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Abstract
Background  Effective management of Diabetic foot ulcers (DFU) requires timely treatment of infections with 
appropriate antibiotics based on culture and susceptibility results. However, challenges in diagnostic testing persist 
and consequently, data on prevalent bacteria, their antimicrobial resistance profiles and genes remains scanty. This 
study profiled the prevalent bacteria in Diabetic foot infection (DFI), their antimicrobial susceptibility patterns, and 
associated resistance genes.

Methodology  A multi-center cross sectional study was conducted from November 2021-January 2022, involving 
117 patients with DFU, attending selected referral hospitals (Kiruddu, Jinja, Kampala International Teaching Hospital, 
Kitagata, Mbarara, Fort Portal and Hoima). Wound swabs were aseptically collected and placed in Stuart transport 
medium, then pre-enriched prior to inoculation onto Blood, MacConkey and Chocolate Agar to isolate aerobic 
microorganisms. Bacteria identification was based on colony morphology, Gram stain, conventional biochemical tests 
and Antibiotic susceptibility testing using Kirby-Bauer disk diffusion method were performed. Methicillin-resistant 
Staphylococcus aureus (MRSA) and extended-spectrum beta-lactamase-producing Enterobacterales (ESBL-PE) were 
identified phenotypically. mecA gene in selected MRSA, and blaCTX-M-1 and blaSHV-1 in ESBL-PE were detected 
using Uniplex PCR and electrophoresed using 1.5% agarose gel. Data was analyzed using MS Excel version 15 and 
Stata version 15 (Stata Corp®).

Results  Microbiologically confirmed infection was observed in 89.7% (105/117) of DFU cases, yielding 144 bacterial 
isolates. Poly-microbial infections were detected in 23.8% of patients. Gram-positive bacteria accounted for 55.6% 
(80/144) of isolates. Staphylococcus aureus (36.1% (52/144)) and Proteus spp (13.9% (20/144)) were the most prevalent 
Gram-positive and Gram-negative bacteria, respectively. Notably, 98.6% (142/144) of the isolates were multidrug-
resistant organisms (MDR). Staphylococcus aureus sensitivity was highest for Gentamycin and Ciprofloxacin (48% 
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Background
 Globally, Diabetic foot ulcer (DFU), a complication in 
people living with Diabetes mellitus is a common prob-
lem affecting 40–60% of patients. Diabetic foot ulcers 
are highly susceptible to infection, which can lead to 
significant clinical and economic consequences, includ-
ing increased risk of hospitalization, amputation, osteo-
myelitis, and death [1–3]. The current best practice for 
managing diabetic foot ulcers is immediate treatment 
of clinical infection targeting the most likely pathogens. 
Drug choice should be reviewed based on pathogen cul-
tured, drug susceptibility, and clinical progress [4, 5]. This 
approach saves diabetic patients from unsafe long-term 
administration of antibiotics which could be responsible 
for drug resistance, nephropathy and hepatic insuffi-
ciency. However, the capacity for culture and sensitivity 
is still a challenge in many health facilities [6, 7]. Poly-
microbial growth and antimicrobial resistance including 
multidrug resistant organisms (MDROs) like methicil-
lin-resistant Staphylococcus aureus (MRSA) have been 
isolated in 24%−67% of these patients [5, 8–11]. The pat-
terns of microbes and antibiotic sensitivity vary from one 
region to another requiring these studies [12, 13].

Information on bacteria responsible for DFI and guide-
lines of antibiotics to use in diabetic foot ulcer is still 
scanty in sub-Saharan Africa, Uganda inclusive [14]. 
There is still inconsistence on bacteria with Gram stain-
ing and existence of polymicrobial infections or not [5, 
8, 10, 15]. Nevertheless, a number of studies have regis-
tered multidrug-resistant bacterial strains with varying, 
and inconsistent susceptibility results which make resis-
tance monitoring and susceptibility testing a necessity [5, 
8, 10]. Furthermore, false positives have been identified 
with the phenotypic resistance testing methods which 
pose serious clinical consequences, justifying a need for 
accurate and definitive genotypic methods [16]. These 
genotypic methods target known genes that confer resis-
tance to antibiotics and their detection is sufficient evi-
dence for antibiotic resistance, like mecA and mecC genes 
for methicillin resistance in Staphylococcus aureus [17], 
ESBL genes (blaCTX-M, blaSHV, and blaTEM) for beta-
lactam antibiotics resistance in Enterobacterales [18] 
and carbapenemase (blaKPC) gene. Detection of these 

genes not only guide clinicians on appropriate antibi-
otic options but also prevent treatment failure and risk 
of disseminating resistance. Information on prevalence 
of these resistance genes in bacteria isolated for DFU of 
patients in Uganda is still scanty. However, a number of 
studies elsewhere, have indicated varying prevalence 
of mecA genes from MRSA isolated from DFU patients 
of 40%−100% in hospitals in Tunisia and India [19–22]. 
In addition, ESBL genes have been detected from Gram 
negative bacteria isolated from DFU in Pakistan (blaSHV 
(84.6%), blaTEM (75%) and blaCTX-M (76.9%)) [23] 
and in North India (blaCTX-M (34.2%) and blaTEM 
(89.4%)) [24]. In Uganda, studies done on other patients 
in hospital settings in eastern and western region indi-
cated a prevalence of the mecA gene of 29% and 46%, 
respectively [25, 26] and prevalence of bla CTX-M (70%), 
blaSHV (34%) and TEM (100%) in western Uganda [27] 
and blaCTX-M of 93% from a maternity ward in Mulago 
hospital [28]. Hence a need for similar studies on DFU 
patients to inform appropriate antibiotic treatment. The 
aim of this study was to profile the different organisms 
obtained from patients’ DFU, their antibiotic suscepti-
bility patterns and genes associated with resistance to 
inform DFI treatment in our setting.

Methods
Study design and setting
The study was a multicenter cross-sectional study con-
ducted in seven regional and teaching hospitals in 
Uganda as detailed in the earlier publication [29]. The 
hospitals are from Central Uganda (Kiruddu Specialized 
Hospital), Eastern Uganda (Jinja Regional Referral Hospi-
tal and western Uganda (Kampala International Teaching 
Hospital; Kitagata General Hospital; Mbarara Regional 
Referral Hospital; Fort Portal Regional Referral Hospi-
tal; and Hoima Regional Referral Hospital). The hospitals 
were purposefully selected based on the high reported 
prevalence of Diabetes mellitus (DM) in their respective 
regions in Uganda [30].

Participants’ characteristics
The study involved 117 Diabetes mellitus patients (DM 
type 1 and type 2) selected purposively based on having 

each) and lowest for Cefoxitin (2%). Proteus spp sensitivity was highest for Imipenem (87%) and lowest for Tetracycline, 
Ampicillin and Amoxiclav (0%). mecA gene was identified in 56% (5/9) of MRSA. Among the selected MDR Gram-
negative isolates, 60% had blaCTX-M-1, 20% had blaSHV and both blaCTX-M-1 and blaSHV in one Klebsiella 
pneumoniae.

Conclusion  The high prevalence of MDR bacteria in DFI underscores the need for culture and sensitivity testing-
guided treatment. Detection of resistance genes calls for sustained surveillance efforts, stringent infection prevention 
and control, and alternative therapy exploration.
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DFU below the ankle and attending the surgical Depart-
ment and DM clinics in any of the seven selected hospi-
tals in Uganda between November 1, 2021, and January 
31, 2022. The patients’ recruitment criteria, sample size 
determination, and patients characteristics (socioeco-
nomics, medical, and behavioral) were as detailed in our 
earlier publication [29]. Sample size per study site was 
informed by the proportion of DFU patient flow in the 
different referral hospitals based on the pre-existing hos-
pital records. The study involved 12, 14, 14, 17, 29, 21, 
and 10 DFU patients from Fort Portal (FT), Hoima (HM), 
Jinja (GA), Kiruddu (KD), Kitagata (KT), KIU-TH (KU), 
and Mbarara (MA) referral hospitals, respectively.

Sample collection from patients
Prior to swab sample collection, the Diabetic foot wound 
and surrounding skin areas was cleaned by a trained doc-
tor with 7.5% Povidone-Iodine [31]. This was followed by 
collection of swab samples (containing pus and debris) 
aseptically from deeper tissues of the DFU of patients 
using sterile swabs soaked in sterile normal saline. The 
collected samples were transported in Stuart transport 
media (Oxoid, Thermo Fisher Scientific, Basingstoke, 
UK) to the Kampala International University Teach-
ing Hospital (KIU-TH) laboratory. Samples were stored 
under refrigeration, at 2–8 °C and processed within seven 
days [32].

Characterization of the bacteria
Swabs were pre-enriched using Brain Heart Infusion 
broth (Oxoid, Basingstoke, UK) for 24 h at 37 °C [33]. 
This was followed by inoculation on Blood Agar (HiMe-
dia Laboratories Pvt. Ltd, Mumbai, India) using the 
streak plate technique as described by Cheesebrough 
[34], to isolate any growing microorganisms from the 
collected swabs after 24 h of aerobic incubation at 37 °C. 
Purification of obtained cultures was done on general-
purpose media, including Blood agar, basing on their 
hemolytic properties, and Chocolate agar (HiMedia 
Laboratories Pvt. Ltd, Mumbai, India) to isolate fastidi-
ous organisms [35]. Additionally, differential and selec-
tive media from HiMedia Laboratories Pvt. Ltd, Mumbai, 
India were used including MacConkey agar and Violet 
Red Bile agar (VRBA) to isolate organisms based on their 
ability to ferment lactose [36, 37]. Mannitol salt agar to 
isolate Staphylococcus spp [38], Cetrimide selective agar 
to isolate Pseudomonas aeruginosa [39], Slanetz and 
Bartley agar and Bile esculin azide agar to isolate Entero-
coccus spp [40, 41], Xylose lysine deoxycholate agar for 
presumptive isolation of Proteus spp, and Eosine methyl 
blue (EMB) for isolation of E.coli [38, 42]. For any mix-
tures of bacterial colonies, CHROMagar™ Orientation 
agar was used [43]. All incubations were done aerobically 
for 24 h at 37 °C.

Based on the colony morphology, preliminary identi-
fication of pure cultures was done using Gram staining 
according to [34]. Further identification of pure colonies 
was done using conventional biochemical tests using 
catalase, coagulase, oxidase, gelatin-hydrolysis, nitrate 
reduction, citrate, indole, motility test, urease, methyl 
red – Voges – Proskauer (MR-VP) and Triple sugar iron 
(TSI) tests [34]. Additionally, species-specific biochemi-
cal tests were done, including: CAMP test, bile solubil-
ity, and sensitivity to bacitracin and optochin antibiotics 
for Streptococci species and Slidex staph plus (bioMéri-
eux, France) and DNase test for Staphylococcus spp [34, 
44]. Confirmation of organisms was done using specific 
Analytical Profile Index (API) system [] such as API 20E, 
API 20NE, API 20 Strep, and API 20 Staph (bioMérieux, 
Inc, France). Standard positive controls of Staph aureus 
ATCC 25,923 and E. coli ATCC 25,922 were used for bac-
teria identification.

Susceptibility pattern of bacterial isolates to commonly 
used antibiotics
Antibiotic susceptibility testing was carried out using 
Kirby-Bauer disc diffusion method on Mueller-Hinton 
agar (Fisher Scientific, Basingstoke, UK) [45]. Briefly, 
a sterile wire loop was used to touch the top of discrete 
colonies from a 24-hour-old culture on nutrient agar and 
then transferred into 5 ml of sterile 0.85% saline. The bac-
terial suspension was standardized to an optical density 
equivalent to 0.5 McFarland turbidity Standard to bring 
the cell density to about 1.5–2.0 × 108cfu/ml using a den-
sitometer device (BioSan Densitometer DEN-1B, Latvia). 
The culture suspension was spread over the entire sur-
face of the Mueller-Hinton Agar plate by swabbing. The 
agar surfaces were allowed to dry with the lid opened ajar 
for 5 min, and the plates were held at room temperature 
for not more than 15 min to allow sufficient reduction of 
any moisture before applying antimicrobial discs using 
sterile forceps. Antibiotic discs (Oxoid, Thermo Fisher 
Scientific, Basingstoke, UK) were used in this study. The 
isolated bacteria (Gram-positive and Gram-negative) 
were tested on antibiotics within the 10 classes of anti-
biotics recommended by the CLSI guideline of 2024 
and are commonly used in our setting. These included: 
Carbapenem (Imipenem), Quinolones (Levofloxacin, 
Ofloxacin, Ciprofloxacin); Penicillin (Oxacillin, Ampicil-
lin, and Amoxiclav); Cephalosporins (Cefuroxime, Cefix-
ime, Cefoxitin), Aminoglycoside (Gentamycin, Amikacin, 
Streptomycin), Lincosamide (Clindamycin), Tetracycline 
(Tetracycline), Glycoproteins (Vancomycin), Macrolide 
(Azithromycin) and Amphenicol (Chloramphenicol).

Both Gram-positive and Gram-negative bacteria iso-
lates were tested on: Levofloxacin (5 µg), Ofloxacin (5 
µg), Gentamycin (10 µg), Tetracycline (30 µg), Cipro-
floxacin(5 µg), Ampicillin (10 µg), Cefoxitin (30 µg), and 
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Chloramphenicol (30 µg). Additionally, Gram-positive 
bacteria were tested on Oxacillin (1 µg), Clindamycin 
(2 µg), Azithromycin (15 µg), and Vancomycin (30 µg), 
while Gram-negative bacteria were also tested on Imi-
penem (10 µg), Amoxiclav (30 µg), Cefuroxime (30 µg), 
Cefixime (5 µg), Amikacin (30 µg), and Streptomycin (10 
µg). The plates were then incubated at 37ᵒC for 18–24 
h. The diameter of zones of inhibition was measured 
in millimeters using a vernier caliper, and results were 
interpreted according to the guidelines of Clinical and 
Laboratory Standards Institute [46].

Molecular detection of resistance genes
Genomic DNA from multidrug resistant bacterial iso-
lates was extracted using the boiling method [47] with 
slight modifications. Briefly, several colonies from an 
overnight culture of each test bacteria grown on Mueller-
Hinton Agar were transferred and emulsified in 100 µL 
PCR water contained in a labeled Eppendorf tube. Sub-
sequently, the tubes were placed in a heat block to boil 
the bacterial suspension at 95°C for 1 h and 30 min, and 
then allowed to cool for 30 min. The tubes were then 
centrifuged at 15,000 rpm for 3 min, and 70 µL of each 
obtained supernatant that contained the crude DNA was 
transferred into a fresh Eppendorf tube. The extracted 
DNA (2µL) was quantified using Nanodrop lite Spectro-
photometer (Thermo Scientific) at wavelengths of 260 
nm and 280 nm of which a ratio of approximately 1.8–2 
was considered as good purity [48]. The crude DNA was 
stored at −20 °C for subsequent PCR assays.

PCR for detection of resistance genes
Polymerase Chain reaction (PCR) was performed 
using DNA isolated from selected bacteria that exhib-
ited multi-drug resistance, including resistance to all 
the antibiotics within the 7 classes of antibiotics tested, 
cefoxitin inclusive for S. aureus (detection of mecA gene). 
For Gram-negative bacteria, screening for extended-
spectrum beta-lactamase production was done using 
Cefixime (third generation cephalosporins), while for 
carbapenem resistance was done using Imipenem. The 
selected resistance genes were detected using the con-
ventional uniplex PCR methods as described by Ibrahim 
[48] with slight modifications. The PCR master mix was 
prepared as follows: 12.5µL Hot Start Taq2x master mix 
(M0496S)-New England Bio-labs, 1.0µL forward (10µM), 
1.0µL reverse (10µM), 5.0µL DNA template and 5.5µL 
RNAase-Free-H2O making up to 25.0µL final reaction 
volume. The PCR amplification was carried out in a con-
ventional PCR Thermocycler (CLASSIC K960 Thermal 
Cycler). The programme included; initial denaturation 
at 95 °C for 1 min followed by 35 cycles (denaturation 
at 95 °C for 45 s, annealing at 55 °C (for mecA, blaSHV, 
blaTEM, and blaKPC genes) and 62 °C for blaCTX-M-1 

for 1 min and elongation at 72 °C for 1 min) and the final 
extension cycle of 72 °C for 5 min. The primers used 
included: blaTEM-F (​C​A​T​T​T​C​C​G​T​G​T​C​G​C​C​C​T​T​A​T​T​
C) and blaTEM-R (​C​G​T​T​C​A​T​C​C​A​T​A​G​T​T​G​C​C​T​G​A​C) 
of amplicon size 800 bp [49]. blaSHV-F (​A​T​G​C​G​T​T​A​T​A​
T​T​C​G​C​C​T​G​T​G) and blaSHV-R (​T​G​C​T​T​T​G​T​T​A​T​T​C​G​
G​G​C​C​A​A) of 747 bp [50]. blaKPC-F (​T​C​G​A​A​C​A​G​G​A​C​
T​T​T​G​G​C​G) and blaKPC-R(​G​G​A​A​C​C​A​G​C​G​C​A​T​T​T​T​
T​G​C) of 201 bp [51]; blaCTX-M-1-F (​G​A​C​G​A​T​G​T​C​A​C​
T​G​G​C​T​G​A​G​C) and blaCTX-M-1-R (​A​G​C​C​G​C​C​G​A​C​G​
C​T​A​A​T​A​C​A) of 499 bp [52]. mecA-F (​G​T​G​A​A​G​A​T​A​T​A​
C​C​A​A​G​T​G​A​T​T) and mecA-R (​A​T​G​C​G​C​T​A​T​A​G​A​T​T​G​
A​A​A​G​G​A​T) of 147 bp [53].

Gel electrophoresis
DNA Amplicons were electrophoresed using 1.5% 
agarose gel prepared with 1x Tris-Borate EDTA buf-
fer (TBE) and 5µL Safe View Classic™ DNA stain (cat # 
G108) as described [54]. 6X loading dye (Thermo Scien-
tific #R0611) was added to each of the PCR product tube, 
and approximately 20 µL of each sample (including both 
positive and negative controls) and DNA ladder 100 bp 
(NEB-Biolabs #N3231L) were loaded into the gel wells. 
Subsequently, the gel was loaded into the electrophoretic 
tank that contained 1x TBE buffer. Electrophoresis was 
run at 200 V and 80 mA for 1 h. Bands were visualized 
using the Gene-Flash Trans-illuminator, and a photo-
graph captured for examination.

Data analysis
Data was entered in Ms Excel version 15 and later 
exported to Stata version 15 (Stata Corp®) for analysis. 
Descriptive statistics, including frequencies and percent-
ages, were used to summarize the data.

Results
Pathogens isolated from patients with DFU
A total of 117 patients with diabetic foot ulcer partici-
pated in this study and these included; 12, 14, 14, 17, 
29, 21 and 10 patients from Fort Portal (FT), Hoima 
(HM), Jinja (GA), Kiruddu (KD), Kitagata (KT), KIU-TH 
(KU) and Mbarara (MA) referral hospitals, respectively. 
Among the 117 DFU patients, 105 (89.7%) yielded bac-
terial growth (for diabetic foot infection (DFI)). Among 
patients whose samples yielded bacterial growth, 80 
(76.2%) had monomicrobial infections while 25 (23.8%) 
had poly microbial infections. Of the 25 patients with 
poly-microbial infections, 15 (14.3%), 6 (5.7%) and 
4 (3.8%) had two, three, and four bacteria isolated, 
respectively.

A total of 144 bacterial isolates were obtained from 105 
patients that had DFI. Table 1. summarizes bacteria iso-
lated from the DFU patients.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Page 5 of 13Namatovu et al. BMC Infectious Diseases         (2025) 25:1498 

Susceptibility patterns of the isolated bacteria to 
commonly used antibiotics
Except for Listeria spp (1) and Bacillus spp (1) that did 
not have guidelines on antibiotics to use in the CLSI [46], 
the rest of the isolates (142) were tested for their suscep-
tibility to some of the 10 classes of antibiotics that are 
commonly used in the management of DFU in our set-
ting. One hundred and forty (98.6%) of the isolates were 
multidrug resistant (non-susceptible to at least three 
antimicrobial categories). Approximately 21% (n = 62) 
of the Gram-negative isolates tested were resistant to 
carbapenem, considered to be the last resort treatment, 
and 66.7% (n = 51) were resistant to Cefixime (a third-
generation cephalosporin) (Table 2). High resistance to 
Cefoxitin was registered in 98% of the S. aureus and Van-
comycin resistance registered in Enterococcus faecium 
(67%) and Enterococcus faecalis (79%). Details of resis-
tance patterns for Gram negative and Gram-positive bac-
teria to the commonly used antibiotic are summarized in 
Tables 2 and 3, respectively.

Characterization of mecA genes from Staphylococcus 
aureus
Nine (9) of the S. aureus isolates that showed multidrug 
resistance (MDR), including phenotypic resistance to 
cefoxitin antibiotic were subjected to uniplex PCR for 

detection of mecA genes. Approximately 147  bp (bp) 
amplicon size was obtained for mecA genes. Out of the 
nine MDR S. aureus isolates analyzed for mecA genes, 
five (56%) isolates (KD14, KD11a, GA08, KT16, and 
KD11b) were positive, as shown in Fig. 1 below.

Characterization of β-Lactamase genes from selected MDR 
Gram-negative bacteria
Ten (10) Gram-negative isolates including two E. coli 
(KD17EC and KD10EC), five Klebsiella (KD13Kleb, 
KD15Kleb, GA17Kleb, KD26Kleb and KD14Kleb), one 
Pseudomonas (HM18Ps) and two Proteus spp (GA20 
Pro and KD06Pro), that exhibited multidrug resistance, 
resistance to Imipenem inclusive, were subjected to uni-
plex PCR for detection of TEM, KPC, blaCTX-M-1 and 
blaSHV genes. All isolates were negative for TEM and 
KPC genes. Approximately, 499  bp (bp) amplicon size 
was obtained for blaCTX-M-1 gene, and of the 10 iso-
lates analyzed, six (60%) isolates (KD17EC, KD13Kleb, 
KD14Kleb, 10-HM18Ps, GA20 Pro and 12-KD06Pro) 
were positive for blaCTX-M-1 gene as shown in Fig.  2 
below.

Approximately, 201 bp (bp) amplicon size was obtained 
for blaSHV genes. Out of the five isolates analyzed, 
only one (20%) isolate (KD14Kleb) was also positive for 
blaSHV genes as shown in Fig.  3 below. There was the 

Table 1  Bacterial profile on diabetic foot ulcers of patients from the different referral hospitals
Bacteria isolated Referral hospitals Total (%)

FT GA HM KD KT KU MA
Gram positive bacteria (n = 80, 55.6%)
  Staphylococcus aureus 5 7 4 7 16 11 2 52 (36.1)
  Staphylococcus epidermidis - - - 2 - - - 2 (1.4)
  Staphylococus spp - 1 - - 3 1 1 6 (4.2)
  Enterococcus faecalis - 5 - 6 2 1 - 14 (9.7)
  Enterococcus faecium - 1 - 2 - - - 3 (2.1)
  Bacillus cereus - - 1 - - - - 1 (0.7)
  Streptococcus pyogenes - 1 - - - - - 1 (0.7)
  Listeria spp 1 - - - - - - 1 (0.7)
Gram negative bacteria (n = 64, 44.4%)
  Proteus mirabilis - 1 - - - - - 1 (0.7)
  Proteus spp 3 4 4 - 5 2 2 20 (13.9)
  Pseudomonas aeruginosa - - - - - 2 - 2 (1.4)
  Pseudomonas spp 1 - - 1 1 3 5 11 (7.6)
  E. coli - 5 - 5 - - - 10 (6.9)
  Klebsiella pneumoniae - 1 - 4 - - - 5 (3.5)
  Klebsiella spp - 1 - 6 1 1 - 9 (6.3)
  Proteus vulgaris - - 1 - 1 - - 2 (1.4)
  Citrobacter diversus - - 1 - - - - 1 (0.7)
  Citrobacter spp - - - 1 - - - 1 (0.7)
  Haemophilis spp - - - - - 1 - 1 (0.7)
  Neisseria spp - - - - - 1 - 1 (0.7)
Total isolates 10 27 11 34 29 23 10 144
Where: FT is Fort Portal Regional Referral Hospital, HM is Hoima Regional Referral Hospital, GA is Jinja Regional Referral Hospital, KD is Kiruddu Regional Referral 
Hospital, KT is Kitagata Regional Referral Hospital, KU Kampala International University- Teaching Hospital, and MA is Mbarara Regional Referral Hospital
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presence of mixed genes blaCTX-M-1 and blaSHV genes 
in sample KD14Kleb.

Discussion
The high prevalence (89.7%) of the DFU patients who 
presented with DFI is in line with earlier reports [55, 
56], which indicated that a considerable proportion of 
patients with DFU develop infection. Absence of growth 
in samples from 12 (10.3%) patients with DFU was prob-
ably due to reduced recovery of fastidious organisms due 
to extended storage of swab samples (up to seven days) 
which is a limitation of this study; or multiple antibio-
therapy used by the patients before seeking medical care, 
including the use of herbs known to prevent infections 
and persistent inflammation on these wound [57–60].

This study focused exclusively on aerobic bacteria, and 
as a result, anaerobic bacteria were not isolated, which is 
a limitation. However, among the aerobic bacteria iso-
lated, the majority (76.2%) of patients with DFU exhibited 
monomicrobial growth. This finding is higher than those 
reported in some earlier studies, in Mulago hospital, 
Uganda (59%) and in Northeast of Tamaulipas Mexico 
(51.6%) [61, 62]. In countries where culture and sensitiv-
ity testing - crucial for selecting the most effective drug 
for managing diabetic foot infections (DFI) - is limited, 
clinicians often resort to routine antimicrobial combina-
tions. However, as demonstrated by this study, such an 
approach is not justifiable for most patients. Polymicro-
bial growth was observed in 23.8% of the patients in this 
study. This prevalence is lower than was reported in DFU 
patients from selected hospitals in Addis Ababa, Ethio-
pia (68%) [63], Calabar Municipality, Nigeria (70%) [10] 
and a tertiary care hospital in Karachi, Pakistan (83%) 
[9]. However, it is higher than the 12% reported by Wu in 
patients from the Southwest hospital, China [5] and 21% 
reported in patients from Nemazee Hospital, Southern 
Iran [64]. The presence of polymicrobial growth among 
DFU patients is one of the major causes of treatment 
failure, complications like chronicity of diabetic wounds, 
and amputations that necessitate culture and sensitivity 
to guide the treatment regime.

The prevalence of Gram-positive bacteria (55.6%) 
in our study is consistent with studies in China from 
patients of third Xiangya hospital, Central south Univer-
sity and Huaihua Cancer hospital where prevalence of 
59% and 52.3%, respectively, were reported [65, 66], but 
inconsistent with earlier studies in; Kasr Alainy Hospital, 
Egypt, Mulago hospital, Uganda and Kenyatta National 
Hospital, Kenya that identified Gram negative bacte-
ria as most prevalent from 56.1%, 80.6% and 65% of the 
patients, respectively [14, 61, 67]. Therefore, in our set-
ting, empirical treatment should be directed towards 
Gram-positive organisms.

 Staphylococcus aureus (36.1%) was the most common 
Gram-positive bacterium found in DFU cases in this 
study, which aligns with findings from the meta-analyses 
conducted in sub-Saharan Africa, where its prevalence 
of 34.3% was reported [68], and studies in Asia, which 
reported 22% [69]. Similar findings were observed in 
Mbarara Regional Referral Hospital (27.6%) [70], a review 
in Uganda (33.3%) [71], and several studies in India where 
20% from patients in a tertiary care and referral hospital 
[8], 18% in a meta-analysis [72], 13.4% in patients from 
Meenakshi medical college and research institute [73], 
and 20.7% from patients with chronic wounds at Jar-
amogi Oginga Odinga Teaching and Referral Hospital, 
Kenya [74].

 Proteus spp (13.9%, n = 20) was the most prevalent 
Gram-negative bacteria in this study. The finding is 
consistent with a study conducted at Kasr Alainy Hos-
pital in Egypt, where the prevalence of Proteus spp was 
16.8% [67]. However, the finding differs from studies that 
identified Pseudomonas aeruginosa as most prevalent 
Gram-negative bacterium, with 18.9% of the patients 
from selected hospitals in Addis Ababa, Ethiopia [63], 
17% from the meta-analysis of Asiatic countries [69], and 
14.8% for Pseudomonas aeruginosa and Klebsiella spp 
from patients’ chronic wounds in a teaching hospital in 
Kenya [74]. Additionally, Escherichia coli was the most 
prevalent in several studies: 21.2% in a meta-analysis 
from sub Saharan Africa [68], 27.4% in a study in India 
[73], 28.1% from Huaihua Cancer hospital, China [66], 
41.6% in patients from various hospitals in Pakistan [75]; 
20.5% from Shahid Mohammadi Hospital in Iran [76]; 
and 15% in patients from Kenyatta National Hospital in 
Kenya [14].

Imipenem was the most sensitive antibiotic for most 
Gram-negative bacteria on which it was tested. Sen-
sitivity of 80%, 60%, 50% and 0% on E. coli, Klebsiella 
pneumoniae, Proteus vulgaris, and Pseudomonas aeru-
ginosa, respectively, was observed. These findings are in 
alignment with a study from Ethiopia, which reported 
sensitivity rates for E. coli (76.2%), higher for Klebsiella 
pneumoniae (40%), and lower for Proteus vulgaris (75%) 
and Pseudomonas aeruginosa (54.2%) [63]. This study 
was not able to test the isolated bacteria on all the anti-
biotics as recommended by the CLSI [46] due to their 
unavailability, which is another limitation for this study. 
However, even with the antibiotics classes tested, the 
study showed that, 98.6% of the bacterial isolates from 
patients with DFI were multidrug-resistant (MDR). The 
MDR observed in this study is higher than reports from 
the studies in Nigeria (80%) [77], 56% in a study from 
United States of America [78] and 46.7% in a study from 
China [56, 79]. Carbapenem resistant Pseudomonas aeru-
ginosa (2/2), Methicillin resistant Staphylococcus aureus 
(51/52) and Vancomycin-resistant Enterococcus faecium 
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(2/3) were also identified in this study. These organisms 
are classified as high-priority pathogens of public health 
importance by the World Health Organisation [80]. The 
presence of MDR bacteria in this study renders antibiot-
ics ineffective, potentially leading to amputation or even 
death. Multi-drug resistance is likely due to factors such 
as inappropriate use of antibiotics, unrestricted access to 
antimicrobial drugs in our setting [81], unnecessary pro-
longed use of empiric broad-spectrum antibiotics, or the 
fact that samples were collected from patients attending 

referral hospitals. The presence of MDR bacteria not 
only limits antimicrobial options but also necessitates 
a change in the treatment strategies. These strategies 
should be informed by local microbiological data or 
guided by culture and sensitivity testing to ensure the 
appropriate selection of antibiotics. Addressing priority 
MDROs requires robust stewardship to ensure appro-
priate use of antibiotics as well as the development of 
diagnostic capacity, including point-of-care tests and 
antimicrobial susceptibility testing to reduce unnecessary 
antibiotic prescriptions [80], as well as a need for alterna-
tives to treatment, such as phage therapy.

Due to financial constraints, this study was unable to 
confirm mecA genes in 98% presumed MRSA that were 
phenotypically resistant to Cefoxitin, as well as other 
genes, mecC inclusive, which is a limitation for this study. 
Nevertheless, 56% (n = 9) MRSA strains were positive for 
the mecA gene, which encodes for methicillin resistance. 
This finding is in line with a study done in Saudi Arabia, 
which reported 53.8% prevalence of mecA for MRSA [20] 
but lower than the 96.8% identified in a study in Mexico 
city, North America [82], 90.2% in Shendi City, Sudan 
[83], and the 100% in a study done in Yogyakarta, Indo-
nesia [84]. However, this study finding is higher than the 
46% reported from an earlier study in Uganda [26] and 
21.7% in global meta-analysis [85]. The presence of mecA 
gene is sufficient evidence for detection of MRSA strains 

Fig. 2  Gel electrophoresis of PCR product of selected Gram-negative 
multidrug-resistant bacteria from wounds of patients with DFI for blaCTX-
M-1 gene. Where: M is DNA ladder (100 bp to 1000 bp), 1 is KD17EC, 2 is 
KD10EC, 3 is Positive control (E. coli NCTC 13353), 4 is Non template con-
trol, 5 is KD13Kleb, 6 is KD15Kleb, 7 is GA17kleb, 8 is KD26Kleb, 9 is KD14K-
leb), 10 is HM18Ps), 11 is GA20 Pro and 12 is KD06Pro

 

Fig. 1  Gel electrophoresis of PCR product of selected multi-drug resistant S. aureus isolated from wounds of patients with DFI for mecA gene. Where lane; 
M is DNA ladder (100 bp to 1000 bp), 1 is KD14, 2 is KD11a, 3 is GA08, 4 is HM07, 5 is HM04, 6 is KT16, 7 is KD11b, 8 is KD19, 9 is GA15, 10 is Positive control 
(S. aureus ATCC 33591) and 11 is a Non template control
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as it encodes an additional penicillin-binding protein 
(PBP2a) that confer resistance to methicillin and other 
beta-lactam antibiotics. In our setting, targeted treat-
ment is essential to avoid treatment failures and misuse 
of antibiotics along with effective infection control strate-
gies to prevent spread of resistant genes. The absence of 
mecA genes in 44% of the MRSA identified phenotypi-
cally is in agreement with studies advocating for use of 
molecular diagnostic methods to confirm phenotypic 
results to avoid false positives [16].

Extended spectrum Beta-Lactamase (ESBL) produc-
tion was presumed in 34/51 (66.7%) bacteria isolates 
detected phenotypically based on resistance to Cefixime 
alone without conducting a combined disc test using 
Cefixime-Clavulanate, which is a limitation of this study. 
The presence of carbapenem-resistant genes blaCTX-
M-1, blaSHV, KPC, and TEM genes was investigated in 
selected MDR E. coli, Klebsiella pneumoniae, Proteus 
spp, and Pseudomonas aeruginosa. Of the 10 samples 
tested, 60% (6/10) isolates, including E. coli (1/2) Kleb-
siella pneumoniae (2/5), Proteus spp (2/2), and Pseudo-
monas aeruginosa (1/1) were positive for blaCTX-M-1. 
The blaSHV gene was also detected in 1/5 (20%) of the 
isolates. This finding is in line with a study in the Gaza 
Strip where the prevalence of blaCTX-M was 60% [86]. 
However, these findings were higher than studies; in 
China, on clinical samples of E.coli isolated from fae-
ces, urine, and blood where blaCTX-Ms genotypes were 
34.7% [87], in Nepal with a prevalence 49.3% [88] and in 
Bangladesh with blaCTX-M-1 at 20.7% and blaSHV at 
3.8% [89]. Our findings were lower than those for a study 
in Jos Nigeria, where blaCTX-M-1 genes were found in 
all the 20(100%) isolates (17 Klebsiella and 3 Pseudomo-
nas spp), while blaSHV genes were detected in 16(80%) 
isolates [90]. These results align with reports showing an 

increasing incidence of infections caused by extended 
spectrum beta-lactamase-producing Gram-negative bac-
teria primarily carrying CTX-M genes [91]. The presence 
of one Klebsiella pneumoniae isolate with both CTX-M 
and SHV compares with a study by Shahi [24], which 
reported mixed resistance genes in 17/38 (45%) of Gram-
negative MDR bacteria, an indication of a higher degree 
of antibiotic resistance, with implications for treatment 
and infection control. Despite the relatively small sample 
size, the results highlight the need for continuous surveil-
lance of the resistance genes and coordinated infection 
prevention and control to curb their spread.

Conclusion
The study underscores the critical need for implementing 
culture and sensitivity test-informed treatment strategies 
in the management of diabetic foot infections, given the 
high prevalence of multidrug-resistant bacteria and the 
detection of key resistance genes such as mecA, blaCTX-
M-1, and blaSHV. Furthermore, exploring alternative 
therapies, such as phage therapy, and implementing con-
tinuous surveillance and coordinated infection control 
measures are crucial to mitigate the spread of resistant 
pathogens, and improve patient outcomes.

Abbreviations
API	� Analytical Profile Index
ATCC	� American Type Culture Collection
CLSI	� Clinical and Laboratory Standards Institute
DFU	� Diabetic foot ulcers
DFI	� Diabetic foot infection
DM	� Diabetes Mellitus
DNA	� Deoxyribonucleic acid
EDTA	� Ethylene diamine tetra acetic acid
ESBL-PE	� extended-spectrum beta-lactamase-producing Enterobacterales
KPC	� Klebsiella pneumoniae carbapenemase
MDR	� Multidrug resistance
MDRO	� Multi drug resistant organisms

Fig. 3  Gel electrophoresis of PCR products for selected Gram-negative multidrug-resistant bacteria from wounds of patients with DFI for blaSHV 
gene. Where: M is DNA ladder (100 bp to 1000 bp), 1 is KD17EC, 2 is KD13Kleb, 3 is HM18Ps, 4 is Positive control (Klebsiella pneumoniae NCTC 13368); 5 is 
Non template control, 6 is KD14Kleb and 7 is KD06Pro

 

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Page 11 of 13Namatovu et al. BMC Infectious Diseases         (2025) 25:1498 

MHA	� Mueller-Hinton Agar
MRSA	� Methicillin-resistant Staphylococcus aureus
MR-VP	� Methyl red – Voges – Proskauer
PCR	� Polymerase Chain Reaction
Staph	� Staphylococcus
Strep	� Streptococcus

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​7​9​-​0​2​5​-​1​1​9​0​9​-​z.

Supplementary Material 1.

Supplementary Material 2.

Acknowledgements
The authors thank the Patients and the referral hospitals that took part in this 
study. 

Authors’ contributions
G.W.N and A.N conceived the concept. A.N applied for funding, analysed the 
data and wrote the manuscript. B.M.V, I.N, F.K.S, T.P and R.S collected samples 
from patients. I.N and T.P did laboratory analyses. I.N, R.S, B.M.V, T.P, F.K.S, R.N, 
A.N, P.K, E.S, G.A and G.W.N critically reviewed the manuscript. All authors 
reviewed and approved the final manuscript.

Funding
The study was funded by Makerere University Research and Innovation Fund 
(2019) reference MAK/DVCFA/481/19. The funding body played no role in the 
design of the study, collection of data, analysis and interpretation of data, and 
drafting of this manuscript.

Data availability
The data used to support the findings of this study are available from the 
corresponding author upon request.

Declarations

Ethics approval and consent to participate
The study and attendant protocols were approved by Kampala International 
University Research Ethics Committee (KIU-REC) under reference number (KIU-
REC-2021-57). Hospital approvals were obtained from the selected hospitals. 
Informed consent was obtained from all the patients.
All methods were carried out in accordance with relevant guidelines and 
regulations as detailed in [29].

Consent for publication
Consent to publish on part of the participants is not applicable since there is 
no identifying information.

Competing interests
The authors declare no competing interests.

Author details
1College of Veterinary Medicine, Animal Resources and Biosecurity, 
Makerere University, Kampala, Uganda
2Department of Surgery, Kampala International University-Western 
Campus, Ishaka, Uganda
3Mengo Hospital, Kampala, Uganda
4Department of Surgery, Universite Catholique du Graben, Butembo, DR, 
Congo
5Kiruddu National Referral Hospital, Kampala, Uganda
6College of Health Sciences, Makerere University, Kampala, Uganda
7Uganda Martyrs University, Nkozi, Uganda

Received: 9 March 2025 / Accepted: 6 October 2025

References
1.	 Hobizal KB, Wukich DK. Diabetic foot infections: current concept review. 

Diabet Foot Ankle. 2012;3(1):18409.
2.	 Rosyid FN. Etiology, pathophysiology, diagnosis and management of diabet-

ics’ foot ulcer. Int J Res Med Sci. 2017;5(10):4206.
3.	 Karuranga S, Malanda B, Saeedi P, Salpea P, International Diabetes Federation 

(IDF). Diabetes Atlas. 2019;9th ed:1–100.
4.	 Powlson AS, Coll AP. The treatment of diabetic foot infections. J Antimicrob 

Chemother. 2010;65(iii):3–9.
5.	 Wu M, Pan H, Leng W, Lei X, Chen L, Liang Z. Distribution of microbes and 

drug susceptibility in patients with diabetic foot infections in Southwest 
China. J Diabetes Res. 2018;2018:1–9.

6.	 Abbas ZG. Managing the diabetic foot in resource-poor settings: challenges 
and solutions. Chronic Wound Care Manag Res. 2017;4:135–42.

7.	 Ousey K, Chadwick P, Jawien A, Tariq G, Nair H, Lázaro-Martínez J, et al. Identi-
fying and treating foot ulcers in patients with diabetes: saving feet, legs and 
lives. J Wound Care. 2018;1(27Sup5):S1–52.

8.	 Banu A, Hassan MMN, Rajkumar J, Srinivasa S. Spectrum of bacteria associ-
ated with diabetic foot ulcer and biofilm formation: a prospective study. 
Australas Med J. 2015;8(9):280–5.

9.	 Kaimkhani GM, Siddiqui AA, Rasheed N, Rajput MI, Kumar J, Khan MH et al. 
Pattern of Infecting Microorganisms and Their Susceptibility to Antimicrobial 
Drugs in Patients with Diabetic Foot Infections in a Tertiary Care Hospital in 
Karachi, Pakistan. Cureus. 201 8;10(6):e2872.

10.	 Ogba O, Nsan E, Eyam E. Aerobic bacteria associated with diabetic foot ulcers 
and their susceptibility pattern. Biomed Dermatol. 2019;3(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​1​8​6​​/​s​​4​1​7​0​2​-​0​1​9​-​0​0​3​9​-​x

11.	 Yang S, Hu L, Zhao Y, Meng G, Xu S, Han R. Prevalence of multidrug-resistant 
bacterial infections in diabetic foot ulcers: a meta‐analysis. Int Wound J. 
2024;21(4):e14864.

12.	 Lipsky B, Senneville E, Abbas Z, Aragón-Sánchez J, Diggle M, Embil J. 
Guidelines on the diagnosis and treatment of foot infection in persons with 
diabetes (IWGDF 2019 update). Diabetes Metab Res Rev. 2020;36:S1.

13.	 Kurup R, Ansari A. A study to identify bacteriological profile and other risk 
factors among diabetic and non-diabetic foot ulcer patients in a Guya-
nese hospital setting. Diabetes & Metabolic Syndrome: Clinical Research & 
Reviews. 2019;13(3):1871–6.

14.	 Mutonga DM, Mureithi MW, Ngugi NN, Otieno FCF. Bacterial isolation and 
antibiotic susceptibility from diabetic foot ulcers in Kenya using microbio-
logical tests and comparison with RT-PCR in detection of S. aureus and MRSA. 
BMC Res Notes. 2019;12(1):244.

15.	 Heravi SF, Zakrzewski M, Vickery KG, Armstrong D, Hu H. Bacterial diversity 
of diabetic foot ulcers: current status and future prospectives. J Clin Med. 
2019;8(11):1935.

16.	 Sony S, Haneefa S, Suresh M. Comparative evaluation of phenotypic methods 
to detect methicillin resistance with MecA gene detection by PCR in Staphy-
lococcus aureus. Indian J Microbiol Res. 2024;11(4):316–22.

17.	 Idrees MM, Saeed K, Shahid MA, Akhtar M, Qammar K, Hassan J, et al. Preva-
lence of mecA- and mecC-associated methicillin-resistant Staphylococcus 
aureus in clinical specimens, Punjab, Pakistan. Biomedicines. 2023;11(3):878.

18.	 Dirar MH, Bilal NE, Ibrahim ME, Hamid ME. Prevalence of extended-
spectrum β-lactamase (ESBL) and molecular detection of Bla TEM, Bla 
SHV and Bla CTX-M genotypes among Enterobacteriaceae isolates from 
patients in Khartoum, Sudan. Pan Afr Med J. 2020;37. 213. doi:10.11604/
pamj.2020.37.213.24988.

19.	 Arfaoui A, Sallem RB, Fernández-Fernández R, Eguizábal P, Dziri R, Abdul-
lahi IN, et al. Methicillin-resistant Staphylococcus aureus from diabetic foot 
infections in a Tunisian hospital with the first detection of MSSA CC398-t571. 
Antibiotics. 2022;11(12):1755.

20.	 Karuppiah P, Raja SSS, Poyil MM. Microbiological profile of diabetic foot 
infections and the detection of MecA gene in predominant Staphylococcus 
aureus. Universa Med. 2022;41(2):121–8.

21.	 Chavan SK. The Prevalence of Antibiotic Resistance Genes and Toxin Produc-
ing Genes in Methicillin Resistant Staphylococcus aureus Isolates from 
Diabetic Foot Ulcer. 2024.

22.	 Gs VS, Mn S, Maheshwarappa Y, Mahale RP, Es C, Karthik K et al. Genetic 
Characterization of Methicillin-Resistant Staphylococcus aureus Isolated From 
Diabetic Foot Ulcers in a Tertiary Care Hospital in Mysuru, South India. Cureus. 
2024; Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​c​​u​r​e​​u​s​.​​c​o​m​/​​a​r​​t​i​c​​l​e​s​​/​2​4​1​​2​0​​5​-​g​​e​n​e​​t​i​c​-​​c​h​​a​r​a​​
c​t​e​​r​i​z​a​​t​i​​o​n​-​​o​f​-​​m​e​t​h​​i​c​​i​l​l​​i​n​-​​r​e​s​i​​s​t​​a​n​t​​-​s​t​​a​p​h​y​​l​o​​c​o​c​​c​u​s​​-​a​u​r​​e​u​​s​-​i​​s​o​l​​a​t​e​d​​-​f​​r​o​m​​-​d​i​​a​b​
e​t​​i​c​​-​f​o​​o​t​-​​u​l​c​e​​r​s​​-​i​n​​-​a​-​​t​e​r​t​​i​a​​r​y​-​c​a​r​e​-​h​o​s​p​i​t​a​l​-​i​n​-​m​y​s​u​r​u​-​s​o​u​t​h​-​i​n​d​i​a. 

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Page 12 of 13Namatovu et al. BMC Infectious Diseases         (2025) 25:1498 

23.	 Chaudhry WN, Badar R, Jamal M, Jeong J, Zafar J, Andleeb S. Clinico-
microbiological study and antibiotic resistance profile of MecA and ESBL 
gene prevalence in patients with diabetic foot infections. Exp Ther Med. 
2016;11(3):1031–8.

24.	 Shahi SK, Kumar A. Isolation and Genetic Analysis of Multidrug Resistant 
Bacteria from Diabetic Foot Ulcers. Front Microbiol. 2016;6. Available from: ​h​t​t​
p​​:​/​/​​j​o​u​r​​n​a​​l​.​f​​r​o​n​​t​i​e​r​​s​i​​n​.​o​​r​g​/​​A​r​t​i​​c​l​​e​/​1​​0​.​3​​3​8​9​/​​f​m​​i​c​b​​.​2​0​​1​5​.​0​​1​4​​6​4​/​a​b​s​t​r​a​c​t.

25.	 Kateete DP, Asiimwe BB, Mayanja R, Najjuka CF, Rutebemberwa E. Species and 
drug susceptibility profiles of staphylococci isolated from healthy children in 
Eastern Uganda. Lin B, editor. PLOS ONE. 2020;15(2):e0229026.

26.	 Abimana JB, Kato CD, Bazira J. Methicillin-resistant Staphylococcus aureus 
nasal colonization among healthcare workers at Kampala international 
university teaching hospital, Southwestern Uganda. Can J Infect Dis Med 
Microbiol. 2019;2019:1–7.

27.	 Moses A, Bwanga F, Boum Y, Bazira J. Prevalence and genotypic characteriza-
tion of extended- spectrum Beta-lactamases produced by gram negative 
bacilli at a tertiary care hospital in rural South Western Uganda. Br Microbiol 
Res J. 2014;4(12):1541–50.

28.	 Mayanja R, Muwonge A, Aruhomukama D, Katabazi FA, Bbuye M, Kigozi E, et 
al. Source-tracking ESBL-producing bacteria at the maternity ward of Mulago 
hospital, Uganda. PLOS ONE. 2023;18(6):e0286955.

29.	 Vahwere BM, Ssebuufu R, Namatovu A, Kyamanywa P, Ntulume I, Mugwano I, 
et al. Factors associated with severity and anatomical distribution of diabetic 
foot ulcer in uganda: a multicenter cross-sectional study. BMC Public Health. 
2023;23(1):463.

30.	 Bahendeka S, Wesonga R, Mutungi G, Muwonge J, Neema S, Guwatudde D. 
Prevalence and correlates of diabetes mellitus in uganda: a population-based 
National survey. Trop Med Int Health. 2016;21(3):405–16.

31.	 Tongson LS. Exudate management and antisepsis in diabetic patients 
with problem wounds: two case reports. Chronic Wound Care Manag Res. 
2017;4:77–81.

32.	 Nagy E, Boyanova L, Justesen US. How to isolate, identify and determine 
antimicrobial susceptibility of anaerobic bacteria in routine laboratories. Clin 
Microbiol Infect. 2018;24(11):1139–48.

33.	 Agbavor B, Arthur RA, Agbanyo A, Ahiatrogah DK, Akenten CW, Adu-Asiamah 
C, et al. Improved protocols for isolation of Mycobacterium ulcerans from 
clinical samples. BMC Microbiol. 2025;25(1):118.

34.	 Cheesbrough M. District Laboratory Practice in Tropical Countries. 2nd ed. 
Cambridge University Press, New York; 2006. 442 p. (Part 2). Available from: ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​7​​/​C​​B​O​9​7​8​0​5​1​1​5​4​3​4​7​0. 

35.	 Yimer O, Abebaw A, Adugna A, Adane F, Esmael A. Bacterial profile, antimicro-
bial susceptibility patterns, and associated factors among lower respiratory 
tract infection patients attending at Debre Markos comprehensive special-
ized hospital, Northwest, Ethiopia. BMC Infect Dis. 2025;25(1):266.

36.	  Bergey DH, Holt JG. Bergey's manual of determinative bacteriology. 9th ed. 
Philadelphia: Lippincott Williams & Wilkins.2000

37.	 Haile Z, Mengist HM, Dilnessa T. Bacterial isolates, their antimicrobial 
susceptibility pattern, and associated factors of external ocular infections 
among patients attending eye clinic at Debre Markos Comprehensive 
Specialized Hospital, Northwest Ethiopia. Vaz-Moreira I, editor. PLOS ONE. 
2022;17(11):e0277230.

38.	 Mukasa P, Ogwang PE, Owor RO, Lejju JB, Gumisiriza H, Ntulume I, et al. Anti-
biotic susceptibility of zoonotic bacteria isolated from oral cavities of Indige-
nous dogs from Semi-Urban areas in Uganda. Vet Med Sci. 2025;11(1):e70169.

39.	 Khan MAS, Nahid ZI, Miah MI, Khan MAS, Nahid ZI, Miah MI, Rahman SR. Draft 
genome analysis of a multidrug-resistant Pseudomonas aeruginosa CMPL223 
from hospital wastewater in Dhaka. Bangladesh. 2022;30:237–40.

40.	 Geissler M, Schröttner P, Oertel R, Dumke R, Enterococci. Van Gene-Carrying 
Enterococci, and Vancomycin concentrations in the influent of a wastewater 
treatment plant in Southeast Germany. Microorganisms. 2024;12(1):149.

41.	 Tilahun M, Gedefie A, Sahle Z. Asymptomatic Carriage Rate, Multidrug Resis-
tance Level, and Associated Risk Factors of Enterococcus in Clinical Samples 
among HIV-Positive Patients Attending at Debre Birhan Comprehensive 
Specialized Hospital, North Showa, Ethiopia. Banche G, editor. BioMed Res Int. 
2023;2023(1):7310856.

42.	 Walusansa A, Nakavuma JL, Asiimwe S, Ssenku JE, Aruhomukama D, Sekulima 
T, et al. Medically important bacteria isolated from commercial herbal medi-
cines in Kampala City indicate the need to enhance safety frameworks. Sci 
Rep. 2022;12(1):16647.

43.	 Złoch M, Maślak E, Kupczyk W, Jackowski M, Pomastowski P, Buszewski B. 
Culturomics approach to identify diabetic foot infection bacteria. Int J Mol 
Sci. 2021;22(17):9574.

44.	 Patel K, Godden SM, Royster EE, Crooker BA, Johnson TJ, Smith EA, et al. Preva-
lence, antibiotic resistance, virulence and genetic diversity of Staphylococcus 
aureus isolated from bulk tank milk samples of U.S. Dairy herds. BMC Genom-
ics. 2021;22(1):367.

45.	 Bauer A, Kirby W, Sherris J, Turck M. Antibiotic susceptibility testing by a 
standardized single disk methods. Am J Clin Pathol. 1966;45(4):493.

46.	 CLSI. Clinical and Laboratory Standards Institute Antimicrobial Susceptibility 
Testing Updates. 2024.

47.	 Messele YE, Abdi RD, Yalew ST, Tegegne DT, Emeru BA, Werid GM. Molecular 
determination of antimicrobial resistance in Escherichia coli isolated from 
Raw meat in addis Ababa and Bishoftu, Ethiopia. Ann Clin Microbiol Antimi-
crob. 2017;16(1):55.

48.	 Ibrahim DR, Dodd CER, Stekel DJ, Meshioye RT, Diggle M, Lister M, et al. 
Multidrug-Resistant ESBL-Producing E. coli in clinical samples from the UK. 
Antibiotics. 2023;12(1):169.

49.	 Dallenne C, Da Costa A, Decre D, Favier C, Arlet G. Development of a set 
of multiplex PCR assays for the detection of genes encoding important b 
-lactamases in Enterobacteriaceae. J Antimicrob Chemother. 2010;65:490–5.

50.	 Ehlers M, Veldsman C, Makgotlho EP, Dove M, Hoosen A, Kock M. Detectionof 
blaSHV, BlaTEMand blaCTX-Mantibiotic resistancegenes in randomly selected 
bacterial pathogens fromthesteve Biko academichospital. FEMS Immunol 
Med Microbiol. 2009;56:191–6.

51.	 Solanki R. Comparative evaluation of multiplex PCR and routine laboratory 
phenotypic methods for detection of carbapenemases among gram nega-
tive bacilli. J Clin Diagn Res. 2014;8(12):600–3.

52.	 Mirzaee M, Pourmand M, Chitsaz M, Mansouri S. Antibiotic resistance to 
third generation cephalosporins due to CTX-M-Type Extended-Spectrum 
β -Lactamases in clinical isolates of Escherichia coli. Iran J Public Health1. 
2009;38(1):10–7.

53.	 Karmakar A, Jana D, Dutta K, Dua P, Ghosh C. Prevalence of Panton-Valentine 
leukocidin gene among community acquired Staphylococcus aureus: A Real-
Time PCR study. J Pathog. 2018;2018:1–8.

54.	 Tuhamize B, Asiimwe BB, Kasaza K, Sabiiti W, Holden M, Bazira J. Klebsiella 
pneumoniae carbapenamases in Escherichia coli isolated from humans 
and livestock in rural south-western Uganda. Chang YF, editor. PLOS ONE. 
2023;18(7):e0288243.

55.	 Jia L, Parker CN, Parker TJ, Kinnear EM, Derhy PH, Alvarado AM. Incidence and 
risk factors for developing infection in patients presenting with uninfected 
diabetic foot ulcers. PLoS ONE. 2017;12(5):e0177916.

56.	 McDermott K, Fang M, Boulton AJM, Selvin E, Hicks CW. Etiology, Epidemiol-
ogy, and disparities in the burden of diabetic foot ulcers. Diabetes Care. 
2023;46(1):209–21.

57.	 Gang R, Okello D, Kang Y. Medicinal plants used for cutaneous wound heal-
ing in Uganda; ethnomedicinal reports and pharmacological evidences. 
Heliyon. 2024;10 (9) : e29717.

58.	 Adeleke OV, Adefegha SA, Oboh G. Mechanisms of medicinal plants in the 
treatment of diabetic wound. Asian Pac J Trop Biomed. 2023;13(6):233–41.

59.	 Chumpolphant S, Suwatronnakorn M, Issaravanich S, Tencomnao T, Prasan-
suklab A. Polyherbal formulation exerts wound healing, anti-inflammatory, 
angiogenic and antimicrobial properties: potential role in the treatment of 
diabetic foot ulcers. Saudi J Biol Sci. 2022;29(7):103330.

60.	 Herman A, Herman AP. Herbal products and their active constituents for 
diabetic wound Healing—Preclinical and clinical studies: A systematic review. 
Pharmaceutics. 2023;15(1):281.

61.	 Pario AJ, Nakwagala FN, Kamya M, Ejalu DL. Clinical Presentation and Bacte-
riology of Diabetic Foot Ulcers at Mulago Hospital: A Prospective Case Series 
Study. Students journal of Health sciences. 2022; Available from: ​h​t​t​p​​s​:​/​​/​s​j​h​​r​e​​s​
e​a​​r​c​h​​a​f​r​i​​c​a​​.​o​r​​g​/​i​​n​d​e​x​​.​p​​h​p​/​​p​u​b​​l​i​c​-​​h​t​​m​l​/​a​r​t​i​c​l​e​/​v​i​e​w​/​2​6​7.

62.	 Sánchez-Sánchez M, Cruz-Pulido W, Bladinieres-Cámara E, Alcalá-Durán R, 
Rivera-Sánchez G, Bocanegra-García V. Bacterial prevalence and antibiotic 
resistance in clinical isolates of diabetic foot ulcers in the Northeast of Tamau-
lipas, Mexico. Int J Low Extrem Wounds. 2017;16(2):129–34.

63.	 Atlaw A, Kebede HB, Abdela AA, Woldeamanuel Y. Bacterial isolates from 
diabetic foot ulcers and their antimicrobial resistance profile from selected 
hospitals in addis Ababa, Ethiopia. Front Endocrinol. 2022;13:987487.

64.	 Anvarinejad M, Pouladfar G, Japoni A, Bolandparvaz S, Satiary Z, Abbasi P, 
et al. Isolation and antibiotic susceptibility of the microorganisms isolated 
from diabetic foot infections in nemazee Hospital, Southern Iran. J Pathog. 
2015;2015:1–7.

65.	 Liu W, Song L, Sun W, Fang W, Wang C. Distribution of microbes and antimi-
crobial susceptibility in patients with diabetic foot infections in South China. 
Front Endocrinol. 2023;14:1113622.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Page 13 of 13Namatovu et al. BMC Infectious Diseases         (2025) 25:1498 

66.	 Shi ML, Quan XR, Tan LM, Zhang HL, Yang AQ. Identification and antibiotic 
susceptibility of microorganisms isolated from diabetic foot ulcers: A patho-
logical aspect. Experimental Therapeutic Med. 2023;25(53):1–9.

67.	 Dwedar R, Ismail DK, Abdulbaky A. Diabetic foot infection: Microbiological 
causes with special reference to their antibiotic resistance pattern. Egypt J 
Med Microbiol. 2015;24(3):95–102.

68.	 Wada FW, Mekonnen MF, Sawiso ED, Kolato S, Woldegiorgis L, Kera GK, et al. 
Bacterial profile and antimicrobial resistance patterns of infected diabetic 
foot ulcers in sub-Saharan africa: a systematic review and meta-analysis. Nat 
Portifolio. 2023;13:14655.

69.	 Sultana R, Ahmed, Iftekhar, Saima, Sabera S, Tabassoom M. Sultana, Shahnaz. 
Diabetic foot ulcer-a systematic review on relevant microbial etiology and 
antibiotic resistance in Asian countries. Diabetes Metab Syndr Clin Res Rev. 
2023;17(6):102783.

70.	 Sikhondze MM, Twesigye D, Odongo CN, Mutiibwa D, Tayebwa E, Tibaijuka 
L, et al. Diabetic foot ulcers: surgical Characteristics, treatment modalities 
and Short-Term treatment outcomes at a tertiary hospital in South-Western 
Uganda. Open Access Surg. 2022;15:75–87.

71.	 Makeri D, Eilu E, Odoki M, Agwu E. A systematic review of the microbial land-
scape of diabetic foot ulcers in Uganda. Infect Drug Resist. 2024;17:143–51.

72.	 Macdonald KE, Boeckh S, Stacey HJ, Jones JD. The microbiology of diabetic 
foot infections: a meta-analysis. BMC Infect Dis. 2021;21:770.

73.	 Anita H, Manoj A, Arunagirinathan N, Rameshkumar M, Revathi K, Selvam R, 
et al. Bacterial etiology, antibiotic resistance profile and foot ulcer associated 
amputations in individuals with type II diabetes mellitus. J King Saud Univ - 
Sci. 2023;35(8):102891.

74.	 Awuor SO, Omwenga EO, Mariita RM, Musila JM, Musyoki S. Monitoring the 
battleground: exploring antimicrobial resistance and virulence factors in 
wound bacterial isolates. Access Microbiol. 2023;5(11). Available from: ​h​t​t​p​​s​:​/​​/​
w​w​w​​.​m​​i​c​r​​o​b​i​​o​l​o​g​​y​r​​e​s​e​​a​r​c​​h​.​o​r​​g​/​​c​o​n​​t​e​n​​t​/​j​o​​u​r​​n​a​l​​/​a​c​​m​i​/​1​​0​.​​1​0​9​9​/​a​c​m​i​.​0​.​0​0​0​6​1​
3​.​v​6. 

75.	 Idrees M, Khan I, Ullah A, Shah S, Ullah H, Khan M. Bacterial spectrum from 
diabetic foot ulcers: A study of antibiotic resistance patterns and phyloge-
netic diversity. J King Saud Univ -Sci. 2024;36(15):103320.

76.	 Ahmadishooli A, Davoodian P, Shoja S, Ahmadishooli B, Dadvand H, Hamadi-
yan H, et al. Frequency and antimicrobial susceptibility patterns of diabetic 
foot infection of patients from Bandar Abbas District, Southern Iran. J Pathog. 
2020;2020:1–10.

77.	 Adeyemo AT, Kolawole B, Rotimi VO, Aboderin AO. Multicentre study of the 
burden of multidrug-resistant bacteria in the aetiology of infected diabetic 
foot ulcers. Afr J Lab Med. 2021;10(1). Available from: ​h​t​t​p​​:​/​/​​w​w​w​.​​a​j​​l​m​o​​n​l​i​​n​e​.​
o​​r​g​​/​i​n​​d​e​x​​.​p​h​p​​/​A​​J​L​M​​/​a​r​​t​i​c​l​​e​/​​v​i​e​w​/​1​2​6​1. 

78.	 Henig O, Pogue JM, Martin E, Hayat U, Ja’ara M, Kilgore PE, et al. The impact 
of Multidrug-Resistant organisms on outcomes in patients with diabetic foot 
infections. Open Forum Infect Dis. 2020;7(5):ofaa161.

79.	 Yan X, Song J, Zhang L. Analysis of risk factors for multidrug-resistant organ-
isms in diabetic foot infection. BMC Endocr Disord. 2022;22:46.

80.	  Sati H, Carrara E, Savoldi A, Hansen P, Garlasco J, Campagnaro E, Boccia S, 
Castillo-Polo JA, Magrini E, Garcia-Vello P, Wool E, Gigante V, Duffy E, Cassini A, 
Huttner B, Pardo PR, Naghavi M, Mirzayev F, Zignol M, Cameron A, Tacconelli 
E; WHO Bacterial Priority Pathogens List Advisory Group. The WHO Bacterial 

Priority Pathogens List 2024: a prioritisation study to guide research, develop-
ment, and public health strategies against antimicrobial resistance. Lancet 
Infect Dis. 2025 Sep;25(9):1033-1043.

81.	 Sy CL, Chen PY, Cheng CW, Huang LJ, Wang CH, Chang TH, et al. Recom-
mendations and guidelines for the treatment of infections due to multidrug 
resistant organisms. J Microbiol Immunol Infect. 2022;55(3):359–86.

82.	 González-Vázquez R, Córdova-Espinoza MG, Escamilla-Gutiérrez A, Herrera-
Cuevas MDR, González-Vázquez R, Esquivel-Campos AL, et al. Detection of 
MecA genes in Hospital-Acquired MRSA and SOSA strains associated with 
biofilm formation. Pathogens. 2024;13(3):212.

83.	 Elhassan MM, Ozbak HA, Hemeg HA, Elmekki MA, Ahmed LM. Absence of the 
mec A gene in methicillin resistant Staphylococcus aureus isolated from differ-
ent clinical specimens in Shendi City, Sudan. BioMed Res Int. 2015;2015:1–5.

84.	 Fitranda M, Salasia SIO, Sianipar O, Sukorini U, Aziz F, Wasissa M et al. Distribu-
tion of antimicrobial resistance genes of methicillin-resistant Staphylococcus 
aureus isolated from animals and humans in Yogyakarta Indonesia. Int J One 
Health. 2024; 10(1): 38–44.

85.	 Suleiman A, Bhattacharya P, Islan M. Global prevalence and dynamics of 
MecA and MecC genes in MRSA: Meta-meta-analysis, meta-regression, and 
Temporal investigation. J Infect Public Health. 2025;18(7):102802.

86.	 El Aila NA, Al Laham NA, Ayesh BM. Prevalence of extended spectrum beta 
lactamase and molecular detection of blaTEM, BlaSHV and blaCTX-M geno-
types among gram negative bacilli isolates from pediatric patient population 
in Gaza strip. BMC Infect Dis. 2023;23(1):99.

87.	 Yu K, Huang Z, Xiao Y, Bai X, Gao H, Wang D. Epidemiology and molecular 
characterization of CTX-M-type ESBLs producing Escherichia coli isolated 
from clinical settings. J Global Antimicrob Resist. 2024;36:181–7. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​
g​​/​​1​0​​.​1​0​​​1​​​6​/​j​.​j​​g​a​r​.​​2​0​2​​3​.​1​1​.​0​1​3.

88.	 Sah RK, Dahal P, Parajuli R, Giri GR, Tuladhar E. Prevalence of blaCTX-M and 
BlaTEM genes in Cefotaxime-Resistant Escherichia coli recovered from 
tertiary care at central nepal: A descriptive Cross-Sectional Study. Ed-dra A, 
editor. Can J Infect Dis Med Microbiol. 2024;2024:1–10.

89.	 Islam S, Taufiquer R, Jayedul H, Tanvir R. Extended-spectrum beta-lactamase 
in Escherichia coli isolated from humans, animals, and environments in 
bangladesh: A one health perspective systematic review and meta-analysis. 
One Health. 2023;16:100526.

90.	 Daam K, Dahal A, Ugochukwu N, Hyelshilni W, Onyedibe K, Okolo M, et al. 
Detection of CTX-M and SHV genes in extended spectrum Beta-Lactamase 
producing Klebsiella pneumoniae and Pseudomonas aeruginosa in a tertiary 
hospital in North-central Nigeria. Niger Med J. 2023;64(2):196–204.

91.	 Sonda T, Kumburu H, Zwetselaar M, Alifrangis M, Mmbaga BT, Lund O, et al. 
Prevalence and risk factors for CTX-M gram-negative bacteria in hospitalized 
patients at a tertiary care hospital in Kilimanjaro, Tanzania. Eur J Clin Microbiol 
Infect Dis. 2018;37:897–906.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



1.

2.

3.

4.

5.

6.

Terms and Conditions
 
Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature”). 
Springer Nature supports a reasonable amount of sharing of  research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial. 
These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply. 
We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy. 
While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not: 
 

use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access

control;

use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is

otherwise unlawful;

falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in

writing;

use bots or other automated methods to access the content or redirect messages

override any security feature or exclusionary protocol; or

share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal

content.
 
In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository. 
These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved. 
To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose. 
Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties. 
If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at 
 

onlineservice@springernature.com
 

mailto:onlineservice@springernature.com

