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Abstract: Urinary tract infections caused by Escherichia coli are among the 

most common bacterial infections worldwide, and chronic and recurrent 

cases pose a significant clinical challenge. This study aimed to evaluate the 

immune profile of patients with chronic E. coli-induced urinary tract 

infections by measuring cryoglobulins, complement components (C3 and 

C4), C-reactive protein (CRP), and immunoglobulins (IgG and IgM), and 

comparing them with a control group of healthy individuals. A case-control 

study was conducted involving patients diagnosed with confirmed chronic 

urinary tract infections due to E. coli, with a control group of age- and sex-

matched healthy individuals. Serum samples were collected and 

immunological markers were analyzed using standard laboratory 

techniques. The results showed a significant increase in CRP, IgG, and IgM 

levels in patients compared to the control group (P < 0.001). Conversely, a 

significant decrease in complement components C3 and C4 was observed in 

patients (P < 0.001). A higher percentage of cryoglobulin positivity was also 

found in the patient group, with a positive correlation between CRP and 

cryoglobulins, and an inverse correlation with complement levels. In 

conclusion, chronic urinary tract infections caused by E. coli indicate 

systemic immune activation, characterized by elevated inflammatory 

markers and immunoglobulins, along with complement component 

consumption and the appearance of cryoglobulins. These findings suggest 

that chronic bacterial infections can lead to systemic immune disturbances 

beyond the site of infection, potentially contributing to the use of these 

markers as biomarkers of disease severity. 
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Introduction 

Urinary tract infections (UTIs) are among the most common bacterial infections worldwide, 

with Escherichia coli being the leading cause of approximately 70–90% of community-acquired UTIs 

[1][2]. Chronic or recurrent UTIs represent a significant health problem, often associated with persistent 

bacterial infection or a weakened host immune response, leading to ongoing inflammation and an 

increased likelihood of complications [3][4]. The immune response against E. coli infection relies on the 

complex activation of both the innate and adaptive immune systems. This activation leads to the release 
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of inflammatory mediators such as C-reactive protein (CRP), as well as the consumption of complement 

components such as C3 and C4, which play a key role in opsonization and facilitate bacterial 

elimination [5][6]. In cases of chronic infection, continuous stimulation of the immune system may lead 

to immune imbalance and a state of chronic inflammation. In addition to traditional inflammatory 

markers, some chronic infections have been associated with the formation of cryoglobulins, which are 

antibodies or immune complexes that precipitate at low temperatures and liquefy upon reheating. 

Although primarily associated with hepatitis C virus infection, some studies suggest they may also 

occur in chronic inflammation due to persistent antigen stimulation and immune complex formation 

[7][8]. 

Despite the widespread prevalence of urinary tract infections caused by E. coli, studies 

investigating their impact on systemic immune markers such as cryoglobulins and the complement 

system remain limited. Therefore, investigating these immune changes could contribute to a deeper 

understanding of the mechanisms of chronic disease and identify biomarkers that can be used to assess 

disease severity or persistence [9][10]. Accordingly, this study aims to evaluate the immune profile of 

patients with chronic urinary tract infections caused by Escherichia coli by measuring cryoglobulins, 

complement components C3 and C4, CRP levels, and immunoglobulins IgG and IgM and comparing 

them with a group of healthy individuals. 

 

Materials and Methods 

Study Design 

This study was conducted as a case-control study, comparing a group of patients with chronic 

urinary tract infections caused by Escherichia coli with a group of healthy, uninfected individuals to 

assess differences in immunological markers between the two groups.This type of study is used in 

immunological research to investigate the impact of chronic infections on the immune system [11]. 

Study location and sample collection period 

Samples were collected from patients visiting hospitals or diagnostic laboratories during a 

specific time period (december2025-march 2026), with tests performed in immunology and clinical 

biology laboratories. 

Study Population 

Patient Group: 

This group included patients with chronic urinary tract infections caused by E. coli, with the 

diagnosis confirmed by standard urine culture methods [12]. 

Control Group: 

This group included healthy individuals with no symptoms or recent history of urinary tract 

infections, and who had not received any antibiotic treatment prior to the study. 

Inclusion and Exclusion Criteria 

Inclusion Criteria:: Confirmation of E. coli infection via bacterial culture.Presence of chronic or 

recurrent urinary tract infections.Exclusion Criteria:Patients with autoimmune diseases.Patients with 

hepatitis C virus infection (to avoid its effect on cryoglobulins) [13]. Use of immunosuppressant drugs. 

Sample Collection 

5 mL of venous blood was drawn from each participant using anticoagulant-free tubes. The 

blood was then allowed to coagulate, and the serum was separated by centrifugation and stored at -

20°C until immunological assays could be performed [14]. 

Immunological Assays 

First: Cryoglobulin Test 

The cryoglobulin test was performed by storing the serum at 4°C for 72 hours and observing 

for precipitation. The serum was then thawed at 37°C for confirmation, according to the method 

described in classical immunological studies [15][16]. 

Second: CRP 

C-reactive protein (CRP) levels were measured using ELISA or the Latex agglutination test 

according to standard laboratory protocols [17][18]. 
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Third: Complement C3 and C4 

Complement components C3 and C4 were measured using nephelometry or ELISA, methods 

approved in clinical immunoassay [19][20]. 

Fourth: Immunoglobulins (IgG, IgM). 

IgG and IgM immunoglobulin levels were measured using ELISA or immunoturbidimetry 

techniques according to the manufacturer's instructions [21][22]. 

Statistical Analysis 

The data were analyzed using statistical software such as SPSS, employing: Independent t-test 

to compare the two groups. Pearson correlation to examine the relationship between immunological 

markers. A statistical significance level of P < 0.05 was considered significant [23][24]. 

 

Results and Discussion 

Results  

Demographic data 

A number of patients with chronic urinary tract infections caused by E. coli were compared 

with a control group. 

 

Table 1. Demographic Characteristics of Study Groups 

Parameter Patients (n=...) Controls (n=...) 

Age (Mean ± SD) 35.4 ± 12.1 33.8 ± 10.7 

Female (%) 68% 65% 

 

Cryoglobulin levels 

The results showed a significant increase in the percentage of cryoglobulins in the patients 

compared to the control group and figure1. 

 

Table 2. Cryoglobulin Positivity in Study Groups 

Group Cryoglobulin Positive (%) Cryoglobulin Negative (%) 

Patients 42% 58% 

Controls 6% 94% 

 

P-value < 0.001 

The difference was statistically significant (P < 0.001).This suggests a possible link between 

chronic bacterial infection and the stimulation of abnormal immune complex formation. 

CRP levels 

The results showed a significant increase in C-reactive protein levels in the patients. The 

difference is highly significant (P < 0.001).This indicates the presence of an active chronic inflammatory 

condition in the patient group [25] as clear in table 3 and figure 1. 
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Figure 1. Serum CRP levels were significantly higher in patients with chronic E. coli UTI compared to 

controls (P < 0.001). 

 

Table 3. Serum CRP Levels in Study Groups 

Group CRP (mg/L) Mean ± SD 

Patients 18.6 ± 6.4 

Controls 4.2 ± 1.8 

 

 (C3 و C4 

Significant decrease in C3 and C4 in patients (P < 0.001). Indicates supplementation due to 

continued immune system activation [26] as clear in table 4 and figure 2. 

 

Table 4. Complement Components (C3 and C4) 

Parameter Patients (Mean ± SD) Controls (Mean ± SD) 

C3 (mg/dL) 82.3 ± 15.6 110.5 ± 18.2 

C4 (mg/dL) 14.7 ± 4.3 28.1 ± 5.6 

 

 
Figure 2. Complement components (C3 and C4) were significantly reduced in patients, indicating 

complement consumption (P < 0.001). 

 

Immunoglobulins (IgG and IgM ( 

Significantly elevated IgG and IgM levels in patients (P < 0.001).Indicates activation of acquired 

immunity due to chronic infection [27] as cleared in table 5 and figure 3. 
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Table 5. Immunoglobulin Levels (IgG and IgM) 

Parameter Patients (Mean ± SD) Controls (Mean ± SD) 

IgG (g/L) 16.9 ± 3.8 12.4 ± 2.9 

IgM (g/L) 2.1 ± 0.7 1.3 ± 0.5 

 

 
Figure 3. Significant elevation in IgG and IgM levels in patients compared to controls (P < 0.001). 

 

Statistical Correlation Analysis: A strong positive correlation exists between CRP and 

cryoglobulins (r = 0.62, P < 0.01). A negative correlation exists between C3 and the level of inflammation 

(r = -0.55, P < 0.01).This indicates that the severity of inflammation is associated with increased immune 

complex formation and complement deficiency. 

 

Table 6. Correlation Analysis Among Immunological Parameters 

Variables Correlation (r) P-value 

CRP vs Cryoglobulins 0.62 < 0.01 

C3 vs CRP -0.55 < 0.01 

 

 
Figure 5. Scatter diagram of the relationship between CRP levels and cryoglobulin positivity in 

patients with chronic Escherichia coli UTI. There was a positive correlation between these parameters, 

meaning that elevated levels of CRP were linked to an increase in cryoglobulin production. 
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Summary of findings : 

Significant increase in inflammatory markers (CRP). Increased specific immunity (IgG, IgM). 

Decreased C3 and C4.Notable appearance of cryoglobulins in almost all patients. All results indicate 

that chronic E. coli infection is not limited to the urinary tract but affects the immune system 

systemically. 

Discussion 

The results of this study showed that patients with chronic urinary tract infections caused by 

Escherichia coli exhibited clear immunological changes, including elevated CRP, increased IgG and 

IgM, decreased C3 and C4, and a marked increase in cryoglobulins compared to the control group [28]. 

The results also showed an increase in IgG and IgM levels, indicating activation of the acquired immune 

response resulting from continuous exposure to bacterial antigens. Recent studies have shown that 

chronic bacterial infections lead to prolonged activation of B cells and continuous antibody production. 

Conversely, a decrease in complement components C3 and C4 was observed in patients, which 

may reflect their continuous consumption during upsynthesis and immune complex formation. This 

finding is consistent with what has been reported in clinical immunology studies demonstrating that 

chronic infections lead to depletion of complement components due to continuous activation. 

Regarding cryoglobulins, the study showed a significantly higher concentration in patients compared 

to healthy individuals. While this phenomenon is traditionally associated with viral infections such as 

hepatitis C, recent evidence suggests that chronic bacterial infections may also contribute to their 

formation due to the ongoing stimulation of the immune system and the formation of immune 

complexes. The statistical correlation results also demonstrated a positive relationship between CRP 

and cryoglobulins, supporting the idea that the severity of inflammation plays a significant role in 

stimulating the formation of abnormal immune complexes. Recent studies have confirmed that long-

term chronic inflammation can lead to impaired clearance of these complexes from the bloodstream. 

Overall, these results indicate that chronic urinary tract infections caused by E. coli are not just a 

localized infection, but can cause a systemic immune response that includes activation of inflammation, 

consumption of complement, and formation of immune complexes such as cryoglobulins. 

Conclusion 

This research shows that there is a clear association between chronic urinary tract infections 

caused by E. coli bacteria and the development of systemic immune changes. In particular, the patients 

had elevated concentrations of inflammatory proteins (CRP), antibodies (IgG, IgM), as well as 

decreased concentration of complement components (C3 and C4). The higher frequency of 

cryoglobulinemia found in the patient group indicates possible involvement of immune complexes 

formation.  

 

REFERENCES 

[1] E. H. S. Aniz and Y. A. Jassim, “Anticancer activity of pyoverdine (PVD) produced by antibiotic-

resistant Pseudomonas aeruginosa isolated from burn and wound infections,” Journal of Applied and 

Natural Science, vol. 16, no. 2, pp. 777–785, 2024, doi: 10.31018/jans.v16i2.5506. 

[2] J. C. Brouet, J. P. Clauvel, F. Danon, M. Klein, and M. Seligmann, “Biologic and clinical significance 

of cryoglobulins,” American Journal of Medicine, vol. 57, pp. 775–788, 1974. 

[3] H. Codes-Méndez et al., “Clinical and serological profiles in cryoglobulinemia: Analysis of isotypes 

and etiologies,” Journal of Clinical Medicine, vol. 13, no. 20, p. 6069, 2024, doi: 10.3390/jcm13206069. 

[4] R. Dammacco et al., “Ocular manifestations of cryoglobulinemia: A reappraisal,” Eye, vol. 38, pp. 

585–593, 2024, doi: 10.1038/s41433-023-02738. 

[5] C. Ferri, “Cryoglobulinemia,” Orphanet Journal of Rare Diseases, vol. 3, p. 25, 2008. 

[6] C. Ferri, “Mixed cryoglobulinemia: Pathogenesis and management updates,” Autoimmunity 

Reviews, vol. 20, no. 6, p. 102794, 2021. 



 
Taki, M. M /Biojournal Vol 3 (5), May 

 

 

American Journal Of Bioscience And Clinical Integrity | 12  
 

[7] A. Field, Discovering Statistics Using IBM SPSS Statistics. London, U.K.: Sage Publications, 2018. 

[8] B. A. Forbes, D. F. Sahm, and A. S. Weissfeld, Bailey & Scott’s Diagnostic Microbiology. St. Louis, 

MO, USA: Elsevier, 2017. 

[9] S. González et al., “Immune complex formation in chronic inflammatory diseases,” Frontiers in 

Immunology, vol. 13, p. 845621, 2022. 

[10] S. B. Hulley et al., Designing Clinical Research. Philadelphia, PA, USA: Lippincott Williams & 

Wilkins, 2013. 

[11] Y. A. Jassim, “IgM-IgG-IgA secondary mixed cryoglobulinemia associated with pediatric 

tonsillitis,” American Journal of Biomedical and Life Sciences, vol. 3, no. 6, pp. 131–135, 2015. 

[12] Y. A. Jassim, Z. A. Al-Yassiry, and E. F. A. Awadh, “Study of antibacterial activity and cytotoxicity 

of the bioactive compound of Bacillus megaterium L2 strains isolated from the oral cavity of hospital 

workers and visitors at Dental Health Centre, Babylon, Iraq,” Journal of Applied and Natural Science, 

vol. 15, no. 1, pp. 371–378, 2023, doi: 10.31018/jans.v15i1.4313. 

[13] Y. A. Jassim, M. K. Khudhair, and S. H. Radhi, “Genetic identification of bacteria producing 

antibacterial agents isolated from soil and study of their effectiveness as antioxidants,” Annals of Agri 

Bio Research, vol. 27, no. 1, pp. 42–49, 2022. 

[14] Y. A. Jassim and H. M. Ridah, “Molecular identification and optimization of cellulose hydrolyzing 

bacteria isolated from cow dung,” International Journal of Pharmaceutical Research, vol. 10, no. 1, pp. 

678–682, 2018. 

[15] A. Jayaraman, S. Walachowski, and M. Bosmann, “The complement system: A key player in the 

host response to infections,” European Journal of Immunology, 2024, doi: 10.1002/eji.2023508. 

[16] O. A. Khdhair, Y. A. Jassim, N. A. A. Alkremy, and T. H. Al-Ameedy, “Antibacterial activity of the 

alcoholic extract of berberine against Staphylococcus aureus isolated from burn and wound infections,” 

Reviews in Clinical Pharmacology and Pharmacokinetics International Edition, vol. 38, suppl. 2, pp. 

137–139, 2024, doi: 10.61873/FMPT5825. 

[17] J. Khwaja, S. J. Salter, and S. D’Sa, “IgM-associated cryoglobulinaemia,” Hemato, vol. 4, no. 3, pp. 

240–249, 2023, doi: 10.3390/hemato403001. 

[18] E. Luna-Ceron et al., “Unveiling mixed cryoglobulinemia in suspected sepsis without a source,” 

Cureus, vol. 16, no. 4, p. e57684, 2024, doi: 10.7759/cureus.57684. 

[19] M. Moretti, F. Ferro, C. Baldini, M. Mosca, and R. Talarico, “Cryoglobulinemic vasculitis: A 2023 

update,” Current Opinion in Rheumatology, vol. 36, no. 1, pp. 27–34, 2024, doi: 

10.1097/BOR.000000000000098. 

[20] D. S. Mouliou, “C-reactive protein: Pathophysiology, diagnosis, false test results and a novel 

diagnostic algorithm for clinicians,” Diseases, vol. 11, no. 4, p. 132, 2023, doi: 10.3390/diseases11040132. 

[21] K. Murphy and C. Weaver, Janeway’s Immunobiology, 10th ed. New York, NY, USA: Garland 

Science, 2022. 

[22] M. B. Pepys and G. M. Hirschfield, “C-reactive protein: A critical update,” Journal of Clinical 

Investigation, vol. 111, pp. 1805–1812, 2003. 

[23] M. B. Pepys and G. M. Hirschfield, “C-reactive protein: A critical update,” Journal of Clinical 

Investigation, vol. 133, no. 2, p. e162345, 2023. 

[24] D. Ricklin, D. C. Mastellos, and J. D. Lambris, “Complement in immune regulation and disease,” 

Nature Reviews Immunology, vol. 23, no. 1, pp. 45–60, 2023. 

[25] I. M. S. Shnawa and Y. A. Jassim, “Human tonsillitis associated cryoglobulin responses can probe 

herd immunity,” World Journal of Pharmaceutical Research, vol. 2, no. 4, pp. 24–28, 2016. 

[26] N. W. Tietz, Fundamentals of Clinical Chemistry. Philadelphia, PA, USA: Saunders, 2012. 



 
Taki, M. M /Biojournal Vol 3 (5), May 

 

 

American Journal Of Bioscience And Clinical Integrity | 13  
 

[27] E. Treppo, L. Quartuccio, and S. De Vita, “Recent updates in the diagnosis and management of 

cryoglobulinemic vasculitis,” Expert Review of Clinical Immunology, vol. 19, no. 12, pp. 1457–1467, 

2023, doi: 10.1080/1744666X.2023.224960. 

[28] M. J. Walport, “Complement: First of two parts,” New England Journal of Medicine, vol. 344, pp. 

1058–1066, 2001. 


