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Abstract

The increase in the clinical threat of ESKAPE pathogens is associated with high virulence and the presence of numerous
mechanisms of antimicrobial resistance. The above characteristics of pathogens affect therapeutic failures as well as cause
prolongation and increase of the cost of its treatment.
Objective. The aim of this study was to evaluate and analyze Acinetobacter baumannii strains in relation to the remaining
bacteria from the ESKAPE group that induced pneumonia in mechanically ventilated patients in two neighboring countries.
Materials and method. The study was retrospective. 335 clinical materials were analyzed, mainly bronchoalveolar lavage
gained for microbiological screen. The analyzed patients were in intensive care units (ICU) in selected hospitals in 2013 –
2015, in Poland (154 patients) and in Ukraine (181 patients).
Results. In the analysis of etiological agents of VAP caused by ESKAPE strains, Gram negative bacteria were predominant
in both countries although particular species occurred at different frequencies in Poland and Ukraine. Multi-resistant
strains of Acinetobacter baumannii were more frequently cultured from patients in Poland (26.9%) compared to those from
Ukraine (14.6%).
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INTRODUCTION
The pathogens that cause severe hospital infections in all
countries of the world, contributing to the highest mortality
rates, are those with high resistance to antibiotics. These
organisms, by their rapid expansion, have become a global
threat to public health. For the purposes of epidemiological
studies, different names for resistant strains have been defined:
• MDR – multidrug resistance
• XDR – extensively drug resistance
• PDR – pandrug resistance
The groups of pathogens include Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter
baumannii, Pseudomonas aeruginosa and Enterobacter
spp. These microorganisms were identified by the IDSA
(Infectious Diseases Society of America) with the acronym
ESKAPE [1, 2, 3]. Acquired resistance genes of these bacteria
are manifested by the lack of efficacy of vancomycin against
Enterococcus-resistant enterococci (VRE), resistance to
S. aureus (MRSA) and antibiotic resistance to β-lactam
antibiotics, mainly against Gram-negative carbapenems
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(e.g. CRE – carbapenem-resistant Enterobacteriaceae) [4, 5].
The effect of carbapenemases production among clinically
significant Gram-negative bacteria is a serious medical
problem. So far, Acinetobacter baumannii has been
identified as the final recipient of carbapenemase genes (e.g.
imipenemase, Veron metallo-β-lactamase, Guiana extended
spectrum and carbapenemase Klebsiella pneumoniae) from
Enterobacteriaceae and Pseudomonas aeruginosa. Recent
discoveries concerning the proliferation of blaNDM
carbapenemase genes have shown that A. baumannii probably
acts as a source of genes resistant to antibiotics. The genetic
analysis of blaNDM-1 showed that the genetic structure
(Tn125) responsible for its propagation is most likely derived
from Acinetobacter. Furthermore, blaNDM-1 studies showed
that it can be constructed in Acinetobacter by a recombinant
event with another resistance gene found in A. baumannii
(aphA6). This way of looking at it highlights the new and
unexpected role of A. baumannii [6].
In the last two decades, Acinetobacter infection has
increased. One reason for this is a high level of natural and
acquired resistance to many antimicrobials and disinfectants.
The widespread occurrence of A. baumannii in the hospital
environment, mostly in humid areas or colonizing patients’
mucous membranes and elements of therapeutic devices, such
as intubation tubes or components of artificial ventilation
devices, cause frequent infections, especially in intensive care
units. The low nutrient requirements of Acinetobacter enable
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the bacteria to remain in the dry environment for weeks
or months. The described microbial properties are often
associated with surface contamination in hospitals, causing
epidemical outbreaks [7, 8]. Neither adverse environmental
conditions nor the problem of biofilm formation should be
overlooked, as the microorganisms gain an exceptionally high
level of antimicrobial resistance [4, 9]. The effects of various
factors, such as inappropriate and excessive antibiotic therapy,
invasive medical diagnostic and therapeutic procedures,
inadequate hygiene, and international and intercontinental
travel, would most likely lead to the rapid growth and spread
of these bacteria in hospitals [10, 11].
Developed internal epidemiological procedures allow
evaluation of the possibility of the spread of these bacteria
within respective hospitals. National molecular studies allow
determination of the spread of resistant strains in the country.
However, there is little research analyzing the relationship
between antibiotic regimens in different countries, the overall
clinical status of patients, and the prevalence of antibioticresistant strains.
OBJECTIVES
The aim of the study was to evaluate and analyze the
incidence of Acinetobacter baumannii strains with respect
to the remaining ESKAPE bacteria in ventilator-associated
pneumonia (VAP) patients in a selected hospital in Poland
(Radom, Masovian Specialist Hospital) and a comparable
university hospital in Ternopil, Ukraine.
Patients were also evaluated in terms of clinical data
predisposing the development of severe pneumonia in both
examination groups.
The recommended empirical antibiotic regimens and the
practical use of selected antibiotics in both countries were
compared with established Acinetobacter resistance.
MATERIALS AND METHOD
The study was retrospective. 335 clinical samples were
analyzed: bronchoalveolar lavage (BAL) collected for
microbiological screening from patients undergoing artificial
ventilation who developed pneumonia. The analyzed patients
were in intensive care units (ICU) in 2013–2015: 154 patients
in Poland (PL) (Masovian Specialist Hospital in Radom) and
in Ukraine 181 patients (UA) (Hospital at Ternopil State
Medical University).
Methodology of microbiological diagnostics. In Poland,
the same as in Ukraine, microbiological diagnostics of lower
respiratory tract materials was conducted as a quantitative
culture of secretion. One of the criteria for laboratory
diagnosis of pneumonia was the number and morphology of
bacteria in the direct preparation and the culture of bronchial
secretions in the quantitative culture > 10⁴ CFU/ml bacterial
strains obtained by BAL method. Subsequently, the material
was seeded according to general principles of microbiological
diagnostics. For the cultivation, ready bacteriological
mediums of bioMerieux agars were used: Columbia Agar
with 5% Sheep Blood, McConkey Agar, Chapman Agar,
Haemophilus Chocolate Agar. Incubation was carried out
under oxygen conditions and CO2-enriched atmosphere at

36 °C ± 1 °C; bacterial growth was then observed after 18–24
hours. Subsequently, after determining the morphology of
the colonies and after microscopic observations, the species
was identified by means of commercial kits: in Poland –
ID cards GN of Vitek 2 Compact apparatuses; in Ukraine,
ENTEROtest 24 STAFITEST 16 test systems (Pliva-Lachema,
Czech Republic) and VITEK 2 Compact automatic analyzer
(BioMerieux, France).
In the two countries, there was also pre-identification
of non-fermenting Gram-negative bacteria, including
Pseudomonas aeruginosa and Acinetobacter spp. Analyses
were carried out on Hugh-Leifson’s medium, where glucose
oxidation could be observed. A test to detect the cytochrome
oxidase enzyme was then performed. P. aeruginosa bacteria
produced oxidase in the presence of atmospheric oxygen
and cytochrome c oxidized phenyl diamine to indofenol in
the form of violet coloration. After the completed tests for
Acinetobacter spp., no discoloration was observed. Further
identification was carried out in an automatic VITEK 2
Compact analyzer (BioMerieux, France).
Determination of antimicrobial susceptibility of isolated
microorganisms was carried out by means of three methods:
disc diffusion antibiotic sensitivity testing (Kirby–Bauer), in
which discs were used (in Poland – Oxoid – UK, Ukraine
– HiMedia – India). In Poland, two methods were used: a
gradient-diffusion E-test and automatic Vitek 2 Compact,
where cards for antimicrobial susceptibility testing for Gramnegative strains (bioMerieux) were applied.
Also in Poland, isolates of Enterobacteriaceae, Pseudomonas
aeruginosa and Acinetobacter baumannii insensitive to
carbapenems were tested with EDTA (Ethylene-DiamineTetra-Acetate) towards KPC (Klebsiella pneumoniae
carbapenemase) and test OXA-48 with temocilin.
The method of determining drug susceptibility as well as
other resistance mechanisms and their interpretation were
performed in accordance with EUCAST recommendations
and the manufacturer’s test methodology.
Recommended antimicrobial therapy schemas for
pneumonia associated with mechanical ventilation
Recommended empirical treatment used in the analyzed
countries. According to the published “Recommendations
for the diagnosis, treatment and prevention of antibioticassociated infections in hospitals” or “Guidelines for the
Management of Adults with Hospital-acquired, VentilatorAssociated and Healthcare-Associated Pneumonia”, the
etiological factor of infection and risk factors should be
considered, i.e. general condition of the patient, renal
failure, liver and other health disorders, which are of
great importance in the choice and dosage of antibiotics
[12, 13, 14, 15]. In each case, the risk of infection with a
multi-resistant microorganism, which increases with the
patient’s hospitalization time, prior antibiotic therapy, and
whether the patient has undergone invasive treatment or is
in Intensive Care, should be considered.
In the case of no efficacy of the empiric therapy, the diagnosis,
the factors that burden the hospitalized and the results of the
microbiological examination, should be re-examined. The
choice of empirical treatment depends on the differentiation
of early and late VAP. In patients with early VAP (early VAP),
the most common etiologic factors that proved to occur
during the first four days of respiratory distress are S. aureus
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Profile evaluation of drug resistance / susceptibility of A. baumannii strains for selected drugs

(more often, methicillin-sensitive Staphylococcus aureus), S.
pneumoniae, H. influenzae and relatively antibiotic-resistant
Gram-negative strains. The proposal for empirical treatment
in early VAP in a patient without risk factors for infection
with multidrug resistant organisms is: ceftriaxone 1×2 g iv
or levofloxacin 1×750 mg iv. [12].
The most frequently infectious microorganisms and those
causing late VAP (late-onset VAP) that develop during more
than four days of respirator use are the most commonly
encountered multidrug resistant hospital lines: Klebsiella
pneumoniae, Escherichia coli and other Enterobacteriaceae
strains, Pseudomonas aeruginosa, Acinetobacter baumannii,
Stenotrophomonas maltophilia and Staphylococcus aureus
(MRSA – methicyllin-resistant Staphylococcus aureus).
Anaerobic bacteria are a rare cause of VAP. In ICU, lung
inflammation may be caused by more than one species of
microorganisms.
Selection of empirical antibiotic VAP should be based
on local epidemiological data. The choice of empirical
antibiotic therapy in late VAP includes: ceftazidime: 3×2 g
iv or piperacillin with tazobactam 4×4.5 g iv. In very severe
conditions: imipenem 4×0.5 g iv or 3–4×1 g iv or meropenem
3×1 g iv. If the microscopic slide from a sample of the lower
respiratory tract is mainly Gram-positive, glycopeptide
or linezolid should be added. Treatment time: 8 days,
longer treatment is recommended if infection is caused by
P. aeruginosa or S. aureus [12].
RESULTS
BAL studies under microbiological conditions. Comparative
evaluation of the isolation frequency of ESKAPE bacterial
strains in materials obtained from patients in Poland and
Ukraine (Figure 1).
Percentage of strains isolation from ESKAPE group, ward – ICU, material – BAL
POLAND
Enterobacter spp.

9.6%

Acinetobacter baumannii

Staphylococcus aureus

18.4%

20.1%

5.1%

29.2%
26.9%

14.6%

Klebsiella pneumoniae

100.0%

COL; UA
CIP; PL

R
100.0%

6.5%

93.5%

CIP; UA 4.3%

95.7%
40.7%

IPM; PL
IPM; UA

59.3%

25.3%

SAM; PL
SAM; UA

74.7%
57.0%

43.0%
100.0%

PL – Poland, UA – Ukraine, COL – colistin, CIP – ciprofloxacin, IPM – imipenem,
SAM – ampicillin / sulbactam, S – sensitive, R – resistant

Figure 2. Evaluation of drug resistance / susceptibility profile of A. baumannii
strains for selected drugs

Drug resistance / susceptibility to A. baumannii strains.
The investigated isolates of A. baumannii, the degree of drug
resistance to selected drugs was set.
During the considered period, the analyzed A. baumannii
strains in Ukraine proved to be significantly more resistant to
drugs, compared to isolates from Poland. Undisputed results
concerning the differences in antibiotic resistance in Poland
and in Ukraine were mainly due to the total resistance of
Acinetobacter isolates to ampicillin with sulbactam found in
100% isolates in Ukraine vs. 43% in Poland. Since sulbactam,
as the only β-lactamase inhibitor has activity against strains
of A. baumannii species [16, 17], the activity was determined
in this study against this microorganism. Afterwards, a
significant problem was the high resistance to imipenem,
including the much higher resistance of strains in Ukraine,
which led to the analysis of the impact of antibiotic policy
on this condition in Poland and Ukraine.
It is interesting that in the case of resistance to a
representative of fluoroquinolones – ciprofloxacin, a similar
level of resistance was shown: 95.7% (UA) vs. 93.5% (PL).
All strains of A. baumannii isolated in Poland and Ukraine
were sensitive to colistin.

UKRAINE

18.4%

Pseudomonas aeruginosa

S
COL; PL

41.6%

16.3%

Figure 1. Comparative evaluation of the isolation frequency of ESKAPE bacterial
strains in materials obtained from patients in Poland and Ukraine

From BAL, mainly Gram-negative strains were isolated.
Among the patients in Poland, A. baumannii strains (26.9%)
were dominant. The percentage of patients from Ukraine with
species A. baumannii was 14.6%. Patients from Ukraine were
prevalent in K. pneumoniae (41.6%), followed by P. aeruginosa
(29.2%). K. pneumoniae was the species with the highest
prevalence compared to other bacteria. Participation in S.
aureus infections on both the Polish and Ukrainian sides was
16.3% vs. 5.1%. In the current study, the species Enterococcus
spp. was omitted, because current recommendations have
failed to confirm that this microorganism can cause VAP
[12, 13, 14, 15].

Risk factors of microbial infections from ESKAPE group.
According to literature data, the risk factors of infections
caused by ESKAPE pathogens [18] include the following: age
above 65 years of age, hospitalization in the previous year
and previous antibiotic treatment. Data on the incidence of
infection risk factors in each facility are presented in Table 1.
Table 1. Risk factors of infection caused by multidrug-resistant micro
organisms
RISK FACTOR

POLAND UKRAINE

average number of hospitalization days in a ward

25 days

19 days

average age

63 years

49 years

extreme respiratory failure

81%

88%

circulation failure

62%

68%

renal failure

15%

32%

diabetes

18%

14%

obesity

6%

6%

active cancer disease

7%

4%

alcoholism

8%

10%

nicotinism

9%

14%

received antibiotic therapy up to 3 months before
admission to hospital

60%

82%

patients with a severe general condition directly transferred
from another hospital or ward during the preceding period
of VAP infection

74%

78%
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In the analyzed Intensive Care Units, the average number
of hospitalization days in a ward in Poland was 25 days, while
in Ukraine it was 19 days. A difference was also observed in
the average age of patients (PL) 63 years vs. (UA) 49 years.
There was a relationship between the duration of
hospitalization combined with the prior use of broad
spectrum antibiotic treatment, as well as the acquisition
and selection and the occurrence of infections caused by
drug resistant strains, as confirmed by other authors [2, 6, 8,
10]. Self-observation also confirms that antibiotic treatment
received up to three months before admission to hospital is
very likely to be associated with infections caused by multidrug resistant microorganisms (60% vs. 82%).
The highest percentage of patients, both in Poland
and Ukraine, was associated with a risk factor for severe
respiratory distress (81% vs. 88%), circulation failure (62%
vs. 68%), and admission of patients to ICU in a very severe
condition from other wards or hospitals (74% vs. 78%).
Evaluation of prospects for the development of infections
caused by highly resistant bacteria. One of the major
dangers to public health worldwide is the increase in
microbial resistance to antimicrobial drugs. In addition,
for several years there has been an increase in infections
caused by microorganisms not related to ESKAPE, mainly
Clostridium difficile and drug resistant bacteria from the
Enterobacteriaceae family (other than Klebsiella pneumoniae
and Enterobacter spp.); hence, changing the acronym
ESCAPE has been proposed [19].
Another epidemiological threat is infiltration of these
stains to the outside environment and the possibility of
causing infections.
Data from the literature suggests that, in addition
to ESKAPE pathogens, the species Stenotrophomonas
maltophilia should be included as a microorganism that
causes more and more frequent infections in healthcare
settings [1, 20, 21, 22].
DISCUSSION
Due to the rapidly growing threat of multi-drug resistant
microorganisms, a continuous surveillance of the
epidemiological situation in health care facilities is essential.
An indispensable tool for observation and response in
this area is the rapid diagnosis of infections, which is also
crucial in the choice of empirical therapy. One must not
ignore the ongoing medical education of spreading and
preventing infections. These activities should be covered by
the appropriate antibiotic policy programme, considering
the modification of these recommendations to local use.
An important aspect is the dosage and the time of
administration of antibiotics that should be adapted to the
course of the disease to minimize the danger of the selection
and spread of resistant strains, especially in the hospital
environment.
The presented study showns, among other things, that
the most common cause of A. baumannii infection are
risk factors, such as: previous antibiotic therapy, severe
general condition of the patient, extreme respiratory
failure, circulatory failure and previous hospitalization. In
these patients, these factors have caused pharmacokinetic
disorders and, as a result, decreased effectiveness of antibiotic

therapy. Changes in absorption, distribution or elimination
in the patient’s body preclude proper dosing of the drugs.
Consequently, modification of the dosage of antibiotics most
often results in a too low drugs concentration, below the
required minimal inhibitory concentration (MIC-minimal
inhibitory concentration) [11].
The results from the study suggest that the problem with
ESKAPE pathogens, including Acinetobacter baumannii, in
both hospitals is associated with multidrug-resistant bacteria.
This is probably due to the specificity of the operation of
anaesthesia and intensive care units, and the increased
pressure exerted by the large amount of antimicrobial drugs.
CONCLUSIONS
• The divergence in the phenotypes of A. baumannii drug
resistance in the studied countries may be different due
to the diversified antibiotic policies applied in the country
concerned.
• The high resistance level of A. baumannii to fluoroquinolones
which represented itself on a similar level (>90%) both in
Poland and Ukraine, as well as resistance to ampicillin with
sulbactam of all A. baumannii cultures from Ukraine, are
most likely due to the unreasonable use of these drugs in
hospital and outpatient treatment.
• All A. baumannii isolates from Poland and Ukraine showed
sensitivity to colistin, which was the last treatment option
in severe infections.
• The scheme of the recommended empirical treatment in
the discussed countries was very similar, mainly based on
developed recommendations in foreign literature.
• The occurrence of individual risk factors for infection with
multidrug-resistant microorganisms was found to be at a
similar level in the analyzed countries.
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