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Abstract

Diabetic foot infection (DFI) is a major clinical complication of diabetes
mellitus, serving as a primary precursor to lower-limb amputation. This
study aimed to identify and phenotypically characterize the bacterial
pathogens associated with DFIs at the Diabetes Center in Al-Bayda,
Libya. Samples were collected from infected wounds, tissues, and nails
of 14 patients and analyzed using the Render MA 120 automated identi-
fication system. Results showed a high prevalence of Gram-negative
bacteria (90%), with Klebsiella pneumoniae as the most frequent isolate
(25.5%), followed by Escherichia coli (17.65%). Notably, rare oppor-
tunistic pathogens, including Burkholderia pseudomallei (1.96%) and
Raoultella ornithinolytica (1.96%), were identified. These findings
highlight a significant regional shift toward Gram-negative dominance
and underscore the necessity for precise diagnostic tools and targeted

31 August 2026 empirical antibiotic protocols to prevent limb loss.
Keywords: Diabetic Foot, Libya, Klebsiella Pneumoniae, Gram-
Negative Bacteria, Render MA 120, Opportunistic Pathogens.
INTRODUCTION

Diabetic foot infections (DFIs) represent a multifaceted global health challenge, and they are recog-
nized as a leading cause of non-traumatic lower-extremity amputations, prolonged hospitalizations,
and significantly increased mortality (Peters et al., 2020). The pathophysiology of DFIs involves a
complex interplay between peripheral neuropathy, which results in a loss of protective sensation,
and peripheral vascular disease, which impairs the delivery of immune cells and antibiotics to the
site of injury (Lipsky et al., 2020),( Frykberg et al., 2000). If not identified and managed promptly,
these infections can progress rapidly from superficial ulcerations to deep-seated tissue necrosis and
osteomyelitis (Boyanova and Mitov, 2013 ; Thanganadar et al., 2021 ).

In Libya, the burden of diabetes mellitus is particularly acute. Epidemiological reports indicate that
more than 70% of diabetic patients in the country are diagnosed with Type Il diabetes, representing
the highest prevalence in the North African and Arab regions (Eltobgi, 2009). This high prevalence
directly translates to an increased incidence of DFIs, placing immense pressure on tertiary care fa-
cilities. Recent surveys in major Libyan cities such as Tripoli, Benghazi, and Misrata have docu-
mented a distinct shift in the microbial landscape of these infections. While Western European and
North American cohorts are typically dominated by Gram-positive cocci like S. aureus, studies in
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warmer climates including Libya show a marked dominance of Gram-negative bacilli, which are
found in approximately 70.9% of cases (Eldukali & Boshaalla, 2022; Mendes & Neves, 2012).

(Nuryastuti et al., 2018). In low-resource settings, the reliance on traditional manual biochemical
tests can lead to the misidentification of fastidious or emerging pathogens, such as R. ornithinolytca
or the B. cepacia complex (Paes Leme et al., 2022; Solak et al., 2011). Consequently, there is an ur-
gent need for the integration of automated diagnostic systems that provide rapid and accurate spe-
cies-level identification (Jones, et al., 2021).

Studies of bacteria isolated from diabetic foot in Libya are few and were mainly carried out in the
major cities in Libya, including Tripoli and Misrata (Eshlak, et al., 2022), and Benghazi (Eldukali
and Boshaalla, 2022), as well as Al-Bayda (Altabouli, et al., 2024).

Study Objectives
The primary objectives of this research were:

1. To identify the spectrum of bacterial pathogens associated with diabetic foot infections among
patients at the Diabetes Center of Al-Bayda, Libya.

2. To phenotypically characterize the isolates using automated diagnostic technology (Render MA
120) to ensure high diagnostic precision.

3. To document the prevalence of rare or emerging opportunistic pathogens within the local dia-
betic population.

MATERIALS AND METHODS

Sample collection and site

This study was carried out between October and November 2024 in the surgical department at the
Diabetes Center, which operates as the only outpatient facility for diabetes management in El-
Beyda, with a sample population of 14 Libyan patients diagnosed with type 2 diabetes who present-
ed with diabetic foot complications, consisting of 8 females and 6 males. The diabetes diagnosis
was based on the criteria set by the World Health Organization (WHO). The study assessed key pa-
tient and clinical characteristics, including age, sex, duration of diabetes, prescribed medications,
and the classification of the diabetic foot ulcer (DFU) (Eldukali and Boshaalla, 2022).

Wound site preparation and sample collection

Before commencing the procedure, it is essential to thoroughly wash hands and don sterile gloves.
The next step involves cleaning the wound using sterile saline or an antiseptic solution, deliberately
avoiding alcohol or hydrogen peroxide, as these agents can harm healthy tissue. Subsequently, ne-
crotic tissue or foreign materials present in the wound should be debrided. This can be accom-
plished using sterile forceps or scissors, ensuring that samples are taken from viable tissue or areas
susceptible to infection. A thorough inspection of the wound is necessary to identify any signs of in-
fection, such as increased redness, warmth, swelling, discharge, or an unpleasant odor, prior to
sample collection (Haesler, 2014).

For swab collection at the wound site, two methods were employed: the swab technique and tissue
sampling, according to Daivasikamani (2015).

Nail clippings or scrapings should be taken from beneath the nail plate, or nail samples should be
taken from the most proximal edge of the diseased nail (Chadwick and Podiatrist, 2013). The ad-
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vancing edge is too deep to cut back; drilling a hole in the nail and curetting it out can yield better
results (Sumikawa, et al., 2007). The nail is then placed in a sterile container before being promptly
sent to the laboratory. The collected wound swabs and tissue samples, along with nail samples,
should be cultured directly on nutrient agar for bacterial isolation (Chadwick and Podiatrist, 2013).

Specimen processing:

The samples (collected with the help of sterile swabs from the wound, tissue, and nails) for bacterial
isolation were directly inoculated on nutrient agar and incubated at 35-37°C for 24-48 hours (San-
jith Saseedharan, et al., 2018).

Identification of Bacteria by Biochemical Tests and the Render Automated Microbiology Sys-
tem

The sample is inoculated onto nutrient agar and subsequently subcultured onto various agar plates,
such as blood agar and MacConkey agar. These plates are then incubated at suitable temperatures,
typically ranging from 35 to 37°C, for a duration of 24 to 48 hours. During this time, bacterial
growth occurs, resulting in the formation of colonies. These colonies are analyzed based on their
morphological characteristics (Kean et al., 2017).

Biochemical identification of bacteria

Once bacterial colonies have grown on culture media, further tests, including catalase, oxidase, and
urease tests, are used to identify the species based on their biochemical properties. This is a crucial
step in the identification process ( Kean, etal., 2017). The isolated bacteria were then identified by
the Render MA 120 system.

RESULTS

A total of 51 bacterial isolates were recovered from the 14 patients. The results showed an over-
whelming dominance of Gram-negative bacteria (90%) compared to Gram-positive species, which
were represented only by Bacillus spp. (10%). P. aeruginosa, B. cepacia, and B. gladioli exhibited
positive results in the oxidase test, while Gram-negative isolates, including K. ornithinolytica, K.
pneumoniae, E. coli, K. oxytoca, P. mirabilis, P. aeruginosa, S. maltophilia, A. baumanni, B. pseu-
domallei, and K. ozeanea, exhibited negative results in the oxidase test.

Most Gram-negative bacterial isolates, including K. pneumoniae, E. coli, K. oxytoca, P. mirabilis,
P. aeruginosa, S. maltophilia, K. ozeanea, A. baumanni, and K. ornithinolytica, as well as the Gram-
positive Bacillus spp., were positive for catalase. However, B. pseudomallei was negative for cata-
lase (MacFaddin, 2000). The bacteria that demonstrated positive urease activity were K. pneumoni-
ae, K. oxytoca, P. mirabilis, B. pseudomallei, K. ozeanea, and K. ornithinolytica, indicating their
ability to hydrolyze urea into ammonia and carbon dioxide (Hadden et al., 2016). In contrast, B. ce-
pacia, B. gladioli, P. aeruginosa, E. coli, A. baumannii, and S. maltophilia demonstrated negative
urease activity. Additionally, urease activity remains unknown in Bacillus spp.

Taxonomic Distribution

The most prevalent pathogen was K. pneumoniae (25.5%), followed by E. coli (17.65%). Other
members of the Enterobacteriaceae family and several non-fermenting Gram-negative bacilli were
also frequently isolated. The distribution and biochemical profiles of these isolates are summarized
in Table 1.
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Taxonomic Group  Bacterial Frequency No. of Clinical/Pathogenic Role Reference
Species (%) Isolates
Enterobacteriaceae K. pneumoni- 25.5% 13/51 Primary opportunistic pathogen;  (Sugumar, et al.,
ae biofilm producer. 2014).
E. coli 17.65% 9/51 Associated with environmental con-  (Johnson, 1991).
tamination.
K. oxytoca 9.80% 5/51 Emerging nosocomial pathogen. (Neog, et al,
opportunistic pathogen 2021)
P. mirabilis 3.92% 2/51 Linked to deep tissue and bone in- (Yuan, et al,
volvement. Opportunistic pathogen  2021)
K. ozaenae 1.96% 1/51 Rare respiratory-associated subspe-  (Podschun and
cies. Opportunistic pathogen Ullmann, 1998(.
R ornithino- 1.96% 1/51 Emerging histamine-producing  (Solak, et al.,
lytca pathogen. Opportunistic pathogen 2011),
Non-Fermenting A. baumannii  9.80% 5/51 Highly resistant; risk factor for (Lucidi, et al.,
GNB treatment failure. 2024(.
Opportunistic pathogen
B. cepacia 7.85% 4/51 Rare in DFls; associated with high  (Saeed, et al,
mortality. Opportunistic pathogen 2024(.
P. aeruginosa 3.92% 2/51 Common in warm climates; bio- (Ertugrul, et al.,
film-rich. Opportunistic pathogen 2018).
S. maltophilia  3.92% 2/51 Linked to a 4.76x increased ampu-  (Bhaumik, et al.,
tation risk. Opportunistic pathogen ~ 2024)
B. pseudo- 1.96% 1/51 Causative agent of melioidosis (ra- (Ertugrul, et al.,
mallei re). 2018).
Opportunistic pathogen
B. gladioli 1.96% 1/51 Opportunistic pathogen. (Lee, et al,
2016 )
Gram-Positive Bacillus spp.  9.80% 5/51 Opportunistic environmental flora. (Baindara  and
Aslam, 2023(.

DISCUSSION

The absolute dominance of Gram-negative bacteria (90.2%) in the Al-Bayda cohort is consistent
with recent findings in Benghazi (70.9%) but represents a significantly higher frequency than global
averages (Eldukali and Boshaalla, 2022). This pattern supports the hypothesis that warm climates
and localized sanitation factors favor Gram-negative pathogens in chronic diabetic wounds (Mendes
and Neves, 2012),( Jones et al., 2021).

Foot ulceration constitutes one of the most severe complications affecting individuals with diabetes
and extends beyond superficial subcutaneous tissues. The development of diabetic foot ulcers
(DFU) is primarily attributed to poor glycemic control and insufficient self-management behaviors
(Mendes and Neves, 2012). Inadequate hygiene practices may contribute to the progression of ne-
crotic wounds and gangrene, which can ultimately necessitate amputation. The likelihood of toe or
lower-limb amputation is significantly elevated when ulcerations become complicated by bacterial
or fungal infections (Heald, et al., 2001).

With an increasing diabetic population worldwide, there is a significant rise in the prevalence of
foot infections. Al-Bayda also has an increased number of diabetic individuals, and this study char-
acterized 14 patients with diabetic foot ulcers. All patients had type Il diabetes mellitus, and 5 pa-
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tients had previous toe amputations. Some of them exhibited superficial ulcers classified as Wagner
grade 3. In contrast, more severe cases involved deep ulcers with complications like abscesses and
bone involvement, classified as Wagner grades 2 and 3. These grades also had the highest number
of isolates, consistent with findings from previous studies (Gonzélez, et al., 2003). The results of
this study indicated that the clinical manifestations of diabetic foot disease included delayed heal-
ing, delicate tissue, foul-smelling discharge, pain, and discomfort. Additionally, the presence of ab-
normal granulation tissue was observed, characterized by a color change from red to gray, along
with increased fragility and bleeding upon contact. These results correlate with other studies (Cut-
ting and Harding, 1994 ).

The higher incidence of superficial ulcers in these findings suggests that early intervention and ef-
fective diabetes management are essential in preventing the progression to more severe ulcer types.
Nonetheless, the occurrence of deep ulcers with abscesses in several patients emphasizes the neces-
sity for prompt surgical intervention and comprehensive treatment strategies to reduce the risk of
amputation (Pickwell, et al., 2015). A microbiological study of foot ulcer samples from diabetic pa-
tients was performed using conventional microbiological and biochemical identification methods,
and different bacterial species were identified. Chronic, non-healing foot ulcers frequently occur in
diabetic patients as a result of underlying factors such as neuropathy and increased plantar pressure.
These persistent ulcers were particularly vulnerable to infection, which exacerbates the impairment
of the healing process. A wide variety of bacterial pathogens may contribute to these infections
(Frykberg, et al., 2000).

The study results among the 14 patients diagnosed with type 2 diabetes, aged between 24 and 83
years, indicated that the majority of bacterial isolates from diabetic foot infections were Gram-
negative, with eight isolates being Gram-positive, a finding similar to that reported (Turhan, et al,
2013). K. pneumoniae was predominantly isolated, followed by E. coli and P. aeruginosa within the
Enterobacteriaceae family (Shaya, et al., 2006). Gram-negative bacteria were isolated more fre-
guently than Gram-positive bacteria. Numerous prior studies have similarly identified members of
the Enterobacteriaceae family as the predominant isolates in diabetic foot ulcers (DFU) (Thanga-
nadar, et al., 2021). The results aligned with previous studies, indicating that Gram-negative bacte-
ria were more frequently encountered than Gram-positive bacteria (Dwedar, et al., 2015). Similarly,
E. coli, P. aeruginosa, K. pneumoniae, and Proteus species were among the most commonly isolated
(Mamusavu, et al., 2022).

Other studies similar to this study reported diabetic foot infections (DFIs) resulting from Gram-
negative E. coli, K. pneumoniae and P. aeruginosa (Slovenkai, 1998). Also, the main bacterial spe-
cies identified were Pseudomonas species and E. coli (Atlaw, et al., 2022). In this study, a high in-
cidence of E. coli isolated from dry superficial foot ulcers was observed, which aligns with the find-
ings of Shaya et al. (2006).

Furthermore, the results revealed the isolation of P. mirabilis alongside other bacteria, including K.
pneumoniae, K. ozaenae, P. aeruginosa, K. oxytoca, Stenotrophomonas species, and E. coli. Addi-
tionally, Gram-positive bacteria such as Bacillus species were identified among the predominant
microbial flora in the analyzed samples, which aligns with results from another study (Thanga-
nadar , et al., 2021). In contrast to recent studies that documented Gram-positive bacteria, S. aureus
was identified as the predominant pathogen (Lipsky, et al., 2020).

This study found that diabetic foot infections are complex and often involve common bacteria such
as K. pneumoniae, E. coli, and P. aeruginosa. In addition, studies have started to show that less
common bacteria and fungi can also be important in these infections. Some of these bacteria include
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B. pseudomallei, S. maltophilia, B. cepacia, K. ozeanea, B. gladioli, and K. ornithinolytica. In this
study, Gram-negative bacteria were predominantly isolated compared to Gram-positive bacteria, a
finding that aligns with results from other studies (Dwedar, et al., 2015). However, another study
reported results contrary to the current findings, with Gram-positive organisms being the most
common (Abdulrazak, et al., 2005).

In the present study, R. ornithinolytica was infrequently isolated, consistent with previous reports
indicating that R. ornithinolytica was a rare pathogen in diabetic foot lesions (Pulian Morais, et al.,
2009). In addition, B. cepacia complex (BCC) was infrequently isolated in this study. BCC com-
prises a group of widely distributed Gram-negative bacteria. Previous research has documented
BCC species as common pathogens in patients with cystic fibrosis (CF), but they are less frequently
reported in diabetic foot infections, consistent with the findings of the present study ( Paes Leme, et
al., 2022). Additionally, B. gladioli was less frequently isolated in this study; these results correlate
with other studies, in which only a few patients with abscesses caused by B. gladioli infections have
been reported (Wang , et al., 2022).

Previous studies consistent with these findings have documented the isolation of S. maltophilia in
diabetic foot infections. Although reported infrequently, S. maltophilia may act as an opportunistic
pathogen. These observations highlight the need to consider this bacterium as a significant factor in
the management of complex infections in diabetic patients (Huchital, et al., 2020). In this study, a
strain of B. pseudomallei was identified in a diabetic patient; this rare finding aligns with these
studies (Nuryastulti, et al., 2018).

Significance of Emerging Pathogens

The identification of R. ornithinolytica (formerly K. ornithinolytica) highlights the utility of the
Render system. This organism is an emerging pathogen in patients with comorbidities such as
chronic kidney disease and diabetes (Solak ,et al., 2011). Its ability to produce histamine may com-
plicate clinical symptoms with allergy-like rashes (Pulian Morais, et al., 2009). Similarly, the detec-
tion of S. maltophilia is clinically alarming. Recent literature indicates that its presence in limb-
threatening ulcers is a significant predictor of major above-ankle amputation (OR: 4.76) (Hung, et
al., 2023).

Rarity and Biosafety: B. pseudomallei

Based on the results obtained from the Render System, B. pseudomallei accounted for 1.96%,
which is a rare and critical clinical finding for Libya. This agent causes melioidosis, a life-
threatening disease typically endemic to Southeast Asia (Tin Som et al., 2024). Given its potential
for laboratory-acquired infections through aerosolization, these isolates must be handled under Bi-
osafety Level 3 (BSL-3) conditions, and plates should never be "sniffed” for identification (CDC,
2022).

CONCLUSION

This study demonstrates that diabetic foot infections in Al-Bayda are characterized by a complex,
Gram-negative-dominated polymicrobial flora. The presence of rare pathogens like B. pseudomallei
and R. ornithinolytica underscores the necessity of automated diagnostic platforms in Al-Bayda city
to ensure accurate species differentiation. Bacterial infections in diabetic patients, if not detected and
treated in time, can lead to fatal complications such as foot amputation. Adequate management of diabetic
foot treatment is needed to reduce the risk of amputation.

LIMITATIONS
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Several limitations should be acknowledged in this study. The relatively small sample size was
mainly attributed to the limited recruitment period. Moreover, anaerobic pathogens were not as-
sessed, and bacterial identification was not confirmed by molecular methods.

RECOMMENDATIONS:

1. Empirical Guidelines: Local clinical protocols should prioritize Gram-negative coverage for
DFI management.

2. Susceptibility Testing: Routine AST is mandatory for every case due to the prevalence of in-
herently resistant species such as A. baumannii and S. maltophilia.

Biosafety Vigilance: Enhanced safety training is required for laboratory personnel to recognize and

handle high-risk pathogens.
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