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Septic arthritis (SA) is a severe and rapidly progressive joint
infection and a potentially life-threatening condition that can
affect all age groups. Due to the lack of effective methods for
early detection and assessment of treatment outcomes, mea-
surement of biochemical markers (biomarkers) is a promising
method for monitoring the disease. The aim of the study was
to determine the diagnostic significance of inflammatory bio-
markers (IL-6, CRP, haptoglobin, ceruloplasmin) in patients
with septic joint inflammation of various localizations. Methods.
The study analyzed blood serum from 54 male and female sub-
jects. Of these, 18 were conditionally healthy and entered group
1 (control), and 36 patients were diagnosed with septic osteoar-
thritis of joints of various localization in the skeleton. Of these,
18 had SA of the knee joint,; 13 patients had SA of the hip joint
and 5 had SA of the ankle joint. Results. Patients with septic
arthritis of the knee and hip joints had significantly increased
levels of IL-6 and acute phase proteins in the blood serum. We
believe that it is the enhanced synthesis of the pro-inflammatory
cytokine IL-6 and acute phase proteins that plays a significant
role in the pathophysiology of the inflammatory response, which
initiates a chain of reactions that lead to cartilage degradation
and further complication of inflammatory processes in the joint.
Therefore, these biomarkers can be tools for diagnosing the pro-
gression of this disease in both preclinical and clinical studies.
The results obtained emphasize the importance of identifying in-
flammatory biomarkers for diagnosing the progression of septic
arthritis in both preclinical and clinical studies to establish the
stage of the disease and predict clinical outcome.

Cenmuunuu apmpum (CA) — ye sadicka ma weuoxko npozpecyio-
uq inpexyis cyenodie i nomeHyiiHo Hebe3neunutl O HCUmms
cmant, sKull Modice 6RJIUHYMU HA 6Ci 8ikoei epynu. Yepes 6i0-
cymuicms eekmunux memooié paHHb020 GUABLEHHA Ul OYi-
HIOBAHHSL Pe3YIbmamis JNIKYSAHHS, GUMIDIOGAHHS OIOXIMIUHUX
mapkepis (biomapkepis) € nepcneKmueHuUM MemoooM MOHIMO-
punzy 3axeopioganns. Mema. Busnauumu oiaenocmuyny 3ua-
uywicms 3ananvuux oiomapkepie (1/I-6, CPb, eanmoenobiny,
YepynoniasmMiny) 8 NayicHmIia i3 CenmudHUM 3aNaleHHAM Cyea0-
0i6 pisnoi noxanizayii. Memoou. Y docnidscenni npoananizosa-
HO cuposamxy kpoei 54 ocid wonosiuoi i scinouoi cmami. 13 Hux
18 Oynu ymosro 300posumu i yeitiwau 0o I epynu (KoHmpoy),
a 36 xeopux maau Oiaeno3 cenmudHull ocmeoapmpum cy2iooie
pisnoi noxanizayii 6 ckenemi. 13 nux 18 — CA koninnozco cyeno-
6a; 13 — CA kymvuwosoeo i 5 — CA HaOn'ssmKko80-20MIIKOB020.
Pezynomamu. ¥ nayienmis iz cenmuynum apmpumom KorinHo20
ma Kynulo8o2o cyenobieé 6ynu 3nauno niosuueni pisui 1JI-6 ma
binkie cocmpoi ¢haszu 6 cuposamyi kposi. Ha nawy oymxy came
nocunenull cunmes nposananvrozo yumoxiny IJI-6 ma binkie
2ocmpoi ¢hasu sidiepace 3nayny pons y namo@izionozii 3anansHoi
810106101, 3a AKOI IHIYIIOEMbCA TAHYIO2 Pearyill, Wo npu3eoo0amy
00 Oecpadayii xpawa i NOOANBULOZO YCKAAOHEHHSA 3ANATbHUX
npoyecig y cyeno6i. Tomy yi 6iomapkepu modicyms Oymu incmpy-
Menmamu 0iaeHOCMUKYU NPOSPecyB8aAHHs Yb0O20 3AXBOPI0GAHHSL K
Ha OOKMIHIYHUX, MaK i 6 KAIHIYHUX 0ocaioxcenusx. Odepaicani
pe3yabmamu NiOKPecarooms 6AXNCIUGICIMb 6USHAYEHHS OloMap-
Kepie 3ananents s OlaeHOCMUKU NPOPECYBAHHI CENMUYHO20
apmpumy K Ha OOKLIHIYHUX, MAK [ 8 KATHIYHUX OOCTIONCEHHIX
01 6cmanoeaents cmaoii 3ax60pIO6AHHA MA NPOSHO3YEAHHS
KaiHiuno2o pesynvmamy. Knwouosi croea. Inmepnetikin-6, 6inku
2ocmpoi gasu, cenmuunuil ocmeoapmpum.
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Introduction

Septic arthritis (SA) is a severe and rapidly
progressive joint infection [1, 2]. It is a potential-
ly life-threatening condition that can affect all age
groups. The annual incidence of SA ranges from 1 to
35 cases per 100,000 people in different countries [3].
The mortality rate can be high, ranging from 3 to
25 % [4]. Despite the severity of the disease, many
patients do not have classic signs, symptoms, or lab-
oratory abnormalities [4]. Diagnosis is complicated
by the large number of conditions that can mimic SA,
further complicating the diagnosis. Major risk factors
include advanced age, pre-existing joint disease such
as rheumatoid arthritis or osteoarthritis, diabetes, im-
munosuppression, recent joint surgery, intravenous
drug use, and systemic infections. The increase in SA
incidence is partly due to an aging population and an
increase in comorbidities [2].

Each joint of the skeleton is characterized by
a certain kinetics of the development of the patho-
logical process, which is associated with symptoms
of inflammation, stiffness and loss of mobility. Usu-
ally, SA develops in the knee, hip, talocrural joints
and in the spinal vertebrae [5]. Diagnosis, which is
based on clinical examination and radiography, pro-
vides little information about the onset and progres-
sion of the disease, metabolic changes in the tissues
of the joint. Due to the lack of effective methods for
early detection and analysis of treatment results,
measurement of biochemical markers (biomarkers)
is a promising method for monitoring the disease.
Of particular interest are inflammatory biomarkers
of SA, which are present in biological fluids such as
blood, urine and synovial fluid, sources that are easily
isolated from the body [6]. By examining these bio-
chemical markers: cytokines (interleukin-6, (IL-6)
and acute phase proteins (C-reactive protein (CRP),
ceruloplasmin and haptoglobin) in the patient's se-
rum, it is possible to accurately determine the level
and activity of the inflammatory process. After all,
it is known that the heterogeneity of the pathogen-
esis of AS is reflected in the combinations of dif-
ferent markers indicating the degree of joint deg-
radation [7]. Cytokines are small proteins that are
secreted by cells and have a unique effect on their
interaction and communication. These signaling mol-
ecules are responsible for the regulation of immune
responses and inflammation, and also cause cell
growth and differentiation. Inflammatory cytokines
are released in response to tissue damage or infec-
tion and have the potential to activate nerve fibers,
contributing to the development of chronic pain [8].

Interleukins play an important role in modulating im-
mune responses in various scenarios, from infectious
diseases to pain and postoperative period. They act
as pro- and anti-inflammatory and have a crucial role
in the activation of immune cells, tissue repair and
the overall balance of the immune system. Proinflam-
matory ILs, including IL-6, can lead to tissue damage
if overexpressed [9—11]. The production of proinflam-
matory cytokines is primarily attributed to activat-
ed macrophages that induce inflammatory respons-
es. The proinflammatory biomarker IL-6 initiates
a chain of reactions that causes cartilage degradation
and other inflammatory processes [12]. CRP, ceru-
loplasmin and haptoglobin are acute phase reactants
that positively correlate with inflammation and joint
pain in osteoarthritis and have been shown to predict
pre- and post-operative outcomes [13—15]. The anal-
ysis of the above literature sources proves that AS is
one of the most common causes of disability among
people of all ages and can affect almost all joints
of the skeleton. Each joint is characterized by cer-
tain kinetics of the development of the pathological
process. However, the most vulnerable among them
are the hip and knee. Determination of biochemical
markers of inflammation demonstrates their variabil-
ity for detecting pathological processes in the joints
according to SA.

Purpose: to determine the diagnostic significance
of inflammatory biomarkers (interleukin-6, C-reac-
tive protein, haptoglobin, ceruloplasmin) in patients
with septic inflammation of the joints of various
localization.

Material and Methods

The study analyzed the blood serum of 54 male
and female subjects. Of these, 18 were relatively
healthy and included in group I (control), and 36 pa-
tients were diagnosed with septic osteoarthritis
of joints of various locations in the skeleton. Of these,
18 (group II) had CA of the knee joint; 13 patients
(group III) had CA of the hip joint, and 5 (group 1V)
had CA of the talocrural joints.

The study was carried out after approval by
the Bioethics Committee of the Institute of Trau-
matology and Orthopedics (protocol No. 4 dat-
ed 11.17.2023) in accordance with the Declaration
of Helsinki 2000, the European Community Direc-
tive 86/609 on the participation of humans in biomed-
ical research and orders of the Ministry of Defense
of Ukraine No. 690 dated 23.09.2009, No. 944 dated
14.12.2009, No. 616 dated 03.08.2012. All patients
signed an informed consent form to participate in
the study.
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The concentration of IL-6 in the patients' blood
serum was determined on the Cobas 411 analyzer
using Roche Diagnostics test systems. The analysis
of CRP, haptoglobin and ceruloplasmin was per-
formed on the Cobas 311 biochemical analyzer using
Roche Diagnostics test systems.

Statistical processing of the obtained results was
carried out using the Origin Pro 8.5 program package.
The mean values of the obtained indicators (M) with
standard deviations (SD) were determined. The sig-
nificance of the difference between groups with
a normal distribution of comparison was assessed by
the Student's t-test. Changes were considered signif-
icant at p < 0.05. In order to determine the statistical
significance of the differences between groups for
quantitative (with a distribution different from nor-
mal) and ordinal variables, the Kruskal-Wallace test
was applied. Comparison of quantitative and ordinal
variables in dependent samples was carried out using
the Wilcoxon test. The data in the graphs are present-
ed as medians and 5-95 percentiles.

Results and Discussion

According to our findings, the average concen-
tration of IL-6 in the blood serum of individuals in
the control group was (2.07 + 0.22) pg/ml. In the re-

maining patients, its significant and probable in-
crease was noted. Thus, in group II, the concentration
of IL-6 increased by 695.7 %, and in group III by
1884.1 % (p < 0.05; Table). In group 1V, a tendency to
increase this indicator was recorded.

The pro-inflammatory biomarker IL-6 plays
a crucial role in the development of the inflammatory
response in SA and initiates a chain of reactions that
lead to cartilage degradation and further complica-
tion of inflammatory processes in the joint [12]. An
increase in its concentration triggers the synthesis
of acute phase proteins, such as CRP, ceruloplasmin
and haptoglobin, and also activates the innate im-
mune system [16].

The level of CRP in the blood serum increased
the most in patients with SA of the hip joint by
2635.4 % relative to control values (p < 0.05; table).

Almost half as much, namely by 1126.02 %,
the level of this indicator increased in SA of the hip
joint (p < 0.05; Fig. 2). In the case of septic arthritis
of the talocrural joint, a tendency to its increase was
recorded.

Thus, an increased level of CRP in the blood
serum reflects the activity and risk of progression
of the disease of the knee and hip joints.

Table
Concentration of interleukin-6 and acute phase proteins in patients
with septic joint inflammation of various localizations
Ne Indicator Control Joint
knee hip talocrural
1 Interleukin-6, pg/ml 2.07+0.22 16.47 £ 3.42%* 39.0 + 8.81* 69.17 £52.93
2 C-reactive protein, mg/1 2.46=+0.75 30.16 + 5.66* 67.29 £ 16.10* 65.82 + 33.83
3 Ceruloplasmin, g/1 0.23 £0.01 0.36 £ 0.02* 0.33 £ 0.03* 0.28 £0.02*
4 Haptoglobin, g/l 1.16 £ 0.09 3.60 +£ 0.48%* 3.33 £0.44* 2.93 + 0.64*
Note. * — p < 0.05 realtive to control group.
/1 /1
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. i
0,2 2
0,1 1 1A E
0 1 2 3 4 group 0 1 3 4 group

Fig. 1. Ceruloplasmin concentration in the blood serum
of conditionally healthy subjects (1) and patients with SA
of the knee (2), hip (3), and talocrural joints (4). * — p < 0.05
relative to group 1

Fig. 2. Haptoglobin concentration in the blood serum
of conditionally healthy subjects (1) and patients with SA
of the knee (2), hip (3), and talocrural joints (4). * — p < 0.05
relative to group 1
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The concentration of ceruloplasmin in the blood
serum increased in all patients with SA of the studied
joints. However, it was not as high as when determin-
ing IL-6 and CRP. The largest increase of 56.52 %
was noted in SA of the knee joint (p < 0.05; table). In
SA of the hip and talocrural joints, the level of this in-
dicator significantly increased by 43.47 and 21.74 %,
respectively (p < 0.05; Fig. 1) compared to the control.

The same trend was observed when determining
the concentration of haptoglobin. The highest value
was recorded when measuring in the blood serum
of patients with SA of the knee joint. It was higher
by 210.34 % compared to the control group (p < 0.05;
Fig. 2).

In SA of the hip or talocrural joints, a signifi-
cant increase in its level was observed by 187.07 and
152.59 % of the control values, respectively (p < 0.05;
Fig. 2). According to our findings and literature data,
patients with septic arthritis of the knee and hip joints
had significantly increased levels of IL-6 and acute
phase proteins in the blood serum [17, 18]. We believe
that it is the enhanced synthesis of the pro-inflamma-
tory cytokine IL-6 and acute phase proteins that plays
a significant role in the development of the inflamma-
tory response in SA. An increase in the concentration
of IL-6 triggers the synthesis of acute phase proteins,
primarily CRP, and initiates a chain of reactions that
lead to cartilage degradation and further development
of inflammatory processes in the joint. This is con-
sistent with the results of other authors who observed
a certain positive relationship between peak serum
IL-6 and CRP levels in knee and hip osteoarthritis
[12, 16]. Therefore, these biomarkers can be tools for
diagnosing the progression of this disease in both pre-
clinical and clinical studies, the main goal of which is
to establish the diagnosis, stage of the disease and
predict clinical outcome. The results obtained em-
phasize the importance of determining inflammato-
ry biomarkers for the assessment and understanding
of the inflammatory process.

Conclusions

Patients with septic arthritis of the knee and hip
joints had significantly increased levels of 1L-6 and
acute phase proteins in the blood serum.

An increase in the concentration of IL-6 triggers
the synthesis of acute phase proteins, primarily CRP,
and initiates a chain of reactions that lead to cartilage
degradation and further complication of inflammato-
ry processes in the joint.

The results obtained emphasize the importance
of determining inflammatory biomarkers for di-
agnosing the progression of septic arthritis in both

preclinical and clinical studies to establish the stage
of the disease and predict clinical outcome.

Conflict of interest. The authors declare the absence
of a conflict of interest.

Prospects for further research. Studies of acute phase
proteins, interleukins to identify the severity of the disease and
metabolic changes in these indicators depending on the severity
of the pathological process.

Information on funding. The research, the results of which
are published in the article, was funded within the framework
of the research project on the topic “Developing tactics for the
diagnosis and surgical treatment of nonspecific infectious arthri-
tis of large joints of the lower extremities: hematogenous, after
trauma and combat injuries”.

Authors’ contribution. Magomedov S. — analysis
of the findings, participation in drafting the article; Poly-
achenko Yu. V. — definition of research directions; Hryt-
say M. P. — analysis of clinical material, drafting conclusions;
Litovka I. G. — analysis of the findings, drafting the article;
Sabadosh V. I. — analysis, diagnosis of patients; Dekhteren-
ko N. O. — processing and conducting research; Kuzub T. A. —
processing and conducting biochemical studies.

References

1. Chan,B.Y., Crawford, A. M., Kobes, P. H., Allen, H., Leake, R. L.,
Hanrahan, C. J., & Mills, M. K. (2020). Septic arthritis: An
evidence-based review of diagnosis and image-guided aspi-
ration. American Journal of Roentgenology, 215(3), 568—581.
https://doi.org/10.2214/ajr.20.22773

2. Wu, K. A, Kugelman, D. N., Seidelman, J. L., & Seyler, T. M.
(2024). Native joint septic arthritis. Antibiotics, 13(7), 596.
https://doi.org/10.3390/antibiotics13070596

3. Cohen, E., Katz, T., Rahamim, E., Bulkowstein, S., Weis-
el, Y., Leibovitz, R., ... Leibovitz, E. (2020). Septic arthritis
in children: Updated epidemiologic, microbiologic, clinical
and therapeutic correlations. Pediatrics & Neonatology, 61(3),
325-330. https://doi.org/10.1016/j.pedneo.2020.02.006

4. Momodu, L. I, & Savaliya, V. (2024) Septic arthritis StatPearls
(StatPearls Publishing) In: StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing.

5. Murray, K. J., Molyneux, T., Le Grande, M. R., Castro Men-
dez, A., Fuss, F. K., & Azari, M. F. (2017). Association of mild
leg length discrepancy and degenerative changes in the hip
joint and lumbar spine. Journal of manipulative and physio-
logical therapeutics, 40(5), 320-329. https://doi.org/10.1016/.
jmpt.2017.03.001

6. Nguyen, L., Sharma, A., Chakraborty, C., Saibaba, B., Ahn, M., &
Lee, S. (2017). Review of prospects of biological fluid bio-
markers in osteoarthritis. International Journal of molecular
sciences, 18(3), 601. https://doi.org/10.3390/ijms18030601

7. Luyten, F., Bierma-Zeinstra, S., Dell’Accio, F., Kraus, V.,
Nakata, K., Sekiya, 1., ... Lohmander, L. (2018). Toward
classification criteria for early osteoarthritis of the knee. Sem-
inars in arthritis and rheumatism, 47(4), 457-463. https://doi.
org/10.1016/j.semarthrit.2017.08.006

8. Cocea, A., & Stoica, C. L. (2024). Interactions and trends
of interleukins, PAI-1, CRP, and TNF-a in inflammatory
responses during the perioperative period of joint arthro-
plasty: Implications for pain management — A narrative
review. Journal of personalized medicine, 14(5), 537. https://
doi.org/10.3390/jpm14050537

9. Millrine, D., Jenkins, R. H., Hughes, S. T., & Jones, S. A.
(2021). Making sense of IL-6 signalling cues in pathophysiology.
FEBS Letters, 596(5), 567-588. https://doi.org/10.1002/1873-
3468.14201

10. Su, P. P, Zhang, L., He, L., Zhao, N., & Guan, Z. (2022).
The role of neuro-immune interactions in chronic pain:



11.

12.

13.

14.

ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2025. No 2

Implications for clinical practice. Journal of pain research,
15, 2223-2248. https://doi.org/10.2147/jpr.s246883

Choy, E., Bykerk, V., Lee, Y. C., Van Hoogstraten, H., Ford, K.,
Praestgaard, A., ... Sebba, A. (2022). Disproportionate articular
pain is a frequent phenomenon in rheumatoid arthritis and
responds to treatment with sarilumab. Rheumatology, 62(7),
2386-2393. https://doi.org/10.1093/rheumatology/keac659
Slovacek, H., Khanna, R., Poredos, P., Poredos, P., Jezovnik,
M., Hoppensteadt, D., ... Hopkinson, W. (2021). Interrela-
tionship of MMP-9, proteoglycan-4, and inflammation in
osteoarthritis patients undergoing total hip arthroplasty.
Clinical and applied thrombosis/hemostasis, 27. https://doi.
org/10.1177/1076029621995569

Kondo, F., Takegami, Y., Ishizuka, S., Hasegawa, Y., & Imag-
ama, S. (2021). The association of the progression of knee
osteoarthritis with high-sensitivity CRP in community-dwelling
people — the Yakumo study. Clinical rheumatology, 40(7),
2643-2649. https://doi.org/10.1007/s10067-020-05541-2
Yang, X., Ruan, G., Xu, J., Zheng, S., Wang, K., & Ding, C.
(2020). Associations between suprapatellar pouch effusion-sy-
novitis, serum cartilage oligomeric matrix protein, high
sensitivity C-reaction protein, knee symptom, and joint

15.

16.

17.

structural changes in patients with knee osteoarthritis. Clin-
ical rheumatology, 39(5), 1663—1670. https://doi.org/10.1007/
$10067-019-04905-7

Kraus, V. B., Reed, A., Soderblom, E. J., Golightly, Y. M.,
Nelson, A. E., & Li, Y. (2024). Serum proteomic biomarkers
diagnostic of knee osteoarthritis. Osteoarthritis and cartilage,
32(3), 329-337. https://doi.org/10.1016/j.joca.2023.09.007
Watt, D. G., Horgan, P. G., & McMillan, D. C. (2015). Routine
clinical markers of the magnitude of the systemic inflammatory
response after elective operation: A systematic review. Surgery,
157(2), 362-380. https://doi.org/10.1016/j.surg.2014.09.009
Sahli, H., Bachali, A., Tekaya, R., Ben Tekaya, A., Khalfal-
lah, R., Saidane, O., ... Abdelmoula, L. (2018). Clinical and
laboratory characteristics in septic arthritis patients with and
without isolated germs. The Egyptian rheumatologist, 40(4),
269-272. https://doi.org/10.1016/j.ejr.2017.10.008

. He, M., Arthur Vithran, D. T., Pan, L., Zeng, H., Yang, G.,

Lu, B., & Zhang, F. (2023). An update on recent progress
of the epidemiology, etiology, diagnosis, and treatment
of acute septic arthritis: A review. Frontiers in cellular
and infection microbiology, 13. https://doi.org/10.3389/
fcimb.2023.1193645

The article has been sent to the editors
21.01.2025

Received after review
29.01.2025

Accepted for printing
05.02.2025

INTERLEUKIN-6 AND ACUTE PHASE PROTEINS AS BIOMARKERS
OF SEPTIC OSTEOARTHRITIS

S. Magomedov, Yu. V. Polyachenko, M. P. Hrytsai,
I. H. Litovka, V. I. Sabadosh, N. O. Dekhterenko, T. A. Kuzub

SI «National Institute of Traumatology and Orthopedics of the NAMS of Ukraine», Kyiv

D4 Sadrudin Magomedov, MD, Prof.: alexander@magomedov.kiev.ua; https://orcid.org/0000-1234-5678-9101
> Yuriy Polyachenko, MD, Prof.: info@ito.gov.ua
0<] Mykola Hrytsai, MD, Prof.: mgrytsai02@gmail.com; https://orcid.org/0000-0003-1608-7879
0 Litovka Iryna, MD, Prof: litir@biph.kiev.ua; https://orcid.org/0000-0001-9163-3572

D4l Sabodash Vasyl: sabadoshv@gmail.com; https://orcid.org/0000-0002-3214-3298

> Natali Dekhterenko: natali.de@ukr.net; https://orcid.org/0000-0003-3330-533x

0] Taisiia Kuzub: biohimii@ukr.net



