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Abstract. Total arthroplasty is a key method for treating degenerative and dystrophic diseases of large joints. The most
serious complication related to endoprosthesis is periprosthetic infection, the treatment of which involves significant
economic costs and a high risk of recurrence. Therefore, during endoprosthetics, it is necessary to conduct a preliminary
microbiological examination, which allows to choose the most effective etiotropic therapy especially important in case
of antibiotic-resistant microorganisms, fungi and mixed infections. The aim of the study was to analyze the pattern
of microorganisms isolated from synovial fluid in patients with chronic orthopedic infection of large joints of the
extremities. The study included 79 patients with suspected periprosthetic infection and 15 patients with chronic
arthritis combined with osteonecrosis. Synovial fluid samples were delivered to the microbiological laboratory
of SamSMU Clinics, where positive samples were cultured and microorganisms were identified using MALDI-ToF
mass spectrometry (Bruker, Germany). The study found that among Gram-positive pathogens, S. aureus was the most
common — 45.9% (56 strains), S. epidermidis — 29.5% (36 strains) and C. striatum — 13.1% (16 strains) of cases. Among
S. aureus, 17.9% were methicillin-resistant. K. pneumoniae was the dominant Gram-negative species (50%), E. coli
was the second most common, with 33.2%. 9 strains of K. pneumoniae produced beta-lactamase, and carbapenemases
were detected in 4 cases. All E. coli strains were producers of extended-spectrum beta-lactamases. In patients with
chronic arthritis and osteonecrosis, Gram-positive pathogens were mainly isolated (73.3%), including methicillin-
resistant S. aureus (25%). Gram-negative pathogens accounted for 26.7%, and extended-spectrum beta-lactamase
producers prevailed. Hence, Gram-positive bacteria predominate in the pattern of pathogens, especially S. aureus and
coagulase-negative Staphylococcus spp. Gram-negative microorganisms act as an etiological agent much less frequently,
however, the frequency of prevalence for strains with multiple antibiotic resistance is increasing among them. Thus,
conducting a preliminary microbiological examination to determine antibiotic sensitivity becomes a necessary step
during endoprosthetics.
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U3YYEHUE CTPYKTYPbl MMUKPOOPITAHU3MOB, BbIOEJIEHHbBIX U3 CUHOBUWAJIbHOM
XNOKOCTU Y NAUMEHTOB C XPOHWYECKOM OPTOI'IEJJM"IECKOVI VIHdJEKLIMEVI KPYIMHbIX
CYCTABOB KOHEYHOCTEMN

Ncemarynnun 1.J1., Koziaos A.B., JIamun A.B., Kynames JI.C., Cedennnoa M.IO., Kuases A.A., Mapuenko B.B.,
YauBaunosa B.A.

DI'EOY BO Camapckuii eocyoapcmeennoiii meduuunckui ynueepcumem Munzopasa P®, e. Camapa, Poccus

Pestome. ToTanbHOE 2HAONIPOTE3MPOBAHUE SIBISETCS KJIIOUEBBIM METOIOM JIeUeHU s TeTeHepaTUuBHO-IUCTPODU-
YecKuX 3a00JIeBaHMI KPYMHBIX cycTaBoB. Hambosiee cepbe3HBIM OCIOXHEHHUEM 3HIOTPOTE3UPOBAHUS SIBJISIET-
cs epuTpoTe3Hast MHGEKIs, Tepanus KOTOPOil CompsixkeHa Co 3HaYMTEbHBIMU SKOHOMUYECKMMU 3aTpaTaMu
U BBICOKMM PUCKOM Pa3BUTHUS peluauBoB. [103TOMy MpH 3HIOMPOTE3MPOBAHUN HEOOXOIUMO MPOBOAUTH MPE-
BapuTeJlbHOE MUKPOOMOJOTHYECKOE UccaenoBaHue. JlaHHBII 2Tal Mo3BOasIeT BbIOpaTh Hanboee 3pHeKTUBHY IO
STUOTPOIHYIO Tepamnuio, YTO 0COOEHHO BaXHO MPU HAJIUYMU aHTUOMOTMKOPE3UCTEHTHBIX MUKPOOPTaHU3MOB,
rpuboB U MUKCT-uHGekuuu. Llenb uccienoBanuss — NpoaHalIu3upoOBaTh CTPYKTYPY MUKPOOPTaHU3MOB, BbIjie-
JICHHBIX U3 CMHOBHUAJIbHOM XUIKOCTH Y TTAIIMEHTOB C XpPOHMUECKON OpTONeANYeCcKONl MH(PEKIMEel KPYIMHBIX CY-
CTaBOB KOHEYHOCTEH. B nccieqoBanre BKIIFOUEHEBI 79 MaIlMEHTOB C TIOA03PEHUEM Ha TIEPUTIPOTE3HYI0 MHGMEKIIUIO
1 15 manueHToB ¢ XpOHMUYECKMM apTPUTOM B COUYETAHUHU ¢ OCTCOHEKpo3oM. OOpa3ilbl CHHOBUATBHOM KUIKO-
CTHU JIOCTABJISIIA B MUKPOOUOJornueckyto sadoparopuio Knunuk CamI'MY, rine ocyiiecTBisiics MoceB MoJ0X M-
TeJbHBIX 00pa3loB U uaeHTUGUKauug Mukpoopranu3mos MetronoMm MALDI-ToF macc-cnektpomerpuu (Bruker,
I'epmanus). B xone ucciaenoBaHus OblJI YCTAHOBJIEHO, YTO CPEAU TPaMIOJOXUTEIbHBIX BO30OyIuTeNeil Hauboee
4acTo BhIAENSATUCH S. aureus — 45,9% (56 wramMmoB), S. epidermidis — 29,5% (36 murammos) u C. striatum — 13,1%
(16 mrammoB) ciydaeB. Cpenu S. aureus 17,9% Obinu MmeTunMIMH-pe3ucteHTHRIMU (MRSA). Cpenu rpamorpu-
LaTeJIbHBIX TOMUHUpOoBad Bun K. pneumoniae — 50%, BTOPBIM 110 YaCTOTE BCTPEYaeMOCTH BhIsABIIsICS E. coli —
33,2%. 9 mrammoB K. pneumoniae nponyuupoBaiu BJIPC, a B 4 ciyvasx OblIM BbISIBJIEHBI KapOarneHeMasbl.
Bce mrammebl E. coli sBasinuch NpoAaylLeHTaMK OeTa-lakTaMa3 paclIupPeHHOro CreKTpa AeicTBUS. Y MalueHTOB
C XPOHUYECKHUM apTPUTOM U OCTEOHEKPO30M BBIACISJINCH IPEUMYIIeCTBEHHO I'PaMIIOJOXUTEIbHbBIE BO3OYIUTE-
i — 73,3%, BKJ104asi METULIMJIIMH-PE3UCTEHTHBIM 30JI0TUCThIM CTapuI0KOKK — 25%. M3 rpaMoTpuLiaTeIbHbIX
natoreHoB (26,7%), npeobagain MpOAYLEHTHI OeTa-JTaKTaMa3 pacUIMPeHHOro crekTpa. M3 atoro cienyer, uTo
B CTPYKTYpe BO30yIMTeIeH IMpeodianaroT rpaMIIONIOXUTeIbHBIE 0AKTeprH, B OCOOCHHOCTH S. aureus M KOTyIa30-
HeraTUBHBIE CTa(PUIOKOKKH. ' paMoTpHuIIaTeIbHBIe MUKPOOPTaHU3MBI B Ka4eCTBE 3THOJOTHYECKOTO ar¢HTa BhI-
CTYTAIOT 3HAYUTEIHHO Peke, OJHAKO CPelM HUX BO3PacTaeT YaCTOTa BCTPEUaeMOCTH IITAMMOB C MHOXECTBECHHOM
YCTOMYMBOCTBIO K aHTMOMOTUKAM. TakuM 00pa3oM, MpoBeJeHNE MPeABAPUTETLHOTO MUKPOOUOJIOTUYECKTO UC-
CJIeOoBaHMS C OTIpeieIeHueM aHTUOMOTUKOYYBCTBUTEIBHOCTH CTAHOBUTCS HEOOXOMMMBIM 3TATIOM TIPU MPOBEJIe-
HUWUY 3HIOMPOTE3UPOBAHMUSI.

Karouesnle caosa: cunoguanvras JICII@KOCmb, nepunpomesHas IIH¢€KI4H}1, 6aICm€lea/leblL7 apmpum, cycmaebol,
3H00npome3up06aﬂue, aHmuﬁuomuxopesucmeHmHocmb, MuleOﬁuOM.

Introduction

An increase in the life expectancy of the popula-
tion, in the prevalence of obesity, diabetes mellitus,
as well as in the long-term consequences of infec-
tion caused by the SARS-CoV-2 virus (including
post-COVID-19 syndrome) are significant factors
contributing to an increase in the incidence of de-
structive dystrophic diseases of the musculoskeletal
system [1, 2, 19]. Nowadays, the most effective and
clinically successful surgical method for the treat-
ment of degenerative-dystrophic diseases of large
joints of the extremities in terminal stages, in case
of ineffectiveness of conservative therapy, is total
arthroplasty. Currently, in Russia and worldwide,
the number of primary endoprosthetic surgeries
of large joints of the extremities continues to increase
along with associated number of complications.
The most severe one of them in terms of prevalence,
characterized by prolonged and expensive treatment,

accompanied by unforeseen consequences and high
risks of recurrence, is periprosthetic joint infection
(PJI) [9, 14]

In some cases, with timely diagnosis of acute PJI,
an artificial joint can be preserved by performing
a one-step revision of the endoprosthesis — DAIR
procedure (debridment, antibiotics and implant
retention), which is based on thorough surgical
sanitation with tissue irrigation and replacement
of modular and polyethylene components of the
endoprosthesis [15].

With the chronization of an acute infectious
process or the onset of PJI months or years after to-
tal joint replacement, surgical treatment is always
aimed at removing all components of the endopros-
thesis, which may be performed during one or two
stages [17]. In the first case, surgical intervention
includes removal of the endoprosthetic components,
radical surgical treatment, sanitation, implantation
of new endoprosthetic components and subsequent
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long-term course of parenteral and oral antibacterial
therapy. For performing revision of endoprosthesis
in one stage, preliminary microbiological examina-
tion is important to select the most effective antibac-
terial drug for therapy, especially in cases of mixed
infections or isolation of infectious agents, which are
difficult to treat (DTT) [9].

Another difficult group in terms of verifying
the diagnosis and determining treatment tactics
is patients with a combined course of osteonecro-
sis and chronic septic (bacterial) arthritis. Septic
arthritis is an urgent clinical situation character-
ized by invasion of microorganisms (MO), mostly
bacteria, into the synovial membrane of the joint.
In this case, infection with the subsequent inflam-
matory process in the joint always leads to the de-
struction of articular surfaces [10]. Timely surgical
treatment of purulent arthritis is aimed at urgent
arthrotomy, exudate evacuation, drainage of the
joint cavity, subsequent antibacterial therapy and
extremity immobilization. This tactic is fun-
damental in urgent surgery, but the subsequent
destruction of articular cartilage with changes
in articular surfaces leads to the progression of os-
teonecrosis, the emergence of persistent contrac-
tures, limited joint movement, impaired extrem-
ity support and a sharp deterioration in the quality
of patients’ life. The only possible way to restore
the anatomical and physiological characteristics
of the joint is total arthroplasty [13].

Gram-positive MO, mainly Staphylococcus
aureus, is most often isolated in septic arthritis.
Individual studies have shown that phagocytes
have the ability to internalize S. aureus and pro-
vide its long-term intracellular survival [11, 14].
Over time, an increase in intracellular proliferation
of the pathogen is observed against the background
of a decrease in the inflammatory response in the
host cell. Therefore, even in case of clinical regres-
sion of septic inflammation symptoms, intracel-
lular microbial persistence remains (in osteocytes,
particularly). This key pathogenetic mechanism
indicates a high probability of infectious complica-
tions during total arthroplasty.

As a result, this category of patients has a clini-
cal situation with mutually exclusive positions: on the
one hand, the need for joint replacement; on the other
hand, the impossibility of performing this operation
due to the obvious and extremely high risk of septic
complications in the postoperative period.

Despite the significant advantages, the microbio-
logical diagnosis procedure faces a number of limita-
tions, including the risk of samples contamination,
the lack of the necessary amount of biological materi-
al for the study (the dry tap), difficulties in detecting
bacteria forming biofilms and decreased diagnostic
sensitivity after previous antibiotic therapy [19].

Consequently, such patients have a pronounced
need for timely diagnosis and verification of the

causative infectious agent in order to make a rea-
sonable decision on the scope and terms of surgi-
cal intervention. Microbiological diagnosis with
the microbial identification and the antimicrobial
susceptibility tests is the fundamental step in de-
termining treatment tactics. The data obtained
makes it possible not only to adequately select
etiological (local and systemic) therapy, but also
to objectively assess the possible risks of surgical
treatment [4, 7].

Materials and methods

The study was conducted in the Center for Revision
Arthroplasty of the Joints of the Extremities and
in the Microbiological Department of the Clinical
Diagnostic Laboratory of the Clinics of the Samara
State Medical University of the Ministry of Health
of the Russian Federation. All patients attended a con-
sultative and diagnostic appointment at the Center
for Revision Arthroplasty with complaints of pain
and/or the presence of a fistula in the area of the ar-
tificial joint. Based on the criteria of the International
Consensus Meeting, 2018 (ICM, 2018), the presence
of a fistula that reliably communicates with the joint
cavity and/or visualization of the components of the
endoprosthesis indicate the presence of PJI.

In other cases, a double microbiological exami-
nation of the synovial fluid was performed to con-
firm the diagnosis or refute it. All patients without
fistula but with elevated laboratory markers of sys-
temic inflammatory response (leukocyte count
>12x10°/L, ESR > 30 mm/hour, CRP > 10 mg/L)
in combination with an X-ray picture of instabi-
lity of the endoprosthesis components underwent
a double outpatient puncture. The study also in-
cluded patients with osteonecrosis of the knee and
hip joints in combination with unverified synovitis
and chronic septic arthritis, who attended consulta-
tive appointment.

The punctate was taken in the aseptic conditions
of a surgical bandage room. The obtained material
was inoculated into a vial for microbial cultivation
Yunona®, containing a nutrient medium and an-
tibiotic neutralizers. The vial was designed to de-
tect bacteria from normally sterile biological fluids.
The material was taken in accordance with methodo-
logical guidelines 4.2.2039-05 “Techniques for col-
lecting and transporting biomaterials to microbio-
logical laboratories”. After that, the vial was deli-
vered to a microbiological laboratory and installed
in a Yunona® LABSTAR 100 blood culture instru-
ment (SCENKER, China).

Inoculation was performed from each positive
vial on commercial universal chromogenic nutri-
ent media and blood agar. Cultivation was carried
out at a temperature of 37°C in a Sanyo “MCO-
18AC” CO, incubator (Panasonic, Japan) for 24—
48 hours and under anaerobic conditions using
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Table. Characterization of the examined groups
of patients with joint lesions

Patit_ents wit_h_
Plpatients. | ombined with
abs. (%) ostt(e:r;e::sr;:)ms

abs. (%)
Lesion localization

Hip joint 43 (54.4) 7(46.7)

Knee joint 33 (41.8) 4(26.7)

Shoulder joint 3(3.8) 4(26.7)
Presence of fistula

Fistulous form 54 (68.4) 8(53.3)

Fistula is absent 25(31.6) 7 (46.7)

Previous surgical interventions
Present 38 (48.1) 11(73.3)
Absent 41(51.9) 4(26.7)

the “Bactron 300-2” anaerobic chamber (Sheldon
Manufacturing Inc., USA). Microbial identifica-
tion was performed using MALDI-ToF mass spec-
trometry on a “Microflex LT” (Bruker, Germany).
In the absence of MO growth, the contents of the
vials were microscoped to exclude a possible false
negative result.

The antimicrobial drug susceptibility was deter-
mined in accordance with the Russian Guidelines
“Determination of the susceptibility of microorgan-
isms to antimicrobial drugs” (2021).

In total, during the study period from August 2023
to December 2024, microbiological analysis of syno-
vial fluid obtained from 145 patients was performed.
These patients underwent a double joint puncture
(a total number of samples is 290). Among 290 exa-
minations, 102 cases (51 patients) showed a negative
result — no microbial growth was detected. MO were
detected in 188 studies (94 patients). These 94 pa-
tients were included in our study.

According to the main diagnosis, the patients
were divided into 2 groups: 79 (84%) patients with
suspected PJI after primary arthroplasty and 15
(16%) patients with chronic arthritis combined with
osteonecrosis.

General characteristics of the observed patients:
59 (62.8%) women and 35 (37.2%) men. The average
age of the patients was 67.9 years (from 45 to 81 years).

The distribution of lesion localization by joints
showed following results: hip joint — 51 (54.2%)
patients, knee joint — 37 (39.4%) patients, shoulder
joint — 6 (6.4%) patients. The characteristics of the
examined groups of patients with joint lesions are
presented in Table.

69 (73.4%) patients had concomitant diseases
such as diabetes mellitus, systemic diseases, obesity,

HIV-infection, hepatitis B and C, etc., which are
risk factors for the emergence of implant-associated
infection.

Results

In the group of patients with suspected PJI, 158
MO were isolated and identified, among which 122
(77.2%) were Gram-positive bacteria and 36 (22.8%)
were Gram-negative bacteria. In all cases, MO were
isolated in monoculture, yeast and mycelial fungi
were not identified.

Among the most common Gram-positive patho-
gens there were Staphylococcus aureus — 45.9%
of cases (56 strains), Staphylococcus epidermidis —
29.5% (36 strains) and Corynebacterium striatum —
13.1% (16 strains).

In individual cases, another 7 species were iden-
tified: Enterococcus faecalis, Staphylococcus haemo-
Iyticus, Staphylococcus pasteuri, Staphylococcus
hominis, Streptococcus pneumoniae, Streptococcus
constellatus, Streptococcus cannis — 2 strains of each
species, which together accounted for 11.5% of all
Gram-positive microorganisms during the study
period.

Analyzing the structure of Gram-negative MO,
a lower species diversity was revealed. Among 36 bac-
teria identified, Klebsiella pneumoniae was identified
in half of the cases — 50% (18 strains). Escherichia
coli was the second most common species — 33.2%
of all cases (12 strains). In individual cases another
species were identified: Pseudomonas aerugino-
sa — 5.6% (2 strains), Serratia marcescens — 5.6%
(2 strains strains) and Acinetobacter baumannii —
5.6% (2 strains).

After performing an antibiotic susceptibil-
ity test, 34 strains (60.7%) susceptible to methicil-
lin (MSSA) were identified among isolated strains
of Staphylococcus aureus. Another 12 strains (21.4%)
showed selective resistance to benzylpenicillin and
macrolides. The remaining 10 strains (17.9%) were
resistant to methicillin (MRSA).

Among coagulase-negative staphylococci, only
12 strains of Staphylococcus epidermidis showed phe-
notypic signs of methicillin resistance.

All Corynebacterium striatum strains (16 strains)
isolated from clinical material were resistant to ben-
zylpenicillin and ciprofloxacin, but remained sus-
ceptible to vancomycin, linezolid, tetracycline and
rifampicin.

In half of the cases, all identified Klebsiella pneu-
moniae strains (9 strains) were producers of extend-
ed-spectrum beta-lactamases (BLRS). In 4 more
cases, we encountered highly resistant carbapene-
mase-producing strains: antimicrobial effectiveness
in these cases was revealed only with colistin.

All 12 Escherichia coli strains isolated in the study
were producers of BLRS, but no carbapenemase ac-
tivity was detected. Amoxicillin/clavulanate, ampi-
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cillin/sulbactam, amikacin, and tigecycline were ef-
fective against these strains.
Serratia marcescens strains were resistant to am-

picillin, ampicillin/sulbactam, and amoxicillin/
clavulanate due to their natural resistance to these
drugs.

Strains of Pseudomonas aeruginosa and Acineto-
bacter baumannii found in our study showed resist-
ance to piperacillin/tazobactam, ciprofloxacin,
amikacin, and carbapenems. Colistin was the only
effective antibiotic in these cases.

In patients with chronic arthritis combined
with osteonecrosis, Gram-positive pathogens were
mainly isolated — 22 strains (73.3% of the total
number of MO). Among these strains identified
there were strains of Staphylococcus aureus, includ-
ing 2 strains of MRSA, 5 strains of Staphylococcus
epidermidis  (all susceptible to methicillin),
5 strains of Corynebacterium striatum and 4 strains
of Enterococcus faecalis.

Among 8 isolates of Gram-negative bacte-
ria (26.7% of the total number of MO), 4 strains
of Klebsiella pneumoniae were isolated, 3 of which
were BLRS producers. Two strains of Escherichia coli
and two strains of Pseudomonas aeruginosa were also
detected.

Discussion

According to data, obtained worldwide, knee and
hip arthroplasty is one of the most common surger-
ies [2, 3]. The ankle, wrist, shoulder and elbow joints
are relatively less frequently replaced. At the same
time, patients are at constant risk of developing PJI
throughout their lives.

In our work, we conducted a study of synovial
fluid from patients with suspected PJI (n = 79) and
patients with chronic arthritis combined with osteo-
necrosis (n = 15).

The main causative agents of PJIs are MO with
the ability to rapidly form biofilms synthesized
from the extracellular matrix on artificial surfaces
of prostheses [5]. In most cases, the causative agents
of joint infections are Gram-positive bacteria, es-
pecially S. aureus and coagulase-negative staphylo-
cocci, followed by Streptococcus spp., Enterococcus
spp. and Corynebacterium spp. [19, 20]. It is inter-
esting to note that the growth of some microorgan-
isms (Staphylococcus spp., E. coli) was detected under
anaerobic conditions in the absence of growth dur-
ing subcultivation in an aerobic environment [18,
21]. The isolation frequency of gram-negative bac-
teria is lower, however, in the case of their isolation
in practice, we encounter a large number of polyre-
sistant bacteria. And our research is generally con-
sistent with global trends.

B Gram-positive microorganisms prevailed
in both groups — 77.2% and 26.7%, respectively.

10 strains of S. aureus and 12 strains of S. epidermid-
is with methicillin resistance were detected in pa-
tients with suspected PJI, which together account
for 18% of the total number of Gram-positive bac-
teria. In patients with chronic arthritis combined
with osteonecrosis, 2 strains of MRSA (9% of the
total number of Gram-positive bacteria) were de-
tected, all strains of S. epidermidis were susceptible
to methicillin.

It is worth noting the high isolation frequency
of C. striatum in both groups of patients: 16 strains
(13.1% of the total number of Gram-positive bac-
teria) in patients with suspected PJI and 5 strains
(22.7% of the total number of Gram-positive bacte-
ria) in patients with chronic arthritis combined with
osteonecrosis. This pathogen belongs to non-diph-
theria corynebacteria and is a relatively new patho-
gen, the clinical significance of which is certainly
growing with the identification of patients with vari-
ous risk factors. Following resistance genes have been
described in multidrug resistant C. striatum strains:
erm(X), encoding resistance to erythromycin, clin-
damycin; fetA and fetB, encoding resistance to tetra-
cycline [6, 12].

Gram-negative pathogens were significantly
less common in our study than Gram-positive
ones, but cases of antibiotic resistance were more
common among them. Therefore, in synovial flu-
id samples from patients with suspected PJI, 13
K. pneumoniae strains showed signs of resistance:
9 strains produced BLRS, and 4 were carbape-
nemase producers. All E. coli strains were also pro-
ducers of BLRS.

A serious situation from clinical and microbiolog-
ical assessment point of view is the isolation of poly-
resistant strains of P. aeruginosa and A. baumannii
from synovial fluid.

Due to the fact that one of the main stages of the
PJ1Is treatment is the installation of a cement spacer
with an antibiotic, the assessment of susceptibil-
ity to antimicrobial drugs using various methods
of microbiological diagnosis allows to apply tar-
geted antibacterial therapy, taking into account
the various mechanisms of causative agent’s resist-
ance. This is mainly relevant due to the recent in-
crease in resistant strains, especially in a number
of Enterobacterales, among which the most problem-
atic species is K. pneumoniae.

The problem of PJIs occupies one of the key plac-
es among the endoprosthetic complications in trau-
matology. Currently, there is a noticeable increase
in such operations, therefore, the rate of revision in-
terventions is also increasing [8, 16]. Under the cur-
rent conditions, there is also a significant increase
in cases of PJIs, which indicates the high importance
of research aimed at studying the control of infec-
tious agents, as well as improving methods of diagno-
sis, treatment and prevention.
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