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Abstract
Osteomyelitis remains one of the most intractable diseases. The nature of the pathogen and its 

resistance to antibiotics significantly affect the outcome and cost of treatment. The aim of the study: to 
analyze the dynamics of the spectrum and antibiotic resistance of the leading pathogens of orthopedic 
infection for the period 2012–2017. Material and Methods. The structure of pathogens isolated from 
the focus of infection from 2774 patients with periprosthetic infection and chronic osteomyelitis was 
retrospectively analyzed. Antibiotic resistance of the leading pathogens that occupied more than 4% in the 
species structure was studied. Comparative analysis of changes in the spectrum of pathogens and antibiotic 
resistance was carried out for the periods 2012-2013, 2014–2015 and 2016-2017. Epidemiological analysis 
was performed in the program „microbiological monitoring system” Microbe-2. Statistical processing 
of the obtained data was carried out using the Z-criterion. Results. From 2774 patients with orthopedic 
infection have been isolated 4359 strains, in the structure of which about 73.5% were occupied by S. aureus,  
S. epidermidis, E. faecalis, E. faecium, P. aeruginosa, Acinetobacter sp. representatives of the family 
Enterobacteriacea. In 27% of the cases, microorganisms of other species were identified. Microbial 
associations were identified in 19.4% of cases. In the structure of the leading gram-positive  
(Gram (+)) pathogens, a significant decrease in the incidence of S. aureus was detected, while the share 
of S. epidermidis increased significantly. Among the leading gram-negative (Gram (-)) microorganisms, 
a significant increase in the proportion of representatives of the fam. Enterobacteriacea was found, 
against the background of a decrease in the share of Acinetobacter sp. and P. aeruginosa. The level  
of resistance of MSSA to the studied antibiotics ranged from 0.1 to 8.8%, for MSSE the spread was from 
1.9 to 16.7%. Negative dynamics of growth of resistance of non-fermenting bacteria is established.  
The strains of Acinetobacter sp. demonstrated greater resistance to tested antibiotics in comparison with 
P. aeruginosa. Conclusion. An increase in the role of S. epidermidis and K. pneumoniae in the etiology of 
orthopedic infection was established. The revealed increase in the resistance of microbial pathogens to 
most tested and used antibiotics should be taken into account in the appointment of empirical antibiotic 
therapy. The extremely high frequency of resistance of gram-negative bacteria to cephalosporins and 
fluoroquinolones excludes the possibility of their empirical use, which requires the management  
of carbapenems in the starting treatment regimens. High resistance to fluoroquinolones limits the ability 
of oral antibiotic therapy in patients with periprosthetic infection.
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Background

Despite the fact that the first descrip-
tion of bone infection was given in the era 
of Hippocrates, osteomyelitis still remains 
one of the most intractable diseases. The in-
creasing medical and social significance of 
this pathology is largely determined by the 
increase in the number of orthopedic surger-
ies using implants due to expansion in the 
number of high-energy injuries associated 
with open fractures due to road accidents 
and military injuries [1–3]. Primary total hip 
and knee endoprosthetics (EP) are among 
the most common operations in orthope-
dic surgery. It is predicted that the demand 
for these interventions will increase signifi-
cantly in the next two decades [4, 5]. One of 
the most devastating complications of endo-
prosthetics is a deep infection of the surgical 
area — a periprosthetic infection (PI), which 
is a special case of an implant-associated in-
fection (IAI). The development of this com-
plication significantly increases the period of 
hospitalization, leads to additional financial 
costs for treatment, in some cases ends with 
the chronicity of the infectious process and 
the development of osteomyelitis. Currently, 
researchers note that the infection accounts 
for 15% in the spectrum of causes of revision 
arthroplasty of large joints [6], and in the 
structure of early revisions of the hip joint, 
this measure reaches 64% [7]. While the in-
cidence of periprosthetic infection after pri-
mary operations is less than 2%.

Staphylococcus aureus and coagulase-neg-
ative staphylococcus (CNS) in more than half 
of cases are the causes of IAI; gram-negative 
bacteria are responsible for 5–23% of cases 
of orthopedic infection, especially among 
the elderly [8–10]. The pathogenesis of in-
fection caused by gram-negative (Gram (-)) 
and gram-positive (Gram (+)) pathogens is 
associated with the formation of biofilms on 
the components of the endoprosthesis that 
protect bacteria from antimicrobial agents 
and the host immune system [11]. It is known 
that the clinical outcomes of the prosthetic 

joint infections caused by Gram (-) bacteria 
are less favorable [12, 13, 14]. The isolation of 
antibiotic resistant strains of Gram (-) bac-
teria from patients with periprosthetic infec-
tion also cause serious concern. For example, 
acute PPI, caused by a pathogen resistant to 
fluoroquinolones, is associated with failure 
of rehabilitation and the need to remove the 
endoprosthesis [15].

Monitoring of infectious agents and their 
antibiotic sensitivity is one of the main tools 
that allow timely correction of empirical 
antibiotic therapy schemes, develop means 
of control of resistance and monitor their 
effectiveness.

The purpose of this study was to analyze 
the dynamics of the spectrum and antibiotic 
resistance of the leading causative agents of 
orthopedic implant-associated infection for 
the period 2012–2017.

Materials and Methods

A retrospective analysis of the etiological 
structure of IAI was performed in 2,774 pa-
tients due to periprosthetic infection (73.5%) 
and chronic postoperative and post-traumat-
ic osteomyelitis (26.5%) from January 1, 2012 
to December 31, 2017. As a result the spec-
trum of the leading causative agents of IAI 
was determined. Positive growth of microor-
ganisms was obtained in 68.7% of cases.

The leading pathogens were microorgan-
isms, whose share in the species structure 
was more than 4%. The antibioticograms of 
the strains of the leading causative agents of 
IAI isolated from tissue biopsies, aspirates 
and remote metal structures (endoprosthe-
ses, screws, plates, cement spacers, etc.) were 
analyzed. The strains with identical sensi-
tivity to antibiotics, isolated from different 
biological materials from one patient were 
counted only once.

Identification of pathogens was carried 
out in accordance with standard manual lab-
oratory techniques and also the automatic 
identification was performed by Microlatest 
panels (Erba Lachema) using the iEMS 
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Reader MF. Determination of antibiotic sen-
sitivity was performed by disco-diffusion 
method using Mueller-Hinton agar (Oxoid, 
United Kingdom) and disks with antibiot-
ics (Oxoid, United Kingdom), and also by the 
method of minimum inhibitory concentra-
tions using E-tests (Oxoid, United Kingdom) 
and automatic analyzer VITEK 2 Compact 
(BioMerieux, France). Evaluation of sensitivi-
ty to antibiotics was performed in accordance 
with the criteria of EUCAST (2012-2017).  
A comparative analysis of changes in the spec-
trum of pathogens and antibiotic resistance 
was carried out for the periods of 2012–2013, 
2014–2015 and 2016–2017. Epidemiological 
analysis of the results of the study was per-
formed using the program “Microbiological 
monitoring system “Microbe-2” (©2002–2016 
MedProject-3).

Statistical analysis

Statistical analysis of the data obtained 
was carried out with MS Office Excel 2007 
(Microsoft, USA) and the Z-criterion of the 
standard normal distribution to estimate the 
difference between the portions.

Results

4359 strains were isolated from 2774 pa-
tients with orthopedic infection during the 
studied period. About 73.5% (n = 3205) of 
these strains consist of S. aureus, S. epider-
midis, E. faecalis, E. faecium, P. aeruginosa, 
Acinetobacter sp. and different species of 
Enterobacteriacea (K. pneumoniae, E. coli and 
E. cloacae), which have been classified as the 
leading pathogens. In 27% of cases, micro-
organisms of other species were identified, 
whose percent was less than 4% and which 
were not included in the further analysis. 
Microbial associations (combination of 2 to 
4 pathogens) were founded in 19.4% of cases 
of these diseases.

In the structure of the leading Gram (+) 
causative agents of IAI, a significant (p<0.01) 
decrease in the frequency of S. aureus isola-

tion from 34.5% in 2012–2013 up to 28.6% 
in 2016–2017 was detected, including me-
thicillin-resistant strains (MRSA) (p<0.05)  
(Fig. 1). 
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Fig. 1. Spectrum of the leading Gram(+) causative 
agents of IAI in the analyzed periods of time
* — p<0.05 compared with the period  
of 2012–2013

At the same time, the proportion of  
S. epidermidis increased significantly (p<0.01) 
from 18.4% to 22.5%, however, the increase 
in the frequency of methicillin-resistant iso-
lates (MRSE) was insignificant. In the period 
2016-2017 methicillin-resistant (MR) strains 
accounted for 16.4 and 62.7% of S. aureus 
and S. epidermidis, respectively. Significant 
changes in the dynamics of the percent of 
enterococci were not founded; this measure 
was 4.9–4.4% for E. faecalis during the entire 
observation period.

The analysis of the structure of leading 
Gram (-) pathogens revealed a significant 
(p<0.05) percent increase of enterobacterial 
strains from 6.6% in 2012–2013 to 8.7% in 
2016–2017, at the same time the significant 
percent decrease of Acinetobacter sp. strains 
and the trend to reduce of P. aeruginosa per-
centage (Fig. 2). 

The species analysis revealed a statistical-
ly significant increase (p<0.01) in the propor-
tion of K. pneumoniae from 46.9 to 63.8% and 
a decrease in the proportion of E. cloacae from 
36.7 to 12.6% in the spectrum of the leading 
representatives of fam. Enterobacteriaceae 
(Table 1). 
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A comparative analysis of antibiotico-
grams of staphylococcal isolates that are 
sensitive and resistant to methicillin showed 
that the latter, regardless of species, are char-
acterized by high cross-resistance to most 
of the tested antibiotics (Table 2). The level 
of resistance of the MSSA strains to the an-
tibiotics under study was generally low and 
ranged from 0.1 to 8.8%; for MSSE isolates, 
the spread of this indicator ranged from 1.9 
to 16.7%. Regardless of sensitivity to methi-
cillin the isolates resistant to gentamicin, 
fluoroquinolones, co-trimoxazole, erythro-
mycin, clindamycin, and fusidic acid were 
significantly more common (p<0.05) among 
S. epidermidis compared with S. aureus. In 
addition, MSSE isolates showed resistance 

to rifampicin and tetracycline significantly 
(p<0.05) more often, than MSSA.

Vancomycin- and linezolid-resistant 
staphylococci strains were not detected 
during the observation period. In addition 
to these antibiotics, the most active anti-
biotics for MR strains were fusidic acid and 
fosfomycin.

Analysis of the dynamics of the resist-
ance level of staphylococcal strains showed 
that the frequency of MRSA isolation sig-
nificantly decreased from 22.9 to 16.5%  
(p<0.05) over the observation period, while 
for MRSE a trend to increase this indicator 
from 56.6 up to 63.3% (p>0.05) was detect-
ed. Generally, the resistance level of MRSA 
changed statistically insignificantly, howev-
er, the increase of rifampicin resistance from 
29.8% to 39% is noteworthy. With respect to 
all tested antibiotics, the resistance of MSSA 
strains did not exceed 4% (Table 3), with the 
exception of tetracycline and erythromycin, 
for which this indicator ranged from 7.2 to 
10.4% and 6.7–7.8%, respectively.

From 2012-2013 to the end of the observa-
tion period, the resistance of MSSE to genta-
mycin decreased significantly (18.3% to 10%) 
(Table 4) (p<0.05). A similar, but not so sig-
nificant trend was identified for the MRSE: 
from 83.8 to 72.1 (p>0.05). The resistance of 
MSSE to moxifloxacin (from 2.5 to 10%) and 
fosfomycin (from 3.8 to 15.2%) increased sig-
nificantly (p<0.05), moreover activity of fos-
fomycin against MRSE isolates was signifi-
cantly reduced (p<0.05).

Table 1
The dynamics of the share of leading pathogens from fam. Enterobacteriaceae

Species 2012–2013 2014–2015 2016–2017

Klebsiella pneumoniae 46 (46,9%) 46 (44,7%) 81 (63,8%)1*, 2* 

Escherichia coli 16 (16,4%) 24 (23,3%) 30 (23,6)% 

Enterobacter cloacae 36 (36,7%) 33 (32,0%) 16 (12,6%)1*, 2

Total 98 (100%) 103 (100%) 127 (100%) 

1* — p<0,01 in comparison with the period of 2012–2013; 2 — p<0,05 in comparison with the period of 2014–2015;  
2* — p<0,01 in comparison with the period of 2014–2015. 

Fig. 2. Spectrum of the leading Gram(-) causative 
agents of bacteria IAI in the analyzed periods  
of time
  * — p <0.05 compared with the period  
of 2012–2013 
** — p <0.01 in comparison with the period  
of 2012–2013
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Table 2
Level of resistance of S. aureus and S. epidermidis depending  

on their sensitivity to methicillin

Antimicrobial agent MSSA, n = 1102 MRSA, n = 283 MSSE, n = 341 MRSE, n = 507

Cefoxitin 0 100 0 100

Oxacilline 0 100 0 100

Gentamycine 2.5 74.1s* 15.7a 77 s*

Moxifloxacin 1.1 81.1s* 5.8a 44 s*.a*

Levofloxacin 1.6 80.0 s* 16.7a 59.3 s*.a 

Ciprofloxacin 2.6 86.9 s* 10.3a 61.2 s*.a*

Co-trimoxazole 0.0 5.0 s* 14a* 39.1 s*.a*

Rifampicin 2.5 31.9 s* 4.2 19.2 s*.a*

Tetracycline 8.8 45.0 s* 12.5 35.7 s*.a

Erythromycin 6.4 50.0 s* 35a* 62.5 s*.a*

Clindamycin 2.0 48.9 s* 5.2a* 29.3 s*.a*

Fusidic acid 0.0 0.0 1.9a 15 s.a*

Fosfomicin 0.1 10.5 s* 11.5 11.6

Linezolid 0.0 0.0 0 0

Vancomycin 0.0 0.0 0 0

s — p <0.05 compared with methicillin-sensitive (MS) strains of this species; s* — p<0.01 compared with methicillin-
sensitive (MS) strains of this species; a — p<0,05 compared with S. aureus; a* — p<0,01 compared with S. aureus.

Table 3
Dynamics of the resistance level of S. aureus depending on the sensitivity  

to methicillin, %

Antimicrobial 
agent

MSSA MRSA

2012–2013,  
n = 390

2014–2015,  
n = 374

2016–2017,  
n = 338

2012–2013,  
n = 116

2014–2015,  
n = 100

2016–2017,  
n = 67

Gentamycine 1.5 3.2 3 77.6 75.8 65.7

Co-trimoxazole 0 0 0 5.4 6.1 3

Tetracycline 7.2 9.1 10.4 45.1 41 50.7

Erythromycin 6.7 4.8 7.8 48.2 49.5 53.7

Clindamycin 0.8 1.8 3.6 51.4 47.4 47

Ciprofloxacin 3.3 1.9 2.7 87.5 87.6 84.8

Moxifloxacin 1 0.8 1.5 77.7 85.6 80.3

Levofloxacin NA NA 1.6 NA NA 79.1

Fosfomicin 0.3 0 0 8.3 13.4 9.4

Rifampicin 2.6 1.6 3.6 29.8 29.9 39

Fusidic acid NA NA 0 NA NA 0

NA — no data available.
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Fig. 3. The dynamics of the level of resistance  
P. aeruginosa
1  — p<0,05 in comparison with the period 
2012–2013 
1* — p<0,01 in comparison with the period 
2012–2013

Table 4
Dynamics of the resistance level of (%) S. epidermidis depending  

on the sensitivity to methicillin

Antimicrobial agent

MSSE MRSE

2012–2013,  
n = 114

2014–2015,  
n = 114

2016–2017, 
n = 113

2012–2013, 
n = 148

2014–2015, 
n = 164

2016–2017, 
n = 195

Gentamycine 18.3 18.3 10* 83.8 76.4 72.1

Co-trimoxazole 17.6 11 13 41.4 37 39.1

Tetracycline 18.2 8.9 9.9 38.8 34.6 34.2

Erythromycin 33.3 34 38 61.1 61.1 64.9

Clindamycin 4.6 3.9 7 29.7 24.4 33.2

Ciprofloxacin 10.9 6.9 13 60.7 57.7 64.6

Moxifloxacin 2.8 5 10* 38.5 47 45.6

Levofloxacin NA NA 16.7 NA NA 60

Fosfomicin 3.8 17.8* 15.2* 5.7 15.5* 12.9*

Rifampicin 4.6 3.9 4 23.5 18.6 16.3

Fusidic acid NA NA 1.9 NA NA 14.5

* — p<0,05 compared with the period 2012–2013; NA — no data available. 

All the E. faecalis strains (n = 102) isolated 
during the observation period were sensi-
tive to ampicillin, imipenem, linezolid, and 
tigecycline. In the period 2016–2017, only 
one vancomycin-resistant E. faecalis strain 
was isolated. Additional testing showed that 
the MIC of vancomycin for this strain was 
more than 256 μg/ml. There was a statisti-
cally insignificant increase in resistance to 
co-trimoxazole from 32.4% to 51.7% and a 
decrease in resistance to ciprofloxacin from 
64.5% to 49.2%.

The most active antibiotic against repre-
sentatives of non-fermenting bacteria was 
colistin. All isolates of P. aeruginosa and 
Acinetobacter sp., included in the study, 
were sensitive to this antibiotic. Negative 
growth dynamics of the resistance of  
P. aeruginosa strains to all tested antibiotics 
was detected with the exception of colistin  
(Fig. 3). 
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An increase in the proportion of resistant 
isolates to cephalosporins of 3–4 genera-
tions, imipenem, meropenem, levofloxa-
cin was statistically significant (p<0.05). 
By the end of the study, about 63–65% of  
P. aureginosa strains remained sensitive to 
cefoperazone/sulbactam, imipenem, amika-
cin and tobramycin, 56–57% to ceftazidime, 
meropenem, and only about 40–45% to fluo-
roquinolones and cefipime.

The most active antibiotic (after colistin) 
against strains of Acinetobacter sp. was ce-
foperazone/sulbactam. However, resistance 
to cefoperazone/sulbactam significantly in-
creased (p<0.05) compared with 2012–2013 
and 2014–2015, and amounted to 55.9%.  
A similar dynamics was detected for resist-
ance to amikacin, which had reached 86.2% 
by the end of the study. In general, repre-
sentatives of Acinetobacter sp. showed great-
er resistance to tested antibiotics compared 
to P. aeruginosa. Cefoperazone/sulbactam 
and tobramycin were active against 45–50% 
isolates of Acinetobacter sp. Less than 30% of 
the strains were sensitive to co-trimoxazole, 
meropenem, less than 20% were sensitive to 
fluoroquinolones and amikacin (Fig. 4).

Analysis of the dynamics of intraspe-
cific resistance of representatives of fam. 
Enterobacteriaceae showed that the main 
problem is K. pneumoniae isolates, whose 
resistance significantly (p<0.01) increased 
even to reserve antibiotics: to cefopera-
zone/sulbactam from 30.4 to 54.1%, to 
imipenem from 6.5 to 29.6%, to Meropenem 
from 4.3 to 27.2% (Table 5). More than 
90% of isolates isolated at the end of the 
observation period were resistant to am-
picillin/sulbactam, fluoroquinolones, co-
trimoxazole and tobramycin. Fosfomycin 
and colistin, sensitivity to which was ad-
ditionally determined in 2017, showed ac-
tivity against 63.3% (19 of 30) and 80% (16 
of 20) of K. pneumoniae strains, respec-
tively. At the same time, the proportion of 
amikacin-resistant strains decreased in-
significantly from 51.1 to 35.5%. A similar 
trend was detected for E. coli, and all 16  
E. cloacae isolates isolated in 2016–2017 
were sensitive to this antibiotic.

A decrease in the activity of unprotected 
cephalosporins included in the study was 
founded with respect to E. coli, especially for 
cefepime (from 72.5 to 38.5%, p<0.05). By the 
end of the study period, carbapenems, cefop-
erazone/sulbactam and amikacin were most 
active against E. coli and E. cloacae. From 
2017, the minimum inhibitory concentration 
of fosfomycin was determined for all multi-
resistant strains of enterobacteria (E-test, 
Oxoid, UK). According to the results of this 
study, 11 out of 30 (36.7%) K. pneumoniae 
isolates showed resistance to fosfomycin.  
All 5 strains of tested E. cloacae were sensi-
tive to this antibiotic.

Fig. 4. The dynamics of the resistance level  
of Acinetobacter sp.
 1 — p<0,05 in comparison with the period 2012–2013 
 2 — p<0,05 in comparison with the period 2014–2015
1* — p<0,01 in comparison with the period 2012–2013 
2* — p<0,01 in comparison with the period 2014–2015
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Discussion
The study revealed several trends in the dy-

namics of the spectrum of leading pathogens 
and their antibiotic resistance. In the etiologi-
cal structure of orthopedic infections, the pro-
portion of S. aureus decreased in comparison 
with earlier periods of observation. In 2010–
2012, the share of this species was 33.1%, 
23.9% of them were MRSA strains [8], whereas 
in this study in the period 2016–2017 these 
indicators were respectively — 28.6 and 16.5%. 
At the same time, insignificant fluctuations 
or preservation of the level of MRSA resist-
ance to the studied antibiotics were founded. 
The obtained results are consistent with the 
changes in the epidemiology of MRSA not only 
in Russia [16], but also in Europe and North 
America [17]. An increase in the frequency of 

S. epidermidis isolation from patients with or-
thopedic infection was revealed at the same 
time with a decrease in the etiological role 
of S. aureus. In 2010–2012, S. epidermidis was 
isolated in 16.8% of cases of implant-associat-
ed infection [8], and by 2016–2017 this meas-
ure reached 22.5%, while the share of MRSE 
was 56.6 and 63.3% respectively. Similar data 
were obtained in the study of Triffault-Fillit C 
with co-authors (2018). In an investigation of 
the etiology of 567 cases of PIP, they revealed 
that among staphylococci the frequencies of 
MRSA and MRSE were16.1% and 59.1% re-
spectively [10]. Regardless of the sensitivity 
of staphylococcal strains to methicillin, S. epi-
dermidis isolates were significantly more often 
resistant to most of the antibiotics studied.  
The vancomycin and linezolid retain high 

Table 5
The dynamics of the resistance level (%) of representatives  

of fam. Enterobacteriaceae

Antimicrobial agent

Escherichia coli Klebsiella pneumoniae Enterobacter cloacae

2012–
2013,  
n = 16

2014–
2015, 
n = 24

2016–
2017, 
n = 30

2012–
2013, 
n = 46

2014–
2015, 
n = 46

2016–
2017, 
n = 81

2012–
2013, 
n = 36

2014–
2015, 
n = 33

2016–
2017, 
n = 16

Ampicillin/sulbactam 66.7 43.51* 80.82* 95.5 81.8 95.7 72.7 83.9 87.5

Cefoperazone/sulbactam 0.0 4.2 3.6 30.4 50.0 54.11* 28.1 15.2 12.5

Ceftazidime 43.8 37.5 61.5 88.9 79.5 86.1 60.0 71.0 62.5

Ceftriaxone 46.7 34.8 61.5 90.9 81.8 85.5 61.8 71.0 62.5

Cefepime 37.5 33.3 61.52 91.1 79.5 84.7 50.0 71.0 56.3

Imipenem 0.0 0.0 0.0 6.5 21.71 29.61* 2.9 0.0 6.3

Meropenem 0.0 4.2 0.0 4.3 21.71 27.21* 2.9 0.0 0.0

Ertapenem NA NA 0.0 NA NA 46.9 NA NA 0.0

Amikacin 6.3 16.7 3.3 51.1 37.0 35.5 33.3 29.0 0.01*.2

Tobramycin 33.3 37.5 53.6 89.1 77.3 91.32 47.1 74.2 56.3

Ciprofloxacin 43.8 41.7 69.2 87.0 73.9 93.12 37.1 61.31 37.5

Moxifloxacin 46.7 39.1 75.02 91.1 75.6 92.81.2* 43.8 62.5 37.5

Co-trimoxazole 37.5 33.3 53.8 75.6 63.61* 91.81*.2* 52.8 60.0 40.0

1 — p<0,05 in comparison with the period 2012–2013; 2 — p<0,05 in comparison with the period 2014–2015; 1* — p<0,01 
in comparison with the period 2012–2013; 2* — p<0,01 in comparison with the period 2014–2015; NA — no data available.
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activity against staphylococci (no resistant 
strains). Also the high activity of fusidic acid 
and fosfomycin was founded. With respect to 
E. faecalis, vancomycin, linezolid, imipenem, 
and tigecycline remain highly active. However, 
it is alarming to isolate the first vancomycin-
resistant strain in our hospital.

Despite the fact that the most fre-
quent causative agents of nosocomial in-
fections in Russia are representatives of 
fam. Enterobacteriaceae, P. aeruginosa and 
Acinetobacter sp., which account for 43.1, 
19.6 and 14.4% of all isolated bacterial 
pathogens of nosocomial infections [18, 19, 
20], their participation in the etiology of 
orthopedic implant-associated infections 
does not exceed as a whole 10–35% accord-
ing to the data of various authors, [9, 10, 
21, 22]. In this study, a decrease in the fre-
quency of isolation of Acinetobacter sp. by 
29.3% (p<0.05) and P. aeruginosa by 24.2% 
(p>0.05) was shown by 2016-2017 com-
pared with the initial period of the study 
(2012-2013). In this case, the share of fam. 
Enterobacteriaceae as a whole increased by 
31.8% (p>0.05) by increasing the frequen-
cy of isolation of K. pneumoniae (p<0.01).  
In Western European countries, a significant 
increase in the number of cases of peripros-
thetic infection (p = 0.024) caused by aero-
bic Gram (-) rods is also noted: from 25% in 
2003–2004. to 33.3% in 2011–2012 and re-
ducing (p<0.02) the proportion of Gram (+) 
cocci from 80.3% to 74.3% [9].

In our opinion, this is an extremely dan-
gerous tendency, since, despite the fact 
that Gram (-) bacteria share 17% in the 
etiological structure of IAI, the results of 
the analysis of the dynamics of antibiotic 
resistance indicate the growing resistance 
of K. pneumoniae and non-fermentative 
pathogens to most of the tested drugs. The 
most clinically significant problem is the 
resistance of Gram (-) causative agents of 
IAI to current cephalosporins, carbapen-
ems and fluoroquinolones. At present, the 
strains of P. aeruginosa, Acinetobacter sp., 

and K. pneumoniae resistant to carbap-
enems are becoming an acute problem in 
the treatment of infectious diseases due to 
high mortality [18, 20, 23, 24]. Few existing 
publications indicate a significant decrease 
in the effectiveness of treatment of ortho-
pedic IAI caused not only by carbapenem-
resistant strains, but also Gram (-) bacteria 
in general [17, 25, 26]. 

A contemporary view the list of antibiot-
ics with activity against bacteria in the com-
position of biofilms is limited to rifampic-
in (staphylococcal IAI), fluoroquinolones 
(Gram (-) pathogens) and fosfomycin, that 
highly active against enterococci [27]. In this 
regard, pathogens resistant to these antibi-
otics are referred to as the so-called difficult-
to-treat DTT (Difficult-To-Treat) pathogens. 
Among all strains included in our study, 8.5% 
(112/1310) of S. aureus strains and 13.5% 
(109/810) S. epidermidis were resistant to 
rifampicin; 50% (110/220) P. aeruginosa, 
78.9% (112/142) Acinetobacter sp. and 81.5% 
(141/173) K. pneumoniae were resistant to 
ciprofloxacin. Moreover, in 2016-2017, about 
85–90% of isolates of Acinetobacter sp.,  
K. pneumoniae and E. coli showed resistance 
to fluoroquinolones. The colistin demon-
strated the highest activity against Gram (-) 
bacteria among all the tested antibiotics. All 
isolates of P. aeruginosa and Acinetobacter 
sp. and 80% of K. pneumoniae strains were 
sensitive to this antibiotic. However, the 
prolongation of the course of antibiotic 
therapy (at least 4–6 weeks after release 
from the hospital) at the outpatient stage is 
almost impossible due to the high cost and 
the lack of an oral form of colistin, as well 
as carbapenems. Therefore the isolation of 
Gram (-) pathogens extremely unfavorable 
prognostic sign in the treatment of ortho-
pedic IAI.

According to existing recommendations, 
the main risk factors for isolating multire-
sistant pathogens, regardless of the source 
of infection, are elderly age (over 65 years), 
comorbidity (including multiple), courses of 
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antibiotic therapy (in the previous 90 days) 
and previous hospitalizations in history 
[28]. In our opinion, for patients with IAI, 
risk factors are also a long period of infec-
tion with repeated attempts of conservative 
antibiotic therapy and previously performed 
non-radical surgical interventions with 
preservation of an infected implant [29]. 
However, this assumption requires further 
investigation.

Conclusion

Thus, the obtained results indicate an 
increase in the role of S. epidermidis and  
K. pneumoniae in the etiology of orthopedic 
infection. The detected increase in the re-
sistance of microbial pathogens to the most 
of used antibiotics should be considered 
when it is necessary to prescribe antibiotic 
therapy before obtaining the results of bac-
terial studies. With respect to gram-positive 
pathogens, there remains a high activity of 
vancomycin, linezolid, fosfomycin, which 
can be used for empirical therapy of patients 
with IAI.

The extremely high frequency of resist-
ance of Gram-negative bacteria to modern 
cephalosporins and fluoroquinolones elimi-
nates the possibility of their empirical use, 
which requires maintaining carbapenems 
in starting treatment regimens. In addition, 
high resistance to fluoroquinolones signifi-
cantly limits the possibilities of prolonged 
oral antibiotic therapy in patients with 
periprosthetic infection and chronic osteo-
myelitis, which must be considered when 
choosing the tactics of surgical treatment.
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