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Abstract. Background and aim of the work: Undoubtedly, studying the clinical features of wound infection is 
relevant in the modern world, especially in Ukraine due to war. The main goal was to prevent possible remote 
consequences of wound healing and we studied the impact of wound microbiota in this aspect. Research 
design and Methods: We conducted a microbiological study of wounds among 51 patients with limb injuries. 
The age characteristics of the groups did not differ from each other. Also, 30 patients were interviewed using 
VAS pain to conduct an association between pain severity and the wound microbiota composition. Statistical 
calculations were performed using a computer program MedCalc®Software. Results: We divided patients into 
two groups: 1 group with one isolated an opportunistic wound pathogen and group 2 in which two or more 
types of opportunistic wound pathogens were isolated. The number of microbial associations formed by gram-
negative species of microorganisms was determined in 1.78 times more often than the colonization of wounds 
by gram-positive opportunistic microorganisms. The surveyed respondents were divided into subgroups 1.1 
and 2.1. The average value of pain in subgroups 1.1 and 2.1 was 38.46 (SD ± 13.44) and 39.16 (SD ± 13.78) 
and did not differ statistically (p > 0.05). Conclusions: The predominance of gram-negative microorganisms 
as Klebsiella pneumoniae, Acinetobacter baumannii, Staphylococcus spp., Pseudomonas aeruginosa was established. 
The sensation of pain did not depend on the number of colonizing species. The obtained data encourage fur-
ther research into the role of microorganisms in the healing process. (www.actabiomedica.it)
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Introduction

In recent years, the frequency of armed conflicts 
has increased in the world, which is accompanied by an 
increase in the number of injuries with various localiza-
tion, which require special approaches to the treatment 
of these patients at all stages of providing medical care. 
Therefore, knowledge of tactical medicine’s important 
aspects and infection control in wartime conditions 
are quite relevant issues. The war has been going on 
in Ukraine for many years, and therefore the Health-
care organization has faced new challenges and ques-
tions. Compared to the years of peacetime, there are 

significantly more people with injuries who need spe-
cialized help. One of the key factors is compliance 
with the principles of infection control during evacu-
ation and the subsequent stages of providing medical 
care to reduce the number of infectious complications 
and their possible long-term consequences (1,2). Of 
course, the main source of infection is an open wound 
surface, since a wound received as a result of combat 
often comes into contact with dirt, torn clothing, de-
bris, and other unfavorable factors. Therefore, special 
attention should be paid to the microbiota of wounds 
and the surrounding microenvironment (3,4). The big-
gest problems that arise before ensuring an adequate 
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healing process are not only the resistance of microor-
ganisms to antibiotics, but also the nature of the action 
of microbial factors of pathogenicity on local structures 
and tissues that produce bacteria and, as a result, long-
term inflammation (5). The effectiveness and success of 
wound infection treatment also depends on the quali-
tative composition of the microbiota on the wound 
surface (gram-positive, gram-negative). Most types of 
gram-negative bacteria are highly pathogenic, as their 
cell wall contains their own endotoxins. In published 
works on the study of chronic wound infection, it is 
said that in comparison with the normal microbiota 
of the skin, gram-negative rods, anaerobes and gram-
positive cocci are found more often. In vivo studies 
have also been conducted in animal models. Based on 
these results, it was established that the changed com-
position of the wound microbiome can directly initi-
ate healing disorders (6). According to many studies, 
the most frequent causes of a prolonged inflamma-
tory process and wound infection are gram-negative 
bacteria Klebsiella pneumoniae and Pseudomonas aer-
uginosa. These bacteria are also included in the group 
of ESKAPE multiresistant pathogens (Enterococcus 
faecium, Staphylococcus aureus, Klebsiella pneumoniae, 
Acinetobacter baumannii, Pseudomonas aeruginosa and 
Enterobacter species). The ability to produce extended- 
spectrum β-lactamases makes them universal persistent 
damaging agents, as this feature forms resistance to the 
most frequent first-line therapy: the group of penicil-
lins and cephalosporins (7,8,9). For a long time, the 
potential occurrence of postoperative pain was directly 
associated only with damage to the nerve endings, but 
in many patients, subsequent studies confirmed the 
absence of nerve involvement. In today’s conditions, 
it is considered that postoperative pain is not associ-
ated with isolated changes, but with a combination of 
nerve damage and inflammatory reaction (10). Early 
prevention of wound infection is a significant factor 
that affects the healing process and its duration. The 
longer the wound heals, the longer the soft tissues, 
blood vessels, and peripheral nerve fibers suffer. Such 
a long-term condition can significantly affect the sen-
sitivity, the mechanisms of perception of pain stimuli 
by receptors and the transmission of nerve impulses 
(11,12). In addition, complex regional pain syndrome 
is described in the literature as a chronic condition 

occurring in 7% of patients with limb injuries requir-
ing surgical treatment (13). Although the basic mech-
anisms of wound healing are known, its impairment 
at the cellular and molecular levels continues to be 
studied. In recent years, there have been studies de-
scribing the mechanism of the tissue damage influence 
on immediate inflammatory reactions. However, it is 
believed that the role of microorganisms in the devel-
opment and course of chronic wound infection is not 
sufficiently studied, and it remains unknown whether 
the processes of the response to tissue damage and the 
innate immune response to infection are similar. It is 
also repeatedly mentioned the importance of the early 
use of local antimicrobial agents, and only later, if there 
are indications, the use of antibiotic therapy (6,14,15).

The difficulty of treating chronic wounds is, of 
course, the frequent combined colonization of the 
wound by several microorganisms and their ability to 
form biofilms (16,17). The microbiota of the wound 
can probably be considered as a direct predictor of the 
chronic pain syndrome formation. Chronic pain, like 
infected wounds, belongs to the problematic issues of 
providing medical care. On the one hand, a group of 
patient-centered consequences: decrease in the quality 
of life, an increased percentage of unfavorable treat-
ment prognosis, the impact on the course of concomi-
tant pathology, and on the other hand, the difficulties 
of solving the tasks of diagnosis and treatment before 
the medical staff. Changes in psychological state and 
behavioral reactions are also often observed (18).

Therefore, such clinical cases significantly in-
crease the need for financing medical care, and this 
also creates an additional burden on the economic 
system, especially in less developed countries. The 
aim of our study was to study the composition of the 
wound microbiota and evaluate the potential relation-
ship between the nature of microbial colonization of 
wounds and the formation of prerequisites for second-
ary chronic pain.

Patients and methods

The study included 51 patients. All individuals 
were male. The criteria for inclusion in the study were: 
age from 22 to 59 years, presence of limited injuries of 
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the extremities, and assessment of pain after surgical 
treatment no earlier than 1 month and no later than  
3 months. It was also mandatory for the patient to sign 
a personal informed consent of the research participant.  
Exclusion criteria were age younger than 18 and older 
than 60 years, concomitant diseases in the decompen-
sation stage, combined severe trauma, and cognitive 
disorders. In our work, we used questionnaire meth-
ods, microbiological examination of wound contents, 
and statistical methods.

Microbiological examination

The collection of material for further research 
from the wound surface was carried out according to 
the following steps: 1) hygienic treatment of hands and 
availability of personal protective equipment (gown, 
mask, gloves); 2) confirmation of the patient’s identity 
and clarification of the methodology and purpose of 
the procedure; 3) after removing the bandage from the 
wound, changing gloves; 4) washing the wound with 
a sterile physiological solution; 5) removal of surface 
contamination; 6) system opening and sample trans-
portation; 7) sampling with a swab from viable tissues 
with an area of ​​1 cm2; 8) further transportation to the 
laboratory in a sterile test tube Test tubes with Amies 
transport medium and accompanying referral for bac-
teriological examination. In the accompanying docu-
ment, the patient’s data, the time, date and place of 
material collection, data on antibiotic therapy and the 
time of sending to the laboratory were necessarily in-
dicated. Transportation was carried out in accordance 
with all requirements. The actual microbiological re-
search was carried out at the University Microbiologi-
cal Laboratory of National Pirogov Memorial Medical 
University, Vinnytsya.

Questionnares:  Visual Analogue Scale 

To assess the pain syndrome, we chose a visual 
analog scale. Although this is a method based on the 
patient’s subjective feelings, this scale is one of the 
most reliable methods for assessing the intensity of 
both acute and chronic pain (19,20). The scale has the 
form of a 10 cm ruler, where “0” means no pain, and 
“10” reflects as much pain as possible (21). The cut-off 

point for the distribution of patients into different 
groups was taken as the value “5”, which characterizes 
the average intensity of pain. All patients were inter-
viewed within a specified period: 1-3 months after sur-
gical treatment due to the received injury.

Statistical analysis

The statistical calculation of the obtained data 
was carried out using the standardized program 
MedCalc®Software. We determined the following 
statistical indicators under the condition of normal 
distribution: arithmetic mean (M), arithmetic mean 
error (m), mean error (t), and the reliability of the dif-
ference (p). Differences were considered statistically 
significant at p ≤ 0.05.

Bioethical commission

The study was performed in accordance with 
the World Medical Association  Declaration of Hel-
sinki on the ethical principles for medical research 
involving human subjects, the Council of Europe 
Convention on the Human Rights and Biomedicine, 
relevant laws, orders of the Ministry of Health of 
Ukraine. The Study protocols were approved by the 
Committee on Bioethics, National Pirogov Memorial 
Medical University, Vinnytsya, Ukraine (Protocol № 
7, 27.05.2024).

Results

Our study included 51 men with limited limb in-
juries. The participants were divided into two groups 
depending on the results of the microbiological exami-
nation of the material taken from the wound contents. 
The principle underlying the division into different ob-
servation groups was the number of isolated pathogens 
in the studied material (Figure 1). 

Group 1 included 26 patients, the average age of 
men in this group was 35.69 (SD ± 9.84) years. Group 
2 included 25 patients, the average age of patients in 
this group was 32.88 (SD ± 9.73) years. There was 
no statistically significant age difference between the 
groups. As a result of the study, the predominance of 
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gram-negative bacteria, there were also cases of a com-
bination of gram-positive bacteria with gram-negative 
bacteria, a combination of gram-positive bacteria was 
not isolated (Table 2).

When conducting an analysis of the species com-
position of bacteria isolated from wound contents, 
it was established that: in the group K. pneumoniae,  
A. baumanii, Staphylococcus spp. were most often 
found. A smaller share was P. aeruginosa, Proteus 
mirabilis, Enterobacter cloacae, Enterococcus faecalis, 
Klebsiella oxytoca, Escherichia coli, Corynobacter spp. 
(Figure 2).

gram-negative pathogens of wound infection over 
gram-positive ones was established when coloniz-
ing wounds with a monoculture of microorganisms. 
Also, the dominance of gram-negative microorgan-
isms was determined when colonization of wounds 
by several types of bacteria was present at the same 
time. The number of microbial associations formed by 
gram-negative species of microorganisms was deter-
mined 1.78 times more often than the colonization of 
wounds by gram-positive opportunistic microorgan-
isms in association with gram-negative pathogens. A 
significant predominance of gram-negative micro-
biota in wound contents in the first group was estab-
lished (Table 1). 

Among the patients in the second group, 
there was also a predominance of a combination of 

Figure 1. An algorithm for dividing participants into groups.

Table 1. Qualitative characteristics of microbiota in Group 1.

The microbiota type Number %

Gram-positive bacteria   5 19,23

Gram-negative bacteria 21 80,77

Table 2. Qualitative characteristics of microbiota in Group 2.

The microbiota type Number %

Gram-positive bacteria +  
Gram-negative bacteria

  9 36

Gram-negative bacteria +  
Gram-negative bacteria

16 64

Gram-positive bacteria +  
Gram-positive bacteria

  0   0
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Figure 2. Species characteristics of wound microbiota composition in Group 1.

Figure 3. Species characteristics of wound microbiota composition in Group 2.

In Group 2, the combination of K. pneumoniae + 
P. aeruginosa, K. pneumoniae + A. baumanii, E. faecalis + 
P. aeruginosa was most often recorded, P. aeruginosa + E. 
coli, P. mirabilis + E. faecalis, P. aeruginosa + P. Mirabilis 
(Figure 3). 

As a result of a survey of 15 patients 4-12 weeks 
after the surgical treatment in each group using the 
VASH pain questionnaires, the respondents were di-
vided into subgroups 1.1 and 2.1, respectively, according 

to the following criterion: the distribution point was the 
average intensity of pain, which according to the VASH 
pain corresponded value “5”. As a result, both subgroups 
of patients were divided according to the following 
characteristics: patients with pain < 5 on the pain scale 
and patients with pain ≥ 5 on the pain scale (Figure 4). 

The mean value of pain in subgroups 1.1 and 2.1 
was 38.46 (SD ± 13.44) and 39.16 (SD ± 13.78), re-
spectively, and did not differ statistically (p > 0.05).
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of gram-negative bacteria was established, regardless 
of the number of types of microorganisms present in 
the wound. K. pneumoniae, A. baumanii, Staphylococ-
cus spp., P. aeruginosa were the most common in both 
groups. Since these microorganisms belong to patho-
gens with a high risk of developing multiresistance, 
this often complicates treatment and reduces a fa-
vorable prognosis. Assessing the level of pain sensa-
tion in 30 respondents 4-12 weeks after the surgical 
treatment, the average pain value in the subgroups did 
not differ statistically (p>0.05). Gram-negative bacte-
ria (K. pneumonia – 39, 2 %, A. baumannii – 31, 4 %, 
P. aeruginosa – 25, 5 %) could be mainly found among 
the bacteria which colonize wounds of the limb after 
combat trauma with some predominance of their inter 
species associations in patient with higher pain sensa-
tion during 12 weeks after surgery. The hypothesis of 
microbial impact into pain prolongation is visible but 
insignificant (p>0.05). The data of pilot study encour-
age further research into the role of microorganisms 
in the formation of prerequisites for the development 
of chronic pain on a larger sample of participants, and 
to investigate in more detail the influence of not only 
qualitative, but also quantitative characteristics of the 
microbiota.

Conclusions

In recent years, researchers around the world have 
paid a lot of attention to the problems of providing 
medical care to patients with infected wounds, as it is 
required by a significant number of armed conflicts in 
the world. Of course, the principles of tactical medi-
cine are somewhat different from traditional medicine, 
taking into account the special conditions of combat 
operations. However, one of the main theses of mod-
ern medicine remains unchanged: the future lies in 
preventive medicine. And the goal that doctors face 
is not only the timely provision of qualified medical 
care, but also the prevention of complications, which 
can significantly affect a patient’s life. In view of this, 
it is important to study various probable factors influ-
encing the course of wound healing and timely pre-
vention of possible distant negative consequences. We 
considered the association of the qualitative composi-
tion of the microbiota as a possible predictor of the 
chronic pain syndrome formation. Wound infection 
directly affects and prolongs the healing time of the 
wound, which in turn adversely affects the soft tis-
sues and structures located in the corresponding der-
matome. According to the results, the predominance 

Figure 4. Characteristics of the pain level sensation in the injured depending on the 
wound colonization by one or more microorganism’s types.
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