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ABSTRACT

Objectives: To investigate the microbiological trends of community-acquired diabetic foot osteomyelitis
(DFO) over the past two decades in specialized academic centres in Switzerland, Spain, and Turkey.
Methods: A retrospective analysis of DFO cohorts (2000-2019) from five centres (Geneva, Zurich, Las
Palmas, Barcelona, Istanbul) stratified into four periods (P1-P4) to assess microbiological changes.
Results: Among 1379 DFO episodes (76% male, median age 67 years; 90% type 2 diabetes, median du-
ration 17 years), gram-positive bacteria were identified in 82%, including Staphylococcus aureus (47%).
Methicillin-resistant S. aureus (MRSA) was more prevalent in Barcelona (36%), Las Palmas (24%), and
Geneva (29%) than in Zurich (7%). Over time, gram-positive bacteria remained stable or decreased, par-
ticularly in Las Palmas (83% to 65%, P = 0.03). The proportion of MRSA decreased in Geneva (39% to 16%)
and Las Palmas (37% to 9%), but remained stable in Barcelona. Enterobacteriaceae prevalence increased,
notably in Geneva (16% to 39%, P < 0.01) and Las Palmas (27% to 41%, P < 0.01). Among gram-negative
pathogens quinolone resistance was 12.5%. Enterobacteriaceae-DFO was associated with ischemic necrosis
(OR 1.65), Las Palmas cohort (OR 3.14), and 2016-2019 period (OR 2.68).
Conclusions: A significant increase in Enterobacteriaceae-related DFOs was observed from 2016 to 2019,
particularly in Mediterranean Europe.
© 2025 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

glycaemic control, microbiological assessment, surgical interven-
tion, and culture-based antibiotic therapy [1-5]. The causative

The management of diabetic foot osteomyelitis (DFO) re- pathogens are often polymicrobial and influenced by patient char-
quires a multidisciplinary approach, including pressure off-loading, acteristics, previous antibiotic therapy, orthopaedic implants [6]
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and geographic associated epidemiology.

In the northern hemisphere (predominantly resource-rich coun-
tries), methicillin-susceptible Staphylococcus aureus has been the
most commonly isolated DFO pathogen, followed by other aero-
bic gram-positive bacteria such as coagulase-negative staphylococci
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and skin commensals [7], gram-negative rods (e.g. Pseudomonas
spp., Enterobacteriaceae) [8] or gram-negative anaerobes [9]. In
contrast, in resource-poor countries, and especially in South Asia
and semi-arid (sub)tropical regions, gram-negative bacteria fre-
quently dominate over staphylococci in diabetic foot infections
(DFI), for as yet incompletely explained reasons [10,11].

This global difference in DFI microbiology may be favouring
gram-negatives. Over the past fifteen years, there has been a
worldwide increase in infections caused by gram-negative bacilli
[12], including in osteoarticular infections [13] like DFO [14]. In-
fections caused by the Enterobacteriaceae family are of particular
concern. This is because of their great numbers in the commu-
nity, with frequent spillover into the hospitals, and their raising
rates of antibiotic resistance to most first-line agents [10,12,15-
17], including quinolones (the main oral therapy). This shift may
have serious adverse consequences for both patients and health
care systems, since infections caused by gram-negative infections,
with high rates of antibiotic (multi)-resistance [10-17] compared
to gram-positive pathogens, are associated with more prolonged
inflammation [18], higher rates of limb loss [19], more frequent an-
tibiotic overuse [20] and higher mortality in severe DFI [2].

For the present study, we shared the information from several
European countries to compile a large database for research pur-
poses. Our main objective was to investigate if there were any mi-
crobiological changes in the causative pathogens of DFO over the
study time and by the geographic location. We specifically focused
on DFO caused by Enterobacteriaceae, investigating their trends
and seeking to identify any variables that might be associated with
this etiology.

Material and methods
Study criteria
We focused on community-acquired DFOs in adult patients who

individually consented for their data to be used for research pur-
poses, with a minimum follow-up of six months after treatment.
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We defined DFO according to guidelines formulated by the In-
fectious Diseases Society of America (IDSA) [2] or International
Working Group on the Diabetic Foot (IWGDF) [4]. After review,
we excluded what we considered implausible cases from the anal-
ysis (doubtful diagnosis or incomplete data, implant-related DFO
episodes, and exclusively soft-tissue or nosocomial infections). A
detailed flowchart outlining the inclusion and exclusion criteria can
be found in Supplementary Figure 1.

We used only microbiological assessments of DFO from bone
biopsies, ensuring a higher accuracy of the results. We used the
outcome “Enterobacteriaceae” to represent either a monobacterial
infection or a dominant pathogen in a polymicrobial DFO.

Research group and composite database

We used a composite database of five cohorts of patients di-
agnosed with community-acquired DFI over the last two decades
(from 1 January 2000 to 31 December 2019) in three European
countries: Zurich and Geneva in Switzerland; Barcelona and Las
Palmas de Gran Canaria in Spain; and Istanbul in Turkey. These
cities represent the longitudinally opposite locations in Switzerland
and Spain, with Barcelona and Istanbul as opposites in “Mediter-
ranean Europe,” while the Swiss centres serve as a “control” in
Central Europe.

The database study periods were as follows: Zurich 2000-2019;
Geneva 2000-2019; Las Palmas 2000-2015; Barcelona 2011-2019;
and, Istanbul 2016-2019 (see Figure 1). The choice of variables col-
lected was at the discretion of the investigator(s), but included
at least the following: patient demographic data; DFO diagnosis;
DFO microbiology; DFO-related surgery; other relevant DFO thera-
pies; and, DFO outcomes. The only consistently available antibiotic-
resistance data were for the quinolone agents.

Statistical analyses

We used descriptive and comparative statistics (Pearson-x2 or
Fisher’s Exact test, Student-t, or Mann-Whitney-U-tests) and an un-
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Figure 1. Percentage that each centre represents for each time period.
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Table 1
Demographic characteristics of diabetic foot osteomyelitis episodes.
Overall Zurich Geneva Las Palmas Barcelona Istanbul
(n = 1379) (n = 589) (n =323) (n = 353) (n = 86) (n =28)
Male sex (n;%) 1044 (76) 475 (81) 246 (76) 235 (67) 65 (76) 23 (82)
Median age (years, IQR) 67 (59-74) 68 (60-74) 69 (60-76) 65 (56-72) 63 (57-70) 67 (66-67)
Body mass index (median, kg/m?) 29 (25-33) 30 (25-33) 27 (24-31) not available 31 (26-40) not available
Glycated hemoglobulin (%, median, IQR) 7.8 (6.8-9.2) 7.6 (6.6-8.7) 7.2 (6.4-8.8) 8.3 (7.1-9.9) 8.0 (7-9) 8.0 (7.1-9.8)
Type 2 diabetes mellitus (n;%) 1245 (90) 496 (84) 305 (94) 338 (96) 78 (91) 28 (100)
Years of diabetes mellitus (median, IQR) 17 (10-25) 18 (11-26) 14 (7-25) 18 (11-25) 10 (9-20) 20 (6-25)
Symptomatic arterial vasculopathy (n;%) 744 (54) 416 (71) not available 209 (59) 37 (43) not available
Diabetic neuropathy (n;%) 917 (67) 535 (91) 208 (64) 110 (31) 64 (74) not available
>1 previous foot infections (n;%) 634 (46) 260 (44) 167 (52) 142 (40) 37 (44) not available
Forefoot osteomyelitis (n;%) 1136 (82) 497 (84) 235 (73) 321 (91) 62 (72) 21 (75)
Duration antibiotic therapy (median days, IQR) 21 (14-41) 21 (14-39) 25 (15-42) not available 25 (0-40) not available

Data presented are n (percentage), median values and interquartile ranges. The differences between cohorts were statistically significant, P-values were omitted.

conditional logistic regression analysis assessing for the large case-
mix.

Because we had a large number of DFO episodes, and very few
had missing data, we elected not to perform formal power analyses
or imputations.

The multivariable logistic regression model controlled for key
confounders, such as age, biological sex, and prior antibiotic treat-
ment before microbiological sampling. It also assessed interactions
between the variables "Centre’ and 'time period. We used STATA™
software (16.1, College Station, USA) and classified P-values < 0.05
(two-sided) as statistically significant.

Results
Study population

Among 3135 DFI from the composite database, we retrieved
1379 DFO cases: 589 (43%) from Zurich, 323 (23%) from Geneva,
353 (26%) from Las Palmas, 86 (6%) from Barcelona, and 28 (2%)
from Istanbul (Table 1). Among all patients, 76% were male, the
median age was 67 years (interquartile range [IQR], 59-74 years),
90% had type 2 diabetes, the median serum glycated haemoglobin
level was 7.8% (IQR, 6.8%-9.2%) and the median diabetes duration
was 17 years (IQR, 10-25 y). Patients experienced more than one
DFO episode in 45% of cases, with 77% of these involving two
episodes. Most DFO cases were anatomically localized to the fore-
foot (82%) and were treated with a combined surgical and medical
approach in 73% of cases (1001 orthopaedic surgeries for the 1379
DFO episodes).

There were statistically significant differences between geo-
graphical cohorts in several characteristics. From a clinical point
of view: i) the Barcelona cohort had the youngest patients and the
shortest duration of diabetes mellitus (median 10 years, IQR 9-20);
ii) patients from all cohorts had glycated hemoglobulin values at
presentation of >7%, ranging from 7.2% in Geneva to 8.3% in Las
Palmas; iii) cohorts from Zurich had a higher percentage of vas-
culopathy than those from Las Palmas and Barcelona; and, iv) a
history of a previous foot infection ranged from 40% (in the Las
Palmas) to 52% (in the Geneva) cohorts.

Microbiology

Among the 1379 culture-positive cases, polymicrobial infection
occurred in 624 (45%). For simplicity, we interpreted every isolate
from a bone sample as a true pathogen; thus, there were 2215
pathogens identified. Among them, 1454 cases (66%) were caused
by gram-positive bacteria, 670 (30%) were gram-negative bacteria,
and the remaining 75 by obligate anaerobes (3%), or fungi (n = 16,
1%).

S. aureus was the isolate most frequently cultured from the
DFO cases (n = 644, 29%), among which 510 were methicillin-
susceptible (MSSA) and 134 methicillin-resistant (MRSA) (repre-
senting 20.8% of all S. aureus isolates). Figure 2a shows the micro-
biology of gram-positive isolates.

Regarding gram-negative bacteria, the Enterobacteriaceae group
was the most frequent (n = 444, 20%), whereas the most fre-
quent responsible individual isolates were Pseudomonas aeruginosa
(n = 161, 8%), Enterobacter cloacae (n = 103, 4.7%) and Escherichia
coli (n = 100, 4.5%). Figure 2b shows the microbiology of Enter-
obacteriaceae group.

a) Differences in the microbiology among centres

Table 2 shows a comparison in the microbiology among the
centres for the most common isolates. As the percentages in the
Istanbul cohort may be biased by its small size, we did not refer to
this cohort in further comparisons.

Overall, the proportion of gram-positive microorganisms was
significantly higher in Zurich and Geneva than in Las Palmas and
Barcelona. To the contrary, the proportion of gram-negative bacilli
was significantly higher in both Spanish cohorts than in the Swiss
cohorts. The proportion of S. aureus among all etiologic pathogens
ranged from 35% in Zurich to 60% in Las Palmas (P < 0.01); among
these isolates there was a higher proportion of MRSA in Barcelona
(36%), Geneva (29%) and Las Palmas (24%) compared to Zurich (7%).
The proportion of Enterobacteriaceae among all isolates was higher
in Las Palmas and Barcelona (37% and 38%, respectively) than in
Geneva and Zurich (28% and 21%, respectively; P < 0.01). The high-
est proportion of P. aeruginosa isolates was in the Barcelona cohort
(30%).

b) Changing trends in microbiologic result among centres over time

To examine the trends, we grouped the total number of isolates
from DFO episodes into four periods: 2000-2005 (P1), 2006-2010
(P2), 2011-2015 (P3) and 2016-2019 (P4).

Over the study period, the proportion of gram-positive microor-
ganisms remained stable or decreased, particularly in Las Palmas
from 83% in P1 to 65% in P3, P = 0.03; and, in Barcelona from
87% in P3 to 63% in P4, P = 0.11. The proportion of methicillin-
susceptible S. aureus isolates did not change significantly, except in
the Zurich cohort, where it increased from 21% in P1 to 35% in P4
(P = 0.04). The proportions of Streptococcus and Enterococcus re-
mained stable as well, although these data are not shown in the
table due to the minimal number of cases. However, there was a
decrease in coagulase-negative staphylococci over the years in all
cohorts. Additionally, the specific proportion of MRSA decreased
over time in the Geneva (39% to 16%, P = 0.03) and Las Palmas
(37% to 9%, P < 0.01), but remained stable in Barcelona. To the con-
trary, the proportion of gram-negative bacilli tended to increase in
some cohorts, particularly in Enterobacteriaceae group, where the
rise was more pronounced notably in Geneva from 16% in P1 to
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Figure 2. Microbiology of diabetic foot osteomyelitis, 2215 microbiologic isolates. a. Gram-positive isolates. b. Enterobacteriaceae group isolates.

39% in P4 (P < 0.01) and Las Palmas from 27% in P1 to 41% in P3
(P < 0,01) (See Table 3).

Quinolone resistance among gram-negative bacilli

We evaluated the available data on antibiotic resistance of a to-
tal of 369 bacterial isolates from Zurich, Geneva, and Barcelona.
The overall rate of quinolone resistance was 12.5% (46/369 iso-
lates), with 9% (9/103) in the first decade and 14% (37/266) in
the second. Barcelona had the highest rate at 19%, compared
to 14% in Geneva and 9% in Zurich. The isolates that were
most frequently quinolone-resistant were E. coli and P. aerugi-
nosa (25% for each) followed by Enterobacter spp. and Proteus spp.
(13% each).

Specifically, for Pseudomonas aeruginosa and Enterobacteriaceae,
the MIC threshold for quinolone resistance was set at >0.5 mg/L

for ciprofloxacin, as per EUCAST criteria (https://www.eucast.org/
clinical_breakpoints).

Risk associations for enterobacterial osteomyelitis

Table 4 shows the results of the univariate and multivariate
logistic regression analyses. The proportion of Enterobacteriaceae
was not significantly associated with the patient’s age or prior
antibiotic treatment. In contrast, the presence of necrosis (or is-
chemic maceration) was significantly associated with a higher pro-
portion of Enterobacteriaceae compared to other bacterial groups
(odds ratio [OR] 1.65, 95% confidence interval [CI] 1.26-2.15; P <
0.01).

Using the first study period (2000-2005) and the cohort from
Zurich as the references in the multivariate analysis, we found that
all other cohorts were at a higher risk for Enterobacterial DFO, in-
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Table 2
Microbiological results by centre for each episode.
Zurich Geneva Las Palmas Barcelona Istanbul
(n = 589) (n = 323) (n = 353) (n = 86) (n =28)
Gram positive bacteria (n = 1130) 514 (87) 283 (88) 262 (74) 58 (67) 13 (46)
Staphylococcus aureus (n = 644) 204 (35) 188 (58) 212 (60) 36 (42) 4 (14)
MSSA (n = 510) 189 (32) 133 (41) 162 (46) 23 (27) 3(11)
MRSA? (n = 134) 15 (7) 55 (29) 50 (24) 13 (36) 1(25)
Streptococcus spp (n = 137) 56 (10) 59 (18) 13 (4) 7 (8) 2 (7)
Enterococcus spp (n = 162) 90 (15) 48 (15) 5(1) 14 (16) 5 (18)
CoNS (n = 368) 255 (43) 63 (20) 38 (11) 8(9) 4 (14)
Staphylococcus epidermidis (n = 183) 129 (22) 13 (4) 38 (11) 5(6) 3 (11)
Gram negative i(n = 568) 178 (30) 134 (41) 179 (51) 56 (65) 21 (75)
Enterobacteriaceae (n = 394) 123 (21) 90 (28) 132 (37) 33 (38) 16 (57)
Escherichia coli (n = 100) 27 (5) 19 (6) 39 (11) 9 (10) 6 (21)
Enterobacter cloacae (n = 103) 38 (6) 28 (9) 29 (8) 6 (7) 2(7)
Pseudomonas aeruginosa (n = 161) 49 (8) 49 (15) 30 (9) 26 (30) 7 (25)
Obligate anaerobes (n = 74) 46 (8) 27 (8) 1 0 0
Data are presented for episodes with specific microbiological findings. (n; percentage).
2 The percentages of MRSA are out of the total of Staphylococcus aureus isolates.
MSSA, Meticillin sensitive Staphylococcus aureus; MRSA, Meticillin resistant Staphylococcus aureus; CoNS : Coagulase negative staphylococci.
Table 3
Rates of centre-specific microbiologic results over a specific time periods.
Episode | centre (n/N, %) Time Period
2000-2005 2006-1010 2011-2015 2016-2019 P value
(n = 303) (n = 333) (n = 336) (n = 377)
GPB Zurich (n = 589) 50/57 (88) 101/122 (83) 153/168 (91) 210/242 (87) 0.22
Geneva (n = 323) 101/113 (89) 37/44 (84) 87/99 (88) 58/67 (87) 0.83
Las Palmas (n = 351) 110/133 (83) 118/167 (71) 33/51 (65) - 0.03
BCN (n = 86) - - 15/18 (87) 43/68 (63) 0.11
MSSA Zurich (n = 589) 12/57 (21) 30/122 (25) 63/168 (38) 84/242 (35) 0.03
Geneva (n = 323) 40/113 (35) 19/44 (43) 42/99 (42) 32/67 (48) 0.41
Las Palmas (n = 351) 53/133 (40) 79/167 (47) 29/51 (57) - 0.21
BCN (n = 86) 6/18 (33) 17/68 (25) 0.48
MRSA? Zurich (n = 204) 0/12 6/36(17) 2[65 (3) 7/91 (8) 0.09
Geneva (n = 181) 24/61 (39) 12/28 (43) 13 /55 (24) 6/37 (16) 0.03
Las Palmas (n = 211) 31 /84 (37) 16 /94 (17) 3/32 (9) - <0.01
BCN (n = 36) - - 2/8 (25) 11/28 (39) 0.68
CoNS Zurich (n = 589) 33/57 (58) 55/122 (45) 77/168 (46) 90/242 (37) 0.03
Geneva (n = 323) 30/113 (27) 4/44 (9) 17/99 (17) 12/67 (18) 0.07
Las Palmas (n = 351) 22/133 (17) 16/167 (10) - - 0.01
BCN (n = 86) - - 4/18 (22) 4/68 (6) 0.03
GNB Zurich (n = 589) 14/57 (25) 35/122 (29) 54/168 (32) 75/242 (31) 0.71
Geneva (n = 323) 35/113 (31) 19/44 (43) 47/99 (47) 33/67 (49) 0.04
Las Palmas (n = 351) 58/133 (43) 93/167 (56) 27/51 (53) - 0.21
BCN (n = 86) - - 9/18 (50) 47/68 (69) 0.13
Enterobacteriaceae Zurich (n = 589) 12/57 (21) 15/122 (12) 38/168 (23) 58/242 (24) 0.07
Geneva (n = 323) 18/113 (16) 13/44 (30) 33/99 (33) 26/67 (39) <0.01
Las Palmas (n = 351) 36/133 (27) 75/167 (45) 21/51 (41) - <0.01
BCN (n = 86) - - 4 /18 (22) 29/68 (43) 0.11

Overall, 1349 episodes were analysed in the comparisons. However, 2 episodes from Las Palmas in the last period were deemed non-representative and excluded from the

table, along with 28 episodes from Istanbul in the same period, as they did not allow for meaningful comparisons.

n represents the number of episodes for each centre within the specified time period, while N represents the total number of episodes for each centre in the same period.
2 MRSA is reported as n/N (%), where N refers to the total number of Staphylococcus aureus episodes.

GPB: Gram-positive bacteria; MRSA: Methicillin-resistant Staphylococcus aureus; CoNS: Coagulase-negative staphylococci; GNB: Gram-negative bacilli.

cluding Geneva. However, the Spanish cohorts, and the last time
period, were each particularly associated with Enterobacterial bone
infection; the strongest association was with Las Palmas (OR 3.14,
95% CI 2.19-4.50, P < 0.01), and the last time period (OR 2.68, 95%
CI 1.75-4.10).

Discussion

Effective treatment of DFO depends on identifying the causative
pathogens and their antibiotic sensitivities. Historically, gram-
positive cocci, especially S. aureus [2,4], have been the main
pathogens. However, aerobic gram-negative bacilli are also com-
mon, particularly in ischemic vasculopathy and chronic wounds,
and are more prevalent in Asia and North Africa. Our study, cov-
ering cohorts from five European centres, offers valuable insights

into the causative microorganisms in community-acquired DFO
over time.

Over the last two decades, there has been a rise in infections
caused by Enterobacteriaceae, while the prevalence of infections
caused by gram-positive has remained stable. Epidemiological
differences were also observed among our cohorts, with a higher
incidence of MRSA infections in Spain and a lower, stabilized
incidence in Zurich [21]. Interestingly, MRSA cases have decreased
significantly since 2005 in hospitals in both the United States and
Europe. In our study, MRSA accounted for 28% of all S. aureus
infections from 2000 to 2010, but this decreased to 14% from 2011
to 2020.

We believe our findings accurately reflect the current micro-
biology of DFO, being largely free from major selection bias and
supported by previous studies [10,11,17,22]. The increase in infec-
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Multivariate logistic regression regarding the microbiological detection of Enterobacteriaceae osteomyelitis.

Enterobacterial OM

Non-Enterobacterial

Univariate results Multivariate results

(n = 378, 28%) OM (n = 973, 72%) OR (95% CI) OR (95% CI) P-value

Age (years) 66 (58-74) 67 (59-74) 0.99 (0.99-1.01) 0.99 (0.99-1.01) 0.74
Male sex 284 (75) 737 (76) 0.97 (0.73-1.27) 1.03 (0.77-1.37) 0.84
Antibiotic therapy prior to admission 203 (54) 577 (59) 0.80 (0.63-1.01) 0.88 (0.67-1.15) 0.35
Presence of ischemic necrosis 127 (34) 235 (24) 1.59 (1.23-2.06) 1.65 (1.26-2.15) <0.01
Study centres

Zurich 123 (33) 466 (48) 1 (default) 1 (default)

Geneva 90 (24) 233 (24) 1.46 (1.07-2.00) 1.77 (1.24-2.53) <0.01

Barcelona 33 (9) 53 (5) 2.36 (1.46-3.80) 2.03 (1.22-3.39) <0.01

Las Palmas-Canarias 132 (35) 221 (23) 2.26 (1.69-3.03) 3.14 (2.19-4.50) <0.01
Study periods in years

2000-2005 66 (17) 237 (24) 1 (default) 1 (default)

2006-2010 103 (27) 230 (24) 1.61 (1.12-2.30) 1.77 (1.21-2.58) <0.01

2011-2015 96 (25) 240 (25) 1.44 (1.00-2.06) 2.06 (1.39-3.04) <0.01

2016-2019 113 (30) 266 (27) 1.53 (1.07-2.17) 2.68 (1.75-4.10) <0.01

Results expressed as odds ratios (OR), 95% confidence intervals and rounded P-values.

tions caused by gram-negative and antibiotic-resistant pathogens,
particularly noted in the Mediterranean basin, presents significant
challenges for managing DFO [8,11,14,23].

Initially observed in nosocomial settings, the increasing preva-
lence of gram-negative infections has now spread to community
settings. European Antimicrobial Resistance Surveillance Reports
indicate high resistance rates in clinical isolates of E. coli and K.
pneumoniae, with notable quinolone resistance. For example, fluo-
roquinolone resistance of invasive E. coli rose from 20% in 2009 to
23.8% in 2019 [24,25]. Switzerland saw a rise in quinolone-resistant
E. coli from 10.3% in 2004 to 19.4% in 2015 [26]. A 10-year retro-
spective cohort study from Turkey reported an increased incidence
of gram-negative bacilli and antimicrobial resistance in DFI, partic-
ularly ESBL-producing E. coli [12].

Globally, there has also been a rising trend in Gram-negative
resistance. In a recent study from Peru, 60% of DFO isolates
were quinolone-resistant [11]. In Egypt, carbapenem resistance was
found in 14% of DFI isolates [21], and in Lebanon ESBL strains ac-
counted for 25% of DFO cases, with 37% showing quinolone resis-
tance [23].

Our study revealed an increase in quinolone-resistant gram-
negative bacilli in DFO cases, from 9% in the first decade to 14%
in the second. Significant differences were noted between centres,
with Barcelona having the highest rate (19%) and Geneva showing
almost double the rate compared to Zurich (14% vs. 9%). E. coli and
K. pneumoniae were the most frequently identified species among
quinolone-resistant gram-negative bacilli.

These findings emphasize the need for antibiotic stewardship
[20]. Overuse of antibiotics in both human and veterinary medicine
is a major factor contributing to increasing antibiotic resistance
[27]. Key risk factors for gram-negative DFO include the pres-
ence of necrosis in the wound and infections occurring in more
recent time periods. A Chinese retrospective study [28] linked
prolonged antibiotic exposure and diabetes duration with higher
risks of gram-negative foot infections, though it remains unclear if
antibiotic-resistant pathogens were more prevalent in subsequent
DFI episodes [28-30]. Non-antibiotic factors also play a role, such
as aging populations with advanced peripheral arterial disease [29]
leading to chronic lower limb ischemia and maceration in pres-
sure areas, which is common in calcaneal DFO and often associ-
ated with infection with Pseudomonas [8]. Other studies have con-
firmed that ischemic and pressure-related necrosis are risk factors
for gram-negative infections in diabetic feet [10,18,29].

Geographic location impacts the risk of gram-negative DFO.
In warm, humid climates, environmental microorganisms can in-
vade through ulcers, particularly in areas with ritual foot washing,
poor hand hygiene in medical settings, and use of non-protective

footwear. These factors likely contribute to the higher rates of
gram-negative DFO observed in Mediterranean regions compared
to Central Europe in our study [1].

Our study’s strength lies in the comprehensive inclusion of pa-
tients from five academic centres with established DFO cohorts and
scientific expertise. Limitations of the study include: some risk for
inherent selection bias; focus on only specific pathogen groups; in-
clusion of predominantly bone infections; and, exclusive inclusion
of selected countries. Conducting prospective surveillance across
Europe over several decades would provide more universally ap-
plicable data. We hope our findings will encourage further inves-
tigation into risk factors for gram-negative and antibiotic-resistant
infections in patients with DFO.

We are witnessing a rapid increase in gram-negative and
quinolone-resistant pathogens in community-acquired DFO cases,
especially in Spain, Turkey, and to some extent in Switzerland. We
urge healthcare providers to follow antibiotic stewardship princi-
ples to counter this trend [20].
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