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ABSTRACT
This study investigated the prevalence of Klebsiella pneumoniae in Diabetic Foot Wounds in Selected Health Facilities across Three Senatorial Zones in Benue State, Nigeria. Diabetic foot wounds (DFWs) remain one of the most severe complications of diabetes mellitus, contributing significantly to prolonged hospitalization, lower-limb amputation, and increased mortality. A total of 420 wound samples were collected and analysed using standard culture-based techniques. Out of the 420 samples analysed, 57 isolates of Klebsiella pneumoniae were identified, representing a prevalence of 13.6% (57/420). Statistical analysis showed significant associations between infection and age (χ²= 9.081, p = 0.028), sex (χ² = 4.651, p = 0.033), and wound duration (χ² = 7.185, p = 0.028). However, no statistically significant difference was observed across the three senatorial zones (χ² = 0.502, p = 0.478), indicating a relatively uniform distribution of the pathogen across the study area. The findings indicate that K. pneumoniae is an important pathogen in diabetic foot wound infections in Benue State. Continuous microbiological surveillance, improved infection control measures, and rational antibiotic use are therefore necessary to reduce complications associated with diabetic foot infections.
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1. INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disorder with a rising global prevalence. One of its most serious complications is diabetic foot infection (DFI), often caused by diabetic foot wounds (DFWs). DFWs continue to pose a significant public health challenge, especially in low- and middle-income countries where healthcare infrastructure is often limited. These wounds are frequently colonized and infected by a polymicrobial community, with Klebsiella pneumoniae emerging as a notable pathogen linked to severe clinical outcomes (Alfouzan et al., 2022).
Klebsiella pneumoniae is a Gram-negative, encapsulated bacterium and a member of the Enterobacteriaceae family. It has gained prominence not only due to its association with hospital-acquired infections but also because of its increasing resistance to multiple antibiotics, including carbapenems and third-generation cephalosporins (Navon-Venezia et al., 2023). In diabetic patients, the compromised immune response, poor perfusion, and neuropathy create a conducive environment for opportunistic pathogens like K. pneumoniae to thrive and cause aggressive soft tissue infections, potentially leading to amputation or systemic sepsis if not promptly and accurately diagnosed.
There is no epidemiological information about the incidence of K. pneumoniae in diabetic foot wounds in various regions of Nigeria, including Benue State, despite the bacteria's clinical significance in wound infections. Effective clinical therapy and antibiotic stewardship depend on an understanding of this pathogen's spread. Thus, the purpose of this study was to ascertain the prevalence of Klebsiella pneumoniae among patients with diabetic foot wounds who visited particular medical facilities. These resistant strains raise morbidity, mortality, and healthcare expenses while restricting treatment options. Such resistant organisms are more likely to colonize and infect wounds in diabetic patients due to weakened immunity and decreased tissue perfusion.
2. MATERIALS AND METHODS
 Study Site  
It was conducted in Secondary and Tertiary Health Facilities across the Three Senatorial Zones of Benue State, Nigeria (Zones A, B and C)
Benue state lies in the lower river Benue trough in the middle belt region of Nigeria (now North Central) and has 23 Local Government Areas (LGAs). It is inhabited predominantly by the Tiv, Idoma and Igede who speak Tiv, Idoma and Igede respectively. It is divided into three Senatorial zones, Benue North-East (A), Benue North-West (B) and Benue South (C). Benue state lies between Latitude 60 25'N and 8 o 8'N, and longitudes 7 o 47'E and 10 o 'E of the Greenwich meridian. It covers an area of 30,955km 2 (Agada and Nirupama, 2015) The state is bounded by 6 states (Nasarawa to the north, Taraba to the east, Kogi to the west, and Enugu, Ebonyi and Cross River to the south) Including an International border with Cameroon Republic to the southeast (Agada and Nirupama, 2015) The capital of Benue State is Makurdi.
 Benue has a projected population of 6,750,000 in 2025 and occupies a landmass of 32,518 km2. Based on Koppen’s Scheme of Classification (TEOE, 2014), Benue State lies within the average weather Climate and experiences two distinct seasons, the wet/rainy season and the dry/summer season. The rainy season lasts from April to October with annual rainfall in the range of 100–200 mm. The dry season begins in November and ends in March. Temperatures fluctuate between 23 and 37 °C in the year.
Study Population
The study population comprised diabetic patients presenting with clinically diagnosed foot wounds 18 years and above who met the inclusion criteria and gave informed consent.

Sample Size Determination
A total of 420 samples was estimated using the Cochran’s formula (the Cochran’s sample size formula for calculating a single population proportion (Nas et al., 2019).
N=   (Z-a)²*P(1-P)
   D²
N = required minimum sample size
 Z1-a = Confidence level at 95 % was found to be 1.96
 P = the estimated prevalence of K. pneumoniae infection in North Central (Minna), obtained from previous studies by Idakwo et al. (2015) was 26.95 % (0.2695)
D= Precision error at 5 % was 0.05
 N=  (1.96)2 * 0.2695(1-0.2695) = 3.8416 * 0.1971 
                        0.05²                           0.05²
 0. 757    
 0.0025      = 302 .8
The minimum required number of samples for this study was 302.8. However, to create a padding effect for data attrition, the number of samples was increased to 420 in this study.
 Inclusion Criteria
 Patients aged 18 years and above, who were diagnosed with diabetes mellitus with clinically diagnosed foot wounds (grades 1 to 4 according to the Wagner classification) in the selected facility, have lived in Benue state for at least one year.
Exclusion Criteria
Non-diabetic patients with foot wound, patients unwilling or unable to provide informed consent and diabetic Patients with foot wound receiving care outside the selected facility.
Data Collection.
Data was collected using a structured questionnaire designed to obtain information on the duration of wound and socio-demographic characteristics of the patients. For clarity and understanding of patients, interpreters fluent in English and the major languages in the state were recruited to assist respondents in completing questionnaires to ensure reliability. 
Ethical Considerations
Ethical approval was first obtained from the State Ministry of Health and from the Health Research Ethics Committees of participating institutions. Written informed consent was obtained from each participant. All procedures were carried out in accordance with the standard recommendation.
Sample Collection 
Wound samples were collected across 18 facilities (2 Tertiary (BSUTH and FMC) and 16 secondary (GH North Bank, GH Aliade, GH wannune, GH Buruku, GH Gboko, GH Zaki Biam, GH K/Ala, GH Lesel, GH Vandeikya, GH Adikpo,GH Tse Agberagba, GH Otukpo, GH Oju, GH Ogbadibo, GH Obi, GH Ohimini)) using sterile swab sticks moistened in sterile saline. Wound samples were collected using sterile swab sticks moistened in sterile saline. The samples were obtained after cleaning the wound surface with normal saline and debriding necrotic tissue to reduce contamination by surface colonizers. Each swab was inserted into a sterile transport tube (Amies transport medium) and transported to the microbiology laboratory within 2 hours of collection.
Isolation of Klebsiella pneumoniae
Swabs were streaked onto MacConkey agar and blood agar plates and incubated aerobically at 37 °C for 18-24 hours. Colonies suspected to be Klebsiella spp. Based on morphological characteristics (mucoid, non-lactose-fermenting colonies on MacConkey agar), these isolates were further sub cultured to obtain pure isolates of Klebsiella pneumoniae
Identification of Klebsiella pneumoniae
Presumptive Klebsiella isolates were subjected to standard biochemical tests including citrate utilization, urease activity, indole production, triple sugar iron agar slant reaction, motility test, and oxidase reaction (Cheesbrough, 2017). Isolates that were citrate positive, urease positive, Catalase Positive, Methyl Red Positive, Voges–Voges-Proskauer positive, Triple Sugar Iron Positive, Oxidase negative indole, negative, and non-motile were considered presumptive Klebsiella pneumoniae.
3. RESULTS
Prevalence of K. pneumoniae based on Age Group
The distribution of K. pneumoniae across age groups is shown in Table 3. The highest prevalence occurred among patients aged 18–30 years (24.0 %), followed closely by those aged 31–40 years (13.0 %). Patients aged 41–50 years recorded a prevalence of 10.0 %, while those aged 50 years and above had 12.0 % as shown in table 1.
 Prevalence of K. pneumoniae based on Gender
Prevalence of K. pneumoniae based on gender. Female patients had a higher prevalence (18.0 %) compared with males (11.0 %). This is shown in table 2
Prevalence of K. pneumoniae based on Duration of Wound
The distribution of K. pneumoniae based on the duration of the wound is shown in table 3. Patients with wounds of 6–12 months duration had the highest prevalence (19.0 %), followed by those with wounds lasting 1–6 months (13.0 %), while patients with wounds persisting for one year or more showed the lowest prevalence (5.0 %). 
 Distribution of K. pneumoniae based on Senatorial Zone 
Distribution of K. pneumoniae across the three senatorial zones of Benue State. Zone B recorded a slightly higher prevalence of 16% (24/150), while Zone A recorded 14.7% (20/158) and 12.7% (13/112) respectively as shown in table 4
Table 1: Prevalence of K. pneumoniae Isolates among Diabetic Foot Wound in the Three Senatorial Zones by Age
	Age
	No. Examined
	No. Positive (%)
	No. Negative (%)

	18-30
	70
	17(24.0)	
	 53(86.0)

	31-40
	99
	13(13.0)
	86(87.0)

	41-50
	111
	11(10.0)
	 101(90.0)

	50 above
	140
	17(12.0)
	123(88.0)

	TOTAL
	420
	57(13.6)
	363(86.4)


χ²  = . 9.081







Table 2: Prevalence of K. pneumoniae isolates among Diabetic Foot Wound in Three Senatorial Zones According to Gender.
	Gender
	No. Examined
	No. Positive (%)
	No. Negative (%)

	Male
	253
	27(11.0) 	 
	226(89.0)

	Female 
	 167
	30(18.0)	 
	137(82.0)

	TOTAL
	420
	57(13.6)	 
	363(86.4)


χ²  = 4.651








Table 3: Prevalence of K. pneumoniae isolates in the three senatorial zones by duration of wound
	Period
	No. Examined 	
	No. Positive (%) 
	No. Negative (%)

	1-6 Months 
	212
	28(13.0)	
	184(87.0)

	6-12 Months
	134
	25(19.0)
	107(79.0)

	1 year and above
	74
	   4(5.0)
	70(95.0)

	TOTAL
	154 
	57(13.6) 
	363(86.4)


χ² = 7.185










Table 4: Distribution of Klebsiella pneumoniae isolates in the three senatorial zones
	Facilities
	No. Examined
	No. Positive (%)
	No. Negative (%)

	Zone A
	158
	20(14.7) 
	138(85.3)

	Zone B
	150
	24(16)
	126(84)

	Zone C
	112
	13(12.7)
	99(87.3)

	TOTAL
	420
	57(13.6) 
	360(86.4)


χ² =0 .502









4. DISCUSSION
This study detected Klebsiella pneumoniae in 13.6% (21/154) of diabetic foot wound (DFW) specimens collected from two tertiary hospitals in Makurdi, Benue State. From an epidemiological viewpoint, the observed prevalence indicates that K. pneumoniae is a recurrent contributor to DFW microbiology in this setting and reinforces its role among Gram-negative pathogens implicated in diabetic wound infections. Regional and national surveillance data indicate that Klebsiella species are commonly isolated from diabetic foot infections and other clinical sources across Nigeria and the wider region, and that rates of drug resistance especially extended-spectrum β-lactamase (ESBL) production remain high, which aligns with the present findings (Ezeh et al., 2024; Jonah et al., 2024).
Age and sex distributions in the present sample showed no statistically significant associations with K. pneumoniae isolation. Although the highest point prevalence was observed in the 31–40 years age group and among females, the lack of statistical significance suggests that, in this population, infection risk may be driven more by wound-related and healthcare factors (e.g., duration of wound, prior antibiotic exposure, wound care practices) than by age or sex alone. This pattern has been reported elsewhere: diabetic foot infections are influenced by underlying host factors (neuropathy, ischemia, glycemic control) and by local care practices, so crude demographic associations can be weak unless adjusted for comorbidities and care variables (Tirumala et al., 2025). 
The higher prevalence among patients with wounds of shorter duration (1–6 months) of the present data might at first appear counterintuitive, but several epidemiological explanations are plausible. Early-presenting wounds may reflect acute presentations with active bacterial invasion or health-seeking behaviour that biases sampling toward those with more inflamed or clinically overt infections. Conversely, chronic wounds (≥1 year) may reflect long-term colonization by mixed flora in which Klebsiella is either outcompeted or present at lower detectable densities by culture, particularly when patients self-treat with antibiotics or antiseptics prior to hospital presentation. These dynamics highlight the importance of combining culture data with clinical context and, when possible, molecular detection to capture low-abundance or fastidious pathogens (Eric et al., 2021).
Zone B had a somewhat greater incidence than Zones A and C, although this difference was not statistically significant. This implies that K. pneumoniae infections are spread rather evenly throughout Benue State's senatorial zones. The similarities in occurrence could be explained by similar demographic features, environmental factors, and healthcare practices in each zone.

In general, the occurrence of K. pneumoniae in diabetic foot wounds highlights the necessity of accurate microbiological identification and suitable antibiotic treatment to avoid consequences including limb amputation, extended hospital stays, and systemic infection.

5. CONCLUSION
This study showed that Klebsiella pneumoniae is a significant pathogen linked to diabetic foot wound infections in specific health facilities in Benue State, Nigeria, with a total prevalence of 13.6%. No Apen Anex correlations were noted between infection and variables like age, gender, and wound duration, suggesting that both demographic and clinical factors could affect infection risk.
The fairly even spread of the pathogen throughout the three senatorial districts indicates that K. pneumoniae-related diabetic foot infections pose a significant public health issue in the state. Due to the rising worldwide concern of antimicrobial resistance in K. pneumoniae, prompt identification and suitable antimicrobial treatment are crucial for managing diabetic foot infections.
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