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Abstract: Background: Intensive care units (ICU)
are often the epicentre of development of infections caused by multidrug resistant (MDR) organisms.
Purpose: The aim of our study was to determine
the prevalence and types of ICU-acquired infections,
pathogens associated with such infections and to determine the antibiotic resistance pattern of the presented
pathogens.
Material and methods: In the study were included 130 patients hospitalized into the surgical ICU of
the University Clinic for Anesthesiology and Intensive
Care in Skopje in period of 2 months, April -Jun, 2017.,
who developed infection after at least 72 hours of their
hospitalization. In all of them the pathogens and their
antibiotic resistance pattern were identified.
Results: Twenty of 130 (15.4%) patients developed ICU-acquired infection. Most common infections
were pneumonia (50%) and surgical site (30%) infections. Gram-negative organisms were more common
isolated than Gram-positive organisms (83% vs.17%).
The most common isolated bacteria were Acinetobacter species (30, 41.7%) and Pseudomonas aeruginosa
(15, 20.8%). All isolated species were MDR organisms
resistant to the most used antibiotics like Cephalosporins, Gentamicin, Ciprofloxacin and Clindamycin.
Pseudomonas aeruginosa and Acinetobacter species
were sensitive to Colistin, Methicillin-resistant Staphylococcus aureus (MRSA) to Vancomycin and Linezolid and Enterococcus only to Linezolid. Klebsiella pneumoniae and Proteus mirabilis showed low resistance
only to Amikacin and Carbapenems.
Conclusions: Our study obtained local data about
the prevalence and types of ICU-acquired infections,
types of pathogens and their antibiotic resistance pattern. Based on this knowledge, clinicians can choose
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appropriate antibiotics, avoiding antibacterial drug
overuse and MDR bacteria development.
Keywords: intensive care unit acquired infections,
multidrug resistant bacteria, antibiotic resistance.

INTRODUCTION
Nosocomial infections or ICU-acquired infections
are infections which are developed in intensive care
units (ICU). The incidence of ICU-acquired infections
varies between 12-49% and most of the ICU hospitalized patients develop an infection within 6 days of their
admission (1, 2). Because of exposure to multiple invasive procedures which compromise the anatomical barriers’ defences, and because of impairment of protective mechanisms such as cough reflex or acid gastric ambient by sedative drugs critically ill patients are more
prone to infections than other patients (3, 4). Their inadequate immune response induced by trauma, surgery
and sepsis is another factor that leads to higher frequency of infections in these patients (3, 4). Bloodstream
infections, lower respiratory tract infections, urinary
tract infections and surgical site infections are most
common infections seen in these ICU patients (5). According to some studies (6, 7) about 40% of the total
expenditure in the ICU is due to infections which has
increased the death rate of the hospitalized patients by
two times.
The increased prevalence of infections caused by
multidrug resistant (MDR) organisms is another problem, which is more common in ICU than in other departments (8). Inappropriate and irrational use of antimicrobial agents especially overuse of broad-spectrum
antibiotics leads to development and spread of drug-resistant microorganisms. According to some studies (9,
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10, 11), the rate of inappropriate or incorrect antibiotic
prescriptions in ICUs varies from 30% to 60% in hospitalized patients. The prevalence of infections caused
by multidrug resistant (MDR) bacteria in ICU is different in the different regions of the world. DEFINE study
showed a 14.1% rate of MDR infections in critically ill
patients with pneumonia in North America. EUROBACT study showed on average a 47.8% MDR infections in critically ill patients with bloodstream infections
conducted in 24 ICUs distributed worldwide including
20.5% and 0.5% of isolated microorganisms with extensively drug-resistant (EDR) and pan-drug-resistant
(PDR) patterns (12, 13).
Having in mind the fact that there is a considerable variation in the presented MDR pathogens across
the countries and geographical region, locally obtained
data can be used to predict the resistance of the locally
persistent pathogens and to make the choice of antibiotics according to the antimicrobial susceptibility pattern when infections occur.
The aim of our study was to determine the prevalence of ICU-acquired infections, to determine the
types and pathogens that cause such infections and to
determine the antibiotic resistance pattern of the presented pathogens.

PATIENTS AND METHODS
130 patients admitted into the surgical intensive
care unit of the University Clinic for Anesthesiology,
Reanimation and Intensive Care in Skopje, Republic of
North Macedonia, and hospitalized in the period of two
months (April-Jun, 2017) were included in the study.
All clinical data for these patients according to prevalence of ICU-acquired infections,types and pathogens
that cause such infections and the antibiotic resistance

pattern of the presented pathogens were retrieved from
the official report of the Commission for prevention of
intrahospital infections. All procedures performed in
study involving human participants were in accordance with the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki declaration. Only patients who developed clinically
manifested infections after at least 72 hours of hospitalization were considered to have ICU acquired infections and were included in the study. Specimens were
collected under strict asepsis and sent to the laboratory
of the Institute of Microbiologyin Skopje for further
analyses. The specimens include urine, tracheal aspirates, blood, urine, and wound swabs. Standard microbiological methods were used in order to identify the presented pathogens (14). Their antibiotic susceptibility
was also tested using the antibiotics disk diffusion and
Vitec technique. Testing included several antibiotics:
Ceftriaxone, Cefixime, Clindamycin, Amikacin, Ciprofloxacin, Vancomycin, Linezolid, Meropenem,
Imipenem, Gentamicin, Cotrimoxazole and Colistin.
Risk factors for development of ICU-acquired infections were also analyzed.
For the statistical analysis, SPSS 12.0 software
was used. Data were presented using means, range and
proportions.Comparison of differences was performed
with the sample t-test. Statistical significance was defined as p-value < 0.05.

RESULTS
A total of 130 patients hospitalized in ICU were
included in the study. Among them 42 (33.8%) were
female and 88 (66.2%) were male patients. The mean
age of patients was 51.6 ± 17.1 years (range 14 to 84
years). Most patients (36, 27.7%) were between 60 and

Table 1. Distribution of patients with ICU-acquired infectionsaccording to age and sex
Characteristics
Sex
Female
Male
Age (years)
£ 19
20–29
30–39
40–49
50–59
60–69
70–79
80 >

Number of patients
with ICUacquiredinfection

Prevalence (%)

42
88

20

22.73%

10
10
14
22
28
36
6
4

2
6
4
2
2
2
2
/

20.2%
60.0%
28.6%
9.1%
7.1%
5.6%
33.3%

Number of patients
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Table 2. Types of ICU-acquired infections
Site of infection
Lower respiratory tract infection
Surgical site infection
Urinary tract infection
Other site infection

Number of patients
with ICU-acquired infections
10
630
210
210

Prevalence (%)
50

Table 3. Antibiotic resistance pattern (%) of isolated organisms
Antibiotics

Acinetob. spp P.aeruginosa
100
100
Ceftriaxone
83.4
60
Cefepim
100
/
Clindamycin
83.4
40
Amikacin
100
40
Ciprofloxacin
/
/
Vancomycin
/
/
Linezolid
100
40
Meropenem
92
20
Imipenem
92
40
Gentamicin
50
/
Cotrimoxazol
0
0
Colistin

Organisms
MRSA
Enterococcus Kl. pneumoniae Pr. mirabilis
100
80
90
90
100
60
/
70
90
80
90
/
80
70
30
30
80
70
60
50
0
20
/
/
0
0
/
/
/
70
20
30
/
/
10
20
80
70
70
60
60
/
/
70
/
60
30
100

Acinetobacter species (Acinetob. spp); Pseudomonas aeruginosa (P. aeruginosa); Methicillin Resistant Staphylococcus aureus
(MRSA); Enterococcus (Enterococcus); Klebsiella pneumoniae V. aerogenes (Kl. pneumoniae); Proteus mirabilis (Pr. mirabilis).

69 years old. Twenty of the 130 hospitalized patients
developed ICU-acquired infection after at least 72 hours of hospitalization,giving a prevalence rate of
15.4%.All of them were male patients, hence the prevalence of ICU-acquired infections in male patients hospitalized in ICU was 22.73% (Table 1). The prevalence
of ICU-acquired infections was highest in younger patients, between 20 to 29 years of age (Table 1).
According to the distribution of the types of
ICU-acquired infections (Table 2) lower respiratory
tract infection (pneumonia) was the most common infection presented in 10 (50%) of the infected patients.
Surgical site infections were presented in 6 (30%) of
the infected ICU patients and other infections had less
prevalence (Table 2).
Seventy two of 132 taken specimens were positive. In patients with ICU-acquired infections the frequency of isolated Gram-negative organisms was significantly higher than that of the Gram-positive organisms
(83% vs. 17%, p £ 0.005). The most common found
isolates (Figure 1) were those of Acinetobacter species
(30, 41.7%) and Pseudomonas aeruginosa (15, 20.8%).
Fungal growth was also seen in 4 (5.5%) of the isolated
cultures.

Figure 1. Distribution of pathogens isolated
in ICU infected patients
The obtained results (Table 3) showed a high level
of antibiotic resistance in both groups of organisms.
Acinetobacter species isolates showed high resistance
to most examined antibiotics (83-100%) and medium
resistance to Cotrimoxazole (50%). Pseudomonas
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aeruginosaisolates showed high resistance to Ceftriaxone (100%), medium resistance (40–60%) to Cefepime, Amikacin, Ciprofloxacin, Gentamicin and Meropenem and low resistance to Imipenem (20%). Both
bacteria isolates were sensitive to Colistin. Klebsiella
pneumoniae isolatesshowed high resistance (70–90%)
to Ceftriaxone, Clindamycin and Gentamicin, medium
resistance (60%) to Ciprofloxacin and low resistance
(10–30%) to Amikacin, Colistin and Carbapenems.
Proteus mirabilis showed high resistance to Colistin
(100%) and Ceftriaxone (90%), and low resistance to
Amikacin and Carbapenems (20–30%). All MRSA isolates showed high resistance over 60% to all examined
antibiotics except to Vancomycin and Linezolid. Enterococcus isolates showed similar antibiotic resistance
pattern as MRSA isolates. The only difference was the
resistance to Vancomycin found in 20% of the examined isolates.
In general, the results showed a high level of antibiotic resistance to the most frequently used antibiotics
like Cephalosporins, Gentamicin, Ciprofloxacin and
Clindamycin.

DISCUSSION
Because of antibacterial drugs overuse, antibacterial drugs have become less effective or even ineffective, resulting in occurrence of multidrug resistant organisms.
According to the U.S. Centers for Disease Control
and Prevention (CDC), each year in the United States,
multidrug resistant organisms cause approximately 2
million cases of illnesses and 23,000 deaths (15). MDR
organisms are organisms with acquired non-susceptibility to at least one agent in three or more antimicrobial categories which were previously proposed by the
Clinical Laboratory Standards Institute (CLSI), the European Committee on Antimicrobial Susceptibility Testing (EUCAST) and the United States Food and Drug
Administration (FDA) (16).
These problematic pathogens, known as the
“ESKAPE” pathogens group, which tend to be resistant to the activity of many antibiotics include: Enterococcus faecium, Staphylococcus aureus, Klebsiella
pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa and Enterobacter species. Clostridium difficile can be also added to the list according to the literature (17). The mechanism of antimicrobial resistance
in these pathogens can be explained by: (a)enzymatic
degradation of antibiotics by hydrolytic enzymes, (b)
alteration of bacterial proteins or target sites, and (c)
changes in membrane permeability to antibiotics either
by penetration or by expulsion of the actual antibiotic
from within the bacteria (18). The Centers for Disease

Control and Prevention (CDC) prioritized bacteria into
one of three categories: concerning, serious and urgent
(19).
In the different regions of the world there is a different prevalence of infections caused by multidrug resistant bacteria in ICUs. EPIC II study showed that
about 51% of the ICU patients were considered to be
infected with respiratory infection. According to the
study, Staphylococcus aureus was isolated in 20.5% of
the cases and the Gram-negative organisms (E. coli,
Enterobacter spp., Klebsiella spp., Pseudomonas spp.
and Acinetobacter spp.) were found in 62.2% of the patients. EUROBACT study showed an average of
47.8% MDR rate. According to this study different countries showed different MDR rate ranging from 8% in
Australia to more than 75% in Turkey, Greece, Croatia
and Serbia (12, 13).
In our study we found that ICU-acquired infections had a low prevalence rate of 15.4%. Our results
corresponded with those presented by Sannusi (20),
but were opposite to the results published by Rosenthal, Meric, Erbay, Magnason and Makanjuola (21-25)
where higher prevalence rates of 26 - 39% were presented. Similar to the study by Makanjuola et al. (25)
most of our patients with ICU-acquired infections were
males aged from 20 to 29 years.
The most frequently ICU-acquired infections were pneumonia (50%),surgical site infections (30%) and
urinary tract infections (10%). Other site infections
which included primary bloodstream infections were
found in less than 10% of the hospitalized patients.Our
study population consisted of patients who were on
mechanical ventilation, which is a risk factor for occurrence of ventilator-associated pneumonia (VAP).Similar findings have been reported by Meric et al. (22) Erbay et al. (23), de Leon-Rosales et al. (26), Richards et
al. (27),Vincent et al. (8), Sheth et al. (28) and Makanjuola et al. (25). This means that considering the results from the previous studies pneumonia is the most
common ICU-acquired infections in Nigeria, Turkey,
Mexico, United Statesand India, although the study by
Sanusi et al. (20), contrary to the study by Makanjuola
et al. (25), showed that urinary tract infection were the
most common ICU-acquired infections in Nigeria. Rosenthal et al. (21) found blood stream infections as the
most common infections in ICUs in Argentina.
In our study Gram-negative bacteria isolates were
more common than Gram-positive bacteria isolates
(83% vs. 17%, p £ 0.005). Similar to our results, in
Asiancountries including India (29-35) and in some
African countries (25), most of the isolates obtained
from ICU patients weregram-negative organisms such
as Psudomonas aeruginosa, Echerichia coli, Klebsiella pneumonia and Acinetobacter species, followed by
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gram-positive organismslike Staphylococcus and Enterococcus. Acinetobacter species and Pseudomonas
aeruginosa were the most common isolated Gram-negative bacteria in our study with prevalence of 41.7%
and 20.8%, respectively. According to some studies
Acinetobacter species are the most common cause of
ICU infection especially in immunocompromised patients (33, 34). Pseudomonas aeruginosa, according to
some studies (6, 23, 25, 28, 33) appears to predominate
globally. The low prevalence of Gram-positive bacteria (Staphylococus aureus, MRSA and Enterococcus)
in our study did not correlate with the prevalence presented in the most previously published studies (22,
20, 23, 34, 35). Only the study of Qadeer et al. (33) performed in Pakistan showed similar prevalence rates as
ours.
The most important finding was the antibiotic resistance of the most common bacteria isolated in our
study. According to our results, there was a very high
level of resistance to antibiotics because isolated pathogens in our study showed resistance to multiple antibiotics. We found that MRSA was sensitive to Vancomycin and Linezolid and Enterococcus only to Linezolid. Pseudomonas aeruginosa and Acinetobacter
species were both sensitive only to Colistin. This finding corresponds with the reports of the CDC, which
presented that 63% of the infections with Acinetobacter in the United States were multidrug resistant infections. According to these reports, Acinetobacter causes
approximately 12,000 healthcare-associated infections
annually in the United States and approximately 1 million cases per year in the world globally. Other species
like Klebsiella pneumonia and Proteus mirabilis showed low resistance only to Amikacin and Carbapenems (Meropenem and Imipenem). Our results did not
correlate with those reported by Savanur et al. (32),
who presented a high resistance of Klebsiella isolates,
except to Cephalosporins and Gentamicinas well as to
Amikacin and Carbapenems because of the persistence
of carbapenemase-producing Klebsiella pneumoniae
bacteria across North America and other word regions.
All isolated bacteria species in our study were resistant
to the most frequently used antibiotics like Cephalosporins, Gentamicin, Ciprofloxacin and Clindamycin.
It means that ICU-acquired infections were caused by
MDR organisms.
Our study has some limitations. Firstly, we did not
identify some risk factors for occurrence of infections
by MDR bacteria among ICU patients: central venous
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access, pulmonary artery catheterization, stress ulcer
prophylaxis, urinary catheterization, mechanical ventilation, trauma, ICU length of stay and, mostly, a previous history of infection or colonization by MDR microorganisms. Secondly, the follow-up time period was
only two months, which according to us is not sufficient for obtaining relevant results.

CONCLUSION
Having in mind the fact that there is a considerable variation in the presented MDR pathogens across
the countries and geographical regions,the advantages
of our study are as follows: it obtained data about the
prevalence and types of ICU-acquired infections, determined the pathogens associated with these infections and determined the resistance pattern of the presented pathogens. This knowledge can be used to predict the resistance of the locally persistent pathogens
and to make the choice of antibiotics according to the
antimicrobial susceptibility pattern when infections
occur. Thus, antibacterial drug overuse could be avoided, reducing the risk of MDR bacteria development.

CLINICAL RELEVANCE
Antibiotic resistance is a major upcoming problem in today’s clinical practice, especially in patients
with ICU-acquired infections. Local data of the prevalence and types of ICU-acquired infections, pathogens
types and their resistance pattern are very important in
order to obtain good antibiotic response, reducing morbidity and mortality rates and avoiding drug overuse
and MDR bacteria development. Studies like ours give
an opportunity for early targeted antibiotic therapy reducing the number of antibiotics or using narrower
spectrum drugs. This is very important considering
that prompt administration with appropriate antibiotics
within 1 hour of recognizing infection, sepsis or septic
shock has shown to improve survival in these patients
with MDR ICU-acquired infections.
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Uvod: Jedinice intenzivne nege (JIN) su ~esto
epicentar razvoja infekcija izazvanih mikroorganizmima otpornim na vi{estruke lekove (MDR).
Cilj: Cilj studije je da se utvrdi prevalenca i tipovi
infekcija ste~enih u JIN-u, utvrde patogeni povezani sa
ovim infekcijama i utvrdi obrazac antibiotske rezistencije kod prisutnih patogena.
Materijal i metode: U studiju je uklju~eno 130
pacijenata hospitalizovanih u hirur{kim JIN univerzitetske Klinike za anesteziologiju i intenzivnu negu u
Skoplju tokom perioda od 2 meseca, April-Jun 2017,
koji su razvili infekciju najmanje posle 72 sata od hospitalizacije. Kod svih njih identifikovani su patogeni i
ispitana multirezistentnost na antibiotike.
Rezultati: Dvadeset od 130 (15,4%) pacijenata
razvilo je infekcije ste~ene u JIN-u. Na~e{}e infekcije
bile su pneumonija (50%) i hirur{ke infekcije (30%).
Gram-negativni organizmi bili su ~e{}e izolovani od
Gram-pozitivnih (83% vs. 17%). Naj~e{}e izolovane
bakterije bile su Acinetobacter species (30, 41,7%) i
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