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Highlights

- Synovial calprotectin may have an important role in diagnosing inflammatory joint conditions

- This stability study was done according to the Checklist for Reporting Stability Studies (CRESS) recommendations
« The CRESS recommendations enabled better standardization among stability studies

«  (alprotectin in synovial fluid samples is stable for 7 days at 4-8 °C

- Calprotectin in synovial fluid samples is stable for 6 weeks at - 20 °Cand - 80 °C

Abstract

Introduction: Information about analyte stability is of crucial importance. The aims of this study were to determine the short- and long-term stabi-
lity of synovial fluid calprotectin at various temperature conditions (4-8 °C for 7 days, - 20 °Cand - 80 °C for 6 weeks).

Materials and methods: Eleven samples from patients were included in this study. The samples were promptly transported at room temperature
(RT) to the laboratory immediately after arthrocentesis. Upon arrival, the samples were transferred into plastic tubes without additives and pretre-
ated with hyaluronidase solution. After centrifugation at 1500xg for 10 minutes at RT, the baseline calprotectin concentrations were determined.
Seven aliquots were stored in LoBind tubes (Eppendorf) at 4-8 °C and the calprotectin was measured every day. Six additional aliquots were stored
at temperatures - 20 °Cand - 80 °Cand the concentration of calprotectin was measured weekly. Analysis was done using Buhlmann fCAL turbo rea-
gent on analyzer Siemens Atellica Solution (Siemens Healthcare, Erlangen, Germany). Data were analyzed by Microsoft Excel and Med(alc statistical
software. The percentage difference (PD%) was calculated. The maximum permissible difference (MPD) was 9.1% for PD%.

Results: The PD% with the corresponding 95% confidence intervals were inside the predefined MPD. The instability equations and correlation co-
efficient for storage temperatures were PD% = 0.1644 x time (day), r = 0.06, P = 0.614 for 4-8°C, PD% = 0.5190 x time (week), r =- 0.22, P = 0.080
for - 20°C, and PD% = 0.1316 x time (week), r = 0.08, P = 0.545 for - 80°C.

Conclusions: The calprotectin in the synovial fluid is stable when stored long-term for 6 weeks at - 20 °C or at - 80 °Cor short-term (7 days) at 4-8 °C.
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Introduction

Synovial fluid calprotectin may have an important
role in diagnosing and differentiation between
joint inflammatory and non-inflammatory condi-
tions. Numerous joint diseases such as osteoarthri-
tis (OA) or rheumatoid arthritis (RA) have an in-
flammatory background in their pathophysiology.
Recent studies also indicated that calprotectin in
the synovial fluid is a reliable marker for peripros-
thetic joint infection (PJI), with significant potential
for use in clinical practice as a diagnostic test for
PJI (1,2). Moreover, PJI as a complication after ar-
throplasty, is difficult to diagnose due to presence
of several diagnostic guidelines and atypical
symptoms, potentially leading to delays in proper
treatment and decrease the odds of a good clini-
cal prognosis (1). Most criteria for diagnosing joint
diseases include the measurement of C-reactive
protein (CRP) and erythrocyte sedimentation rate
(ESR) which are inflammatory markers. However,
these markers are non-specific and represent the
systemic reaction. The new scoring-based defini-
tion for periprosthetic joint infection include an el-
evated synovial fluid leukocyte count, as well as
elevated percentage of synovial polymorphonu-
clear leukocytes. Neutrophils constitute the major-
ity of leukocytes in peripheral blood, and actively
participate in the earliest phases of the inflamma-
tion process (3,4). Also, one of newest findings by
Alkadhem MF et al., was that the synovial calpro-
tectin has higher accuracy than the use of leuko-
cytes and polymorphonuclears in synovial fluid in
excluding a chronic PJI which is one of great indi-
cation that synovial fluid could be use in routine
clinic (5). Following neutrophil migration into the
inflamed tissue, their function lasts only for 1-2
days before their degradation. Moreover, because
of the cell fragility, the synovial fluid leukocyte
count needs to be performed within one hour
from the collection of the synovial fluid (6). As the
neutrophil cytosol contains more than 50% of the
calprotectin, it proves to be a highly useful bio-
marker for the presence of inflammatory cells
within the specific tissues or body fluid (e.g., syno-
vial fluid) (7).

Several studies have aimed to investigate calpro-
tectin concentration in synovial fluid in various
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joint diseases, e.g., rheumatoid arthritis, osteoar-
thritis, periprosthetic joint infection etc. (2,8-10).
Also, one study showed one of the first report of
the use of serum calprotectin in distinguishing
bacterial urinary infections and viral respiratory in-
fections in children (11). This study gives a new
light into the possible use of calprotectin in differ-
entiating the conditions samples by bacterial and
viral pathogens and other causes of the disease,
including as well the use of calprotectin in synovial
fluid in various joint infections. On the other hand,
in these studies, calprotectin concentrations were
measured using enzyme-linked immunosorbent
assay (ELISA) method or by using point-of-care de-
vices. In one study, concentration of calprotectin
was measured by immunoturbidimetric assay (12).
Although, most samples were frozen until analysis,
the time between storage and analysis was not
stated. Moreover, only two studies determined the
stability of calprotectin in synovial fluid. A recent
study on preanalytical considerations concerning
synovial fluid calprotectin detected high stability
of synovial fluid calprotectin during 7-day storage
at + 4 °C and even at room temperature (RT)
conditions (13). Other study determined stability
of calprotectin only by analyzing two of the sam-
ples after three freeze/thaw cycles. This study
showed that calprotectin was stable in those two
samples, but the duration of storage is unclear (7).

On the other hand, there is no stability studies for
calprotectin in synovial fluid that were done ac-
cording to recent European Federation of Clinical
Chemistry and Laboratory Medicine Working
Group for the Preanalytical Phase (EFLM WG-PRE)
Checklist for Reporting Stability Studies (CRESS)
recommendations (14). The CRESS recommenda-
tions enabled higher level of standardization
among biomarker stability studies. Determination
of short- and long-term stability for calprotectin is
an indispensable part of biomarker validation. Un-
available or unreliable data on biomarker stability
significantly impact the reliability of research re-
sults, potentially leading to misleading study con-
clusions. Various factors, such as analyzer failure or
the transport of the synovial fluid to distant labo-
ratories may slow down sample processing. Infor-
mation on stability in diverse storage conditions
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(e.g., different temperatures, durations of storage)
is especially desirable, ensuring the applicability of
stability information to most laboratories. For in-
stance, knowledge of short-term stability can be
useful for analyzing routine patient samples using
automated analyzers or the ELISA method, where-
as knowledge of long-term stability is preferred
for biobanking or research purposes, which can-
not or will not be performed in a short period of
time.

The aims of this study were to determine short-
and long-term stability of calprotectin, by CRESS
recommendations, in following conditions: i) at
temperature 4-8 °C for 7 days, ii) at - 20 °C for 6
weeks, and iii) at - 80 °C for 6 weeks.

Materials and methods

The study was performed at the Department of
Medical Laboratory Diagnostics of University hos-
pital Sveti Duh (Zagreb, Croatia) and according to
the EFLM WG-PRE CRESS checklist. Leftover sam-
ples from eleven individual patients with suspect-
ed inflammatory joint diseases who had a justified
indication for arthrocentesis were included. The
arthrocentesis was performed by an experienced
orthopedic specialist. Synovial fluid samples, col-
lected in syringes without additives, were instantly
delivered to the laboratory at room temperature.
The volume of the samples ranged was from 1.5
mL to 5 mL. Immediately upon receipt, the sam-
ples were aliquoted into plain plastic tubes (with-
out additives) for the analysis of calprotectin con-
centration. After aliquoting, solution of hyaluroni-
dase type V, lot SLCG7935 (Sigma Aldrich, Missouri,
USA) was added in the sample according to the
laboratory standard operating procedure for pre-
treatment of synovial fluid samples. The obtained
results were not corrected with the dilution factor
because it was 1.05, which is not clinically signifi-
cant. The tubes were gently mixed 3-5 times and
incubated for 30 minutes. The samples were cen-
trifuged, and the baseline concentration of calpro-
tectin was determined in the supernatant on Atel-
lica Solution (Siemens Healthineers, Erlangen, Ger-
many) analyzer. The Buhlmann fCAL turbo (Buhl-
mann Laboratories AG, Schonenbuch, Switzer-
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land), a turbidimetric assay was used to measure
the concentration of calprotectin in synovial fluid
samples. The aforementioned assay has been vali-
dated and designed for stool samples, and it was
used with official application settings as recom-
mended by the reagent manufacturer for analyzer
Atellica Solution for determination of fecal calpro-
tectin (15). The only step which was changed was
step after measurement, i.e. the division of already
corrected results from analyzer with a dilution fac-
tor of 500. Although fecal samples need to be di-
luted in the ratio of 1:500 prior to analysis, there is
no need for prior dilution of synovial fluid sam-
ples. In the application for fCAL turbo reagent for
fecal calprotectin, after the measurement, the
“original i.e. measured value” from analyzer was
automatically multiplied with factor dilution 500
because of the extraction stool in 5 mL of buffer.
By dividing the “final” result from analyzer, by a di-
lution factor of 500, the obtained result is the one
who has been “originally” measured. Consequent-
ly, the result of synovial calprotectin obtained
from the analyzer had to be divided by 500. After
analyzing the baseline calprotectin concentration,
aliquots of a minimal volume of 200 pL were
stored in 1.5 mL Eppendorf tubes. As mentioned
before, samples were stored at various time/tem-
perature conditions: 7 days at 4-8 °C, 6 weeks at -
20 °Cand as well as at - 80 °C. The new aliquot was
taken for each time point and storage condition in
this stability study. The flowchart of process from
sampling to storing synovial samples is shown in
Figure 1. The samples were stored in Infrico refrig-
erator model PTR50G (4-8 °C), Infrico freezer mod-
el LTF70S at - 20 °C (Infrico medcare, Lucena,
Spain), and Cryocube UTF model F57H (at - 80 °C)
(Eppendorf, Hamburg, Germany) all with a built-in
system for temperature monitoring. Additionally,
the temperatures were also verified by the labora-
tory personnel, in 12 hours shifts. The mean (mini-
mum to maximum) temperature for all three stor-
age temperatures during the storage periods were
4.7 °C (4.0 to 5.7 °C), - 18.1 °C (- 20.0 to - 13.4 °Q),
and - 79.7 °C (- 81.0 to - 79.0 °C). After the baseline
concentration of calprotectin has been deter-
mined, seven aliquots were stored at 4-8 °C. Cal-
protectin concentration was measured consecu-
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Ficugre 1. Flowchart of the procedure from sampling to storing aliquots in the stability study. The picture was created in BioRender.

com.

tively every day for 7 days. Six aliquots were stored
at temperatures - 20 °C and - 80 °C and the con-
centration of calprotectin was measured weekly,
for 6 weeks. Prior to measurement, the aliquots
were thawed and homogenised. All samples were
analysed in duplicate.

Maximum permissible difference (MPD) value was
used from reagent manufacturer declaration (Buh-
Imann fCAL turbo, B-KCAL-RSET, version A2) for
the within-laboratory precision coefficient of vari-
ation (CV9%) of 9.1% because of the lack of any oth-
er available criteria (e.g., biological variation for
calprotectin in synovial fluid) (16).

Furthermore, prior beginning this stability study,
the analytical performance of precision on one
synovial fluid sample was determined by Clinical
and Laboratory Standards Institute (CLSI) EP15-A3
guidelines, and CV% for concentration of calpro-
tectin 1.62 mg/L was 0.84% (unpublished data of
the author) (17). Research involving human sub-
jects complied with all relevant national regula-
tions, institutional policies and is in accordance
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with the tenets of the Helsinki Declaration (as re-
vised in 2013) and has been approved by the Ethi-
cal Board of the Sveti Duh University Hospital.
(Registry number: 01-03-2589/6)

Statistical analysis

The percentage difference (PD%) was calculated
by this equation PD% = ((t, - t,) / t;) x 100 where t,
represents the average concentration for certain
time point and t, was an average concentration in
the baseline time point. For every time/tempera-
ture storage condition, the instability equations
were obtained by regression analysis. The instabil-
ity equation was expressed in form PD% = a x
time, where a is the slope of the equation. For the
detection of outliers, the CV% from all replicates
was compared to the obtained CV% of interquar-
tile range (IQR). If the CV% of replicates were three
times higher than the obtained CV% of internal
quality control (IQC), then it is considered as an
outlier (18). Descriptive statistics and regression
analysis was performed using MedCalc 20.027
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(MedCalc software, Ostend, Belgium) software
and data visualization was done using Microsoft
Excel for Microsoft 365 MSO (version 2209).

Results

In this stability study, the median of baseline of
calprotectin concentration was 1.48 mg/L with the
IQR of 1.27 to 1.63 mg/L, for all 11 included sam-
ples. The mean values of replicates were used in
further data analysis. The median CV% for all repli-
cates of the samples for all temperatures was
0.51% with minimum and maximum values from 0
to 6.88%. No outliers were identified in the ob-
tained results. The stated instability equations and
PD% for each of the three storage temperatures
are presented in Table 1, along with the 95% confi-
dence intervals (95% Cl). According to the slope in
the instability equations, the concentration of syn-
ovial fluid calprotectin showed decreasing trend
for the samples stored at 4-8 °C and at - 20 °C. On
the contrary, an increasing trend was observed for
samples stored at - 80 °C. Additionally, graphical
representations of the instability equations with
95% Cl and point-to-point estimation with confi-
dence intervals are provided for each time point at
all three temperatures in and Figures 2-4, respec-

tively. All the 95% Cls in the graphical representa-
tions are inside the upper and lower MPDs, ensur-
ing that 95% of the samples will be stable over all
three storage temperatures.

Throughout the study, the B-KCAL-CONSET Buhl-
mann fCAL turbo Control Kit (Buhlmann Laborato-
ries AG, Schonenbuch, Switzerland) at two concen-
tration levels was used to determine for presence
or absence of the bias between multiple batches of
analysis (19). Two 1QC lots, 4141 and 2915, were uti-
lized. The CV% for the two concentration levels for
two 1QC lots were 5.01% for level 1 (target value 83
pg/g) and 2.23% for level 2 (target value 271 pg/g)
of 1QC lot 4141 and 4.69% for level 1 (target value
84 ug/g) and 3.02% for level 2 (target value 282
pg/g) of 1QC lot 2915, respectively. The IQC were
analyzed minimum three times a week.

Moreover, additional information, in the form of
raw data in Excel format, is provided in the supple-
mentary material for this stability research.

Discussion

To the best of our knowledge, this is the first study
that aimed to determine short- and long-term sta-
bility of synovial calprotectin according to the re-

TasLE 1. Average PD% with 95% Cl and the instability equations for all storage conditions

Storage Time of storage Instab.lllty
temperature equations
4-8°C 1st day 2nd day 3rd day 4th day 5th day 6th day 7th day
0f — -
-1.31 -0.75 -1.32 -0.77 -1.41 -1.02 -0.13 PB fi)n:e %1:;14
PD% (-3.47to (-2.97to (-3.32to (-3.36to (-3.29to (-3.31to (-3.01to r=0 06y
0.85) 1.48) 0.68) 1.83) 0.46) 1.26) 2.74) P=0.614
-20°C 1st week 2nd week 3rd week 4th week 5th week 6th week /
0f — -
0.10 -2.00 -2.26 -2.35 -2.42 -2.25 Pthi/:n_e (v(\)/j(-j-lf)o
PD% (-2.77 to (-4.34t0 (-4.60to (-4.57 to (-4.59to (-4.89to / r=-0.22
2.96) 0.34) 0.08) -0.13) -0,24) 0.40) P — 0080
-80°C 1st week 2nd week 3rd week 4th week 5th week 6th week /
% =
1.24 -0.41 -0.29 -0.61 0.70 2.00 P[t)i rﬁe (3\;1::8 X
PD% (-1.78 to (-2.70to (-1.96 to (-2.47 to (-2.05to (-0.86 to / r=008
4.25) 1.88) 1.38) 1.24) 3.45) 4.86) p __0 '545

PD - percentage deviations. Cl - confidence interval. P < 0.05 was considered statistically significant.
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FIGURE 2. Point to point estimation with 95% confidence intervals for the average percentage difference (PD%) of all patients for
every day for determing stability of calprotectin in synovial fluid when it stored at 4-8 °C for 7 days. The black lines represents maxi-
mum permissible difference (MPD).
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Ficure 3. Point to point estimation with 95% confidence intervals for the average percentage difference (PD%) of all patients for ev-
ery week for determing stability of calprotectin in synovial fluid when it stored at - 20 °C for 6 weeks. The black lines represents maxi-
mum permissible difference (MPD).
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FiGURE 4. Point to point estimation with 95% confidence intervals for the average percentage difference (PD%) of all patients for ev-
ery week for determing stability of calprotectin in synovial fluid when it stored at - 80 °C for 6 weeks. The black lines represents maxi-
mum permissible difference (MPD).
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cent CRESS recommendations for conducting sta-
bility studies. Calprotectin concentrations in syno-
vial fluid samples remained stable for 7 days at 4-8
°C and for 6 weeks at - 20 °C and - 80 °C. The au-
thors conclude only that the concentration of cal-
protectin agreed at every time point and in one
sample the calprotectin varied from the baseline
sample by < 20%. Our findings demonstrated that
the PD% for long-term preservation at - 80 °C was
less than 10%. Two other studies mentioned stor-
ing the synovial fluid samples at a temperature of
- 80 °C without specifying the duration of storage,
and calprotectin concentration was measured us-
ing the ELISA technique in these two experiments
(3,4). This demonstrates the importance of obtain-
ing information on long-term stability at - 20 or -
80 °C, especially because the freezers for - 20 °C
storage are more common and used in day-to-day
laboratory practice and storage. Alkadhem et al.
investigated the stability of synovial calprotectin
at room temperature and at 4 °C, and it was shown
that it was stable for 7 days at both storage tem-
peratures which is in accordance with findings in
this study (11). Furthermore, none of the men-
tioned studies were conducted according to
CRESS guidelines which is important for standardi-
zation of reporting results from all stability studies.

The knowledge of short- and long-term stabilities
is crucial regardless of the used methods whether
it was used immunoturbidimetry on an automatic
analyzer where analysis was usually done within a
couple of hours, or ELISA method, where it is usual
to collect a specific number of samples and the
analysis is performed in batches within few weeks
or months. The role of laboratory medicine in
healthcare systems is to provide precise, accurate,
and trustworthy laboratory findings, despite nu-
merous troubleshooting issues that arise in every-
day practice. The laboratory may compel to store
patient samples for a certain period in the refrig-
erator or at lower temperatures (- 20 °C or - 80 °C)
for various reasons. Additionally, body fluid sam-
ples (such as synovial fluid) are extremely chal-
lenging, or perhaps impossible, to redraw in rou-
tine laboratory practice. Consequently, the labora-
tory must have knowledge of the stability of ana-
lytes in these samples.

https://doi.org/10.11613/BM.2024.030704

Regarding the study’s limitations, additional syno-
vial fluid samples should have been used to have a
broader range of calprotectin concentrations.
Moreover, the IQCs were not analyzed continuous-
ly all days during the study, and the used reagent
was only once calibrated while the stability study
was in progress. Afterwards the calibration, 1QCs
were analyzed in two concentration levels, and it
was within the predefined range. The performed
calibration could have a minor influence on the
obtained results. Also, there is currently no immu-
noturbidimetric assay for automated analyzer
which is available on the market for analyzing the
concentration of calprotectin in synovial fluid. The
only available assay is intended for measuring cal-
protectin in fecal and serum samples. Another lim-
itation of this study was not using a reagent de-
signed for analyzing calprotectin in serum sam-
ples because the consistency of synovial fluid is
more similar to serum than stool sample. Further
testing of specific characteristics of the reagent
used to measure calprotectin, such as the preci-
sion of the method, is also necessary. Furthermore,
a detailed description of the included patients in
this study was not provided because it was used
only as leftover synovial fluid samples and other
data from patients were not collected.

In conclusion, the results of calprotectin concen-
trations in synovial fluid should be reliable if the
measurement was done from the samples that
were stored within 6 weeks in the freezer or 7 days
in the refrigerator.

Acknowledgments

The research was financed by the project: “Diag-
nostic significance of calprotectin in the early rec-
ognition of inflammatory conditions”,
KK.01.1.1.04.0055. The project was co-financed by
the European Union from the European Fund for
Regional Development, within the Operational
Program “Competitiveness and Cohesion 2014-
2020”. The main leader of the project was prof.
Ana-Maria Simundi¢, PhD. Additional information
about project is available at: https://www.kalpro-
tektin.kbsd.hr/.

Biochem Med (Zagreb) 2024,34(3):030704

7



Ci¢ak H. et al.

Short- and long-term stability of synovial fluid calprotectin

Author contributions

H Ci¢ak: Formal analysis, Investigation, Methodol-
ogy, Project administration, Validation, Visualisa-
tion, Writing - original draft; S Bulat: Formal analy-
sis, Investigation, Methodology, Writing - review &
editing; J Jeli¢i¢: Formal analysis, Investigation,
Methodology, Writing - review & editing; A Ivkovi¢:
Formal analysis, Investigation, Methodology, Su-
pervision, Writing - review & editing; K Mastrovi¢-
Radonci¢: Formal analysis, Investigation, Method-
ology, Supervision, Writing - review & editing; V
Radisi¢ Biljak: Formal analysis, Investigation, Meth-
odology, Supervision, Writing - review & editing; L

References

1. Hantouly AT, Salameh M, Toubasi AA, Salman LA, Alzobi O,
Ahmed AF, et al. Synovial fluid calprotectin in diagnosing
periprosthetic joint infection: A meta analysis. Internatio-
nal Orthopaedics. 2022;46:971-81. https://doi.org/10.1007/
500264-022-05357-6

2. Zhang Z, Cai Y, Bai G, Zhang C, Li W, Yang B, et al. The va-
lue of calprotectin in synovial fluid for the diagnosis of chro-
nic prosthetic joint infection. Bone Joint Res. 2020;9:450-7.
https://doi.org/10.1302/2046-3758.98.BJR-2019-0329.R2

3. Parvizi J, Zmistowski B, Berbari EF, Bauer TW, Springer BD,
Della Valle CJ, et al. New Definition for Periprosthetic Jo-
int Infection. From the Workgroup of the Musculoskeletal
Infection Society. Clin Orthop Relat Res. 2011;469:2992-4.
https://doi.org/10.1007/s11999-011-2102-9

4. Parvizi J, Tan TL, Goswami K, Higuera C, Della Valle C, Chen
AF, et al. The 2018 Definition of Periprosthetic Hip and Knee
Infection: An Evidence-Based and Validated Criteria. The
Journal of Arthroplasty. 2018;33:1309-1314.e2. https://doi.
0rg/10.1016/j.arth.2018.02.078

5. Alkadhem MF, Ettema H, Wagenmakers-Huizenga LMF,
Ploegmakers JJW, Muller Kobold AC, Wouthuyzen-Bakker
M. Synovial calprotectin is superior to synovial leukocyte co-
unt in excluding chronic periprosthetic joint infections, a re-
trospective cohort study. J Arthroplasty. 2024;39:1926-1931.
el. https://doi.org/10.1016/j.arth.2024.02.064

6. Jokic A, Milevoj Kopcinovic L, Culej J, Kocijan I, Bozovic M.
Laboratory testing of extracascular body fluids: National re-
commenadations on behalf of the Croatian Society of Me-
dical Biochemistry and Laboratory Medicine. Part Il. Synovi-
al fluid. Biochem Med (Zagreb). 2020;30:030501. https://doi.
0rg/10.11613/BM.2020.030501

7. Warren J, Anis HK, Bowers K, Pannu T, Villa J, Klika AK et al.
Diagnostic Utility of a Novel Point-of-Care Test of Calprotec-
tin for Periprosthetic Joint Infection After Total Knee Arthro-

Biochem Med (Zagreb) 2024;34(3):030704

Duki¢: Formal analysis, Investigation, Methodolo-
gy, Supervision, Writing - review & editing, Project
administration; AM Simundi¢: Conceptualization,
Methodology, Project administration, Resources,
Supervision, Writing - review & editing.

Potential conflict of interest
None declared.

Data availability statement

The data generated and analyzed in the presented
study are available from the corresponding author
on request.

plasty. J Bone Joint Surg Am. 2021,103:1009-15. https://doi.
0rg/10.2106/JBJS.20.01089

8. Wouthuyzen-Bakker M, Ploegmakers JJW, Ottink K, Kam-
pinga GA, Wagenmakers-Huizenga L, Jutte PC, Muller
Kobold AC. Synovial fluid; an inexpensive biomarker to
exclude a chronic prosthetic joint infection. The Journal of
Arthroplasty. 2018;33:1149-53. https://doi.org/10.1016/].
arth.2017.11.006

9. Baillet A, Trocme C, Romand X, Nguyen CMV, Courtier A, To-

ussaint B et al. Calprotectin discriminates septic arthritis
from pseudogout and rheumatoid arthritis. Rheumatology.
2019;58:1644-8.  https://doi.org/10.1093/rheumatology/
kez098

10. Zhang Z, Cai Y, Bai G, Zhang C, Li W, Yang B, Zhang W.
The value of calprotectin in synovial fluid for the diagno-
sis of chronic prosthetic joint infection. Bone Joint Res.
2020;9:450-7.  https://doi.org/10.1302/2046-3758.98.BJR-
2019-0329.R2

11. Lamot M, Miler M, Nikolac Gabaj N, Lamot L, MiloSevi¢ M,
Harjacek M, Abdovic S. Serum calprotectin is valid biomar-
ker in distinction of bacterial urinary test infection from
viral respiratory illness in children under 3 years of age.
Front. Pediatr. 2022;10:768260. https://doi.org/10.3389/
fped.2022.768260

12. Grzelecki D, Walczak P, Szostek M, Grajek A, Rak S,
Kowalczewski J. Blood and synovial fluid calprotectin as bi-
omarkers to diagnose chronic hip and knee periprosthetic
joint infections. Bone Joint J. 2021;103-B:46-55. https://doi.
org/10.1302/0301-620X.103B1.BJJ-2020-0953.R1

13. Alkadhem MF, Wagenmakers-Huizenga LMF, Wouthuyzen-
Bakker M and Muller Kobold AC. (Pre)analytical considera-
tions concerning the analysis of synovial calprotectin. Clin
Chem Lab Med. 2023;62:199-206. https.//doi.org/10.1515/
cclm-2023-0484

https://doi.org/10.11613/BM.2024.030704

8



Cicak H. et al.

Short- and long-term stability of synovial fluid calprotectin

4.

15.

16.

Cornes M, Simundic AM, Cadamuro J, Costelloe SJ, Baird G,
Kristensen GBB et al. The CRESS checklist for reporting stabi-
lity studies: on behalf of the European Federation of Clinical
Chemistry and Laboratory Medicine (EFLM) Working Group
for the Preanalytical Phase (WG-PRE). Clin Chem Lab Med.
2020;59:59-69. https://doi.org/10.1515/cclm-2020-0061
Buhimann fCAL turbo application note for Siemens Atelli-
ca Solution. Buhlmann Laboratories AG, Schonenbuch,
Switzerland. 2018.

Sandberg S, Fraser CG, Horvath AR, Jansen R, Jones G, Oo-
sterhuis W et al. Defining analytical performance specifica-
tions: Consensus Statement from the 1st Strategic Confe-
rence of the European Federation of Clinical Chemistry and
Laboratory Medicine. Clin Chem Lab Med. 2015;53:833-5.
https://doi.org/10.1515/cclm-2015-0067

https://doi.org/10.11613/BM.2024.030704

17.

18.

19.

Clinical and Laboratory Standards Institute (CLSI). User
Verification of Precision and Estimation of Bias; Appro-
ved Guideline, 3rd edition. CLSI document EP15-A3.
Wayne:CLSI,2014.

Gomez-Rioja R, Von Meyer A, Cornes M, Costelloe S, Ver-
meersch P, Simundic AM et al. Recommendation for the de-
sign of stability studies on clinical specimens. Clin Chem Lab
Med. 2023;61:1708-18. https://doi.org/10.1515/cclm-2023-
0221

Gomez-Rioja R, Segovia Amaro M, Diaz-Garzdn J, Bauca
JM, Martinez Espartosa D, Ferndndez-Calle P. A proto-
col for testing the stability of biochemical analytes. Tehni-
cal data. Clin Chem Lab Med. 2019;57:1829-36. https://doi.
0rg/10.1515/cclm-2019-0586

Biochem Med (Zagreb) 2024,34(3):030704

9



