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Abstract. Background and aim: The purpose of this study was to determine the effectiveness of antibacterial 
drugs through cluster analysis of antibiotic sensitivity data from clinical isolates of Acinetobacter and Pseu-
domonas spp., obtained from soft tissue wounds and burn injuries. Methods: The cohort included 76 clinical 
isolates of Acinetobacter and Pseudomonas spp. obtained from 141 patients (male – 95,04 %; female – 4,96 %) 
with combined injuries of soft tissues and burns. The mean age of patients was 38,57±10,90 years. The final 
identification of the obtained isolates was carried using MALDI-ToF (Bruker). The sensitivity of clinical iso-
lates to antibacterial drugs was determined using the standard Kirby-Bauer method. Extended antimicrobial 
susceptibility testing was performed to measure the minimal inhibitory concentrations of antibiotics against 
the studied. A hierarchical cluster analysis was performed using the Ward method. Results: The high level of 
resistance formation was observed among representatives of this Acinetobacter genus. We found the highest 
level of resistance in P. aeruginosa to ciprofloxacin. The lowest proportions of resistant Pseudomonas spp. were 
observed for meropenem and tobramycin. Cluster analysis of susceptibility data for P. aeruginosa isolates 
resulted in the division of antibiotics into two clusters that differ significantly from each other. The isolated 
A. baumannii strains showed susceptible to a higher number of antibacterial drugs compared to P. aeruginosa. 
Conclusions: Clinical isolates of A. baumannii and P. aeruginosa obtained from patients with combined soft tis-
sue injuries and burns in Ukraine in 2022 exhibit a high level of multidrug resistance. Cluster analysis results 
indicate that only tobramycin potentially retains efficacy against A. baumannii isolates. Clinical isolates of  
P. aeruginosa demonstrate susceptible to tobramycin and meropenem. (www.actabiomedica.it)
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Introduction

Antimicrobial resistance has been declared by the 
WHO as one of the 10 global public health threats 
facing humanity (1). Since the onset of the full-scale 
Russian war against Ukraine, which started in Febru-
ary 2022, the incidence of infectious complications 
among the wounded has significantly increased within 

the country. Consequently, the demand for effective 
antimicrobial therapy and the judicious prescription 
of antibiotics has arisen, accompanied by a shortage 
of these drugs due to reduced pharmaceutical capac-
ity and disrupted logistics chains during the times of 
war (2). The experience gained from the war in Iraq 
and combat operations during the long-lasting anti-
terrorist operation in eastern Ukraine, commencing in 
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2014, confirms a direct correlation between military 
operations and the development of multidrug resist-
ance among the primary pathogens responsible for 
wound infections (3, 4). Therefore, the potential global 
burden of antimicrobial resistance resulting from the 
Russian-Ukrainian war is a matter of concern within 
the global scientific community (5).

Acinetobacter and Pseudomonas spp. have a large ar-
senal of pathogenicity factors and the presence of mobile 
genetic determinants. Theses bacterial species can form 
biofilms on the surfaces of the human body and artificial 
medical devices, as well as rapidly acquire multiple anti-
biotic resistance due to a number of other mechanisms 
(4, 6, 7). According to the literature data, the representa-
tives of these genera of bacteria cause the vast majority 
of complications of wound infections (8, 9). Determina-
tion of antimicrobial susceptibility of dominant patho-
gens found in wounds, such as Acinetobacter spp. and 
Pseudomonas spp., is highly important in wartime.

The frequency of infected wound develop-
ment and the acute need for the use of antimicrobial 
agents are increasing, leading to dynamic changes in 
pathogen drug resistance patterns. However, a clear 
summary of antibiotic resistance among dominant mi-
croorganisms, which could contribute to revising the 
infections treatment tactics (3, 4), is not available due 
to the fragmented nature of the data. To address this 
issue, multivariate statistical research methods can be 
applied to collect and organize data based on the prin-
ciple of homogeneity, using the frequency of isolating 
antibiotic-sensitive isolates. Ward’s method can be 
employed to classify antibiotics based on the frequency 
of microorganisms retaining sensitivity to them. This 
classification will help identify the drugs that remain 
effective in combating infections (10).

The purpose of this study was to determine the ef-
fectiveness of antibacterial drugs through cluster anal-
ysis of antibiotic sensitivity data from clinical isolates 
of Acinetobacter and Pseudomonas spp., obtained from 
soft tissue wounds and burn injuries.

Materials and methods

The cohort included 76 clinical isolates of Acineto-
bacter and Pseudomonas spp. obtained from 141 patients 

(male – 95,04 %; female – 4,96 %) with combined in-
juries of soft tissues and burns. The mean age (M±SD) 
of patients was 38,57±10,90 years (median – 36 years). 
These patients were treated in 12 medical institutions 
of Ukraine providing tertiary care during 2022.

The material for research was collected using ster-
ile probe-tampons, which were transferred to Aimes 
transport medium. The isolates were cultivated under 
aerobic conditions using meat-peptone, blood agar and 
thioglycol nutrient medium at a temperature of 37°С. 
The final identification of the obtained isolates was 
carried in the Riesbeck laboratory using MALDI-ToF 
(Bruker), followed by determination of their sensitivity 
to antimicrobial drugs at the EUCAST Development 
Laboratory (Växjö, Sweden) (11).

In the first stage of the study, the sensitivity of clin-
ical isolates of Gram-negative bacteria to antibacterial 
drugs was determined using the standard Kirby-Bauer 
disc diffusion method according to the EUCAST 
methodology (12). The microorganisms were tested 
for sensitivity to piperacillin-tazobactam, ceftazidime, 
imipenem, meropenem, ciprofloxacin, gentamicin, to-
bramycin and trimethoprim-sulfamethoxazole. The 
isolates were categorized as sensitive (S), resistant (R) 
and sensitive under increased exposure (I), according 
to the tables of the limit indicators of the diameters 
of the growth retardation zones of microorganisms 
in the presence of the antibiotic (EUCAST Version 
13.0, valid from 2023-01-01). Subsequently, extended 
antimicrobial susceptibility testing was performed to 
measure the minimal inhibitory concentrations (MIC) 
of antibiotics against the studied clinical strains, using 
the double serial dilution method according to ISO 
20776-1 standard.

Written informed consent was obtained from 
each patient after providing a detailed explanation 
of the aims and protocol of the study. The study was 
conducted in accordance with the ethical principles 
outlined in the Declaration of Helsinki on Ethical 
Principles for Medical Research Involving Humans 
(13). It was approved by the commission on Biomedi-
cal Ethics Committee of Poltava State Medical Uni-
versity (protocol No. 210, November 23, 2022) and 
the Bioethics Committee of National Pirogov Memo-
rial Medical University, Vinnytsya (protocol No. 11, 
 November 10, 2022).
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Statistical analysis

The normality of the data distribution was assessed 
using the Shapiro-Wilk test. Hypothesis testing was 
conducted using a two-sided approach. The data are ex-
pressed as mean (SD) and median (minimum- maximum), 
numbers and percentages (n, %). A significance level of  
P < 0.05 was considered statistically significant.

The hierarchical cluster analysis was performed 
using the Ward method to unite antibiotics to which 
the studied microorganisms retained sensitivity into 
the groups (clusters) (10). The method aims to com-
bine statistically close spaced clusters and create small 
clusters. The distance between clusters was determined 
by incrementing the sum of squared distances of ob-
jects to the centres of the clusters resulting from their 
association. Analyses of variance methods were em-
ployed to estimate the distances between clusters. At 
each step of the algorithm, two clusters were merged 
if it led to a minimal increase in the objective function, 
which is the intra-group sum of squares. The conclu-
sion was made about their similarity based on the dis-
tance between the clusters: as closer the clusters are, as 
more similar the clusters are to each other. Statistical 
analysis was performed using the standard IBM SPSS 
Statistics software version 22.0.

Results

As a result of the study, Acinetobacter baumannii 
(n=52) and Pseudomonas aeruginosa (n=24) were iden-
tified from patients with combined injuries.

Analyzing the susceptibility results of Acineto-
bacter spp. to antimicrobial agents recommended by 
EUCAST for testing, a high level of resistance forma-
tion was observed among representatives of this ge-
nus (Figure 1). Specifically, A. baumannii showed the 
highest level of resistance of to ciprofloxacin reaching 
98.1% (51/52). Moreover, the proportion of resist-
ant isolates of this species to the antibiotics used in 
the study exceeded 67.3% (35/52), also indicating the 
resistance of A. baumannii to tobramycin. It is worth 
noting that the proportion of A. baumannii resistant to 
carbapenems was 60.0% higher than the proportion of 
isolates sensitive to them.

We found the highest level of resistance in P. 
aeruginosa to ciprofloxacin at 79.2% (19/24), with no 
susceptible isolates detected (Figure 2). The lowest pro-
portions of resistant Pseudomonas spp. were observed 
for meropenem and tobramycin at 58.3% (14/24). In-
terestingly, 29.2% (10/24) of P. aeruginosa isolates were 
susceptible to meropenem, and 41.7% (14/24) were 
susceptible to tobramycin. It is noteworthy that no iso-
lates were found to retain susceptibility to imipenem, 
ceftazidime and piperacillin-tazobactam.

The cluster analysis of Acinetobacter spp. suscep-
tibility data resulted in the following findings. In the 
first stage, Cluster Ia included imipenem, gentamicin, 

Figure 1. Antibiotic susceptibility of A. baumannii isolates 
(n=52). Abbreviations: S: sensitive, R: resistant, I: sensitive 
with increased exposure; TSU: trimethoprim-sulfamethoxa-
zole; TOB: tobramycin; GEN: gentamicin; CIP: ciprofloxacin; 
MER: Meropenem; IMI: Imipenem.

Figure 2. Sensitivity of P. aeruginosa isolates (n=24) to indicated 
antibiotics. Abbreviations: S: sensitive, R: resistant, I: sensitive 
with increased exposure; PTZ: piperacillin-tazobactam; CAZ: 
ceftazidime; IMI: imipenem; MER: meropenem; CIP: cipro-
floxacin; TOB: tobramycin.
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29.2% and 41.7% among Pseudomonas spp. isolates, 
respectively, were assigned to Cluster IIa. Notably, 
Cluster IIa merged with the previous cluster during 
subsequent stages of the analysis, albeit with a signifi-
cant merging distance, indicating a low statistical rela-
tionship between them.

Discussion

The development and introduction of new drugs, 
which potentially have antimicrobial properties, are 
considered to be a promising direction in the fight 
against antimicrobial resistance. However, in 2019 it 
was recognized that only about 15% of antibiotics in 
clinical research can really be considered innovative 
(1, 14). In addition, for many countries of the world, a 
factor that aggravates this problem is limited access to 
quality antimicrobial drugs (1).

Our results demonstrate the development of 
multiple antibiotic resistance among A. baumannii 

and trimethoprim-sulfamethoxazole, with susceptibil-
ity ranging from 15.4% to 17.3% (Figure 3). Cluster 
IIa consisted of meropenem, which had a a proportion 
of susceptible A. baumannii of 11.5%. This prevented it 
from being included in the previous cluster of antibiot-
ics with slightly higher efficacy. Ciprofloxacin suscepti-
bility entered Cluster IIIa and tobramycin Cluster IVa. 
These antibiotics represented the lowest and highest 
percentages of susceptible Acinetobacter spp. isolates, 
respectively. During the second and third steps of the 
cluster analysis, meropenem (IIa) and ciprofloxacin 
(IIIa) joined Cluster Ia, confirming the statistical ho-
mogeneity of the data on the susceptibility of A. bau-
mannii to the antibiotics included in our analyses.

The data on antibiotic susceptibility of  Pseudomonas 
spp. were subjected to cluster analysis, resulting in two 
main clusters identified at the first stage (Figure 4). 
Cluster Ia comprised imipenem, ciprofloxacin, ceftazi-
dime, and piperacillin-tazobactam, all of which dem-
onstrated complete effectiveness against P. aeruginosa. 
Meropenem and tobramycin, with susceptible rates of 

Figure 3. Dendrogram of cluster analysis using Ward’s method depicting antibiotics according 
to their efficacy against A. baumannii isolates (n=52).
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Ukraine during 2014-2020 revealed the prevalence of 
A. baumannii, P. aeruginosa and Klebsiella pneumoniae 
as pathogens in infected surgical wounds of wounded 
individuals. Moreover, the resistance of A. bauman-
nii and P. aeruginosa to carbapenems was found to 
be 95% and 55.6%, respectively, due to the presence 
of β-lactamases of classes A, D and carbapenemases 
carrying the armA, rmtB genes (19). Furthermore, in 
 Germany Next Generation Sequencing was performed 
on A. baumannii isolates obtained from wounded indi-
viduals in eastern Ukraine in 2014. That study revealed 
that the majority of isolates had acquired resistance 
genes to carbapenems, including blaOXA-23, blaOXA-72 

and blaGES-12. In addition, by determining multilocus 
sequences, the authors were able to compare the iso-
lates obtained from injured patients with international 
strains of A. baumannii, thereby establishing the emer-
gence of numerous local clonal lineages (20, 21).

Simultaneously, a multicentre, blinded study eval-
uating the efficacy of antibacterial drugs against infec-
tions caused by resistant Gram-negative pathogens 

and P. aeruginosa isolates isolated from patients with 
combined soft tissue injuries in tertiary care facilities 
in Ukraine during 2022. Developing countries, in-
cluding Ukraine, are generally characterized by rapid 
rates of antibiotic resistance in microorganisms. This 
is primarily attributed to the lack of mechanisms for 
regulating and monitoring the resistance development 
of at the state level, inadequate quality control of avail-
able antibiotics, and the widespread availability and 
inappropriate clinical use of antibacterial drugs (15). 
However, the situation in Ukraine has become more 
complex since the beginning of the Maidan Revolu-
tion in 2014, followed by the outbreak of the military 
conflict in the eastern part of the country, leading to a 
full-scale war. Indeed, literature data indicate a direct 
link between the development of multidrug resistance 
in microorganisms and natural disasters, military op-
erations, and increased migration within the country 
(16 - 18).

Data from a retrospective multicentre microbio-
logical study conducted in four military hospitals in 

Figure 4. Dendrogram of cluster analysis using Ward’s method depicting antibiotics according 
to their efficacy against P. aeruginosa isolates (n=24).
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