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Background: Diabetes is a growing health concern globally. Poorly managed diabetes may result in diabetic foot ulcers (DFU),
which can become a source of chronic infection known as diabetic foot infections. The increasing trend of diabetes in Uganda speaks
to the potential for diabetic foot ulcers which may eventually become infected and their attendant impact on the quality of life of
diabetic patients. This review assesses the microbial diversity of DFUs in Uganda, aiming to guide treatment and identify research
gaps.

Main Body of the Abstract: We searched PubMed, Scopus and Embase for studies conducted in Uganda that reported isolating
microorganisms from diabetic foot ulcers. Following the preferred reporting items for systematic reviews and meta-analysis
(PRISMA), we included two eligible studies that reported isolating 122 bacteria spread across eleven (11) species using swab samples
and conventional culture methods. Significant isolates included World Health Organization priority pathogens including: Enterobacter
specie, Staphylococcus aureus, Klebsiella pneumoniae, and Acinetobacter specie. Methicillin resistant Staphylococcus aureus (MRSA)
constituted 33.3% of Staphylococci species and 26% of all bacterial isolates while extended-spectrum beta-lactamase producing
Escherichia coli and Klebsiella specie constituted 14.29% of total microbial isolates. Most bacteria showed susceptibility to Imipenem,
Vancomycin, Ciprofloxacin, and Clindamycin, but resistance to Cotrimoxazole and Ampicillin was noted.

Short Conclusion: We conclude that data on the microbiology of DFUs in Uganda is scarce; however, the bioburden of DFUs in the
country is similar to those in other parts of the world, and MRSA poses a challenge to antibiotic therapy. Consequently, the continued
use of swab samples and conventional culture and sensitivity methods may limit the isolation, identification, and presentation of other
important isolates. We recommend characterization of bacterial isolates to better understand their genetic makeup, and the develop-
ment of a national guideline for managing diabetic foot infections.
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Background

Diabetes is a global health issue that affects an estimated 463 million individuals worldwide, with projections indicating
a staggering rise to 700 million by 2045." This escalating prevalence is not confined to high-income nations but extends
to low- and middle-income countries among which Uganda finds itself.” The nation grapples with a significant burden of
diabetes, a condition that significantly impacts the quality of life of affected persons.”* However, the challenges posed by
diabetes are not limited to the disease itself; its complications, including neuropathy, cardiovascular disease, stroke,
retinopathy, and particularly foot complications, compound the already complex landscape of diabetes-related health
issues.

Among these complications, diabetic foot ulcers (DFUs) represent a common and perilous manifestation. Left
unaddressed, they can lead to severe consequences, including amputation, morbidity, and even mortality.” It is estimated
that 25% of diabetic patients will, at some point in their lives, struggle with foot ulcers (DFUs).® In Uganda, the
occurrence of diabetic foot complications was initially reported in 1996, with a prevalence rate of 4.0%.” Since that time,
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the incidence of DFUs in the country has been on the increase.* A notable study by Bateganya et al,® even reported that,
at one point, diabetic foot ulcers constituted 4.2% of the predominant causes of hospitalizations among people with
diabetes in Uganda. The gravity of this issue becomes evident when these foot ulcers become clinically infected. Such
infections are often polymicrobial in nature, rendering them challenging to treat effectively.” Infected diabetic foot ulcers
(IDFU) have been reported to account for a substantial number of lower limb amputations in Uganda.*'%!!

Remarkably, Uganda has recorded the highest prevalence rate of diabetic foot ulcers in Africa, standing at 53.9%. "
Yet, despite the substantial prevalence and the heightened risk of clinical infection,'? surprisingly little is known about
the microbiology of these ulcers in the Ugandan context. This knowledge gap is further compounded by the absence of
critical evaluations regarding the microbial composition and antibiotic susceptibility patterns of diabetic foot ulcers
(DFUs) in the country and underscores the need for this study to systematically conduct a comprehensive assessment of
the microbiology of DFUs in Uganda.

Methods

Search Strategy

We searched PubMed, Scopus and Embase databases in April, 2023, to identify studies on diabetic foot ulcers conducted
in Uganda. The search was not restricted to any study type or year of publication and was executed using the algorithm
presented in Table 1. No protocol was registered.

Study Selection Criteria

The search yielded fifty-three bibliographies cumulatively from Scopus, PubMed and Embase which we extracted as
comma separated value (CSV) files, saved, and merged. Duplicates were removed, and the remaining documents were
sought for retrieval and screened for eligibility. Only studies which were conducted in Uganda and reported isolating
microorganisms from foot ulcers of patients with diabetes were included. Two authors, DM and EA, carried out
independent and overlapping screening of titles and abstracts to establish eligibility. After the screening process, two
studies met the inclusion criteria and were included in the review (Figure 1).

Data Extraction

In unison, authors MD, EE, MO and EA extracted and classified the following information: author name, year of
publication, study design, number of participants, type of diabetes, sample collected, patient setting, isolation method,
type of isolate, number of isolates, list of isolates and antibiotics used.

Statistical Analysis

Data analysis was descriptive. The demographic and clinical data were summarized as percentages. Also, the pooled
prevalence of the isolates was estimated. Descriptive analysis was done using Microsoft Excel, (2019) while the pool
prevalence of the bacterial isolates was estimated using MedCalc® Statistical Software version 22.006.

Table | Search Query

Embase (“diabetic foot ulcers” OR “diabetic foot infections” OR “diabetes foot” OR “diabetic foot care” OR “diabetic leg ulcers” OR
“diabetic foot gangrene” OR “diabetic wound” OR “diabetic foot complications” OR “diabetic foot bacteria” OR “dfu isolates” OR
“diabetes related amputation” OR “diabetic limb infections” OR “diabetic foot ulceration”) AND (“Uganda”/exp OR “Uganda”)
Scopus (“diabetic AND foot AND ulcers”) OR (“diabetic AND foot AND infections”) OR (“diabetes AND foot”) OR (*“diabetic AND foot
AND care”) OR (“diabetic AND leg AND ulcers”) OR (“diabetic AND foot AND gangrene”) OR (“diabetic AND wound”) OR
(“diabetic AND foot AND complications”) OR (“diabetic AND foot AND bacteria”) OR (“dfu AND isolates”) OR (“diabetes AND
related AND amputation”) OR (“diabetic AND limb AND infections”) OR (*diabetic AND foot AND ulceration”) AND (“Uganda”/
exp OR “Uganda”)

PubMed (“diabetic foot ulcers” OR “diabetic foot infections” OR “diabetes foot” OR “diabetic foot care” OR “diabetic leg ulcers” OR
“diabetic foot gangrene” OR “diabetic wound” OR *diabetic foot complications” OR “diabetic foot bacteria” OR “dfu isolates” OR
“diabetes related amputation” OR “diabetic limb infections” OR “diabetic foot ulceration”) AND (“Uganda”/exp OR “Uganda”)
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Identification of studies via databases and registers
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Figure | Study Selection Flowchart.
Notes: PRISMA figure adapted from Page M), McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ.
2021;372:n71. Creative Commons.'*

Results

Study Selection and Characteristics

The included studies were conducted between 2010 and 2021 and published in 2011 and 2022, respectively. The two
studies collectively recruited 122 inpatients, of which more than half (n = 77) were female. Regarding their educational
background, 46.7% (n = 57) had primary education, 17.2% had no formal education, and 11.5% (n = 14) possessed post-
secondary education. In terms of diabetes classification, one study did not specify the type, whereas the other included
participants with either type 1 or 2 diabetes. Methodologically, both studies utilized wound swab samples and culture
methods for microbial isolation and identification. The study designs were a prospective cohort and a prospective

observational study.
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Microbiological Profile of Diabetic Foot Ulcers in Uganda

The studies by Pario et al'® and Sikhondze et al'® are the only studies that explored the microbiology of diabetic foot ulcers
in Uganda, and they reported isolating only bacterial species. The studies isolated a total of 122 bacteria including World
Health Organization ascribed priority pathogens: Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa and Enterobacter specie (ESKAPE) were reportedly isolated. Gram-
negative bacteria constituted 75% of the total isolates and the rest were gram positives. Also, 14.29% of the isolates were
extended beta lactamase producers (ESBL) while 4.92% were methicillin resistant Staphylococcus aureus.

Antibiotic Regimen for DFU in Uganda
As with most diabetic foot ulcers across the globe, and continent, DFU infections in Uganda are managed in part with
antibiotic chemotherapy. The commonly used antibiotics in Uganda includes: Cefoxitin Erythromycin, Co-trimoxazole,
Gentamycin, Chloramphenicol, Ciprofloxacin, Clindamycin, Vancomycin, Ceftriaxone, Penicillin, Ampicillin, and
Gentamicin. Ampicillin, Ceftriaxone, Augmentin, Cefuroxime, Co-trimoxazole, Ceftazidime, Chloramphenicol,
Ciprofloxacin, Imipenem, Piperacillin/Tazobactam, Cefepime, Piperacillin and Amikacin.'*'¢

The dominant species isolated from diabetic foot ulcers in Uganda include Staphylococcus aureus, Escherichia coli,
Klebsiella pneumoniae and Pseudomonas aeruginosa. Remarkably, these isolates exhibited varying susceptibilities and
resistance to the commonly used antibiotics. Figure 2 presents different antibiotics and shows the number of dominant
bacterial species that are susceptible and resistant to each antibiotic. The figure is useful for understanding which
antibiotics are effective against specific bacteria found in DFUs in Uganda, informing treatment choices. We observed
that Staphylococcus aureus, the dominant gram-positive bacteria, exhibited significant resistance to Cefoxitin,
Erythromycin and Cotrimoxazole (33.3%, 38.8% and 55.5%), respectively. However, all MRSA (n = 6) were 100%
susceptible to Vancomycin. Equally, S. aureus showed significant susceptibility to Chloramphenicol (44.4%) and

Antibiotic Susceptibility and Resistance Profile of DFU Bacterial Isolates in
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Figure 2 Antibiogram Profile of Diabetic Foot Ulcer Isolates in Uganda.
Abbreviations: S, Susceptible; R, Resistant; S. aureus, Staphylococcus aureus; E. coli, Escherichia coli; P. aeruginosa, Pseudomonas aeruginosa; DFU, Diabetic foot ulcer.
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Ciprofloxacin (77.7%). The dominant gram-negative bacteria also exhibited varying level of resistance. Pseudomonas
aeruginosa was resistant to Gentamicin (65.2%), Ceftazidime (60.9%), Piperacillin/Tazobactam (78.3%), Cefepime
(73.9%) and Amikacin (60.9%). E. coli, exhibited 56.5%, 47.8%, 82.6%, and 100% resistance to Gentamicin,
Ceftazidime, Augmentin and Ampicillin, respectively. Klebsiella spp., the dominant gram negative and overall most
abundant isolate was resistant Gentamicin (69.2%), Ceftazidime (84.6%), Augmentin (88.5%), Ciprofloxacin (73%), and
Ceftriaxone (76.9%); remarkably all dominant gram-negative bacteria were significantly susceptible to Imipenem.

Discussions

The occurrence of diabetic foot complications in Uganda was first reported in 1996, with a prevalence rate of 4.0%.’
Since then, the prevalence of DFU in the country has increased significantly.* Although the existing studies shade light to
the existence of DFU and its subsequent infection, it is essential to note that the exact prevalence of DFUs and DFIs in
Uganda is likely higher than reported in the literature as many patients with diabetes in Uganda are not diagnosed or do
not receive regular care,'’ and DFUs may go undiagnosed.'® Additionally, many people with diabetes in Uganda may not
have access to medical facilities or be unable to afford treatment, further exacerbating the problem.

Our review reveals that the bioburden of diabetic foot ulcers in Uganda is predominantly members of the ESKAPE
pathogens (Table 2) and this is particularly worrisome because they are notorious for multi-drug resistance.'” We
observed a remarkable dominance of Klebsiella spp 21.31% (14.42-29.65) over E. coli 18.85% (12.34-26.93),
Pseudomonas spp 18.85% (12.34-26.93), Staphylococcus spp 18.85% (12.34-26.93) and Enterococcus faecalis 4.92%
(1.83-10.40), respectively. The result aligns with a recent meta-analysis of the microbial profile of DFU in sub-Saharan
Africa which reported E. coli as the dominant gram-negative DFU isolate®® and another, conducted by Makeri et al,?!
which reported that Pseudomonas is the dominant gram-negative isolate in Africa. The observed variation in the
dominant gram-negative isolate at the continental, sub-continental and national levels speaks to the importance of
understanding the local epidemiology of microorganisms infecting diabetic foot ulcers. While the distribution of gram-
negative bacteria varies across the continent, Staphylococcus aureus remains the dominant gram-positive isolate as is the
case across the globe, emphasizing its role in skin and soft tissue infections.** %*

Another likely explanation for the observed variation in bacterial species isolated across countries and regions of
Africa could be the sample specimen used for microbiological assessment which is wound swabs in the case of Uganda.
In practice, wound care providers have often adopted wound biopsies (tissue), swabs, curettage, and wound aspirate as
principal samples.”> Wound swabs are widely used amidst debates about their reliability and sensitivity in isolating
infecting pathogens against contaminants, keeping in mind the abundance of commensal microflora inhabiting healthy
skin.’®?” For instance, coagulase-negative Staphylococci (CoNS), Micrococcus, Bacillus spp., and Corynebacterium,
which are a part of normal skin flora and have been frequently isolated from DFU swabs are not usually considered
pathogenic bacteria, unless the samples are taken from deep tissues.”® While tissue biopsies remain the standard sample

Table 2 Pooled Prevalence of Bacteria Isolated from DFUs in Uganda

Bacterial Isolates Total Bacterial Count | Individual Bacterial Count | Proportion (%) 95% CI 12 (95% Cl) and
P-value

Acinetobacter_spp 122 2 1.64 0.19-5.80 | 91.03 (85.97-94.26)

Citrobacter freundii 2 1.64 0.19-5.80 P< 0.0001

Escherichia coli 23 18.85 | 12.34-26.93

Enterobacter spp | 0.82 0.021-4.48

Enterococcus faecalis 6 4.92 1.83-10.40

Kiebsiella spp 26 21.31 | 14.42-29.65

Morganella morganii 4 3.28 0.90-8.18

Proteus spp 10 8.20 4.00-14.56

Pseudomonas spp 23 18.85 | 12.34-26.93

Staphylococcus spp 23 18.85 | 12.34-26.93

Streptococcus pyogenes 2 1.64 0.19-5.80
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as maintained by Ramsay et al,”> Mutluoglu et al*° opine that for any organism isolated using a swab sample, there is an
84.4% chance that the same organism will be isolated when a tissue biopsy sample taken from the same person is
analyzed. Other studies have also argued that bacterial species diversity is affected by the sample collected for isolation.

For instance, Huang et al*’

reported that swab samples are less reliable in isolating gram-negative bacteria such as E. coli
and Citrobacter which is quite contrary to our observation of Ugandan studies where swab samples yielded more gram-
negative bacteria than gram-positives.

In our opinion, the existing studies on the microbiology of diabetic foot infections in Uganda down played the
importance of utilizing gold standard sample specimen considering that more than 50% of the participants had severe
diabetic foot ulcers which were graded between 3 and 5 on the Wagner scale. According to this classification system,
a Wagner grade 3 ulcer extends to the bones but not beyond, while grades 4-5 involve the bones and extends beyond into
surrounding tissues.*® Considering the severity of the foot ulcers, tissue biopsies would have been the best sample instead
of wound swabs. We corroborate our claims with existing literature such as that by Heravi et al,”® who reported that more
bacteria were isolated from tissue samples compared to 247 paired swab samples with a 42% concordance; this means
that only 42% of the bacteria isolated from the tissue samples were isolated in the paired swab samples. It can be
concluded that tissue samples offer more dependable results for identifying bacteria and tracking the bacterial population
in diabetic foot infections, although only 0.1-10% of microorganisms are culturable®' and that brings to mind the method
of isolation.

The studies included in this review used traditional culture methods for isolation of DFU bacteria, prompting the
Spichler et al*? question; as modern clinicians faced with treating complex patients with diabetic foot infections, should
we still request traditional and familiar culture and sensitivity methods, or is it time to ask for newer molecular tests?
Over time, the traditional culture-based methods have been the most commonly utilized method for microbiological
isolation from samples™ yet, they have several limitations, including the requirement for viable organisms, which may be
challenging in cases of chronic or treated infections, the time-consuming nature of the procedure, and the potential for
misidentification of organisms due to contamination or overgrowth of non-pathogenic flora. According to Liu et al,**
advanced sequencing technologies provide a more thorough analysis of the wound community, providing greater detail
regarding the types of microorganisms present and their taxonomic classification. These technologies also identify
specific functions such as virulence and antibiotic resistance.

In Uganda today, although bacteria have been isolated from foot ulcers and their antibiogram profile also studied,
nothing is known about the molecular makeup of the isolates; moreover, none of the studies has distinguished
colonization and infection with the isolated bacteria (say Staphylococcus aureus).

Antibiogram Profile of Diabetic Foot Ulcer Isolates in Uganda

The management of DFU infections in Uganda often involves antibiotic chemotherapy and the commonly used
antibiotics include Cefoxitin, Erythromycin, Co-trimoxazole, Gentamycin, Chloramphenicol, Ciprofloxacin,
Clindamycin, Vancomycin, Ceftriaxone, Penicillin, Ampicillin, Imipenem and Gentamicin.'>'® The choice of antibiotics
is crucial in addressing the varying susceptibilities and resistances exhibited by the dominant bacterial isolates.

We observed that Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa, the
dominant species isolated from DFUs in Uganda displayed varying susceptibilities and resistance patterns to commonly
used antibiotics.'>'® For instance, E. coli and Klebsiella showed distinct susceptibility and resistance to Imipenem and
penicillin, respectively. Additionally, Ciprofloxacin, Chloramphenicol, Ceftazidime, and Ceftriaxone demonstrated high
effectiveness against E. coli. In the case of gram-positive bacteria like Staphylococcus aureus, susceptibility was
observed to Gentamicin, Ciprofloxacin, Chloramphenicol, Vancomycin, and Clindamycin, while 100% resistance was
noted against Cotrimoxazole.

The findings align with reports across the continent and beyond;***'*> however, we question clinical considerations
(route of administration of antibiotics) when treating DFIs in Uganda, especially, that the country lacks a national
guideline for diabetic foot care. While the selection of the initial antibiotic is based on the clinician’s assessment of likely
pathogens and their susceptibilities, along with considerations for allergies, adverse effects, and other patient-specific
factors,® studies have shown that for many antibiotics, oral administration can achieve adequate levels in serum and, the
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infected tissues, provided the patient’s vascular supply is not severely compromised.*®® This is particularly relevant in
mild-to-moderate DFIs, where oral antibiotics like Ciprofloxacin and Clindamycin have been effective.® However, in
cases of severe infection or where there is significant vascular impairment, a common complication in DFUs, the delivery
of oral antibiotics to the wound bed may be insufficient,*® prompting parenteral or intravenous administration. Parenteral
or intravenous antibiotics ensure higher and more rapid drug concentrations in the blood and, potentially, at the site of
infection. This is critical in severe DFIs, where rapid and effective bacterial eradication is necessary.>”

In Uganda, we are not aware of the routine for the administration of systemic (oral and parental) antibiotic therapy.
Notably, our review underscores the need for a standardized national guideline for diabetic foot infection in Uganda,
which would provide essential guidance in the selection and administration of antibiotics.

While the lack of a national guideline in Uganda is itself a challenge to the treatment and management of diabetic foot
infections in the country, the observed multidrug resistance (MDR) among DFU isolates is worrisome in a country with
the 165th highest age-standardized mortality rate per 100,000 population associated with AMR across 204 countries.*” In
light of the growing concern over antimicrobial resistance and the limitations of current antibiotic therapies in Uganda, it
is imperative to explore alternative treatment options for diabetic foot infections. One promising avenue is the use of
medical-grade honey (MGH), which has demonstrated broad-spectrum antimicrobial activity, including effectiveness
against biofilms.*'*? Unlike traditional antibiotics, MGH does not pose a risk of developing resistance; moreover, MGH
1,*? the MDR status of bacterial strains has
no impact on the susceptibility of the organism to MGH thus simplifies the treatment process by eliminating the need for

combats infection and also promotes wound healing. According to Nolan et a

identifying specific microorganisms or their sensitivity profiles. Given these advantages, MGH should be considered for
over-the-counter (OTC) accessibility, offering a viable, effective solution in the management of DFUs in settings with
limited resources and high resistance to conventional antibiotics.

Recommendation and Future Direction

To address the microbial complexities of diabetic foot ulcers (DFUs) in Uganda, we propose the establishment of a robust
surveillance system for accurate DFU reporting, as well as the standardization of diagnostic techniques, including
appropriate sample collection and molecular testing for enhanced microbial identification. Consequently, future research-
ers should adopt advanced molecular approaches such as whole-genome sequencing for genetic insights, investigate
biofilm presence and other virulence factors, explore host-microbe interactions, and conduct longitudinal studies for
infection progression understanding.

Conclusions

This systematic review illuminates the microbial landscape of diabetic foot ulcers (DFUs) in Uganda, highlighting the
urgent need for comprehensive research and intervention. While data on the microbiology of DFUs in Uganda are
limited, the bioburden aligns with global trends, with noteworthy prevalence of multidrug-resistant bacteria, particu-
larly Methicillin-resistant Staphylococcus aureus (MRSA). The use of traditional culture-based methods and wound
swabs may have limitations in capturing the full spectrum of infecting pathogens, prompting the recommendation for
advanced molecular techniques. This review underscores the urgent need for a comprehensive national guideline in
Uganda that includes alternative therapeutic options such as MGH, alongside traditional antibiotic therapies, to
effectively combat DFU infections along with the establishment of a robust surveillance system for reporting diabetic
foot ulcers.

Abbreviations
DFU, diabetic foot ulcer; DFI, diabetic foot infections; MGH, medical grade honey; MRSA, methicillin resistant
Staphylococcus aureus; OTC, over the counter.
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