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SUMMARY  

 

In recent decades, there has been a huge increase in the incidence of 

nosocomial infections caused by the Acinetobacter baumannii. A 

significant progress of medicine along with invasive diagnostic and 

therapeutic procedures is associated with the risk of complications. In 

addition, the natural survival of A. baumannii under unfavorable 

conditions has made the micro-organism one of the most frequently 

isolated opportunistic pathogens, especially in intensive care units. The 

widespread and not always rational use of antibiotics has escalated 

hospital infections caused by multi-resistant bacteria. Rapid development 

of resistance to antibiotics and antiseptics and the formation of 

permanent biofilm structures make these Gram-negative sticks difficult to 

eradicate. These issues include an important public health issue. The 

research I presented in the series of scientific publications constituting my 

doctoral dissertation is part of a comprehensive approach to the current 

problems of clinical microbiology.  

AIM OF THE STUDY 

Due to the wide discrepancy of literature data on pathogenicity, type and 

frequency of infections caused by A. baumannii in the world as well as in 

Poland, the problem of the spread and importance of this micro-organism, 

especially resistant strains in the etiology of diseases, was presented in a 

series of publications that were the basis for the doctoral dissertation 

based on literature data and an example of hospital wards in Poland and 

Ukraine. The publications focus on: 

1. Discussion, based on literature data, the clinical significance of A. 

baumannii and the types of infections with this etiology, including 

the most important modifiable and non-modifiable risk factors 

affecting the incidence of infection. The state of knowledge on this 

subject is presented in the form of a review paper A1, 

2. Comparison of the incidence of A. baumannii etiology depending on 

the hospital ward where the patients were hospitalized and the type 



 
 

2 
 

of clinical material from which these bacteria were isolated. 

Attention was paid to the occurrence of A. baumannii in diagnostic 

materials collected in 2012-2016 from patients with HCAP and HAP 

[A2] and COPD [A4] pneumonia, as well as in 2012-2014 from 

patients with VAP [A3] among patients hospitalized in the following 

departments: pulmonology, internal and intensive care (ICU) of the 

Masovian Specialist Hospital in Radom (MSS). 

3. Prevalence assessment of drug-resistant strains in materials 

collected in various hospital departments and clinical materials 

(publications A2-A5). 

4. A comparison of the occurrence of A. baumannii strains in relation 

to other ESKAPE bacteria in diagnostic materials taken from 

mechanically ventilated patients with pneumonia hospitalized in 

ICUs in hospitals in Poland (MSS) and in Ukraine (Hospital of 

Medical University in Ternopil) in 2013-2015 (publication A5). 

The aim of the research was realized through: 

1. An evaluation of the significance of risk factors for infection with A. 

baumannii [A1-A5]. The following risk factors were taken into 

account: 

 average number of days of hospitalization  

 average age 

 percentage of patients with extreme respiratory failure 

 circulatory insufficiency 

 kidney failure 

 occurrence of diabetes 

 obesity 

 active cancer 

 alcoholism 

 nicotinism 

 antibiotic therapy applied up to 3 months before admission to 

hospital 



 
 

3 
 

 patients’ stay in a difficult general condition in another 

hospital or ward in the pre-infection period. 

2. Assessment of the prevalence of strains A. baumannii resistant to 

antibiotics [A2-A5]. 

3. Investigation of susceptibility to antibiotics of microorganisms 

accompanying A. baumannii in co-infection [A2-A4] and pathogens 

belonging to the ESKAPE group [A5]. 

4. Analyses of the effectiveness of empirical therapy and its 

concordance with the current recommendations [A2-A4]. 

5. Analysis of the efficacy of targeted therapy [A2-A4]. 

 

MATERIALS AND METHODS 

Investigated patient groups 

A. baumannii was isolated from diagnostic materials collected from 

patients in selected MSS units [A2-A4], and microbial presence of this 

species was also investigated in patients from Poland and Ukraine [A5]. 

The following groups of patients were distinguished: 

 56 patients with developed nosocomial pneumonia associated with 

medical care (HCAP), hospitalized in internal (38 patients) and 

pulmonology (18 patients) wards in 2012-2016 [A2], 

 86 patients with symptoms of HAP in internal (48 patients) and 

pulmonary (38 patients) wards 2012-2016 [A2],   

 90 patients with chronic obstructive pulmonary artery disease 

(COPD) hospitalized in the MSS pulmonology ward in 2012-2016 

[A4]. The study analyzed cases of infectious exacerbation of the 

disease in which there were indications for antibiotic 

administration. 

 141 patients with A. baumannii pneumonia associated with the use 

of mechanical ventilation (VAP), hospitalized in the intensive care 

unit (OIT) of MSS in 2012-2014 [A3]. 
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 335 mechanically ventilated patients with VAP, hospitalized in ICUs 

in hospitals in Poland (PL) (MSS, 154 patients) and Ukraine (UA) 

(Hospital of the Medical University of Tarnopol, 181 patients), in 

2013-2015 [A5]. 

The scope of research 

The discussion paper A1, which is an introduction to the subject of the 

undertaken studies, based on a review of available literature and 

presents the problem of infections and the clinical significance of A. 

baumannii as an opportunistic pathogen of potential significance in the 

etiology of hospital infections within the respiratory system. 

A2-A5 publications are original works in which data analysis was 

developed as retrospective studies. Clinical materials routinely 

collected for diagnostic purposes were used in the study material. 

Those were secretions from the lower respiratory tract ((sputum and 

BAL - bronchoalveolar lavage) obtained from patients in selected 

hospital wards. 

In the A5 publication, 335 bronchoalveolar lavage (BAL) samples were 

collected for microbiological cultures from patients residing in intensive 

care units (ICU) in selected hospitals in Poland (154 patients) and in 

Ukraine (181 patients). 

Drug resistance of A. baumannii strains and other co-infectious 

bacterial species was determined on the basis of EUCAST (European 

Committee for Sensitivity Marking) recommendations. 

An analysis of empirical and targeted therapy, as well as of the 

aggravating factors that were present in patients at the time of their 

admission to the wards and which could have had an impact on the 

failure of antibiotic therapy was carried out. Detailed data on the 

general condition of patients qualified for the study, infection risk 

factors, diagnostic methods used, diagnosed infections and treatment 

method were obtained from patient information sheets after obtaining 

the Bioethical Committee's approval. 
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Methodology of microbiological diagnostics 

In Poland and Ukraine microbiological diagnostics of lower respiratory 

tract materials was performed as a quantitative culture of secretion. 

One of the criteria for diagnosing pneumonia was the evaluation of the 

number and morphology of bacteria in the direct preparation as well as 

the culture from bronchial secretion in the quantitative culture of 

>10⁴ CFU/ml of bacterial strains collected by BAL. Subsequently, the 

material was seeded in accordance with the general principles of 

microbiological diagnostics.  

The method of testing susceptibility to drugs, other resistance 

mechanisms and their interpretation was  performed in accordance 

with the recommendations of EUCAST and the manufacturer's testing 

methodology. 

 

RESULTS 

According to the data presented in the study [A2-A4], in 373 patients 

from Poland ha 373 strains of A. baumannii were isolated. Most of the 

strains, as many as 38%, were from patients with VAP symptoms, 

while 24%, 23% and 15% strains from patients with COPD, HAP and 

HCAP, respectively In addition, 122 strains of other co-infection species 

were analyzed in the examined patients. The highest proportion of 

patients with co-infection was recorded in patients with COPD 

symptoms - 46%, followed by HCAP patients - 38%, HAP - 28% and 

VAP - 26%. Gram-negative sticks of the genus Enterobacteriaceae were 

the most common contributors to the coinfection.   

The study also analyzed 335 clinical materials collected from 

hospitalized patients from Ukraine (181 patients) and Poland (154 

patients) [A5]. Infections caused by ESKAPE strains, among which 

Gram-negative bacilli predominated, were observed in the examined 

patients. Multi-resistant strains of A. baumannii were more frequently 

grown from Polish patients (26.9%) compared to Ukrainian patients 
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(14.6%). The percentage of patients colonized by K. pneumoniae in 

Ukraine was 41.6% and it was the highest among all strains studied at 

that time and twice as high as in Poland - 20.1%. 

 

Drug resistance of the tested Acinetobacter baumannii strains 

It was observed [A2-A5] that the isolated A. baumannii strains are multi-

resistant microorganisms. 

In the group of strains coming from Polish patients [A2-A4] the highest 

percentage of resistance was found for piperacillin (91-100%), piperacillin 

with tazobactam (91-100%), ceftazidime (92-100%), cefepime (89-100 %), 

tobramycin (81-100%), ciprofloxacin (91-100%), levofloxacin (91-100%) 

and trimethoprim with sulfamethoxazole (80-100%). 

The drug susceptibility analysis [A2] A. baumannii to imipenem and 

meropenem showed a different percentage of antibiotic resistant strains in 

patients with HAP in the internal ward (36%) and in patients with HCAP 

hospitalized in the pulmonology department (80%). The proportion of 

strains resistant to ampicillin with sulbactam was similar, i.e. 39% of 

resistant strains were present in patients with late VAP in the OIT [A3] 

ward and in patients hospitalized in the internal ward with symptoms of 

HAP [A2]. On the other hand, patients with COPD from the pulmonology 

department showed a significantly higher (70%) level of A. baumannii 

resistance to this drug [A4]. 

The lowest resistance of the tested strains was observed for gentamycin. 

These strains were found in 36% of patients with early VAP from ICU [A3] 

and patients with HAP [A2] from pulmonology and 57% of patients 

hospitalized in the internal ward. In the case of amikacin, resistance was 

found in 40% of strains isolated from HCAP patients [A2] in the 

pulmonology ward and 74% of strains isolated from COPD patients in the 

pulmonology ward [A4]. 
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Comparing [A5] drug resistance of A. baumannii strains from Poland and 

Ukraine to A. baumannii, strains from Ukraine proved to be more resistant 

to antimicrobial drugs. Examples include the prevalence of A. baumannii’s 

resistance to ampicillin with sulbactam, which was found in 100% of 

strains isolated in Ukraine and 43% of strains resistant from Poland. A 

significant problem was also the demonstrated high imipenem-resistance 

of Ukrainian strains compared to Polish strains (74.7% - UA vs. 59.3% - 

PL). In the case of ciprofloxacin, a similar percentage of resistant strains 

was found, which in Ukraine and Poland amounted to 95.7% and 93.5%, 

respectively. 

The most active in vitro antibiotic against all tested strains of A. 

baumannii from Ukraine and Poland [A2-A5] turned out to be colistin, to 

which 100% of the isolated strains were resistant.  

None of the analyzed strains produced metallo-beta-lactamase (MBL) or 

KPC carbapenemases [A2-A5]. 

 

Drug resistance of the tested strains causing co-infection 

It was estimated that bacterial species (Enterobacteriaceae, P. aeruginosa, 

H. influenzae, S. pneumoniae, S. aureus) causing coinfection were 

characterized by different levels of resistance to the recommended 

medication for empirical treatment [A2-A4]. In patients with HCAP 

symptoms in the internal ward, 50% of strains resistant to piperacillin 

with tazobactam and ceftazidime were found, whereas 25% of strains were 

resistant to cefepime, imipenem, meropenem, ciprofloxacin and 

ceftriaxone [A2]. Resistance to ciprofloxacin was found to be 50% in co-

infected species isolated from patients with the same disease but 

hospitalized in the pulmonology ward. No resistance to other drugs was 

found, i.e. piperacillin/tazobactam, cefotaxime, ceftazidime, cefepime, 

imipenem, meropenem.   

Among bacteria isolated from HAP patients [A2] there was a higher 

percentage of resistant strains among those obtained from the internal 
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ward as compared to the pulmonology ward. The results were as follows: 

piperacillin with tazobactam (67% vs. 25%), ceftazidime and cefepime 

(67% vs. 0%), ciprofloxacin and ceftriaxone (34% vs. 25%). In the case of 

carbapenems, imipenem and meropenem resistance (0% vs. 25%) 

appeared among microorganisms coming from patients from pulmonology 

ward. 

Co-inflammatory micro-organisms from patients with VAP symptoms [A3] 

from ICU manifested their in vitro resistance to recommended drugs 

(piperacillin with tazobactam, ceftazidime, ceftriaxone, levofloxacin) at 43-

57%. A lower resistance rate occurred in meropenem patients, i.e. 29% in 

early VAP patients and 21% in late VAP patients. We observed strains 

from early VAP patients with a significant difference in the percentage of 

imipenem-resistance (57% in case of late VAP strains - 17%). 

In patients [A4] with COPD symptoms from whom antimicrobials causing 

coinfection were isolated, 44% resistance to piperacillin with tazobactam, 

ceftazidime, levofloxacin and 56% to ciprofloxacin was found. The highest 

resistance of 60% was observed to ceftriaxone. 

 

Applied empirical treatment 

Due to the severe condition of patients from whom clinical materials 

originated, the empirical antibiotic therapy was applied in the first stage of 

treatment, i.e. before receiving a microbiological report indicating the 

etiological agent of infection together with the results of the antibiogram 

[A2-A4]. 

For empirical treatment of patients with HCAP, HAP [A2] and POCHP [A4], 

ampicillin with clavulanic acid or ciprofloxacin in monotherapy or a 

combination of these two drugs were used. The empirical treatment 

applied in 89% of patients with HCAP and HAP symptoms [A2] did not 

contribute to the eradication of A. baumannii. In 21% of patients with 

COPD, empirical therapy improved their clinical condition. 
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In contrast, patients with early and late VAP [A3] were most often treated 

with β-lactam antibiotic in combination with fluoroquinolone, 

aminoglycoside or colistin. In patients with early-start VAP 15.6%, 

cefotaxime was used as the recommended empirical treatment. For 38.5% 

of patients with late VAP, antibiotics were used in accordance with the 

recommendations of empirical therapy (ceftazidime, piperacillin with 

tazobactam, imipenem or meropenem). The empirical therapies given in 

late onset VAP patients covered 11% of A. baumannii strains.   

 

Applied targeted therapy 

After the results of microbiological studies and in the absence of 

improvement of patients’ clinical condition after empirical therapy [A2-A4], 

antimicrobial treatment was corrected. A targeted antibiotic therapy was 

implemented, taking into account the pharmacokinetics and 

pharmacokinetics of the antibiotics used. 

The applied treatment [A2], consistent with the results of bacterial 

susceptibility to individual antibiotics, proved to be beneficial in 61% of 

patients with HCAP symptoms from the pulmonology department and in 

52% of patients hospitalized in the internal ward. The most commonly 

administered drugs were imipenem, meropenem and colistin. 

In patients with HAP symptoms, the clinical improvement was observed in 

75% of patients hospitalized in the internal ward and 56% of patients from 

the pulmonology department [A2]. A combination of antimicrobial drugs, 

mainly carbapenems, colistin and aminoglycosides, was often used for 

treatment. 

In the group of patients with early VAP infections [A3], only 35% of cases 

showed clinical improvement. Extreme conditions of patients who were 

admitted to ICU were the most probable causes. 

More positive effects of targeted therapy were achieved in late VAP 

treatment [A3]. Therapeutic success was achieved in 61% of hospitalized 
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patients. Like in the cases of HAP [A2], patients were treated with 

carbapenems, colistin and aminoglycosides with a combined treatment 

consisting of these drugs. 

Targeted therapy [A4] applied in patients with COPD showed positive 

results only in 58%. This level of the antiinfection therapy efficacy rate 

confirms the seriousness of complications often associated with patients' 

unwillingness to cooperate. The treatment with carbapenem, colistin, 

aminoglycosides or an antibiotic therapy combined with these drugs was 

administered, similarly to the group described above. 

 

Risk factors of infection 

The studies [A2-A5] found that the factors increasing the risk of A. 

baumannii infection by the patient in the studied groups included the 

following: 

- extreme respiratory failure (>80% of patients), 

- circulatory insufficiency (>62%), 

- Hospitalized age (average age 63 years (PL) and 49 years (UA). 

 

Risk factors related to treatment were also taken into account: 

- patients who were directly transferred in a severe general condition 

from another hospital or ward in the period preceding the infection 

with VAP constituted >74%, 

- antibiotic therapy in the period of up to 3 months before admission 

to hospital (>60% of Polish patients and >80% of Ukrainian 

patients), 

- average number of hospitalization days in the ward (25 and 19 days, 

respectively, in the Polish and Ukrainian hospitals). 

 

DISCUSSION OF RESULTS 
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According to the recommendations, when bacterial pneumonia is 

suspected, the recommended empirical treatment should be used. Prior to 

the beginning of therapy, individual analysis of the patient's state of 

health and the most probable etiological factor of infection was performed. 

The influence of these factors on the treatment and therapeutic effect is 

presented in publications A1-A5. 

Infections presented in works [A2-A5] caused by A. baumannii were 

caused mainly by multi-resistant strains. Unfortunately, the symptoms in 

patients did not differ from those caused by other hospital strains, which 

is in agreement with the literature. The infections caused by A. baumannii  

belonged to the most severe and high mortality rates determined at 57% 

for VAP patients [A4]. These observations are in line with the data 

presented in work A1 and the literature. They indicate that the risk of 

isolation of drug resistant microorganisms is more common in patients 

from the risk groups, such as those previously hospitalized, previously 

treated with antibiotic therapy or surgical procedures, elderly patients, 

patients with chronic respiratory diseases, cardiovascular diseases, 

metabolic diseases, renal insufficiency and liver disease. 

Most of the empirically used antibiotics [A2-A4] did not show efficacy 

against A. baumannii strains isolated from patients. On the other hand, 

the use of drugs based on recommendations in the study group would also 

not contribute significantly to the increase of the therapy effectiveness. 

Microbiological studies [A2-A5] confirmed that A. baumannii strains 

cultivated from diagnostic materials collected from patients had varied 

and unpredictable drug susceptibility; therefore, the therapy should be 

based on antibiogram results. On the other hand, the analyzed species 

(e.g. Enterobacteriaceae) causing co-infection did not show such a high 

level of resistance as the A. baumannii study. Therefore, the recommended 

empirical treatment could be effective compared to the therapeutic 

approaches used [A2-A3]. Similar observations connected with the 

analysis of high resistance of microorganisms to the studied antibiotics 

were presented by other researchers. 
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The infections described in works A1-A5 were mostly caused by multi-

drug resistant strains of A. baumannii. This created a therapeutic 

problem, which is why a combined antibiotic therapy was used to increase 

the chances of effective eradication of microorganisms. Therefore, during 

targeted treatment in ITU in Poland, the treatments applying colistin with 

ampicillin/sulbactam or aminoglycoside were used. The efficacy of similar 

treatment scheme was presented by other authors. 

The choice of colistin in monotherapy for targeted antibiotic therapy in 

wards was due to the presence of strains with persistence of sensitivity 

only to this polymyxin which has become the last chance drug in the case 

of multi-resistant A. baumannii strains. These observations are consistent 

with the literature data.  The necessity of a rational use and dosage of 

polymyxins is indicated by the data presented in A2-A5, which are 

consistent with literature reports. 

In the analyzed group of patients [A2-A4], despite the use of targeted 

antibiotic therapy, some patients died as a result of a severe condition 

caused by the occurrence of basic diseases, often associated with 

decreased immunity of the organism. These observations emphasize the 

importance of risk factors that burden patients and they are in agreement 

with observations of other authors. 

CONCLUSIONS 

1. There is an increasing incidence of nosocomial infections with A. 

baumannii etiology, such as pneumonia. Healthcare associated 

infections result in a higher incidence of infections caused by highly 

resistant strains of A. baumannii and other multi-drug resistant 

Gram-negative strains [A2-A5]. 

2. The improper use of empirical therapy led to the selection of 

resistant strains in the local hospital environment and disturbed 

patient microbiology. This is evidenced by the high resistance of A. 

baumannii to fluoroquinolones (Poland and Ukraine), and resistance 

to ampicillin with sulbactam (Ukraine) [A5]. 
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3. In Poland and Ukraine similar risk factors of drug-resistant 

microbial infections have been identified [A2-A5]. 

4. In the case of A. baumannii and other hospital pathogens, which are 

usually resistant to many antimicrobial agents, amoxicillin often 

used in the treatment with clavulanic acid is not effective [A2-A4]. 

5. To increase the effectiveness of empirical antibiotic therapy in the 

case of nosocomial infections and those associated with therapeutic 

procedures caused by A. baumannii strains highly resistant to 

drugs, it is advisable to know the local resistance patterns of these 

bacteria and infectious agents [A2-A5]. 

6. The need to include local resistance patterns in empirical antibiotic 

therapy also results from the decreasing effectiveness of 

antimicrobial therapy conducted in accordance with the binding 

recommendations [A2-A5]. 

7. The presence of additional clinical burdens is an important factor in 

reducing the efficacy of antibiotic therapy. This suggests that the 

treatment should be made more effective by adding a second 

antibiotic and a combined therapy [A1-A5]. 

 

The practical importance of the presented results: 

The occurrence of significant and increasing resistance and multi-drug 

resistance to antimicrobial drugs indicates the necessity of modifying 

empirical therapy, especially in infections caused by A. baumannii in 

patients with additional risk factors and with an empirical selection of 

antibiotics. 

The presence of multi-drug-resistant A. baumannii and other 

microorganisms in infected persons indicates the obligatory 

microbiological tests and analysis of the local epidemiological situation 

in order to optimize prophylaxy and antibiotic therapy. 

 


