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Introduction

Regardless of the constant development of tech-
niques for chronic wound treatment and the availability 
of more and more modern dressings and antibacterial 
products, wound care is a medical, organizational, and 
economic challenge (EWMA 2008). In Germany, in 
2012, 1.04% of insured patients were diagnosed with 
a  wound, of which the vast majority were leg ulcers 
(0.7%) (Heyer et al. 2016). In turn, 739,000 patients 
were found to have leg ulcers in the UK in 2019 (Graves 
et al. 2022). There are no precise data on the number of 
patients with chronic wounds in Poland. Some authors 
say it may amount to 500,000 (Sopata et al. 2020). 

Most frequently observed chronic wounds include 
diabetic foot syndrome, venous leg ulcers, wounds dur-
ing critical limb ischemia, pressure ulcers, neoplastic 
wounds, but also postoperative wounds. Infection is 
one factor that hinders or prevents wound healing 
and deteriorates the patient’s prognosis. It is estimated 
that clinically significant infection in the course of dia-
betic foot syndrome occurs in up to 30% of patients 
(Mrozikiewicz-Rakowska et al. 2021).

Accurate diagnosis of infection features and proper 
microbiological tests are crucial for introducing appro-
priate local and often systemic treatment. Antibacterial 
management and appropriate causal treatment lead to 
infection control and initiation of the healing process. 
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Chronic wound infection is one of the factors that hinder or prevent 
its healing. The incidence of infection may vary depending on the 
type of wound. It is estimated that clinically significant infection 
in diabetic foot syndrome occurs in up to 30% of patients. Accu-
rate diagnosis of infection features and proper microbiological tests 
are crucial for introducing of appropriate local and often systemic 
treatment. The aim of the study was a comparative analysis of the 
microbiota found in infected chronic wounds in patients from 
Poland, consulted on an outpatient basis at a wound care center in 
2013–2021. The indication for microbiology culture tests was the 
detection of local signs of infection, and sampling was preceded by 
appropriate wound debridement. The standard culture technique 
was a deep-tissue biopsy. Material for the study was collected from 

1,199 patients. Overall, 3,917 results of microbiological tests were 
subjected to retrospective analysis. The paper presents the results 
in the form of the number of cultured microorganisms and their 
relative incidence as percentages, considering the division into the 
types of wounds from which the material was obtained. The most 
frequently isolated microorganisms in the analyzed group were 
Staphylococcus aureus (14.3% of this group were MRSA – methicil-
lin-resistant Staphylococcus aureus) and Enterococcus faecalis (2.4% 
of this group were VRE – vancomycin-resistant Enterococcus).

Further analysis of such an extensive database, especially 
regarding drug susceptibility of isolated microorganisms, seems 
crucial to elaborate new recommendations for empirical antibacte-
rial treatment of infected chronic wounds.
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Proper debridement before diagnostic material sam-
pling and the recommended best form of culture by 
deep-tissue biopsy is rarely performed, mainly in spe-
cialist centers that treat chronic wounds (Tedeschi et al. 
2017; García et al. 2020).

The selection of antibiotics in the empirical therapy 
of chronic wounds is based on standards developed on 
data collected abroad. Knowledge of the epidemiol-
ogy of chronic wounds in Polish patients is necessary 
to create national standards of empirical therapy that 
should be applied before the results of bacterial cultures 
are obtained. Improving the quality of initial treatment 
in this area can significantly affect the infection control 
rate and the time when regeneration occurs in dam-
aged tissues and reduce the risk of severe complications, 
including sepsis or limb amputation.

The aim of the study was a descriptive analysis of 
the microorganisms found in infected chronic wounds 
in patients from Poland, consulted on an outpatient 
basis at a wound care center from February 26, 2013, 
to June 29, 2021.

Experimental

Materials and Methods

Collecting material. The retrospective analysis 
included 3,917 results of microbiological tests per-
formed on cultures from chronic wounds. The mate-
rial for the study was collected from 1,199 patients 
consulted and treated on an outpatient basis at 
a specialist wound care center from 2013 to 2021. The 
division of wounds and the definitions for which the 
wound was classified into a given group are presented 
in Table I.

Sampling. The indication for the material sampling 
for microbiological analyses following the recommen-
dations of the Infectious Diseases Society of America 
(IDSA) was the presence of at least local symptoms 
of infection, i.e.: redness, excessively warm in touch, 
oedema, tenderness or pain, and purulent exudate 
(Lipsky et al. 2012). Colonized wounds without signs of 
infection were excluded from the analysis.

Neuropathic diabetic	 Wounds that are difficult to heal within the foot in diabetic patients with neuropathy
food syndrome	 as the dominant cause of the wound
Ishemic diabetic food syndrome	 Wounds in the foot area in diabetic patients with ischemic features in vascular examination
Mixed diabetic food syndrome	 A combination of the two above mentioned
Foot deformity with neuropathy	 Foot deformities with symptoms of neuropathy, causing tissue overload and ulceration,
	 but without diabetes
Wounds in the course	 Lower limb ulcers not subjected to conservative treatment and requiring revascularization
of critical limb ischemia	 procedures to initiate healing, regardless of the presence of diabetes
Venous leg ulcers	 Leg ulcers causally related to chronic venous insufficiency (confirmed by Doppler examination)
Mixed leg ulcers	 Leg ulcers causally related to chronic venous insufficiency (confirmed in a Doppler examination),
	 but at the same time features of chronic ischemia requiring or not requiring revascularization
	 (some patients were treated with first-degree compression and walking training without
	 revascularization)
Lymphatic leg and/or foot ulcers	 Leg and/or foot ulcers not causally related to chronic venous insufficiency (confirmed absence 
	 of chronic venous insufficiency in Doppler examination), clinical features of lymphedema
	 (positive Stemmer test, and/or lymphoscintigraphy confirming lymph stasis, and/or ultrasound 
	 description or clinical picture typical of lymphatic insufficiency)
Pressure ulcers	 Wounds in places typical for pressure ulcers (most often: trochanters, sacrum, ischial tuberosities,
	 heels) associated with pressure, friction, and shearing forces in people who are completely
	 or partially immobilized
Postoperative wounds	 Hard-to-heal wounds, the beginning of which was related to a surgical procedure in any area
	 (usually abdominal integuments, groin, lower limbs)
Post-traumatic wounds	 Chronic wounds whose onset was related to an injury, and there is no cause typical for chronic
	 wounds (e.g., ischemia, venous insufficiency)
Neoplastic wounds	 Wounds in which the presence of neoplastic cells was confirmed by histopathological examination
	 or in which the examination was not performed, but the description of the surgical procedure that
	 preceded the occurrence of the wound indicated incomplete resection of the neoplastic lesion
Nail fold wounds	 Wounds of the nail fold associated with the pressure of the nail plate on the nail fold
	 (so-called ingrown nail)
Other soft tissue infections	 Wounds within soft tissues, in which no cause typical for chronic wounds qualifying to the above
	 groups was found, and clinical symptoms indicated infection

Table I
Type of wound definition.

Type of wound Definition
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All cultures were taken sterilely by deep-tissue biopsy 
(Hryniewicz et al. 2012; Tedeschi et al. 2017; García et al. 
2020). The collection of the material was preceded by 
appropriate wound debridement. The activities in ques-
tion were carried out under the standards applicable in 
the centre. All employees of the center have undergone 
mandatory training in the use of these standards.

Before starting each procedure, the peri-wound skin 
was cleansed using an Octenisan® glove (Schülke & Mayr 
GmbH, Germany) or cleaning foam and non-sterile 
gauze. Next, the wound was prepared for debridement 
using the sterile technique. From that moment, all activ-
ities were performed by staff wearing sterile gloves after 
hand disinfection. The intact skin around the wound was 
washed three times with an alcohol preparation (Kodan® 
(Schülke & Mayr GmbH, Germany) or Skinsept® Color 
(Ecolab Sp. z o.o., Poland)) using sterile gauze. The 
treatment area and the wound area were covered with 
sterile drapes, and adhesive drapes were used if the skin 
condition allowed it. The wound bed and margins were 
subjected to lavaseptics prior to culture sampling. For 
lavaseptics, only sterile agents were used before the cul-
ture was taken, without adding a bactericidal substance, 
usually saline. Then, depending on the clinical condition 
of the wound, it was debrided using one or more tools. 
For this purpose, the following were used: Schülke® 
or Debrisoft® wound pad, Volkmann type curette, 
Luer Bone Rongeur, dissection scissors, and scalpels 
(Mrozikiewicz-Rakowska et al. 2021). The procedure used  
assumed the collection of material for examination 
without necrotic tissues or other impurities, i.e., from 
a possibly well-debrided wound bed. The standard tech-
nique used to collect the culture was deep-tissue biopsy, 
recommended as a diagnostic procedure in the center 
represented by the authors (Tedeschi et al. 2017; García 
et al. 2020). Cultures were collected using a sterile Volk-
mann curette. In the case of bone cultures, bone tissue 
was collected using a Luer Bone Rongeur. The collected 
material was transferred from the tool to the transport 
medium. In order to minimize the risk of contamination 
of the collected material, in the case of e.g., an applicator 
with a viscose swab and the collected material touching 
the edge of the tube, the collection process was repeated. 
At least one sample was taken from each patient at one 
appointment. In 68% of patients, one sample was col-
lected during one appointment, and two samples were 
collected in 30% of patients. In the remaining 2% of 
cases, at least three samples were taken from the same 
wound for bacteriological examination, with a  maxi-
mum of 12 samples taken from one patient at a time.

The material collected for bacteriological examina-
tion was transferred to an Amies transport medium 
and then sent to one (always the same) laboratory for 
microbiological diagnostics. Until reception, the sam-
ples were stored at room temperature. The medium 

used allows the sample to be stored at room tempera-
ture for up to 72 hours; however, according to the man-
ufacturer’s recommendation, for optimal growth, the 
culture should be started within 24 hours after material 
collection (Amies – Agar Swabs; deltalab, Spain). 

In the evaluated material, the average storage time of 
samples from collection to registration in the laboratory 
was 12 hours and 46 minutes. The average culture time 
from registration to the result was 4 days and 13 hours.

Microbiological analysis. The collected biopsies 
were cultured on the following media: chocolate agar 
with PolyViteX (incubation in an atmosphere of in- 
creased carbon dioxide concentration – 5%), chromog-
enic agar for urine culture, and initial identification of 
Escherichia coli, Enterobacter spp., Klebsiella spp., Ser­
ratia spp., Citrobacter spp., Proteus spp., Morganella 
spp., Providencia spp., Columbia Sheep Blood, Colum-
bia CNA (nalidixic acid and colistin), and Schaedler’s 
broth with 0.02% agar and vitamin K3. All media were 
incubated for 48 h at 36 ± 1°C. Fungal cultures were 
grown on Sabouraud medium with gentamicin and 
chloramphenicol and incubated at 30°C for five days. 
When testing for anaerobic bacteria, the material was 
cultured on Schaedler’s medium with 5% sheep blood, 
and Schaedler’s agar with neomycin and vancomycin 
with 5% sheep blood and incubated under anaerobic 
conditions. Schaedler’s broth after 48 hrs. was subcul-
tured onto Columbia agar with sheep blood as an aero-
bic control and Schaedler’s agar with 5% sheep blood 
and Schaedler’s agar with neomycin and vancomycin 
with 5% sheep blood. The final negative result for aero-
bic bacteria was issued after 48 hours, and for anaerobic 
bacteria and fungi after 5 days of incubation.

The cultured microorganisms were identified using 
biochemical tests on the VITEK® 2 Compact apparatus 
(bioMérieux, France) until 2016; the identification was 
also performed using the mass spectrometry method 
(VITEK® MS by bioMérieux (France) until 2018, and 
from February 2018 MALDI-TOF MS by Bruker 
(USA)). Latex tests were also used to determine sero-
group affiliation according to the Lancefield classifica-
tion for beta-hemolytic streptococci.

The cultured isolates were tested for susceptibility 
by broth microdilution using automated identification, 
and susceptibility testing systems on VITEK® 2 Com-
pact (bioMérieux, France) and MicroScan WalkAway 
plus (Beckman Coulter, USA) instruments. In addi-
tion, drug susceptibility was tested by the disc diffusion 
method, using strips impregnated with a gradient of 
antibiotic concentrations and microdilutions in broth 
in the case of colistin. Resistance phenotypes were veri-
fied by methods specified by the National Reference 
Center for Antimicrobial Susceptibility Testing. Sus-
ceptibility results were interpreted based on EUCAST 
guidelines (EUCAST 2017).
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Statistical analysis. The paper presents the results in 
the form of the number of cultured microorganisms and 
their relative incidence as percentages. Calculations were 
performed using IBM® SPSS® Statistics version 26.0.

Results

In the analyzed population of patients with infected 
chronic wounds, the largest group (n = 446; 36.6%) were 
patients with all types of DFS and patients with VLU 
(n = 225; 18.4%). The quantitative distribution of the 
material used for microbiological examination depend-
ing on the type of wound is presented in Table II.

Soft tissues were used in 85.4% (n = 3,345) of cultures. 
Bone scrapings accounted for 14.3% (n = 562) of cul-
tures. This material was collected when bones were visu-
alized at the bed of an infected wound, most often in the 
case of ischemic DFS (26.7%) and the group of wounds 
defined as foot deformity with neuropathy (22.1%).

Table I also includes microbiological tests for which 
the material is not specified. They accounted for 0.3% 
(n = 10) of all tests and concerned cultures for which 
the type of material was not specified in the available 
documentation or the material was not collected by 
deep-tissue biopsy due to the small amount of avail-
able material or anatomical conditions. 

Overall, 2,837 aerobic (72.4%), 1,062 anaerobic 
(27.1%), and 18 mycological (0.5%) cultures were 
performed.

Among all performed tests, every third culture 
(n = 1,235; 31.6%) was negative, i.e., one in which no 
microorganism was grown. A quantitative summary 
of negative cultures depending on the type of wound is 
presented in Fig. 1.

Noteworthy is a relatively large number of negative 
cultures obtained from chronic post-traumatic wounds 
(42.5%), other infections of soft tissues (40.2%), and 
post-operative wounds (38.2%). Among the aerobic 
cultures, only 12.7% of the results were negative, and in 
the group of anaerobic tests, the lack of bacterial growth 
was reported in as many as 81.2% of the tests. In the 
remaining tests, from 1 to 7 pathogens were isolated. 
The quantitative distribution of tests depending on the 
number of isolated microorganisms in relation to the 
type of culture (aerobic, anaerobic, or mycological) is 
presented in Table III. On average, 1.2 pathogens were 
grown from one culture. After the exclusion of negative 
cultures from the analysis, an average of 1.75 pathogens 
was obtained.

Following the standards in force in the micro- 
biological laboratory in which all the analyzed tests 
were performed, samples from which four or more 
isolates were cultured were marked as suspected of 
contamination. In the analyzed material, 4 and more 
isolates were cultured in 153 samples (all in aerobic 
tests) which constituted 5.4% of the entire group of 
aerobic cultures. It was confirmed that all standards 
of wound debridement for sampling and the sampling 
itself were met. After consultation with the micro- 

Neuropathic diabetic food syndrome 	 925 (80.5)	 217 (18.9)	 7 (0.6)	 1,149
Ishemic diabetic food syndrome 	 139 (72.8)	 51 (26.7)	 1 (0.5)	 191
Mixed diabetic food syndrome	 434 (83.6)	 85 (16.4)	 0 (0.0)	 519
Foot deformity with neuropathy	 102 (77.9)	 29 (22.1)	 0 (0.0)	 131
Wounds in the course of critical limb ischemia	 502 (81.8)	 112 (18.2)	 0 (0.0)	 614
Venous leg ulcers	 554 (97.9)	 12 (2.1)	 0 (0.0)	 566
Mixed leg ulcers	 108 (95.6)	 4 (3.5)	 1 (0.9)	 113
Lymphatic leg and/or foot ulcers	 89 (100.0)	 0 (0.0)	 0 (0.0)	 89
Pressure ulcers	 126 (83.4)	 25 (16.6)	 0 (0.0)	 151
Postoperative wounds	 111 (90.2)	 11 (8.9)	 1 (0.8)	 123
Post-traumatic wounds	 74 (85.1)	 13 (14.9)	 0 (0.0)	 87
Neoplastic wounds	 38 (100.0)	 0 (0.0)	 0 (0.0)	 38
Nail fold wounds	 47 (95.9)	 2 (4.1)	 0 (0.0)	 49
Other soft tissue infections	 96 (99.0)	 1 (1)	 0 (0.0)	 97
Total	 3,345 (85.4)	 562 (14.3)	 10 (0.3)	 3,917

Table II
The quantitative distribution of the type of material used for microbiological examination depending

on the type of wound.

Type of wound

Site of the material sampling
Total
100%Soft tissue

scrapings
Bone

scrapings Other

n (%) n (%) n (%) n
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biology laboratory, it was concluded that the cultured 
bacteria could be considered an actual component 
of the infected wound microbiome. There was no 
suspicion of contamination in the description of the 
anaerobic culture results. Most often, four or more 
organisms were cultured from wound material in VLU 
(7.6% of all studies in this group), critical ischemia 
of the lower extremities (5.5% of all studies in this 
group) and neuropathic DFS (2.9% of all studies within 
this group).

The distribution of the number of cultured microor-
ganisms in one culture depending on the type of wound 
is presented in Fig. 2.

A total of 120 different species of microorganisms 
were identified in the materials tested. The 15  most 
frequently isolated microorganisms from the analyzed 
material are presented in Fig. 3. Staphylococcus aureus 
was found in 31.3% of aerobic cultures, Enterococcus 
faecalis in 26.3%, Escherichia coli in 13.3%, and Pseudo­
monas aeruginosa in 12.5%. 

  0	 361	 12.7	 862	 81.2	 12	 66.7	     1,235	 31.6
  1	     1,217	 42.9	 167	 15.7	 6	 33.3	     1,390	 35.5
  2	 734	 25.9	   30	 2.8	 0	 0.0	 764	 19.5
  3	 372	 13.1	     3	 0.3	 0	 0.0	 375	 9.5
  4	 124	 4.4	     0	 0.0	 0	 0.0	 124	 3.2
  5	   25	 0.9	     0	 0.0	 0	 0.0	   25	 0.6
  6	     3	 0.1	     0	 0.0	 0	 0.0	     3	 0.1
  7	     1	 0.0	     0	 0.0	 0	 0.0	     1	 0.0
Total	     2,837	 100.0	     1,062	 100.0	 18	 100.0	     3,917	 100.0

Table III
The quantitative distribution of tests depending on the number of isolated microorganisms with the type

of culture (the shaded area corresponds to the isolation of four or more microorganisms).

Number
of isolated

microorganisms

Type of culture

TotalAerobic Anaerobic
Mycological

n % n % n % n %

Fig. 1. Quantitative summary of negative cultures depending on the type of wound.
DFS – diabetic food syndrome, VLU – venous leg ulcers
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Fig. 3. Most frequently isolated pathogens in the materials.

Fig. 2. The distribution of the number of cultured microorganisms in one culture depending on the type of wound.
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The most frequently isolated organism was S. aureus. 
Eighty-six percent of these isolates were sensitive to 
methicillin (MSSA – methicillin-sensitive Staphylococ­
cus aureus). In the remaining 14% of cases, S. aureus 
resistant to methicillin (MRSA – methicillin-resistant 
Staphylococcus aureus) were isolated. S. aureus was 
most common as an etiological agent of chronic wound 
infection in nail fold wounds (71.4%), mixed leg ulcers 
(35.6%), lymphatic leg and/or foot ulcers (35.5%), and 
VLU (33.9%). Further in the frequency of occurrence, 
according to the type of wound, this microorganism 
was a component of the microbiome in infections 
34.9% of wounds during critical ischemia of the lower 
limbs, 34.4% of post-traumatic wounds, and 32.9% of 
wounds in neuropathic DFS.

In addition to S. aureus, coagulase-negative Staphy­
lococci (CoNS) were observed in the materials studied. 
The presence of Staphylococcus epidermidis (7.3%), 
Staphylococcus simulans (1.9%), Staphylococcus lugdun­
ensis (1.6%), and Staphylococcus hemolyticus (0.7%) was 
most frequently found. Considering the whole group 
of coagulase-negative staphylococci, we isolated them 
from 13.7% of aerobic cultures.

The second most common microorganism was 
E. faecalis. Vancomycin-resistant Enterococcus (VRE) 
was found in 2.4% of these isolates. E. faecalis was the 
most common component of the wound microbiome 
in ischemic DFS (39.1%), neoplastic wounds (37.9%), 
pressure ulcers (34.8%), leg and/or foot lymph ulcers 
(29.0%), and VLU (28.0%).

It is worth noting that another microorganism fre-
quently found in infected pressure ulcers (33.9%), as 
well as in infected neoplastic wounds (27.6%) was E. coli.

In turn, P. aeruginosa was most often isolated from 
the material obtained from infected leg ulcers of mixed 
(42.5%) or venous (24.8%) etiology.

The analysis presented above indicated that the most 
common etiological factor of infections in the course of 
neuropathic DFS was one of the four following micro-
organisms S. aureus (32.85%), E. faecalis (26.96%), 
E. coli (9,75%), Streptococcus agalactiae (8.66%). In the 
mixed DFS, the microorganisms most often cultured 
were: E. faecalis (28.00%), S. aureus (22.86%), E. coli 
(15.14%), S. epidermidis (11.43%). The most common 
cultures in the wounds in the course of critical ischemia 
of the lower limbs were S. aureus (34.92%), E. faecalis 
(25.62%), P. aeruginosa (13.38%), E. coli (12.24%), and 
E. cloacae (6.6%). The most common cultures in the 
wounds in patients with venous leg ulcers were S. aureus 
(33.64%), E. faecalis (28.04%), P. aeruginosa (24.77%), 
and E. coli (15.89%).

The data presented above concerned the cumulative 
results of microbiological tests carried out in outpa-
tients from 2013 to 2021. However, it was observed that 
in the following years, the microbiological profile of 
infections and the percentage share of individual path-
ogens underwent visible changes. Fig. 4 presents the 
dynamics of these changes concerning eight microor-
ganisms most frequently found in the results of micro-
biological tests in the analyzed period. Throughout the 

Fig. 4. The dynamics of changes in the etiology of chronic wound infections.
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period covered by the analysis, the most frequently 
detected microorganisms were S. aureus (31.3%) and 
E. faecalis (26.3%). 

Discussion and Conclusions

Treatment of chronic wounds requires knowledge 
of their microbiome to implement appropriate anti-
bacterial treatment. Recommendations for empirical 
antibiotic therapy are often based on data from cen-
tres located in remote parts of the world with different 
climates and concern other types of microorganisms 
detected in locally infected wounds (Abdu et al. 2019; 
Schaumburg et al. 2022).

In addition to the significantly smaller number 
of patient groups analyzed in such studies, collecting 
material for microbiological tests often needs to meet 
the current standards. To the best of our knowledge, the 
material presented in this study is the largest database 
of cultures taken by deep-tissue biopsy from a single 
center in Poland. Special care was given to the material 
quality sent to the microbiology laboratory analyzed 
in this study. Standard technique used to collect the 
culture in patients with chronic wounds is deep-tissue 
biopsy (Hryniewicz et al. 2012; Tedeschi et al. 2017; 
García et al. 2020). It is worth emphasizing that the 
material for microbiological tests was collected only 
from wounds with clinical signs of infection. Colonized 
wounds were excluded from the evaluation.

In the analyzed material, a relatively large num-
ber of negative cultures was observed, obtained from 
chronic post-traumatic wounds (42.5%) and postop-
erative wounds (38.2%). Gitajn et al. (2016) described 
9% of negative cultures among patients with infected 
postoperative wounds after bone fracture stabilization 
procedures. Rondas et al. (2015) found 18.9% of nega-
tive cultures taken from chronic wounds with clinical 
signs of infection.

In the presented material, only 12.7% of the tests 
were negative among aerobic cultures. In contrast, in 
the group of cultures performed for anaerobic bacteria, 
no growth was found in as many as 81.6% of the tests. 
It may result from a low prevalence of anaerobic micro-
biota in the etiology of diagnosed infections. However, 
the impact of using non-optimal transport media in 
the microbiology laboratory serving the center can-
not be ruled out. Routine use of specialized tubes (e.g., 
Venturi Transystem®) or liquid transport media (e.g., 
eSwab®) may increase the detection of anaerobic micro-
organisms responsible for infections of chronic wounds 
(Hudspeth et al. 1997; van Horn et al. 2008; Tyrrell et al. 
2016; Demuyser et al. 2018).

In the analyzed material, four or more types 
of microorganisms (maximum seven) were isolated in 

153 aerobic culture samples (5.4% of the tested sample). 
Such a small percentage may indicate a significantly 
good debridement of wounds for culture collection and 
a sufficiently high data reliability. On average, 1.2 path-
ogens were isolated from one culture. In studies by Han 
et al. (2011), standard bacteriological cultures from 
chronic wounds showed the presence of an average of 
three pathogens. Interestingly, high-throughput next-
generation sequencing of the same material detected an 
average of 17 microbes in each wound. Although the 
cited work was based on analyzing samples from only 
15 patients, it made us realize how complex and diverse 
the wound microbiome can be, potentially responsible 
for its infection (Han et al. 2011).

A total of 120 different microorganisms were identi
fied in the analyzed material. S. aureus (31.3%) had the 
largest share of infections of chronic wounds. This obser- 
vation is consistent with the data presented in the litera-
ture. In the meta-analysis by Howell-Jones et al. (2005) 
S. aureus and coagulase-negative staphylococci were the 
dominant pathogens isolated from infected wounds.

S. aureus was isolated from infected leg ulcers with 
an incidence of 43%, while S. epidermidis was detected 
in 14% of VLUs and 20.6% of DFS cultures (Howell-
Jones et al. 2005). Similarly, coagulase-negative Staphy­
lococci (CoNS) were relatively common in our analysis. 
The entire CoNS group accounted for 13.7% of all iso-
lated microorganisms in our material. The most com-
mon CoNS were: S. epidermidis, S. simulans, S. lugdun­
ensis, and S. hemolyticus.

In the study by Puca et al. (2021), S. aureus was pre-
sent in 38.5% of samples collected using the “Z” tech-
nique, obtained from wounds in outpatients. Also, in 
our material, S. aureus was the most common micro-
organism, and its incidence in the examined cultures 
was similar (31.3%).

In the already cited study, Rondas et al. (2015) iso-
lated most frequently: S. aureus (51.1%), S. agalactiae 
(12.2%), P. aeruginosa (8.9%), E. coli (7.8%), and P. mira­
bilis (7.8%) regardless of the type of wound. S. aureus, 
E. coli, and P. aeruginosa were also dominant in our 
material. Significant discrepancies concerned S. aga­
lactiae. This microorganism was detected most often 
among all streptococcal in our material but significantly 
less often than in the cited publication (5.7% vs. 12.2%). 
E. faecalis was the second pathogen after S. aureus and 
was present in 26.2% of the tested samples from our 
center, compared to 6.7% of pathogens isolated from 
infected chronic wounds in the study by Rondas et al. 
(2015). Also, MacDonald et al. (2002) observed a higher 
incidence of S. aureus (42%) and E. faecalis (29%) in 
infected wounds during DFS.

In our material, methicillin-resistant S. aureus 
(MRSA) accounted for 14.0% of all S. aureus isolates. 
Data from the literature indicate a much higher percent-
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age of these isolates in infections of chronic wounds. In 
the study by Yates et al. (2009), MRSA accounted for as 
much as 39.6% of all isolated Staphylococci aureus, and 
in Kasithevar et al. (2017) this percentage was 48.1%.

Anaerobic organisms were also observed among the 
microorganisms detected in infected chronic wounds. 
Positive cultures for anaerobes were obtained in 18.8% 
of cultures. These affected 13.2% of VLU samples and 
18.9% of DFS wound samples (all types combined), 
respectively. Trengove et al. (1996) detected anaerobes 
in a quarter of samples from infected and uninfected 
VLU. In the observations of MacDonald et al. (2002), 
they accounted for only 6% of isolates from infected 
wounds in the course of DFS, while in the work of Ron-
das et al. (2015), anaerobic bacteria were isolated from 
only 2% of chronic wounds. In this context, an interest-
ing observation was made by Bowler and Davies (1999), 
who found anaerobes in as many as 82% of infected 
leg ulcers. Noteworthy, this study dates back to 1999, 
when different standards of wound debridement for 
material collection and microbiological examination 
were in force. The wounds included in this study were 
only cleansed with saline before the culture was taken. 
The cultures were collected using techniques similar to 
Levin’s, including necrotic tissue. Since the results of 
the cited study differ significantly from those presented 
by other authors and us, it should be assumed that they 
reported wound-colonizing microorganisms and not 
those responsible for the infection.

Although proper surgical debridement of the wound 
is of crucial importance for treating chronic wounds, in 
some clinical cases, it is also necessary to include anti- 
microbial treatment. The idea is then to use targeted 
therapy. However, this is possible only after obtaining 
the microbiological test result. In many cases, the rate of 
infection-induced inflammation causes rapid tissue loss. 
Hence the need for immediate antibacterial treatment. 
In selecting antibiotics in the empirical therapy of chro- 
nic wounds, we rely on standards developed based on 
data from outside Poland. The constantly growing pop-
ulation of patients with infected wounds, the growing 
resistance of microorganisms, and the shortage of opti-
mal systemic solutions require several actions to organ-
ize the management of this group of patients (WHO 
2019; World Union of Wound Healing Societies 2020). 

Further analysis of the extensive database of reliable 
cultures obtained by deep-tissue biopsy is crucial to cre-
ate new recommendations for empirical antibacterial 
treatment of infected chronic wounds, especially in 
terms of drug susceptibility of isolated microorganisms.
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