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Цел на студијата беше да се детектираат најчестите бактерии изолирани од примероци од 
рани и да се спореди процентот на резистентни бактерии во тригодишниот период. Материјал 
и методи: Во период од три години (2017-2019) вкупно 11.863 примероци од рани (брисеви, 
пунктати, ексудати, ткиво и др.) земени од пациенти хоспитализирани во Универзитетските 
клиники во кампусот ,,Мајка Тереза”, Градската болница ,,8-ми Септември”, Универзитетската 
клиника за хируршки болести ,,Св. Наум Охридски” во Скопје, беа обработени на Институтот 
за микробиологија и паразитологија, Медицински факултет, Скопје. За обработка беа корис-
тени стандардни микробиолошки техники. Идентификацијата на бактериите, како и одре-
дување на нивната осетливост кон антимикробни средства беше направена со стандардни и 
автоматизирани методи (Vitek 2- систем).  Резултати: Од вкупниот број на примероци, кој из-
несуваше 3.463 во 2017, 4.127 во 2018 и 4.273 во 2019 год., позитивни беа 2.068 (60%), 2.302 (55,8%) 
и 2.387 (55,9%), последователно. Најчесто изолирани беа: Staphylococcus aureus, Enterococcus 
spp, Pseudomonas aeruginosa и E. coli. Процентот на резистентни соеви (MRSA, CNS-MR и VRE) 
беше речиси идентичен во испитуваниот период. Кај Грам-негативните бактерии беше детек-
тирано зголемување на процентот на ESBL-позитивни соеви на E. coli и Enterobacter spp. во 
периодот од 2017 до 2019, за разлика од Klebsiella pneumoniaе  кај која во 2019 беше детекти-
рано намалување на тој процент. Во однос на карбапенем-резистентните (CR) ентеробактерии, 
кај К. pneumoniae беше детектирано зголемување на процентот на карбапенем-резистентни 
соеви. Процентот на CR-соеви на Pseudomonas aeruginosa и на Acinetobacter spp варираше 
меѓу 30% и 38%, и меѓу 81% и 85%, последователно. Заклучок: Потребно е континуирано мони-
торирање на најчесто изолираните бактерии од примероците од рани, особено присуството 
на резистентни бактерии, со цел примена на соодветни алгоритми и водичи за ефективен 
третман на инфекциите на рани.  
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The aim of our study was to determine the most common bacteria isolated from wound samples 
and tо compare the frequency of the resistant bacteria isolated over a 3-year period. Material and 
methods: During a three-year-period (2017-2019) a total of 11,863 wound samples (wound swabs, 
punctuates, exudates, tissue, etc.) were obtained from the hospitalized patients in the University 
Clinical Center ”Mother Theresa”, the City hospital ”8th September” and the University Clinic 
for Surgical Diseases ”St. Naum Ohridski” in Skopje. All samples were analyzed at the Institute 
of Microbiology and Parasitology, Faculty of Medicine, Skopje. They were examined by standard 
microbiology techniques. Identification and susceptibility of microorganisms were done by both 
standard methods and automatized Vitek 2 system. Results: Of a total number of samples, which was 
3,463 in 2017, 4,127 in 2018 and 4,273 in 2019, positive were 2,068 (60%), 2,302 (55.8%) and 2,387 (55.9%), 
respectively. Staphylococcus aureus was the most predominant isolate followed by Enterococcus 
spp, Pseudomonas aeruginosa and E. coli. The percentage of the resistant strains of MRSA, CNS-
MR and VRE was almost the same in that period. The percentage of ESBL-positive isolates of E. 
coli and Enterobacter spp. increased consecutively from 2017 to 2019, whereas the percentage of 
Klebsiella pneumoniae decreased in 2019. Considering carbapenem-resistant (CR) Enterobacterales, 
an increase of the percentage of CR-K. pneumoniae strains was noticeable. The percentage of CR-
isolates of Pseudomonas aeruginosa and Acinetobacter spp. varied from 30% to 38% and from 81% to 
85%, respectively. Conclusion: The knowledge of the most commonly isolated bacterial pathogens, 
especially the presence of resistant bacteria, is crucial and should be continuously monitored in 
order to understand, construct and update effective treatment algorithms and guidelines. 
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Introduction

Normal function of skin is to pre-
vent colonization and invasion of 
underlying tissue by potential micro-
bial pathogens. Loss of skin integrity 
(wound) provides moist and nutritious 
environment for microbial prolifera-
tion. Microbial colonization precedes 
wound infection. The common source 
of microorganisms are exogenous (en-
vironmental, surrounding skin), and 
endogenous (mucous membranes of 
gastrointestinal tract and genitouri-
nary tract, oropharyngeal cavity).1 

An important entity in the clinical 
setting are skin and soft tissue infec-
tions (SSI).2 Microbes involved in skin 
and soft tissue infections could differ 
considering the site of infection. It has 
been shown that SSI could be commu-
nity acquired or acquired in the hos-
pital environment. Thus, these infec-
tions are characterized with varying 
etiology, as well as various microbes 
that could be involved in the patho-
genesis of the infection.3 The isolation 
of Gram-positive bacteria has been 
most commonly associated with acute 
infections, while microbes that were 
most commonly isolated from chronic 
wound were Gram-negative bacteria.4 
Especially important category among 
SSI are surgical site infections. It is of 
note that despite the recent advanc-
es in medical technology, in general, 
these infections could not be always 
successfully prevented.5  These infec-
tions could lead to increased morbid-
ity and mortality risk of patients.6 

The most commonly isolated bacteri-
um from SSI with a significant epide-
miological implication is Staphylococ-
cus aureus. Although not as frequent 
as S. aureus, some Gram-negative 
bacilli (Pseudomonas aeruginosa and 
Escherichia coli) and other Gram-posi-

tive cocci (Enterococcus spp.) have been 
also identified as frequent causative 
pathogens of SSI.7 Simple SSI are of-
ten regarded uncomplicated and most 
commonly are monomicrobial, while 
complicated SSI could range from mo-
nomicrobial to polymicrobial.8

Predisposing factors to SSI that could 
lead to the progression of the disease 
include diabetes mellitus, vascular dis-
ease, obesity, trauma, recent surgical 
intervention, and preexisting immuno-
compromised condition.9 Inadequate 
initial empirical antibiotic treatment 
has been considered as a main factor 
that has been associated with a high-
er mortality in SSI, pointing out that 
initial treatment construction should 
take into consideration Gram-nega-
tive bacteria and bacteria that exhibit 
extended spectrum beta lactamases 
(ESBL) production as possible causative 
pathogens.10 SSI are often associated 
with many different complications 
where gangrene, osteomyelitis, bacte-
remia, and sepsis being considered as 
one of the most serious SSI complica-
tions. Evidence data suggests that com-
plications and hospitalizations associ-
ated with SSI are several times higher 
in people with diabetes.11,12 

Treatment options for uncomplicated 
SSI would require empiric treatment 
and usually the antibiotics used should 
have antimicrobial effect against 
Staphylococci and Streptococci, while 
complicated SSI would require more 
serious approach integrating hospi-
tal treatment that will include wound 
debridement together with the use of 
broad-spectrum antibiotics.13

Increase in the misuse and misman-
agement of antibiotics which are now 
leading to drug resistance is creating 
a lot of concern in medical practice. 
The current spread of multi-drug re-
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sistant (MDR) bacteria poses a major 
threat to patients’ treatment as it 
leads to increased morbidity and mor-
tality, increased hospital stay, and se-
vere economic implications.14 

Therefore, early microbiological di-
agnosis of SSI is of high importance 
and should be considered imperative. 
The knowledge of the most commonly 
isolated bacterial pathogens is crucial 
and should be continuously monitored 
in order to understand, construct and 
update effective treatment algorithms 
and guidelines.15

The aim of our study was to determine 
the most common bacteria isolated 
from wound samples and tо compare 
the frequency of the resistant bacteria 
isolated over a 3-year period.

Material and methods

In a three-year period (2017, 2018, 2019) 
a total of 11863 wound samples (wound 
swabs, punctuates, exudates,  tissue,  
drain swabs, breast swabs, umbilical 
swabs) were obtained from the hos-
pitalized patients in the University 
Clinical Center ”Mother Theresa”, the 
City hospital ”8th September” and the 
University Clinic for Surgical Diseases 
”St. Naum Ohridski” in Skopje.

For isolation and identification of micro-
organisms, standard media were used 
(Columbia agar with 5% sheep blood for 
the isolation of aerobes, Schaedler agar 
for the isolation of anaerobes, glycose 
broth for enrichment of the growth 
and Candida albicans (CALB) agar for 
the isolation of yeasts) and standard 
biochemical tests were performed. Co-
lumbia agar plates were incubated for 
24 hours, Schaedler agar plates for 48 
hours, while CALB agar plates were in-
cubated longer (2-3 days) at 370C.  

Disc diffusion method was used for 

determination of the susceptibility of 
Gram-positives and Gram-negatives to 
antimicrobial agents. The combination 
of antibiotic discs and the interpreta-
tion of the results were done according 
to the European Committee on antimi-
crobial susceptibility testing (EUCAST) 
criteria. E-tests were performed to de-
termine minimal inhibitory concentra-
tions (MIC) values of vancomycin and 
colistin. Automatized Vitek 2 system 
(bioMerieux) was used for identifica-
tion of all anaerobes and confirming 
the identification and susceptibility to 
antibiotics for the aerobes. For routine 
Quality Control of antibiotic suscepti-
bility test, S. aureus ATCC 25923 and E. 
coli ATCC 25922 were used. 

Additional tests were performed for 
identification of the multidrug resis-
tant bacteria (MDR), such as: cefoxi-
tine disc 30 μg for the confirmation of 
methicillin resistant Staphylococcus 
aureus (MRSA), double disc synergy 
test as screening for extended-spec-
trum beta-lactamases (ESBLs) produc-
ing Enterobacterales and carbapenem 
inactivation method (CIM) and com-
bination discs test (Mast Diagnostic, 
D70C) as screening for carbapenem-
resistant Enterobacterales. Detection 
of carbapenem resistant non-fermen-
tatives was done by zone diameters 
of carbapenems (imipenem, merope-
nem) and the values of MIC.

The results of our study are pre-
sented as numbers and percentages. 
The annual rates of MRSA, methicil-
lin resistant (MR) coagulase negative 
Staphytlococcus (CoNS-MR), vancomy-
cin resistant Enterococcus (VRE), car-
bapenem resistant enterobacteria and 
non-fermentatives over the three-year 
period were compared by Pearson Chi 
square test. P value ≤ 0.05 was consid-
ered statistically significant.
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Results

In 2017, of a total of 3,463 samples, 
2,068 (60%) were positive with 2971 
isolated microorganisms. Of these, 
2,758 were aerobic bacteria: 1,420 
Gram-positive, 1,338 Gram-negative, 
99 were anaerobic bacteria, 108 were 
yeasts and only 5 were molds. In 2018, 
of a total of 4,127 samples, 2,302 (55.8%) 
were positive with 3,178 isolated mi-
croorganisms. Of these, 2,949 were 

aerobic bacteria: 1,476 Gram-positive, 
1,473 Gram-negative, 114 were anaer-
obic bacteria, 108 were yeasts and 7 
were molds. In 2019, of a total of 4,273 
samples, 2,387 (55.9%) were positive 
with 3,583 isolated microorganisms. 
Of these, 3,279 were aerobic bacteria: 
1,610 Gram-positive, 1, 669 Gram-neg-
ative, 157 were anaerobic bacteria, 136 
were yeasts and 11 were molds. These 
results are presented in Figure 1. 

Figure 1:   Total number of samples, number of positive samples and number of isolated     
    microorganisms in a 3-year period

Figure 2:   Total number of different microorganisms isolated in a 3-year period

 As it can be seen from Figure 2, both 
the number of samples as well as the 
number of positive samples with a to-
tal number of microorganisms have 

increased from year to year. There has 
been an increasing trend, without any 
major difference between the years.
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Despite the increase in the total 
number of microorganisms from 
year to year, the ratio between Gram-
positives and Gram-negatives has 
changed. Namely, in 2017 the num-
ber of Gram-positives was higher 
than that of Gram-negatives (1,420 
vs. 1,338), in the next year, the num-

bers were almost identical (1,476 vs. 
1473), whereas in 2019 the number 
of Gram-negatives was higher (1,699 
vs. 1,610). The most common bacte-
ria (aerobes and facultative anaer-
obes) isolated from wound samples 
are shown in Table 1.

Table 1:   Ten most common bacteria (aerobes and facultative anaerobes) from wound samples

Gram-negative 
bacteria

2017
Total 1420

N (%)

2018
Total 1476

N (%)

2019
Total 1610

N (%)

Staphylococcus aureus 537 (38%) 491 (33%) 553 (34%)

Enterococcus 439 (31%) 473 (32%) 550 (34%)

Coag. neg. Staphylococcus 245 (17%) 317 (22%) 252 (16%)

Corynebacterium 120 (9%) 113 (8%) 143 (9%)

Gram-negative 
bacteria

2017
Total 1338

N (%)

2018
Total 1473

N (%)

2019
Total 1669

N (%)

Pseudomonas aeruginosa 327 (24%) 381 (26%) 416 (25%)

E.coli 273 (20%) 308 (21%) 352 (21%)

Acinetobacter spp. 198 (15%) 190 (13%) 284 (17%)

Enterobacter spp. 212 (16%) 187 (13%) 166 (10%)

Proteus mirabilis 105 (8%) 126 (9%) 144 (9%)

Klebsiella pneumoniae 89 (7%) 165 (11%) 138 (8%)

The most commonly isolated (more 
than 10%) Gram-positive bacteria 
were: Staphylococcus aureus, Staph-
ylococcus coagulase negative and 
Enterococcus. Considering Gram- 
negative bacteria, Pseudomonas ae-
ruginosa and E. coli were the most 
commonly isolated (in almost iden-
tical proportions over three years), 
followed by Acinetobacter (higher in 
2019 compared to the previous two 
years), Enterobacter (higher in 2017 
compared to the other two years) 
and Klebsiella (in a higher percent-
age in 2018, compared to the other 
two years).

From the total aerobes/facultative 
anaerobes (2,758, 2,949 and 3,279 
in the three consecutive years, 
2017, 2018 and 2019, respectively), 
Staphylococcus aureus was the most 
predominant isolate (19.5%, 16.6%, 
16.9%) followed by Enterococcus spp 
(16%, 16%, 16.7%), Pseudomonas ae-
ruginosa (12%, 13%, 12.7%) and E. coli 
(10%, 10.4%, 10.7%). 

The number of anaerobic bacteria 
was constantly increasing to such 
an extent that in 2019 it was 63% 
higher than the number in 2017 (157 
vs. 99). The percentage of Gram-
positive anaerobes (Peptostrepto-
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coccus) decreased from 33% to 18% 
oof a total number of anaerobes. In 
the case of Clostridium spp. this per-
centage increased from 5% to 13%. 
The percentage of Gram-negative 
anaerobes also increased, which 
was mostly observed in bacteria of 

the genus Bacteroides (from 39% to 
45% of the total number of isolated 
anaerobes for each year). The per-
centage of Bacteroides fragilis of the 
total number of the genus Bacteroi-
des increased from 49% in 2017 to 
82% in 2019 (Table 2).

Anaerobes

2017
Total 99

2018
Total 112

2018
Total 157

N (%) N (%) N (%)

Peptostreptococcus 33 (33%) 28 (25%) 28 (18%)

Pеptococcus 17 (17%) 17 (15%) 30 (19%)

Clostridium spp 5 (5%) 6 (5%) 21 (13%)

Bacteroides spp. 
(B. fragilis)

39 (39%)
(19)

51 (46%)
(35)

71 (45%)
(58)

Prevotella spp 1 (1%) 3 (3%) /

Fusobacterium 1 (1%) / 3 (2%)

Other anaerobic bacilli 3 (3%) 7 (6.3%) 4 (2.5%)

Table 2:   The most common anaerobic bacteria isolated from wound samples

When comparing the results of 
MDR Gram-positive bacteria in the 
three-year period, it can be noticed 
that the percentage of the resistant 

strains of MRSA, CoNS-MR and VRE 
was almost the same in that period. 
This difference was not statistically 
significant (p<0.05) (Fig. 3). 

Figure 3:   Percentage of resistant Gram-positive bacteria in a three-year period
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In Gram negatives, the percentage of 
ESBL-positive isolates of E. coli and 
Enterobacter spp. increased consecu-
tively from 2017 to 2019. Even though 
this difference was obvious, it was not 
statistically significant (p >0.05). The 

increase in the percentage of resistant 
strains was more noticeable in ESBL-
positive isolates of Klebsiella pneumoni-
ae between 2017 and 2018, but in 2019 
a decrease in the percentage can be ob-
served (Figure 4). 

Figure 4:   Comparison of percentage of ESBL-positive bacteria of Enterobacterales family  
    in a 3-year period

Figure 5:   Carbapenem-resistant Gram-negative bacteria (Enterobacterales - K. pneumoniae 
and Enterobacter spp and non-fermentatives - P. aeruginosa and Acinetobacter spp) 

Considering carbapenem-resistant (CR) 
Enterobacterales, an increase in the 
resistance was noticeable in K. pneu-
moniae, but it was not statistically sig-
nificant (p > 0.05). The increase in the 
percentage of resistant strains in En-
terobacter spp. between 2017 and 2018 
as well as the decrease between 2018 
and 2019 was statistically significant (p 
< 0.05) (Figure 5).

Contrary to the results obtained for CR 
Enterobacterales, in the case of Pseu-
domonas aeruginosa, the percentage of 
CR-isolates decreased from 38% to 30% 
and then increased to 35%. Consider-
ing Acinetobacter spp. the percentage 
of CR-isolates slightly increased from 
81%, 83% to 85% in 2019 (p > 0.05) (Fig-
ure 5). 
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Discussion

Our study was conducted in a peri-
od of three years and an increasing 
trend in the number of samples, the 
number of positive samples, as well 
as the number of isolated microor-
ganisms was observed. In another 
study of ours conducted in 2002,  
the total number of wound samples 
for one year was 1,970, which was 
less than twice compared to 2019, in 
which period the number of wound 
samples was 4,273. This may indi-
cate an increased awareness of cli-
nicians to send samples for microbi-
ological analysis in order to identify 
the etiological agent of the wound 
infection and to prescribe appro-
priate antimicrobial therapy.16  In 
our study, of the total number of all 
examined samples the percentage 
of positivity varied between 56% - 
60%. It indicates that almost every 
other sample was with one or more 
isolated microorganisms. A sample 
should always be taken when clini-
cal signs of infection are present, 
but also in case when a wound does 
not heal. Other studies reveal that 
incidence of positive culture varies 
from 30% to 70% or even 86%. The 
possible explanation for these dif-
ferences might be due to the study 
design. The rates might be equally 
high if only wounds with a high sus-
picion of infection are examined, 
and not all wounds.17,18,19,20

In our study, of the total number of 
Gram-positive bacteria, the most 
common were: Staphylococcus au-
reus and Enterococcus. Of the total 
number of Gram-negative bacteria, 
the most common were: Pseudomo-
nas aeruginosa, followed by E. coli, 
Acinetobacter, Enterobacter, and 
Klebsiella pneumoniae.  Other stud-

ies have also reported that Staphy-
lococcus aureus was the most com-
mon wound isolate.21,22,23 S. aureus is 
normal flora of the skin and anteri-
or nares, therefore it can easily con-
taminate wounds and cause infec-
tions. Moreover, S. aureus is known 
to have a vast number of virulence 
factors that increase its ability to 
cause infections when compared to 
other bacteria. These findings are in 
contrast to the study conducted in 
a similar setting where Pseudomo-
nas aeruginosa was the commonest 
isolate in surgical site infections. 
These variations could be attribut-
ed to several factors including the 
nature of the surgical site itself, the 
wound site, the type of prophylac-
tic antibiotics used for infections 
prevention, the level of nursing 
care given and the measures taken 
to prevent nosocomial infections.24  
Other studies also reported Gram-
negative bacteria as predominant 
microbes.19,20 This might be due 
to high resistances to antibiotics 
showed by Gram-negative bacteria 
compared to Gram-positive isolates, 
and therefore their persistence in 
infected wounds. Furthermore, 
chronic wounds were infected by 
multiple Gram-negative rods.25 
Similar studies revealed that Gram-
negatives were more prevalent than 
the Gram-positives with the preva-
lence of 70% and 30%, respective-
ly. Pseudomonas spp. was the most 
common isolated Gram-negative ba-
cilli, while S. aureus was the most 
common Gram-positive bacteria. 
The trend in the rate of isolation of 
Gram-negative bacilli over the study 
period increased, while the trend of 
Gram-positive bacteria isolates de-
creased. Although these changes 
were not statistically significant, 



85

ARCHIVES OF PUBLIC HEALTH

they were clinically important.26  
These findings are consistent with 
the findings of our study. Other 
studies present similar findings. 
Gram-negatives were 57% of the iso-
lates and 43% were Gram-positives. 
From the total isolates, Staphylococ-
cus aureus was the most predomi-
nant isolate (34%), followed by Kleb-
siella spp. (13%), coagulase negative 
Staphylococci spp. (12%) and Pseudo-
monas aeruginosa.27 Polymicrobial 
infection was found in 27% of the 
samples and was mainly presented 
with two species. The most com-
mon association was S. aureus/P. 
aeruginosa. Gram-negatives showed 
very high resistance to the majority 
of examined antibiotics. 28,29

The percentage of Bacteroides fragi-
lis of the total number of the genus 
Bacteroides increased from 49% in 
2017 to 82% in 2019. Detection of B. 
fragilis is important because of the 
choice of an appropriate therapy. 
Namely, this species has inherited 
a high-level resistance to penicil-
lin. Production of beta-lactamase 
appears to be the main mechanism 
of antibiotic resistance in B. fragi-
lis. Clindamycin is no longer recom-
mended as the first-line agent for B. 
fragilis due to emerging high-level 
resistance (>30% in some reports).30 
Anaerobic bacteria coexist with 
the aerobic bacteria. In our study, 
the principal isolates were Bacte-
roides spp, Peptococci, Proteus spp, 
Enterococci, Staphylococcus aureus, 
Clostridia, and E. coli. When anti-
microbial therapy is indicated the 
selection of agents should consider 
the likelihood of a complex aero-
bic-anaerobic flora.31,32 The highest 
rates of anaerobes in wounds were 
in the inguinal, buttocks, and trunk 
areas and in abscesses in the peri-

rectal, external genitalia, neck, and 
inguinal areas. The predominant 
were Bacteroides species, Peptostrep-
tococcus species, Clostridium spe-
cies, and Fusobacterium species. The 
predominance of certain isolates in 
certain anatomical sites was cor-
related with their distribution in 
the normal flora adjacent to the in-
fected site. These data highlight the 
polymicrobial nature of wounds and 
cutaneous abscesses.33

When comparing the results of MDR 
Gram-positive bacteria in a three-
year period, it can be noticed that 
the percentage of the MRSA strains 
was almost the same in that period 
(from 21% to 23%). Nosocomial in-
fections acquired by patients receiv-
ing institutional healthcare have 
long been the classical presentation 
of MRSA infections. Risk factors for 
MRSA acquisition include hospital 
care, care in chronic care facilities 
and nursing homes for elderly peo-
ple, presence of indwelling devices 
or chronic wounds and previous an-
tibiotic treatment. Pan-European 
surveillance data on bloodstream 
infections show marked variabil-
ity among EU Member States in the 
proportion of S. aureus that are 
methicillin-resistant, ranging from 
less than 1% to more than 50%.34

Coagulase-negative staphylococci 
(CoNS) are opportunistic pathogens 
that persist and multiply on a va-
riety of environmental surfaces. 
It is the cause of both nosocomial 
and community acquired infections 
worldwide. The prevalence of meth-
icillin-resistant coagulase negative 
staphylococci (MR-CoNS) has been 
reported. In addition, biofilm pro-
duction by CoNS has been identified 
as an important factor of pathogen-
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esis, protecting against antibiotics 
and the immune system. The con-
version of the CoNS from symbiont 
to human pathogen has been a di-
rect reflection of the use of indwell-
ing medical devices.35 In our study, 
CNS was detected in 9%-11% of the 
total number of bacterial isolates in 
the examined period and the per-
centage of MR-CoNS of the total 
number of CoNS ranged between 
73% and 75%.

Extended-spectrum beta-lacta-
mases (ESBLs) have been increas-
ingly reported in Europe since their 
first description in 1983. During the 
1990s, they were described mainly 
in Klebsiella pneumoniae causing 
nosocomial outbreaks. Among MDR 
bacterial infections, E. coli has the 
resistance rates up to 38% against 
broad-spectrum cephalosporins in 
Southern and Eastern Europe via ex-
tended-spectrum beta-lactamases. 
For Klebsiella pneumoniae, the high-
est figures come from Greece (70.1%) 
and Serbia (88%).36 Similar results 
were found in our study. Namely, 
the percentage of ESBL-positive 
isolates of E. coli (30%-42%) and En-
terobacter spp. (13%-20%) increased 
from 2017 to 2019. The increase in 
the percentage of resistant strains 
was more noticeable in ESBL-posi-
tive isolates of Klebsiella pneumonia 
between 2017 and 2018 (from 23% 
to 36%), unlike 2019 when that per-
centage decreased from 36% to 16%. 
It is the excessive use of third-gen-
eration cephalosporins in a hospital 
setting that has contributed to the 
selection of these strains. This is 
assumed to be the case in our hos-
pital setting as well. Carbapenems 
are the drugs of choice in the treat-
ment of infections caused by these 
strains. It is their more frequent 

application in clinical practice that 
leads to a new problem, which is the 
emergence of carbapenem-resistant 
strains.

For K. pneumoniae, data from the 
European Antimicrobial Resistance 
Surveillance Network (EARS-Net) 
for 2017 showed large variability 
in the national percentages of car-
bapenem resistance (CR) in isolates 
from invasive infections, ranging 
from 0% to 64.7%. For E. coli, EARS-
Net data for 2017 showed a lower 
mean percentage (0.1%) of carbape-
nem resistance in invasive isolates, 
with national percentages ranging 
from 0% to 1.6%. Carbapenem resis-
tance in E. coli is rare in Europe, but 
has become prevalent in K. pneu-
moniae (59.4% in Greece, 34.3% in It-
aly, 20.5% in Romania, and less than 
2% in other EU countries).36,37 In our 
study, there was an increase in the 
percentage of carbapenem-resistant 
Klebsiella pneumoniae from 18% to 
34% and of Enterobacter spp. from 
1%-20%. Not a single carbapenem-
resistant isolate of E. coli has been 
isolated from wound samples at our 
Institute so far. 

The rates of carbapenem resistance 
in non-glucose-fermenting Gram-
negative bacilli have been gradually 
increasing worldwide over the last 
10 years and vary geographically.19,20 
These increases in carbapenem re-
sistance among non-fermentatives 
can be attributed to multiple fac-
tors, such as the increased use of 
broad-spectrum antibiotics (in-
cluding the carbapenems), the use 
of indwelling medical devices, an 
increase in immunocompromised 
host populations, and the acquisi-
tion of carbapenemases. Carbape-
nem resistance rates among Pseu-
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domonas aeruginosa isolates in most 
countries range from 10% to 50% 
and was reported as low as 3.3% in 
Canada to 50% in Russia, Southwest 
Asia, and South America. Carbapen-
em resistance was reported in more 
than 50% of isolates of Acinetobacter 
baumannii in Portugal, Greece, It-
aly, Cyprus, Romania and Bulgar-
ia.36,38,39,40 In our study the percent-
age of CR-isolates of Pseudomonas 
aeruginosa varied from 35%-38%. 
The percentage of CR-isolates of 
Acinetobacter spp. slightly increased 
from 81% to 85%. If carbapenem re-
sistance becomes more widespread, 
therapeutic options may become 
tragically few. Thus, in 2013, these 
multidrug-resistant (MDR) organ-
isms were identified as a serious 
public health threat by the Centers 
for Disease Control and Prevention 
(CDC).41

Conlusions

In conclusion, the most commonly 
isolated potential pathogens from 
wound specimens were bacteria 
from the genus Staphylococcus and 
Enterococcus, followed by Pseu-
domonas aeruginosa and E. coli.  
Monitoring of the microbial flora 
in the wounds, especially the pres-
ence of resistant bacteria, such as 
MRSA, ESBL-producing isolates of 
Enterobacterales family, as well as 
carbapenem-resistant bacteria is 
important for the application of 
appropriate antimicrobial therapy. 
It is desirable to institute proto-
cols for antimicrobial prophylaxis 
and treatment as well as for dura-
tion of their use in the hospital set-
tings in addition to the knowledge 
of bacterial resistance pattern. The 
implementation of such protocols, 

implementation of infection control 
measures as well as the constant 
communication between the mi-
crobiologists and the clinicians will 
reduce the overall prevalence of 
bacterial wound infection and will 
enable their adequate treatment. 
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