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Abstract

Wound infection plays an important role in the development of chronicity, delaying
wound healing. This study aimed to identify the bacterial pathogens present in infected
wounds and characterise their resistance profile to the most common antibiotics
used in therapy. Three hundred and twelve wound swab samples were collected
from 213 patients and analysed for the identification of microorganisms and for the
determination of their antibiotic susceptibility. Patients with diverse type of wounds
were included in this retrospective study, carried out from March to September
2012. A total of 28 species were isolated from 217 infected wounds. The most
common bacterial species detected was Staphylococcus aureus (37%), followed by
Pseudomonas aeruginosa (17%), Proteus mirabilis (10%), Escherichia coli (6%) and
Corynebacterium spp. (5%). Polymicrobial infection was found in 59 (27·1%) of the
samples and was mainly constituted with two species. The most common association
was S. aureus/P. aeruginosa . All Gram-positives were susceptible to vancomycin and
linezolid. Gram-negatives showed quite high resistance to the majority of antibiotics,
being amikacin the most active against these bacteria. This study is mostly oriented
to health care practitioners who deal with wound management, making them aware
about the importance of wound infection and helping them to choose the adequate
treatment options to control microbial infection in wounds.

Introduction

Wound care constitutes an important part of routine care given
by health professionals to the community population (1). An
effective management of wounds, especially chronic wounds,
in the health care setting can have an impact in the population
health, reducing morbidity and improving function and quality
of life.

Wounds presented by patients vary from one setting
to another, ranging from acute surgical wounds, traumatic
wounds such as those that occur following an accident, burn
wounds or chronic wounds such as diabetic foot, leg and
pressure ulcers. All wounds are contaminated with microor-
ganisms that are part of the saprophytic microflora of the skin
and the type and quantity of these microorganisms vary from
one wound to another (2). Some important factors such as
origin, body location, size and duration of the wound should
be taken into account in the wound management because of

their impact on wound colonisation and infection (3). Micro-
bial colonisation of wounds is characterised by the presence

Key Messages

• microbial colonisation of wounds is characterised by the
presence of multiplying microorganisms on the surface
of a wound

• wound infection is the consequence of the interaction
between the host immune system, the wound conditions
and increased microbial numbers and virulence

• the aim of this study was to investigate the bacterial
profile and assess their antimicrobial susceptibility pat-
tern of infected wounds analysed for a 6-month period
at the Microbiology laboratory of a Pescara Hospital in
central Italy
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• wounds from diverse aetiologies, location and duration
progress (acute and chronic) were considered in this
study

• 312 wound samples were collected from 213 patients
from March to September 2012

• microorganisms within the wounds were identified using
the automated Vitek 2 system. Their antibiotic suscep-
tibility pattern was also determined through the Vitek 2

• 69·5% of the wounds analysed were considered infected
with one or more microbial species with clinical impor-
tance

• a total of 28 different microbial species were isolated
• the most common bacterial species detected was

Staphylococcus aureus (37%), followed by Pseu-
domonas aeruginosa (17%), Proteus mirabilis (10%),
Escherichia coli (6%) and Corynebacterium spp. (5%)

• polymicrobial infection was found in 59 (27·2%) of the
infected wounds and was mainly constituted by two
species

• 21·8% of S. aureus were resistant to oxacillin.
Corynebacterium spp. showed full resistance to
oxacillin. Vancomycin, teicoplanin, linezolid and
daptomycin were found to be the most active agents
against all Gram-positive

• the most effective antibiotic against the majority of
Gram-negatives was amikacin

• isolates of P. aeruginosa showed 100% of resistance to
ampicillin, amoxicillin/clavulanic acid, ertapenem and
trimethoprim/sulfamethoxazole

• the most common isolates were S. aureus and
P. aeruginosa , which is in accordance with many other
studies

• the presence of multidrug-resistant isolates such
as P. aeruginosa and a considerable percentage of
methicillin-resistant S. aureus may centre the attention
in the importance of finding new treatment strategies

• this study evaluates the current situation in a particular
geographic area, which is mostly helpful to the clini-
cians and microbiologists involved because it can make
them aware of the real circumstances that they are deal-
ing with presently

of multiplying microorganisms on the surface of a wound,
but with no immune response from the host (4,5) and with no
associated clinical signs and symptoms. Differently, wound
infection depends on the pathogenicity and virulence of the
microorganisms and on the immune competency of the host
and it is determined by the presence of clinical signs of
infection such as erythema, pain, tenderness, heat, oedema,
cellulites and abscess/pus (6,7). Therefore, wound infection
results in active disease that is likely to delay the wound
healing process (8). Moreover, despite these common criteria
to identify wound infection, clinicians should be aware that
each wound type may present different clinical signs of
infection. Thus, the presence of microorganisms per se is not
indicative of wound infection (9). However, the probability
that a critical microbial load may directly contribute to the

non healing outcome in both acute and chronic wounds has
been considered and evidence has been shown (5,10). Other
studies in other polymicrobial chronic infections suggest that
the presence of specific pathogens is more important that
the bacterial burden (11,12). Generally, after the clinical
diagnosis of infection is made, culture is recommended
to identify the causative organisms and guide antibiotic
therapy.

In this study, we investigated the bacterial profile and
assessed their antimicrobial susceptibility pattern of infected
wounds presented by patients from who swab samples were
collected and analysed by Microbiology laboratory of Pescara
Hospital, in central Italy, during a 6-month period. The aim
was to identify the bacterial species present within the wounds
and mainly detect the resistance profile to the most common
antibiotics used in therapy.

Patients and methods

This retrospective analysis was conducted by reviewing
records of wound swab samples that arrived at the Micro-
biology laboratory of the ‘Santo Spirito’ Hospital of Pescara
in Italy, from March to September 2012. Wounds from diverse
aetiologies (predominantly leg ulcers, diabetic foot ulcers
and pressure ulcers; surgical wounds were excluded), loca-
tion and duration progress (acute and chronic) were consid-
ered in this study. Information about the gender and age
of the patients was also provided. The wounds were sam-
pled for microbiological analysis prior to any administra-
tion of antibiotic. In total, 312 wound samples were col-
lected from 213 patients. Some patients had more than one
wound.

Sample collection

After superficial precleansing of wounds with physiologic
saline, each specimen was collected by rotating a sterile,
premoistened swab (Nuova Aptaca SRL, Canelli, Italy) across
the wound surface of a 1 cm2 area in a zig-zag motion, from
the centre to the outside of the wound. Then, the swab was
placed in the tube containing the transport medium (Nuova
Aptaca SRL) and sent to the Microbiology laboratory of the
hospital for further culture analysis.

Microbiological analysis

Each swab was plated onto four media: blood agar, McConkey
agar, mannitol salt agar and Sabouraud agar (SA). All plates
except SA plates were incubated aerobically at 37◦C for
24 hours. SA plates were also incubated aerobically at 30◦C
for 48 hours. Any growth was identified by morphologic
aspects of the colonies and followed by biochemical identifica-
tion using the automated Vitek 2 system (bioMérieux, Marcy
l’Etoile, France). The antibiotic susceptibility pattern for each
bacterial species previously identified was determined using
the Vitek 2 susceptibility testing cards for Gram-positives
and Gram-negatives. These procedures followed the manu-
facturer’s recommendations.
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Figure 1 (A) Percentage of microorganisms isolated from 217 swab
samples collected from patients with infected wounds. The ‘other Gram-
negative’ includes Alcaligenes faecalis, Citrobacter amalonaticus, Cit-
robacter koseri, Klebsiella oxytoca, Kocuria kristinae and Pseudomonas
stutzeri. ‘Fungi’ comprises Candida albicans, Candida parapsilosis and
Aspergillus niger. (B) Percentage of the most common bacterial associ-
ations found in the infected wounds analysed.

Results

Overall, 312 wound samples were collected from 213 patients,
109 (51·2%) were female, and their age ranged from 20 to
100 years. Of all patients, 28 (13·5%) presented at least one
relapse and 6 (2·9%) had two or more wounds during the
6-month period considered in the study.

In 95 (30·5%) of the wounds only saprophytic bacterial
flora was found and there were no signs of infection. The
remaining wounds, 217 (69·5%), were considered infected and
one or more microbial species with clinical importance were
isolated from them. A total of 28 different microbial species
were isolated; 44·2% were Gram-positive and 55·8% were
Gram-negative. The most common bacterial species detected
was Staphylococcus aureus (37%), followed by Pseudomonas
aeruginosa (17%), Proteus mirabilis (10%), Escherichia coli
(6%) and Corynebacterium spp. (5%) (Figure 1A). The most
representative species of Enterococcus was Enterococcus
cloacae.

The presence of only one species isolated from each sample
was the most frequent (72·8%). Polymicrobial infection was
found in 59 (27·2%) of the infected wounds and was mainly
constituted by two species; three species were the maximum
number of species isolated per sample and represented only

3·4% of the total polymicrobial infections. The predominant
species found in polymicrobial infections was S. aureus , P.
aeruginosa and P. mirabilis . The most common association
was S. aureus/P. aeruginosa (Figure 1B).

The antibiotic resistance pattern of the Gram-positive iso-
lates is shown in Table 1. S. aureus and coagulase-negative
staphylococci differ significantly in their resistance rate to
oxicillin, being 21·8% and 85·7%, respectively. Corynebac-
terium spp. showed total resistance to oxacillin, as well as to
penicillin G, amoxicillin/clavulanic acid, clindamycin, mox-
ifloxacin and levofloxacin. In general, these species showed
higher resistance to the majority of the antibiotics tested. The
most active agents against all the Gram-positive bacteria tested
(with no resistance found) were vancomycin, teicoplanin, line-
zolid and daptomycin.

Additionally, in Table 2, the antibiotic resistance pat-
tern of the three most common Gram-negatives isolated
from the wounds is shown. The most effective antibi-
otic against all these Gram-negatives was amikacin; P.
mirabilis and E. coli were fully susceptible to this antibi-
otic; however, 28·3% of P. aeruginosa showed resistance
to it. The isolates of P. aeruginosa showed 100% of resis-
tance to ampicillin, amoxicillin/clavulanic acid, ertapenem and
trimethoprim/sulfamethoxazole. Moreover, P. mirabilis and E.
coli also showed high resistance to ampicillin. Meropenem,
ertapenem and fosfomycin were 100% active against E. coli .

Discussion

To prevent or reduce wound infection is a goal shared by
health care practitioners in charge of wound management and
care; however, when infection is already established, wound
management practices should be specifically addressed and
become more challenging and demanding. Antibiotic treat-
ment is recommended but, previously, an antibiotic suscepti-
bility test should be performed.

In this study, 28 microbial species were isolated from
wounds with signs of infection. The majority of the wounds
were colonised with a single bacterial species. The most com-
mon isolate was S. aureus , which was also reported in many
other studies to be the predominant microorganism (40–60%
of the total microorganisms) isolated from different types
of wounds (13–18). P. aeruginosa was the Gram-negative
more detected, which is also in agreement with other reports
(15,16,19–21). It is well documented that bacteria such as
S. aureus and P. aeruginosa produce very destructive viru-
lence factors, responsible for maintaining infection and delay
healing in chronic wounds. S. aureus causes clinically rele-
vant infections mostly because of its virulence factors such as
coagulase, catalase, clumping-factor A and leucocidines (22).
Similarly, the production of an elastase by P. aeruginosa has
been associated to its pathogenicity in the wound environ-
ment (23). Thus, our results confirm the usual most prevalent
microorganisms found in infected wounds. However, the role
that each specific pathogen plays in both no healing and
infected chronic wounds is not yet very defined; it is mostly
based on hypotheses (5,9). Beyond the presence of pathogens,
it has been considered to be of paramount importance the
presence of specific bacterial combinations and interactions
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in both acute and chronic wounds (24). In our study, only
27·2% of the wounds displayed polymicrobial infections. It is
known that interspecies interactions consist mostly in bacterial
synergy that enhances survival, therefore hampering the infec-
tion eradication. Moreover, microorganisms have the ability
to establish themselves and proliferate as a biofilm, both in
monomicrobial and polymicrobial biofilms, which are often
considered to be a further complication that has a signifi-
cant contribution to the lack of successful antibiotic treatment
(25). Because of this problem, researchers are seeking for new
alternative therapies useful to enhance wound healing, such as
laser therapy (26).

The bacterial isolates were examined for their susceptibil-
ity pattern to the most commonly used antibiotics in therapy.
Despite increasing concerns about antibiotic-resistant bacte-
ria, appropriate use of systemic antibiotics is still recom-
mended where there is clear evidence of infection (9,27,28).
The resistance to oxacillin is particularly important because
it can give us the percentage of methicillin-resistant Staphy-
lococcus aureus (MRSA); in our study, a relevant percent-
age (21·8%) of S. aureus was oxacillin resistant. S. aureus
has always been a major source of infection in acute soft-
tissue wounds, but MRSA has only been an infecting organ-
ism in a small fraction of the total. Nevertheless, MRSA
is becoming a more common wound pathogen (29). The
occurrence of MRSA presents two problems: the first is
associated to the chronic wound being a source of other
MRSA nosocomial infections and the second is related to
the impact of MRSA on the chronic wound itself, that is,
who have chronic wounds growing MRSA and have an
increased risk of suffering a bacteremia by MRSA (29).
Among the Gram-positive bacteria, all isolates were suscepti-
ble to vancomycin and to linezolid; despite these two antibi-
otics are largely used, no resistance was found. Regarding
the antibiotic resistance of Gram-negative, the most com-
mon isolates, and in particular P. aeruginosa , showed a
relatively high resistance to the majority of the antibiotics.
Multidrug-resistant isolates of P. aeruginosa , that is, fully
resistant simultaneously to ampicillin, amoxicillin/clavulanic
acid, ertapenem and trimethoprim/sulfamethoxazole, are of
major concern. Additionally, the results indicate that P. aerug-
inosa is tending toward a high level of resistance to carbapen-
ems and third-generation cephalosporins. Similar evidence
was reported by Nicoletti et al. (30) in a study regarding
diverse severe infections. P. mirabilis and E. coli showed,
however, a low-resistance profile compared to P. aerugi-
nosa .

An important limitation of this study must be mentioned. It
is evident from the results stated that only aerobic/facultative
microorganisms were investigated, as the procedures followed
by the laboratory of the hospital did not perform the isolation
of anaerobic bacteria from the swab samples collected from
the wounds. Potential pathogenic anaerobes are frequently
found in wounds (14,31,32). Bowler and Davies (13) reported
that together with the aerobic and facultative population, the
diversity of anaerobic bacteria in leg ulcers is considerable
and their presence was particularly obvious in infected leg
ulcers in respect to non infected ones. Despite the already
demonstrated role and importance of anaerobes in wound
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Table 2 Antibiotic resistance pattern of the most common Gram-negative bacteria isolated from patients with infected wounds from March to
September 2012 in the Microbiology laboratory of Pescara Hospital

Microbial species
isolated (No.) Drugs tested

No. (%) of resistance

A AC PB CT CZ CP M E G AK CX TS FA

Pseudomonas
aeruginosa (n = 46)

46 (100) 46 (100) 24 (52·2) 44 (95·6) 23 (50) 17 (36·9) 14 (30·4) 46 (100) 18 (39·1) 13 (28·3) 21 (45·6) 46 (100) –

Proteus mirabilis
(n = 28)

25 (89·3) 14 (50) 1 (3·6) 12 (42·8) 8 (28·6) 3 (10·7) 1 (3·6) 2 (7·1) 15 (53·6) 0 (0) 19 (67·8) 19 (67·8) 11 (39·3)

Escherichia coli
(n = 17)

16 (94·1) 8 (47·1) 2 (11·8) 4 (23·5) 1 (5·9) 2 (11·8) 0 (0) 0 (0) 2 (11·8) 0 (0) 9 (52·9) 11 (64·7) 0 (0)

A, ampicillin; AC, amoxycillin/clavulanic acid; PB, piperacillin/tazobactam; CT, cefotaxime; CZ, ceftazidime; CP, cefepime; M, meropenem; E,
ertapenem; G, gentamicin; AK, amikacin; CX, ciprofloxacin; TS, trimethoprim/sulfamethoxazole; FA, fosfomycin.

infection, the techniques to isolate them still not being
performed in many clinical laboratories in these days; the
reason seems to be that the culture of anaerobes is more
time-consuming, labour-intensive and expensive and, thus,
too demanding. This is certainly a drawback in the wound
management that should be addressed in order that the best
treatment will be suggested. Therefore, it is very likely that
the percentage of polymicrobial infection that we found is
biased. Gjødsbøl et al. (15) performed a longitudinal study
on chronic ulcers and reported that none of these ulcers was
colonised with only one single bacterial species, but with
two or more, being the average number of six species per
ulcer.

Moreover, it seems to be opportune to state that the
use of wound swab sampling has been questioned by some
researchers (33) on the basis that it only permits to identify
the microorganisms present in the surface, neglecting the ones
present on the deeper tissue; thus, the sample might be lacking
the correct information of the colonising organisms. However,
that statement has been opposed by other studies (11,34) that
compared different methods to collect wounds samples. In
these studies, they concluded that the wound swab sampling, if
appropriate microbiologic culture techniques are used, can be
an effective method to isolate the microorganisms present. In
fact, all microbial contaminants (both aerobic and anaerobic)
are originated from exogenous sources to the wound and,
consequently, the microorganisms disseminated into deeper
tissue must also be comprised in the superficial tissue of the
wound.

The successful management of bacteria in a wound is
of great importance; however, it is still a complex issue.
Therefore, our study evaluates the current situation in a
particular geographic area, which is mostly helpful to the
clinicians and microbiologists involved because it can make
them aware of the real circumstances that they are dealing
with presently. Knowing the prevalent type of microorganisms
present in infected wounds and their resistance pattern is
clearly pertinent to choose the adequate treatment. The
data presented here together with the discussion carried
out can be useful to improve the management of wound
infection.
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