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Abstract 

 

Background:  Diabetes mellitus (DM) is a polygenic metabolic disorder characterised by persistent elevated plasma glucose levels, which 
can lead to a range of complications, including an increased susceptibility to infections such as urinary tract infections (UTIs). Studies have 
shown that DM significantly increases the incidence of UTIs, and this is primarily due to a weakened immune system and the presence of 
glucosuria. 
 

Objective: The study aimed to determine cytokine profiles in the peripheral blood, identify common uropathogens and analyse their antibiotic 
susceptibility patterns in DM patients reporting for treatment at Cape Coast Teaching Hospital (CCTH). 
 

Methods: In a prospective study design, midstream urine and peripheral blood samples were collected from 202 known Type 2 diabetic 
patients recruited for the study. Using standard bacteriological methods, uropathogens were isolated and identified, and antibiogram testing 
was performed using the Kirby–Bauer disk diffusion method. Plasma concentrations of IL1β, IL6, IL10, IL17, IFNγ, and TNF-α cytokines 
were measured using an ELISA kit. 
 

Results: This study recorded a 43.1% prevalence of UTIs among diabetic patients, with the main uropathogens identified as Escherichia coli 
(18.8%), Citrobacter spp. (11.4%), and Enterobacter spp. (5.4%). The study also observed a high level of antibiotic resistance among the 
uropathogens, particularly to widely used broad-spectrum antibiotics such as Nalidixic Acid, Cefuroxime, Aztreonam, Cefotaxime, 
Ceftriaxone, Ceftazidime, Cefixime, and Cefdinir. There were significantly higher levels of IFNγ among the diabetic patients with UTI, but 
there were no significant changes in the levels of IL1β, IL6, IL10, IL17 and TNF-α cytokines among the diabetes patients with or without 
uropathogens. 

Conclusion: Our findings suggest that patients with diabetes have frequent UTIs, and the isolated uropathogens were highly resistant to 
antibiotics. Again, there were higher levels of pro-inflammatory cytokine IFNγ in diabetic patients with UTI. Our findings suggest that patients 
with diabetes experience frequent UTIs, and the isolated uropathogens show high levels of resistance to antibiotics. Additionally, we observed 
higher levels of the pro-inflammatory cytokine IFN-γ in diabetic patients with UTI. This elevated cytokine level could play a role in the 
immune response to infections and may serve as a potential biomarker for identifying UTIs in type 2 diabetic patients. The combination of 
frequent UTIs and antibiotic resistance highlights the need for improved management strategies and targeted therapies in this population. 
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INTRODUCTION 

iabetes mellitus (DM) is a condition characterised 

by persistent hyperglycemia, resulting from either 

insulin deficiency or poor cellular response to insulin [1,2]. 

According to the International Diabetes Federation (IDF), 

an estimated 537 million adults aged 20 – 79 years 

worldwide, representing 10.5% of all adults in this age 

group, are living with DM. By 2030, this number is 

projected to rise to 643 million [3]. The increase in DM 

cases is expected to be predominantly in low and middle-
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income countries, with 94% of the growth occurrin by 2045 

[3]. Uncontrolled DM can lead to life-threatening 

complications such as stroke, nephropathy, neuropathy, and 

retinopathy [4,5]. Moreover, uncontrolled DM can be 

accompanied by common uropathogens and other UTIs 

[6,7,8], which, if not properly managed, may often lead to 

complications such as disability and, in severe cases, 

premature death. DM has been found to be associated with 

reduced immunity and bladder dysfunction, which makes a 

diabetic individual more vulnerable to UTI [9].  

Studies have shown that immunological deficiencies in 

diabetic patients, including impaired neutrophil migration, 

intracellular killing, phagocytosis, and abnormal levels of 

cytokines like interleukin (IL)-1β, IL-2, IL-6, IL-12, 

tumour necrosis factor (TNF)-α, and interferon-gamma 

(IFN)-γ [10,11], can contribute to bacterial colonisation and 

infection [12,13]. Also, pro-inflammatory cytokines, such 

as IL-1β, IL-6, and TNF-α, have been shown to 

significantly influence the pathophysiology of diabetic 

peripheral neuropathy (DPN) [14], which is a debilitating 

complication of diabetes mellitus. 

Researchers have argued that the irrational use of 

antibiotics in diabetic patients has contributed to the 

increase in antibiotic-resistant uropathogens [15,16]. This 

improper or overuse of antibiotics can promote the 

development of resistance, making infections harder to treat 

and further complicating the management of UTIs in 

diabetic individuals. The etiologic agents responsible for 

UTIs and the varying resistance and susceptibility rates to 

commonly prescribed antibiotics can lead to longer hospital 

stays and increased treatment costs [17]. Moreover, 

antibiotic resistance to newer and more potent 

antimicrobials is reducing treatment options for UTIs, 

particularly affecting DM patients who are already more 

vulnerable to infections [18]. Unfortunately, there has been 

limited research in Ghana focused on identifying common 

uropathogens in DM patients, their antibiotic susceptibility 

profiles, and the levels of pro-inflammatory cytokines in the 

peripheral blood of these patients. This gap in research 

hinders a deeper understanding of UTIs in DM individuals 

and the effectiveness of treatment options. The purpose of 

the current study is to evaluate the peripheral blood immune 

environment (cytokine profiles of Th1, Th2, and Th17), 

identify common uropathogens, and assess their antibiotic 

resistance and susceptibility patterns in diabetic patients 

visiting Cape Coast Teaching Hospital. This research aims 

to provide valuable insights into the immunological and 

microbiological aspects of UTIs in diabetic individuals, 

ultimately contributing to more effective management and 

treatment strategies for these patients.  

MATERIALS AND METHODS 

Study design and sites   
The study was a cross-sectional design conducted from 

October 2020 to December 2020 at the diabetic unit of the 

CCTH, a tertiary hospital with about 400-bed capacity 

within the Cape Coast Metropolitan District in the Central 

Region of Ghana. The patients were selected from those 

receiving treatment and glucose level monitoring at the 

diabetic unit, using a convenient sampling method. Medical 

records of participants were reviewed to obtain additional 

relevant information on demographic and clinical data. 

Recruitment of study participants  

From a study population of approximately 412 type 2 

diabetic patients who visited the CCTH daily for 

check-ups, a total of 202 patients aged between 18 and 

83 years were recruited for the study using a 

convenience sampling technique.  

The formula  𝑛 =
𝑍2 𝑥 𝑃(1−𝑃)

𝐸2

1+(
𝑍2 𝑥 𝑃(1−𝑃)

𝐸2𝑁
)
  

Where E = 0.05, N = 412,  Z = 1.96 and P = 0.5 was 

used to evaluate and determine the required minimum 

sample size [19].  

 

N = Population size 

Z = z-score 

E = margin of error 

P = standard of deviation 

n = 

1.962 𝑥 0.5(1−0.5)

0.052

1+(
1.962 𝑥 0.5(1−0.5)

0.052𝑋412
)
 = 

3.8416𝑥 0.25

0.0025

1+(
3.8416 𝑥 0.25

1.03
)
 =  

0.9604

0.0025

1+(
0.9604

1.03
)
 = 

384.16

1.932
 = 199 

Inclusion criteria  

Study participants were known type 2 diabetics for at 

least 3 years prior to the study and were actively 

receiving treatment in the diabetes clinic of CCTH. 

They had individually consented before being included 

in this research.  

Exclusion criteria  

Patients were excluded from the study if they were 

known type 1 diabetics, were on antibiotic therapy or 

had a malaria infection within 14 days prior to 

recruitment. Individuals who were known as HIV-

positive, pregnant, with gynaecological/urological 

disorders, undergone a kidney transplant, or using a 

catheter were all excluded from this study. Additionally, 

exclusion criteria included recent type 2 diabetics who 

had any of the following conditions: genitourinary 

surgery, urinary incontinence, urinary retention, 

psychiatric disorders or age above 83 years were 

excluded from this study. Furthermore, urine cultures 

that showed Candida growth were not included in the 

analysis of uropathogens.  

Sample collection and processing 

Sociodemographic data and clinical history  

Information on age, gender, duration of diabetes, 

complications, previous infections, medications, and 

laboratory findings upon admission were extracted from the 

patient’s folder and electronic medical records. This was 
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done through an open-loop interview and a structured 

questionnaire. 

Fasting Plasma Glucose (FPG) measurement. 

Fasting Plasma Glucose (FPG) levels of the study 

participants, including both known type 2 diabetics and 

non-diabetics, were measured using a glucometer (Morepen 

Gluco One Blood Glucose Monitor, Model BG 03) prior to 

the collection of their urine samples. 

Specimen collection  

All participants were carefully instructed to collect 

midstream urine samples using a sterile, graduated, wide-

open plastic container. Female participants were also 

provided with sterile gauze to perform a front-to-back 

cleaning before urination. The urine samples were stored in 

the refrigerator after collection. Further microbiological 

investigations were conducted at the Microbiology 

Laboratory Department of the CCTH. 

Microbiological analysis  

Bacterial isolation and identification: Urine specimens 

were directly inoculated onto cysteine lactose electrolyte 

deficient (CLED) agar using a standard graduated wire 

loop. After 24 hours of aerobic incubation at 37◦C, the 

plates were examined macroscopically for morphological 

appearance as presumptive identification. The growth of 

bacterial colonies on the media was defined as a positive 

urine culture which was greater than 105 CFU/ml. 

Examination of the morphological appearance of the 

colonies was investigated. Gram staining was used for the 

identification of the bacteria. Citrate tests, indole tests, 

urease tests, and triple sugar iron (TSI) agar were the 

biochemical tests that were used to confirm the presence 

and isolation of the bacteria. 

Antimicrobial susceptibility testing  

The antimicrobial susceptibility test (AST) was done for 

each of the Uropathogens isolated, using the modified 

Kirby-Bauer disc diffusion method to identify resistant and 

sensitive isolates. A uniform lawn over the entire surface of 

Mueller-Hinton agar, using a sterile cotton swab, was 

dipped into the peptone water. Norfloxacin (NOR/10 µg), 

Aztreonam (AT/30 µg), Cefotaxime (CTX/30 µg), 

Nalidixic acid (NA/30 µg), Nitrofurantoin (NI/300 µg), 

Cefuroxime (XM/30 µg), Gentamycin (GM/10 µg), 

Amikacin (AK/30 µg), Ciprofloxacin (CI/5 µg), Ofloxacin 

(OF/5 µg), Cefixime (FIX/5 µg), Cefdinir (CD/5 µg), 

Ceftazidime (CAZ/30 µg), Levofloxacin (LEV), 

Ceftriaxone (CTR), Cotrimoxazole (COT), 

Chloramphenicol (CHL), Tetracycline (TET), Ampicillin 

(AMP), a total of 12 antibiotics were used on the bacteria 

isolates. 

Quality control  

The sterility and performance of the culture media were 

tested prior to using the culture media. Standard reference 

strains of E. coli (ATCC 25922) and S. aureus (ATCC 

25923) were used as controls for culture and sensitivity 

testing.  

Cytokine measurement  

About 5 mL of venous blood was collected from each 

participant and placed into the EDTA tubes to obtain 

plasma. The plasma was then collected and stored in 

cryovials at −80 °C until ready to be used for the cytokine 

assays. Plasma concentrations of interleukin-6, interleukin-

1β, interleukin-17, interleukin-10, interferon-gamma, and 

tumour necrotic factor-alpha were assessed using sandwich 

ELISA kits from CUSABIO Bihmmnn;otech (Wuhan, 

China). Strict manufacturer’s protocols were followed. 

Cytokines in stored plasma were analysed using the 

Mindray MR-96A ELISA plate reader (Shenzhen, China). 

Statistical analysis 

All statistical analyses were performed using the GraphPad 

Prism version 8.0.1 (244) software. The results were 

expressed as means and standard deviations (SDs). For 

comparisons within groups, Analysis of Variance 

(ANOVA) was used. Continuous and categorical variables 

were summarised as counts and percentages. Univariable 

and multivariate logistic regression models were 

performed. Correlation analysis was performed by using 

the Pearson Correlation Coefficient. P < 0.05 was 

considered statistically significant in all analyses. 

RESULTS 

As shown in Table 1, 87 out of  202 diabetic patients were 

found to have UTI, resulting in a prevalence of 43.1%. The 

percentage of female participants with positive urine 

cultures (50%) was significantly higher than that of their 

male counterparts (p = 0.0001). Moreover, there was a 

significant difference in UTI prevalence among the age 

groups (p < 0.0001). The 60 - 79 years age group had the 

highest prevalence of UTI at 49.6%, followed by the 20 - 

39 years age group with 41.7%, and the 80 - 83 years age 

group had the lowest prevalence at 25%.  

Married participants had the highest UTI prevalence at 

47%, compared to divorced participants (p = 0.009) and 

widowed participants (p = 0.025), though the difference 

was not significant when compared to single participants (P 

= 0.114). There was no significant difference between 

single and divorced participants, single and widowed 

participants, or divorced and widowed participants. Most 

participants with high Fasting Plasma Glucose (FPG). (FBS 

≥ 7.00) had a higher UTI prevalence (46.5%) compared to 

those with FBS < 5.6 (p = 0.0007). The prevalence of 

uropathogens was significantly higher in patients with 

diabetes for at least 5 years compared to those with diabetes 

for less than 5 years (p = ≤ 0.0005). However, there was no 

significant difference between patients with diabetes for 5-

20 years and those with diabetes for more than 20 years (P 

= 0.6842). Participants with tertiary and secondary 

education levels had the lowest prevalence of 

uropathogens, at 33.3% and 38.5%, respectively (p > 0.05), 

compared to those with no or primary level education, who 

had the highest prevalence of uropathogens at 50%. The 

findings on the common uropathogens isolated from the 

mailto:hsijournal@ug.edu.gh


  

 
Copyright © 2025 University of Ghana College of Health Sciences on behalf of HSI Journal. All rights reserved.                                                                                        

This is an Open Access article distributed under the Creative Commons Attribution 4.0 License. 

High antibiotic resistance and elevated plasma IFNγ from type 2 diabetes mellitus patients 

Kyeremeh et al., 2025. http://doi.org/10.46829/hsijournal.2025.6.7.1.1167-1177  
V

isit o
r d

o
w

n
lo

ad
 articles fro

m
 o

u
r w

eb
site

 h
ttp

s://w
w

w
.h

sijo
u

rn
a

l.u
g
.ed

u
.g

h
 

    Send us an email: hsijournal@ug.edu.gh 

 Visit us: https://www.hsijournal.ug.edu.gh 

share 

diabetic patients with UTI (Table 3) show that Escherichia 

coli was dominant with frequency of 38 cases (18.8%). This 

was followed by Citrobacter spp with 23 cases (11.4%) and 

Enterobacter spp with 11 cases (5.4%). Other pathogens 

identified included Candida and Salmonella typhi, each 

with 5 cases (2.5%), Shigella spp with     3 cases (1.5%) and 

Proteus spp and pseudomonas spp, each with 1 case (0.5%). 

The findings on the susceptibility patterns of uropathogen 

isolates from diabetic patients to antibiotics (Figure 1) 

reveal that Amikacin demonstrated the highest activity, 

with 89.2% of bacterial strains being susceptible. It was 

followed by Gentamycin, with 70.7% susceptibility (Figure 

1A). All six bacterial strains were sensitive to both 

Amikacin and Ofloxacin. 

Amikacin was particularly effective against nearly all 

gram-negative bacterial strains (Figures 1B, 1C, 1D, 1E, 

1F, and 1G). With the exception of Pseudomonas, all five 

other isolates were sensitive to Nitrofurantoin, 

Ciprofloxacin, and Gentamycin. All isolates, except 

Pseudomonas and Shigella, were also sensitive to 

Norfloxacin. Three of the six isolates were sensitive to 

Nalidixic acid. Resistance patterns revealed that four 

isolates were resistant to Cefotaxime, while five isolates 

were resistant to Aztreonam, Ceftriaxone, Ceftazidime, and 

Cefixime. All isolates were resistant to Cefuroxime and 

Cefdinir. Shigella was found to be the most sensitive 

isolate, as it was susceptible to 11 out of the 14 antibiotics 

tested (Figure 1F). On the other hand, Pseudomonas was 

the most resistant isolate, being resistant to all antibiotics 

except Amikacin and Ofloxacin (Figure 1E). 

There was a significantly higher level of pro-inflammatory 

cytokine IFNγ in diabetes patients with uropathogens  

Table 1. Demographic and clinical characteristic of study participants 

Variable Frequency (%) N=202 Frequency Positive for UTI 
(%) N=87    

P value 

Gender    

Male 46 (22.8%) 9 (19.6%) 0.0001 
Female  156 (77.2%) 78 (50%)  

Age    

20-39 46 (22.8%) 5 (41.7%) < 0.0001 
40-59 156 (77.2%) 25 (34.3%)  

60-79 12 (5.9%) 56 (49.6%)  

80-83 73 (36.1%) 1 (25%)  
Marital status    

Single 15 (7.4%) 6 (40%) 0.0063 

Married 115 (56.9%) 54 (47%)  
Divorced 22 (10.9%) 8 (36.4%)  

Widowed 50 (24.8%) 19 (38%)  

FPG mmol/L   0.0007 

<5.6 45 (22.3%) 14 (31.1%)  

≥7 157 (77.7%) 73 (46.5%)  

Duration of diabetes    
<5 years 43 (21.3%) 14 (32.6%)  0.0002 

5-20 years 110 (54.4%) 50 (45.5%)  

≥20 years 49 (24.3%) 23 (46.9%)  
Level of education    

None 44 (21.8%) 22 (50%) 0.0009 

Primary 50 (24.7%) 25 (50%)  
Secondary 78 (38.6%) 30 (38.5%)  

Tertiary 30 (14.8%) 10 (33.3%)  
FPG: Fasting Plasma Glucose. 

 

Table 2. Prevalence of common uropathogens and other UTI infections amongst Diabetic Patients 

Isolates Frequency Prevalence (%) 

Escherichia coli  38 18.8 

Citrobacter spp  23 11.4 
Enterobacter spp  11 5.4  

Candida albicans 5  2.5 

Salmonella typhi  5 2.5 
Shigella spp 3 1.5 

Proteus vulgaris  1  0.5 

Pseudomonas spp 1 0.5 
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Figure 1. Antibiotic susceptibility pattern of gram-negative bacteria isolated from urine culture of diabetic patients     

A. % susceptibility pattern of overall bacterial strains. B. % susceptibility pattern of Citrobacter C. % susceptibility pattern of E Coli. D. 

% susceptibility pattern of Enterobacter. E. % susceptibility pattern of Pseudomonas. F. % susceptibility pattern of Shigella. G. % 

susceptibility pattern of Salmonella 
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compared to diabetic patients without uropathogens (p = 

0.03)  (Figure 2). However, there were no significant 

changes in the levels of IL-1β, IL-6, IL-10, IL-17 and TNF-

α cytokines among the diabetes patients with or without 

uropathogens (Figure 2). 

DISCUSSION 

This study focused exclusively on type 2 diabetic patients 

to explore the immunological and microbiological aspects 

of UTIs and assess factors associated with UTI within this 

group, building on existing studies that compare diabetics 

and non-diabetics [20]. Our present study revealed that 

diabetes was associated with the incidence of UTI (Table 

3.1). The total prevalence of UTI among the diabetic 

patients in this study was 43.1%, which was relatively high 

compared to other studies: 39.3% in Saudi Arabia [21], 

31.1% in Uganda [22], 22.6% and 11.6% in Ethiopia 

[18,23], 19.5% in Sudan [24] and 8.08% in Pakistan [25]. 

The relatively high prevalence in this study could be 

attributed to factors such as poor diabetes management, 

duration of diabetes, sociodemographic variables, poor 

personal hygiene and lifestyle factors that may make 

diabetic individuals more susceptible to developing UTIs 

[26,27].  

In this study, female diabetic patients were found to be 

more prone to developing UTIs, with a prevalence of 78 out 

 

Figure 2. Mean plasma cytokine levels among diabetes patients with or without uropathogens. Number of diabetes patients with 

uropathogens (positive; n = 20) and without uropathogens (negative; n = 20). A significant difference between the two 

groups was assessed using an independent t-test. P values < 0.05 were considered statistically significant. The error bar 

represents the standard error of the mean. TNFα; tumor necrosis factor alpha, IFNγ; interferon gamma. 
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of 156 (50%), compared to male diabetic patients, with a 

prevalence of 9 out of 46 (19.6%). This finding is supported 

by several studies [18,28-31] and could be due to the 

anatomical proximity of the female urethra to the anus, 

which increases the risk of bacterial movement into the 

bladder, especially if proper hygiene is not maintained. 

However, this finding contradicts some studies conducted 

in Ghana [32] and Sudan [24], where the prevalence of UTI 

did not show an association with sex. The differences in 

findings may be attributed to other factors, such as prostatic 

hypertrophy in males, biological or immunological 

changes, or potentially higher levels of personal hygiene 

among females in those studies. 

The study found that the incidence of UTIs increased with 

age, particularly among the 60 - 79 years age group, where 

the prevalence was 49.6%. This aligns with previous 

studies [28,33-35], suggesting that age-related immune 

system decline [36], especially in uncontrolled diabetes, 

could contribute to the higher UTI incidence in this age 

group. However, other studies have shown varying UTI 

incidences across age groups [37], which may be due to 

differences in study methodologies, expertise of 

investigators, geographical factors, and screening practices 

[38]. Additionally, the study indicated that patients with 

diabetes for more than five years had a higher frequency of 

bacterial isolates compared to those with diabetes for less 

than five years. This may be due to prolonged diabetes 

impairing the immune system and complicating bladder 

emptying, which increases the risk of UTIs, particularly 

when blood sugar levels are not well controlled [9]. The 

study found that a higher bacterial count (46.5%) was 

associated with diabetic patients who had an FPG level of 

7 mmol/l or higher. In contrast, only 31% of diabetic 

patients with FPG levels below 5.6 mmol/l had a high 

bacterial count. This suggests that controlling blood 

glucose levels could help reduce the risk of UTIs in diabetic 

patients, as glucose in the urinary tract provides a nutrient 

source for bacteria, potentially leading to infections. 

The study found that married couples had the highest 

incidence of UTIs, likely due to the transmission of 

uropathogens during sexual intercourse [34]. As a result, it 

is recommended that patients with UTIs avoid sexual 

contact until the infection is fully treated to prevent the 

introduction of additional bacteria, which could worsen the 

infection and slow healing. Additionally, the study 

highlighted an association between education level and UTI 

prevalence in diabetic patients. Those with tertiary or 

secondary education had a lower prevalence of UTIs 

compared to those with only primary education or no 

education. This suggests that individuals with higher 

education may be better at managing their diabetes, which 

could reduce the risk of developing UTIs [39,40]. The study 

revealed, based on medical records, that 72% of the 

participants were on metformin (500 mg or 1000 mg taken 

twice daily), while the remaining 28% were on 

glibenclamide (15 mg daily). Studies have shown that type 

2 diabetic patients who use metformin have a lower risk of 

UTI compared with those who do not use metformin 

[41,42]. Metformin stimulation has been shown to enhance 

the innate immune response of uroepithelial cells, resulting 

in increased extracellular and intracellular bacterial killing 

[43]. This suggests a beneficial role of metformin in 

supporting host defence mechanisms against urinary tract 

infections. On the other hand, glibenclamide is known to 

cause severe hypoglycaemia [44], and therefore, its use in 

diabetic patients requires careful monitoring during 

infections, as the combined effects can significantly 

increase the risk and severity of hypoglycaemic episodes, 

potentially complicating disease management and patient 

outcomes [45].  

This study identified the prevalence of common 

uropathogens and other infections in diabetic patients 

(Table 3.2). The least isolated uropathogens were Proteus 

vulgaris and Pseudomonas spp., both with a prevalence of 

0.5%, followed by Shigella spp. (1.5%), Candida (2.5%), 

and Salmonella typhi (2.5%). E. coli was the most common 

uropathogen, with a prevalence of 18.8%, followed by 

Citrobacter spp. (11.4%) and Enterobacter spp. (5.4%), 

consistent with findings from previous studies [23,38,46-

50]. E. coli was noted as the most virulent uropathogen, 

likely due to its various virulence factors (toxins, adhesins, 

fimbriae, lipopolysaccharide capsules, and invasions), 

which help it to invade and attach to its host. Given the rise 

in antibiotic resistance, especially the multidrug resistance 

of E. coli, effective management of UTIs is crucial [51]. 

Interestingly, no gram-positive organisms, such as 

Staphylococcus spp., were isolated, which contrasts with 

other studies where these organisms were found [22,33,46]. 

This could be due to differences in diagnostic methods, 

geographic variations, expertise, sample sizes, and diabetic 

blood glucose control. Additionally, Candida spp., 

Pseudomonas, and Proteus were isolated only from female 

diabetic patients, aligning with findings from other studies 

[18,52]. The study examined the antibiotic susceptibility 

patterns of bacterial isolates (Figure 1) and found that all 

six bacterial isolates were sensitive to Amikacin and 

Ofloxacin. These two antibiotics were the only ones 

effective against Pseudomonas. Additionally, five isolates 

(except Pseudomonas) were sensitive to Nitrofurantoin, 

Ciprofloxacin, and Gentamycin, while four isolates (except 

Pseudomonas and Shigella) were sensitive to Norfloxacin. 

The higher susceptibility rates for these antibiotics could be 

due to their limited availability and higher cost compared to 

more commonly used antibiotics. As a result, Amikacin, 

Ofloxacin, Nitrofurantoin, Ciprofloxacin, Gentamycin, and 

Norfloxacin may be considered therapeutic alternatives for 

treating and managing UTIs in diabetic patients. 

The study observed a high level of resistance to several 

antibiotics, including Nalidixic Acid, Cefuroxime, 

Aztreonam, Cefotaxime, Ceftriaxone, Ceftazidime, 

Cefixime, and Cefdinir, with Cefuroxime and Cefdinir 

being inactive against all the bacterial isolates. This 

resistance could be attributed to factors such as the low cost, 
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widespread availability, and the frequent broad-spectrum 

use of these antibiotics without proper medical 

prescriptions [18, 38]. Additionally, while individual 

antibiotics showed sensitivity to certain specific organisms, 

they were resistant to others, highlighting the need for 

careful selection of antibiotics based on the specific 

pathogens involved.  

In this study, Amikacin emerged as the most active 

antibiotic, as was shown in other studies [53], with 89.2% 

of bacterial strains showing susceptibility, followed by 

Gentamycin, which was effective against 70.7% of strains. 

This result aligns with studies showing Gentamycin’s 

effectiveness against S. aureus and MRSA, particularly 

among HIV-infected individuals in Cape Coast [54]. Both 

Amikacin and Gentamycin are aminoglycosides, which 

work by binding irreversibly to the 30S and 50S units of the 

bacterial ribosome, disrupting protein synthesis. 

Aminoglycoside-inactivating enzymes are known to be the 

primary cause of resistance to these antibiotics [55]. 

However, Amikacin has an advantage over Gentamycin 

because it is less susceptible to these inactivating enzymes 

due to structural differences between the two antibiotics. 

The study also found that Nitrofurantoin, the only 

nitrofuran antibiotic included, exhibited a susceptibility rate 

of 67.6%, which was comparable to the fluoroquinolones. 

Ciprofloxacin (61.4%), Norfloxacin (64.8%), and 

Ofloxacin (64.0%) all had similar susceptibility rates, while 

Nalidixic Acid was found to be inactive against the 

bacterial strains. 

On the other hand, all the cephalosporins tested 

(Cefuroxime, Cefotaxime, Ceftriaxone, Ceftazidime, 

Cefixime, and Cefdinir) were inactive against the bacterial 

strains. Aztreonam, the sole beta-lactam antibiotic tested, 

was also found to be inactive. These findings suggest that 

while Amikacin and Gentamycin remain highly effective, 

many commonly used antibiotics, including cephalosporins 

and beta-lactams, showed little to no activity against the 

bacterial strains, highlighting the importance of proper 

antibiotic selection in the treatment of UTIs in diabetic 

patients. In this study, Amikacin showed the highest 

activity against most of the gram-negative bacteria, with the 

predominant isolate E. coli exhibiting a high sensitivity rate 

of 97.1% to Amikacin. This was compared to other 

antibiotics, such as Nitrofurantoin (77.4%), Gentamycin 

(64.7%), Ciprofloxacin (60.0%), Norfloxacin (58.1%), 

Ofloxacin (50.0%), and Cefotaxime (50.0%). In terms of 

specific uropathogens, Citrobacter spp. showed high 

sensitivity to Amikacin (71.4%), Gentamycin (68.2%), 

Ofloxacin (68.2%), Norfloxacin (66.7%), Ciprofloxacin 

(61.9%), and Nitrofurantoin (52.4%). Enterobacter spp. 

showed high sensitivity to Amikacin (90%), Gentamycin 

(90%), Norfloxacin (90%), Ofloxacin (90%), Nalidixic 

Acid (70%), Nitrofurantoin (70%), and Ciprofloxacin 

(60%), while showing resistance to Aztreonam, 

Cefotaxime, Ceftriaxone, Ceftazidime, Cefixime, Cefdinir, 

and Cefuroxime. Pseudomonas spp. showed complete 

sensitivity (100%) to Amikacin and Ofloxacin, with no 

activity from the other antibiotics. Shigella spp. was highly 

sensitive to Amikacin, with the other antibiotics showing 

moderate sensitivity, except for Norfloxacin and Cefdinir, 

which were resistant. Salmonella typhi was highly sensitive 

to Amikacin, Gentamycin, Ciprofloxacin, Norfloxacin, 

Nitrofurantoin, Ofloxacin, and Nalidixic Acid. 

These results highlight that Amikacin is the most effective 

antibiotic against a wide range of uropathogens, 

particularly for E. coli and other gram-negative bacteria, 

while other antibiotics showed varying levels of efficacy 

depending on the specific bacterial isolate. It is highly 

concerning that broad-spectrum antibiotics such as 

Nalidixic Acid, Cefuroxime, Cefdinir, Cefixime, 

Aztreonam, Ceftazidime, Ceftriaxone, and Cefotaxime 

showed a high rate of resistance among uropathogens in 

diabetic patients in this study. This contradicts other studies 

where Nalidixic Acid demonstrated high susceptibility to 

uropathogens [32]. In addition, studies from Nepal and 

Ethiopia also reported conflicting resistance patterns 

[23,37], which further underscores the variability in 

resistance across regions. The high resistance to these 

antibiotics could be attributed to their overuse and 

inappropriate application, particularly in treating 

complicated UTIs, which may lead to the development of 

resistance. The widespread and irrational use of these 

antibiotics is a known contributing factor to resistance in 

uropathogens, as highlighted by other studies [18]. 

In contrast, the antibiotics Amikacin, Gentamycin, 

Nitrofurantoin, Ofloxacin, Norfloxacin, and Ciprofloxacin 

have proven to be the most effective against almost all UTI 

infections in this study. Similar findings were reported by 

Addo et al., who also observed that Amikacin and 

Gentamycin were highly effective against uropathogens 

[32]. These results emphasise the importance of using 

targeted therapy rather than relying on a single antibiotic 

for all UTI infections. Thus, the study underlines the need 

for diagnostic testing to identify and isolate specific 

uropathogens before administering antibiotics. This 

approach ensures that the most appropriate and potent 

antibiotic is used, minimising the risk of resistance and 

improving treatment outcomes for diabetic patients 

suffering from UTIs. Asymptomatic UTI is common 

among diabetic patients [36], making its diagnosis 

challenging. Identifying specific biomarkers or profiles that 

can indicate the presence of UTI in diabetic patients would 

be valuable for early detection and effective management. 

In this study, cytokine levels were assessed to explore their 

potential as indicators of UTI in diabetic patients, and 

comparisons were made between those with uropathogens 

and those without, as shown in Figure 2. 

A significant finding from this study was the higher level 

of the pro-inflammatory cytokine IFN-γ in diabetic patients 

with uropathogens compared to those without (p=0.03). 

IFN-γ plays a crucial role in mediating cellular immunity, 

particularly in the defence against infections. Several 

studies have highlighted the importance of IFN-γ in 
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enhancing antibacterial immune responses. For example, 

IFN-γ has been shown to protect epithelial monolayers 

from pathogen-mediated damage during Staphylococcus 

aureus infections [56]. It also contributes significantly to 

protection against Chlamydia and mycobacterial infections 

by activating effector cells and generating antibody-

mediated responses [57]. Furthermore, IFN-γ is known for 

its role in combating viral and intracellular infections by 

activating macrophages’ cellular immune responses. 

However, it’s worth noting that excessive IFN-γ can also 

contribute to the pathogenesis of diabetes by promoting the 

expression of MHC class I and II molecules, as well as 

adhesion molecules on cells, including pancreatic β-islets. 

This leads to macrophage polarisation from an anti-

inflammatory M2 to a pro-inflammatory M1 phenotype 

[58,59]. These findings may explain the elevated IFN-γ 

levels observed in diabetic patients with uropathogens in 

this study. 

No significant differences were observed in the levels of 

other cytokines, including IL-1β, IL-6, IL-10, IL-17, and 

TNF-α, between diabetic patients with and without 

uropathogens. However, there was a slight increase in IL-

1β and IL-6 among those with uropathogens, while IL-17 

and TNF-α showed a slight increase in diabetic patients 

without uropathogens. In summary, this study suggests that 

cytokine profiling could serve as a potential surrogate tool 

for diagnosing UTIs in asymptomatic diabetes patients. 

Elevated IFN-γ levels may act as important markers to 

differentiate between diabetic patients with and without 

uropathogens. Further studies and larger sample sizes are 

needed to fully understand the role of cytokines in UTI 

pathogenesis in diabetes and to refine this marker for 

clinical use. 

Conclusion 

This study reported higher incidences of UTIs among 

diabetic patients, with a significant presence of antibiotic-

resistant uropathogens. The findings highlighted that 

common uropathogens in diabetic patients showed 

resistance to frequently prescribed antibiotics. Based on the 

high susceptibility rates observed, this study recommends 

Amikacin, Gentamycin, Nitrofurantoin, Ofloxacin, 

Norfloxacin, and Ciprofloxacin as potent antibiotics for 

managing UTIs in diabetic patients. Furthermore, a strong 

association between elevated levels of IFN-γ and the 

presence of UTIs in diabetic patients was observed. This 

suggests that IFN-γ may play a crucial role in the immune 

response to UTIs in this population.  

The findings support the potential for using cytokine 

profiling, specifically IFN-γ levels, as a proxy for 

diagnosing UTIs in asymptomatic diabetic patients and 

guiding more effective treatment strategies. In conclusion, 

the study emphasises the importance of targeted antibiotic 

therapy and the potential role of immune markers like IFN-

γ in improving the diagnosis and management of UTIs in 

diabetic patients. 
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