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Aerobic bacteria isolated from diabetic foot ulcers of Egyptian patients: 
types, antibiotic susceptibility pattern and risk factors associated with 
multidrug-resistant organisms 
Mervat Mashaly1,*, Mohamed Abo El kheir2,  Mohamed Ibrahim3, Wael Khafagy4 

   
Abstract 
Introduction Diabetic foot infection (DFI) is one of the common diabetic complications. Pathogens 

causing DFI and their antibiotic susceptibility vary with location. Therefore, empirical antibiotic therapy 
should be based on the pathogens that are most likely to be present. Aim: To identify the frequent 
aerobic bacteria causing DFI with detection of their antibiotic susceptibility to help clinicians in our 
community choose the best empirical antibiotic for DFI. 

Methods Swabs were collected from 104 diabetic foot ulcers (DFUs). Aerobic bacterial cultures were 
done followed by bacterial identification and antibiotic susceptibility testing on VITEK® 2 system. 
Extended-spectrum beta-lacatamase (ESBL) detection was performed phenotypically and confirmed by 
multiplex-PCR for blaCTX-M, blaTEM, and blaSHV genes. 

Results Aerobic bacterial infection was detected in 82/104 (78.8%)  of the DFUs. Gram-negative 
bacilli (GNB) were isolated more frequently (56.1%) than Gram-positive cocci (GPC) (43.9%). The most 
common single-isolated bacteria were K. pneumoniae (26.8%), S. aureus and coagulase negative 
staphylococci (22% for each). The only significant independent predictors of DFI with GNB or GPC 
were long DM duration and frequent hospitalizations, respectively. The most active antibiotics were 
amikacin, tigecycline and meropenem for GNB, and linezolid and vancomycin for staphylococci. 
Multidrug-resistance prevalence was 95.1%. ESBL was detected in 52.6% of Enterobacteriaceae; the 
blaCTX-M gene was the most common (90%), followed by blaTEM (65%) and blaSHV (35%). Peripheral 
neuropathy was the single independent predictor for DFI with ESBL producers (adjusted OR=15.5). 

Conclusions There is a notable local pattern of DFI bacteriology in our community. Our findings 
could be valuable in developing the future empirical treatment guidelines for DFIs. 
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Introduction 
Diabetes mellitus (DM) is considered a major 

public health concern across the world, and its 
prevalence is rising, especially in developing 
countries.1,2 Globally, adults with diabetes 
accounted for 463 million in 2019, and this 
figure is anticipated to rise to 642 million by 
2040.3 According to the International Diabetes 
Federation, Egypt is one of the ten countries with 
the greatest prevalence of diabetes. The 1number 
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of diabetic patients in Egypt is likely to rise from 
9 million in 2019 to 13.1 million by 2035.3 

Diabetic foot ulcers (DFUs) represent one of 
the most frequent complications of DM, 
particularly in developing countries, and can 
cause disability and morbidity. Approximately 
25% of diabetics will develop foot ulcers 
throughout their lifetime.4 DFUs are found in 
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7.2% of Africans, 5.5% of Asian and 3% of 
Europeans.5 In Egypt, the frequency of DFUs is 
significant, ranging from 6.1% to 29.3%.6 About 
half of the DFUs will be infected across their 
lifetime.4 This infection starts superficially, but if 
the therapy is delayed and immunity is 
compromised, it can spread to the deeper tissues 
and cause gangrene and amputations.7 

To enhance the possibility of saving the limb, 
appropriate antibiotic therapy should be started 
immediately without waiting for microbiological 
results of culture and antibiotic susceptibility 
testing.8 Therefore, most diabetic foot lesions are 
initially treated empirically. It would be wise if 
the empirical therapy was based on knowledge of 
the  common isolated bacteria and the most 
prevalent pattern of antibiogram of these 
bacteria.9 

Many variables, such as age, sex, geographic 
location, ulcer severity, and ulcer duration could 
influence the types of bacteria implicated in 
diabetic foot infections (DFIs) and their patterns 
of antibiotic susceptibility.10,11 As the number of 
DFUs infected with multidrug-resistant (MDR) 
bacteria is increasing, doctors are faced with a 
more difficult challenge when treating DFIs due 
to a limited number of antibiotic choices. 

Infection of DFUs with MDR organisms 
might be caused by a variety of variables, 
including repeated hospitalizations for the same 
ulcer, inappropriate use of antibiotics, certain 
ulcer features, and the presence of additional 
diabetes complications.12-14 There is limited data 
in our area on the causative organisms of the 
DFIs and their antibiotic susceptibility profiles. 
Therefore, we designed this study to identify the 
most common aerobic bacteria causing DFIs, as 
well as in vitro detection of their antibiotic 
susceptibility pattern and detection of the 
prevalence rate of MDR organisms and their 
associated risk factors in order to guide doctors in 
our community hospitals in selecting the best 
empirical antibiotic therapy for DFIs. 

 
Methods 
Study design 
This prospective study was conducted on 104 

type 2 diabetes mellitus patients with DFUs 
admitted at the surgery department, Mansoura 

University Hospital, Egypt in the duration 
between May 2016 and April 2017. A foot ulcer 
was defined as a lesion located below the malleoli 
and penetrating all layers of the skin. Clinical 
suspicion of infection was based on the existence 
of two or more of these criteria: induration or 
edema of the ulcer area, redness (˃0.5 cm) 
surrounding the ulcer, local tenderness and/or 
pain, local rise in temperature and discharge of 
pus.15 

Diabetic patients having foot ulcers not 
etiologically caused by their diabetic status or its 
complications, such as vasculitis, varicose ulcers, 
or those with wounds due to specific infections 
or tumors, were excluded. Also, this study did 
not include DFIs in patients who had received 
antibiotics for a period of more than 24 hours 
within 72 hours of sample collection. From all 
patients included in this study, we collected the 
following data; age, gender, diabetes duration, 
DFU duration, past history of hospital 
admissions for the same ulcer, and previous use 
of antibiotics in the preceding 6-12 months. 
Ulcers were examined for size and location. 
Patients were examined for sensory peripheral 
neuropathy. 

 
Sample collection 
  For aerobic bacterial culture, samples 

were obtained aseptically from each DFU by the 
use of sterilized swabs. To avoid isolation of 
colonizing bacterial flora, samples were obtained 
from the deepest part of the ulcer after the 
wound area was rinsed with saline and the 
wound was debrided. Thereafter, samples were 
immediately transported to the microbiology 
laboratory in the clinical pathology department at 
Mansoura University Hospital for immediate 
handling . 

 
Isolation of aerobic bacteria 
All collected specimens were cultured on 

blood, mannitol salt, and MacConkey agar plates 
(Oxoid Ltd., UK). The inoculated plates were 
then incubated aerobically for 24 hours at 37°C. 
The revealed growth was identified according to 
the morphology of the resulting colonies and 
results of Gram-staining. Furthermore, 
identification of all isolates to the species level 
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was performed using the VITEK® 2 compact 
system (bioMérieux, France) following the 
instructions of the manufacturer. 

 
Antibiotic susceptibility testing 
Susceptibility testing of the isolated bacteria 

to antibiotics was performed using the Kirby-
Bauer disc diffusion method. Clinical and 
Laboratory Standards Institute (CLSI) guidelines 
were used for interpretation of the results.16 The 
antibiotic discs were bought from Hi-Media Labs, 
India. 

The antibiotics panel tested for staphylococci 
included ampicillin (10 μg), amoxicillin/ 
clavulanic acid (20/10 μg), cefoxitin (30 μg), 
erythromycin (15 μg), clindamycin (2 μg), 
doxycycline (30 μg), levofloxacin (5 μg), 
rifampicin (5 μg), gentamicin (10 μg), 
trimethoprim/sulfamethoxazole (1.25/23.75 μg), 
linezolid (30 μg) and vancomycin (30 μg). 
Detection of methicillin-resistance among 
staphylococcal spp. was done using a cefoxitin 
disk (30 μg) according to the criteria of the 
CLSI.10 The diameter of the inhibition zone 
around the cefoxitin disc should be ≤21 mm and 
24 mm to diagnose methicillin-resistant S. aureus 
(MRSA) and methicillin-resistant coagulase 
negative staphylococci (MR-CoNS), respectively. 
Vancomycin resistance was detected using the 
broth microdilution method with determination 
of the minimal inhibitory concentration (MIC).16 
The isolate was defined as vancomycin resistant S. 
aureus (VRSA) if the vancomycin MIC was ≥16 
μg/mL.  

The antibiotics panel tested for Gram-
negative bacilli (GNB) were: cefotaxime (30 μg), 

piperacillin/tazobactam (100/10 μg), cefaclor (30 
μg), ceftazidime (30 μg), cefepime (30 μg), 
levofloxacin (5 μg), trimethoprim/sulfa-
methoxazole (1.25/23.75 μg), amikacin (30 μg), 
meropenem (10 μg), aztreonam (30 μg) and 
tigecycline (15 μg). MDR pathogens are those that 
were unsusceptible to at least one antibiotic in 
three or more of the antibiotic categories.17 

 
Detection of extended-spectrum beta-

lactamase (ESBL) production  
ESBL production among isolated 

Enterobacteriaceae (Escherichia coli, Klebsiella 
pneumoniae and Proteus mirabilis) was screened 
according to CLSI guidelines, 2017. The isolate 
was considered as a potential ESBL producer if 
inhibition zones of either ceftazidime, 
cefotaxime, ceftriaxone, or aztreonam antibiotic 
discs were ≤22 mm, ≤27 mm, ≤25 mm or ≤27 
mm, respectively.16 

 Phenotypic confirmation of ESBL 
production was done by combination disc 
method: ceftazidime (30 μg) and cefotaxime (30 
μg) alone and combined with clavulanic acid (10 
μg) (BioRad, France) were used. The tested 
isolate was considered an ESBL producer if there 
was an increase equal to ≥5 mm in the diameter 
of the inhibitory zone around any of the 
combined ceftazidime/clavulanic acid or 
cefotaxime/clavulanic acid discs in comparison to 
the inhibition zone diameter around discs 
containing ceftazidime or cefotaxime alone, 
respectively.16 

Genotypic confirmation of the ESBL 
phenotype was done by multiplex PCR for 
determination of the most prevalent ESBL-

Table 1. Primer sequence of ESBL genes and their amplicon size 
 

Gene Primer Sequence Amplicon size 
(bp) 

blaCTX-M CTX-M-F 5’CGATGTGCAGTACCAGTAA3’ 585 
CTX-M-R 5’TTAGTGACCAGAATCAGCGG3’ 

blaTEM TEM-F 5’GCGGAACCCCTATTTG3’ 1080 
TEM-R 5’ACCAATGCTTAATCAGTGAG3’ 

blaSHV SHV-F 5’TTATCTCCCTGTTAGCCACC3’ 795 
SHV-R 5’GATTTGCTGATTTCGCTCGG3’ 

bp – base pair; F – forward; R – reverse. 
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encoding genes, including; blaTEM, blaSHV, blaCTX−M. 

Extraction of the bacterial DNA was done by 
DNA QIAmp mini kits (Qiagen, USA) following 
the protocol provided by the manufacturer. 
Amplification of genes that encode ESBLs was 
achieved with the gene-specific primers presented 
in Table 1.  

Briefly, the PCR reaction volume was 25  µL 
and  contained 12.5 µL of hot start Taq master 
mix DNA polymerase (2X) (Qiagen), 0.2 µL of 
each gene-specific primer (10 picomole), DNA 
template (2 µL), and nuclease-free water (9.2 µL). 
The PCR was carried out in thermal cycler (MJ 
Research PTC-100) as follows: initial 
denaturation (one cycle at 98°C for 10 minutes), 
then 32 cycles, including: denaturation (at 94°C 
for 30 seconds), annealing (at 62°C for 30 
seconds) and lastly extension (at 72°C for 1 
minute), followed by an extension cycle at 72°C 
for 10 minutes. The resulting amplicons were 
examined by gel electrophoresis (2% agarose) 
under an UV lamp and bands were identified by 
comparing their sizes to a 100 bp DNA ladder.18 

 
Statistical analysis 
The Statistical Package for Social Sciences 

(SPSS, version 22; USA) was used to analyze the 
obtained data. The variables were expressed as 
mean ± standard deviation (SD) and range if 
continuous and as numbers and percentages if 
categorical. A Chi-square test was used for 
comparing categorical variables. The binary 
logistic regression test was used to identify risk 
factors for DFIs and acquisitions of ESBL-
producing organisms. Multivariate logistic 
regression was used to identify predictive 
associations of factors that showed statistical 
significance by univariate analysis. Statistical 
significance was considered at a p value <0.05. 
 

Ethical approval  
This study was designed and conducted in 

accordance with the Helsinki Declaration. Ethical 
approval was obtained from the Ethical 
Committee of Mansoura Faculty of Medicine-
Institutional Research Board with a code number 
of R.20.09.1006. All participants gave their 
informed consent. 
 

Results 
Demographic characteristics of the studied 

patients  
The present study included 104 type 2 

diabetic patients who presented with foot ulcers. 
There were 63 males and 41 females. Their ages 
ranged from 42 to 66 years. The duration of 
diabetes was ≥10 years in 57 (54.8%) and <10 
years in 47 (45.2%) of the investigated patients. 
Ulcers were located on the plantar aspect in 
86/104 (82.7%) and on the dorsal aspect in 
18/104 (17.3%) of the studied diabetic feet. The 
size of ulcers was ≤4 cm2 in 72.1% and >4 cm2 in 
27.9% of the participants. The duration of DFUs 
was <3 months in 89.4% and >3 months in 
10.6% of the enrolled patients. 

Based on the bacteriological analysis of the 
swabs obtained from 104 DFUs, these ulcers 
were 82 (78.8%) infected and 22 (21.2%) non-
infected. Factors that were significantly associated 
with infection of DFUs included: history of 
previous hospitalization for the same ulcer  in the 
previous month (OR=13.4), peripheral 
neuropathy (OR=10.978), severe ulcers 
(OR=5.143), ulcers larger than 4 cm2 (OR=4.90) 
and those with DM duration of more than 10 
years (OR=3.348). However, the multivariate 
logistic regression analysis showed that the only 
significant independent risk factors for infection 
of DFUs were previous hospital admission 
(adjusted OR=12.2), peripheral neuropathy 
(adjusted OR=9.5) and DM of more than 10 
years (adjusted OR=6.718) – Table 2.  

 
Distribution of organisms isolated from 

DFUs 
Aerobic bacterial cultures of the infected 

DFUs (N=82) yielded one type of the organisms 
for each DFU. GNB were more frequent than 
GPC (56.1% vs. 43.9%). The most frequently 
isolated species were K. pneumoniae (22, 26.8%), 
S. aureus and CoNS (18, 22% for each), and P. 
mirabilis (14, 17.1%), followed by P. aeruginosa (6, 
7.3%). On the other hand, each of the E. coli and 
Raoultella ornithinolytica was isolated from only 
2.4% of the DFU cultures. S. epidermidis, S. 
haemolyticus, S. hominis, and S. simulans accounted 
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for 38.9%, 27.8%, 22.2%, and 11.1% of the 
isolated CoNS, respectively (Table 3). 

Although the long duration of DM (≥10 
years), location of ulcer on the plantar aspect of 
the foot and previous hospitalizations were all 
significantly associated more with GPC infection, 
the strongest independent risk factor for 
infection GPC was hospital admission in the 
previous month for treating of the same DFU 
(adjusted OR=8.15; 95%CI=1.46-45.54). On the 
other hand, the only significant independent risk 
factor for infection with GNB was long duration 
of DM (≥10 years) (adjusted OR=12.04; 
95%CI=2.278-63.682). 

 
Antibiotic susceptibility profiles  
Antibiogram pattern of staphylococcal spp. is 

presented in Table 4. All staphylococcal spp. (18 
S. aureus and 18 CoNS) were resistant to cefoxitin 
and therefore identified as MRSA and MR-
CoNS, respectively. These methicillin-resistant 
staphylococci showed the highest frequency of 
resistance to ampicillin (100%), amoxicillin/ 
clavulanic acid (97.2%), rifampicin (94.4%), and 
erythromycin, trimethoprim/sulfamethoxazole 
(88.9% for each) followed by levofloxacin 
(77.8%), doxycycline (69.4%), clindamycin 
(41.7%), and gentamicin (38.9%). On the other 
hand, these staphylococcal spp. were more 
sensitive to linezolid (91.7%) and vancomycin 
(88.9%). Vancomycin resistance was detected in 3 
(16.7%) of MRSA and in 1 (5.6%) of MR-CoNS. 
Susceptibility to vancomycin was validated by the 
microbroth dilution method, which identified 2 
(11.1%) of MRSA and none of MR-CoNS as 
vancomycin resistant. 

The antibiotic resistance patterns of GNB 
species are shown in Table 5. They showed a high 
percentage of resistance to the majority of the 
tested antibiotics, including cefaclor (97.8%), 
cefotaxime (93.5%), trimethoprim/ sulfa-
methoxazole (91.3%), aztreonam (84.8%), and 
ceftazidime (82.6%), followed by levofloxacin 
(76.1%) and cefepime (73.9%). However, they 
were most sensitive to piperacillin/tazobactam, 
amikacin and tigecycline (95.7% for each) and 
meropenem (89.1%). 

K. pneumoniae was resistant to many of the 
tested antibiotics but was fully susceptible (100%) 

to amikacin. The next most active antibiotics 
against K. pneumoniae were piperacillin/ 
tazobactam, meropenem, and tigecycline with 
resistance detected in only 2 (9.1%), 4 (18.2%), 
and 2 (9.1%), respectively. Similarly, all tested 
isolates of P. mirabilis, E. coli and P. aeruginosa 
exhibited high resistance to many of the 
antibiotics but full susceptibility to 
piperacillin/tazobactam, meropenem, amikacin 
and tigecycline. Cefepime was active against 50% 
of these isolates. All tested E. coli, 66.7% of P. 
aeruginosa and 71.4% of P. mirabilis were resistant 
to aztreonam. 

 
Distribution of MDR organisms and risk 

factor analysis 
The overall prevalence of MDR organisms 

(showing resistance to at least one antibiotic 
member in at least three antibiotic classes) among 
the studied isolates was 78/82 (95.1%). These 
MDR isolates included 18 MRSA, 18 MR-CoNS, 
and 42 GNB. Based on disc diffusion testing, 
ESBL production was suspected in all isolated 
Enterobacteriaceae. However, the combined disc 
method confirmed ESBL production in 20/38 
(52.6%) of the Enterobacteriaceae. The highest 
ESBL production was among K. pneumoniae 
(12/22, 54.5%), followed by P. mirabilis (7/14, 
50%) and E. coli (1/2, 50%).  

Multiplex PCR analysis of ESBL genes 
revealed that all phenotypically confirmed ESBL 
producers contained genes coding for ESBLs. 
Overall, 38 ESBL genes were detected in 20 
isolates. blaCTX-M (18/20, 90%) was the most 
frequently detected gene for ESBL, followed by 
blaTEM (13/20, 65%) and blaSHV (7/20, 35%). 
Nine isolates (45%) had a single ESBL gene, 
whereas 11 (55%) isolates had multiple ESBL 
genes. The blaCTX-M and blaTEM genes were 
detected as a single ESBL gene in 7 (35%) and in 
2 (10%) of the investigated isolates, respectively. 
On the other hand, four isolates (20%) contained 
both blaCTX-M and blaTEM genes, whereas 7 (35%) 
isolates contained blaCTX-M, blaTEM, and blaSHV. 
There was no statistically significant difference in 
the distribution of ESBL genes among different 
types of the studied Enterobacteriaceae isolates 
(p=0.8) – Table 6 and Figure 1. 
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Table 2. Demographic data of the studied patients and clinical characters of their DFUs with 
infection risk analysis 

Variables 

DFUs 
No (%) 

Univariate analysis 
Crude OR (95%CI) 

Multivariate analysis 
Adjusted OR (95%CI) 

Infected 
(No=82) 

Non-infected 
(No=22) 

  

Age 
<50 years 
≥50 years 

 
34 (42.5) 
48 (58.5) 

 
7 (31.8) 

15 (68.2) 
0.659 (0.243-1.789)  

Sex 
Male 
Female 

 
51 (62.2) 
31 (37.8) 

 
12 (54.5) 
10 (45.5) 

1.371 (0.530-3.547)  

Duration of DM 
<10 years 
≥10 years 

 
32 (39) 
50 (61) 

 
15 (68.2) 
7 (31.8) 

3.348 (1.231-9.109)* 
 

6.718 (1.3-34.3)* 

Duration of DFU 
<3 months 
≥3 months 

 
74 (90.2) 

8 (9.8) 

 
19 (86.4) 
3 (13.6) 

0.685 (0.166-2.831)  

Severity of DFU 
Severe 
Non-severe 

 
54 (65.9) 
28 (34.1) 

 
6 (27.3) 

16 (72.7) 
5.143 (1.812-14.6)* 1.845 (0.43-7.8) 

Size of DFU 
<4 cm 
≥4 cm 

 
55 (67.1) 
27 (32.9) 

 
20 (90.9) 

2 
4.90 (1.07-22.55)* 4.26 (0.67-27.23) 

Site of ulcer  
Dorsal  
Plantar  

 
12 (14.6) 
70 (85.4) 

 
6 (27.3) 

16 (72.7) 

 
2.188 (0.713-6.707) 

 

Previous hospitalization 
Yes 
No 

 
47 (57.3) 
35 (42.7) 

 
2 (9.1) 

20 (10090.9) 

 
13.4 (2.9-61.27)* 

 
12.2 (1.97-75.61)* 

Previous antibiotics intake 
Yes 
No  

 
50 (61) 
32 (39) 

 
5 (22.7) 

17 (77.3) 

 
5.31 (1.78-15.82)* 

 
1.56 (0.336-7.186) 

Peripheral neuropathy 
Yes  
No 

 
52 (63.4) 
30 (36.6) 

 
3 (13.6) 

19 (86.4) 

 
10.978 (2.998-40.197)* 

 
9.5 (1.9- 48.14)* 

*Statistical significance by logistic regression analysis at p value <0.05. 
CI – confidence interval; DFU – diabetic foot ulcer; DM – diabetes mellitus; OR – odds ratio. 
 

Table 3. Pathogens isolated from infected diabetic foot ulcers 
 

Gram stain (No, %) Organism  Number  Frequency (%) 
 
Gram-positive cocci 
 (36, 43.9%) 
 

S. aureus 18 22 
S. epidermidis 7 8.5 
S. haemolyticus 5 6.1 
S. hominis 4 4.8 
S. simulans 2 2.4 

 
Gram-negative bacilli 
 (46, 56.1%) 
 

K. pneumoniae 22 26.8 
P. mirabilis 14 17.1 
P. aeruginosa 6 7.3 
E. coli 2 2.4 
R. ornithinolytica 2 2.4 

Total   82 100 
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Table 4. Antibiotic resistance among Gram-positive cocci isolated from diabetic foot ulcers 
 

Antibiotic 
Gram-positive cocci, n (%) 

S. aureus (n=18) CoNS (n=18) Total (n=36) 
Ampicillin  18 (100) 18 (100) 36 (100) 
Amoxicillin/clavulanic acid 18 (100) 17 (94.4) 35 (97.2) 
Cefoxitin  18 (100) 18 (100) 36 (100) 
Erythromycin  16 (88.9) 16 (88.9) 32 (88.9) 
Clindamycin  8 (44.4) 7 (39) 15 (41.7) 
Doxycycline  15 (83.3) 10 (55.6) 25 (69.4) 
Levofloxacin  14 (77.8) 14 (77.8) 28 (77.8) 
Rifampicin  16 (88.9) 18 (100) 34 (94.4) 
Gentamicin  8 (44.4) 6 (33.3) 14 (38.9) 
Trimethoprim/sulfamethoxazole 14 (77.7) 18 (100) 32 (88.9) 
Vancomycin  3 (16.7) 1 (5.6) 4 (11.1) 
Linezolid  2 (11.1) 1 (5.6) 3 (8.3) 

CoNS – coagulase-negative staphylococci. 
 
Table 5. Antibiotic resistance among Gram-negative bacilli isolated from diabetic foot ulcers 
 

 
Antibiotic 

Gram-negative bacilli, n (%) 

K. pneumoniae 
(n=22) 

P. mirabilis 
(n=14) 

P. aeruginosa 
(n=6) 

E. coli 
(n=2) 

R. ornithinolytica 
(n=2) 

Total 
(n=46) 

Piperacillin/tazobactam 2 (9.1) 0 0 0 0 2 (4.3) 
Cefaclor  22 (100) 13 (92.9) 6 (100) 2 (100) 2 (100) 45 (97.8) 
Cefotaxime  22 (100) 13 (92.9) 6 (100) 1 (50) 1 (50) 43 (93.5) 
Ceftazidime  18 (81.8) 12 (85.7) 5 (83.3) 1 (50) 2 (100) 38 (82.6) 
Cefepime 22 (100) 7 (50) 3 (50) 1 (50) 1 (50) 34 (73.9) 
Levofloxacin  20 (90.9) 6 (42.9) 6 (100) 2 (100) 1 (50) 35 (76.1) 
Trimethoprim/sulfamethoxazole  22 (100) 14 (100) 5 (83.3) 0 1 (50) 42 (91.3) 
Amikacin  0 0 0 0 2 (100) 2 (4.3) 
Meropenem  4 (18.2) 0 0 0 1 (50) 5 (10.9) 
Aztreonam  22 (100) 10 (71.4) 4 (66.7) 2 (100) 1 (50) 39 (84.8) 
Tigecycline  2 (9.1) 0 0 0 0 2 (4.3) 

 
Table 6. Distribution and frequency of ESBL genes among isolated Enterobacteriaceae 
 

ESBL gene 
Type of Enterobacteriaceae, n (%) 

P value 
K. pneumoniae P. mirabilis E. coli Total 

blaCTX-M 4 (33.3) 3 (42.9) 0 7 (35%) 
 

0.8 
blaTEM 1 (8.3) 1 (14.3) 0 2 (10) 
blaCTX-M, blaTEM 3 (25) 1 (14.3) 0 4 (20) 
blaCTX-M, blaTEM, blaSHV 4 (33.3) 2 (28.6) 1 (100) 7 (35%) 
Total  12 7 1 20  

ESBL – extended-spectrum beta-lactamase. 
 
 
 



Antibiotic susceptibility patterns in diabetic foot infections – Mashaly et al.• Original article 
 

www.germs.ro • GERMS 11(4) • December 2021 • page 577 

 
Lane 1: 100 bp DNA ladder, Lane 2: blaCTX-M (585 bp) and blaTEM (1080 bp), Lane 3 and 4: blaCTX-M (585 bp), Lane 
5:  blaCTX-M (585 bp) and blaSHV (795 bp) and, Lane 6 and 8: no amplified product, Lane 7: blaSHV (795 bp) 
 

Figure 1. Agarose gel electrophoresis of the amplified product of extended-spectrum beta-lactamase genes 
by multiplex-PCR 

 
Table 7. Risk factor analysis for infection of DFUs with ESBL-producing Enterobacteriaceae 

 

 
Variables 

Univariate analysis Multivariate analysis 
P value Crude OR 95% CI P value Adjusted OR 95% CI 

Age 0.281 0.375 0.063-2.23    
Sex 0.804 1.182 0.316-4.424    

Duration of DM 0.911 1.125 0.142-8.937    
Duration of DFU 0.049 0.105 0.011-0.986 0.538 0.442 0.033-5.93 
Severity of DFU 0.105 3.606 0.765-17.00    

Size of DFU 0.054 4.533 0.972-21.14    
Site of DFU 0.112 0.343 0.092-1.28    

Previous hospitalization 0.005 9.286 1.98-43.44 0.756 1.426 0.152-13.427 
Previous antibiotic intake 0.025 7.2 1.27-40.67 0.207 5.003 0.410-61.09 

Peripheral neuropathy <0.001 20 3.8-104.6 0.007 15.5 2.104-114.28 
CI – confidence interval; DFU – diabetic foot ulcer; DM – diabetes mellitus; ESBL – extended-spectrum beta-
lactamase; OR – odds ratio. 

 
Further analysis was performed to identify risk 
factors for infection of DFUs by MDR ESBL-
producing organisms – Table 7. Peripheral 
neuropathy, hospital admissions within the 

previous month, previous antibiotic intake, and 
DM duration of ≥10 years were all found to be 
significantly associated with infection by ESBL-
producing organisms. Peripheral neuropathy, on 
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the other hand, was the only identified 
significant independent risk factor for DFUs 
being infected with ESBL producers (adjusted 
OR=15.5, 95%CI=2.104-114.28). 

 
Discussion 
In the present study, DFUs patients were 

mostly males (61%). This agrees with another 
previous study that has shown that males are 
more susceptible to foot infection than females.1 
This might be due to factors such as variations in 
their lifestyles and work activities 
that force the feet to withstand greater pressure.19 
All patients were over the age of 40 years old. 
This might be because foot lesions in diabetic 
patients are more common in those with sensory 
neuropathy, who are usually elderly.20 

  Out of 104 DFUs with clinical suspicion 
of being infected, 78.8% revealed growth on 
aerobic bacterial culture. This is consistent with 
Markakis et al. who found that 60% of their 
patients with DFUs were infected at the time of 
presentation.21 

In contrast to previous studies, all DFUs in 
the current study showed monobacterial 
infection with a single pathogen.22,23 However, 
our finding of the predominance of 
monomicrobial DFI is in line with other 
studies.19,24 These discrepancies could be related 
to variations in the duration of DFUs included in 
different studies where polymicrobial infection is 
usually associated with chronic DFUs.25 In this 
study, 89.4% of the investigated patients had 
DFUs of less than three months, whereas only 
10.6% had DFUs of three months or more. 
Additionally, here we did not investigate the 
presence of anaerobic bacteria, so monobacterial 
infections were found to be the most prevalent. 

This present study showed that GNB were 
more frequently isolated from DFUs than GPC, 
representing 56.1% and 43.9%, respectively. 
Similarly, Dwedar et al., Gadepalli et al., and 
Bansal et al. reported GNB as the most 
predominant pathogens in DFIs (56%, 76%, and 
51.4%, respectively).26-28 In Egypt, Kamel et al. 
and Hefni et al. also demonstrated a higher 
prevalence of gram-negative bacteria than gram-
positive bacteria in DFIs (65.5% vs. 34.5% and 
67% vs. 30%, respectively).29,30 The high 

frequency of DFIs with gram-negative bacteria in 
developing countries could be because most of 
the patients seek healthcare in a late advanced 
stage of the disease.31 This was evident in our 
study, where more than half of the studied 
patients had severe DFUs on presentation. 
Additionally, the warm and humid climates in 
Egypt could be the reason behind the 
predominance of gram-negative bacteria in 
DFIs.32 

However, in accordance to previous studies 
by Xie et al. and Spichler et al., aerobic gram-
positive bacteria were the most common 
pathogens infecting DFUs.33,34 Thus, there are 
wide variations in the causative pathogens 
causing infection of diabetic feet in the different 
regions. This disparity could be due to variety of 
factors such as variations in age, sex, ulcer 
severity, duration of ulcer, duration of DM, 
previous hospitalization, etc.11 In this study, 
history of previous hospital admissions for the 
same DFU was the strongest independent risk 
factor for acquisition of GPC (8.15 fold). This 
suggests that stringent hygienic and isolation 
measures should be strictly enforced when 
admitting diabetic foot patients to hospitals in 
order to prevent infection cross-transmission.  

K. pneumoniae was the most prevalent GNB 
in this study (47.8%), followed by P. mirabilis 
(30.4%) and P. aeruginosa (13%), while E. coli and 
R. ornithinolytica (2.4% for each) were the least 
common. The prevalence rate of single GNB in 
DFIs was variable in different studies. Ramani et 
al., Gadepalli et al., and Hamid et al. found that 
Proteus spp. was the most prevalent GNB in 
DFIs.27,35,36 On the contrary, Chincholikar and 
Pal showed that Pseudomonas spp. was the most 
common.37 In another study, the implication of 
E. coli and Klebsiella spp. as the principal causal 
pathogens in pyogenic DFIs was emphasized.38 
Likewise, previous studies conducted in our 
country have revealed different frequencies of 
GNB spp. than ours. Kamel et al. reported that 
the predominant GNB in DFIs were Proteus spp. 
(24.4%), followed by E. coli (11.6%), Pseudomonas 
spp. (9.2%) and Klebsiella spp. (8.2%) and the 
least common isolated organisms were Serratia 
spp., Enterobacter spp. and Providencia spp., each 
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accounting for 2% of the studied isolates.29 
Another study conducted in our country revealed 
different frequencies of GNB types, where P. 
aeruginosa was the most prevalent (19.4%), 
followed by K. pneumoniae (15.3%), and 
Acinetobacter spp. (10.2%).30 

Regarding GPC, unlike other studies that 
recovered a variety of GPCs from DFIs, including 
staphylococci, streptococci, enterococci, and 
micrococci, we isolated only staphylococci (50% 
were S. aureus and the other 50% were CoNS).9,29 

Thus, it seems that DFIs in our community have 
a distinctive pattern of the causative organisms 
that differs from those in other countries, as well 
as within our own country. Interestingly, in 
clinical practice, understanding the 
microbiological profile of DFIs in a given area is 
critical for selecting the proper antibiotic and 
adopting the most effective infection control 
strategies based on the frequency of causal 
organisms. 

Regarding the antibiotic susceptibility profile 
of the studied organisms, a high proportion of 
the isolated bacteria were multidrug-resistant. 
This finding is consistent with other studies 
elsewhere in Africa and Asia reporting high rates 
of MDR in S. aureus, Enterobacteriaceae, and P. 
aeruginosa.26,39 

Gram-negative isolates in this study showed a 
high percentage of resistance to most of the 
tested antibiotics and this is consistent with other 
studies.9,23 On the other hand, 
piperacillin/tazobactam, amikacin, tigecycline 
and meropenem were the most effective 
antibiotics against GNB. This is also similar to 
the findings of other previous studies.9,40 

For GPC, all isolates of staphylococcal spp. 
were resistant to methicillin. This is similar to 
Shahi and Kumar, 2016, who have shown that 
almost 100% of S. aureus isolates from DFIs are 
MRSA.11 However, Anvarinejad et al. and Murali 
et al. detected MRSA in 78% and 67% of their 
staphylococci isolated from diabetic wounds.19,41 
Other earlier studies have identified MRSA in 
lower proportions such as 15-30%.24 The reason 
of such increase in prevalence of MRSA isolated 
from DFIs may be attributed to the absence of 
strict regulations for the use of antibiotics, non-

adherence to measures of infection control in 
hospitals and an increased spread of MRSA in 
the community.42  

Moreover, we found that both MRSA and 
MR-CoNS showed some degree of resistance to 
linezolid (8.3%) and to vancomycin (11.1%). This 
is in contrast to the previous studies, that 
reported a full susceptibility of the methicillin-
resistant staphylococci to vancomycin and 
linezolid.9,42 Therefore, the concept of using 
vancomycin and linezolid as empirical treatments 
for DFIs in our region should be revised to avoid 
treatment failures in such cases.  

ESBL production is an important mechanism 
of plasmid mediated MDR among GNB. This 
study found a high percentage of ESBL producers 
(52.6%) among Enterobacteriaceae isolated from 
DFIs, which is higher than the prevalence rate of 
ESBL producers (14% and 6%) detected among 
isolates of DFIs in other studies performed in our 
locality.29,43 

In our study, ESBL was highest among K. 
pneumoniae, followed by P. mirabilis and E. coli. 
The blaCTX-M gene was the most frequent detected 
ESBL gene (90%), followed by the blaTEM gene 
(65%) and the blaSHV gene (35%). This is 
consistent with the previous findings of Kamel et 
al. who found that blaCTX-M was the most prevalent 
ESBL gene (100%), followed by the blaTEM gene 
(50%) and blaSHV (37.5%).29 Similarly, Zubair et 
al. in India found that blaCTX-M was the most 
frequently detected ESBL gene among DFUs 
(82%), followed by blaTEM (50%) and blaSHV 

(46.9%).31 
Microbial resistance to antibiotics is a threat 

among patients with DFIs because it leads to 
treatment failure with a bad prognosis.44 We 
found a high frequency of MDR bacteria (95.1%) 
infecting DFUs, which is substantially higher 
than that reported by Gadepalli et al., Amini et 
al. and Adeyemi et al. (72%, 75%, and 80%, 
respectively).27,39 In developing countries, the 
rising rate of MDR organisms in DFIs could be 
due to many factors, such as the unwise use of 
broad-spectrum antibiotics, unrestricted access to 
antibiotics, the chronicity of the wound and 
frequent times of admissions to hospitals.23 
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Antibiotic resistance mechanisms in routine 
bacteriology laboratory take a long time (48 h or 
more). However, to improve the prognosis of 
patients with DFIs, they should receive the most 
appropriate antibiotics as soon as they are 
admitted to the hospital. Therefore, knowing the 
risk factors for MDR infection is important for 
prompt, accurate antibiotic treatment and a 
favorable prognosis. 

In this study, peripheral neuropathy was the 
only significant independent predictor for 
infection with ESBL-producing bacteria. 
Impaired peripheral sensation in diabetics makes 
them more likely to develop foot ulcers and could 
make these ulcers more widespread as a result of 
continual painless damage. In developing 
countries, such patients with painless DFU could 
depend on the use of self-prescribed antibiotics 
for a long time rather than attending medical 
centers for proper treatment. This would lead to 
the selective pressure of MDR organisms.45 

Similar to our findings, Adeyemi et al. also 
reported peripheral neuropathy as an 
independent risk factor for infection with MDR 
organisms, with an adjusted odds ratio of 4.05 
and 95%CI of 1.08-15.13.46 On the other hand, 
other different risk factors were reported by other 
studies, such as large ulcer size by Noor et al., 
long duration of DFU by both Adeyemi et al. and 
Hartemann-Heurtir et al., and prolonged hospital 
admissions by Kandemir.12,46-48 The variation in 
risk factors observed in different studies could be 
attributed to geographical differences and the 
inclusion of patients with varying clinical 
characteristics.44  

 
Conclusions 
A specific pattern of aerobic bacteria causing 

DFIs has been found in our community. 
Furthermore, the pattern of antibiotic sensitivity 
of these bacteria differs from other communities. 
GNB were found more often than GPC. 
Amikacin, tigecycline, and meropenem were the 
best antibiotics for GNB, whereas linezolid and 
vancomycin were the best for staphylococci. 
These microbiological data should be available to 
practitioners in our area for planning the best 
empirical antibiotic treatment of DFIs for a good 
prognosis. 
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