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INTRODUCTION
Healthcare-associated infections (HAIs) have been recog-
nized as one of the most important public health problems 
in the world [1]. The effects to both human and financial 
costs from of these infections are high [2]. Patients admit-
ted in neurosurgical units are at higher risk of developing 
one or more infections due to severity of the underlying 
illness, impaired protective reflexes, increased utilization 
of invasive medical devices, increased duration of hospital 
stay [3]. Healthcare-associated infections remain a cause 
for morbidity [4, 5] and mortality [5-7] among hospital-
ized patient.

HAI is a difficult issue and a key point in the diagnosis 
and treatment of neurosurgery; it is also an important 
factor affecting effective treatment and patient progno-
sis. Improvement in infection control methods, surgical 
technique, and availability of antimicrobial prophylaxis 
showed advanced infection control, but it seems impossible 

to drastically reduce the number of healthcare-associated 
infections among patients. Prevention and control of 
infection is the cornerstone of patient safety procedures 
[8]. A most number of studies have confirmed that inter-
ventions using evidence-based strategies can prevent the 
occurrence of HAI [9]. Over the past one decades, along 
with significant improvements in clinical care in many 
countries, the incidence rate of HAIs among neurosurgery 
patients remains an important issue. 

Pathogens associated with these infections are often 
Multi-Drug Resistant (MDR) due to selective antibiotic 
pressure [10]. Current guidelines recommend the use of 
antibiotics as well for prevention, and as for both treatment 
HAIs. Empiric antibiotic therapy should broadly cover the 
most likely pathogens involved, unless a causative agent 
has already been isolated. However, the growing anti-
microbial resistance is limiting their use. Antimicrobial 
resistance pathogens caused HAIs is becoming more and 
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ABSTRACT
The aim: To obtain the estimates of the current prevalence of healthcare-associated infection among neurosurgical patients and determine the antimicrobial resistance of 
responsible pathogens in Ukraine.
Materials and methods: We performed a retrospective multicenter cohort study was based on surveillance data of HAIs among neurosurgical patients from 2017 to 2019 in 
7 regional hospitals. Definitions of HAI were used from the CDC/ NHSN.
Results: Of 9,711 neurosurgical patients, 1,031 (20.9%) HAIs were observed. The most frequently of HAI types were surgical site infection (53.2%), pneumonia (17.3%), urinary 
tract infection (15.1%) and bloodstream infection (14.4%). The overall prevalence of HAIs was 20.9% within three months and was 12.8% during one month surveillance 
period. Death during hospitalization was reported in 11.3% of HAI cases. Escherichia coli were most commonly reported, accounting for 24.3% of all organisms, followed by 
Staphylococcus aureus (15.9%), Enterococcus spp (14.6%), Pseudomonas aeruginosa (13.4%), and Klebsiella pneumoniae (9.8%). Meticillin resistance was 34.6% of S.aureus 
isolates. Vancomycin resistance was in 7.1% of isolated enterococci. Among the gram-negative bacteria, third-generation cephalosporins resistance was found in 48.5% of 
K.pneumoniae and in 34.3% of E. coli isolates. Carbapenem resistance was reported in 11.7% of all included Enterobacteriaceae, also highest in K.pneumoniae, and in 32.4% of 
P.aeruginosa isolates and in 67.2% of Acinetobacter spp. isolates.
Conclusions: Healthcare-associated infections are a cause for mortality and morbidity among hospitalized neurosurgical patients. This is due to increase emergence of 
antimicrobial-resistant pathogens. Routinely collected surveillance data are of great value as a basis for studying the consequences of HAIs.
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more pressing for medical specialists a worldwide. In the 
available literature, studies on antimicrobial resistance of 
HAI agents in neurosurgery are limited.

Surveillance for HAIs is an essential element so as to 
know the current prevalence of the condition, to identify 
potential risk factors and to implement various preventive 
strategies. However, there is no surveillance system for HAI 
in Ukraine. Consequently, incidence rates of HAIs among 
neurosurgical patients and antimicrobial resistance in 
Ukraine are currently unknown. This creates problems as 
well for physicians and as infection control professionals 
in Ukraine. The prevalence of and causative agents of most 
HAIs among neurosurgical patients have not been studies 
in Ukraine. This was the basis for our study.

THE AIM
To obtain the first estimates of the current prevalence 
of healthcare-associated infections after neurosurgical 
procedures and determine the antimicrobial resistance of 
responsible pathogens in Ukraine.

MATERIALS AND METHODS

SETTING AND PARTICIPANTS
We performed a retrospective multicenter cohort study 
was based on surveillance data of healthcare-associated 
infections. This study included patients undergoing a 
neurosurgical procedure in 7 regional hospitals of Ukraine 
from January 1st, 2017 to December 31st, 2019. Total these 
hospitals for neurosurgical patients had 210 beds. The hos-
pitals are similar in terms of medical equipment, staff and 
number of beds. All hospitals were required to have at least 
one full-time infection-control professional and clinical 
microbiology laboratory. Only hospitals that provided data 
for at least three years were included in the study.

In the current study, we included 9734 patients. All 
patients were local residents. However, 23 of these were 
excluded from this study. Patients who were aged 18 years 
or older and underwent elective or emergency craniotomy 
and survived at least 7 days after surgery were included in 
the study. Exclusion criteria were antibiotic use within one 
month prior to hospitalization. Patients highly suspicious 
of central nervous infection prior to the neurosurgical pro-
cedure, patients who underwent reoperation and patients 
who passed away within 48 hours after surgery, or did not 
have the incision site closed also were excluded.

DEFINITION
We used the Centers for Disease Control and Prevention/
National Healthcare Safety Network (CDC/NHSN) Sur-
veillance Definition of Healthcare-associated infection 
and criteria for Specific Types of Infections [11].Infections 
occurring at more than one site in the same patient were 
reported as two separate infection episodes. The criteria 
used to define SSI were established by the CDC in 2017 

[12, 13]. In accordance with these criteria, SSI was defined 
as any infection occurring within 1 month of the operation 
when no prosthetic material was left in the wound, or 
within 1 year when prosthetic material remained within 
the operation site. However, since the monitoring period 
was 90 days, SSI was evaluated as an infection within 90 
days even if the prosthetic material was inserted. In this 
study SSIs were classified depending on the degree of infec-
tion as follows: superficial incisional, deep incisional, and 
organ/space. Because no clear distinction exists between 
superficial and deep incisional infection in brain surgery, 
we included skin or subcutaneous tissue in the definition 
of superficial incisional infection, and fascia/muscle layers 
and aponeurosis/skull bone in that of deep incisional infec-
tion. Organ/space infection was diagnosed as infection of 
the central nervous system, such as intracranial infection 
(brain abscess, subdural or epidural infection, encephali-
tis), and meningitis or ventriculitis [13].

DATA COLLECTION 
We collected the data using structured CDC/NHSN Checklist. 
Cases of HAIs that met standard case definitions were identified 
through active follow up during the hospital stay, on return 
to hospital, and during visits to ambulatory. In this study the 
surveillance period for the patients after neurosurgical proce-
dure was 30 days, and monitoring period was 90 days, when 
prosthetic material remained within the operation site; those 
discharged or transferred were monitored at outpatient clinics.

MICROBIOLOGICAL METHODS
All samples were obtained from patients with clinical 
symptoms of HAI. Microbial isolates were identified 
using standard microbiological techniques. Antibiotic 
susceptibility testing was performed by using the disk 
diffusion method according to the recommendations of 
the European Committee on Antimicrobial Susceptibility 
Testing (EUCAST). Strains in the intermediate range were 
classified as resistant for data analysis.

ETHICS 
The Shupyk National Healthcare University of Ukraine 
Ethics Committee approved this study and the waiver of 
informed consent to participate in this study due to its ret-
rospective design. To protect the privacy of the patients, the 
study excluded sensitive patient identifiers. All participants 
data were anonymised prior to the analysis.

STATISTICAL ANALYSIS 
The analysis of statistical data was performed using Excel. 
Prevalence of HAIs after neurosurgical procedure was 
reported as the percentage of the total number of patients 
who had surgical procedure. Data were expressed as mean 
± standard deviation and median. All variables that were 
found to be linked to HAI at a 25% level of significance 
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were included in the analysis, and then the 95% CI were 
calculated. The association between categorical variables 
was assessed by Chi-square/Fisher-exact test. Continuous 
variables such as infected and non-infected were compared 
by Wilcoxon rank-sum test. All P values were two-sided, 
and a P value of less than 0.05 was considered significant.

RESULTS

PREVALENCE OF HAI 
Of 9,711 patients undergoing neurosurgical procedure 
included in the study, 2,031 patients had HAIs and 7,680 
did not have HAIs. The most frequently reported HAI 

Table I. Prevalence of HAIs among 9711 neurosurgical patients in Ukrainian hospitals, 2017-2019
Type of HAI No. of HAIs % (95% CI)

All infections 2031 20.9 (20.5-21.3)

SSI 1080 11.1 (10.8-11.4)

PNEU 352 3.6 (3.4-3.8)

UTI 307 3.2 (3.0-3.4)

BSI 292 3.0 (2.8-3.2)

HAI, healthcare - associated infection; SSI, surgical site infection; PNEU, pneumonia; UTI, urinary tract infection; BSI, bloodstream infection; CI, confidence interval; 

Table II. Characteristics of neurosurgical patients with HAIs treated in Ukrainian hospitals, 2017-2019

Characteristics All patients
n (%)

HAIs
P value*

Yes n (%) No n (%)

All 9711 (100) 2,031 (20.9) 7,680 (79,1)

Gender

Men 4652 (47.9) 1133 (55.8) 2149 (47.2)

Women 5059 (52.1) 898 (44.2) 2721 (52.8)

Age (y) <0.001

20-35 1057 (10.9) 74 (3.6) 912 (11.9)

36-50 1228 (12.6) 125 (6.2) 1038 (13.5)

51-65 1671 (17.2) 254 (12.5) 1356 (17.7)

60-81 3047 (31.4) 725 (35.7) 2361 (30.7)

≥82 2708 (27.9) 853 (42.0) 2013 (26.2)

Admission type <0.001

Acute 6047 (62.3) 1382 (68.0) 4705 (61.3)

Elective 3664 (37.7) 649 (32.0) 2975 (38.7)

Pre-prevalence period (d)** <0.001

2 2585 (26.6) 182 (9.0) 2221 (28.9)

3-5 2267 (23.3) 301 (14.8) 1876 (24.4)

6-8 2054 (21.2) 469 (23.1) 1615 (21.0)

9-11 1147 (11.8) 367 (18.1) 842 (11.0)

12-15 1131 (11.6) 438 (21.6) 788 (10.3)

>15 527 (5.4) 276 (13.6) 339 (4.4)

Charlson comorbidity index <0.001

0 4881 (50.3) 683 (33.6) 3987 (51.9)

1 1722 (17.7) 417 (20.5) 1340 (17.4)

2 1611 (16.6) 499 (24.6) 1222 (15.9)

3 568 (5.8) 206 (10.1) 417 (5.4)

4 225 (2.3) 51 (2.5) 168 (2.2)

>4 704 (7.3) 175 (8.6) 546 (7.1)

HAIs, health care-associated infections.
*Performed by the X2 test
**Time from hospital admission to study inclusion
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types were SSIs (53.2%), PNEU (17.3%), UTIs (15.1%) 
and BSIs (14.4%). 

The overall prevalence of HAIs was 20.9% within three 
months and were 12.8% during one month surveillance 
period. Our study showed that the prevalence of HAI 
among patients was higher during the three-month fol-
low-up period than in the one-month study (20.9% versus 
12.8%). The most frequently identified types of HAIs was 
the following: SSI, 11.1 % (95% confidence interval [CI], 
10.8-11.4), PNEU, 3.6% (95% CI, 3.4-3.8), UTI, 3.2% (95% 
CI, 3.0-3.4), and BSI, 3.0% (95% CI, 2.8-3.2) (Table I). This 
study showed that the incidence of HAI in neurosurgical 
patients was higher in 2019 than in 2017 (20.9% vs. 14.3%).

An overview of the analyzed variables is shown in Table II. 
The mean age of the 9711 patients was 52.8 ± 17.3 years (range, 
18–86 years), and 2503 (47.9%) were male and 5059 (52.1%) 
were women. The overall prevalence was higher in men than in 
women (11.7% vs 9.2%) and increased with age. The mean age 
of the patients with and without HAI was 46.1 years and 53.8 
years, respectively, and the difference was statistically significant 
(p< 0.001). For the oldest patients (≥82 years old), we found a 
prevalence of 16.7% versus 3.8 % for the patients 20-35 years. 
Acute admission patients had a higher prevalence of HAIs than 
those with elective admission, 12.4% and 9.5%, respectively. We 
found an association between hospital stay before the date of 

prevalence study and the prevalence of HAIs. Charlson comor-
bidity index up to 3 was associated with a higher prevalence of 
HAI, whereas patients with a Charlson comorbidity index 4 or 
higher had a lower prevalence (Table II).

MORTALITY 
In this study of the HAI case-patients identified, 229 (11.3%) 
died before discharge. We found that mortality was higher 
among men than women, whereas mortality increased with 
age for both men and women. Patients with acute admission 
to the hospital had higher mortality than patients with elec-
tive admission. A high Charlson comorbidity index also gave 
increased mortality. Following adjustment for confounding 
factors, we found that patients with HAIs had a significantly 
increased mortality risk compared to patients without HAIs. 
The highest mortality risk was observed in patients with SSI 
and BSI, followed by patients with PNEU. No increased risk 
of death was found in patients with UTI (Table III).

RESPONSIBLE PATHOGENS AND 
ANTIMICROBIAL RESISTANCE
A total of 2,089 pathogenic microorganisms were isolated 
from the neurosurgical patients with HAIs (Table IV). 

Table III. Mortality in neurosurgical patients with HAIs in Ukrainian hospitals, 2017-2019

Type of infection Infections
(n)

Mortality

n (%) 95% CI

All infections 2031 229 (11.3) 10.6 – 12.0.

SSI 1080 202 (18.7) 17.8 – 19.6

PNEU 352 12 (3.4) 3.0 – 3.8

UTI 307 4 (1.3) 1.1 – 1.6

BSI 292 11 (3.8) 3.4 – 4.2

BSI, bloodstream infection; HAI, healthcare - associated infection; PNEU, pneumonia ; SSI, surgical site infection; UTI, urinary tract infection.

Table IV. Pathogens isolated from the neurosurgical patients during surveillance for HAIs in Ukrainian hospitals, 2017-2019

Microorganism
Organisms reported (%)

All HAI 
(n = 2,089)

SSI 
(n = 1122)

PNEU 
(n = 359)

BSI 
(n = 297)

UTI
(n = 311)

Escherichia coli 24,3 21,1 6,8 3,9 18,2

Staphylococcus aureus 15,9 25,1 13,9 10,8 5,4

Enterococcus spp 14,6 15,7 2,1 5,9 9,9

Pseudomonas aeruginosa 13,4 11,3 17,6 6,2 16,7

Klebsiella pneumoniae 9,8 5,3 24,9 24,3 15,6

Coagulase-negative staphylococci 5,3 6,2 0,3 16,5 2,2

Candida spp 5,1 4,2 0,6 8,4 6,3

Acinetobacter spp 4,9 3,5 26,3 12,6 4,1

Enterobacter spp 3,3 4,2 2,7 3,2 6,8

Proteus spp 2,3 2,1 1,7 1,1 7,7

Other* 1,1 1,3 3,1 7,1 7,1

BSI, bloodstream infection; HAI, healthcare-associated infection; PNEU, pneumonia; SSI, surgical site infection; UTI, urinary tract infection.
*“Other” includes 7 different organisms.
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Considering all HAI types together, Escherichia coli were 
most commonly reported, accounting for 24.3% of all 
organisms, followed by Staphylococcus aureus (15.9% of 
all organisms), Enterococcus spp (14.6% of all organisms), 
Pseudomonas aeruginosa (13.4% of all organisms), and 
Klebsiella pneumoniae (9.8% of all organisms). These were 
the same organisms reported most commonly for SSI 
cases. For PNEU, Acinetobacter spp. were most commonly 
reported, accounting for 26.3% of all organisms, followed 
by K. pneumoniae (24.9% of all organisms) and P. aeru-
ginosa (17.6% of all organisms). For BSI, K.pneumoniae 
were most commonly reported (24.3% of all organisms), 
followed by coagulase-negative staphylococci (16.5% of 
all organisms), Acinetobacter spp (12.6% of all organisms) 
and S. aureus (10.8% of all organisms). E. coli (18.2% of all 
organisms), P. aeruginosa (16.7% of all organisms), and K. 
pneumoniae (15.6% of all organisms) were most common 
pathogens causing UTIs.

Antimicrobial resistance in the isolates associated with 
HAIs showed, among the gram-positive bacteria, that 
39.7% and 5,2% of coagulase-negative staphylococci 
isolates were b-lactam (oxacillin) – and glycopeptides 
(teicoplanin)-resistant, respectively. Meticillin resistance 
was reported in 34.6% of S.aureus isolates. Vancomycin 
resistance was reported in 7.1% of isolated enterococci. 
Among the gram-negative bacteria, third-generation 
cephalosporins (cefotaxime or ceftazidime) resistance was 
found in 48.5% of K.pneumoniae and in 34.3% of E,coli 
isolates. Carbapenem resistance was reported in 11.7% of 
all included Enterobacteriaceae, also highest in K.pneumo-
niae, and in 32.4% of P.aeruginosa isolates and in 67.2% of 
Acinetobacter spp. isolates.

DISCUSSION
To our knowledge, this study was the first attempt to assess 
the overall burden of HAIs in neurosurgical patients at the 
hospitals in Ukraine. We estimate that HAIs in neurosur-
gical patients in Ukrainian hospitals are encountered with 
an average prevalence of 20.9%, and the prevalence of the 
4 most frequently recorded types of infections was for the 
following: SSI, 11.1 %, PNEU, 3.6%, BSI, 3.0%, and UTI, 
3.2 %. Our study showed that the prevalence of HAI among 
patients was higher during the three-month follow-up 
period than in the one-month study (20.9% versus 12.8%). 
Of all reported HAIs, the most frequently reported HAI 
types were SSIs (53.2%), PNEU (17.3%), UTIs (15.1%) and 
BSIs (14.4%). Of the HAI case-patients identified, 11.3% 
died before discharge. We found that patients with HAIs 
had a significantly increased mortality risk compared 
with patients without HAIs. The highest mortality risk 
was observed in patients with SSI and BSI, followed by 
patients with PNEU. No increased risk of death was found 
in patients with UTI. A high Charlson comorbidity index 
also gave increased mortality.

Few comparable studies of the burden of HAIs in neuro-
surgical patients have been performed to date, with most 
conducted at the regional or single-center level. Most 

studies assessing the impact of HAIs have been primarily 
conducted in ICUs or have focused on a single type of HAI. 
According this studies HAIs for patients admitted to the 
neuro-ICU, the rate of HAIs reaches up to 36-40% when 
admitted for more than 48 h [14, 15]. The neuro-ICU pa-
tient is particularly vulnerable to pneumonias, due to the 
high rate of dysphagia and risk of aspiration in patients 
with neurological diseases [14]. 

Comparison of results between different studies remains 
difficult primarily because of differences in patient-case 
mix and methodology. Previous studies found that the 
incidence of HAI in non-Ukraine neurosurgical hospitals 
was from 1.3-11.1% [16-22], although data are heteroge-
neous due to use of different definitions for infections, and 
variable exclusion of culture-negative results, making a true 
estimate of prevalence difficult. In our study, the overall 
prevalence of neurosurgical patients with HAI was 20.9%. 
Only a few studies have estimated the impact of HAIs on 
mortality in hospital settings. According to the literature, 
mortality in neurosurgical patients with HAI ranges from 
3.5% to 12% [5-7, 23]. In our study death during hospital-
ization was reported in 11.3% of HAI cases.

Microbiological monitoring of the prevalence of etiologic 
agents of HAIs in neurosurgical patients and antimicrobial 
resistance is necessary to enhance our knowledge of its 
epidemiology. In our study E. coli were most commonly re-
ported, accounting for 24.3% of all organisms, followed by 
S. aureus (15.9%), Enterococcus spp (14.6%), P. aeruginosa 
(13.4%), and K. pneumoniae (9.8%). Meticillin resistance 
was 34.6% of S.aureus isolates. Vancomycin resistance was 
in 7.1% of isolated enterococci. Among the gram-negative 
bacteria, third-generation cephalosporins resistance was 
found in 48.5% of K.pneumoniae and in 34.3% of E. coli 
isolates. Carbapenem resistance was reported in 11.7% of 
all included Enterobacteriaceae, also highest in K.pneumo-
niae, and in 32.4% of P.aeruginosa isolates and in 67.2% of 
Acinetobacter spp. isolates.

Our study showed a highs incidence of HAI and mortal-
ity among patients admitted in the neurosurgery unit in 
Ukrainian hospitals. It might be either due to low adher-
ence to the preventive measures of infection control and 
highs antimicrobial resistance. However, to evaluate the 
efficacy of preventive measures, periodic surveillance for 
HAI over a longer period is warranted.

Our study showed the incidence HAIs in neurosurgical 
patients in Ukrainian hospitals has increased over the last 
three years, and it provided an evidence of the necessity 
for infection control in surgical site infection, pneumonia, 
bloodstream infections, and urinary tract infections. The 
necessity for improved infection control measures related 
to HAIs. Surveillance data are of great value as a basis for 
development infection control program.

STUDY LIMITATIONS
The absence of national surveillance data in Ukraine 
compelled us to rely entirely on data from the only retro-
spective multicenter prevalence survey to assess the bur-
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den of HAIs in neurosurgical patients. The present study 
is first step is to quantify this burden for the first time 
and estimate of the incidence of HAI in neurosurgical 
patients in Ukraine. The strengths of the study lie in the 
application of CDC/NHSN methodology for surveillance. 
A limitation of the study is that it only include 7 (29.2%) 
from 24 regional hospitals in Ukraine. The results this 
study may not be representative of other regional hospi-
tals of Ukraine with different distributions of incidence 
rate of HAIs in neurosurgical patients and antimicrobial 
resistance of causing pathogens.

CONCLUSIONS
Healthcare-associated infections are a cause for mortality 
and morbidity among hospitalized neurosurgical patients 
in Ukraine. The results of this study revealed high rates of 
HAIs after neurosurgical procedures, and most causing 
pathogens were associated with resistant to antibiotic 
strains. Routinely collected surveillance data provide there-
by allowing for useful comparison for similar specialized 
units. This data is essential to develop targeted strategies 
to surveillance and reduce the incidence of HAI in neu-
rosurgical patients.
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