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Abstract: According to recent studies, there are almost 435 million people worldwide with diabetes
mellitus. It is estimated that of these 148 million will develop Diabetic foot ulcers (DFUs) during
their lifetime, of which 35 to 50% will be infected. In this scenario, the presence and frequency of
pathogenic microorganisms and their level of susceptibility to the most frequent classes of antibiotics
used to treat this pathological condition from patients with DFUs admitted to the outpatient clinic of
vascular surgery of the Federico II University Hospital of Naples from January 2019 to March 2021
were investigated. Furthermore, the diabetic population characteristics under study (i.e., general,
clinical, and comorbidities) and the pathogenic bacteria isolated from lesions were also considered.
Bacterial strains poorly susceptible to antibiotics were more frequent in polymicrobial infections
than in monomicrobial infections. -Lactams showed the highest levels of resistance, followed
by fluoroquinolones, aminoglycosides, and finally macrolides. The main findings of the study
demonstrated that the occurrence of resistant microorganisms is the dominant factor in ulcer healing;
thus it is essential to investigate the antibiotics” susceptibility before setting antibiotic therapy to
avoid inappropriate prescriptions that would affect the treatment and increase the development and
spread of antibiotic resistance.
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1. Introduction

Diabetic foot infections have been defined by the Infectious Diseases Society of Amer-
ica (IDSA) as “any infra-malleolar infection that occurs in a person with diabetes melli-
tus” [1].

According to recent studies, there are almost 435 million people worldwide with
diabetes mellitus [2]; it is estimated that of these 148 million will develop Diabetic foot
ulcers (DFUs) during their lifetime [3,4], of which 35 to 50% will be infected [5].

The chronic condition of uncontrolled hyperglycaemia is often complemented by
peripheral polyneuropathy, which is the primary cause of ulcer formation (neuropathic
ulcer). Once the ulcerative condition has set in, bacteria can colonize the lesion (more than
50% of cases), with an inflammatory response and systemic infections [6].

The most common clinical signs and symptoms of diabetic sensory neuropathy infec-
tion are lack of pain, vascular disease, and impaired cellular immunity. Microbiological
and other diagnostic laboratory tests should confirm the diagnosis. According to IWGDF
(International Working Group on the Diabetic Foot) guidelines, infection is present if there
are two or more signs of inflammation, including erythema, pain, tenderness, warmth,
induration, and purulent discharge [7].
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Foot infections are among the most common causes of hospitalization in the diabetic
population, accounting for 20% of all diabetes-related hospitalizations; in the United States
alone, diabetic foot infections account for one fifth of the causes of hospitalization [8]. The
care of DFUs is an issue strongly felt also among Mediterranean countries due to the high
prevalence of the pathology in this area [9,10].

In most cases, this condition can represent a significant threat to the patient’s life
and the risk of amputation of the lower limbs, which is 155 times greater than for non-
diabetics [9]. The risk of death also drastically increases; it is estimated that 1 in 4 patients
and up to 1 patient in 8 can die within 1 year according to the infection severity [11].
Moreover, 5 years mortality rate in patients with ulcer and diabetic foot infection is close
to 50%, much higher than other oncological diseases (i.e., breast cancer, prostate cancer,
Hodgkin’s lymphoma) [12,13].

In 80% of cases, bacterial infections may affect soft tissues and, in the remaining 20%,
bone structure, with a significantly increased risk of skin infection compared to non-diabetic
patients [14-16].

Localization and severity of the infection can also influence the composition of
pathogenic ulcer microbiota, so the epidemiology of diabetic DFUs is highly variable.

As the skin has its own microbiota, microorganisms are always present on wounds [17].
In this scenario, the diagnosis of DFUs must be based not only on individual microbiological
findings but also substantiated by clinical signs and symptoms. However, due to the local
and systemic inflammatory response mediated by the neuropathic and ischemic course of
the disease, it is often difficult to diagnose DFUs at an early stage (critical colonisation) [18].
Therefore, in order to differentiate real DFUs from non-infected ones (colonised), both
clinical and microbiological criteria are crucial.

While most acute superficial infections are monomicrobial with a greater frequency
of Gram-positive cocci, chronic and deep infections are commonly polymicrobial with a
greater prevalence of Gram-negative bacilli [19,20].

Polymicrobial infections consist of a complex and varied bacterial ecosystem that
can vary from two to several microbial species. In this scenario, several bacterial vir-
ulence factors can complicate the infection progression and its healing, leading to its
chronicity [19,21,22].

For these reasons, knowing the microbiological aetiology of the lesion plays a critical
role in clinical practice since identifying possible correlations between the epidemiology of
the diabetic population and the microbiology of the DFUs can implement prevention and
treatment strategies with a reduction of complications and healthcare costs [23].

To this end, a retrospective observational study aiming to identify and analyse the
presence and frequency of pathogenic microorganisms and their level of susceptibility
to the most frequent classes of antibiotics used to treat this pathological condition was
conducted on clinical samples from patients with DFUs admitted to the outpatient clinic
of vascular surgery of the Federico II University Hospital of Naples from January 2019 to
March 2021.

2. Materials and Methods
2.1. Patients

Forty-three DFUs patients, both male (n.31) and female (n.12) aged from 42 to 94 years
were admitted to the outpatient clinic of vascular surgery of the Federico II University
Hospital of Naples from January 2019 to March 2021. All subjects under study had a
diagnosis of diabetic pathology and classified with Rutherford Category IV-V peripheral
artery disease with the need for revascularization and/or other interventions.

2.2. Population Characterization

Pathologies that can affect the course and severity of complications in diabetic pathol-
ogy have been taken into account (i.e., arterial hypertension, kidney failure, Chronic Ob-
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structive Pulmonary Disease (COPD), Coronary Atherothrombotic Disease (CAD), arterial
thrombotic coronary disease), together with Body Mass Index (BMI) and smoking habit.
According to the BMI patients were classified as [24]:

- Normal weight
- Overweight
- I obesity

According to the smoking habit, patients were classified as:

- smokers
- non-smokers
- former smokers

2.3. Sample Collection

DFUs microbiological sample collection was performed during the first admission
visit to ensure appropriate microbial isolation without any alteration due to antibiotic
therapy. All samples were swabbed without the use of saline or other solutions that could
affect microbiological analysis. Only in a few cases when an eschar was present was the
lesion debrided in order to allow suitable sampling.

2.4. Microbial Identification and Antibiotic Susceptibility

Microbial identification and antibiograms were carried out by the microbiology labo-
ratory of Federico II University Hospital of Naples using VITEK® (bioMérieux SA Marcy
I’Etoile, France) automatic platform. Microorganisms’ antibiotic susceptibility was ex-
pressed as MIC (ug/mL) according to Clinical Laboratory Standards Institute (CLSI)
breakpoints [25].

The antibiotics tested were:

v B-lactams:
o Penicillin
e MIC Oxacillin
e  Ampicillin
e  Piperacillin
o Cephalosporins

Ceftaroline
Cefepime
Ceftazidime
Cefotaxime

o Carbapenems

e Ertapenem
e Imipenem
e  Meropenem

V' Aminoglycosides

e Gentamicin
e  Amikacin
e  Tobramycin

V" Fluoroquinolones

e Levofloxacin
e  Ciprofloxacin

v Macrolides
e  Erythromycin
v Sulphonamide

° Cotrimoxazole
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v Glycopeptide

e  Vancomycin

2.5. Data Collection and Analysis

All records were collected anonymously and under current Italian privacy laws
(Legislative Decree no.196 of 2003), with prior approval of the facility management. Only
the information strictly relevant for the investigation were examined, namely:

- Date of birth

- Sex

- Body Mass Index (BMI)

- Concomitant pathologies, such as:

- Arterial hypertension;

- Renal failure;

- Chronic obstructive pulmonary disease (COPD), or chronic obstructive pul-
monary disease);

- Coronary Atherothrombotic Disease (CAD), arterial thrombotic coronary artery
disease;

- Any other comorbidities.

The information collected for each subject was reported and reorganized with the
help of a spreadsheet. A unique alphanumeric code was assigned for each patient, and a
multilevel database was created to reorganize all the information. The patient’s general
information, physical characteristics, lifestyles, and co-morbid conditions were reported in
the first level. A further level was devoted to clinical samples and microbiology lesions.
The organization of the data consists of several parts:

o the first level presented general information such as execution date, reporting date,
and reporting code;

e the second data set on the sample’s microbiology; for each microorganism, a unique
numerical code has been assigned to facilitate its identification and information man-
agement;

e the last, concerning information about antibiotic susceptibility.

3. Results
3.1. Gender and Age
A total of 43 subjects were included in the study, 11 female (26%) and 32 males (74%).

Patient’s age ranged from 42 to 94 years. The mean age was 68.81 £ 10.73, 73.27 £ 13.90
years for females and 65.59 & 9.41 for males (Table 1).

Table 1. DFUs population gender and age.

Total Male Female
DFUs Patients 1 (%) @ 43 (100) 32 (74) 11 (26)
Mean age n = D.S. 68.81 +10.73 73.27 +13.90 65.59 +9.41
Minimum age n 42 42 57
Maximum age 1 94 81 94

@ Percentage referred to the total population (n = 43). D.S. Standard Deviation.

3.2. Smoking Habit

The total number of smokers was 63% (1 = 27), former smokers were 16% (n = 7) and
non-smokers 21% (n = 9). Among smokers, 51% (n = 22) were male and 12% (n = 5) were
female. Among non-smokers, 7% (n = 3) were men, 14% (n = 6) women. There were no
female patients among former smokers, while of these 16% (1 = 7) were male (Table 2).
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Table 2. DFUs and population lifestyle: smoking habit and BML

Total Male Female
Smokers n (%) @ 27 (63) 22 (51) 5(12)
Non-smokers 1 (%) 21 (9) 3(7) 6 (14)
Former smokers 1 (%) 7 (16) 7 (16) 0
Normal weight 1 (%)
(BMI 18.50-24.99) 30 1@) 20)
Overweight n (%)
(BMI 25-29.99) 32 (74) 24 (56) 8 (18)
I obesity n (%) 8(19) 717) 1)

(BMI 30-34.99)
2 All percentages referred to the total population (1 = 43).

3.3. BMI

Most patients, 74% (n = 32), were overweight (BMI between 25 and 29.99), 19% (n = 8)
were classified as I obesity (BMI between 30 and 34.99) and only 7% (1 = 3) were normal
weight (BMI between 18.50 and 24.99). The overweight condition was predominant in
males, 56% (n = 24), compared to females 18% (n = 8). As regards grade I obesity, 17%
(n =7) were male and 2% (n = 1) female. Finally, only 7% (n = 3) were normal weight, of
which 2% (n = 1) were male and 5% (n = 2) were females (Table 2).

3.4. Comorbidities

Cardio-vascular and kidney diseases were the most frequent comorbidities retrieved.
88% (n = 38) of the sample population had arterial hypertension, followed by CAD, COPD,
and kidney failure (respectively 56% (n = 24), 39% (n = 17) and 28% (n = 12)). Only 5%
(n = 2) presented other comorbidities, such as vasculitis and anaemia (Table 3).

Table 3. DFUs and population comorbidities.

Total Male Female
Arterial hypertension n (%) 2 38 (88) 27 (63) 11 (25)
CAD n (%) 24 (56) 18 (42) 6 (14)
COPD n (%) 17 (39) 11 (25) 6 (14)
Kidney failure 1 (%) 12 (28) 10 (23) 2 (5)
Other n (%)s 2 (5) 1(2.5) 1(2.5)
NuD 1 n (%) 10 23) 8 (19) 2 (5)
NuD 2 n (%) 10 (23) 6 (14) 49)
NuD 3 n (%) 9 (21) 5(12) 49
NuD 4 n (%) 8 (19) 7 (16) 1(2.5)
NuD 5 n (%) 1(2.5) 1(2.5) 0
No other pathologies 1 (%) 5(12) 4(9) 1(2.5)

2 All percentages referred to the total population (1 = 43).

19% (n = 8) of male patients has a Number Disease (NuD) of 1, 14% (n = 6) a NuD
of 2, 12% (n = 5) NuD of 3, 16% (1 = 7) NuD of 4 and 2.5% (n = 1) NuD of 5, while only
9% (n = 4) of the male population had no concomitant pathology. As regards the female
population, 5% (n = 2) had 1 NuD 9% (n =4) 2, 9% (n = 4) 3 and 2.5% (n = 1) 4; there was
no NuD of 5 for female patients. Finally, only 2.5% (n = 1) of female subjects did not have
comorbidities. The highest NuD for male was 1 (19% (n = 8)), while for female this was 2
and 3 (9% (n = 4)) (Table 3).

3.5. DFUs Microbiology

A total of 99 strains (95 bacteria and 4 fungi) belonging to 30 different species
(28 bacteria and 2 fungi) were isolated from the 43 patients examined. Among bacterial
species, 39% (n = 11) were Gram + and 61% (n = 17) of Gram—(Table 4).
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Table 4. DFUs and microorganism distribution.

Strain Isolated Species Gram + Gram —
Total n 99 30
Bacteria 71 (%) 95 (96) @ 28 (93) b 11 (39) © 17 (61) ©
Fungi 1 (%) 4(4)° 2(7)®

2 Percentages refer to total microorganisms isolated (1 = 99). P Percentages refer to microorganism species isolated
(n = 30). © Percentages refer to bacterial species isolated (1 = 28).

The epidemiologic distribution of the 99 strains isolated was as follows: Staphylococ-
cus aureus 22% (n = 22); Pseudomonas aeruginosa 15% (n = 15); Escherichia coli 9% (n = 9);
Corynebacterium spp. 8% (n = 8); Proteus mirabilis 6% (n = 6); Staphylococcus epidermidis 4%
[n = 4]; Serratia marcescens, Enterococcus faecalis, 3% (n = 3); Streptococcus agalactiae, Enter-
obacter cloacae sbp. cloacae, Cryseobacterium indologenes, Morganella morganii sbp. morganii,
Klebsiella pneumoniae, 2% (n = 2); Staphylococcus warneri, Staphylococcus lugdunensis, Staphy-
lococcus cohnii sbp. urealyticum, Alcaligenes faecalis, Staphylococcus simulans, Enterococcus
avium, Citrobacter koseri, Acinetobacter baumannii, Citrobacter freundii, Pseudomonas putida,
Kocuria spp., Pseudomonas oleovorans, Stenotrophomonas maltophilia, Pseudomonas fluorescens
and Prevotella disiens respectively 1% (n = 1). The fungal species isolated were Candida
parapsilosis 3% (n = 3) and Candida krusei 1% (n = 1) (Table 5).

Table 5. DFUs’ bacterial epidemiologic distribution.

Number Percentage (%) ?
Staphylococcus aureus 22 22
Pseudomonas aeruginosa 15 15
Escherichia coli 9 9
Corynebacterium spp. 8 8
Proreus mirabilis (%) 6 6
Staphylococcus epidermidis 4 4
Serratia marcescens 3 3
Enterococcus faecalis 3 3
Cryseobacterium indologenes 2 2
Streptococcus agalactiae 2 2
Enterobacer cloacae sbp. cloacae 2 2
Morganella morganii sbp. morganii 2 2
Klebsiella pneumoniae 2 2
Staphylococcus warneri 1 1
Staphylococcus lugdunensis 1 1
Staphylococcus cohnii sbp. urealyticum 1 1
Staphylococcus simulans 1 1
Alcaligenes faecalis 1 1
Enterococcus avium 1 1
Citrobacter koseri 1 1
Acinetobacter baumanii 1 1
Citrobacter freundii 1 1
Pseudomonas putida 1 1
Pseudomonas oleovorans 1 1
Pseudomonas fluorescens 1 1
Kocuria spp. 1 1
Stenotrophomonas maltophilia 1 1
Provetella disiens 1 1
Candida krusei 1 1
Candida parapsilosis 3 3

2 Percentages refer to total microorganisms isolated [n = 99]. Microorganisms have been listed in descending
order of isolation.
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3.5.1. Polymicrobial and Monomicrobial Infections

Among the DFUs analysed, 33% (n = 14) were diagnosticated as Mono-Microbial
infections (MMI), while 67% (n = 29) as Poly-Microbial infections (PMI).

As regard PMI, 34% (n = 18) of DFUS were infected by two different microorganisms,
with 15% (n = 8) by three and 8% (n = 4) by four microorganisms (Table 6).

Table 6. Polymicrobial and Mono-microbial infections.

Number Percentage %
MMI 14 332
PMI 29 672
2 microorganisms 15 51Pb
3 microorganisms 10 340
4 microorganisms 2 7P
5 microorganisms or more 2 7b

2 percentages refer to the total population (1 = 43) ? percentages refer to PMI (1 = 26).

3.5.2. Antibiotic Susceptibility

All antibiotic susceptibility is reported in Table 7. A summary of resistant strains is
listed below.

- Oxacillin

Six microbial species were tested. Three resistant S. aureus 66% (n =15) MIC50 0.5 MIC
90 < 2, S. epidermidis 100% (n = 4) MIC50 and MIC 90 > 2; and S. lugdunensis 100% (n = 1)
MIC 50 and MIC90 > 23.

- Ampicillin

Six microbial species were tested. One resistant E. coli 100% (n = 9) MIC50 and
MIC90 > §;

- Piperacillin
Only one microbial species was tested. None resistant
- Ceftaroline

Only one microbial species was tested S. aureus susceptible 100% (n = 22) MIC50 0.25
and MIC90 0.5.
- Cefepime

Eight microbial species were tested. One resistant P. aeruginosa 40% (n = 6) MIC50 0.5
MIC90 8. One intermediate E. coli 66% (n = 6) MIC50 2 MIC90.
- Ceftazidime

15 microbial species were tested. Six resistant P. aeruginosa 33% (n = 5) MIC50 2 MIC90
> 8 E. coli 33% (n = 3) MIC50 0.5 MIC90 8, P. mirabilis 17% (n = 1) MIC50 < 0.12 MIC90 <
0.5 C. indologenes 100% (n = 2) MIC50 and MIC 90 > 32 E. cloacae sbp. cloacae 50% (n = 1)
MIC50 0.5 MIC90 > 32 C. freundii 100% (n = 1) MIC50 and MIC90 > 32.

- Cefotaxime

10 microbial species were tested. Five resistant E. coli 66% (n = 6) MIC50 > 4 MIC90 >
32, P. mirabilis 17% (n = 1) MIC50 < 0.25 MIC90 < 1 C. indologenes 100% (n = 2) MIC50 and
MIC 90 > 4 E. cloacae sbp. cloacae 50% (n = 1) MIC50 < 0.25 MIC90 > 32 C. freundii 100%
(n =1) MIC50 and MIC90 > 32.

- Ertapenem

Nine microbial species were tested. One resistant C. indologenes 100% (n =2) MIC50
and MIC90 < 0.12
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- Imipenem

Eight microbial species were tested. One resistant P. aeruginosa 20% (n = 3) MIC50 0.5
MIC90 2

- Meropenem

16 microbial species were tested. Two resistant P. aeruginosa 20% (n = 3) MIC50 < 0.25
MIC90 2 and A. baumannii 100% (n = 1) MIC50 and MIC90 > 8

- Gentamicin

21 microbial species were tested. Eight resistant S. aureus 9% (n = 2) MIC50 and MIC
90 < 0.5 P. aeruginosa 27% (n = 4) MIC50 2 MIC90 8 Corynebacterium spp. 38% (n = 3) MIC50
and MIC90 1.5 P. mirabilis 33% (n = 2) MIC50 < 1 MIC90 8 S. epidermidis 100% (n = 4) MIC50
4 MIC90 8 C. indologenes 100% (n = 2) MIC50 and MIC90 > 8 M. morganii sbp. morganii 100%
(n =2) MIC50 and MIC90 > 8 and A. baumannii 100% (n = 1) MIC50 and MIC90 > 8

- Amikacin

14 microbial species were tested. Two resistant P. aeruginosa 13% (n = 2) MIC50 4
MIC90 8 and A. baumannii 100% (n = 1) MIC50 and MIC90 > 32

- Tobramycin
Six microbial species were tested. None resistant, all susceptible
- Levofloxacin

Nine microbial species were tested. Two resistant S. aureus 32% (n = 8) MIC50 0.25
MIC 90 > 4 and S. epidermidis 100% (n = 4) MIC50 and MIC90 4

- Ciprofloxacin

16 microbial species were tested. Nine resistant P. aeruginosa 67% (n = 10) MIC50 1
MIC90 > 2 E. coli 78% (n = 7) MIC50 1 MIC90 > 2 Corynebacterium spp. 100% (n = 8) MIC50
and MIC90 > 1 P. mirabilis 50% (n = 3) MIC50 < 0.25 MIC90 >2 C. indologenes 100% (n = 2)
MIC50 and MIC90 > 2 M. morganii sbp. morganii 100% (n = 2) MIC50 and MIC90 > 2 A.
faecalis 100% (n = 1) MIC50 and MIC90 > 2 A. baumannii 100% (n = 1) MIC50 and MIC90 > 2
P. fluorescens 100% (n = 1) MIC50 and MIC90 > 2

- Erythromycin
Six microbial species were tested. Four resistant S. aureus 55% (n = 12) MIC50 1 MIC90

>4 S. epidermidis 75% (n = 3) MIC50 and MIC90 > 4 S. aga-latiae 100% (n = 2) MIC50 and
MIC90 2 S. lugdunensis 100% (n = 1) MIC50 and MIC90 > 4

- Cotrimoxazole

Only one microbial species was tested. None resistant
- Vancomycin

11 microbial species were tested. One resistant Kocuria spp. 100% (n = 1) MIC50 and
MIC90 2.

3.5.3. DFUs’ Microbiology and Diabetic Population

Regarding monomicrobial infection 20% (1 = 9) of the DFUs’ population were male
while 12% (n = 5) were woman. Polymicrobial infections were reported according to the
number of microorganisms isolated.

- Two microorganisms isolated (P2), 28% (1 = 12) male and 7% (n = 3) female;

- Three isolated microorganisms (P3), 14% (n = 6) male and 9% (n = 4) female;

- Pour isolated microorganisms (P4), 5% (n = 2) in the male gender and none female;
- Five+ microorganisms (P5+) 5% (1 = 2) male and none female (Figure 1).
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Figure 1. Mono and Polymicrobial infections and DFU patients’ gender. P2: polymicrobial infection
colonized by 2 microorganism; P3: polymicrobial infection colonized by 3 microorganism; P4:
polymicrobial infection colonized by 4 microorganism; P5+: polymicrobial infection colonized by 5
or more microorganism.

Results for cigarette smoking and mono-/polymicrobial infections are shown in
Figure 2. For monomicrobial infections, 19% (n = 8) of patiets were smokers (S), 7%
(n = 3) were ex-smokers (EX) and non-smokers (NS), respectively. Regarding polymicrobial
infections:

Two P 18% (n=8) S, 5% (n = 2) EX and 12% (n = 5) NS;
-  ThreeP16% (n=7)S,5% (n =2) EX and 2% (n = 1) NS;
FourP5% (n=2)S;

Five+ P 5% (n=2)S.

Monomicrobila

~
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Figure 2. Monomicrobial and polymicrobial infections and DFU patient lifestyle: cigarette smoking.
P2: polymicrobial infection colonized by 2 microorganisms; P3: polymicrobial infection colonized by
3 microorganisms; P4: polymicrobial infection colonized by 4 microorganisms; P5+: polymicrobial
infection colonized by 5 or more microorganisms.
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Table 7. Bacterial antibiotic susceptibility. # Clinical Laboratory Standards Institute (CLSI) breakpoints [25]. All percentages refer to the single bacterial specie tested.
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Body Mass Index (BMI) in monomicrobial infections showed that 2% (1 = 1) of popu-

lation was normal weight, 24% (n = 10) was overweight, and 7% (n = 3) was in a grade I
obesity condition. On the other hand, for polymicrobial infections:

12

10

00

[e)]

S

N

Two P 5% (n = 2) were normal-weight subjects, 26% (n = 11) overweight, and 5%
(n =2) in a grade I obesity condition;

Three P 16% (n = 7) was represented by overweight and 7% (n = 3) in a grade I obesity
condition subjects;

Four and five+ P, were 5% (1 = 2) in an overweight condition (Figure 3).

11
10
7
3 3
2 2 2 2
1
0 OIO OIO

o i

3p 4

Monomicrobial 2P P 5+P

B Normal-weight m® Overweight | Obesity

Figure 3. Monomicrobial and polymicrobial infections and DFU patient lifestyle: BMI. P2: polymi-

crobial infection colonized by 2 microorganisms; P3: polymicrobial infection colonized by 3 microor-

ganisms; P4: polymicrobial infection colonized by 4 microorganisms; P5+: polymicrobial infection

colonized by 5 or more microorganisms.

Lastly, monomicrobial infections on comorbidities revealed that 5% (1 = 2) had no

NuD, 7% (n = 3) had one NuD, 5% (n = 2) had two NuD, 7% (n = 3) had three NuD, and 9%
(n = 4) had four NuD. In polymicrobial infections NuD distribution was:

TwoP, 2% (n = 1) had no NuD, 7% (n = 3) had one NuD, 15% (n = 6) had two NuD, 5%
(n = 2) had three NuD, and 7% (n = 3) had four NuD; for a total of 36% (1 = 15);
ThreeP 5% (n = 2) have no NuD, 7% (n = 3) have one NuD, 2% (n = 1) have two NuD,
5% (n = 2) have three NuD, 2% (n = 1) have four NuD, and 2% (n = 1) have five NuD.
For a total of 23% [n = 10];

FourP 2% (n = 1) have one NuD and 2% (n = 1) have three NuD. For a total of 4%
(n=2);

Five+ P 2% (n =1) have 2 NuD and 2% (n = 1) have three NuD. For a total of 4% (n = 2)
(Figure 4).
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Figure 4. Monomicrobial and polymicrobial infections and DFU patient comorbidities. P2: polymi-
crobial infection colonized by 2 microorganisms; P3: polymicrobial infection colonized by 3 microor-
ganisms; P4: polymicrobial infection colonized by 4 microorganisms; P5+: polymicrobial infection
colonized by 5 or more microorganism.

4. Discussion

Previous studies have established that several factors such as age sex and lifestyle
influence the epidemiology of DFUs. In relation to gender, a 2017 systematic review
published by Zhang et al. revealed that the prevalence of diabetic foot ulceration is
higher in males than females [26]. These findings were confirmed in this study where a
higher prevalence of male subjects (76%) was observed. Nevertheless, the reason for this
prevalence is still not entirely clear, although the higher engagement of males in physical
labour could be a possible cause [27] (Table 1).

The mean sample age of patients (68.81 £ 10.73) mirrored that reported in DFUs cases
from economically developed countries. Furthermore, also the gender age agreed with
literature data, and males (73.27 & 13.90) are generally older than females (65.59 + 9.41)
(Table 1) [28-30].

As regards the population lifestyle, cigarette smoking was considered. Our data
showed that 63% of the patients were smokers, and of these 51% were male and 12%
female (Table 2). Several studies have identified cigarette smoking as a significant risk
factor for diabetic foot ulceration, as daily tissue hypoxia can cause or amplify vascular
and neuropathic disorders in the lower limbs of diabetic patients [26,31,32].

These findings were also confirmed by DFU prevalence in diabetic patients from
North America, Belgium, and Norway, where a higher percentage of smokers than in
Europe is recorded [26].

An additional aspect of DFU patient’s lifestyle investigated was nutrition. 74% of the
population was overweight (BMI between 25 and 29.99), whereas 19% was grade I obese
(BMI between 30 and 34.99). Both these conditions were more frequent in males (56% and
17%, respectively). On the other hand, females had a frequency percentage of 18% and 2%
(Table 2).

The correlation between BMI and the risk of DFUs developing is still not completely
clear, although some studies have shown that overweight and obesity (BMI between 25
and 45 kg/m?) are probably related to a higher frequency of foot ulcers in diabetics [33-35].
All these factors are well-proven conditions that expose diabetic subjects to an increased
risk of ischemic pathology and foot injuries [27].

In this scenario, comorbidities and specifically the presence of cardiovascular, occlu-
sive, thrombotic, and renal diseases represent a critical risk factor in the onset and prognosis
of diabetic disease and its complications, particularly for the onset of DFUs [36]. Retrospec-
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tive observation revealed that arterial hypertension is the most frequent comorbidity (88%
of the sample population), followed by CAD (56%), COPD (39%) and renal failure (28%).
Only 5% of the population had any other conditions. In males, the most frequent condition
was one NuD (19%), while for females, two and three NuD (9%) (Table 3).

In addition to the sample population characteristics, DFU microbiota was also ana-
lyzed. The microbiological analysis revealed that, in most cases, infections were due to
bacteria (96% of cases) (Table 4). A higher prevalence of these was polymicrobial than
monomicrobial (67% and 33%, respectively) (Table 5). Scientific evidence also confirms
that severe chronic ulcers are often colonized by several microorganisms at the same
time [21,22,37,38]

The most recurrent microbial species and the frequency between Gram-positive and
Gram-negative bacteria were also taken into account. In this scenario, epidemiological
studies on DFUs have reported a higher frequency of Gram-positive bacteria in Western
countries, and a higher frequency of Gram-negative bacteria in Eastern ones (India, Middle
East, China, Africa) [39-41]. Possible explanations could be found in the excessive sweating
of the feet caused by the hot climate of eastern countries, in association with the high level
of self-treatment of the ulcerative lesion with antibiotics without any medical criteria, as
well as the poor hygienic conditions, especially at the perineal and hand level [42]. These
literature data were confirmed in this study, where 39% of the 28 bacterial species isolated
were Gram-positive and 61% Gram-negative (Table 4).

Regarding the literature data on microbial species colonizing DFUs, the most frequent
isolates were S. aureus [1,7,43], P. aeruginosa and E. coli [20,40]. Our data agreed with the
literature; thus, the most frequent microbial species were S. aureus (22%), followed by
P. aeruginosa (15%), E. coli (9%), Corynebacterium spp. (8%) and P. mirabilis (6%) (Table 6).

As shown in Table 7, microbial susceptibility to antibiotics was assessed for the 99
bacterial strains isolated. 3-lactam presented the highest percentage of resistant bacteria
(69%), followed by fluoroquinolones (47%), aminoglycosides (22%) and macrolides (18%)
(Table 7). Antimicrobial-resistant bacteria were more frequent in polymicrobial infections
than monomicrobial, as confirmed by a systematic review published in 2020 about the
prevalence of antibiotic resistance in DFUs [44]. In this scenario, it is clear that in DFUs
clinical management, microorganisms’ epidemiology is crucial to determine the lesion
severity and possible therapeutic strategies.

The type of infection (poly- or monomicrobial) and the frequency of bacteria poorly
sensitive to antibiotics were also correlated with the characteristics of the sample population
(gender, cigarette smoking, BMI and number of comorbidities) to identify patterns that
could be a starting point for further epidemiological and clinical investigations.

These findings allow us to distinguish two typologies of DFU patient, according to
infection type. The polymicrobial patient infected by two concomitant bacteria (Figures 1-4)
was male (Figure 1), smoker (Figure 2), overweight (Figure 3), with a NuD of 2 (Figure 4).
On the other hand, the monomicrobial patient was also male (Figure 1), smoker (Figure 2),
overweight (Figure 3) with NuD 4.

These findings emphasize once again that antibiotic therapy for DFU is an ardu-
ous clinical pathway, despite that to date there are still no clinical guidelines, but only
recommendations [45-47].

5. Conclusions

Knowledge of DFU microbiological epidemiology is a crucial aspect for appropriate
clinical management. Indeed one of the main factors affecting the healing of the ulcer is
undoubtedly the presence of resistant microorganisms. Among these, antibiotic suscepti-
bility of DFU colonizing microorganisms allows to provide the most appropriate antibiotic
therapy with a reduction of health care costs and in the development of resistant strains. In
this scenario, the DFU microbiota analysis together with the antibiotic susceptibility profiles
allows personalizing, as much as possible, the diagnostic, therapeutic and care process.
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