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ABSTRACT 

      Diabetes patients are suffuring from  urinary tract infections, mainly related to an impaired immune response , inadequate glycemic 

control and diabetic microangiopathy. Irregular secretion of cytokines leads to bidirectional effect on the development of the diabetic 

disease  and UTIs. This study aimed to assess the role of diabetes in the development of some UTI bacterial infections and studying the 

effect of infections and Type 1 diabetes mellitus (T1DM) in Interleukin-35 and Macrophage Migration Inhibitory Factor (MIF) 

concentration.   total of 90 male children, whose ages ranged between 5-15 years participated in this study ,60 patients with T1DM half 

of them have UTIs and 30 healthy controls. Cultivation urine on agar plates method used to identify UTIs patients with substantial 

bacteriuria. All bacterial isolates were diagnosed by VITEK-2. The levels of IL-35 and MIF concentration were measured using ELISA 

assay.The major findings of the study were :1-The serum IL-35 and MIF levels were a significant increased for  both patients groups of 

T1DM compared to control. 2-Upon bacterial stimulation, happened higher increased of IL-35  and MIF levels compared to D1TM 

without UTIs. 3- The most frequent bacteria isolated were Escherichia coli 35% , Pseudomonas stutzeria 19% and Kocuria rosea 19% 

caused of UTI in T1DM patient.These results suggested that Type 1 diabetes mellitus and Urinary tract infections  affects cytokines 

secretion, suggesting that cytokines -directed therapies might offer new treatment opportunities for inflammatory and autoimmune 

diseases in the future. 
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م واعتلال في الد التحكم في نسبة السكر عف الاستجابة المناعية وعدم ضلبشكل أساسي يعود ذلك التهابات المسالك البولية بشكل متكرر ، ومرضى السكري ب صابي        

هدفت هذه .والتهاب المسالك البولية  يؤدي إفراز السيتوكينات غير المنتظم إلى تأثير ثنائي الاتجاه على تطور مرض السكري .شعيرات الدموية المصاحبة لمرضى السكري ال

عامل تثبيط هجرة على  طور بعض الالتهابات البكتيرية في المسالك البولية ودراسة تأثير العدوى ومرض السكري من النوع الأولالدراسة إلى تقييم دور مرض السكري في ت

نصفهم  مرض السكري النوع الأول  يعانون منطفل منهم  09 عامًا ،( 53-3) راوحت أعمارهم بين ت  شارك في هذه الدراسة ذكورال من  طفل 09.  53 -والإنترلوكين البلاعم 

عدوى المسالك البولية. ب المصابين  ار لتحديدكأ طباقعلى أ لطريقة زراعة البو تستخدما. استخدمو كمجموعة قياسية طفل اصحاء  59مصابون بعدوى المسالك البولية و 

الممتز بالمقايسة  جهاز  باستخدام تركيز عامل تثبيط هجرة البلاعم و 53 - إنترلوكين تم قياس مستوى تركيز  .2ة جهاز الفايتك يص جميع العزلات البكتيرية بواسطتم تشخ

 معنويبشكل في الدم  تركيز عامل تثبيط هجرة البلاعم  و 53-إنترلوكين تركيز مستوياتزيادة -5:   النتائج الرئيسية للدراسة هي.  (الإليزا) المناعي المرتبط بالأنزيم

تركيز عامل تثبيط هجرة  و 53 - إنترلوكين تزيادة في مستويا ادت الأصابة البكتيرية الى -2. الأطفال الأصحاءمقارنة بمجموعة  من النوع الأولالسكري  لمجموعتي مرضى

 تسبب التهاب المسالك البولية في مرضىالتي  أكثر أنواع البكتيريا المعزولة -5. الأطفال المصابين بداء السكري وغير مصابين بألتهابات المسالك البولية مقارنة بـ البلاعم

تشير هذه النتائج إلى أن داء  .  %19 بنسبة  كوكوريا الورديةال و  ٪ 19 بنسبة   شتوتزرية ائفةالزو   ٪ 35 بنسبة  الإشريكية القولونية هيالسكري من النوع الأول 

الالتهابية  علاجية جديدة للأمراض طرققدم يقد  وجة مالالسيتوكينات  تنظيم السيتوكينات ، مما يشير إلى أنالسكري من النوع الأول والتهابات المسالك البولية تؤثر على إفراز 

 .وأمراض المناعة الذاتية في المستقبل
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1. INTRODUCTION 

          Diabetes patients have urinary tract infections (UTIs) more frequently than the normal population. UTIs is an infections of any 

part of the urinary system, including kidney infection , urethritis and the cystitis [1]. The clinical manifestations of UTIs vary with 

age,levels of the activity of the immune system , stage of infection, and type of bacteria causing the infection [2]. 

          T1DM is an autoimmune condition that is defined by the immune system's destruction of pancreatic β-cells, which results in a 

lifelong reliance on exogenous insulin and places a significant burden on individuals and healthcare resources [3]. Additionally adding 

to the burden of this condition, T1DM is linked to an increased risk of comorbidities like bacterial infections, cardiovascular disease, 

retinopathy, and diabetic kidney disease[4].  

        Cytokines are low molecular weight extracellular proteins that mediate immunological responses. They function in incredibly 

intricate pathways that control T1DM and the inflammatory response to bacterial infection, and they are necessary to carry out the lesion 

site response  [5]. When it comes to the development of T1DM, cytokines are essential for coordinating the intricate multicellular 

interactions between immune cells and pancreatic beta-cells [6]. It is believed that cytokines like IL-35, which can promote anti-

inflammatory responsibilities (regulatory functions), can improve immunological tolerance and guard against -cell damage [7]. 

Contrarily, cytokines like MIF that encourage the differentiation and operation of immune cells that because diabetes are hypothesized 

to cause the beginning and development of T1DM [8]. However, because the pro-inflammatory or anti-inflammatory functions of 

cytokines, which are in charge of β-cell degeneration, are context dependent, targeting these dysregulated cytokine networks does not 

always produce consistent effects [9]. 

        Patients with diabetes are more likely to get infections that affect their mucous membranes and soft tissues [10]. Additionally, 

diabetic rats' lungs have been shown to have lower levels of  tumor necrosis factor (TNF), interleukin (IL)-1 and intercellular adhesion 

molecule (ICAM)-1, as well as less ICAM-1 expression, which results in fewer leukocyte-endothelial interactions [11]. 

          Diabetes and bacterial infections are linked in both directions. Chronic infections like periodontitis are associated with higher 

proinflammatory cytokines, which can exacerbate insulin resistance and compromise glycemic management, whereas diabetes increases 

susceptibility to bacterial infections and their consequences. [12]. There is growing evidence that diabetes development may be 

significantly influenced by anomalies in the composition of the microbiome[13]. For effective prevention and quick treatment, it is 

crucial to understand the intricate links between diabetes and the accompanying bacterial infections. [6]. Therefore, this study was aimed  

to investigate IL-35 and MIF concentration in T1DM and the effect of urinary tract infections on it, compared with healthy individuales. 

 

2. MATERIALS AND METHODS 

2.1 Ethics Statement 

          The clinic's ethical committee approved the current study of Imam Hussein Hospital No. 240 - in 14 /2/2022  in 

Karbala, Iraq. All participants in this study willingly participated, and parents of children were contacted prior to enrollment 

to get their informed written consent for sample collection and research. 

 

2.2 Patients and clinical parameters tests 

           The practical side of the study was performed at the Al-Husain Teaching Hospital / Karbala, All samples were collected from 

February 2021 till July, 2021.A total of 90 male children, whose ages ranged between 5-15 years participated in this study ,were 

diagnosed by podiatrist, 60 patients with T1DM half of them have UTIs and 30 healthy controls (Figure 1). The criteria based on WHO 
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recommendations were used to diagnose T1DM [14]. The diagnosis of T1DM was based on a typical history of hyperglycaemia 

according to HbA1C, at least one classic anti-glutamic acid decarboxylase(anti-GAD) were investigated by ELISA, Elabscience – 

China[15], and patients exhibited impaired connecting peptide (C-peptide) secretion. 30 healthy controls had no history of autoimmune 

diseases, or malignant diseases. HbA1C and C-peptide were investigated by cobas-e-411 analyzer(Cobas HbA1C and C-peptide kit, 

Roche–Switzerland)[16]. All patients were confirmed to be free of cancer, allergies, or chronic infection diseases, and they did not take 

any immunosuppressive medications. Venous blood samples (6 mL) were collected from each person into two types of tubes: 3 ml in 

EDTA tube for Flow cytometry and HbA1c, the other one is gel tube was allowed to clot at 37°C for 15-20 minutes and then centrifuged 

at 3000xg for approximately 12-15 minutes in deep freezer (-80°C) [17]. The collected serum from patients and control were used for 

the measurements of  anti-GAD antibodies and C-peptide secretion tests, Interleukin-35 and Macrophage Migration Inhibitory Factor. 

 

Figure 1: The experiment design scheme. 

2.5 Measurement of Interleukin-35 and Macrophage Migration Inhibitory Factor 

         The level of human IL-35  and  MIF were measured using ELISA assay. More specifically, the sandwich ELISA for the quantitative 

determination of human immunological by used Elabscience kits – China [18]. 

2.4 Isolation and Identification of Bacteria 

Ten milliliters urine samples were collected from all patients and controls. Patients with UTI were separated according to result 

of inoculated the sample on MacConkey agar and blood agar base aerobically at 37°C for 24 hour. To identify urine samples with 

substantial bacteriuria, bacterial colonies that developed on the plates following the incubation time were counted. Plates with growth 

of ≥100 colonies (105 cfu/ml) were considered positive bacteriuria and involved in patient group, while ≤ 100 colonies were 

excluded[19] . All bacterial isolates present in diabetic patients with urinary tract infections were diagnosed by VITEK-2 instrument 

(bioMérieux, France) [20]. 

2.5 Statistical Analysis  
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          The statistical analysis of this study was carried out using the software statistical package for social sciences (SPSS) version 22, 

where data were expressed as  the Mean ± standard Error of the mean, independent-sample T-test with their 95% confidence interval 

(CI), were used to find the association between the categorical variables, P≤ 0.05 was considered statistically  significant.The 

significance value were indicated as * between the groups.The level of probability was indicated as *P < 0.05, **P < 0.01 *** P < 0.001 

and **** P < 0.0001. 

 

3. RESULTS  

3.1 Demographic and Clinical Characteristics 

Ninety participants were enrolled in the current study, The T1DM males patients included 30 with UTIs and 30 without UTIs 

. The fasting blood glucose, Anti-GAD  and HbA1c levels of the both groups of diabetic patients were significantly higher ,  the mean 

± SE amount were approx 274.97 ± 18.76 mg/dl , 295.72 ± 132.72 U/ml and 10.33 ± 0.42 % , respectively than that of healthy controls.  

than that of healthy controls . Of note, the C-peptide  both groups of T1-DM was lower than that of healthy controls average concentration 

estimated 0.176 ± 0.07 ng/ml. 

3.2  Interleukin 35 ( IL-35 ) concentration 

           As shown in )Figure 2(, serum IL-35  levels were higher for  both patients groups of T1DM compared to control . Additionally, 

the outcomes revealed a substantial rise in IL-35  levels for T1DM without bacterial infection the mean was (7.091 ±1.85) and with 

bacterial infection the mean was (10.42±1.56) ng/ml ) on level (P < 0.0001 and P < 0.001 ) respectively compared to control (5.514 

±0.20) ng/ml . When compared to diabetic patients without bacterial infections, IL-35 levels in those patients were significantly higher 

on level p < 0.05. 
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Figure 2: The concentration of IL-35 in healthy individuals,diabetic patients with bacterial infections and diabetic patients 

without bacterial infections. The significance value were indicated as * between the groups.The level of probability was indicated 

as *P < 0.05, **P < 0.01 *** P < 0.001 and **** P < 0.0001. 

 

3.3. Macrophage Migration Inhibitory Factor (MIF) concentration 
 
          Data results show in (Figure 3), serum MIF  levels were higher for  both patients groups of T1DM compared to control . 

Additionally, the outcomes revealed a substantial rise in MIF  levels for T1DM with bacterial infection the mean was (29.68 ±7.18) 

ng/ml  and T1DM without bacterial infection the mean was (9.047 ±1.47) ng/ml  on level (P < 0.001 ) compared with healthy individuals 

(4.685 ±0.52) ng/ml . MIF levels were significantly elevated for diabetic patients with bacterial infections  compared with patients 

without bacterial infection on levels    (P < 0.001). 

*** 

**** 

* 

Healthy individuals Diabetic patients with 

bacterial infections 

Diabetic patients without 

bacterial infections 

Groups 

Healthy individuals Diabetic patients with 

bacterial infections 

Diabetic patients without 

bacterial infections 

Healthy individuals Diabetic patients with 

bacterial infections 

Diabetic patients without 

bacterial infections 
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Figure 3: The concentration of MIF in healthy individuals, diabetic patients with bacterial infections and diabetic patients 

without bacterial infections. The significance value were indicated as * between the groups.The level of probability was indicated 

as *P < 0.05, **P < 0.01 *** P < 0.001 and **** P < 0.0001. 

 

 

3.4. The bacterial etiology of urinary colonization in diabetes 

          Data results showed in (Table 1) ,The bacterial pathogens that causing UTI  belongs to gram negative 45% and gram-positive 

bacteria 46%. Among Gram negative pathogens, E. coli  li  is the principal etiology of UTI in diabetic individuals If estimated at 35%  

followed by P. stutzeria  while among Gram positives, K. rosea is the major uropathogen estimated at 19% followed by S. thoraltensis 

, S. gallolyticus , S. haemolyticus , K. kristinae. 

 

                       Table 1. Bacterial etiology of UTI in diabetic individuals 

 

No. Types of bacteria 
Number of 

strains 
% 

*** 

*** *** 

Healthy individuals Diabetic patients with 

bacterial infections 

Diabetic patients without 

bacterial infections 

Groups 
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4. 

DISCUSSION 

          Lower immunity and recurring bacterial infections are common in T1DM.The diagnosis is made on the basis of the confirmatory 

screening test, if a patient meets the diabetes criterion of the HbA1c results ˃ 6.5% and FPG ≤125 mg/ dL, that person should be 

considered to have diabetes. After confirming that the children had diabetes, screening tests were conducted to prove that they had type 

1 diabetes such as detect autoantibodies produced by B-cell activation to GAD and the concentration of C-peptide [21]. The children 

were chosen to investigated altered frequency of regulatory B- cells in the target groups in the current study, because the disease is in 

its early stages and provides more accurate information about the changes that occur in the immune system [22].  

A protein produced inside the body that suppresses the immune system and has anti-inflammatory properties is known as IL-35 [23]. 

Our results revealed that diabetes patients' serum IL-35  levels were significantly higher than those of controls. These outcomes are in 

line with a study carried out by Espes et al., 2017, and Zhang et al., 2023 demonstrated that the elevated levels of anti- inflammatory 

cytokines  in T1DM patients may be due to the production from a compensatory mechanism to the rise of pro-inflammatory cytokines 

[24,25]. For this reason, the cytokines linked to the pathogenesis of T1DM are essential for the onset of the disease as they can act alone 

or in a cascade to control inflammation both positively (pro-inflammatory cytokines) and negatively (anti-inflammatory cytokines) [26]. 

          In comparison to controls, T1DM patients had higher serum levels of MIF. This finding is consistent with Ismail, et al., 2016 who 

noted that this cytokine contributes to the destruction of pancreatic beta cells by the immune system, favoring the inflammatory and 

autoimmune response that is typical of type 1 diabetes [27]. Furthermore, our results are in accordance with results obtained by do 

Nascimento de Oliveira, et al., 2018  who found that newly diagnosed T1DM patients had high levels of inflammatory markers, 

indicating that systemic inflammation may have contributed to the disease's onset. The elevated peripheral MIF levels in children, 

however, point to a powerful function throughout the early years of the disease that may help to explain the cytokine storm connected 

to the first stage of T1DM. Strategies for primary prevention that focus on inflammatory-mediated comorbidity may shield these patients 

from secondary problems in the future [28]. 

1 Escherichia coli 19 35 

2 Pseudomonas stutzeria 10 19 

3 Kocuria rosea 10 19 

4 Staphylococcus haemolyticus 2 
4 

 

5 Streptococcus gallolyticus 4 7 

6 Kocuria kristinae 1 2 

7 Streptococcus thoraltensis 8 15 

∑= 34   
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       During insulitis, high levels of MIF are secreted by effector T-cells to trigger the β-cell destruction process . Additionally, MIF has 

been identified as a key player in the progression of T1DM complications like diabetic foot disease and has been shown to support 

inflammatory cytokines and palmitic acid-induced pancreatic islet apoptosis [29]. 

MIF has been described as a critical mediator of LPS-induced shock, suggesting its detrimental role in septic shock by Gram-negative 

bacteria. Recent findings demonstrate that MIF modulates Toll-like receptor 4 (TLR4). The TLR4 senses LPS, the abundant cell-wall 

component of  Gram-negative bacteria [8]. MIF was suggested as a potential target for the therapy of T1DM following the successful 

neutralization of MIF by pharmacological and antibody-mediated mechanisms [30]. 

          A bidirectional relationship exists between infectious diseases and T1DM: on the one hand, poor glycemic control raises the risk 

of infections, and on the other, infectious diseases can occasionally be the trigger for metabolic decompensation leading to diabetic 

ketoacidosis in both newly diagnosed and long-term patients [31,32]. High blood sugar levels alter tissues, the skin, and blood flow, 

which all raise the risk of infections by reducing the immune system's activity.   [33]. 

       The most common bacteria isolated in the current study were E. coli 35% , P. stutzeria 19% and K. rosea19% . This was shown by 

a previous study conducted by Akash et al. (2020) who reported that  E.coli and Klebsiella spp. were commonly associated with UTIs 

for T1DM [34]. 

       E coli is the most frequent cause of UTI in both men and women with DM, however multiple series show that this organism only 

accounts for a small part of both nosocomial and community-acquired UTI in diabetic patients when compared to age-matched 

nondiabetic individuals [35]. Although the exact causes of UTIs in diabetics being higher than in non-diabetics are unknown, some 

studies have suggested that immunodeficiency, a modified urothelium (which results in a higher bacterial adhesion), and chronic 

neurologic bladder dysfunction may be to blame. Urine glucose excretion has also been linked to UTIs [36]. 

CONCLUSIONS 

       These results suggested that Type 1 diabetes mellitus and Urinary tract infections  affects cytokines secretion, suggesting that 

cytokines -directed therapies might offer new treatment opportunities for inflammatory and autoimmune diseases in the future. 
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