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Summary Objective: We aimed to compare the features of intensive care units (ICUs), their
antimicrobial resistance patterns, infection control policies, and distribution of infectious dis-
eases from central Europe to Mid-West Asia.
Methods: A cross-sectional point prevalence study was performed in 88 ICUs from 12 countries.
Characteristics of ICUs, patient and antibiotic therapy data were collected with a standard
form by infectious diseases specialists.
Results: Out of 749, 305 patients at least with one infectious disease were assessed and 254
patients were reported to have coexistent medical problems. When primary infectious diseases
diagnoses of the patients were evaluated, 69 had community-acquired, 61 had healthcare-
associated, and 176 had hospital-acquired infections. Pneumonia was the most frequent ICU
infection seen in half of the patients. Distribution of frequent pathogens was as follows:
Enteric Gram-negatives (n Z 62, 28.8%), Acinetobacter spp. (n Z 47, 21.9%), Pseudomonas
aeruginosa (n Z 29, 13.5%). Multidrug resistance profiles of the infecting microorganisms seem
to have a uniform pattern throughout Southern Europe and Turkey. On the other hand, active
and device-associated infection surveillance was performed in Turkey more than Iran and
Southeastern Europe (p < 0.05). However, designing antibiotic treatment according to culture
results was highest in Southeastern Europe (p < 0.05). The most frequently used antibiotics
were carbapenems (n Z 92, 30.2%), followed by anti-gram positive agents (vancomycin, teico-
planin, linezolid, daptomycin, and tigecycline; n Z 79, 25.9%), beta-lactam/beta lactamase
inhibitors (n Z 78, 25.6%), and extended-spectrum cephalosporins (n Z 73, 23.9%).
Conclusion: ICU features appears to have similar characteristics from the infectious diseases
perspective, although variability seems to exist in this large geographical area.
ª 2013 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Introduction

The management of infections within the intensive care
unit (ICU) poses challenges due to the severity of illness,
complex comorbidities, multiple invasive procedures and
impaired host defenses characteristic of this patient pop-
ulation. The frequency, epidemiology, microbial spectrum,
and antimicrobial resistance patterns vary between coun-
tries and even between institutions.1e3 Surveillance of in-
fections and antimicrobial stewardship within the ICU
setting are essential pillars of effective health care, not
only for the prevention of infection but also for rapid and
effective management and conservation of an increasingly
limited range of treatment options.4 However, there are
limited data from developing countries.5 Infections with
multidrug resistant organisms such as Acinetobacter spp.
are known to be specific problems in this region but
large-scale surveys have not been performed to compare
countries simultaneously.2,3,6

The primary objective of this study was to compare ICUs
with respect to infection prevention and control measures,
causative microorganisms, antibiotic resistance patterns,
and antibiotic usage, in a large geographical area ranging
from Central Europe to Mid-western Asia. In addition, the
study aimed to describe the range of infection syndromes
within these ICUs as well as illness severity and patient
comorbidities, both of which directly affect outcome in ICU
patients with infection.

Material and methods

This cross-sectional point prevalence study was carried out
on a single day between June 15 and July 01 of 2012. ICUs
from Slovenia, Hungary, Bosnia-Herzegovina, Kosovo, Serbia,
Romania, Macedonia, Albania, Bulgaria, Turkey, and Iran
collaborated in this study. The cities in which the partici-
pating centers were located are shown in Fig. 1. The only
military institution joined in this study was a Bulgarian cen-
ter. No other data from military institutions were included.
On the study day, each patient in the participating ICU was
visited by an infectious disease specialist. Data collection
for patients with infection involved consultation of the pa-
tient files, nursing records, infection control committee re-
cords, and the hospital computer system. General
characteristics of ICUs were also obtained for comparison.

Community-acquired, healthcare-associated, and
hospital-acquired infections were defined using the criteria
of the Centers for Diseases Control and Prevention (CDC).
Sepsis definitions were made according to the sepsis
consensus.7 Multidrug resistance (MDR) was defined as ac-
quired non-susceptibility to at least one agent in three or
more antimicrobial categories. Extensive drug-resistance
(XDR) was defined as non-susceptibility to at least one agent
in all but two or fewer antimicrobial categories (i.e. bacte-
rial isolates remain susceptible to only one or two cate-
gories). Pan drug-resistance (PDR) was defined as non-
susceptibility to all agents in all antimicrobial categories.8

Vancomycin, teicoplanin, linezolid, daptomycin, and tigecy-
cline were defined as the anti-Gram positive agents while
levofloxacin, moxifloxacin, and gemifloxacin were grouped
as respiratory quinolones. beta lactam-beta/lactamase in-
hibitor combinations used in the study included ampicillin/
sulbactam, amoxicillin/clavulanic acid, piperacil-
linetazobactam, and cephaperazoneesulbactam. Cefurox-
ime, ceftriaxone, cefotaxime, ceftazidime, and cefepime
were classified as extended-spectrum cephalosporins.

Statistical analyses were performed with SPSS 17.0 (SPSS
Inc., Chicago, IL, USA). Results were given as
mean � standard deviation, and frequencies, and percent-
ages for categorical variables. Comparisons in more than
two groups were performed with one-way ANOVA followed



Figure 1 The cities in which the participating centers were located.
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by a post hoc Tukey test or KruskaleWallis variance
analysis, as appropriate. Chi-square test or the Free-
maneHalton extension of the Fisher exact probability test
for a two-rows by three-columns contingency table were
used for the comparisons of categorical variables.9 All com-
parisons were two-tailed and a p-value of <0.05 was
accepted as statistically significant.

Results

In this study 749 patients were receiving care in 88
participating ICUs in 11 countries on the study day. Of
these, 305 (40.7%) had at least one infection and were
included in the analysis.

ICU characteristics

The distribution of participating ICUs were as follows: 15
general surgery ICUs (n Z 34), 7 neurosurgical ICUs
(n Z 31), 8 cardiovascular surgical ICUs (n Z 9), 11 internal
medicine ICUs (nZ 34), 7 infectious diseases ICUs (nZ 34),
5 respiratory ICUs (n Z 27), 5 coronary ICUs (n Z 12), 3
neurological ICUs (n Z 8), and 27 mixed ICUs (n Z 116).
Overall 58 out of 88 ICUs (66.7%) had isolation rooms. Bed
capacity and other features of participating units are shown
in Tables 1and 2.

Patient demographics

Threehundred andfivepatientswith infectiousdiseaseswere
assessed (196 males). The mean (SD) age of the patients was
56.5 (�19.5) years and 254 (83.3%) were reported to have
coexistent medical problems. The distribution of concomi-
tant disease, illness severity parameters, and the devices
used are presented in Table 3. 85 (27.8%) patients underwent
surgery prior to their admission to ICU, while 91 (29.8%) pa-
tients underwent surgical intervention during their stay in
ICU. The range of surgical procedures performed on patients
during their ICU admission was as follows: 32 abdominal, 22
cardiothoracic, 26 intracranial, 8 orthopedic and 3 urogeni-
tal. 150 (49%) of ICU patients with infections underwent sur-
gery following step down from ICU beds.
Infection syndromes

When the primary infectious diseases diagnoses of the 305
patients were evaluated, 69 (22.6%) patients had
community-acquired, 61 (20%) had healthcare-associated,
and 176 (57.7%) had hospital-acquired infections. The range
of community-acquired infections was as follows: pneu-
monia (n Z 40, 13.1%), skin and soft tissue infection
(n Z 10, 3.3%), gastrointestinal infection (n Z 7, 2.3%),
bloodstream infection (n Z 5, 1.6%), urinary tract infection
(nZ 4, 1.3%), botulism (nZ 1), Hantavirus hemorrhagic fe-
ver with renal syndrome (n Z 1), empyema (n Z 1), infec-
tive endocarditis (nZ 1). Two patients admitted to hospital
with community-acquired infections developed superim-
posed nosocomial infection. On the other hand, the range
of healthcare-associated infections was as follows: Pneu-
monia (n Z 21, 6.9%), bloodstream infection (n Z 15,
4.9%), urinary tract infection (n Z 7, 2.3%), surgical site
infection (n Z 7, 2.3%), skin and soft tissue infection
(n Z 6, 1.9%), gastrointestinal tract infections (n Z 2,
0.7%), infective endocarditis (n Z 2, 0.7%), and fulminant
hepatitis B (n Z 1, 0.3%). The distribution of infectious



Table 1 The bed capacities of the participant hospitals
and the ICUs according to country groups and ICU types.

No. of
participants

Bed capacity

Mean (SD) Min. Max.

Southeast Europe

Hospitals 17 1137 (657) 129 2145
ICUs 28 12.6 (5.53) 4 26
Medical 9 8.0 (3.12) 4 10
Surgical 7 13.1 (6.01) 5 20
Mixed type 12 15.8 (4.45) 10 26

Turkey

Hospitals 8 946 (498) 455 1935
ICUs 44 10.82 (4.29) 4 21
Medical 17 11.65 (4.28) 7 21
Surgical 16 10.81 (5.14) 4 20
Mixed type 11 9.54 (2.66) 6 12

Iran

Hospitals 8 457 (391) 16 1300
ICUs 16 7.75 (3.61) 1 16
Medical 5 9.00 (4.53) 5 16
Surgical 7 7.14 (3.72) 5 12
Mixed type 4 7.25 (2.50) 4 10

Overall

Hospitals 33 925.94 (618.2) 16 2145
ICUs 88 10.83 (4.85) 1 26
Medical 31 10.16 (4.24) 4 21
Surgical 30 11.96 (4.93) 1 20
Mixed type 27 10.50 (5.33) 4 26

ICU: Intensive care unit; SD: Standard deviation.

Table 2 Comparison of intensive care unit (ICU) characteristics
sent statistically significance.

Variable Overall So

Nurse per bed, (mean ± SD)

Medical ICU 1.61 � 1.33 2
Mixed type ICU 1.88 � 0.88 2
Surgical ICU 1.97 � 1.67 2

Nurse per patient, (mean ± SD)

Medical ICU 0.66 � 0.85 1
Mixed type ICU 0.57 � 0.23 0
Surgical ICU 0.77 � 0.85 0

Written hospital antibiotic policy, n/N (%) 19/88 (21.6) 7
Active infection surveillance, n/N (%) 68/88 (77.3) 2
Device-associated surveillance, n/N (%) 59/88 (67) 1
Incidence density calculation, n/N (%) 63/88 (71.6) 1
Antibiotic usage rate in the study day (mean ± SD)

Medical ICU 0.47 � 0.28 0
Mixed type ICU 0.46 � 0.24 0
Surgical ICU 0.59 � 0.71 0

Culture-based treatment n/N (%)

Medical ICU 48/115 (41.7) 1
Mixed type ICU 72/116 (62.1) 4
Surgical ICU 40/74 (54.1) 2
Overall 160/305 (52.5) 8

a Significant difference from Iran (p Z 0.011). Tukey test.
b Significant difference from Southeast Europe (p Z 0.015). Tukey t
c Significant difference from Iran (p Z 0.007). Tukey test.
d Significant difference from Iran (p Z 0.016). Tukey test.
e Significant difference from Iran (p Z 0.045). Tukey test.
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diseases across different ICU types is summarized in Table 4
and according to their sources in Fig. 2.

Culture yield/microbiological diagnosis

In total, 358 clinical infections were identified in 305
patients. Microbiological diagnoses were established by
culture in 160 patients. The mean hospitalization period
before a positive culture was 18.3 � 24.8 days while the
mean ICU hospitalization before a positive culture was
16.2 � 24.2 days. The duration of antibiotic use before
positive cultures was 10 � 15.1 days. The infecting
microorganisms were as follows: enteric Gram-negative
bacteria (n Z 62, 28.8%) [Escherichia coli (n Z 23), Klebsi-
ella spp. (nZ 23), Enterobacter spp. (nZ 6), Serratia mar-
cescens (n Z 4), Proteus spp. (n Z 6)], Acinetobacter spp.
(n Z 47, 21.9%), Pseudomonas aeruginosa (n Z 29, 13.5%),
Stenotrophomonas maltophilia (n Z 2), Neisseria meningi-
tidis (n Z 1), Neisseria spp. (n Z 1), Sphingomonas pauci-
mobilis (n Z 1), Staphylococcus aureus (n Z 17, 8%),
coagulase-negative Staphylococci (n Z 9, 4.2%), Entero-
cocci (n Z 17, 8%), Streptococcus viridans (n Z 7), Strep-
tococcus pneumoniae (n Z 6), Clostridium difficile
(n Z 3), Candida albicans (n Z 3), Candida non-albicans
(n Z 9, untyped), Aspergillus fumigatus (n Z 1).

Antimicrobial therapy

Before ICU admission, 135 patients (44%) had a previous
hospitalization in any institution and 58 (19%) had been
according to country groups and ICU types. Bold values repre-

utheast Europe Turkey Iran p Value

.10 � 0.99 0.99 � 0.44a 2.83 � 2.55 0.007

.29 � 1.04 1.32 � 0.42b 2.18 � 0.30 0.015

.21 � 1.34 1.22 � 0.88c 3.42 � 2.39 0.008

.17 � 1.47 0.39 � 0.11 0.66 � 0.34 0.077

.56 � 0.24 0.49 � 0.12d 0.84 � 0.24 0.021

.52 � 0.25 0.57 � 0.31e 1.47 � 1.57 0.039

/28 (25) 6/44 (13.6) 6/16 (38) 0.12
0/28 (71.4) 44/44 (100) 4/16 (25) <0.00001

1/28 (39.3) 43/44 (97.7) 5/16 (31.3) <0.00001

5/28 (53.6) 42/44 (95.4) 6/16 (38) <0.00001

.57 � 0.31 0.46 � 0.28 0.34 � 0.22 0.32

.50 � 0.21 0.46 � 0.29 0.38 � 0.18 0.68

.37 � 0.22 0.45 � 0.27 1.14 � 1.32 0.06

5/34 (44.1) 29/71 (40.8) 4/10 (40) 0.95
8/69 (69.6) 23/42 (54.8) 1/5 (20) 0.04

2/24 (91.7) 15/33 (45.4) 3/17 (17.6) <0.00001

5/127(66.9) 67/146 (45.9) 8/32 (25) <0.00001

est.



Table 3 Characteristics of 305 patients with infection in
intensive care unit (ICU).

Variable

Age (y), mean ± SD 56.6 � 19.5
Female gender, n (%) 109 (35.7)
Severity of illness on the study day

Absence of clinical sepsis, n (%) 197 (64.6)
Sepsis, n (%) 73 (23.9)
Severe sepsis, n (%) 15 (4.9)
Septic shock, n (%) 20 (6.6)
Glasgow coma scale, mean � SD
(n Z 25)a

8.3 � 3.9

Apache II, mean � SD (n Z 235) 16.18 � 9.9
Concomitant diseases, n (%)

Cardiovascular events 134 (43.9)
Diabetes mellitus 68 (22.3)
Chronic obstructive lung disease
(COPD)

49 (16.1)

Hematological malignancy 48 (15.7)
Acute renal failure 39 (12.8)
Solid organ tumor 36 (11.8)
Chronic renal disease 31 (10.1)
Peptic ulcer 17 (5.6)
Immunosuppression 12 (3.9)
Chronic liver disease 11 (3.6)
Bronchiectasis 10 (3.3)
Asplenia 4 (1.3)
Burn 3 (1.0)
None 51 (16.7)

Devices, used, n (%)

Vascular catheters
Internal jugular 95 (31.1)
Subclavian 89 (29.2)
Femoral 24 (7.9)
Hickman 2 (0.7)
Arterial 6 (2.0)

Urinary catheter 259 (84.9)
Nasogastric tube 162 (55.4)
Tracheostomy tube 64 (20.9)
Invasive mechanical ventilation 177 (58.0)
Non-invasive mechanical ventilation 32 (10.5)

a Patients with altered mental status.
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admitted to an ICU in the preceding six months. In 101/305
(33.1%) patients, there was a history of prior antibiotic use
in the wards. In 130/160 (77%) patients with subsequent
positive culture results, at least one antibiotic had been
given empirically after ICU admission but prior to microbi-
ological confirmation. Antibiotics given prior to culture
results becoming available included extended-spectrum
cephalosporins (n Z 54, 22.5%), carbapenems (n Z 44,
18.3%), beta lactam-beta lactamase inhibitor combinations
(n Z 38, 15.8%), anti-Gram positive agents (n Z 33, 13.7%),
metronidazole/ornidazole (n Z 25, 10.4%), aminoglyco-
sides (n Z 22, 9.1%) ciprofloxacin (n Z 17, 7.0%), colistin
(n Z 5, 2.1%), and respiratory quinolones (n Z 2, 0.8%).
The resistance profiles of isolated microorganisms are
detailed in Table 5, categorized according to country
groups.
One patient with Hantavirus infection did not receive
any antimicrobial agents. The number of antibiotics used is
shown in Fig. 3. The most frequently used antimicrobials
were carbapenems (n Z 92, 30.2%), followed by anti-
Gram positive agents (n Z 79, 25.9%), beta lactam-beta
lactamase inhibitors (n Z 78, 25.6%), extended-spectrum
cephalosporins (n Z 73, 23.9%), ciprofloxacin (n Z 35,
11.5%), aminoglycosides (n Z 31, 10.2%), colistin
(n Z 31, 10.2%), metronidazole/ornidazole (n Z 25,
8.2%), antifungals (n Z 24, 7.9%), and respiratory quino-
lones (n Z 18, 5.9%) (Fig. 4). Specific antibiotics adminis-
tered to patients with infection on the study day were as
follows: flucloxacillin (n Z 3), crystallized penicillin
(n Z 5), ampicillinesulbactam (n Z 11), amoxicillin clavu-
lanate (n Z 4), piperacillinetazobactam (n Z 45), cefazo-
lin (n Z 2), cefuroxime (n Z 2), ceftriaxone/cefotaxime
(n Z 49), ceftazidime (n Z 18), cefepime (n Z 5), cepha-
perazoneesulbactam (n Z 17), sulbactam (n Z 5), imipe-
nem (n Z 32), meropenem (n Z 54), ertapenem (n Z 5),
amikacin (n Z 19), gentamicin (n Z 7), netilmicin
(n Z 1), streptomycin (n Z 1), tobramycin (n Z 4), aztreo-
nam (n Z 1), ciprofloxacin (n Z 38), levofloxacin (n Z 11),
moxifloxacin (n Z 7), colistin (n Z 34), tigecycline (n Z 8),
teicoplanin (n Z 20), vancomycin (n Z 37), linezolid
(n Z 7), daptomycin (n Z 7), trimethoprim/sulfamethoxa-
zole [SXT (n Z 6)], rifampicin (n Z 6), clindamycin
(n Z 10), aciclovir (n Z 6), fluconazole (n Z 10), caspofun-
gin (n Z 4), voriconazole (n Z 2), amphotericin B (n Z 4),
anidulafungin (n Z 3), metronidazole/ornidazole (n Z 26),
clarithromycin/azithromycin (n Z 8), lamivudine (n Z 1),
gancyclovir (n Z 1), isoniazid (n Z 1), pyrazinamide
(n Z 1), ethambutol (n Z 1). Details of antibiotic adminis-
tration according to ICU type and country are presented in
Table 6 and Fig. 5.
Discussion

Measures to prevent and control infectious diseases in the
ICUs studied in this large geographical area, extending from
Central Europe to Mid-western Asia, appear to be better
implemented than in many other developing countries.10

However there were there major differences in the region
for the quality indicators. First, active surveillance of infec-
tions, device-associated surveillance, and incidence den-
sity calculation for infections were enforced in more
Turkish units than in Southeast Europe and Iran. The prob-
able reason for this is that the Turkish Ministry of Health is-
sued a ‘‘Budget Enforcement Document’’ that outlined the
antibiotic prescription policy in 2003.11 Since then Turkey
has made significant advances in infection prevention
including legislation pertaining to infection control,
training, surveillance issues, and nationwide data analysis.
Nevertheless, our data showed awareness of infection con-
trol issues in Southeast Europe and Iran. Staffing ratios are
known to be important in reducing infection,12 and nurse
per bed and patient ratios were generally highest in ICUs
in Iran, where official standards advocate a minimum nurse
per patient ratio of one (Prof. Dr. Mehrdad Askarian, per-
sonal communication). Southeastern European units
tailored antibiotic therapy according to culture results
more frequently: antimicrobials were guided by culture



Table 4 Distribution of major groups of infectious diseases according to ICU types.a Bold values represent statistically
significance.

Infection type Overall
(n Z 305)

Medical ICUs
(n Z 115)

Surgical ICUs
(n Z 74)

Mixed ICUs
(n Z 116)

p Value

VAP 77 (25.2) 20 (17.4) 19 (25.7) 38 (32.8) 0.027

Pneumonia (other) 86 (28.2) 45 (39.1) 17 (23) 24 (20.7) 0.004

Catheter-related BSI 16 (5.2) 2 (1.7) 6 (8.1) 8 (6.9) 0.095
Non-catheter-related BSI 40 (13.1) 13 (11.3) 6 (8.1) 21 (18.1) 0.106
Catheter-related UTI 24 (22.8) 5 (4.3) 8 (10.8) 11 (9.5) 0.195
Non-catheter-related UTI 18 (5.9) 8 (7.0) 1 (1.4) 9 (7.8) 0.156
Surgical site infection 36 (11.8) 11 (9.6) 14 (18.9) 11 (9.5) 0.93
Skin/soft tissue infection 29 (9.5) 12 (10.4) 8 (10.8) 9 (7.8) 0.714
GIT infection 19 (6.2) 6 (5.2) 6 (8.1) 7 (6.0) 0.72
Other 13 (4.3)

VAP: Ventilator-associated pneumonia, GIT: Gastrointestinal tract, BSI: Bloodstream infection, UTI: Urinary tract infection.
Other: Two meningoencephalitis, 3 pulmonary tuberculosis, 2 infective endocarditis, 2 empiyemas, 1 upper respiratory tract infection, 1
hantavirus pulmonary syndrome, 1 fulminant viral hepatitis B, 1 botulism.
a Data expressed as n (%).
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results in approximately two-thirds of their patients,
compared with half of infected patients in Turkish ICUs
and a quarter of infected patients in Iranian ICUs.

In the EPIC I study, which was published in 199513 and in
the EPIC II study published in 2009,14 approximately half of
patients in 1417 and 1265 ICUs respectively, were consid-
ered to have infection. Accordingly, 40.7% of ICU patients
in our study had infection. The ICU mortality rate of in-
fected patients was reported to be more than twice of
noninfected patients.14 The majority (83%) of patients
included in our study had significant comorbidities, a factor
which is known to influence long-term outcomes.15,16 Car-
diovascular problems were present in approximately half,
followed by diabetes, chronic obstructive pulmonary dis-
ease, hematological malignancies, acute renal failure, solid
organ tumors, and chronic renal disease in descending or-
der. In addition, indwelling devices and endotracheal tubes
are known to serve as portals of entry for pathogens.17

Thus, these devices were commonly reported, including
urinary catheters in the majority of patients, central
venous catheters and nasogastric tubes in half, and trache-
ostomy tubes in one-fifth of patients. More than two-thirds
of the cases were receiving ventilatory support: invasive
Figure 2 The distribution of common infections according to
their sources.
ventilation in more than half and non-invasive ventilation
in one third.

Infection is a significant predictor of mortality in ICU
patients.14 However, only a quarter of patients in this study
met the criteria for sepsis, while 5% and 7% fulfilled the
criteria for severe sepsis and septic shock respectively. In
both EPIC 1 and 2 studies pneumonia was the most frequent
infection.13,14 Accordingly in this study pneumonia was the
leading infectious disease seen in more than half of the pa-
tients, followed by catheter-related urinary tract infection,
non-catheter-related bloodstream infection, and surgical
site infection, in descending order. Similarly, in another
multicentre study performed in eight developing countries,
ventilator-acquired pneumonia was the leading infection in
24% of cases, followed by central venous catheter-related
bloodstream infection and catheter-associated urinary
tract infection.18 In addition, community-acquired and
healthcare-associated infections each accounted for one-
fifth of the cases while hospital-acquired infection
comprised three-fifths of the cases. Pneumonia was the
most common infection for both community-acquired and
healthcare-associated infections. Although skin and soft tis-
sue infection came second in the former, bloodstream
infection followed pneumonia in the latter. Thus, a consid-
erable portion of infections affecting ICU patients was ac-
quired outside of the hospitals.

We did not detect significant differences in the distri-
bution of infections across medical, surgical and mixed
ICUs, although ventilator-unrelated pneumonias were more
frequent in medical ICUs and VAPs were more frequent in
mixed ICUs, as one might expect. Our results suggest that
better control of VAP should be a key area for these ICUs to
address, especially as recent experience in other settings
has shown that VAP rates can be dramatically reduced, with
better patient outcomes and substantial cost savings.19,20

Catheter-related urinary tract infections should also be tar-
geted, particularly as these are caused by multidrug resis-
tant Gram-negative pathogens.

Infections due to resistant pathogens are difficult to
treat and are associated with higher mortality and
costs.18,21,22 In EPIC-2 study the most common isolates



Table 5 The distribution of resistance patterns of isolated microorganisms from clinical specimens, according to country
groups.a

Microorganism Overall Southeast Europe Turkey p Valueb Iran

Enteric Gram-negative bacilli (n [ 62)

Multidrug resistant 39 (63%) 20/34 (58.8) 18/26 (69.2) 0.43 1/2 (50)
Extensively drug resistant 5 (8%) 4/34 (11.8) 1/26 (3.8) 0.38 0
Pandrug resistant 0 0 0 ND 0

Acinetobacter spp. (n Z 47)

Multidrug resistant 31 (66%) 19/25 (80) 11/19 (57.9) 0.33 0
Extensively drug resistant 13 (28%) 4/25 (20) 8/19 (42.1) 0.09 0
Pandrug resistant 5 (11%) 2/25 (4) 0 ND 3/3 (100)

Pseudomonas aeruginosa (n Z 29)

Multidrug resistant 16 (55%) 7/13 (53.8) 7/14 (50) 1.0 1/2 (50)
Extensively drug resistant 7 (14%) 4/13 (30.8) 3/14 (21.4) 0.82 0
Pandrug resistant 2 (7%) 2/13 (15.4) 0 ND 0

Staphylococcus aureus (n Z 17)

Multidrug resistant 8 (47%) 7/16 (43.8) 0 ND 1/1 (100)
Extensively drug resistant 0 0 0 ND 0
Pandrug resistant 0 0 0 ND 0

Enterococcus spp. (n Z 17)

Multidrug resistant 10 (59%) 6/9 (66.7) 3/7 (42.9) 1.0 1/1 (100)
Extensively drug resistant 1 (6%) 0 1/7 (14.3) ND 0
Pandrug resistant 0 0 0 ND 0

a Data expressed as n/N (%), ND: Not determined.
b Comparisons were performed between Southeast Europe and Turkey.
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were S. aureus and P. aeruginosa, and each of them
comprised one-fifth of culture positive cases.14 However,
enteric Gram-negative bacteria were the most frequently
isolated pathogens, followed by Acinetobacter, then P. aer-
uginosa, S. aureus and Enterococci in descending order ac-
cording to our data. This reflects the changing
epidemiology in this part of the world. Multidrug resistance
was seen in more than half of these microorganisms in our
study. Extensive drug resistance was recorded in a consider-
able proportion of these isolates other than S. aureus and
was most significant for Acinetobacter species. Finally, pan-
drug resistance was observed in one-tenth of Acinetobacter
and P. aeruginosa isolates. Thus, antibiotic resistance is a
major concern for ICUs in this geographical area stretching
from Central Europe to Mid-western Asia.
Figure 3 The number of antibiotics used in ICU patients.
High rates of ESBL-producing enteric Gram-negative
bacteria, carbapenem-resistant Acinetobacter and P. aeru-
ginosa strains in Turkish hospitals have long been the major
focus of concern.1,23 In a multicentre study, which evalu-
ated 88 ICUs in 36 Turkish tertiary hospitals, rates of noso-
comial infection due to S. aureus declined between 2008
and 2011, while hospital-acquired Acinetobacter infections
increased over the same period.6 Thus, beta lactam-beta/
beta lactamase inhibitor combinations, carbapenems, and
colistin were used significantly more frequently in Turkey
according to our data. However, we did not find any signif-
icant difference in the antimicrobial resistance patterns
between Turkey and Southeastern Europe. Of note the
few PDR strains identified were only seen in Iran. Although
the data is rather limited for Iran, aminoglycosides, cipro-
floxacin, anti-Gram positive agents were commonly used
in this country. In a recent Iranian study, 25 000 blood cul-
tures were evaluated over five years. Half of the isolates
Figure 4 The number of antibiotics used in ICU patients.
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Figure 5 The most frequently used antibiotics with respect
to ICU type and geographical locale.
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were Gram-positive bacteria, and methicillin resistance
was observed in 79% and 89% of S. aureus and coagulase-
negative staphylococci respectively. P. aeruginosa was the
most frequent Gram-negative isolate in the same study.24

These findings may explain the frequent use of anti-Gram
positive agents, aminoglycosides, and ciprofloxacin in Ira-
nian ICUs. In southeast Europe, aminoglycosides,
extended-spectrum cephalosporins and quinolones were
more frequently used compared to Turkey. Thus, differ-
ences in resistance profiles of non-lactose-fermenting bac-
teria isolated from this large geographical area appear to
influence antimicrobial prescribing practice within individ-
ual countries included in this study.

The proportion of ICU patients receiving antibiotics did
not differ significantly between countries in this study. Our
findings indicate that a significant proportion of patients
received treatment with “last resort” antibiotics such as
colistin and carbapenems. Such empirical therapy should be
minimized and should be modified according to culture
results at the earliest opportunity to avoid exposing
patients to the adverse effects associated with broad-
spectrum agents and to limit the evolution of resistant
organisms. Apparently, the establishment of a microbiolog-
ical diagnosis should be improved in the region.

In conclusion, we have confirmed a worryingly high
prevalence of multidrug resistant bacteria isolated from
patients receiving care in a wide variety of ICUs stretching
from Central Europe to Mid-western Asia. Differences in
local resistance-patterns influence antibiotic prescribing
practice and account for some of the inconsistencies seen
between countries. The importance of establishing a
microbiological diagnosis cannot be overstated, both to
ensure that highly resistant pathogens are accurately
identified and appropriately treated in this vulnerable ICU
population, and to shorten the duration of empirical broad-
spectrum antibiotic regimens that contribute to the evolu-
tion of antimicrobial resistance. Legislation is important for
establishing infection control standards and seems to have
contributed greatly to improve infection control in our
participant countries. However, many developing countries
lack legal policies requiring the establishment of infection
prevention and control. Thus, this study provides a bench-
mark against which hospitals in this region can compare
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their own performance. It provides baseline data for future
studies on the success of maximizing quality interventions
to contain the spread of multidrug resistant organisms and
to target antimicrobial therapy more appropriately in this
part of the world.
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