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ABSTRACT

Introduction: Diabetic foot infections (DFI) represent a common and significant healthcare challenge,
particularly in low-resource settings like Sub-Saharan Africa. This study aimed to outline the
epidemiological, clinical, and microbiological aspects along with the patterns of anti-biotic susceptibility
relevant to DFI in Yaoundé.

Materials and Methods: A cross-sectional study was conducted at Cité Verte District Hospital from
October 15, 2022, to July 21, 2023. We enrolled diabetic patients with infected foot ulcers. Bacteriological
samples were taken to identify the causative pathogens and determine their anti-biotic susceptibility
profile.

Results: The study sample comprised 59 patients, mostly male, with a mean age of 52 (+ 11.8) years.
A significant proportion of patients had type 2 diabetes (88%) which lasted for less than a decade. Foot
ulcers were chronic and severe (66% Wagner grade 3), and only 39% had received some form of education
on foot care. The predominant pathogens identified were gram-negative bacilli, including Klebsiella
pneumoniae (20%), Proteus mirabilis (10%), Escherichia coli (8%), followed by gram-positive cocci
Staphylococcus saprophyticus (36%). There was polymicrobial infection in 17% of cases. Other notable
findings included high level resistance to amoxicillin-clavulanic acid, cephalosporins, and vancomycin.
These findings suggest the presence of com-mon multidrug resistant and strains resistant to methicillin.

Conclusion: The study highlights the prevalence of multidrug-resistant bacteria in DFI in Ya-oundé,
limiting therapeutic options. Strengthening preventive education, improving microbiolog-ical diagnostic
capacity, and adapting antibiotic stewardship are critical in such resource-limited settings.

RESUME

Introduction : Linfection du pied diabétique (IPD) est une complication grave du diabéte, parti-
culierement redoutable en Afrique subsaharienne en raison des ressources limitées. Cette étude
visait a décrire les aspects épidémiologiques, microbiologiques et les profils de résistance des
bactéries isolées dans les IPD a Yaoundé.

Méthodes : Une étude transversale descriptive a été réalisée entre le 15 octobre 2022 et le 21
juillet 2023 a I'Hépital de District de la Cité Verte. Tous les patients diabétiques présentant une
ulcération du pied infectée ont été inclus. Les prélevements bactériologiques effectués ont per-mis
d’identifier les germes et d’évaluer leur sensibilité aux antibiotiques.

Résultats : Cinquante-neuf patients ont été inclus, majoritairement des hommes (61 %), d’un age
moyen de 52 + 11.8 ans, avec un diabete de type 2 (88 %). Les ulcéres étaient anciens (>1 mois
dans 98 %), sévéres (66 % de grade 3 selon Wagner), et 39 % des patients avaient regu une
éducation préventive. Les pathogenes isolés étaient majoritairement des bacilles Gram négatifs
(Klebsiella pneumoniae 20 %, Proteus mirabilis 10 %, Escherichia coli 8 %) et des cocci Gram
positifs (Staphylococcus saprophyticus 36 %). Les infections polymicrobiennes concernaient 17 %
des prélévements. Une résistance élevée aux antibiotiques a été observée, notamment aux béta-
lactamines et a la vancomycine.

Conclusion : La forte prévalence des bactéries multirésistantes dans les IPD a Yaoundé appelle
a renforcer la prévention, I'accés au diagnostic microbiologique et a des protocoles antibiotiques
adaptés.
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Introduction

Infected diabetic foot ulcers (DFUs) are a common
and serious complication of diabetes mellitus,
particularly in sub-Saharan Africa where access to
specialized care remains limited (1,2). This condition
is a major cause of hospitalization and non-traumatic
amputation in the region [1,3]. Similar to other low
to middle-income nations, Cameroon case series
illustrate a male predominance, averaging around 50
years of age, associated to a short duration of diabetes
prior to ulcer development. DFU prevention and
therapeutic education remain underdeveloped which
contributes to delays in care-seeking as well as the
onset of deep infections (2,3). From a microbiological
standpoint, bacterial profiles associated with DFUs in
Africa diverge from those in higher income countries.
While Staphylococcus aureus often predominates in
Western countries, several African studies report a
predominance of Gram-negative bacilli like Klebsiella
pneumoniae and Escherichia coli (4-6). The rising
rates of antimicrobial resistance coupled with high
rates of multidrug resistant bacteria is problematic
(7-9). In this respect, we would like to report the
epidemiological and microbiological data along with
the resistance patterns pertaining the infections
to diabetic foot (10) in Cité Verte District Hospital,
Yaoundé, with the intent of enhancing the local
intelligence for better clinical outcomes.

Materials and Methods

A descriptive cross-sectional study took place at the
Cité Verte District Hospital in Yaoundé, Cameroon,
which is a reference center for the management of
diabetic foot ulcers (DFUs), between October 15,
2022, and July 21, 2023. The diagnosis of diabetic
foot ulcer was made as per the International Working
Group on the Diabetic Foot (IWGDF) 2023 criteria.
The microbiological analyses were performed in
collaboration with SANTE PLUS laboratory which is
accredited for clinical bacteriological examinations.
Patients number with diabetes and foot infection
ulcers that were seen outpatient or inpatient and
gave their informed consent to participate were
included consecutively. A clinical and microbiological
data collection form was used to collect the data from
the patients anonymously. The data entered into
Microsoft Word were then transferred into Microsoft
Excel 2013 and IBM SPSS Statistics version 21.
Quantitative variables were described using means,
standard deviations, and medians, while qualitative
variables were expressed as frequencies and
percentages. The research has been given the green
light by the ethics committee in charge.

Results

Fifty-nine (59) patients with infected diabetic foot
ulcers (DFU) were involved in the study. The study
population was predominantly male (61%), with a sex
ratio of 1.5. The mean age was 52 years (+ 11.8) with
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arange of 49 to 89 years. The 40 - 49 age group was
the most represented (51%). Type 2 diabetes mellitus
was diagnosed in most patients (88%, n=52) and in
73% of the cases, the duration of diabetes was less
than a decade. Ulcer location-wise, blisters were the
leading cause (35%). The wounds were very severe
with 66% of them being classified as Wagner grade
3 and had been developing for more than one month
in 98% of cases. The duration of the ulcer in 47% of
patients was more than four months. Most patients
(90%) reported recent antibiotic use. Participants
who received education on diabetic foot prevention
accounted for only 39%. Bacteriological profile of
wounds Bacterial organisms was obtained in all the
samples.

Grade 4
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Figure 1: distribution of samples by infection severity

Bacteriawereisolated fromall samples. Isolated gram-
positive cocci (GPC) were found in 46% of instances
(n=27), mostly Staphylococcus saprophyticus (36%,
n=21). Gram negative bacilli (GNB) were isolated in
66% of cases (n=39), with Klebsiella pneumoniae
(24%, n=14) as the most common. There were
polymicrobial infections in 17% of cases (n=10).
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Figure 2: distribution of isolated Gram-negative bacteria

Isolates of Staphylococcus aureus showed notable
resistance to vancomycin (100%) and oxacillin
(80%). Staphylococcus saprophyticus showed 95%
resistance to vancomycin and 75% to oxacillin.
Isolates from Proteus mirabilis, Citrobacter freundii,
Enterobacter cloacae, and Klebsiella pneumoniae
showed significant resistance to penicillin (100%) as
well as first- and second-generation cephalosporins.
However, all tested GNB isolates exhibited sensitivity
to carbapenems.
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Table I: bacteriological profile of infected diabetic foot ulcers

(n=59)
Type of orga- Number Percentage
yp i 9 Species 9
nism (n) (%)
Gram-positive
cocci (GPC) All GPC 27 46
Staphylococcus 5 8
aureus
Staphylococcus
- L 1 2
epidermidis
Staphylocpccus 21 36
saprophyticus
Gram negative
bacilli (GNB) AllGNB 39 54
Escherichia coli 10
Citrobacter freundi 10
KIebS|eIIa_ 14 o4
pneumoniae
Klebsiella oxytoca 1 2
Proteus mirabilis 7 12
Prowd(_enma 5 8
rettgeri
Enterobacter 4 7
cloacae
Polymicrobial - 10 17

Table II: antibiotic resistance patterns of bacteria isolated from

diabetic foot ulcers

Bacterial species

Antibiotics with
resistance 2 50%

Antibiotics with
preserved suscepti-
bility (>70%)

Staphylococcus
aureus

Staphylococcus
saprophyticus

Staphylococcus
epidermidis

Proteus mirabilis

Klebsiella
pneumoniae

Citrobacter freundii

Enterobacter cloacae

Providencia rettgeri

Klebsiella oxytoca

Vancomycin (100%),
Oxacillin (80%),
Tetracycline (80%),
Norfloxacin (60%)

Vancomycin (95%),
Oxacillin (75%),

Norfloxacin (50%),
Tetracycline (55%)

No significant
resistance

Amoxicillin, Amox-
clav, TMP-SMX
(100%), Cefuroxime,
CRO (86%)

Amoxicillin (100%),
Amox-clav (93%),
CRO (71%)

Amoxicillin, Amox-
clav, TMP-SMX
(100%), FOX, CXM
(100%)

Amoxicillin, Amox-
clav, CRO, CXM,
TMP-SMX (100%)

Amox-clav (100%),
Amoxicillin (80%)

Amoxicillin, Amox-
clav, CXM, CRO,
CAZ, FEP, CIP,
Amikacin, TMP-SMX
(100%)

Erythromycin,
Lincomycin,
Gentamicin (80%)

Erythromycin,
Lincomycin (80—
100%)

Susceptible to all
tested antibiotics
(100%)

Imipenem, Amikacin
(100%), CIP (86%)

Imipenem (93%),
Amikacin (100%),
CIP (86%)

Imipenem (100%),
Amikacin (83%)

Imipenem (100%)

Imipenem (100%),
CIP, Amikacin,
Chloramphenicol
(60%)

Imipenem, ATM
(100%)

Copyright © 2025 Journal of Science and Diseases

Abréviations :

* CRO = Ceftriaxone, CXM = Cefuroxime, CAZ =
Ceftazidime, FEP = Cefepime, ATM = Aztreonam

* TMP-SMX = Trimethoprim-sulfamethoxazole,
CIP = Ciprofloxacin, FOX = Cefoxitin
* Amox-clav = Amoxicillin-clavulanic acid

Discussion

In this study, patients with infected DFUs were
mostly middle-aged men, a characteristic typically
described in low- and middle-income countries
(11,12). Increased trauma exposure and low use
of preventive care may account for this male
predominance (11). The observed mean age is in line
with data from sub-Saharan Africa and Cameroon,
where diabetes is frequently diagnosed after the fact
(1,12). Therapeutic education remains a difficulty in
resource-limited contexts (2,3). Less than 40% of
our patients had received advice on preventing DFU,
which is consistent with deficiencies found in earlier
studies conducted in Africa (3). Delays in seeking
care, which exacerbate diabetic foot infections, are
a result of this lack of education (2,3). Chronicity of
wounds increases the risk of amputation and bacterial
colonization (4,11).

From a microbiological perspective, we detected a
prevalence of Gram-negative bacillisuch as Klebsiella
pneumoniae and Escherichia coli, consistent with
regional findings (5,6). This picture contrasts with
high-income countries where Staphylococcus aureus
remains the main isolated pathogen (4). Some African
series have reported the presence of Staphylococcus
saprophyticus, which raises concerns regarding
its pathogenicity or possible environmental
contamination (6). Our study's polymicrobial infection
rate was lower than other African studies, which may
have been caused by sampling methods or past
antibiotic use (5). However, polymicrobial infections
are still prevalent in chronic DFUs and need to be
properly managed.

One of the biggest challenge to treating DFUs in
Africa is antibiotic resistance (7,8). High resistance to
fluoroquinolones and beta lactams was noted in our
series, consistent with regional pattern (7,8).

The presence of multidrug-resistant strains and
methicillin-resistant Staphylococcus aureus (MRSA)
complexifies therapeutic management (9). Although
carbapenems retain their effectiveness, their high
cost and limited availability restrict their use in our
setting (7,8).

The WHO emphasizes the urgency of strengthening
strategies to combat antimicrobial resistance,
notably through rational antibiotic use, appropriate
prescribing, and systematic use of antibiograms prior
to antibiotic therapy (9). These measures are useful to
decrease morbidity and improve functional outcomes
for diabetic patients with DFUs in resource-limited
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settings (3,5).

Our study contributes to documenting the local
specificities of DFU infections in Cameroon and
highlights the need to develop prevention policies,
structured therapeutic education, and microbiological
surveillance to optimize DFU management.
Strengthening the capacity of healthcare providers
and improving access to effective antibiotics remain
priorities in combating DFU complications in our
context.

Conclusion

Diabetic foot infections are still a frequent and
serious problem in our environment. This study
points out the main contribution of Gram-negative
bacilli as well as multidrug-resistant profiles that
are very alarming and allow only a few therapeutic
options. Prevention is inadequate and there is not
enough education for therapy, which means that
the patient becomes more and more aware of the
problem. The use of antibiograms should be part of
the strategy for adjusting antibiotic treatment and
preventing the spread of multidrug-resistant strains.
The implementation of microbiological surveillance
programs and the revision of the management
protocols are important for improving the outcomes
in diabetic patients.
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