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Objective: This study aimed to assess the microbiological concordance between swab and
soft tissue cultures, and corresponding bone specimen cultures from patients with diabetic
foot osteomyelitis (DFO). We aimed to analyze the bone specimens’ antimicrobial suscept-
ibilities, and to improve clinical management of diabetic foot ulcer infections by using proper
antibiotics.

Methods: The microbial culture results of ulcer swabs, and soft tissue and bone tissue
specimens, and the antimicrobial susceptibility tests of bone specimens from patients with
DFO were analyzed in a single diabetic foot center.

Results: A total of 60 patients with results from three specimens were included.
Staphylococcus aureus was the most common bacterium isolated from the three specimens.
The microbiological results for the three specimens were identical in 12 cases, the culture
results from swabs and bone tissue specimens were identical in 14 cases, and the results from
soft tissue and bone tissue were identical in 46 cases. The concordance of the results of
pathogens isolated between soft tissue and bone specimen cultures was higher than that
between the swab and bone cultures. Gram-positive bacteria were more sensitive to moxi-
floxacin, linezolid, and vancomycin, while Gram-negative bacteria were more sensitive to
piperacillin/tazobactam, cefoperazone/sulbactam, and carbapenems.

Conclusion: Soft tissue culture results have more reliable microbiological concordance to
identify DFO bacteria than swab culture results and targeted antibiotic therapy for DFO
should be based on antimicrobial susceptibility testing in bone tissue specimen cultures.
Keywords: diabetic foot osteomyelitis, ulcer swabbing, microbiological concordance,
antimicrobial susceptibility test, targeted antibiotic therapy

Introduction

Diabetic foot ulcers (DFUs) are one of the most common complications of diabetes,
and infections occur in more than half of foot ulcers.'" These ulcers frequently
become infected, thus, leading to diabetic foot osteomyelitis (DFO), and requiring
health care, antimicrobial treatment, and lower extremity amputations.2 Often, DFU
with osteomyelitis requires a multidisciplinary approach, owing to difficulties in
clinical diagnosis and treatment.>> However, identifying the pathogens responsible
is complicated by the presence of both pathogens and colonizers in most DFOs.
Therefore, accurate pathogen diagnoses and targeted antibacterial therapy for DFOs
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are urgently needed, and are dependent on accurate speci-
men collection, cultivation, pathogen identification, and
susceptibility testing.® Current evidence supports the eva-
luation of bone specimens as the best reliable diagnostic
technique for bone infections; this method provides reli-
able data on related pathogenic bacteria and antimicrobial
susceptibility.” '? Thus, the type of specimen collection
may be crucial in identifying the true pathogens under-
lying DFOs. Three techniques can be used to obtain speci-
mens for culture from DFOs: swab, tissue biopsy, and
bone biopsy. Previous studies have suggested that bone
biopsy is the gold standard culturing technique for DFOs,
whereas swab cultures are the least reliable, because they
have been reported to contain high numbers of colonizers
and often lack the true pathogens pathogens.>*:!31¢
However, bone specimens cannot always be collected
from DFOs because of concerns regarding infection
spread, ischemia, or damaging adjacent structures.'’
Therefore, swabs or soft tissue specimens are used instead
of bone specimens for microbiological assays.
Furthermore, swabs or soft tissue may be collected by
any member of a health-care team, and swab or soft tissue
specimens can be sent to a microbiology laboratory imme-
diately if surgical debridement must be delayed. Therefore,
the results from swab or soft tissue specimen cultures are
commonly used for identifying pathogens and selecting
antibiotics. However, previous research has suggested
that swabs and soft tissue specimens do not provide an
accurate picture of the organisms in the deep tissue and
bone biopsy samples.®'>"'*!® In addition, the above stu-
dies have shown large disparities in the pathogenic bac-
teria cultured from swabs or soft tissue specimens versus
bone tissue specimens. However, studies comparing the
results of bone, swab, and soft tissue specimen cultures for
patients with DFOs are lacking. In addition, 77.8% of
patients with DFO display bacterial resistance to the initial
empirical antibiotics administered.'® Therefore, the initial
targeted antibiotic therapy is essential for the management
of DFO.

In this study, we retrospectively investigated whether
the bone tissue culture results of patients with DFOs were
consistent with those of swabs and soft tissues, and we
analyzed the distribution and susceptibility of pathogenic
bacteria in bone tissue, with an aim to reexamine the
reliability of swabs, soft tissue specimens, and bone tissue
specimens, and to provide guidance for DFOs in patients
with targeted antibacterial therapy. To our knowledge, this
is the first simultaneously the

study comparing

microbiological concordance in the culture results of
bone tissue, swabs, and soft tissues in patients with DFO.

Patients and Methods

Patients

From May 2016 to December 2019, a total of 230 patients
with DFO were admitted to the Department of Endocrinology
of the First Affiliated Hospital of Chongqging Medical
University. According to the following inclusion and exclu-
sion criteria, 60 diabetic patients with diabetic foot infections
(DFIs) with DFO were retrospectively evaluated, thus, result-
ing in 209 total pathogens. This retrospective review used
culture data from patients with DFI who had clinically
infected ulcers that were classified as severe on the basis of
IWGDF criteria.'® All patients with DFO included in the
study were required to meet the following conditions: 1) the
ulcer lasted more than 2 weeks; 2) the ulcer overlaid a bony
prominence; 3) probing of the bone at the ulcer base was
positive, or foot ulcers had primary bone exposure; 4) radi-
ological abnormalities suggested active osteomyelitis; 5) the
discharge diagnosis was DFO (on the basis of the diagnostic
criteria of the 2020 International Working Group on the
Diabetic Foot (IWGDF) guidelines'®); 6) each patient was
required to have swab specimen, soft tissue, and bone tissue
specimen culture results. Patients with Charcot’s joint and
gangrene were excluded from the study. This study was
conducted in accordance with the Declaration of Helsinki
and was approved by the Institutional Review Board at the
First Affiliated Hospital of Chongqging Medical University
(2020-238). The requirement for informed consent was
waived because of the anonymous nature of the study and
retrospective analysis of the data.

Specimen Collection

Three cultures were collected from every patient. Swab
cultures from the base of the ulcer for each patient were
taken at admission (without use of antibacterial drugs). The
ulcer wound was flushed with saline solution, and the necro-
tic tissue and exudates on the surface were removed. Swabs
were immediately scrubbed and rolled in a “Z” pattern onto
the ulcer surface by nurses and then were placed in sterile
test tubes. Soft tissue and bone tissue specimens were col-
lected by plastic surgeons during amputation (57 cases) and
debridement (three cases) after admission. To obtain the
deep soft tissue and bone tissue specimens, the deep soft
tissues and bone tissues of the amputated or debrided parts
were cut with different sterile instruments and then placed in
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sterilized test tubes. For the collection of bone specimens, if
the patient with DFO had a fracture before the operation, the
bone tissues on both sides of the broken ends were collected;
in the absence of fracture, the bone tissue at the exposed area
of the bone or near the proximal end of the ulcer was
collected. For soft tissue specimens, the soft tissue at the
junction of necrotic and non-necrotic tissue was sharply
obtained. Three cultures were sent to the microbiology lab
within 1 hour for pathogen culture.

Microbiological Assessment

Bacterial isolates were identified at the species level with
a VITEK 2 Compact automatic microbiological analyzer and
the K-B (Kirby-Bauer) method. Each of the strains cultured
from the three specimens was identified and assessed for
antibiotic susceptibility in accordance with the Clinical and
Laboratory Standards Institute protocol. Multi-drug resistant
(MDR) strains were assessed according to the standard defi-
nitions of multidrug-resistant, extensively drug-resistant, and
pandrug-resistant bacteria published by Magiorakos.*

Concordance Assessment

Concordance was defined as the finding of exactly the
same bacterial species with identical susceptibility patterns
in both specimens.'* Kappa value and percentage of con-
cordance were calculated to assess the concordance.
Kappa value, 0-0.20, no agreement, 0.21-0.39, minimal
agreement, 0.40-0.59, weak agreement, 0.60-0.79, mod-
erate agreement, 0.80—0.90, strong agreement, above 0.90,
almost perfect agreement.?!

Statistical Analyses

All data were analyzed by SPSS 22.0 software. The contin-
uous variables were expressed as mean =+ standard deviation
(x+£s), and the categorical variables were tested by the chi-
square test. The statistical significance level was set at P<0.05.

Results

Characteristics of Patients and Ulcers

A total of 60 patients with DFO with swab, soft tissue, and
bone tissue culture results were included for 45 (75.0%) men
and 15 (25.0%) women, as shown in Table 1. The patients
were between 34 and 87 years of age, with an average age of
62.52 + 10.60 years, and 40 (66.7%) patients were over 60
years of age. The average duration of diabetes was 11.06 +
8.75 years, the average hospital stays were 32.35 + 17.00 days,
and the mean glycated hemoglobin level was 10.25% =+

Table | Demographical and Clinical Characteristics of 60
Diabetic Patients and Diabetic Foot Ulcers

Variables Number (%)
Male 45 (75.0%)
Age 62.52 £ 10.60
The duration of diabetes 11.06 + 875
HbAlc (%) 10.25 + 2.34
<7% (good control) 6 (10.0%)
Hospital stays 3235+ 17.00

Ulcer aetiology

Purely neuropathic 38 (63.3%)

Purely ischemic 7 (11.7%)

Neuroischemic 15 (25.0%)
Duration of the ulcer

30 days or less 36

Over 30 days 24
Osteomyelitis region

Metatarsals 28

Hallux 17

The second phalanx 12

The third phalanx 24

The fourth phalanx 24

The fifth phalanx 23

Cuneiform |

Complications

Neuropathy 56 (93.3%)
37 (61.7%)
33 (55.0%)

30 (50.0%)

Lower extremity vascular disease
Nephropathy
Retinopathy

Antibiotics use before admission

47 (78.3%)

2.34%. Only six patients had good glycemic control (HbAlc
< 7.0%). The proportions of purely neuropathic, purely
ischemic, and neuroischemic wounds in diabetic patients
were 38 (63.3%), 7 (11.7%) and 15 (25.0%), respectively.
A total of 24 patients had a wound duration of more than 30
days before admission. Among the 60 patients included, each
had phalanx infections, and 25 (41.6%) patients had phalanx
infections at multiple sites (>2). A total of 37 (61.7%) patients
with DFO had vascular disease, 56 (93.3%) had peripheral
neuropathy, 33 (55.0%) had renal dysfunction, and 30 (50.0%)
had retinopathy. A total of 47 (78.3%) patients had received
antibiotics in one month before admission.

As shown in Figure 1, no definite causes accounted for
the largest proportion (30.0%) in the predisposing factors
of DFUs. Among the known predisposing factors, the most

common factors were blister rupture and trauma, both
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Figure | The component proportion in the predisposing factors of DFUs.

accounting for 16.7%, followed by itching and scratching,
callosity, and footwear discomfort, all accounting for
6.7%; cut injuries, and scalding accounted for 5.0%.

No bacterial culture results were obtained on admission,
and the initial use of antibacterial drugs was empirical. The
empirical medications were mainly piperacillin, tazobactam,
levofloxacin, teicoplanin, vancomycin, imipenem, and mero-
penem. During the period after admission and before surgery,
the anti-infective program was dominated by two antibacter-
ial drugs, accounting for 83.33% of the drugs used, and
a single antibacterial drug accounting for the remaining
16.67% of drugs administered. Of the two combined anti-
bacterial drug regimens, piperacillin/tazobactam and teicopla-
nin accounted for 32.00%, and were followed by levofloxacin
and teicoplanin (18.33%), imipenem-cilastatin sodium and
teicoplanin (10.00%), piperacillin/tazobactam and vancomy-
cin (6.67%), and levofloxacin and piperacillin/tazobactam
(5.00%). The single antimicrobial agents were levofloxacin
(50.00%), piperacillin and tazobactam (40.00%), and teico-
planin (10.00%). During this period, the average duration of
use of these antimicrobials was 11.90 £ 7.22 days.

The Distribution of Bacterial Pathogens
from Swabs, Soft Tissue, and Bone

Specimens According to Culture Technique
As shown in Table 2, 58 (96.7%) of the patients had
positive swab culture results, and 50 patients (83.3%)
had positive soft tissue and bone tissue results. Among

M No clear cause

0,
30.0% O Blisters rupture

Trauma

H Callosity

B Itching and scratching
[ Footwear

@ Cut injuries

B2 Scalding

16.7% Others

the 77 strains of bacteria isolated from the swab speci-
mens, 41 strains (55.8%) were Gram-positive bacteria, 33
strains (42.9%) were Gram-negative bacteria, and three
strains (3.9%) were fungi. The mean number of isolates
per swab specimen was 1.28 (range, 1-3). Among the 67
strains of bacteria isolated from the soft tissue specimens,
35 strains (52.2%) were Gram-positive bacteria, 27 strains
(42.3%) were Gram-negative bacteria, and five strains
(7.5%) were fungi. The mean number of isolates per soft
tissue culture specimen was 1.12 (range, 1-3). Among the
65 strains of bacteria isolated from the bone specimens, 34
strains (52.3%) were Gram-positive bacteria, 26 strains
(40.0%) were Gram-negative bacteria, and five strains
(7.7%) were fungi. The mean number of isolates per
bone specimen was 1.08 (range, 1-3). Our results indi-
cated no significant difference in the composition of patho-
gens (Gram-positive bacteria, Gram-negative bacteria, and
fungi) cultured in the three types of specimens (P=0.87).
Staphylococcus aureus was the most common pathogen in
various specimens and the most common Gram-positive
bacterium. Staphylococcus aureus accounted for 32.6%,
37.1%, and 29.4% of Gram-positive bacteria in swabs,
soft
Enterobacteriaceae was the dominant group of Gram-

tissues, and bone  tissues, respectively.
negative bacteria. The proportion of Enterobacteriaceae
in three specimens accounted for 74.2%, 85.2%, and
84.6% of Gram-negative bacteria, respectively. Proteus
mirabilis and Morganella morganii were the most com-

mon Gram-negative bacteria; Proteus mirabilis accounted
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Table 2 Distribution of Bacterial Pathogens Isolated in Ulcer Swab, Soft Tissue, and Bone Specimen Culture from Patients with DFO

Pathogens Swab Specimens (n=60) Soft Tissue Specimens (n=60) Bone Specimens (n=60)
Positive specimens 58 50 50
No. of isolates 77 67 65
Mean no. of isolates per specimen 1.28 1.12 1.08
MDR 20 (26.0%) 25 (37.3%) 22 (33.8%)
Gram-positive bacteria 43 35 34
Staphylococcus aureus 14 13 10
Coagulase-negative staphylococci 3 | 3
Other Staphylococcus® 5 3 2
MRSA 2 2 |
Streptococcus Il 3 4
Enterococcus 6 12 12
Other Gram-positive bacteria 4 3 3
Gram-negative bacteria 31 27 26
Escherichia coli 3 3 2
Klebsiella pneumoniae | | 2
Enterobacter cloacae 2 2 2
Klebsiella aerogenes 0 | |
Proteusbacillus vulgaris® 9 9 9
Citrobacter freundii | 0 0
Serratia marcescens 2 | |
Morganella morganii 5 6 5
Pseudomonas aeruginosa 4 | 0
Acinetobacter baumannii 2 | |
Other Gram-negative bacteria 2 2 3
Fungus 3 5 5
Candida albicans | 2 2
Candida parapsilosis | | 2
Candida tropicalis | | |
Trichosporon asahii 0 | 0

Notes: “Other Staphylococcus refers to Staphylococcus epidermidis, Staphylococcus cohnii urealyticum, Staphylococcus haemolyticus, Staphylococcus sciuri, and Staphylococcus

lugdunensis. bProteusbacillus vulgaris refers to Proteus mirabilis and Proteus penteri.

for 19.4%, 22.2%, and 23.1% of the Gram-negative bac-
teria in swabs, soft tissues, and bone tissues, while the
proportion of Morganella morganii in Gram-negative bac-
teria was 19.4%, 22.2%, and 23.1%, respectively.

Concordance Between Bone Tissue
Culture versus Swab or Soft Tissue
Culture Results

The pathogens isolated from bone specimens with swabs and
soft tissue specimens were identical in a total of 12 cases
(20.0%), and Staphylococcus aureus showed the largest con-
cordance. As shown in Table 3, the culture results from swabs
and soft tissue specimens were identical in 15 cases (25.0%)
and partially identical (with at least one identical bacterium) in
14 cases (23.3%). The culture results from swabs and bone
tissue specimens were identical in 14 cases (23.3%) and

partially identical in 13 cases (21.7%). The culture results
from soft tissue and bone tissue specimens were identical in
46 cases (76.7%) and partially identical in five cases (8.3%).

The concordance percentage between bone and swab spe-
cimens ranged from 0 to 66.67%, with an overall concordance
of 23.5% (Table 4). The concordance of the most common
Gram-positive  bacteria,  Staphylococcus — aureus and
Enterococcus faecalis, was 33.3% and 20.0%, respectively,
and their kappa values were both <0.40, thus, indicating poor
agreement. The most common Gram-negative bacteria,
had

a concordance of 50.0% and 66.7%, respectively, and their

Proteus  mirabilis and  Morganella  morganii,
kappa values were 0.63 and 0.78, respectively, thus, indicating
moderate agreement. The kappa values of Proteus penneri,
Escherichia coli, Serratia marcescens, and Acinetobacter bau-
mannii were all greater than 0.60, whereas the values for other

bacteria were all less than 0.40.
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Table 3 Concordance Between Bone Tissue versus Swab or Soft Tissue Specimen Cultures from Patients with DFO (n = 60)

Degree Concordance

Swab and Soft Tissue Swab and Bone Soft Tissue and Bone

No. Percentage No. Percentage No. Percentage
Identical® I5 25.0% 14 23.3% 46 76.7%
Partially identical® 14 23.3% 13 21.7% 5 8.3%
Different* 31 51.7% 33 55.0% 15.0%

Notes: “Identical means that the bacteria detected by the two specimens are exactly the same; bpar‘tially identical means that at least one of the bacteria detected in the two
specimens is the same but not exactly the same; “different means that the bacteria detected in the two specimens are completely different.

Table 4 The Concordance of Bacteria Isolated Between Bone Specimen and Ulcer Swab Cultures from Patients with DFO

Pathogen From Swab From Bone From Bone Specimen Concordance® (%) | Kappa Value
Specimen Only | Specimen Only | and Swab Specimen
Staphylococcus aureus 8 4 6 33.3% 0.38
Enterococcus faecalis 3 5 2 20.0% 0.26
Proteus mirabilis 2 2 4 50.0% 0.63
Morganella morganii | I 4 66.7% 0.78
Other Staphylococcus 7 4 | 8.3% 0.057
Streptococcus 9 2 2 15.4% 0.34
Other Enterococcus | 5 0 0 —0.029
Escherichia coli | 0 2 66.7% 0.79
Proteus penneri | | 2 50.0% 0.65
Klebsiella pneumoniae | 2 0 0 —0.023
Enterobacter cloacae 2 2 0 0 —0.034
Enterobacter aerogenes 0 | 0 0 0
Serratia marcescens | 0 | 50.0% 0.66
Pseudomonas aeruginosa 4 0 0 0 0
Acinetobacter baumannii | 0 | 50.0% 0.66
Others 6 5 | 8.3% 0.052
Fungus 2 4 | 14.3%
Total 50 38 27 23.5%

Note: *Concordance between bone specimen and ulcer swab cultures (%).

The concordance percentage between bone speci-
mens and tissue specimens ranged from 0 to 100.0%,
with an overall concordance of 73.7% (Table 5). The
concordance of the most common Gram-positive bac-
teria, Staphylococcus aureus and Enterococcus faeca-
lis, was 76.9% and 75.0%, respectively, and their
kappa values were both 0.84, which denoted strong
agreement. The most common Gram-negative bacteria,
Proteus mirabilis and Morganella morganii, had con-
cordance of 100.0% and 83.3%, respectively, and their
kappa values were 1.00 and 0.90, respectively, thus,
indicating almost perfect agreement and strong agree-
ment, respectively. Except for Pseudomonas aerugi-
nosa, the kappa values for other bacteria were all
greater than 0.60.

The Distribution of MDR Bacteria

As shown in Table 2, the number of MDR strains isolated from
swab, soft tissue, and bone tissue specimens was 20 (26.0%),
25 (37.3%), and 22 (33.8%), respectively, and the ratio of
MDR bacteria to total pathogens in soft tissue and bone tissue
was higher than that in swab specimens, but there was no
significant difference among the three tissue specimens
(P =032).

The MDR bacterial distribution in swab specimens was
as follows: 42.9% of Staphylococcus aureus were MDR
bacteria, and only two strains were methicillin-resistant
Staphylococcus aureus (MRSA); 83.3% of Proteus mirabilis
were MDR bacteria; 40% of Morganella morganii were
MDR bacteria; all three strains of Escherichia coli were

extended-spectrum beta-lactamases (ESBL) producing
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Table 5 The Concordance of Bacteria Isolated Between Bone Specimen and Soft Tissue Specimen Cultures from Patients with DFO

Pathogen From Soft Tissue | From Bone From Bone Specimen Concordance® (%) | Kappa Value

Specimen Only Specimen and Soft Tissue Specimen

Only

Staphylococcus aureus 3 0 10 76.9% 0.84
Enterococcus faecalis | | 6 75.0% 0.84
Proteus mirabilis 0 0 6 100.0% 1.00
Morganella morganii | 0 5 83.3% 0.90
Other Staphylococcus | 2 3 50.0% 0.73
Streptococcus 0 | 3 75.0% 0.85
Other Enterococcus 0 0 5 100.0% 1.00
Escherichia coli | 0 2 66.7% 0.79
Proteus penneri 0 0 3 100.0% 1.00
Klebsiella pneumoniae 0 | | 50.0% 0.66
Enterobacter cloacae 0 0 2 100.0% 1.00
Enterobacter aerogenes 0 0 | 100.0% 1.00
Serratia marcescens 0 0 | 100.0% 1.00
Pseudomonas aeruginosa | 0 0 0 0
Acinetobacter baumannii 0 0 | 100.0% 1.00
Others | 2 4 57.1% 0.70
Fungus 2 2 3 42.9%
Total I 9 56 73.7%

Note: *Concordance between bone specimen and soft tissue specimen cultures (%).

bacteria; and a carbapenem-resistant Acinetobacter bauman-
nii isolated from the three specimens with identical suscept-
ibility was insensitive to all tested antibacterial treatments
and showed intermediate sensitivity to minocycline.

The MDR bacterial distribution in soft tissue speci-
mens was as follows: 23.1% of Staphylococcus aureus
were MDR bacteria, only two strains were MRSA;
100.0% of Proteus mirabilis were MDR bacteria; and
66.7% of Morganella morganii were MDR bacteria. Four
ESBL-producing bacteria were isolated, including one
of
Escherichia coli. A vancomycin-resistant Enterococcus

strain of Proteus mirabilis and three strains
gallinarum was also isolated.

MDR bacteria in bone specimens were mostly the same
as those in soft tissues, with the following differences:
10.0% of Staphylococcus aureus were MDR bacteria,
and 60.0% of Morganella morganii were MDR bacteria.
Three ESBL-producing bacteria were isolated, including
one strain of Klebsiella pneumoniae and two strains of

Escherichia coli.

Antimicrobial Susceptibility of Pathogens

from Bone Specimens
As shown in Table 6, Staphylococcus aureus was more

susceptible to gentamicin, linezolid, vancomycin,

tigecycline, rifampicin, and quinupristin/dalfopristin, with
a susceptibility of 100%, followed by ciprofloxacin, levo-
with
a susceptibility of 90.0%, and it showed poor susceptibility
to erythromycin (70.0%) and clindamycin (70.0%).
Enterococcus faecalis was more susceptible to ampicillin,

floxacin, moxifloxacin, and sulfamethoxazole,

linezolid, vancomycin, tigecycline, teicoplanin, and peni-
cillin G, with a sensitivity of 100%, followed by levoflox-
acin (71.4%), moxifloxacin (85.7%), and streptomycin
(66.7%). The susceptibility of Enterococcus faecium to
quinupristin/dalfopristin, linezolid, vancomycin, and tige-
cycline was 100%.

As shown in Table 7, Gram-negative bacteria, all
Enterobacteriaceae, were 100% sensitive to meropenem
and imipenem. Piperacillin/tazobactam and ertapenem
also showed very strong antimicrobial activity, and all
Enterobacteriaceae, except one strain of ESBL-producing
Escherichia coli, were sensitive to both antimicrobial
agents. Proteus mirabilis was 100% sensitive to the anti-
bacterial agents aztreonam, ceftazidime, cefotetan, cefo-
perazone/sulbactam, piperacillin/tazobactam, and
carbapenems, followed by amikacin (83.3%), cefoxitin
(83.3%), and levofloxacin (66.7%). Morganella morganii
was 100% sensitive to amikacin, aztreonam, cefoperazone/

sulbactam, cefotetan, ertapenem, cefepime, piperacillin/
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Table 6 Antimicrobial Susceptibility of Gram-Positive Bacteria from DFO Patients (%)

Antibiotics Staphylococcus Enterococcus Enterococcus Streptococcus Enterococcus Enterococcus Enterococcus Staphylococcus
aureus faecalis avium agalactiae faecium gallinarum raffinosus cohnii
(n=10) (n=7) (n=2) (n=2) (n=1) (n=1) (n=1) urealyticum
(n=1)
Gentamicin 100.0% 42.9% 100.0% - 0.0% 100.0% 100.0% 100.0%
Ciprofloxacin 90.0% 25.0% 100.0% 100.0% 0.0% - 100.0% 0.0%
Levofloxacin 90.0% 71.4% 100.0% 100.0% 0.0% 100.0% 100.0% 0.0%
Moxifloxacin 90.0% 85.7% 100.0% 100.0% 0.0% 100.0% 100.0% 0.0%
Sulfamethoxazole 90.0% 25.0% - - - 0.0% - 100.0%
Ampicillin X 100.0% 0.0% 100.0% 0.0% 100.0% 100.0% -
Penicillin G 10.0% 100.0% 0.0% 100.0% 0.0% 100.0% 0.0% 0.0%
Oxacillin 90.0% - - - - - - 0.0%
Linezolid 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Quinupristin/Dalfopristin | 100.0% 0.0% 100.0% 100.0% 100.0% - 0.0% 100.0%
Tetracycline 50.0% 0.0% 0.0% 0.0% 0.0% - 100.0% 100.0%
Tigecycline 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Vancomycin 100.0% 100.0% 100.0% 100.0% 100.0% 0.0% 100.0% 100.0%
Clindamycin 70.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Erythrocin 70.0% 0.0% 0.0% 50.0% 0.0% 0.0% 100.0% 0.0%
Rifampicin 100.0% - — - - - - 100.0%
Streptomycin - 66.7% 100.0% - 100.0% - 100.0% -
Daptomycin - 100.0% - - - - - -
Teicoplanin - 100.0% - - - — - -
Table 7 Antimicrobial Susceptibility of Gram-Negative Bacteria from DFO Patients (%)
Antibiotics Proteus Morganella Proteus Escherichia Klebsiella Enterobacter Enterobacter Serratia
mirabilis morganii penneri coli (n=2) p I (n=2) aerogenes marcescens (n=1)
(n=6) (n=5) (n=3) (n=2) (n=1)
Ampicillin 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Ampicillin/Sulbactam 16.7% 0.0% 33.3% 0.0% 50.0% 0.0% 0.0% 100.0%
Piperacillin/Tazobactam 100.0% 100.0% 100.0% 50.0% 100.0% 100.0% 100.0% 100.0%
Gentamicin 0.0% 33.3% 66.7% 0.0% 50.0% 50.0% 100.0% -
Amikacin 83.3% 100.0% 100.0% 50.0% 100.0% 100.0% 100.0% -
Tobramycin 16.7% 33.3% 66.7% 0.0% 50.0% 50.0% 100.0% -
Ciprofloxacin 33.3% 80.0% 100.0% 0.0% 50.0% 50.0% 100.0% 100.0%
Levofloxacin 66.7% 80.0% 100.0% 0.0% 100.0% 50.0% 100.0% 100.0%
Cefazolin 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Ceftriaxone 50.0% 80.0% 66.7% 0.0% 50.0% 50.0% 0.0% 100.0%
Ceftazidime 100.0% 80.0% 100.0% 50.0% 100.0% 50.0% 0.0% 100.0%
Cefepime 100.0% 100.0% 100.0% 50.0% 100.0% 100.0% 0.0% 100.0%
Cefotetan 100.0% 100.0% 100.0% 50.0% 50.0% 0.0% 0.0% -
Imipenem 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Aztreonam 100.0% 100.0% 100.0% 0.0% 50.0% 50.0% 0.0% 100.0%
Ertapenem 100.0% 100.0% 100.0% 50.0% 100.0% 50.0% 100.0% 100.0%
Meropenem 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Sulfamethoxazole 0.0% 20.0% 33.3% 0.0% 50.0% 50.0% 100.0% 100.0%
Cefoperazone/sulbactam | 100.0% 100.0% 100.0% 50.0% 50.0% 100.0% 0.0% 100.0%
Cefoxitin 83.3% 60.0% 100.0% 50.0% 50.0% 0.0% 0.0% 0.0%
Minocycline 0.0% 0.0% 0.0% 0.0% 50.0% 50.0% 100.0% 0.0%
Tigecycline 100.0% 0.0% 0.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Cefuroxime - 0.0% 0.0% - - - - 0.0%
Cefuroxime axetil - 0.0% - - - - - 0.0%
Amoxicillin/ clavulanate - 0.0% - - - - - 0.0%
potassium
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tazobactam, and carbapenems, and relatively sensitive to
ceftazidime, ciprofloxacin, ceftriaxone, and levofloxacin,
with a susceptibility of 80.0%. Escherichia coli in bone
tissue cultures were all EBSL-producing bacteria and had
a sensitivity of 100.0% to imipenem, meropenem, and
tigecycline.

Discussion
DFU infections are a major increasing problem worldwide
for people with diabetes and are liable to progress to
DFO.?* The antibacterial treatment for DFO is extremely
complicated, and it requires targeted antimicrobial therapy
according to the pathogenic bacteria in infected bone
biopsy specimen cultures. However, bone biopsy culture
is not easy to perform routinely in clinical practice.
Therefore, DFU swabs and deep tissue specimen cultures
are used instead of bone biopsy cultures. Our study reports
the concordance between bone tissue culture results, and
swab and soft tissue culture results. This study also ana-
lyzed the antimicrobial susceptibility of bone specimens to
provide guidance for the treatment of patients with DFO.
The distribution of pathogenic bacteria cultured in
three specimens was dominated by Gram-positive bacteria
than  50.0%), with published
results.®>!* Gram-negative bacteria accounted for more

(more in agreement
than 40.0% of the pathogenic bacteria cultured from
three specimens. Therefore, the results suggest that empiri-
cal antibacterial treatment decisions for treating DFOs
should consider both Gram-positive and Gram-negative
bacterial infections. Our results also confirmed that
Staphylococcus aureus was the most common bacterium
isolated from matching swab, soft tissue, and bone tissue
cultures.'*'®* The other most common Gram-negative
pathogens cultured from three specimens were Proteus
mirabilis and Morganella morganii, in contrast to the
Malone,’

Senneville."® These findings indicate that dominant DFO

results reported by Elamurugan® and
pathogens have regional differences. Overall, pathogens
were equally represented in cultures of swab specimens,
soft tissue, and bone specimens.

The mean number of strains of pathogenic bacteria
isolated from the swab and bone specimens was inconsis-
tent with those reported by Senneville'*'® and Kessler.**
The mean number of strains isolated from the swabs in our
study (1.28) was less than those reported in Kessler (2.04),
Senneville (2006) (1.58), and Senneville (2009) (2.51).
The mean number of strains isolated from the bone sam-
ples in our study (1.08) was also less than those reported in

Senneville (2006) (1.54) and Senneville (2009) (1.35).
These dissimilarities may be because most patients with
DFO (78.3%) included in our study had been administered
antimicrobials before admission, and all patients received
antimicrobial therapy before the collection of bone
specimens.

In our study, the identical and partially identical pro-
portions between the swab and bone tissue cultures were
much lower than those between the soft tissue and bone
tissue cultures, and the concordance in the pathogenic
bacteria isolated and the kappa value between the soft
tissue culture and bone specimen culture results was
higher than that between the swab and bone results, thus
indicating that bone specimen results were more closely
correlated with soft tissue than swab specimen results, and
soft tissue culture results have better clinical reference
value. These results were consistent with the findings of
Bozkurt,'” and Nelson.'®

However, the soft tissue culture results could not fully

Elamurugan,® Senneville,'?
identify pathogenic bacteria from infected bone, and
bone specimens remain the only definitive way to deter-
mine the causative pathogen in DFO.”'? However, when
bone tissue specimens are not available in clinical practice,
soft tissue specimens can be considered as a proxy.
Although the results between swabs and bone tissue were
only 25% identical, we found that multiple subsequent
swab cultures cultivated the pathogenic bacteria from
infected bone. In addition, the concordance and kappa
value between the swab and bone specimen culture results
was much lower for Gram-positive bacteria than Gram-
negative bacteria. This result indicates that superficial
swabs do not reliably identify bone bacteria in patients
with DFO, but the Gram-negative bacteria cultured in the
swab specimens more reliably represent bone pathogenic
bacteria than Gram-positive bacteria.

The antibacterial effect of antimicrobial treatment for
patients with DFO is highly correlated with the resistance
of pathogenic bacteria, particularly in MDR infections. In
our study, the proportion of MDR bacteria from soft tissue
and bone tissue cultured bacteria accounted for more than
one-third of the total cultured bacteria, and 28.3% of
patients with DFO had positive MDR results. Such find-
ings were similar to those reported by Heurtier.*> Patient
factors, such as poor glycemic control, ulcer size greater
than 4 cm, frequent hospitalization for the same DFU, the
duration of diabetic foot infection, the length of hospital
stay, osteomyelitis, and previous administration and dura-
tion of antibiotic treatment are significant risk factors for
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infections with MDR.?%?” Therefore, patients with the
above characteristics can be considered to be at high risk
for MDR, and priority should be given to targeted anti-
microbial therapy at the beginning of medication. Notably,
MBDR in Proteus mirabilis (100.0%), Morganella morganii
(60.0%), and ESBL-producing Escherichia coli (100.0%)
accounted for a relatively high proportion of the Gram-
negative bacteria from bone tissue cultured bacteria, and
antimicrobial susceptibility testing for these bacteria
should be improved.

According to the characteristics of the antimicrobial
susceptibility of pathogens from bone specimens in this
study, and the domestic and international guidelines for
DFIs,'®?® empirical antibacterial selections are made to
treat DFO infections. However, patients with DFO showed
significant bacterial resistance to the initial empirical
antibiotics.'” MDR occurs in only 11.8% of Gram-positive
bacteria, and 10.0% of Staphylococcus aureus is MRSA,
which comprises only 2.9% of the total Gram-positive
bacteria. Therefore, DFO caused by Gram-positive bacteria
can be treated with moxifloxacin, linezolid, vancomycin,
and other glycopeptides. Owing to the low clinical effi-
ciency and adverse effects,” tigecycline is not recom-
mended by the 2019 IWGDF update for DFO,'? although
all Gram-positive bacteria were sensitive to tigecycline in
this study. In our study, Gram-positive cocci in DFO
showed a higher resistance toward clindamycin and cipro-
floxacin, and therefore, these agents are not recommended
for initial empirical antibacterial treatment alone. The MDR
Gram-negative bacteria accounted for 69.2% of all Gram-
negative bacteria, whereas ESBL-producing Enterobacter
accounted for only 11.5% and carbapenem-resistant bac-
teria accounted for 7.6%. Therefore, except in high-risk
patients with DFO with ESBL-producing and carbapenem-
resistant bacteria, DFO caused by Gram-negative bacteria
can be treated with piperacillin/tazobactam, cefoperazone/
sulbactam, ertapenem, imipenem, and meropenem.
Although IWGDF guidelines recommend that DFO in high-
risk ESBL-producing bacteria can be treated with ertape-
nem, levofloxacin, moxifloxacin, aminoglycosides, and
polymyxin, the resistance of ertapenem and levofloxacin
in our study was relatively high. Therefore, imipenem and
meropenem were the first choices, but we do not recom-
mend ertapenem and levofloxacin for Gram-negative bac-
teria in patients with DFO.

There were limitations of the present study. Firstly, up
t078.3% of DFO patients had used antibacterial drugs
lead to

when they were admitted, which could

a reduction in the number of cultured bacteria; secondly,
most of DFO patients were in serious condition when they
were admitted to the hospital, which leads to the potential
selection bias; thirdly, the swab specimen microbial results
were only adopted the first culture positive result and
abandoned the subsequent culture positive result, and
bone specimens and soft tissues were obtained after
receiving antibiotic treatment; fourthly, anaerobic bacteria
results were lacking in bacterial drug susceptibility test. In
addition, the sample size of this study was a little small
since DFO patients had fewer amputations. Therefore,
a prospective, multi-center study should be conducted in
the future to further explore the concordance between bone
tissue culture results with swab specimens and soft tissue
specimens in DFO patients for providing more reasonable

antibacterial drug choices.

Conclusions

Our results indicate that soft tissue culture results have more
reliable microbiological concordance to identify DFO bac-
teria than swab culture results, but they cannot fully identify
DFO bacteria. Targeted antibiotic therapy for DFO should be
based on antimicrobial susceptibility testing in bone tissue
specimen cultures. The study may aid in determining initial
empirical clinical antibacterial therapies and subsequent tar-
geted antibacterial treatments for patients with DFO.
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