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n DEFINITIONS AND CLASSIFICATIONS 

Skin and soft tissue infections (SSTls) are 
among the most common bacterial infections, 

accounting for high rates of hospital admission 
worldwide. SSTIs represent a heterogeneous 
group of entities with different clinical presenta-
tions that can be classified according to several 
specific variables: anatomical localization, aeti-
ological agent, skin extension, progression rate, 
clinical presentation and severity [1]. Each classi-
fication has its own utility, but in general what the 
clinician expects from consideration of the vari-
ables is to be steered towards the most appropri-
ate management of the condition. 
Some classifications of SSTIs consider the concept 
of severity since the final goal is to stratify the pa-
tient in order to establish the most appropriate 

medical approach as rapidly as possible, including 
the best site of care to be chosen. In this regard, the 
classification drawn up by Eron et al. represents 
the most typical example of a practical approach 
which takes into account the clinical conditions of 
the patient, including the comorbidities [2]. 
According to Eron, SSTIs can be divided into four 
classes as follows:
 – Class 1: patients with no sign of systemic infec-

tion and no co-morbidity: these patients can be 
treated with local or oral antibiotics and do not 
need hospitalization.

 – Class 2: patients with one or more co-morbidity 
(diabetes, cardio-vascular disease, obesity) that 
could delay the resolution of the infection; these 
patients can be treated with oral drugs or accord-
ing to an OPAT programme (Outpatient Paren-
teral Antimicrobial Therapy) which significantly 
improves the patients’ compliance [3, 4].

 – Class 3: patients presenting signs of severe 
systemic infection with possible mental sta-
tus alterations, tachycardia, tachypnea or 
hypotension or presenting clinical unstable 
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concomitant diseases. These patients do need 
to be hospitalized and treated promptly with 
parenteral antibiotics.

 – Class 4: patients with severe sepsis and/or 
with severe life-threatening infections, such 
as necrotizing fasciitis. These patients must 
be urgently hospitalized, in most cases in in-
tensive care units, and require prompt medi-
cal-surgical intervention.

Di Nubile et al. classified SSTIs by their anatom-
ical, pathogenic and epidemiological aspects into 
complicated and non-complicated SSTIs accord-
ing to a growing level of severity [5]:
 – non-complicated infections: superficial (impe-

tigo) and deep (erysipelas, cellulitis, folliculi-
tis, furunculosis, abscess) [6];

 – complicated infections (acute infection of trau-
ma wounds, animal bites, surgical site infec-
tions, diabetic foot infections, infected vascu-
lar ulcers, decubitus ulcers);

 – necrotizing fasciitis;
 – myonecrosis.

According to guidelines drawn up by the Infec-
tious Diseases Society of America (IDSA), SSTIs 
are classified by “mixed” criteria, including not 
only aetio-pathogenic and epidemiological issues 
but also the degree of severity as reported below 
[7]: 
 – non-necrotizing infections (impetigo, abscess, 

erysipelas, cellulitis);
 – necrotizing infections (necrotizing fasciitis, 

streptococcal myositis, polymyosistis, necro-
tizing cellulitis. Fournier’s gangrene, clostrid-
ial myonecrosis)

 – Animal bite infections.
 – Surgical site infections.
 – Infections in the immunocompromised host.

Thus, as reported above, the definitions of SSTIs 
are rather variable and complex. Nevertheless, in 
1998 the Food and Drug Administration (FDA), 
to better define the inclusion and exclusion cri-
teria of patients in the clinical trials, introduced 
not only the terms “skin and skin structure infec-
tions” but also “complicated” and “non-compli-
cated” infections [8].
As a result of this FDA classification, all the most 
recent antibacterial agents in the last 10-15 years 
(linezolid, tigecycline, daptomycin) were ap-
proved for the treatment of “complicated” skin 
and soft tissue infections. According to these defi-
nitions, “non-complicated” infections are those 

responding to a simple antibiotic treatment or a 
simple drainage. These infections are represented 
by cellulitis, folliculitis, furunculosis, abscess and 
minor wound infections. Those defined as “com-
plicated” include deep infections, require a sur-
gical intervention and are associated to co-mor-
bidities interfering with the therapeutic response. 
These infections include severe abscesses, infect-
ed burns, infected ulcers, diabetic foot infections 
and deep site infections. 
In summary, the FDA considers five different con-
ditions to define “complicated infections”: 
 – implication of deep tissue, including subcuta-

neous fat;
 – need of significant surgical intervention; 
 – implication of the perianal site; 
 – diabetic foot infections; 
 – concomitant infections including diabetes, im-

munodepression and obesity. 
Elston et al., on the other hand, do not consider any 
of the above classifications, excluding that of Eron, 
as good guidelines for diagnostic and therapeutic 
tools [9]. Thus Elston et al. propose a new classifi-
catory scheme resulting from a consensus of a pan-
el of experts including dermatologists, surgeons, 
infectious disease specialists, podologists and ex-
perts in HIV infections. They define disease severi-
ty according to the presence of specific clinical and 
anamnestic signs. Co-morbidities must always be 
borne in mind because they can substantially mod-
ify the progression and/or course of an infection 
and are extremely important in deciding whether 
or not to hospitalize the patient.
Systemic symptoms such as fever, hypotension, 
tachycardia and altered mental status can be the 
signs of implication of deep tissues that can lead 
to a more severe sepsis or septic shock. 
The next step is to define the disease severity ac-
cording to the lesion site. SSTIs are more frequent-
ly localized at the lower extremities, but those in 
the hands or head can have an unfavourable pro-
gression. Thus, even though the latter may appear 
clinically less severe, they require more attention 
and perhaps prompt therapeutic intervention. Le-
sion size is also important for defining infection 
severity, even though at times, such as for necro-
tizing fasciitis, lesion size cannot be fully appreci-
ated in the initial stages. To distinguish small and 
large lesions it remains useful to apply the “rule 
of nine” infections which is customarily used for 
burn patients.
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Table 1 - Concordance of the IDSA Classification for SSTIs and the new proposed classification schemes for infect-
ed diabetic foot ulcers (modified from Ref [19]).

Skin and Soft Tissue Infections Infected Diabetic Foot Ulcers

Category Clinical Features Current
management

IDSA 
infection
severity

Clinical features Current
management

Amenable to
topical 
therapy?

Class 1 Superficial skin 
infections
• Impetigo
• Ecthyma
• Limited
wound infections

Drainage  
(if required) 
and oral 
or topical 
antibiotics

Mild Local infection 
involving only 
the skin and the 
subcutaneous tissue
If erythema, must 
be >0.5 cm to ≤2 cm 
around the ulcer

Usually 
treated
with oral
antibiotics in
the outpatient
setting

Yes

Class 2A No systemic 
involvement
Erysipelas & cellulitis
- Purulent skin and 

soft infections
- Abscess
- Furuncle
- Carbuncle
- Traumatic wounds
- Surgical site 

infections
- Animal bites
Other trauma 

Oral or 
intravenous
(often
outpatient) 
antibiotic
therapy;
may require
short period
of hospital
observation

Moderate
-

Class A

Local infection (as
described above),
but with erythema
extending >2 cm 
from
rim of ulcer

May be 
treated
with oral,
or initial
parenteral
with rapid
switch to oral,
antibiotics

Potentially, 
but
as 
adjunctive
to systemic
antibiotic
therapy

Class 2B Systemic 
involvement, but no 
systemic SIRS
Erysipelas & cellulitis
Purulent skin and 
soft infections
- Abscess
- Furuncle
- Carbuncle
Traumatic wounds
- Surgical site 

infections
- Animal bites
Other trauma 

Oral or 
outpatient
parenteral 
antibiotic
therapy;
may require
short period
of 
hospitalization

Moderate 
-

Class B

Local infection (as
described above)
involving structures
deeper than skin
and subcutaneous
tissues (e.g., abscess,
osteomyelitis, septic
arthritis, fasciitis), 
but with no 
evidence of systemic 
inflammatory
response syndrome

May be 
treated with 
oral or initial
parenteral
antibiotics

No

Class 3 Sepsis syndrome and
life-threatening 
infection
Necrotizing 
infections of skin
and soft tissues
- Necrotizing 

fasciitis
- Gas gangrene
- Pyomyositis

Admission
to intensive
care unit,
urgent surgical
assessment,
and treatment
with 
parenteral
antibiotics

Severe Local infection (as
described above) 
with
evidence of SIRS, as
manifested by ≥2 of 
the following:
- Temperature >38°C 

or <36°C
- Heart rate >90 

beats/min
- Respiratory rate 

>20 breaths/min 
- White blood cell 

count >12 000 or 
<4000 cells/μL 

Parenteral
antibiotic 
treatment

No
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Any infection involving more than 9% of the body 
surface, excluding face and hands, must be consid-
ered severe. Given that the head and hands rep-
resent, respectively, 9% and 2% of the total body 
surface, for these sites it is sufficient that infection 
involves a whole hand or half the head to be con-
sidered severe. Other specific signs such as bulla, 
crepitation, anaesthesia, pain disproportionate to 
lesion size, should be considered to define the most 
appropriate site of care: home care with oral drugs 
for mild infections, OPAT for moderate infections 
or hospitalization for more severe infections. 
Finally, SSTIs can be classified simply accord-
ing to their epidemiological features into com-
munity- and hospital-acquired infections. The 
latter term was recently extended to include all 
“health-care-associated infections” (HAIs), also 
comprising those infections not present or in in-
cubation during hospitalization. Such infections 
comprise all those acquired during a health care 
programme for any clinical condition and in any 
health care environment [10].
Strictly related to the epidemiological classifi-
cation based on the site where the infection was 
acquired, the classification based on aetiology 
also deserves consideration. Indeed, most SSTIs 
are caused by Gram-positive bacteria, and this is 
partially due to the colonization by this kind of 
bacteria. That said, many other host and/or en-
vironmental factors can play an important role in 
favouring the aetiology of a wide range of other 
microorganisms [11-13].
In general, most of the international classifications 
of SSTIs (including the best known such as those 
by IDSA and by Eron) adopt one or more of the 
above variables, but almost all exclude diabetic 
foot infections, considering the latter as deserving 
a different approach in the management of diag-
nostic tools and therapy as well [14].
The last consideration is confirmed by the fact 
that diabetic foot infections receive special con-
cern from a medical and surgical team which is 
strictly dedicated to them most of the time and 
which can differ from those professionals taking 
care of the other SSTIs. Interestingly, for example, 
IDSA and other international scientific society 
practical guidelines for the management for DFIs 
are not included in those of SSTIs. On the other 
hand, even given the differences between DFIs 
and other SSTIs from several medical points of 
view, in infective terms the approach is the same 

both for the microbiological diagnostic and for 
the antibiotic therapy approach [15-18]. 
Interestingly, Lipsky et al. (2016) recently took 
this issue on board, stating the following [19]:
“Schemes for classifying skin and soft tissue infections 
(SSTIs) pose limitations for clinicians and regulatory 
agencies. Diabetic foot infections (DFIs) are a subset 
of SSTIs. We developed and are proposing a classifica-
tion to harmonize current schemes for SSTIs and DFIs. 
Existing schemes for classifying SSTIs are limited in 
both their usefulness to clinicians and to regulatory 
agencies. The guidelines on SSTI from the Infectious 
Diseases Society of America (IDSA) and the guidance 
from the US Food and Drug Administration do not 
adequately address many types of wound infections. 
However, guidelines developed by the IDSA for DFIs 
provide a classification scheme that has been validated 
and widely used. Diabetic foot infections are similar 
to SSTIs in pathophysiology, microbiology, and treat-
ment and can be seen as a subset of SSTI. Thus, based 
on the documents noted above, and our review of the 
literature, we have developed a proposed classification 
scheme for SSTI that harmonizes well with the DFI 
classification. We believe this new scheme will assist 
clinicians in classifying most wound infections and po-
tentially aid regulatory agencies in testing and approv-
ing new antimicrobials for these infections.”

Epidemiology
Skin and soft tissues are among the most frequent 
sites of bacterial infections, but because of their 
wide variability, their incidence and prevalence 
is difficult to determine accurately. It is estimated 
that the incidence rate of SSTIs is 24.6 cases per 
1,000 persons per year, but because most of these 
infections are self-limiting in a range of 7-10 days 
this estimation may not be very precise [20].
Among hospitalized patients the prevalence of SS-
TIs is estimated at between 7% and 10%, represent-
ing the 28th most frequent diagnosis and one of the 
most frequent reasons for antibiotic treatment [21, 
22]. About 2% of visits to Emergency Departments 
(EDs) concern SSTIs, with a hospitalization rate of 
0.1% among the adult population. The prevalence 
is higher in males and among adults 45-65 years 
old. Approximately, 70-75% of SSTIs are managed 
in an out-patient setting and lower extremities are 
the most frequent location [23].
In the last twenty years, a global rise in SSTIs has 
been noted, with a significant increase in its ep-
idemiology involving a high economic burden 
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for diagnosis and treatment [10]. In the USA the 
number of visits for SSTIs to EDs in the USA sub-
stantially increased from 1993 to 2005, with a con-
temporaneous emergence of community-asso-
ciated methicillin-resistant Staphylococcus aureus 
(CA-MRSA) [24].
Hersh et al. evaluated the impact of SSTIs among 
physicians’ offices, hospital outpatient depart-
ments and EDs using the National Ambulatory 
Medical Care Survey and the National Hospital 
Ambulatory Medical Care Survey from 1997 to 
2005. The number of visits increased from 8.6 mil-
lion in 1997 to 14.2 million in 2005. Visits for ab-
scess and cellulitis increased from 4.6 million in 
1997 to 9.6 million in 2005. In the study period, 
EDs had the largest rate of increase in visits, ris-
ing 156% [25]. The estimated total number of an-
nual SSTI admissions to US acute-care hospitals 
increased over a five-year period, from 675,000 in 
2000 to 869,800 in 2004 [26-28].
There is a general consensus that the rate of SS-
TIs is increasing globally due to population ag-
ing which is strictly associated with the increase 
in the number of critical and immunocompro-
mised patients, together with the spread of new 
MDR pathogens. In this regard, an interesting 
retrospective study performed in 1999 found that 
the incidence of cellulitis increased constantly 
and significantly with aging. This increase corre-
sponded to 3.7% per year and 43.8% per decade 
irrespective of gender [29].
During a three-year study period (2009–2011), 
Ray et al. reported 376,262 individuals experienc-

ing 471,550 SSTI episodes, with a rate of clinically 
diagnosed SSTI of 496 per 10,000 person-years. 
Most of these SSTIs were coded as “cellulitis and 
abscess” (63%) [30].
It is noteworthy that few data, excluding those 
reported above, are available on the incidence of 
different diagnosis of SSTIs.
In Table 2 below we report the preliminary data 
of the Italian Registry of SSTIs which started in 
September 2016, on behalf of the Italian Society 
of Infectious and Tropical Diseases and is still in 
progress. The table reports the diagnoses collect-
ed up to September 2017 (data not published).

Microbiology
Even though microbiological data do not play a 
role in the choice of initial empirical therapy, cul-
ture results become extremely important in con-
firming the appropriateness of the antibiotic reg-
imen. In other words, the awareness of bacterial 
aetiology through the epidemiological data and/
or through the bacterial cultures of the single pa-
tient remains the best approach for an appropri-
ate empirical or targeted antibiotic therapy.
Thus, the indications to seek an aetiological di-
agnosis depend on several factors, including the 
patient’s underlying condition (immunocompe-
tent or immunocompromised); type of infection; 
severity of the clinical condition; need for hospital 
admission; feasibility of obtaining a reliable clini-
cal sample; suspicion of an uncommon pathogen; 
and treatment failure. It is also helpful to have a 
microbiological diagnosis for surveillance and ep-
idemiological purposes. 
Just to confirm the importance of these aspects, 
the FDA recently introduced the new definition 
of acute bacterial skin and skin-structure infec-
tion (ABSSSI) to more closely define complicated 
soft-tissue infection for the purposes of registra-
tion trials. ABSSSIs include cellulitis/erysipelas, 
wound infections and major cutaneous abscesses 
as reported in Table 3 [31,32]. Thus, an ABSSSI is 
defined as a bacterial infection of the skin with a 
lesion size area of ≥75 cm2 (lesion size measured 
by the area of redness, oedema or induration). 
The reason for such a definition for different clin-
ical entities and diagnosis is due to the same ae-
tiology represented by Staphylococcus aureus and/
or Streptococcus pyogenes.
This means that, in general, when we make a clin-
ical diagnosis of ABSSSI we can start appropriate 

Table 2 - Number of SSTIs by diagnosis from the Italian 
SSTI Registry (unpublished data).

SSTI No. of cases (%)

Cellulitis 84 (29%)

Erysipelas 41 (14.1%)

Surgical site infection 30 (10.3%)

Diabetic foot infection 25 (8.6%)

Abscess 23 (8%)

Venous ulcer 21 (7.2%)

Flemmon 19 (6.5%)

Acute traumatic wound infection 9 (3.1%)

Decubitus ulcer 6 (2.1%)

Total 258
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antibiotic therapy without necessarily looking for 
a microbiological diagnosis as cultures are consid-
ered unnecessary. Identification of the organism 
responsible and assessment of its antimicrobial 
susceptibility profile represent an important guide 
to the most appropriate antibiotic treatment, al-
though the infected skin lesions may be contami-
nated by different microorganisms for which there 
is no need for a targeted antibiotic therapy.
When complicated SSTIs are associated with ex-
udate or with an abscess, appropriate specimens 
can be obtained by aspiration or by drainage. For 
open wounds or infected ulcers when drainage or 
fluids are not present, cultures can be performed 
by sampling wound tissue.
Deep tissue biopsy is an invasive procedure, po-
tentially traumatic for the patient, which requires 
local anaesthesia. Moreover, the sample obtained 
with this technique is very localized and may not 
represent the entire microbial wound population.
By contrast, superficial swab samples are non-in-
vasive, are a simple procedure, not requiring local 
anaesthesia, and are less traumatic for the patient. 
However, they should be considered at much 
higher risk of contamination, even after accurate 
cleansing, and may be unable to detect those bac-
teria living in the deeper layers of the wound. It 
is widely held that bacterial cultures obtained by 
deep tissue sampling, whether by curettage of the 
lesion or by biopsy or aspiration, provide more 
affordable results than superficial swab sample 
collection. However, the concordance of these two 
sampling procedures is still widely debated. The 
few studies performed have produced discordant 
results: while some have shown high correlation 

between surface cultures and tissue biopsy cul-
tures, others have shown no correlation [33].
Interestingly, in a recently published experimen-
tal work we highlighted that the culture of the 
wound cleaned from its necrotic part, after ultra-
sonic debridement, can be considered as reliable 
as deep tissue biopsy. 
Thirty-two patients affected by SSTIs including 
DFIs were enrolled in the study. Superficial swabs 
were obtained before and after cleansing with 
sterile saline, and after ultrasonic debridement; 
deep tissue biopsy was obtained from the ulcer 
base. The microbial load was determined and 
expressed as CFU/mL. Incidence of Gram-pos-
itives was higher than that of Gram-negatives 
(S. aureus and Pseudomonas aeruginosa being the 
most frequent); concordance (the same bacteria 
isolated before and after debridement) never ex-
ceeded 60%. Ultrasonic debridement significant-
ly reduced bacterial load or even suppressed 
bacterial growth. While reliability of the super-
ficial swab is poor for microbiological diagnosis 
of SSTIs, swabbing after ultrasonic debridement 
and biopsy of the ulcer base may be equally re-
liable [34].
The guidelines for the diagnosis of diabetic foot 
infections do not differ substantially from those 
above reported for SSTIs [35-37]. They briefly 
suggest the following:
 – for lesions not appearing as clinically infected 

no microbiology is needed;
 – for infected ulcers samples have to be taken 

Table 3 - New definition of SSTI according FDA guide-
lines.

ABSSSI All other SSTIs

Cellulitis/erysipelas Impetigo and minor 
cutaneous abscess 

Wound infections Animal or human bites

Major cutaneous abscess Necrotizing fasciitis

Diabetic foot infection

Burns

Chronic wound infection

Myonecrosis

Ecthyma gangrenosum

Table 4 - The most common aetiology by diagnosis.

Clinical pictures Aetiological agent

Impetigo, 
erysipelas and 
cellulitis

Staphylococcus aureus, Streptococcus 
pyogenes (other haemolytic streptococci)

Necrotizing 
fasciitis

S. pyogenes, Vibrio vulnificus, Aeromonas 
hydrophyla 

Gas gangrene Clostridium spp

Animal bite 
infections

Pasteurella spp, aerobes/anaerobes 
polymicrobial (S. aureus and Bacteroides 
spp; Fusobacterium etc.)

Surgical site 
infections

Nosocomial pathogens: Staphylococcus 
aureus, coagulase negative 
staphylococci, Enterobacteriaceae, 
enterococci, Pseudomonas aeruginosa, 
anaerobes, Candida spp
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appropriately before starting any empirical 
antimicrobial treatment;

 – in the case of “mild” infection the microbiolog-
ical exam can be skipped;

 – a sample has to be obtained as deep tissue 
by biopsy or curettage after accurate wound 
cleansing.

The aetiology of SSTIs is extremely variable, re-
flecting the noteworthy heterogeneity of their 
clinical presentations and their epidemiology 
(Table 4). Impetigo is mostly caused by S. aureus 
or S. pyogenes, more rarely by Group B, C or G 
streptococci. Furunculosis and folliculitis are sus-
tained by S. aureus while erysipelas by S. pyogenes. 
Cellulitis, on the other hand, can be sustained by 
both the above microorganisms (S. aureus and S. 
pyogenes). These infections may at times be due, 
especially in childhood, to Haemophilus influen-
zae. Cellulitis acquired by water divers is rarely 
caused by environmental microorganisms such as 
Aeromonas hydrophila or Vibrio vulnificus. 
Necrotizing fasciitis can be classified as type 1 
(normally associated to surgical or other trauma) 
when the aetiological agent is a strictly anaerobic 
bacteria such as Bacteroides or Peptostreptococcus, 
and type 2 (normally associated to diabetes, vas-
cular insufficiency and immunodepression) when 
sustained by S. pyogenes or more rarely group C 
and G streptococci (very rarely by Vibrio vulnifi-
cus). Gas gangrene is primarily caused by the 
clostridia genera, the main species being C. per-
fringens, C. novyi, C. histolyticum and C. septicum. 
Most surgical site infections occur neither before 
the fifth day following surgery nor after a month. 
The aetiology is extremely variable and depends 
on the site of surgical intervention. Excluding 
those infections following so-called clean surgery 
which are mostly sustained by S. aureus, these in-
fections are often polymicrobial including both 
aerobe and anaerobe, Gram-positive (staphylo-
cocci, enterococci) and Gram-negative (Enterobac-
teriaceae, Pseudomonas aeruginosa) bacteria. 
Globally the most frequent bacteria responsi-
ble for surgical site infections are the following: 
S. aureus (~20%), coagulase negative staphylo-
cocci (~14%), enterococci (~12%), Escherichia coli 
and other Enterobacteriaceae (~21%), P. aeruginosa 
(~8%), streptococci (~5%) and bacteroides (~2%). 
It is sometimes possible to isolate Candida albicans.
The most frequent pathogens associated with spe-
cific risk factors are reported in Table 5 below. In 

Table 6 we report the bacterial aetiology of SSTIs 
referring to the Italian Registry of SSTIs (see Table 
2) (unpublished data). Gram-positive cocci are far 
more prevalent (56% vs 34%) than Gram-negative 
globally considered responsible for SSTIs. 

Table 5 - Risk factors and associated aetiology of SSTIs.

Risk factors Bacterial pathogens

Diabetes Staphylococcus aureus, Group B 
streptococci, anaerobes, Gram-negative 
rods

Liver cirrhosis Campylobacter fetus, Klebsiella 
pneumoniae, Escherichia coli, 
Capnocytophaga,  
other Gram-negative rods, Vibrio 
vulnificus

Neutropenia Pseudomonas aeruginosa

Animal bites Pseudomonas multocida,  
Streptobacillus moniliformis

Warm water 
contact 
(hydrotherapy)

Pseudomonas aeruginosa

Intravenous 
drug addiction

Staphylococcus aureus, Pseudomonas 
aeruginosa, anaerobes

Table 6 - Bacteria isolated from SSTIs (Italian SSTI Registry)

Bacterial species No. of strains

Gram-positive 108 (56%)

Staphylococcus aureus 74 (38.2%)

Enterococcus faecalis 13 (6.7%)

Coagulase negative staphylococci 9 (4.6%)

Streptococcus agalactiae 7 (3.6%)

Enterococcus faecium 4 (2.2%)

Streptococcus pyogenes 1 (0.5%)

Gram negative 64 (33%)

Pseudomonas spp. 32 (16.5%)

Escherichia coli 13 (6.7%)

Acinetobacter spp. 6 (3.1%)

Proteus spp. 5 (2.6%)

Enterobacter spp. 5 (2.6%)

Klebsiella spp 3 (1.5%)

Other 22 (11%)

Total 194
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Microorganisms responsible for diabetic foot 
infections (DFIs) are more variable than those 
reported for the other SSTIs mentioned above. 
They depend on the type of lesion and specific 
characteristics of the patients (previous antimi-
crobial treatment, infection recurrence and pre-
vious hospitalization, see Table 7). In general, 
the aetiology of DFIs is polymicrobial involving 
both aerobes and anaerobes with a prevalence 
of Gram-positive cocci over Gram-negative rods 
(Table 8).
The 304 microorganisms isolated from 271 pa-
tients with different types of DFIs are reported in 

Table 8. Staphylococci are the most frequently iso-
lated bacteria [35].
The emergence of multidrug-resistant bacteria 
represents a serious public health threat because 
their multiple patterns of resistance make the 
choice of an effective treatment ever more chal-
lenging.
As reported above, SSTIs can be sustained by a 
wide array of microorganisms and all of them can 
present different patterns and different epidemi-
ology of resistance that greatly varies according 
to patients and diseases related well-known risk 
factors (previous therapy, chronic infections, pre-
vious hospitalization, use of devices, long-term 
care residency, etc.) [38-42].

Staphylococcus aureus
S. aureus is a Gram-positive bacterium, nor-
mally present on human skin. However, it is 
also an opportunistic pathogen able to cause 
a wide range of mild to life-threatening SSTIs. 
The most notable threat for public health is now 
represented by methicillin-resistant Staphylococ-
cus aureus (MRSA). The molecular mechanism 
conferring the ability to evade the activity of 
methicillin consists in the acquisition of staph-
ylococcal cassette chromosome mec (SCCmec) 
elements, which include genes encoding vari-
ant penicillin-binding proteins with low affinity 
for the drug [43, 44].
In Europe, the proportions of isolated methicil-
lin-resistant among invasive S. aureus range from 
0% (Iceland) to 57.2% (Romania). Even though 
the positive trend of MRSA rates reported for 

Table 8 - Aetiology of DFIs in an outpatient setting.

Type of pathogens
Number and (%) of all 

isolates

Staphylococcus aureus 83 (27.3)

Pseudomonas spp. 62 (20.4)

Enterobacteriaceae 35 (11.5)

Coagulase-negative staphylococci 24 (7.9)

Enterococcus spp. 23 (7.6)

Streptococcus spp. 21 (6.9)

Other non-fermentative spp. 4 (1.3)

Corynebacterium spp. 4 (1.3)

Anaerobes 6 (1.9)

Other Gram-positive 21 (6.9)

Subtotal Gram-positive 184 (60.5)

Subtotal Gram-negative 120 (39.5)

Total 304 (100)

Table 7 - Microorganisms associated with different lesions of DFIs.

Type of DFI Microorganisms

Cellulitis without skin lesion discontinuity Staphylococcus aureus, beta haemolytic streptococci (Group A, B and G)

Infected ulcer not previously treated with 
antibiotics (monomicrobial)

Staphylococcus aureus, beta haemolytic streptococci (Group A, B and G)

Chronic infected ulcer previously treated with 
antibiotics (polymicrobial)

Staphylococcus aureus, beta haemolytic streptococci (Group A, B and 
G), Enterobacteriaceae

Infected ulcer with necrotic tissues Pseudomonas aeruginosa (often associated with other microorganisms - 
polymicrobial)

Chronic infected ulcer with no sign of healing 
under antibiotic therapy

Gram-positive aerobe cocci (S. aureus, coagulase negative 
staphylococci and enterococci); diphteroides; Enterobacteriaceae; 
Pseudomonas spp.; Gram-negative MDR rods; fungi

Gangrene Polymicrobial: Gram-positive cocci; enterococci; Enterobacteriaceae; 
other Gram-negative rods, anaerobes
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decades in the literature seems to have finally 
stopped in Europe, in 2015 several European 
countries still had MRSA percentages higher 
than 25% (including Italy, Spain and Greece). 
MRSA detection is crucial in order to follow spe-
cific control measures and to avoid inappropri-
ate empirical treatment since MRSA strains usu-
ally present also reduced susceptibility to other 
classes of antibiotics (such as aminoglycosides, 
macrolides and tetracyclines) [45-52].

Streptococcus spp
S. pyogenes is responsible for many different clin-
ical presentations of SSTIs, ranging from less 
severe (impetigo) and moderate (erysipelas) to 
more severe or even life-threatening infections 
(necrotizing fasciitis) [53]. Other haemolytic 
streptococci such as Group B, C and G are more 
rarely involved in the same type of infections. 
S. pyogenes and other streptococci have preserved 
over time their sensitivity to penicillin and mac-
rolides in contrast with most other bacterial spe-
cies that have developed resistance to one or more 
antibacterial agents in recent decades [54]. Nev-
ertheless, in the late 1990s and early 2000s, the 
incidence of macrolide resistance dramatically 
increased in several European countries, namely 
Finland, France, Greece, Italy, Portugal and Spain, 
with erythromycin resistance rates usually ex-
ceeding 20% [55-58].
From an epidemiological point of view, it has 
been frequently demonstrated that the prevalence 
of erythromycin-resistant S. pyogenes correlated 
well with the total consumption of macrolide an-
tibiotics in particular geographical areas [59,60]. 
Besides antibiotic consumption, changes in the 
clonal composition of the S. pyogenes population 
may also be an important cause for fluctuations in 
macrolide resistance rates [61,62].

Pseudomonas aeruginosa
P. aeruginosa is a Gram-negative, facultative an-
aerobe opportunistic pathogen, which is present 
in normal gut microbiota and in the environ-
ment. For this reason it is widely detected in 
healthcare settings, being a leading severe and 
even life-threatening infection especially in ICUs 
and immunocompromised hosts [63,64]. P. aeru-
ginosa has an intrinsic tolerance to many disin-
fectants and antimicrobial agents but also the 
ability to acquire resistance after drug admin-

istration due to the production of efflux pumps 
and antibiotic-inactivating enzymes (including 
ESBLs, carbapenemases and metallo-β-lactamas-
es) and reduced outer membrane porin permea-
bility [65,66].
The antimicrobial resistance surveillance data of 
2015 report high rates of carbapenem resistance 
among invasive P. aeruginosa isolated across Eu-
rope, with wide variability ranging between <5% 
(in the UK and the Netherlands) and 66.3% (in 
Romania) and an overall mean European per-
centage for carbapenem resistance of 17.8%. Even 
more alarming is the fact that, in most European 
countries, >10% of the P. aeruginosa isolates are 
multidrug-resistant (MDR) showing combined 
resistance to three or more of the following an-
timicrobial groups: aminoglycosides, carbapen-
ems, ceftazidime, fluoroquinolones, piperacillin/ 
tazobactam) [47].
 
Enterobacteriaceae
Enterobacteriaceae are more frequently associat-
ed with chronic wound infections such as dia-
betic foot infections, infected pressure ulcers 
and infected venous ulcers than with other SS-
TIs. The management of such infections can be 
complicated by the acquisition or emergence of 
resistance among bacteria that infect or colonize 
these wounds [67]. 
Often, these chronic wounds can occur in pa-
tients at increased risk of colonization by mul-
tidrug-resistant organisms due to the presence 
of co-morbidity, previous hospitalization and 
frequently antibiotic treatments. Furthermore, 
chronic wounds can foster the emergence of 
multi-drug resistant organisms because of poor 
vascular supply and biofilm production, which 
limits the antibiotic penetration within the 
wound tissue [68].
Carbapenem-resistance among Enterobacteri-
aceae (CRE) represents the most urgent and 
dramatic public health threat worldwide recog-
nized by the US Centers for Diseases Control 
and Prevention (CDC). Carbapenem-resistant 
Enterobacteriaceae are reported to be important 
pathogens in wound infection in several regions 
including the Middle East, Asia, and South and 
North America [69-73]. Given the limited anti-
microbial options for treatment of CRE, wound 
infections caused by CRE may be particularly 
challenging to manage.
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n CONCLUSIONS

In conclusion, skin and soft tissue infections are 
frequent bacterial infections that can present with 
wide clinical variability, ranging from mild to se-
vere or life-threatening. The aetiology of SSTIs is 
also extremely variable, depending on several 
factors. The emergence of multidrug resistance in-
volves most of the microorganisms responsible for 
SSTIs and constitutes a serious public health threat. 
Indeed, multiple patterns of resistance make the 
choice of effective treatment very challenging.
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