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Introduction: Infected diabetic foot ulcer (IDFU) is a worldwide problem
associated with diabetes mellitus. It could lead from soft tissue infection to
bone infection and is a leading cause of lower limb amputation. Gram-negative
and Gram-positive bacteria, including anaerobic bacteria and fungi, are
considered potential causes of infection. The early diagnosis of DFU infection
and appropriate treatment based on the identification of the pathogens and
their antimicrobial susceptibility pattern is important for good prognosis.
Therefore, the purpose of this study was to isolate the bacteria that infect
foot ulcers in selected Hospitals and determine their antimicrobial resistance
profile.

Method: An institutional-based multicenter, cross-sectional study was
conducted in selected Hospitals in Addis Ababa, Ethiopia, from November
2020 to May 2021. A sterile swab was used to collect samples from the foot
ulcer and a sterile needle to collect pus. Isolates were identified by culture,
Gram-staining, and a series of biochemical tests. For each bacterial species
identified, the antibiotic profiling was determined by the Kirby-Bauer disk
diffusion method.

Results: one hundred and twenty-seven pathogenic bacteria were isolated
from samples taken from 130 patients with a diabetic foot ulcer. Sixty-eight
percent had growth of multiple microorganisms. Two-thirds (66.7%) of the
isolates were gram-negative bacteria. The predominant bacterial species were
S. aureus 25.19% (32/127), Pseudomonas species 18.89% (24/127), and
Escherichia coli 16.53% (21/127). Overall, 92.9% (118/127) of the isolates were
identified as multi-drug resistant. Gram-positive isolates were susceptible to
chloramphenicol, clindamycin, and amikacin. Gram-negative isolates were also
sensitive to chloramphenicol, aztreonam, and amikacin.
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Conclusion: The majority of bacteria isolated from patients presenting with
Diabetic foot ulcer infections were found to be multi-drug resistant in the study
sites of the current study. The results demonstrate the importance of timely
identification of infection of diabetic foot ulcers, proper sample collection for
identification of the pathogens and for determining their antibiotic
susceptibility pattern before initiating antimicrobial treatment

KEYWORDS
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Introduction

Diabetic foot ulcer (DFU) is a common complication in
diabetes and can lead to a considerable social, psychological, and
economic burden on patients and the health sector (1). DFU
accounts for significant morbidity and mortality. DFU patients
have a 2.5 times higher risk of death compared to diabetic
patients without foot ulcers (2, 3). According to the International
Diabetes Federation, 9.1-26.1 billion people will develop DUFs
every year (1). The prevalence of DFU has increased significantly
with a recent global prevalence averaging around 6.4% (4).

Once DFU occurs, the main challenge is the increased
vulnerability to different potential pathogens with potentially
serious outcomes such as infection, gangrene, osteomyelitis,
amputation, and even death (5). According to IDSA and other
studies, infection with diabetic foot ulcers will increase the
chance of amputation by 50% compared to patients with
uninfected foot ulcers (6, 7).

Diabetes-related hospital admissions are most pronounced
because of infected diabetic foot ulcers. Major and minor (83%
and 96% respectively) amputations have been done related to
DFU aggravated by infection (8). On the other hand, diabetic
foot osteomyelitis development is seen in around 44-68% of
patients admitted to the hospital and it is the principal reason for
amputation among such patients (9).

A study from Nigeria revealed that the burden of diabetic
foot ulcers accounts for 24.9% and that the majority of the ulcers
are already infected with Wagner grade > 3 (10).

Ethiopia is also among the countries affected by diabetic foot
ulcers. A systematic meta-analysis indicated that the national
prevalence of DFU in Ethiopian diabetic patients was 11.27%
(11). Other related studies in Ethiopia, have shown the diverse
prevalence in the country as 17.9% in Nekemte (12), 13.6% in
Gondar (13), and 15% in Arbaminch (14), and 78% in Addis

Abbreviations: DFU, Diabetic foot ulcer; DM, Diabetic Mellitus; ESBL,
Extended spectrum; MDR,Multidrug resistance.
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Ababa (15). In the study from Addis Ababa, DFU with cellulitis
was 12.2%, DFU with toe gangrene at 16.3%, DFU with foot
gangrene at 18.4%, and only 31.1% with foot ulcer (15). Another
more recent study found that the rate of foot ulcers at Tikur
Anbessa Specialized Hospital was 26% (16).

Diabetic foot ulcer infection is essentially polymicrobial.
Many complications of DFUs are caused by bacterial
infections and can be minimized by paying due attention to
the identification and control of infections. It is necessary to
detect the specific pathogens and their susceptibility pattern
to initiate early treatment with the appropriate antibiotics.

Therefore, this study aimed to identify the bacteria that
cause diabetic foot ulcers and the antimicrobial sensitivity
patterns of these bacterial isolates.

Materials and methods

A multicenter hospital-based cross-sectional study was done
in the diabetes mellitus (DM) clinics of three selected public
hospitals in Addis Ababa, Ethiopia. The study sites were Tikur
Anbessa Specialized Hospital (TASH), Menelik II, and Yekatit
12 Hospitals. All adult diabetic patients with diabetic foot ulcers,
whose ulcers were greater than or equal to the Wagner first
degree grading system, who visited the DM clinics at the study
sites during the study period, and gave informed consent were
included in the study. The study took place from November
2020 to May 2021.

Samples were taken from the deepest part of the ulcer using
two sterile swabs, soaked in sterile glucose broth. The samples
were taken using a firm circular motion with the swab. One swab
was used for Gram staining and the other was used for culture.
Semi-structured questionnaires were used to collect
sociodemographic and other clinical data.

A Gram smear directly from the sample was examined. The
samples were inoculated on blood agar, MacConkey agar, and
chocolate agar. The inoculated plates were incubated at 37°C
overnight and the plates were examined for growth the next day.
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In this study, ulcers were classified according to the Wagner
Diabetic Foot Ulcer Classification System. The classification was
Grade 0-Pre-ulcerative, with no open lesion or cellulitis, Gradel-
Superficial ulcer, Grade2-Deep ulcer up to tendons and joint
tissue, Grade 3-Deep ulcer with abscess, osteomyelitis, and joint
sepsis, Grade 4- Localized gangrene of forefoot or heel, and
Grade 5-Gangrene of entire foot/global gangrene.

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing (AST) was done for the
isolated bacteria with 21 antibiotics on Mueller Hinton Agar
(MHA) using the Kirby Bauer disk diffusion technique
according to the Clinical Laboratory Standard Institute (CLSI)
guidelines 2020 (17). The inoculum for each isolate was prepared
by emulsifying colonies from the purified culture overnight in
normally sterile saline (0.85%) in test tubes with turbidity
adjusted to standard 0, 5 McFarland. The bacterial suspension
was spread evenly on the MHA plate with a sterile swab, left for 3
minutes, and then the antibiotic discs were applied.

For Gram-negative bacteria the following antibiotic discs
were used (in/disk): ampicillin-sulbactam (10/5), amoxicillin
and clavulanic acid (10/10 pg), ceftriaxone (18), cefotaxime
(18), cefoxitin (18), ceftazidime (18), cefepime (18), amikacin
(18), gentamicin (19), ciprofloxacin (5), sulfamethoxazole-
trimethoprim(1.25/23.75), piperacillin-tazobactam (100/10),
tobramycin (18), imipenem (19), aztreonam (18), and
meropenem (19). While for Gram-positive bacteria, antibiotics
discs used were (in pg/disk): gentamicin (19), doxycycline (18),
erythromycin (14), vancomycin (18), cefoxitin (18),
sulfamethoxazole-trimethoprim (1.25/23.75), ciprofloxacin (5)
penicillin (10 units), clindamycin (2), and chloramphenicol
(18) (17).

The plates were incubated at 35°C for 16-18 hours, and the
diameters of the zone of inhibition were measured with a
Vernier caliper, and the results were interpreted according to
the CLSI standards (17).

Standard operating procedures (SOPs) were used for specific
purposes for all laboratory procedures. Quality control strains of
Escherichia coli ATCC® 25922, Enterococcus faecalis ATCC®
29212, Pseudomonas aeruginosa ATCC® 27853, Staphylococcus
aureus ATCC® 25923, K. pneumoniae ATCC®1705, and K.
pneumoniae ATCC®1706 were used to confirm the result of
antibiotics, media and to assess the quality of the general
laboratory procedure (17). The quality of the reagents,
antibiotic disk, and media used was checked regularly.

Ethical consideration

Ethical approval was obtained from the ethics and review
committee of the Department of Microbiology, Immunology,
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and Parasitology, College of Health Sciences, Addis Ababa
University (meeting DERC/0022/2020). A formal letter of
support from the Department was written to the three study
sites. An information sheet with the necessary information about
the study was given to the potential participants and their
voluntary consent was taken before enrolling them in the
study. For those who were younger than 18, their parents or
guardians were asked for consent and assent taken from the
children. Confidentiality was maintained by omitting their
personal identifiers throughout the study.

Results

Sociodemographic and clinical
characteristics of participants

One hundred thirty (130) study participants (23 from
TASH, 31 from Yekatit-12 Hospital, and 76 from Menelik II
hospital) were included in the present study. Out of these, 88
(67.69%) were men and 42 (32.3%) were women. Most
participants were between 50 and 75 years old and the mean
age of the study, participants were 54 + 7SD. The majority of the
study participants were residents of Addis Ababa (84.5%), while
only 15.5% were from rural areas The majority of the
participants had type I diabetes as tabulated in Table 1.

The magnitude of bacterial isolates from
diabetic foot ulcer infections

One hundred and twenty-seven bacterial isolates were
identified from 130 patients with diabetic foot ulcers. Of these,
41 (32%) were Gram-positive, and 86 (68%) were Gram-negative
isolates. Sixty-eight percent (82/120) of the samples had poly-
bacterial growth. The percentage of Gram-negative bacteria 86
(68%) was greater than Gram-positive bacteria 41 (32%). Among
the isolated bacteria, the most predominant bacteria were
Staphylococcus aureus 25.19% (32/127), followed by
Pseudomonas species 18.89% (24/127), and Escherichia coli
16.53% (21/127). Other isolates included Acinetobacter species
(9.4%), Klebsiella pneumoniae (7.9%), Serratia species (4.7%),
Enterococcus species (3.1%), Proteus vulgaris (3.1%), and Proteus
mirabilis (3.1%) (Table 2).

The highest number of culture-positive cases 50.3% (64/
127), was found in Wagner grade 3 of diabetic foot ulcers,
followed by Wagner grade 2 26.7% (34/127). With an increase in
Wagner’s score, the rate of infections caused by gram-negative
bacteria increased. Staphylococcus aureus 32 (25.1%),
Pseudomonas species 24 (18.8%), and E. coli (16.5%) were the
most common isolates in each of Wagner’s rating scales. Overall,
infection was caused by one bacteria in 31.66% (38/120) and
polymicrobial in 68.33% (82/120) samples. In general, as the
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TABLE 1 Sociodemographic and clinical characteristics of the study participants.

Characteristics

Sex

Age

Number of participants
at study sites

Residence

Type of diabetes

Duration of diabetes

HGBA1C

Hypertension

Kidney disease

Peripheral Neuropathy (PN)

PVD

Leg skin texture

Wagner’s classification system

Total

PVD, Peripheral Vascular Disease; HGBA1C, Hemoglobin A1C.
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Categories

Male

Female

<40

41-50

51-60

61-70

71-80

> 81

Total

TASH

Yekatit-12 hospital
Menelik-IT hospital
Urban

Rural

Type-1

Type-II

<1 year

1-10 years

11-20 years

21-30 years

>31 years
1.61-8.06 mmol/mol

9.67-16.11 mmol/mol
1

17.72-24.17 mmol/mol
1

>24.17 mmol/mol
Yes
No

No

Dry skin
Moist skin
Cracked skin
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5

04

Frequency (n)

89
41
4
36
42
30
17
1
130
23
31
76
110
20
67
63
0
75
38
16
1
0
75

43

70
60
24
106
104
26
43
87
40
53
37

45
62

19

130

10.3389/fendo.2022.987487

(%)

68.2
31.8
32
27.2
32.7
29.5
14.4
0.8
100
17.69
23.84
58.46
84.61
15.38
51.53
48.46

53.38

27.69
12.30
0.76

57.69
33.07

1.53
53.84
46.15
18.46
81.53

80
20
33.07
66.92
30.76

40.7
28.46

2.3
34.61
47.69
14.61

0.76

100
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TABLE 2 Bacterial isolates among diabetic foot ulcer study participants.

Bacterial profiles

Number of isolates per sample/case Mono-bacterial
Poly-bacteria
Bacterial isolates S. aureus
Pseudomonas species
Escherichia coli

Acinetobacter species

Klebsiella pneumoniae

Serratia
Enterococcus species
Proteus vulgaris
Proteus mirabilis

Citrobacter species

Viridans streptococcus spp

Streptococcus pyogenes

Klebsiella oxytoca

Total isolates

degree of ulcers increases, the percentage of ulcers with
polymicrobial growth increases (Table 3).

Antimicrobial susceptibility profiles of
gram-positive isolates

As shown in Table 4, among 41/127 (32.2%) Gram-positive
bacteria, all S. aureus and Enterococcus species were resistant to
oxacillin, penicillin, cefoxitin, and bacitracin. However, a lower level
of 18.7% (6/32) susceptibility rates for S. aureus isolates were
documented for oxacillin. A high level of resistance was also
observed among the majority of the isolates of S. aureus and all

10.3389/fendo.2022.987487

Frequency Percentage
38 31.66
82 68.33
32 25.19
24 18.89
21 16.53
12 9.44
10 7.87
6 4.72
4 3.14
4 3.14
4 3.14
4 3.14
3 2.36
2 1.57
1 0.78
127 100

Enterococcus species, which were resistant to gentamycin, doxycycline,
erythromycin, and cotrimoxazole. However, all S. pyogenes and
Viridans streptococcus species were sensitive to the majority of
antimicrobial agents.

The majority of S. aureus isolates were sensitive to amikacin
81.25% (26/32), ciprofloxacin 50% (16/32), clindamycin 62.5% (20/
32), and vancomycin 62.5% (20/32). All isolated S. aureus and
Enterococcus species were sensitive to chloramphenicol (100%). In
this study, 50% (2/4) of Enterococcus species were resistant to
vancomycin. Overall, 56.4% of S. aureus isolates, 78.8% of
Enterococcus species isolates, and 72% of Viridans streptococcus
species were resistant to the tested antibiotics (Table 4).

TABLE 3 Distribution of bacterial isolates among Wagner classification of DFUs system.

Isolated Bacteria Wagner classification of DFUs, n (%) Total
Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Acinetobacter species 0 0 10(83.3) 2 (16.6) 0 12 (9.4)
Citrobacter species 0 1(25) 2 (50) 1 (25) 0 4 (3.1)
E.coli 0 4 (19) 9 (42.8) 7 (33.3) 1(47) 21 (16.5)
Enterococcus species 0 2 (50) 2 (50) 0 0 4 (3.1)
K. oxytoca 0 0 0 1 0 1(0.8)
K. pneumoniae 0 1 (10) 5 (50) 4 (40) 0 10 (7.8)
Proteus mirabilis 0 2 (50) 1 (25) 1 (25) 0 4 (3.1)
Proteus vulgaris 0 2 (50) 0 2 (50) 0 4 (3.1)
Pseudomonas species 0 7 (29.1) 13(54.1) 4 (16.6) 0 24 (18.8)
S. aureus 1(3.1) 11(34.3) 18(56.2) 2 (6.25) 0 32 (25.1)
S. pyogenes 1 (50) 0 1 (50) 0 0 2 (1.5)
Serratia 0 3 (50) 2(333) 1(16.6) 0 6 (4.7)
Viridian streptococcus species 0 1(33.3) 1(33.3) 1(33.3) 0 3(23)
Total 2(1.5) 34(26.7) 64(50.3) 26(20.4) 1(0.8) 127 (100)
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TABLE 4 Antimicrobial susceptibility patterns of isolated gram-positive bacteria.

Antimicrobial tested

Susceptibility and resistance pattern of isolated Gram-positive bacteria N (%)

Classes Antibiotics S. aureus Enterococcus spp S. pyogenes (N = 2) Viridian streptococcus
(N =32) (N =4) sop (N=3)
R S R N S R N
Penicillin PEN 32 (100) 0 4 (100) 0 2 (100) 1(333) 2 (66.6)
(O 26 (81.2)  6(18.7) 4 (100) 0 2 (100) 1(333) 2 (66.6)
Cephamycin CXT 26 (81) 6 (19) 4 (100) 0 2 (100) 1(333) 2 (66.6)
Aminoglycosides GEN 25 (78) 7 (22) 4 (100) 0 2 (100) 2 (66.6) 1(33.3)
Aminoglycosides AMK 6(18) 26 (82) 2 (100) 2 (50) - 0 3 (100%)
Tetracycline DO 26 (81.3) 6 (18.7) 4 (100) 0 - 2 (66.6) 1(333)
Quinolones CPR 16 (50) 16 (50) 3 (75) 1(25) 2 (100) 1(33) 2(67)
Bacitracin BC 32 (100) 0 4 (100) 0 2 (100) 3 (100) 0
Sulfonamides SXT 21 (87.5) 3 (125) 3 (75) 1 (25) 2 (100) 0 3 (100)
Chloramphenicol CHL 0 32 (100) 0 4(100) 2 (100) 0 3 (100)
Macrolides ER 22(68.8) 10 (312) 4 (100) 0 2(100) 0 3(100)
Lincosamides  pp 1238 20 (62) 3(75) 1(25) 2 (100) 0 3 (100)
Glycopeptide VA 12 (37) 20 (63) 2 (50) 2 (50) 2 (100) 0 3 (100)
Total 198 (56.6) 152 (434) 41 (78.8) 11 (21.2) 22 (100) 11 (28.2) 28 (71.8)

Keys: PEN, Penicillin; OX, Oxacillin; CXT, Cefoxitin; GEN, Gentamycin; AMK, Amikacin; DO, Doxycycline; CPR, Ciprofloxacin; BC, Bacitracin; SXT, TTrime; CHL, Chloramphenicol; ER,

Erythromycin; DA, Clindamycin; VA, Vancomycin.

Antimicrobial-resistance profiles of the
gram-negative isolates

All the gram-negative isolates were resistant to cefoxitin,
ampicillin-sulbactam, tobramycin, polymyxin b, cefepime, and
augmentin. Acinetobacter and Pseudomonas species were the
most resistant to most antibacterial drugs, including amikacin,
chloramphenicol, aztreonam, ceftriaxone, ceftazidime, imipenem,
and meropenem. More than half of gram-negative bacterial isolates
were resistant to doxycycline, trimethoprim, piperacillin,
tazobactam, ceftriaxone, cefotaxime, imipenem, and meropenem.

The majority of Escherichia coli, Klebsiella pneumoniae,
Serratia, Proteus vulgaris, Proteus mirabilis, Citrobacter species,
and Klebsiella oxytoca, were sensitive to Chloramphenicol,
Amikacin, and Ceftazidime. Amikacin was found to be the
best drug for Citrobacter species (Table 5).

The magnitude of multidrug-resistant
isolates

Multidrug-resistance profiles of the organisms showed that
of the 127 bacterial isolates, 92.9% (118/127) were MDR, that is
resistant to more than two agents of antibiotic classes, whereas
7.08%(9/127) were non-MDR. Twenty-eight (88%) of
Staphylococcus aureus isolates were MDR. Acinetobacter and
Pseudomonas pathogens were resistant to all types of antibiotics.
However, the MDR profiles within species vary (Table 6).
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Discussion

Diabetic foot ulcers are the main complication of Diabetes
mellitus. Diabetic foot ulcers, if left untreated, can become
infected and cause other complications, such as gangrene,
osteomyelitis, and amputation. Surgery and antibiotic therapy
are the options used to control this infection. This study was
conducted to determine the main pathogenic bacterial infections
associated with DFU and their antimicrobial susceptibility
patterns to commonly used antibiotics at the study sites.

A male predominance in the study participants was noted in
this study, in line with previous studies in Indonesia and India
(20, 21). This may be explained by the more active role of men in
outdoor activities leading to injuries and exposure to the
development of ulcers. Similarly, the majority of participants
with DFU infections were found to be within the age range of 51-
60 years in agreement with the same studies in India and
Indonesia (20, 22).

In this study, ulcers were classified according to the Wagner
Diabetic Foot Ulcer Classification System. The most common
was grade 3 at 47.69% (62/130) followed by grade 2 at 34.61%
(45/130), which is consistent with the research conducted in
Egypt, where grade 3 was found in 50% (60/120) followed by
grade 2 in 25% (30/120) of participants (23). Contrary to these
findings, a study from India showed that grade 2 (69.2%) is
higher than grade 3 (5.1%).

In this study, a high growth rate (92.3%) of the bacteria was
found, comparable with an earlier study in Ethiopia with a growth
rate of 77.3% (92/119), compared to no growth at 22.7% (27/1190)
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TABLE 5 Resistance pattern of gram-negative isolates.
Antibiotic tested Resistance pattern of isolated Gram-negative bacteria n (%)
Classes Antibiotics Acinetobacter  Pseudomonas K.P E.coli  Serratia P. P. Citrobacter

spp(N = 12) spp(N=24) (N =10) (N=21) (N=6) mirabilis vulgaris spp(N = 4)
(N=4) (N=4)

Aminoglycosides  AMK 10 (83.3) 11 (45.8) 5 (50 5 (28.8) 2(33.3) 2 (50) 2 (50) 0
TOB 12 (83.3) 21 (87.5) 7 (70) 19 (90.5 5(83.3) 4 (100) 3 (75) 3 (75)
Tetracycline DO 11 (91.7) 23 (95.8) 10 (100) 18 (86) 6 (100) 4 (100) 3(75) 3(75)
Quinolones CPR 8 (66.7) 13 (54.2) 4 (40) 8 (38.0) 5(83.3) 2 (50) 2 (50) 2 (50)
Sulfonamides SXT 10 (83.3) 21 (87.5) 9 (90) 19 (90) 5(83.3) 2 (50) 4 (100) 4 (100)
Chloramphenicol CHL 8 (66.7) 16 (66.7) 3 (30) 2(9.5) 6(100) 2 (50) 0 2 (100)
Monobactam ATM 7 (58.3) 13 (54.2) 2 (20) 5(28.8) 2 (33.3) 2 (50) 3 (75) 0
Polymyxin PB 12 (100) 24 (100) 10 (100) 21 (100) 6 (100) 4 (100) 4 (100) 4 (100)
Cephalosporins CXT 11 (91.6) 24 (100) 10 (100) 20 95.2) 6(100) 4(100) 4(50) 4(100)
CFP 12 (100) 24 (100) 10 (100) 21 (100) 6 (100) 4 (100) 4 (100) 4 (100)
CTR 12 (100) 20 (83.3) 6 (60) 11 (52) 6 (100) 3 (75) 1 (25) 2 (50)
CTX 11 (8.3) 21 (87.5) 8 (80) 15 (74) 6 (100) 3 (75) 1(25) 3 (75)
CAZ 7 (58.3) 13 (54.2) 4 (40) 7 (33.3) 3 (33) 3 (75) 0 0
Beta-lactam TZP 6 (50) 16 (66.7) 4 (40) 7 (33.3) 2(33.3) 2 (50) 0 2 (50)
Inhibitors SAM 12 (100) 24 (100) 10 (100) 21 (100) 6 (100) 4 (100) 4(100) 4(100)
AUG 12 (100) 24 (100) 10 (100) 21 (100) 6 (100) 4 (100) 4(100) 4 (100)
Carbapenem IMI 6 (50) 11 (45.8) 6 (60) 5(23.8) 4 (66.6) 1 (25) 0 0
MER 7 (58.3) 9 (37.5) 4(40) 6 (28.5) 3 (50) 1(25) 1(25) 0

AMK, Amikacin; TOB, Tobramycin; DO, Doxycycline; CPR, Ciprofloxacin; SXT, Trimethoprim-sulfamethoxazole; FEP, Cefepime; TZP, Piperacillin-Tazobactam; SAM, Ampicillin-
Sulbactam; AUG, Augmentin; CTR, Ceftriaxone; CTX, Cefotaxime; CAZ, Ceftazidime; IMI, Imipenem; MER, Meropenem; ATM, Aztreonam.

(15). A recent study also reported, that the growth rate was 81.7% This finding is in agreement with an earlier study done in the
(98/120), and no growth of 22% (18.34%), respectively (23). same study site (out of three included in the current study) Tikur

Overall, gram-negative bacteria (71.6%) were predominantly Anbessa Specialized Hospital, where gram-negative bacteria
isolated (86/120) compared to gram-positive isolates (34.16%). were isolated in 88.55% (54/61) versus 7% (11.47%) gram-

TABLE 6 Antibiogram of bacterial isolates.

Bacterial isolates Antibiogram pattern, N (%)

R, R, R, R, R, Rs R R, R R, R,, MDR
S. aureus 0 1(3.1) 3(9.3) 4 (12.5) 8 (25) 5 (15.6) 5 (15.6) 3(9.3) 3(9.3) 0 0 28 (87.5)
Enterococcus species 0 0 0 0 0 0 0 1(25) 0 3 (75) 0 4 (100)
S. pyogenes 2 (100) 0 0 0 0 0 0 0 0 0 0 0
Viridian species 0 0 0 1(33.3) 1(33.3) 1(33.3) 0 0 0 0 0 3 (100)
Pseudomonas species 0 0 2(8.3) 3 (12.5) 3 (12.5) 4 (16.6) 5(20.8) 0 6 (25) 1(4.1) 0 22 (91.6)
E.coli 0 0 0 6 28.5) 6 (28.5) 4 (19.0) 3 (14.2) 1(4.7) 1(4.7) 0 0 21 (100)
Acinetobacter species 0 0 0 0 2 (16.6) 2 (16.6) 2 (16.6) 1(8.3) 2 (16.6) 3 (25) 0 12 (100)
K. pneumoniae 0 0 0 0 2 (20) 4 (40) 2 (20) 0 1(10) 1 (10) 0 10 (100)
Serratia 0 0 0 0 0 0 4(66.6) 2(33.3) 0 0 0 6 (100)
Proteus mirabilis 0 0 0 1(25) 0 0 2 (50) 1(25) 0 0 0 4 (1000
Proteus vulgaris 0 0 0 0 2 (50) 1(25) 1(25) 0 0 0 0 4 (100)
Citrobacter species 0 0 1 (25) 1 (25) 0 1(25) 1(25) 0 0 0 0 3(75)
Koxytoca 0 0 0 0 1 0 0 0 0 0 0 1
Total 2(1.6)  1(07) 6472 16(125 25(19.6) 22(173) 25(19.6) 9(7.08) 13 (102) 8 (6.2) 0 118 (92.9)

Sensitive for all classes of antibiotics (R,), Resistance for one class of antibiotics (R,), Resistance for two classes of antibiotics (R,), Resistance for three classes of antibiotics (Rs), Resistance
for four classes of antibiotics (R,) etc., MDR-Multidrug-resistance.
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positive bacteria (15). Similarly, a study from Egypt reported
56% gram-negative and 27.7% gram positives, while 79% gram-
positive and 21% gram negatives were isolated in northeast India
(23, 24).

The rate of bacterial isolation and the type of bacteria in the
ulcer increased as the severity of the ulcer increased. This shows
the extent to which organisms influence the DFU healing
process, which is supported by various papers published
elsewhere, such as in Nigeria (18), China (25), and India (21, 26).

In the present study, S. aureus was the predominant isolate
25.19% (32/127), unlike a previous study in Ethiopia which
reported, Klebsiella species 23.9% (22/92) as the predominant
bacteria followed by Proteus species 18.47% (17/92) (15). In
Egypt, P. mirabilis (16.8%) is the most common isolate (24), in
Saudi Arabia Pseudomonas species 15.6% (n = 134) (27), and
in South America Pseudomonas species (18.8%) was the most
common isolate (28). Similarly in agreement with studies in
Kenya 17.5% (14/80 (29), Nigeria 32.9% (32/97 (30), India
24.42% (32/131) (31), 25% (18/85) (21), China 65.2% (n=232)
(25), and in Iran 28% (n=92) (32). This shows that the
predominant bacteria causing DFU infections could vary in
different settings.

The current study found that the most common gram-
negative isolates were Pseudomonas species (18.89%), followed
by Escherichia coli, comparable with other studies conducted in
Libya 17.5% (21/120) (33), India 23.2% (n = 85) (26) and 23.6%
(n = 85) (21).

On the other hand, a previous study in Ethiopia reported
that no Pseudomonas species were isolated from 92 cultured
samples, whereas E.coli was isolated in 5.43% (5/92) (15).
Similarly in Pakistan, the most common gram-negative
bacteria was E.coli 15.72% (n=671) (34). This variation may be
due to the sample size differences of the different studies and
other unique characteristics of each study site.

A very high rate of multidrug resistance (92.9%) was found
in the present study, consistent with the findings of a study in
India (26), and Nigeria (35).

In this study, the majority of isolated Staphylococcus aureus
were resistant to gentamicin; doxycycline, erythromycin, and
trimethoprim, while the majority are sensitive to amikacin,
oxacillin, ciprofloxacin, clindamycin, and vancomycin. Similarly,
all enterococci are resistant to gentamicin, doxycycline,
erythromycin, and trimethoprim. While all Staphylococcus aureus
and Enterococci were found to be susceptible to chloramphenicol
(100%) (36). The possible reasons for this high level of resistance
could be multifactorial. It could be explained by inappropriate
antibiotic use, self -medication, repeated courses of antibiotics
associated with the chronic nature of the DFU, and the patients
encounters with the Hospital environment during their frequent
follow up visits.

The current study confirmed that both gram-positive and
gram-negative aerobic pathogenic bacteria cause DFU infection
in the study sites and because of their antimicrobial resistance
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profile can cause challenges for the management of patients and
can lead to more complications such as osteomyelitis, and
possibly amputation of the limbs.

Limitation of the study

The current study, which has been done in a resource
constrained environment has tried to address the problem of
resistance to commonly used antibiotics in the study sites, but has
its limitations. The study was done during the COVID-19 pandemic,
which has affected the health seeking behavior of potential study
participants. The study focused on anaerobic bacteria, even though
naerobic bacteria are known to be important etiologic agents in DFU
infections, including fungi. We were not able to do further analysis of
the study using molecular techniques to get more information about
the profile of the organisms isolated from these patients, because of

resource constraints.

Conclusion

Diabetic foot ulcers can be infected with a wide variety of
pathogens and a large number of multi-drug resistant bacteria.
In this study, Staphylococcus aureus was the dominant isolate
followed by other gram-negative bacteria. In the current study, a
high level of resistance to commonly used antibiotics was found
highlighting the need for cautious care in the use of antibiotics
for the treatment of infections. Some isolates in the current study
were more sensitive to chloramphenicol, aztreonam, amikacin,
clindamycin, and vancomycin, which can be used as first-line
treatment for these infections. The results showed an overall
increase in the resistance of bacteria to antimicrobial agents and
emphasizes the importance of microbiological analysis and
antimicrobial susceptibility testing before initiating antibiotics
treatment for diabetic foot ulcer infections.
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