT/WCB Correlations PCT/CRP
and C-reactive protein levels in
different pathologies Gout (n=18) r=0.046 NS r=0.618*
CPPD (n=26) r=—0.062 NS r=0.345 NS
Mechanical (n = 16) r=0.168 NS r=0.371 NS
CIR (n=18) r=—0.072 NS r=0.383 NS
Sepsis (n =20) r=0.188 NS r=0.505%
Total without sepsis (n = 78) r=0.034 NS r=0.453%%%
Total (n=98) r=0.175NS r=0.577%%*

Statistical analysis: Spearman coefficient

CPPD calcium pyrophosphate deposition arthritis, CIR chronic inflammatory rheumatic arthritis, PCT
procalcitonin, WBC white blood cells, CRP C-reactive protein, NS non-significant

#p < 0.05; #%p < 0.0001

considerably higher in European studies than in non-European
studies: 41.14 (IC95% 10.93—154.88) versus 15.73 (IC95%
6.38-38.78) [11], with some diagnosis performances slightly
closer to ours (AUROC of 0.90, sensibility of 56.0%, speci-
ficity of 97.0%, positive likelihood ratio of 18.6, negative
likelihood ratio of 0.45).

Various cutoff of PCT are used to diagnose septic arthritis.
The more used cutoff is 0.5 ng/ml. Some studies propose to
decrease the cutoff to 0.2-0.3 ng/ml [8, 11, 18] or, on the
contrary, to increase this cutoff to 0.66 [19]. We think that
the cutoff of 0.5 ng/ml is a good compromise between the
two others proposed in the literature. A biological criterion
to help for diagnosis must be specific enough to not induce a
useless iatrogeny (unnecessary antibiotic therapy in this case),
what is not possible with the cutoff of 0.2 ng/ml with a spec-
ificity of 74.4% only. Likewise, increasing the cutoff to
0.66 ng/ml can improve specificity compared to the cutoff of
0.5 ng/ml (94.9% versus 91.0%), but the sensibility will sub-
stantially decrease (60.0% versus 65.0%), making the daily
practical use of this biomarker less useful.

In some cases, PCT level can increase without a septic
cause, making the use of cutoff of 0.5 ng/ml subject to
interpretation.

First, in some inflammatory diseases like AOSD [20, 21],
ANCA -associated vasculitis [20, 22-24] or Kawasaki disease
[25], PCT level can rise even if there is no infection. In con-
trast, another study has objectified no increased PCT levels in
ANCA -associated vasculitis [26]. Some authors recommend-
ed to use the cutoff of 1.4 and 1.0 ng/ml in ANCA-associated
vasculitis and AOSD respectively [8]. That is why we did not
included patients affected by these diseases in our study.

Second, we have shown that the number of affected joint
could increase PCT levels in case of non-septic arthritis. In our
study, the PCT level was significantly higher in poly-articular
than in mono-articular arthritis. A study confirm a trend to a
correlation, but without significance, between the PCT level
and the Disease Activity Score 28 and the Ankylosing
Spondylitis Disease Activity Score [27], even if these scores
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are composites, so not taking into account only of the number
of affected joint. To note, other several studies have demon-
strated a correlation between the PCT level and the severity of
sepsis [8], but it was not studies about septic arthritis.

Third, we also have shown that the age of patients could
increase the PCT level in non-septic arthritis. To our knowl-
edge, this fact was never described in literature. Conversely, in
“septic” group, the oldest patients (more than 75 years old)
trend to have lower PCT levels than those younger (less than
75 years old). This difference was not significant, probably
because of a low number of patients. Nevertheless, in studies
including specifically elderly patients, authors concluded that
PCT levels were lower in elderly patients in case of sepsis and
that PCT sensibility was lower [28-30]. However, these stud-
ies were not conducted on patients with septic arthritis specif-
ically. The different course of PCT level according to different
clinical situations shows us that other studies are necessary to
decipher the precise physiopathological mechanisms underly-
ing the production of this protein, especially in particular pop-
ulations such as the elderly patients.

Fourth, data are contrasting for gouty arthritis. Zhang
et al. did not observed any differences in PCT levels be-
tween patients with fever and a flare of chronic gouty arthri-
tis and those with a infection [31]. Conversely, Choi et al.
have shown that PCT was a good biomarker to distinguish a
gouty from a septic arthritis [32]. However, in these studies,
only approximately 3% of the patients in the “infection”
group were affected by a septic arthritis, and the other pa-
tients were affected by an infection of another organ.
Interestingly, Liu et al. have observed that PCT levels were
higher in gouty patient who presented tophus compared to
those who did not, although there is no correlation between
PCT and uric acid levels [27]. Moreover, they observed a
higher PCT level in the gout group compared to the rheu-
matoid arthritis and ankylosing spondylitis groups. These
results are not congruent with ours, but we have included
less patients in the CIR group than in the study of Liu et al.
Anyhow, in our study, there was no difference in mean PCT
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Fig. 3 Impact of the number of affected joint and the age on
inflammatory biomarkers without septic arthritis. (a) Levels of white
blood cells in mono-arthritis (n=56), oligo-arthritis (n=13), and poly-
arthritis (n=9). (b) Levels of C-reactive protein in mono-arthritis (n=57),
oligo-arthritis (n=14), and poly-arthritis (n=9). (¢) Levels of de

levels between gouty and septic arthritis. This can possibly
be explained by the fact that interleukin-1 is a cytokine
particularly involved in gout [33, 34]. However, PCT pro-
duction not only is directly induced by microbial endotoxins
but can also be indirectly induced not only by many pro-
inflammatory cytokines such as interleukin-1 but also by
TNF« or interleukin-6 [7, 35, 36]. This may partly explain
the increased PCT level in gout, especially with tophus, but
does not explain why it does not rise in other pathologies
such as rheumatoid arthritis where such cytokines are also
involved and even constitute major therapeutic targets.
Our study was limited to evaluate the interest of PCT in
serum, this marker being easily dosed in routine and the re-
sults being fast. Other works were designed to evaluate the
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procalcitonin in mono-arthritis (n =57), oligo-arthritis (n=13), and
poly-arthritis (n=9). (d) Levels of procalcitonin according to age. NS
non-significant; *p < 0.05. Statistical analysis: ANOVA (Kruskal-Wallis
test) and Spearman’s coefficient.

diagnostic performance of PCT in synovial fluid [37-41]. All
of these studies conclude that synovial PCT level is higher in
septic groups than in “non-septic” groups, except for that of
Martinot et al. where the difference does not reach the signif-
icance. The study of Talebi-Taher et al. has evaluated an
AUROC of 0.65 only, finding a limited interest in this bio-
marker, while that of Saeed et al. has evaluated an AUROC of
0.82. Lastly, Wang et al. have even concluded to a better
diagnosis performance synovial PCT compared to serum
PCT levels (AUROC respectively of 0.95 and 0.76).

One of the limitations of our study is the small number
of patient, but relatively similar to that of other studies in
the literature, despite a long period of inclusion. The small
number of patient can make the subgroup analyses open to
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interpretation. This can be explained by strict inclusion
criteria, like the exclusion of patients who have previously
received etiological treatment. Indeed, the majority of pa-
tients with arthritis often consult first-line their general
practitioner who initiates treatment with antibiotic, colchi-
cine, or anti-inflammatory. It is also not uncommon for
patients with chronic rheumatism to self-medicate with
colchicine in case of crystals-induced arthritis or with
anti-inflammatory drugs in case of CIR. All these patients
were therefore not included in the study. Thus, the popu-
lation in our study does not “closely” reflect the patients in
daily practice, but we wanted to avoid confounding factors
on PCT levels, although corticosteroids do not seem to
affect PCT level, unlike CRP level [42]. Moreover, patients
with a concomitant infection were also excluded, while it is
known that a sepsis can lead to a crystal-induced arthritis
for example. This situation is also common in daily prac-
tice, but we wanted to asses specifically the impact of ar-
thritis on PCT level, not the impact of another causes of
sepsis, again to avoid confounding factors. Another limi-
tation is the monocentric character. We deliberately chose
to restrict inclusions in a single university hospital center
so that the different methods of dosing CRP and PCT do
not affect the results [11]. We also have included patients
with osteoarthritis in which the suspicion of septic arthritis
was low. This could increase artificially the diagnostic per-
formances of PCT level. Lastly, the use of Newman’s
criteria [17] to diagnose a septic arthritis may be a limita-
tion. Indeed, these criteria make it possible to diagnose a
septic arthritis without isolating a germ. This was the case
for one of our patients only. Nevertheless, for this patient,
there was an abscess on MRI and we observed a clear
clinical and biological improvement after the introduction
of probabilistic antibiotic therapy. Similarly, another pa-
tient did not benefit from synovial fluid aspiration because
of the positivity of blood cultures, an abscess on MRI, and
a clinical and biological improvement after the introduc-
tion of an adapted antibiotic therapy. These two patients
had a unilateral infectious sacroiliitis.

To conclude, serum PCT is an interesting biomarker to help
the rheumatologist in the diagnostic and therapeutic manage-
ment of a patient affected by arthritis, with higher diagnostic
performance than other serum inflammatory markers. It can be
used in daily practice, and the result is obtained quickly. On the
other hand, it is only an additional help, a part of the diagnostic
procedure. In no way, it should supplant a clinical examination
of good quality. Similarly, although its diagnostic performance
is higher than other biomarkers also daily used (WBC, CRP),
its balance cost financial/diagnostic performance must be
weighed wisely in the current economic context.
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