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Aim: To investigate the rate of antibiotic resistance and its main risk factors in a population

of patients with diabetic foot infection (DFI) during the COVID-19 pandemic, in comparison

with the population of 2019.

Methods: Two hundred and twenty-five patients with DFI were admitted in a tertiary care

center from January 2019 to December 2020. Antibiotic resistance was evaluated by micro-

biological examination of soft tissues’ or bone’s biopsy.

Results: Compared with 2019 group (n = 105), 2020 group (n = 120) had a significantly higher

prevalence of antibiotic resistance [2019 vs 2020, 36% vs 63%, P <0.001] and more often was

admitted with recent or current antibiotic therapy (18% vs 52%, P <0.001), which was fre-

quently self-administered (5% vs 30%, P = 0.032). The risk of antibiotic resistance was also

higher in 2020 group [OR 95% CI, 2.90 (1.68 to 4.99)]. Prior hospitalization, antibiotic self-

administration and antibiotic prescription by general practitioners resulted as independent

predictors of antibiotic resistance.

Conclusions: In a population of people with DFI admitted in a tertiary care center during the

COVID-19 pandemic the prevalence of antibiotic resistance was higher than 2019. Previous

hospitalization, antibiotic self-administration /prescription by general practitioners were

related to higher risk of antibiotic resistant infections.
� 2021 Elsevier B.V. All rights reserved.
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1. Introduction

Diabetes Mellitus (DM) affects more than 460 million people

worldwide [1] and represents a major health care issue, given

the high rate of long-term complications developed by dia-

betic people during their lifetime. Among these complica-

tions, diabetic foot ulcer (DFU) is the most common cause of

non-traumatic lower limb amputation [2], with detrimental

effects on mortality and quality of life. Moreover, DFU is

responsible for a heavy burden on health care costs due to

prolonged and recurrent hospitalization, infection and gan-

grene [3,4].

Infections in DFU are capturing the attention of the clini-

cians because often related to severe discomfort, increased

request of medical cares and high risk of healing failure,

which may rapidly lead to hospitalization and lower extrem-

ities amputation [5]. The development of diabetic foot infec-

tion (DFI) is strictly associated with an open wound [6], but

other risk factors include peripheral neuropathy and arteri-

opathy, diabetes-related immune dysfunction, renal impair-

ment and the chronic course of the wound itself [6,7]. DFI

still remains a clinical challenge due to the complexity of

medical and surgical treatments and the associated negative

outcome. Hence, DFI diagnosis is essential in order to identify

and properly treat the pathogens involved, with the ultimate

goal of avoiding demolitive surgery or medical emergencies,

such as wet gangrene or sepsis [8].

The treatment of infections, including DFI, is becoming

increasingly difficult because of the massive consumption of

antibiotic drugs which is heavily responsible for emerging

antimicrobial resistances [9]. The World Health Organization

has recognized the antibiotic resistance as one of the most

concerning public health threat of the 21st century [10]; more-

over, the risk of ineffective antibiotic administration may hin-

der the therapeutic target, compromising the healing process

in patients with infectious diseases, including DFI. Therefore,

the most effective management of both DFU and DFI appears

strongly dependent on the continuous delivery of medical

care by a multidisciplinary team which must involve several

figures, such as diabetologists, surgeons, radiologists and

infectious diseases specialists [11].

In this scenario, the sudden spread of coronavirus disease

(COVID-19) infection has affected the health care department

worldwide, determining an inevitable delay of the access to

ordinary procedures and outpatients clinics [12]. After almost

a year since the pandemic has been declared, recurrent lock-

downs and interruption of daily activities have already

caused profound changes in medical cares delivered to the

people with chronic diseases, including DM and DFU. More-

over, we already reported a higher rate of lower extremities

amputation in 2020, as compared with 2019 [12], as further

confirmed by other authors [13,14]. In our experience, ampu-

tation was significantly related to high rate of gangrene and

emergency conditions, which were diagnosed during the first

lockdown [12]. These circumstances have persisted over time,

as well as the limitations we are all living with since the

beginning of 2020. However, studies evaluating the risk of

antibiotic resistance associated with the hospital admissions

for DFI during the year of the pandemic are scanty.
The aim of the present study was: 1) to investigate the rate

of antibiotic resistant infections and the associated risk fac-

tors in a population of patients with both DFU and DFI admit-

ted to a tertiary care center during the 2020, in comparison

with the population admitted with the same diagnoses in

2019; 2) to evaluate the risk of antibiotic resistance in 2020

vs 2019.

2. Material and methods

2.1. Patients

This is a retrospective study of people with DM and DFU

admitted to the Division of Endocrinology and Metabolic Dis-

eases at the Teaching Hospital of University of Campania

‘‘Luigi Vanvitelli” (Naples, Italy), from the 1st of January 2019

to the 31st of December 2020. In order to be included, the indi-

viduals had to have: 1) a diagnosis of diabetes resulting from

medical records, 2) a hospital admission for DFU, 3) a micro-

biological diagnosis of DFI, according to Infectious Diseases

Society of America/International Working Group on Diabetic

Foot (IDSA/IWGDF) guidelines [15]. We excluded from the

study patients who only attended the outpatient clinic, those

with sterile cultural examination or with pre-ulcerative

lesions.

2.2. Data collection

Baseline clinical features were collected from hospital medi-

cal records and organized into an internal electronic data-

base. We registered age, sex, diabetes duration, whether

patients were attending regular outpatient visits and were

admitted for emergency conditions. HbA1c, renal function

parameters [serum creatinine, estimated glomerular filtration

rate (eGFR) and urinary albumin to creatinine ratio (UACR)], C-

reactive protein (CRP) and White Blood Cells (WBC) count

were recorded. Information about peripheral neuropathy

and peripheral artery disease, history of previous ulcers was

registered, as well as the duration of the current DFU, the

presence of gangrene and osteomyelitis. The treatment

assigned for the DFU, including revascularization and ampu-

tation, was also recorded. Moreover, information about the

rate of mono- or polymicrobial infection, isolation of Gram-

positive, Gram-negative or both was gathered. Furthermore,

in order to investigate the prevalence of infections by antibi-

otic resistant microorganisms, we registered, among Gram-

positive, Staphilococcus Aureus (S. Aureus) resistance to oxa-

cillin, Corinebacterium Striatum (C. Striatum) resistance to

both vancomycin and linezolid, Enterococcus Faecalis (E. Fae-

calis) resistance to ampicillin and Enterococcus Faecium (E.

Faecium) resistance to vancomycin; among Gram-negative,

single or multiple resistance to carbapenems, colistin, 3rd

and 4th generation cephalosporins, piperacillin/tazobactam

and quinolones was also evaluated and recorded. The main

risk factors for antibiotic resistance, including prior hospital-

ization within 6 months before the admission and recent or

current antibiotic therapy, were retrieved from patients’ clin-

ical history. Specifically, we registered if the patients had

taken any antibiotic therapy within 2 weeks from the hospital



d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 7 5 ( 2 0 2 1 ) 1 0 8 7 9 7 3
admission and whether this therapy was empirical or tar-

geted according to any cultural examination; data about

self-administration, prescription by general practitioners or

specialists were also collected. This was a retrospective case

notes analysis study and, as such, the local ethical committee

was notified on data collection.

2.3. Clinical assessment

Peripheral artery disease was diagnosed with color doppler

ultrasound, peripheral angio-CT or peripheral arteriography.

Peripheral neuropathy was detected with the diabetic neu-

ropathy index for somatic and autonomic neuropathy. The

diagnosis of infection was performed by both clinical signs

and soft tissues’ and/or bone’s biopsy. Moreover, all the

patients underwent to X-ray examination of the foot; mag-

netic resonance imaging was performed if osteomyelitis was

suspected. Revascularization was referred to both endovascu-

lar and surgical procedures. Amputation included the trans-

verse removal of part of the lower limb above or below the

ankle joint (both major and minor amputation) [16]. The

University of Texas Classification System was used to classify

the ulcers [17], whereas the IDSA/IWGDF classification was

used to define the severity of the infections [15].

eGFR was determined by MDRD formula. Albuminuria was

detected in fresh urine samples by immunonephelometry or

immunoturbidimetry by calculating urinary albumin-to-

creatinine ratio (UACR) in early-morning first-voided urine

samples. The hospital’s chemistry laboratory also provided

the assays for HbA1c, serum creatinine, CRP and WBC count,

whereas the hospital’s microbiology laboratory was involved

in the microbiological examination of the biopsies with the

relative antibiograms.

2.4. Statistical analysis

Descriptive statistics was used to compare baseline features

of patients admitted in 2019 vs those admitted in 2020.

According to the sample distribution, data in tables and fig-

ures are presented as mean ± standard deviation or median

and interquartile range. Differences between the populations

were calculated by two-sided Student’s t-test or Wilcoxon-

Mann-Whitney test, as appropriate. The v2 test was used for

comparing dichotomous variables. The odds ratio (OR) and

95% confidence interval of antibiotic resistance in 2020, as

compared to 2019, was calculated from a logistic regression

model, whereas a multivariate logistic regression analysis

was used to evaluate the association between the antibiotic

resistance and its main risk factors. The OR for antibiotic

resistance and their respective 95% confidence interval were

calculated. A P value < 0.05 was considered statistically signif-

icant. All statistical analyses were performed using SPSS soft-

ware (version 14.2, SPSS, Chicago, IL, USA).

3. Results

The study population included 225 people, of whom 105 were

admitted in 2019 and 120 in 2020. Baseline demographic and

clinical characteristics are described in Table 1. As compared
with 2019, in 2020 the patients’ mean age was significantly

lower [2019 vs 2020, median (IQR), 69.0 (62.0, 77.0) vs 65.0

(58.0, 74.0), P = 0.024]; moreover, a higher prevalence of men

was found (54% vs 69%, P = 0.031). There were no differences

between groups in biochemical parameters, except for UACR,

CRP and WBC count, that were significantly higher in the

cohort admitted in 2020. The prevalence of peripheral artery

disease and peripheral neuropathy was similar in both

groups; however, more patients in 2020 had history of previ-

ous ulcers, as compared with 2019 patients (50% vs 70%,

P = 0.004). In 2020, the rate of individuals coming from regular

outpatient visits was significantly lower (39% vs 25%,

P = 0.048), whereas the number of patients who were admit-

ted because of emergency conditions resulted significantly

higher (37% vs 60%, P = 0.001), as compared with 2019 group.

There were no differences between groups in ulcer duration,

ulcer clinical features and rate of osteomyelitis, whereas the

prevalence of gangrene was higher in 2020 (13% vs 38%, P

<0.001). Moreover, there was no difference in the percentage

of patients undergoing revascularization; the amputation rate

was higher in 2020 (25% vs 40%, P = 0.022).

As compared with 2019, a higher rate of antibiotic resis-

tance was detected in 2020 (36% vs 63%, P <0.001, Fig. 1A).

There were no differences between groups in the proportion

of monomicrobial or polymicrobial infections (Fig. 1B), the

type of pathogens involved (Gram-positive, Gram-negative

or mixed) (Fig. 1C) and in the rate of prior hospitalization

(Fig. 1E); according to the IDSA/IWGDF classification, the

prevalence of severe infections was significantly higher in

2020 (7% vs 17%, P = 0.036) (Fig. 1D). Among the overall popu-

lation, 19 patients of the 2019 group (18%) and 63 patients of

the 2020 group (52%) were admitted with recent or current

antibiotic therapy (P <0.001) (Fig. 1F). Within these subsets

of patients, the rate of the administration of empirical antibi-

otics was higher in 2020 (53% vs 79%, P = 0.044) (Fig. 1G). More-

over, as compared with 2019, a higher rate of antibiotics self-

administration (5% vs 30%, P = 0.032), associated with a signif-

icant reduction of prescriptions by specialists (79% vs 35%,

P = 0.002), was found in 2020 (Fig. 1H).

Table 2 describes antibiotic resistance features. There was

no difference in the rate of resistance to single or multiple

antibiotics. The most frequent Gram-positive pathogen iso-

lated in both 2019 and 2020 was S. Aureus, whereas, among

Gram-negative, P. Aeruginosa was detected more frequently

in both cohorts (Supplementary Table S1). As compared with

2019, the prevalence of S. Aureus resistance to oxacillin (22%

vs 41%, P = 0.022) and the prevalence of C. Striatum resistance

to both vancomycin (70% vs 95%, P = 0.041) and linezolid (30%

vs 68%, P = 0.031) were significantly higher in the 2020. No dif-

ferences between groups were found in ampicillin resistance

of E. Faecalis and vancomycin resistance of E. Faecium.

Among Gram-negative pathogens, a significantly higher rate

of resistance to carbapenems (15% vs 41%, P = 0.001), colistin

(18% vs 49%, P = 0.010) and 3rd and 4th generation cephalos-

porins (25% vs 45%, P = 0.021) was observed in 2020; the preva-

lence of piperacillin/tazobactam and quinolones resistance

was similar in both groups.

In the multiple logistic regression analysis (Table 3), prior

hospitalization [OR, 95% CI, 2.09 (1.11 to 3.94), P = 0.02], antibi-

otic self-administration [23.77 (2.91 to 194.13), P = 0.00] and



Table 1 – Baseline demographic and clinical characteristics of participants admitted in 2019 and 2020.

Parameter 2019 (n = 105) 2020 (n = 120) P

Age, years 69.0 (62.0, 77.0) 65.0 (58.0, 74.0) 0.024
Male/Female 57/48 83/37 0.031
Diabetes duration, years 19.3 ± 10.9 21.3 ± 12.6 0.196
HbA1c, % 7.3 (6.7, 8.5) 7.8 (6.8, 9.0) 0.168
HbA1c, mmol/mol 56 (50, 69) 62 (51, 75)
Renal Fuction

Creatinine, mg/dl 1.0 (0.8, 1.3) 1.0 (0.8, 1.4) 0.629
eGFR, ml/min 68.8 ± 29.7 67.1 ± 26.9 0.664
UACR, mg/g Cr 20.5 (5.5, 80.0) 51.5 (25.0, 165.0) <0.001

CRP, mg/dl 0.9 (0.3, 3.0) 2.1 (0.8, 5.9) <0.001
WBC, nx10e3/ul 8.3 (6.3, 10.0) 9.6 (7.5, 11.7) <0.001
Peripheral Artery Disease, n (%) 76 (72) 90 (75) 0.796
Peripheral Neuropathy, n (%) 78 (74) 102 (85) 0.066
History of previous ulcer, n (%) 53 (50) 84 (70) 0.004
Ulcer duration, months 5.0 (2.0, 12.0) 4.0 (2.0, 8.0) 0.195
Outpatient patients, n (%) 41 (39) 31 (25) 0.048
Admitted in emergency, n (%) 39 (37) 72 (60) 0.001
TEXAS classification system, n (%)

Superficial wound 27 (26) 21 (18) 0.181
Affecting tendons/capsules 25 (24) 25 (21) 0.708
Affecting bone/joint 53 (50) 74 (62) 0.120

Osteomyelitis, n (%) 53 (50) 74 (62) 0.120
Gangrene, n (%) 14 (13) 46 (38) <0.001
Revascularization, n (%) 14 (13) 28 (23) 0.080
Amputation, n (%) 26 (25) 48 (40) 0.022

Data are reported as mean ± SD, median (IQR) or number and percentage. CRP, C-reactive protein; eGFR, estimated glomerular filtration rate;

UACR, urinary albumin to creatinine ratio; WBC, white blood cells.
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prescription by general practitioners [11.57 (2.95 to 45.37),

P = 0.00] resulted as positive predictors of antibiotic resis-

tance. The OR for antibiotic resistance was almost 3-fold

higher in the 2020 group vs 2019 group [2.90 (1.68 to 4.99)].

4. Discussion

To the best of our knowledge, this is the first study evaluating

the prevalence and the risk factors for antibiotic resistance in

patients admitted in a tertiary care center for DFI during the

COVID-19 pandemic. Our results show an almost 3-fold

higher risk of antibiotic resistant infections in 2020, as com-

pared with 2019. This finding was consistent with the higher

rate of amputation performed and the more severe infections

we detected at patients’ admission in 2020. Interestingly,

antibiotic resistance did not seem related to the ulcer depth

or the diagnosis of osteomyelitis; on the other hand, the rate

of gangrene was significantly increased in 2020. Among

antibiotic resistance risk factors, there was a higher rate of

domiciliary antibiotic therapies, which were often self-

administered in the 2020 group of patients. This was also con-

firmed by the logistic regression analysis, which identified

history of prior hospitalization, antibiotic self-

administration and antibiotic prescription by general practi-

tioners as independent predictors of antibiotic resistance in

these cohorts of patients.

The association of antibiotic resistance with the inappro-

priate use of antibiotics, in terms of administration and dura-

tion of treatments, was already described in patients with DFI

[18]. Antimicrobial therapies are often prescribed by physi-
cians or self-administered by patients, even without a certain

diagnosis of infection, with the aim of reducing or preventing

the bacterial colonization of the wound [8]. However, antibi-

otic treatments need to be considered as part of a multidisci-

plinary approach, which may require, at first, a proper

diagnosis in association with an accurate debridement, drai-

nage or resection of infected tissues [8]. Several studies have

confirmed that the timing of interventions may improve DFI

outcome and reduce the need or the duration of antibiotic

therapies [19,20]. On the other hand, the indiscriminate use

of these drugs is strongly associated with the selection of

resistant or multi-resistant pathogens [21–24], determining

healing impairment and additional demolitive surgery [5,25].

Of note, the reduction of ulcer healing time together with

the conservative approachmay strongly improve the outcome

of DFU, in terms of recurrence, amputation and mortality [26].

Moreover, antibiotic resistant infections usually require the

administration of specific antibiotics and the hospitalization,

which is itself a notorious risk factor for antibiotic resistance

[27]. Furthermore, antibiotics may determine adverse effects

or toxic reactions, which may be responsible for the worsen-

ing of the systemic clinical conditions and a dangerous reduc-

tion of patient’s compliance to the therapy [8].

Since the end of 2019, the COVID-19 pandemic emerged all

over the world, making more challenging the ongoing man-

agement of people with chronic diseases [12,28]. Although

the spread of telehealth has represented an important mean

of care delivery for several conditions, DFU often requires

‘‘face to face” visits with multiple specialists [13], which were

abruptly interrupted or delayed. In addition, fragile patients



Fig. 1 – Proportion of patients admitted in 2019 and 2020 according to: antibiotic resistance (A); monomicrobial or

polymicrobial infection (B); Gram+, Gram- or mixed infection (C); diagnosis of mild, moderate or severe infection according to

IDSA/IWGDF classification (D); history of prior hospitalization (within 6 months to the admission to our Division) (E); recent

(within 2 weeks) or current antibiotic therapy at admission (F); empirical or targeted antibiotic therapy at admission (G); self-

administration, general practitioners’ prescription or specialists’ prescription of antibiotic therapy at admission (H).
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Table 2 – Antibiotic resistance characteristics and antibiograms of the participants admitted in 2019 and 2020.

Parameter 2019 (n = 105) 2020 (n = 120) P

Resistance to one/more antibiotics 7/47 1/30 0.248
Staphilococcus Aureus 68 83

Oxacillin resistance, n (%) 15 (22) 34 (41) 0.022
Corinebacterium Striatum

Vancomycin resistance, n (%)
Linezolid resistance, n (%)

20
14 (70)
6 (30)

22
21 (95)
15 (68)

0.041
0.031

Enterococcus Faecalis 20 13
Ampicillin resistance, n (%) 2 (10) 3 (23) 0.360

Enterococcus Faecium 0 2
Vancomycin resistance, n (%) 0 (0) 0 (0) 0.998

Gram- pathogens 67 75
Carbapenems resistance, n (%) 10 (15) 31 (41) 0.001
Colistin resistance, n (%) 10 (18) 37 (49) 0.010
Cephalosporins resistance, n (%) 17 (25) 34 (45) 0.021
Piperacillin/Tazobactam resistance, n (%) 14 (21) 21 (28) 0.432
Quinolones resistance, n (%) 26 (39) 41 (55) 0.085

Table 3 – Contribution of the main risk factors to antibiotic resistance based on multiple logistic regression.

Variable OR 95% CI P

Age 1.01 0.98 to 1.04 0.42
Ulcer duration 1.02 0.99 to 1.05 0.18
Admission in emergency

Yes vs No
1.84 0.97 to 3.51 0.06

Prior hospitalization
Yes vs No

2.09 1.11 to 3.94 0.02

Antibiotic therapy
Targeted vs Empirical

0.54 0.16 to 1.91 0.34

Antibiotic therapy prescription
Self-administered
By general practitioners
By specialists

23.77
11.57
1.89

2.91 to 194.13
2.95 to 45.37
0.69 to 5.15

0.00
0.00
0.21
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have been dealing with the personal fear or the difficulty to

reach hospitals and clinics, and the limitations in outpatient

accesses in order to guarantee the mandatory social distanc-

ing. Moreover, the massive recruitment of infectious diseases

specialists to COVID-19 dedicatedwards have determined fur-

ther issues in the attendance of specialists’ consultation.

Therefore, it may be reasonable that the increased prevalence

of antibiotic resistance in individuals with DFI is related to

these circumstances, which were responsible for a higher rate

of antibiotic self-administration and a reduction of prescrip-

tion by specialists.

Several studies have investigated the bacteriological pro-

file of patients affected by DFI, with controversial results

due to different geographical areas, type of infections or

method applied to get cultural samples [29,30]. Our data,

which are completely based on biopsies, confirm the role of

S. Aureus and P. Aeruginosa as the main aerobic bacteria

implicated in DFI, among Gram-positive and Gram-negative

pathogens respectively [30]. Moreover, the prevalence of

antibiotic resistance in the population of patients of 2019 is

coherent with previous studies involving subjects with DFI
[30]; on the other hand, the 2020 group has shown a signifi-

cantly higher rate of antibiotic resistance, mainly concerning

S. Aureus resistance to oxacillin, C. Striatum resistance to

both vancomycin and linezolid and Gram-negative resistance

to carbapenems, colistin and 3rd and 4th generations cepha-

losporins. Piperacillin/tazobactam and quinolones have

remained effective against the majority of Gram-negative

pathogens. Interestingly, there were no differences between

groups in the rate of mono- or polymicrobial infections,

which are usually responsible for a more severe DFI clinical

course [31], but not directly involved in antibiotic resistance

mechanisms. The isolation of multiple microorganisms may

also be the result of a bacterial superinfection which is not

primarily associated with the pathogenesis of DFU. Moreover,

the antibiotic resistance of a single pathogen does not depend

on the contemporary colonization by other microorganisms.

Our finding may help clinicians to deal with DFI and con-

sider the risk of antibiotic resistance, which partially

accounted for the increase of amputation rate over the year

of the COVID-19 pandemic. Moreover, this study confirms

the importance of stewardship programs, which aim to pro-
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mote the awareness of antibiotics as precious but limited

resources, and their inappropriate prescriptions as responsi-

ble for their own ineffectiveness [27,32].

This study has limitations, mainly due to its retrospective

design which does not allow to properly identify a cause-

effect relationship between antibiotic resistance and the risk

factors. Moreover, these results refer to a single-center expe-

rience, which may not be representative of the entire popula-

tion with DFI. On the other hand, this study includes a quite

large number of selected diabetic individuals, who underwent

a high standard level of care according to both the expertise of

a tertiary care center and the international practical guide-

lines. Another strength of the present study refers to the

use of biopsies from bones or soft tissues to isolate

pathogens.

In conclusion, in a population of patients with DFI admit-

ted in a single tertiary care center, there was a 3-fold higher

risk for antibiotic resistance in 2020, as compared with indi-

viduals admitted with the same diagnosis in 2019. Prior hos-

pitalization, antibiotic self-administration or antibiotic

prescription by general practitioners were predictors of

antibiotic resistance in this population. Persisting the pan-

demic, clinicians should be aware that people with DFI may

present more frequently antibiotic resistant infections; there-

fore, both a detailed pharmacological anamnesis and educa-

tion of patients, together with stewardship programs may

be helpful in the next future.
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