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INTRODUCTION
Despite major advances in infection control interventions, 
healthcare-associated infections (HAI) remain a major 
public health problem and patient safety threat worldwide 
[1]. Surgical site infections (SSI) are the most common 
type of HAI among patients [2-5]. These infections are one 
of the most frequently reported types of HAI, constituting 
up to 19.6% of all HAIs in Europe in 2011–2012 [2]. 

SSI associated with longer post-operative hospital stays, 
additional surgical procedures, treatment in intensive care 
units and higher mortality [6]. Furthermore, development 
of an SSI causes a substantial increase in the clinical and 
economic burden of surgery [7]. The financial burden of 
surgery is increased due to the direct costs incurred by 
prolonged hospitalization of the patient, diagnostic tests, 
and treatment. Certain patients may also require reoper-
ation after the contraction of an SSI, which is associated 
with considerable additional costs [8]. 

In the literature, variable proportions of HAIs, consid-
ered to be preventable by intensive hygiene and control 
programs, have been reported [9, 10]. Among the infec-
tion prevention initiatives, surveillance of HAIs is the 
cornerstone to decrease infection rates in hospitalized 

patients, and it is considered to be the best way to assure 
patient safety [11]. Continuous monitoring of HAI rates 
can be used to assess effectiveness of interventions and 
provides information which may be used for bench-
marking comparison [12]. Due to high morbidity and 
mortality caused by these infections, early diagnosis and 
treatment of these infections with appropriate antibiotics 
is essential.

Knowledge on the antimicrobial susceptibility status of 
circulating pathogens in hospitals is important for better 
management of infectious pathogens particularly where 
routine culture and sensitivity testing is not practiced 
[13, 14].

To identify HAI prevention targets and reduce thus 
disparities between countries, ongoing surveillance is 
necessary. However, resources are severely limited in 
Ukraine, creating difficulties implementing surveillance 
and establishing effective measures for infection control 
and HAI prevention. In Ukraine, efforts to improve 
infection control training and begin HAI surveillance 
have been underway. However, previous reports of SSIs 
in Ukraine were limited and did not address all types SSI 
and antimicrobial resistance their pathogens.
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aureus were most commonly reported, accounting for 27,8% of all organisms, followed by Escherichia coli (18.4 %), Pseudomonas aeruginosa (11.9 %) and Enterococcus faecalis 
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Conclusions: SSIs and antimicrobial resistance of the responsible pathogens is an actually problem. One essential step in the prevention of SSIs is to implement a national 
system for their surveillance. 
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Table I. Incidence of SSI after surgical procedures in Kyiv hospitals, Ukraine, 2011-2013 (p < 0.05)

Surgical procedure Number
of patients

Number
of cases infected % (95 % CI)

Orthopedic procedures 841 193 22.9 (20.1 – 25.7)

Gastric and small bowel 1269 361 28.4 (25.9 – 30.9)

Appendectomy 1651 492 29.8 (27.6 – 32.0)

Cholelithiasis (hepatobiliary) 767 197 25.7 (22.6 – 28.8)

Excision of Dermoid cysts, lipomas 989 52 5.3 (3.9 – 6.7)

Hernia 2384 459 19.3 (17.7 – 20.9)

Lower segment caesarean structure 475 31 6.5 (4.3 – 8.7)

Uterus and adnexa 284 34 12.0 (8.2 – 15.8)

Urinary tract and genitalia 502 93 18.5 (15.1 – 21.9)

Total 9162 1912 20.9 (20.1 – 21.7)

THE AIM
The objective of the current study was to determine the 
incidence of SSIs and estimates antimicrobial resistance 
of the major responsible pathogens in Kyiv city hospitals.

MATERIALS AND METHODS

STUDY DESIGN AND SETTING
This retrospective study was based on surveillance data for 
SSIs of 9,162 patients in Kyiv city hospitals (2 general and 
1 women’s hospitals), Ukraine. The sample was all patients 
hospitalized in 3-year (from January 1, 2011 to December 
31, 2013). We have included hospitals that are similar in 
terms of medical equipment, personnel, and laboratory 
facilities. The hospitals had 1150 beds. All participating 
hospitals were required to have at least one full-time 
infection-control professional, a clinical microbiology 
laboratory with the capacity to process cultures. The ex-
clusion criteria were patients with a community acquired 
infection. The follow-up of each patient was continued 
until discharge.

ETHICS
The data was collected as a part of the hospital’s infection 
prevalence survey. According to the Health Research 
Act of Ukraine, quality assurance projects, surveys and 
evaluations that are intended to ensure that diagnosis and 
treatment actually produce the intended results do not 
need ethical committee approval and patient consent is 
not required.

DEFINITIONS AND DATA COLLECTION
Surveillance data on all SSIs, both in patients, and their 
causative pathogens were collected retrospective on a spe-
cifically designed form by the investigators using medical 
records comprising charts, daily flow sheets, laboratory 
(microbiology) results. The collected data included demo-
graphics; date of infection onset; clinical signs; and isolated 

pathogens with antibiogram results. Healthcare workers 
in hospitals screened patients for signs and symptoms of 
SSI during clinical rounds. SSIs were identified according 
to a simplified version of the definitions developed and 
recommended by the CDC/NHSN [15]. 

MICROBIOLOGICAL SAMPLING
The identification and antimicrobial susceptibility of the 
cultures were determined, using automated microbiology 
system (Vitek-2™; bioMérieux, France). Some antimicrobial 
susceptibility test used Kirby – Bauer antibiotic testing. 
Interpretative criteria were those suggested by the Clinical 
and Laboratory Standards Institute (USA). 

STATISTICAL ANALYSIS
We analyzed by all types of SSIs. The analysis of statistical 
data was performed using Microsoft Excel for Windows. 
Comparisons were carried out using the Student’s t-test, 
χ2. Values of p < 0.05 were considered statistically sig-
nificant.

RESULTS

PATIENT CHARACTERISTICS AND INCIDENCE OF SSI
During the study period 9,162 patients were included, 
1,912 (20.9%) patients had SSIs. The incidence of the 
most frequently recorded types of SSI was for Appen-
dectomy 29.8 % [95% CI 27.6 – 32.0], Gastric and small 
bowel 28.4% [95% CI 25.9 – 30.9], Cholelithiasis 25.7% 
[95% CI 22.6 – 28.8], and Orthopedic procedures 22.9 % 
[95% CI 20.1 – 25.7]. A minority of SSIs were Excision 
of Dermoid cysts, lipoma 5.3 % [95% CI 3.9 – 6.7] and 
Lower segment caesarean structure (LSCS) 6.5 % [95% 
CI 4.3 – 8.7] (Table I). 

Fifty-two percent of the patients were females. The overall 
incidence of SSI was higher in males than in females (12.7 
% vs. 10%) and increased with age. For the oldest patients 
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(>74 years old), we found incidence of 79.4 % vs. 20.6 % 
for the youngest patients (18-25 years). Acute admission 
patients had a higher incidence of SSI than those with 
elective admission, 62.1% and 37.9 %, respectively.

MICROORGANISMS CAUSING SSIS
Among all 9,162 SSIs, a total of 2,179 organisms were iden-
tified. Considering all SSI types together, Staphylococcus 
aureus, were most commonly reported, accounting for 
27,8% of all organisms, followed by Escherichia coli (18,4% 
of organisms), Pseudomonas aeruginosa (11,9% of organ-
isms), and Enterococcus faecalis (11,6% of organisms). The 
etiological role was lower for Streptococcaceae (1.3 %) and 
Acinetobacter spp.(2.2%). (Table II). 

Patients with SSIs Staphylococcus had the highest pro-
portion of conditionally pathogenic microorganisms 
(CPM) (34.0 %) followed by Enterobacteriaceae (32.8 
%). Gram-negative organisms were mostly isolated from 
surgeries on bowel, urinary tract and appendix. S. aureus 
is the predominant organism infecting LSCS. No other 
organism is particularly associated with specific surgery.

ANTIMICROBIAL RESISTANCE
Prevailing causal agents of SSIs were resistant to many 
antimicrobials used in the hospitals. The antimicrobi-
al-resistance in the isolates associated with SSIs showed, 
among the Gram-positive bacteria, that 43.8% and 4.7% of 
Coagulase-negative staphylococci isolates were β-lactam 
(oxacillin) - and glycopeptide (teicoplanin) - resistant, 
respectively. Vancomycin resistance was reported in 12.6% 
of isolated enterococci (VRE). Among the Gram-negative 

bacteria third-generation cephalosporins (cefotaxime or 
ceftazidime) resistance was found in 52.2% of Klebsiella 
spp. and 33.9% of E.coli isolates. Carbapenem resistance 
was reported in 8.1% of all included Enterobacteriaceae, 
also highest in Klebsiella spp., and in 47.4% of P. aeruginosa 
isolates and 63.7% of Acinetobacter spp. isolates.

Antibiotic susceptibility testing showed that all the 
strains of S. aureus resistant to penicillin. The most active 
antibiotics found in the study were linezolid and tigecy-
cline, showing growth inhibition of 100 % strains tested. 
Susceptibility to the other antimicrobials was also on a 
high level: 99 % of strains were found susceptible to ni-
trofurantoin, 98.7 % to trimethoprim/sulphamethoxazole, 
98 % — to fusidic acid, 97.1 % to mupirocin, 95.9 % — to 
teicoplanin, 95.0 % — to fosfomycin, 91.2 % — to genta-
mycin, 90.7 % — to vancomycin, 90.2 % — to tobramycin, 
90,6 % — to vancomycin, and 88.1 % — to levofloxacin. 
Meticillin resistance was reported in 35.7 % of S. aureus 
(MRSA) isolates (Table III).

DISCUSSION
Our study demonstrated that 20.9 % patients developed 
postoperative SSI in Kyiv hospitals. The most frequently 
recorded of SSI was for Appendectomy 29.8 %, Gastric and 
small bowel 28.4%, Cholelithiasis 25.7%, and Orthopedic 
procedures 22.9 %. According to the literature reports, 
SSIs are the most frequent post-surgical complications 
in Ukraine with incidences from 13.3 % to 35 % [4, 13, 
14, 16]. However, only 0.07 % cases of SSIs are officially 
registered per year [4, 14]. Results of our investigation re-
vealed a much higher SSIs incidence rate that reported in 
the official statistical data. The proportion of SSI European 

Table II. Microorganisms isolated from SSI in Kyiv city hospitals, Ukraine, 2011-2013 (n = 2179)
Microorganisms Number of strains Proportion, %

Gram-positive coccus

Staphylococcus aureus 601 27,8

Coagulase-negative staphylococci 135 6,2

Enterococcus faecalis 253 11,6

Enterococcus faecium 89 4,1

Streptococcus spp. 28 1,3

Gram-negative bacilli

Escherichia coli 408 18,4

Enterobacter spp. 139 6,4

Klebsiella spp. 116 5,3

Proteus spp. 53 2,4

Pseudomonas aeruginosa 259 11,9

Acinetobacter spp. 48 2,2

Other* 18 0,8

Candida spp. 33 1,5

Note: * “Other” includes 11 different organisms.
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Union region varied between 8.8% in Luxembourg and 
29.0% in Spain [2].

Results our study showed that 2,179 strains bacteria 
were isolated from patients during the 2011-2013, the 
Gram-negative bacilli was 49.2 %, Gram-positive cocci was 
50.8 %. Considering all SSI types together, S. aureus, were 
most commonly reported, accounting for 27,8% of all or-
ganisms, followed by E.coli (18,4%), P. aeruginosa (11,9%), 
and E.faecalis (11,6%). The etiological role was lower for 
Streptococcaceae (1.3 %) and Acinetobacter spp.(2.2%). 
Our results correspond to data of other investigators on 
prevailing species of CPM that cause SSIs in the hospitals. 
The distribution of various groups of microorganisms 
varies considerably [2, 4, 5, 13, 14, 16-22]. This proves the 
necessity of carrying out microbiological monitoring in 
every hospital.

In the present study, the high level of resistance to multi-
ple antibiotics is of great concern. Prevailing causal agents 
of SSIs were resistant to many antimicrobials used in the 
Kyiv city hospitals. The antimicrobial-resistance in the 
isolates associated with SSIs showed, among the Gram-pos-
itive bacteria, that 43.8% and 4.7% of Coagulase-negative 
staphylococci isolates were β-lactam (oxacillin) - and glyco-
peptide (teicoplanin) - resistant, respectively. Vancomycin 
resistance was reported in 12.6% of isolated enterococci 
(VRE). Among the Gram-negative bacteria third-gen-
eration cephalosporins (cefotaxime or ceftazidime) re-
sistance was found in 52.2% of Klebsiella spp. and 33.9% 

of E.coli isolates. Carbapenem resistance was reported in 
8.1% of all included Enterobacteriaceae, also highest in 
Klebsiella spp., and in 47.4% of P. aeruginosa isolates and 
63.7% of Acinetobacter spp. isolates. Meticillin resistance 
was reported in 35.7 % of S. aureus (MRSA) isolates. The 
resistance to antimicrobials distribution of various groups 
of microorganisms varies considerably [2, 4, 5, 14, 18-24].

Results of this investigation indicate that official statisti-
cal data fail to report the actual scale of HAI transmission 
in Ukrainian hospitals due to the lack of reliable SSIs 
registration. To estimate the epidemiological situation 
correctly, it is necessary to assess SSIs incidence rates 
based on diagnostic information determined by medical 
officers (passive method) and epidemiological data (active 
method) using commonly applied standard criteria of case 
definition [4, 17]. 

CONSULSION 
SSIs and antimicrobial resistance of the responsible patho-
gens is an actually problem. One essential step in the 
prevention of SSIs is to implement a national system for 
their surveillance, as such a system provides an overview 
of the specific national situation and allows healthcare 
authorities to identify priorities and implement effective 
prevention measures. Antibiotics application tactics should 
be determined in accordance with the local data of resis-
tance to them.

Table III. Antimicrobial susceptibility of S. aureus in Kyiv city hospitals, 2011-2013 (n = 601)

Antibiotic
Division by susceptibility, %

Susceptible Intermediate Resistant

Cefoxitin 71.4 0 28.6

Benzylpenicillin 0 0 100.0

Oxacyllin 64.3 0 35.7

Gentamycin 91.2 0 8.8

Tobramycin 90.2 0 9.8

Levofloxacin 88.1 2.0 9.9

Moxifloxacin 84.1 1.0 14.9

Erythromycin 73.4 0 26.6

Clindamycin 70.8 0 29.2

Linezolid 100.0 0 0

Teicoplanin 95.9 0 4.1

Vancomycin 90.6 0 9.4

Tetracycline 76.6 0 23.4

Tigecycline 100.0 0 0

Fosfomycin 95.0 0 5.0

Nitrofurantoin 99.0 0 1.0

Fusidic acid 98.0 1.0 1.0

Mupirocin 97.1 0 2.9

Rifampicin 76.1 3.0 20.9

Trimethoprim/sulphamethoxazole 98.7 0 1.3
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