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Abstract 

Human papillomavirus (HPV) is one of the most common sexually transmitted viruses in the world. HPV is a key etiological 

factor in the development of cervical cancer and other anogenital and oropharyngeal malignancies. Early detection and 

accurate genotyping of this virus are crucial for disease prevention and screening programs. Among current molecular 

diagnostic methods, the polymerase chain reaction (PCR) has become the gold standard due to its high sensitivity and 

specificity, as well as its ability to detect low viral loads. This review summarizes the principles, methodologies, and 

diagnostic applications of PCR-based HPV detection. The review also discusses traditional PCR, real-time PCR, multiplex 

PCR, and other PCR-based approaches. The main advantages, limitations, and clinical importance of these methods are 

explained. Furthermore, it has been determined that there are factors affecting diagnostic accuracy, including sample 

collection and DNA extraction, primer selection, and result interpretation. The role of PCR in HPV genotyping, 

epidemiological surveillance, and the prevention of cervical cancer is also being investigated. The obtained results indicate 

that PCR-based molecular diagnostics ensure the reliable and highly sensitive detection of HPV infection. Furthermore, it 

supports public health strategies aimed at the early diagnosis of the infection, patient management, and the reduction of HPV-

related diseases. 

Keywords: molecular diagnostics, cervical cancer, DNA amplification, viral detection, screening, diagnostic accuracy. 

 

 

1. Introduction 

Human papillomavirus (HPV) belongs to the Papillomaviridae family. It is a non-enveloped virus (lacking a lipid 

envelope) with a genome consisting of circular, double-stranded DNA approximately 7,000–8,000 base pairs in 

length. More than 200 genotypes of HPV have been identified. They are classified into low- and high-risk groups 

based on their oncogenic potential. 

Low-risk types, particularly HPV6 and HPV11, are primarily associated with benign growths such as condyloma 

acuminata (genital warts). High-risk types, such as HPV16, HPV18, HPV31, HPV33, HPV45, HPV52, and 

HPV58, are associated with cervical intraepithelial neoplasia (CIN) and several cancer types. Persistent infection 

with high-risk HPV is a major risk factor for malignant transformation. For instance, HPV16 and HPV18 cause 

more than 70% of cervical cancer cases worldwide [1], [2], [3], [4], [5]. 

CIN represents precancerous changes in the cervical epithelium. Depending on the severity of the dysplasia, it is 

classified as CIN1, CIN2, or CIN3. Since high-grade CIN progresses to invasive cervical cancer if not treated in 
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time, this underscores the importance of the early detection of high-risk HPV. Due to its high sensitivity and 

specificity, the polymerase chain reaction (PCR) is widely used for the detection of HPV DNA [1], [5]. 

The HPV virion has a diameter of approximately 50–55 nm. They possess an icosahedral capsid composed of L1 

and L2 proteins. As the primary structural component, L1 forms the basis of prophylactic HPV vaccines through 

the formation of virus-like particles (VLPs). L2, on the other hand, aids in capsid assembly and the entry of the 

viral genome into host cells. The absence of a lipid envelope increases the virus's environmental stability [4]. The 

HPV genome consists of early (E), late (L), and long control region (LCR) functional regions. The early region 

includes the E1, E2, E4, E5, E6, and E7 genes, which are involved in regulating viral replication and the interaction 

with the host cell. The E6 and E7 genes encode key oncoproteins that disrupt the function of tumor suppressor 

proteins such as p53 and pRb. The activity of these oncoproteins leads to uncontrolled cell proliferation, the 

development of genomic instability, and, ultimately, the promotion of carcinogenesis. The late region encodes the 

L1 and L2 capsid proteins, while the LCR regulates viral replication and transcription [4]. 

Molecular and phylogenetic analyses have demonstrated the existence of significant genetic diversity among HPV 

genotypes, as well as within high-risk genotypes such as HPV16. Genomic variations can significantly influence 

the virus's persistence, ability to evade the immune response, pathogenicity, and oncogenic potential. Phylogenetic 

analyses have not only enabled a more precise classification of HPV variants but have also facilitated a better 

understanding of their evolutionary characteristics and clinical significance [1], [3], [4]. The development of 

molecular diagnostics and next-generation sequencing technologies has expanded the study of HPV genomic 

diversity and created new opportunities in the fields of epidemiological surveillance, risk assessment, vaccine 

development, and disease management. Therefore, the accurate identification of HPV genotypes via PCR-based 

molecular approaches is crucial for ensuring the effectiveness of modern cervical cancer screening and prevention 

strategies [1], [4], [5]. 

Routes of Transmission and Epidemiology of Human Papillomavirus (HPV) 

Human papillomavirus (HPV) is an epitheliotropic DNA virus that infects the basal epithelial cells of the skin and 

mucous membranes. The virus typically enters the body through microscopic lesions in the epithelial tissue, 

resulting in infection of the basal cell layer. The primary route of HPV transmission is sexual contact. The infection 

can be transmitted during vaginal, anal, or oral sexual contact. However, penetrative sexual intercourse is not 

strictly required for the transmission of the virus, as direct skin-to-skin contact between the anogenital areas can 

also lead to the spread of the infection. Main risk factors include having multiple sexual partners, early onset of 

sexual activity, oral-genital contact, and immunosuppressive conditions. The fact that HPV infection is 

asymptomatic in most cases can enable infected individuals to transmit the virus to others without being aware of 

the infection [5]. 

Although its epidemiological significance is more limited compared to sexual transmission, non-sexual 

transmission of HPV is also considered possible. The virus's DNA was detected on contaminated surfaces and 

medical instruments. Furthermore, vertical transmission from mother to child can occur during pregnancy and, 

particularly, during vaginal delivery. In rare cases, perinatal HPV infection is associated with the development of 

recurrent respiratory papillomatosis in newborns [5], [6]. 

The potential effects of HPV infection on reproductive health have also been investigated. The detection of HPV 

DNA in semen samples has been associated with increased sperm DNA fragmentation and reduced sperm motility. 

These changes suggest that HPV infection could potentially affect male reproductive function. However, the 

molecular and cellular mechanisms underlying this connection have not yet been fully elucidated. 

HPV is the most common sexually transmitted viral infection worldwide. More than 200 HPV genotypes are 

known, with approximately 40 infecting the anogenital tract. High-risk types, especially HPV16 and HPV18, cause 

most HPV-related cancers and more than 70% of cervical cancer cases. Persistent HPV infection is detected in 

approximately 95–99% of cervical cancers [5], [6]. 

Most sexually active individuals acquire HPV at least once during their lifetime. Approximately 90% of infections 

clear spontaneously within one to two years. However, persistent infection with high-risk genotypes increases the 
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risk of malignant transformation. Cervical cancer usually develops 15–20 years after persistent infection but may 

progress within 5–10 years in immunocompromised individuals, particularly those living with HIV [5]. 

The prevalence of high-risk HPV varies geographically. The highest rates are reported in sub-Saharan Africa, 

followed by Latin America, the Caribbean, Eastern Europe, and Southeast Asia. HPV is most common among 

women of reproductive age but also remains prevalent in women over 50 years, highlighting the importance of 

continued HPV screening throughout adulthood [5]. 

Recent epidemiological studies have demonstrated that HPV infection is highly prevalent in men as well as 

women. According to the World Health Organization [7], approximately one in three men worldwide is infected 

with the human papillomavirus (HPV), and one in five carries a high-risk HPV genotype. It is reported that HPV16 

is the most frequently detected genotype among men. These results highlight the significant global public health 

burden associated with HPV infection and demonstrate that the virus affects both men and women. Although 

comprehensive nationwide epidemiological data on HPV infection in Azerbaijan are limited, recent studies 

indicate a significant prevalence of HPV among women of reproductive age. 

A clinical study was conducted in Baku between 2021 and 2023 among women aged 18 to 65. High-risk HPV was 

detected in a significant proportion of the samples that tested positive. Among the most frequently encountered 

genotypes, HPV16, HPV18, HPV36, and HPV45 predominated. HPV infection was most frequently detected in 

women aged 30–45, and a significant proportion of the infections were asymptomatic; this underscores the 

importance of regular cervical cancer screening. Limited vaccination coverage, low levels of public awareness, 

and limited access to organized screening programs remain significant public health issues in Azerbaijan [6]. 

Preventive vaccination is one of the most effective strategies for preventing HPV infection and related diseases. 

Currently available vaccines (including Gardasil 9, Gardasil, and Cervarix) protect against several high-risk HPV 

genotypes, particularly HPV16 and HPV18. Vaccination is usually recommended before the onset of sexual 

activity—that is, at a time when the likelihood of prior HPV infection is low. Different dosing schedules are applied 

depending on the age at vaccination and the applicable immunization guidelines. For older age groups, however, 

a three-dose schedule is usually recommended [8]. 

The Association Between HPV Infection and Oncological Diseases 

Human papillomavirus (HPV) is one of the most significant oncogenic viruses in humans and is estimated to cause 

approximately 5% of all cancer cases worldwide. Persistent infection caused by high-risk HPV genotypes is 

strongly associated with cervical cancer. It plays a significant role in the development of anal, vulvar, vaginal, 

penile, and oropharyngeal cancers. Most HPV infections are temporary and are effectively cleared by the body's 

immune system. However, persistent infection with high-risk genotypes significantly increases the risk of 

malignant transformation [6], [9], [10]. 

The process of carcinogenesis caused by HPV is primarily mediated by the virus's E6 and E7 oncoproteins. 

Following the integration of the viral DNA into the host genome, the E6 protein promotes the degradation of the 

tumor suppressor protein p53, while the E7 protein disrupts the function of the retinoblastoma protein (pRb). These 

molecular changes disrupt the normal regulation of the cell cycle, increase genomic instability, and lead to the 

uncontrolled proliferation of cells. Recent studies also indicate that oxidative stress caused by HPV can contribute 

to DNA damage and further accelerate the process of carcinogenesis. Furthermore, the body's genetic susceptibility 

factors can influence the persistence of the virus [6], [9], [10]. 

Conventional Methods for HPV Diagnosis and Their Limitations 

Since HPV infection is asymptomatic in most cases, persistent infections may go undetected until precancerous 

lesions or invasive cancer develop. For this reason, accurate laboratory diagnostics are of great importance for 

ensuring effective screening and early intervention. For many years, the Papanicolaou (Pap) smear has been one 

of the primary screening methods based on the detection of cytological changes in cervical epithelial cells. 

However, this method does not directly detect HPV DNA and may have limited sensitivity, particularly in the 

early stages of infection. Colposcopy allows for the visual assessment of the cervical epithelium. It helps identify 

suspicious areas for biopsy following the application of acetic acid or Lugol's iodine solution. However, this 
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method also does not directly detect HPV infection, and its diagnostic results depend significantly on the 

experience of the specialist performing the examination [11], [12], [13], [14]. 

The development of molecular diagnostic methods, particularly PCR, has significantly expanded the capabilities 

for detecting and genotyping HPV infections. PCR enables the highly sensitive detection of viral DNA and the 

identification of specific HPV genotypes. Modern approaches such as real-time PCR, multiplex PCR, and digital 

PCR enable the rapid, sensitive, and reliable detection of high-risk HPV genotypes. These characteristics have 

made PCR-based methods one of the important molecular approaches for HPV screening, laboratory diagnostics, 

and genotyping [12], [15]. 

Importance of Early Diagnosis of HPV Infection 

Persistent high-risk HPV infection is one of the key risk factors for the development of cervical cancer. The fact 

that HPV infection is often asymptomatic and can remain in a latent state for many years makes early detection 

difficult. For this reason, early diagnosis is crucial for identifying infected individuals before precancerous lesions 

or invasive cancer develop. Timely detection of the infection enables adequate clinical management and prevents 

the progression of the disease. Ultimately, this approach contributes to a significant reduction in the incidence and 

mortality rates of cervical cancer [13], [16]. 

Molecular diagnostic methods have significantly expanded the possibilities for early diagnosis by detecting HPV 

DNA before cytological changes appear. PCR-based tests make it possible to detect even very small amounts of 

viral DNA. This feature facilitates the detection of infections, particularly at an early stage or in the absence of 

clinical symptoms, as well as the precise identification of high-risk HPV genotypes. Early molecular diagnostics 

enable risk stratification and personalized patient monitoring. This approach can contribute to the timely 

implementation of clinical interventions, the improvement of treatment outcomes, and a reduction in the need for 

invasive procedures [13], [16]. 

Limitations of Conventional Diagnostic Methods 

The Papanicolaou (Pap) smear has formed the basis of cervical cancer screening for many years and has 

contributed to a significant reduction in deaths from this disease. However, the Pap test primarily detects the 

cytological changes caused by HPV infection, rather than the infection itself. For this reason, its sensitivity in 

detecting early or latent infections may be limited. Cytological findings may be normal in high-risk HPV carriers.  

This situation can lead to false-negative results and a delay in diagnosis [11], [13], [16]. 

The diagnostic effectiveness of the Pap test depends on the quality of the sample, the preparation of the specimen, 

and the experience of the cytologist. These factors can lead to increased inter-observer variability in the assessment 

of results. Given its relatively low sensitivity, repeat examinations may be required to improve diagnostic accuracy. 

This leads to an increase in healthcare costs and the burden on the patient. Furthermore, the Pap test does not allow 

for the identification of the HPV genotype or the differentiation between low-risk and high-risk virus types. 

Advances in the field of molecular diagnostics have made it possible to overcome several limitations of the Pap 

test. PCR-based HPV DNA tests—including real-time PCR, multiplex PCR, and digital PCR platforms—provide 

high sensitivity and specificity while also enabling accurate genotyping of the virus. For this reason, several 

countries have incorporated HPV DNA testing into their primary cervical cancer screening programs. However, 

the approach taken has varied: in some instances, these tests have been implemented to replace cytological 

screening, while in others, they serve to complement it. The combination of PCR-based HPV tests with cytological 

examination holds high diagnostic value for the early detection, risk assessment, and clinical management of HPV 

infection [11], [12], [13], [15], [16]. 

2. Materials and Methods 

Study Population and Clinical Samples 

This study included cervical samples collected from 149 patients aged 18–60 years who had undergone HPV 

testing. Cervical smear samples were collected by qualified gynecologists using sterile cervical brushes and 

immediately placed into a liquid-based transport medium. Subsequently, the samples were delivered to the 
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Molecular Genetics Laboratory of "Baku Medical Plaza" (Babek branch) for molecular analysis. All laboratory 

procedures were performed according to the laboratory's standard operating procedures (SOPs). 

Sample Collection, Storage, and Transportation 

Cervical samples were obtained from the cervical transformation zone, the anatomical site where HPV-associated 

lesions most frequently develop. After collection, specimens were placed into sterile transport tubes containing 

preservation medium and transported to the laboratory under recommended conditions. Samples were processed 

immediately or stored at 2–8°C for short-term preservation until DNA extraction. All procedures complied with 

standard biosafety and laboratory quality-control guidelines [11], [17], [18].  

DNA Extraction and Quality Assessment 

Genomic DNA was extracted from cervical specimens using a commercial silica-based DNA extraction kit 

according to the manufacturer's instructions. The extraction procedure included cell lysis, nucleic acid adsorption 

onto a silica sorbent, washing to remove contaminants, and DNA elution. All pre-PCR procedures were carried 

out in a laminar airflow cabinet to minimize the risk of contamination. Negative controls were included throughout 

the extraction process to monitor possible contamination.  

The concentration and purity of the extracted DNA were assessed before PCR analysis to ensure adequate template 

quality. DNA samples meeting the quality requirements were used for subsequent molecular testing, whereas 

extracted DNA was stored at −20°C until analysis, when immediate amplification was not performed [19], [20]. 

PCR Amplification & Statistical Analysis 

HPV DNA detection was performed using a real-time polymerase chain reaction (Real-Time PCR) assay following 

the manufacturer's protocol. The reaction mixture contained template DNA, sequence-specific primers, fluorescent 

probes, nucleotides, reaction buffer, magnesium ions, and thermostable DNA polymerase. Amplification was 

carried out in a real-time PCR thermal cycler under optimized cycling conditions. Appropriate positive and 

negative controls were included in each PCR run to validate assay performance and exclude contamination. 

PCR results were analyzed using standard laboratory software. Descriptive statistical methods were applied to 

summarize the frequency and distribution of HPV-positive samples according to age group and HPV genotype. 

Statistical analyses were performed using appropriate software, and results were considered statistically significant 

at p < 0.05. 

HPV DNA was detected using a real-time polymerase chain reaction (Real-Time PCR) assay. This method relies 

on the exponential amplification of target HPV DNA sequences through repeated steps such as denaturation, 

primer annealing, and DNA chain extension. Fluorescence-labeled probes included in the reaction allow for real-

time monitoring of the amplification process, facilitating the qualitative detection and accurate genotyping of HPV. 

These features enable the sensitive and specific identification of HPV DNA in clinical samples [21]. 

PCR analysis was performed using a commercially available "master mix" containing Taq DNA polymerase, 

reaction buffer, Mg²⁺ ions, deoxynucleotide triphosphates (dNTPs), genotype-specific forward and reverse 

primers, and fluorescence-labeled oligonucleotide probes. DNA purified from clinical samples was used as the 

template for amplification. To minimize the risk of cross-contamination, all reagents were prepared and used in a 

dedicated work area designated for the pre-PCR stage. 

The primer pairs were designed to specifically target conserved regions of the HPV genome, enabling the sensitive 

detection of clinically significant high-risk HPV genotypes while minimizing non-specific amplification. Positive 

and negative controls were included in each amplification run to monitor assay performance and detect potential 

contamination. PCR amplification and fluorescence detection were performed using a real-time thermal cycler in 

accordance with the manufacturer's instructions. The resulting fluorescent signals were analyzed to determine the 

presence of HPV DNA and identify the specific HPV genotype [15], [19], [20], [22], [23], [24]. 

The PCR amplification protocol consisted of an initial denaturation step followed by repeated cycles of 

denaturation, primer annealing, and extension. Initial denaturation was performed at 94–95°C for 3–5 minutes to 
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ensure complete separation of the double-stranded DNA and activation of the DNA polymerase. Following this 

stage, 35–40 amplification cycles were performed. In each cycle, denaturation was performed at 94–95°C for 15–

30 seconds to separate the DNA strands. Subsequently, the primer annealing step, which allows sequence-specific 

primers to hybridize with the target HPV DNA sequences, was performed at a temperature of 50–65°C for 30–60 

seconds. Subsequently, an extension step was performed at 72°C for 30–60 seconds. At this stage, Taq DNA 

polymerase synthesized complementary DNA strands by incorporating deoxyribonucleotides. After the 

amplification cycles were completed, a final extension step was performed at 72°C for 5–10 minutes to ensure the 

complete synthesis of the amplified products. Subsequently, the reaction mixture was maintained at 4°C until the 

PCR tubes were removed from the instrument. Depending on the thermal cycler used and the specific amplification 

protocol, the total amplification time under these conditions was approximately 1.5–2 hours (Table 1). 

 

Table 1. PCR setup 

PCR Step Temperature (°C) Time Purpose 

Initial denaturation 94–95 3–5 min DNA strand separation and enzyme activation 

Denaturation 94–95 15–30 s Separation of DNA strands 

Annealing 50–65 30–60 s Primer binding to target DNA 

Extension 72 30–60 s DNA synthesis by Taq polymerase 

Final extension 72 5–10 min Completion of DNA synthesis 

Hold 4 Until sample removal Preservation of PCR products 

 

3. Results and Discussion 

Interpretation of Real-Time PCR Results 

Real-time PCR results were interpreted in accordance with the manufacturer's instructions and established 

laboratory quality control criteria. Internal controls were used to verify successful DNA extraction and monitor 

for potential PCR inhibition, while external positive and negative controls were included in each amplification run 

to assess assay performance and monitor for potential contamination [25], [26]. 

Amplification curves and cycle threshold (Ct) values were evaluated to determine the presence or absence of HPV 

DNA. Samples showing amplification within the predetermined Ct range were considered positive. Provided that 

the corresponding internal control sample yielded a valid result, samples showing amplification outside the 

established threshold value or exhibiting no amplification were considered negative. 

To ensure the reliability and diagnostic accuracy of the results, all findings were interpreted in conjunction with 

relevant quality control parameters and available clinical data (Figure 1). Real-time PCR provides a highly 

sensitive and specific method for the detection and genotyping of HPV, supporting early diagnosis, risk 

stratification, and appropriate clinical management [25], [26]. 

Analysis of overall HPV positivity rates 

During the study, PCR analysis results of individuals who applied to the laboratory of the Baku Medical Plaza 

clinic between February 16 and May 25 for the detection of HPV infections were analyzed. During the study 

period, samples taken from a total of 149 individuals were examined. Of those examined, 135 were women, and 

14 were men. In the vast majority of the analyzed samples, a test panel covering 14 high-risk HPV genotypes was 

used, and in only one patient was an extended HPV test covering 34 genotypes performed (Figure 2). 
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Figure 1. Evaluation of HPV results. 

 

The results obtained showed that HPV infection was detected in the majority of the patients who underwent the 

analysis. In addition, a positive HPV result was recorded in 45 women. In addition, weak negative results were 

recorded in 2 women and 1 man. Weak negative results are usually associated with a low viral load or indicators 

close to the detection limit during the analysis. Such results are considered cases requiring clinical monitoring, 

and re-examination may be recommended after a certain period of time. 

Based on the results of the study, HPV positivity was observed only in women. This indicator may be because 

women are more likely to be examined for the purpose of diagnosing HPV infection and the widespread use of 

cervical cancer screening programs. The lack of positive results among men may be due to the small number of 

male patients included in the study. 

Various high-risk genotypes were identified among the HPV positive results. As a result of the genotyping, the 

highest frequency was observed in the HPV39 genotype. This genotype was detected in 13 people. The second 

highest was the HPV66 genotype, which was detected in 12 people. HPV16 and HPV52 were both detected in 7 

people. HPV35 and HPV68 genotypes were recorded in 6 people, respectively. 

Among other genotypes, HPV45, HPV56, and HPV59 genotypes were detected in 4 individuals each, HPV18 and 

HPV33 genotypes in 3 individuals each, and HPV31 and HPV51 genotypes in 2 individuals each. The lowest 

incidence was observed in the HPV58 genotype and was detected in only 1 individual. 
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Figure 2. Total number of patients who underwent the analysis, separately for women and men. 

 

Analysis of the distribution of genotypes shows that not only the classical high-risk HPV16 and HPV18, but also 

other high-risk genotypes such as HPV39, HPV66, HPV35, and HPV68 were widely distributed in the study group. 

This result indicates the genetic diversity of HPV infection and the importance of using a wide genotype panel in 

molecular diagnostics (Figure 3). 

 

Figure 3. Distribution of those infected by age and gender. 

 

It was found that in each of the patients who received a positive result, a minimum of 1 and a maximum of 3 

genotypes were positive. This fact indicates that several genotypes can be positive in one patient at the same time. 

Cases of infection with multiple genotypes are of particular interest from a clinical point of view, since various 
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studies have shown that the presence of more than one high-risk HPV genotype in the same person can increase 

the risk of persistence and the likelihood of developing oncological changes. 

Overall, the results obtained show that PCR technology is highly effective in accurately detecting HPV infection 

and its various genotypes. Due to the high sensitivity of the method, cases of infection with both single and 

multiple genotypes were identified. The analyses conducted show that HPV infection is quite widespread in the 

studied group, especially as high-risk genotypes prevail, and molecular diagnostics are of great importance in 

terms of early detection. 

Thus, the study results confirmed the high informativeness of PCR technology in the diagnosis of HPV infection, 

allowing for the assessment of both overall positivity rates and the distribution of high-risk genotypes. The data 

obtained are of great importance for future epidemiological studies and the prevention of HPV-related diseases. 

Comparative Analysis of HPV Prevalence Across Age Groups 

The examined individuals were divided into different age groups and evaluated. This approach made it possible 

to determine the age group in which HPV infection is most common and to assess the epidemiological 

characteristics of the infection. According to the data obtained, the majority of the individuals participating in the 

study were between 20 and 40 years of age. A total of 52 individuals were examined in the 20-30 age group, of 

which 44 were women and 8 were men. This age group accounts for the majority of the total applicants. A total 

of 65 individuals in the 30-40 age group provided analysis. Of these individuals, 59 were women, and 6 were 

men. Thus, the largest number of applications was in the 30-40 age group. The number of people examined in the 

40-50 age group was somewhat lower than the previous age group. In this age range, 26 women submitted an 

application, and no male patients were registered. In the 50-60 age group, only 4 women applied for examination. 

The least number of applications was in the 10-20 age range, and 1 woman in this age group submitted an analysis. 

Analysis of the results by age groups showed that HPV positive results were observed only in people aged 21-36. 

This result indicates that HPV was detected in patients of reproductive age. As is known, HPV is one of the most 

common sexually transmitted infections, and the highest prevalence rates of infection are usually recorded among 

young and middle-aged people. The results obtained during the study also confirmed these epidemiological 

features. The higher number of positive results in the 20-30 age group is associated with the more active 

reproductive and social lifestyle of individuals in that age group. At the same time, the detection of positive cases 

in the 30-36 age group indicates that the viral infection remains relevant not only in young people, but also in the 

later reproductive period. In addition, the reason for the lack of positivity in people over 40 years of age is due to 

the low number of applicants in that age group. 

The study results show that the 21-36 age group can be considered a risk group in terms of detecting infection. In 

this regard, regular gynecological examinations, participation in HPV screening programs and the use of 

molecular diagnostic methods in this age group can help in the early detection of infection and prevent possible 

complications. 

 

4. Conclusion 

This study demonstrated the high diagnostic performance of real-time polymerase chain reaction (PCR) for the 

detection and genotyping of human papillomavirus (HPV). The implementation of internal and external quality 

control methods has strengthened the robustness of the molecular diagnostic process by ensuring the reliability of 

DNA extraction, amplification, and result interpretation. Among the 149 individuals analyzed, HPV infection was 

detected exclusively in female participants, with positive results observed primarily in the 21–36 age group. The 

absence of HPV-positive results among male participants should be interpreted with caution, given the limited 

number of men included in the study. Genotype analysis revealed significant diversity. HPV39 and HPV66 were 

the most frequently detected high-risk genotypes, followed by HPV16, HPV52, HPV35, and HPV68. These 

results indicate that, alongside HPV16 and HPV18, other high-risk genotypes may play a significant role in the 

development of HPV infection within the studied population. 
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Both single and multiple genotype infections were identified, underscoring the importance of comprehensive HPV 

genotyping. The observed genotype distribution supports the use of broad-spectrum PCR tests capable of 

detecting multiple high-risk HPV types. HPV infection was most frequently detected in women of reproductive 

age, highlighting the importance of appropriate screening and early molecular diagnostics. 

The study is limited by a relatively small sample size, a limited number of male participants, and a single-center 

design. Larger-scale, multicenter studies are needed to more accurately characterize HPV epidemiology and 

genotype distribution in Azerbaijan. Such studies can contribute to the optimization of screening strategies, 

vaccination policies, and other preventive measures. 
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Abstract 

The conservation and effective management of plant genetic resources for food and agriculture (PGRFA) depend not only on 

the maintenance of biological material but also on the availability of reliable and standardized information associated with 

individual accessions. Genebanks maintain passport data that support the identification, management, exchange, and 

utilization of conserved genetic resources. However, differences in database structures, terminology, and data formats can 

limit the interoperability and international exchange of such information. In Azerbaijan, passport information for plant genetic 

resources is maintained in the Central Database (CDB) of the Azerbaijan National Genebank. This study describes the 

preparation and harmonization of National Genebank passport data for integration into the Genesys PGR platform. The 

process included review and refinement of existing passport records, standardization of field content and formats, mapping 

of national database fields to the corresponding Multi-Crop Passport Descriptors (MCPD), verification of taxonomic and 

geographic information, and selection of accessions suitable for public sharing. The integration process established a 

standardized dataset suitable for international data exchange and improved the accessibility of information on Azerbaijan's 

conserved plant genetic resources. The experience demonstrates that successful integration into an international PGR 

information platform requires systematic data preparation, descriptor harmonization, quality verification, and appropriate 

management of public-access information. The resulting integration provides a basis for improved discoverability of national 

genetic resources and supports their use in research, breeding, and international collaboration. 

Keywords: plant genetic resources, Genebank, Genesys, passport data, MCPD, data harmonization, data standardization, data 

integration. 

 

 

1. Introduction 

Plant genetic resources for food and agriculture (PGRFA) provide the genetic basis for crop improvement, 

adaptation, and sustainable agricultural production. Genebanks play a central role in conserving this diversity and 

maintaining the passport information required to identify, manage and exchange individual accessions [1]. The 

quality and completeness of such information are important for the effective management and use of ex situ 

collections [2]. 

The increasing use of digital information systems has created new opportunities for making Genebank collections 

more discoverable and facilitating access to information by researchers, breeders, and other users [3]. Genesys 

PGR is an international information platform that provides access to passport information on plant genetic 

resources maintained by Genebanks and other institutions. Effective information management is an essential 

component of long-term genetic resource conservation, as documentation provides the link between conserved 

biological material and its potential use [4]. International catalogues such as EURISCO demonstrate the value of 
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standardized passport information for making Genebank material searchable across institutional and national 

boundaries [5], [6]. 

Effective international exchange of passport information requires compatible data structures and standardized 

terminology. The Multi-Crop Passport Descriptors (MCPD) provide a common framework for documenting 

passport information and facilitate interoperability between national and international plant genetic resource 

information systems [7]. 

In Azerbaijan, passport information for the national plant genetic resources collection is maintained in the Central 

Database (CDB) of the Azerbaijan National Genebank. The dataset was reviewed for data consistency and 

metadata quality, and the MCPD-compatible passport records were prepared for submission to Genesys, with 

accessions selected according to their public accessibility status. The development of the national Genebank has 

supported the conservation and management of plant genetic resources in Azerbaijan [8], [9]. Previous work has 

also demonstrated the use of international descriptor systems for documenting characterization data from the 

national collection [10], [11]. 

The objective of this study was to describe the harmonization and preparation of Azerbaijan National Genebank 

passport data for integration into the Genesys PGR platform and to assess the resulting contribution to the 

international accessibility of national plant genetic resources information. 

2. Materials and Methods 

The study was based on passport data maintained in the Central Database (CDB) of the Azerbaijan National 

Genebank. The dataset contains information associated with accessions conserved in the national ex situ collection, 

including accession identification, taxonomy, geographic origin, collection and conservation-related information. 

Following database review and inventory assessment, passport records for 15286 registered accessions were used 

as the basis for data preparation. A subset of 10296 accessions was maintained under medium- and long-term 

storage conditions. 

The passport records were maintained in a structure compatible with the Multi-Crop Passport Descriptors (MCPD). 

The preparation process therefore focused on reviewing the existing fields, standardizing field content and formats 

where necessary, mapping national database fields to the corresponding MCPD descriptors, and verifying the 

consistency of taxonomic and geographic information [7]. The data preparation process included: 

▪ review of the existing passport data structure; 

▪ refinement and standardization of data fields and formats; 

▪ mapping of national database fields to MCPD descriptors; 

▪ verification of taxonomic and geographic information 

▪ identification and correction of inconsistencies where applicable; and 

▪ preparation of the standardized dataset for Genesys integration. 

 

 

Figure 1. Workflow for the harmonization and integration of passport data into Genesys. 
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Before integration into Genesys, accession records were reviewed according to their public-sharing status. The “Is 

public” filter was set to “Yes” to identify accessions eligible for public dissemination. This filtering step ensured 

that only records designated as publicly accessible were submitted for integration into the international platform. 

The harmonized passport dataset was structured for exchange with Genesys using appropriate structured data 

formats. The integration workflow consisted of the stages shown in Figure 1. 

 

 
Figure 2. Workflow for the preparation and integration of passport data into Genesys. 
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The selected passport records were uploaded to Genesys using the Genesys Uploader Tool. Following upload, the 

submitted records were validated to confirm successful integration and data consistency. After successful 

validation, the accession records became publicly accessible through Genesys. 

 

3. Results  

The review of the national passport dataset identified differences in field structure, terminology, and formatting 

that required harmonization before international data exchange. National database fields were mapped to the 

corresponding MCPD descriptors, and the resulting records were prepared in a standardized structure for Genesys 

integration. 

The preparation process established a consistent data structure linking the national passport database with the 

MCPD framework. Taxonomic and geographic information were also reviewed during data preparation to improve 

the consistency and reliability of the submitted records. 

The public-accessibility filtering procedure was applied before data submission to Genesys. The “Is public = Yes” 

criterion was used to identify accession records eligible for international dissemination. A total of 15,286 

accessions were uploaded, representing 117 families, 460 genera, 892 species, and 367 subspecies. Of these, 

10,296 accessions were maintained in medium- and long-term cold storage facilities (Figure 3). 

 

 

Figure 3. Distribution of accessions in the CDB and in medium- and long-term cold storage according to taxonomic groups. 

 

The integration made eligible passport information from the Azerbaijan National Genebank available through an 

international PGR information environment. The standardized records can be discovered using the information 

made available through Genesys and can support further research, breeding, and comparison of plant genetic 

resources. 

The CDB contains 15286 registered accessions belonging to a broad range of plant genetic resources. For the 

purpose of contextualizing the integration dataset, the collection comprised cereals, legumes, medicinal plants, 

forage plants, industrial crops, vegetable crops, and fruit crops (Figure 4).  

The registered accessions comprised 6123 cereals (40.1%), 2112 legumes (13.8%), 849 medicinal plants (5.6%), 

815 forage plants (5.3%), 1670 industrial crops (10.9%), 937 vegetable crops (6.1%), and 2780 fruit crops 

(18.2%). 
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Figure 4. Distribution of registered accessions among major crop groups. 

 

4. Discussion 

The preparation of Azerbaijan National Genebank passport data for integration into Genesys demonstrates that 

international accessibility of Genebank information depends on the quality and structure of the underlying national 

data. Integration is therefore not limited to the technical transfer of records; it requires prior data refinement, 

standardization, verification, and appropriate selection of publicly accessible information. This is consistent with 

the broader role of information management in the long-term conservation and use of plant genetic resources [4]. 

The use of MCPD provided a common framework for mapping national passport fields to an internationally 

recognized descriptor structure. Standardized passport information facilitates the exchange and interpretation of 

accession data across information systems and contributes to the broader interoperability of PGR documentation 

[2], [7]. 

The verification of taxonomic and geographic information was an important component of the preparation 

process. Accurate passport information is essential for the interpretation and discovery of Genebank accessions, 

while inconsistencies in passport data can reduce their value for users and affect the reliability of information 

exchanged between databases [2]. 

The use of a public-accessibility filter also demonstrates the importance of distinguishing between information 

maintained within a national database and information that can be disseminated through an international platform. 

The “Is public = Yes” criterion provided a practical mechanism for selecting records eligible for public sharing. 

Integration into Genesys makes Azerbaijan's plant genetic resource information discoverable beyond the national 

database environment. The experience is consistent with the role of international PGR information systems such 

as EURISCO in facilitating the discovery and use of conserved genetic resources through standardized passport 

information [5], [6]. The availability of national passport information through such systems can also complement 

ongoing efforts to document and conserve Azerbaijan's genetic resources [8], [9], [12]. 

The composition of the integrated collection, including cereals, legumes, medicinal, forage, industrial, vegetable, 

and fruit crops, illustrates the breadth of the national ex situ resource base. Such diversity provides a documented 

foundation for further characterization and utilization activities. Previous characterization studies from the 
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Azerbaijan National Genebank have similarly demonstrated the value of structured descriptor-based information 

for documenting conserved plant material [10]. 

The integration process also highlights the importance of maintaining passport-data quality after the initial 

submission. Changes to accession records, taxonomic information, and other passport fields require continued 

review and updating so that information available through international platforms remains consistent with the 

national collection. Regular maintenance is particularly important for the long-term reliability and usefulness of 

Genebank information systems [4], [13]. 

Future work should therefore focus on regular updating of passport records, improving data completeness, 

maintaining MCPD compatibility, integrating additional datasets, and strengthening links between passport, 

characterization and evaluation information. Such developments would further improve the value of the national 

information infrastructure for research, breeding and international collaboration. 

 

4. Conclusion 

The harmonization and integration of Azerbaijan National Genebank passport data into Genesys established a 

standardized pathway for international data exchange and improved the accessibility of information on conserved 

plant genetic resources. The application of MCPD, together with data refinement, field mapping, metadata 

verification, and public-accessibility filtering, provided a practical basis for preparing national passport 

information for integration into an international PGR information platform. The experience demonstrates that 

effective digital integration requires coordinated attention to data structure, terminology, quality, and public-

access conditions. Continued maintenance and updating of the national dataset will support the reliability and 

long-term usefulness of the information made available through Genesys and will facilitate the wider discovery 

and potential use of Azerbaijan's conserved plant genetic resources. 
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Abstract 

The development and expansion of cancer are mainly due to heterogeneous genetic structures caused by somatic mutations 

and several epigenetic changes. here, the expansion and development of the tumor cell and at the same time how long the 

metastatic artis and cancer patients can survive and at the same time the molecular markers that determine this are seriously 

evaluated. In addition, the transformation of malignant cells and the basic changes that occur in oncogenes and cells, as well 

as indels and point mutations, are discussed in a broad way. One of the researched areas is the effect of polymorphism on 

cancer cells and their treatment, its instability, mutational burden, and transcriptomic expressions; and the use of biomarkers 

for various purposes, such as prognostic and predictive purposes, is mainly investigated. In addition, many studies- next-

generation sequencing, finding biomarkers of genome association studies, and new changes in the identification of genes up 

to the molecular level are also included. In order to improve the treatment results of cancer patients and to optimize the 

treatment, the correlation of multi-omic data with medical information is widely used. 

Keywords: cancer genetics, germline variants, tumor progression, patient survival, molecular biomarkers, somatic mutations. 

 

 

1. Introduction 

Cancer is considered a very dangerous disease that has caused the death of many people in the world, and it is said 

that it is related to the cases of genetic disorders or mutations that usually occur in normal cells. Malignant tumor 

transformation depends on changes in 2 types of genes. Oncogenes can be activated as a result of many changes, 

which can be caused by genetic mutation and a number of epigenetic changes. However, despite this, cis suppressor 

genes can fully regulate cell proliferation under normal conditions and maintain the overall stability of the genome 

[1]. Although Knudson's '2-hit' model has taken a number of important steps to explain information about the loss 

of activity of sis genes, subsequent studies have shown that inactivation of sis genes can occur by more complex 

means, such as insufficiency and negative dominant effect [2]. Recently, the development of the next-generation 

sequencing method and the genetic characteristics of different species of shark have been possible. Essentially, 

The Cancer Genome Atlas has revealed somatic mutations, genetic structural differences, and changes in gene 

expression in various ways in many malignant tumors [3]. This type of research has helped to find many changes, 

including insertions, deletions, and chromosomal anomalies. These differences mainly manifested themselves in 

several genes - oncogenes such as EGFR, KRAS, and BRCA1, BRCA2 in tumor cells [1], [4]. The genetic basis 

of the risk of cancer is derived from many elements, cloned sis consists of differences and germlines that increase 

susceptibility to sis. It has been investigated that hereditary genetic cancer risk and cancer treatment can have a 
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mailto:saltanat.aghayeva@wcu.edu.az
https://orcid.org/0000-0001-6982-7215


 
 

  

23 

 

Vol 1, № 3, 2026 

1 

 

high impact on mammary gland and ovarian cancer and Lynch syndrome [4], [5]. Recent studies show that 

germline genetic differences have a 20% chance of ovarian cancer and 5% of endometrial cancer [6]. In addition, 

molecular biomarkers have an important role in the diagnosis and treatment of cancer. Biomarkers can be used as 

more useful tools than previously thought; such biomarkers include microsatellite instability, cis mutational 

burden, and gene expression markers. Through this, stratification of patients and making therapeutic decisions can 

be easier [7], [8]. 

Liquid biopsy has emerged as a minimally invasive method for the genetic assessment of tumor cells in the blood, 

as well as for monitoring treatment responses and the changes that occur during therapy [7]. Tumor development 

primarily arises from the progressive accumulation and interaction of numerous genetic alterations during cancer 

evolution. Differences in genetic characteristics among various cancer cell subpopulations within the same tumor 

can lead to the formation of tumor heterogeneity. Such genetic diversity can influence a range of clinically 

significant characteristics, including tumor aggressiveness, metastatic potential, risk of recurrence, and response 

to medical treatments [9]. Furthermore, treatment-resistant subclones may be present within the tumor even before 

therapy is initiated. During treatment, these resistant cell populations can rapidly multiply, ultimately leading to 

treatment failure and, in some cases, disease progression and death. Genomic profiling has become increasingly 

important in determining the molecular characteristics that underlie tumor behavior and influence clinical 

treatment outcomes. Among the genomic alterations identified to date, driver mutations are considered the primary 

molecular anomalies. The reason for this is considered to be their role in the disruption of key signal transduction 

pathways associated with aberrant proliferation and tumor development. Constitutive activation of the RAS-RAF-

MEK-ERK and PI3K-AKT-mTOR signaling pathways can accelerate metastasis by completely halting apoptotic 

activity in malignant tumors [10]. 

As a result, genetic alterations affecting KRAS and BRAF have attracted particular attention. The primary reason 

for this is that these alterations can significantly influence the efficacy of molecularly targeted therapies. Moreover, 

genetic alterations affecting DNA damage response and repair pathways, particularly in genes such as BRCA1, 

BRCA2, ATM, and PALB2, may contribute to cancer susceptibility and influence the response of tumor cells to 

specific therapeutic approaches [11]. The disruption of DNA repair mechanisms in cancer cells can lead to the 

emergence of molecular vulnerabilities. This disruption may create opportunities for the development of more 

selective and effective treatment methods. 

2. Genetic Variants in Cancer & Somatic Mutations 

Mutations occurring in somatic cells lead to genetic changes that play a decisive role in the onset and development 

of cancer in humans. This process can occur in various cells in humans throughout their lives [12]. First of all, 

they arise from various intracellular processes, such as anomalies occurring during DNA replication or problems 

caused by oxidative stress. However, such changes can also occur due to the influence of factors such as smoking 

and intense ultraviolet (UV) radiation [13]. 

Driver and passenger mutations differ significantly from each other in terms of their mutational mechanisms. Thus, 

driver mutations contribute to the survival of cancer cells by delaying programmed cell death and activating 

cellular processes associated with proliferation, growth, metastasis, and tumor formation. Unlike driver mutations, 

passenger mutations are considered to be of minor biological significance. Since they do not directly participate 

in tumor development, they are understood to have a limited functional impact on cancer progression [14]. The 

frequency and nature of somatic mutations can vary significantly depending on the tissue type. These changes 

reflect differences in environmental impacts and tissue-related biological processes [14]. These changes reflect 

differences in environmental impacts and in the biological processes occurring within the tissue [14]. In this 

context, the importance of comprehensive genomic profiling in the assessment and clinical management of cancer 

is emphasized [15].  

Genetic abnormalities can disrupt a range of cellular processes by altering the structure or expression of proteins 

involved in the regulation of cell proliferation, division, and survival, ultimately affecting normal cellular 

functions. 
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A range of genetic alterations, including missense, nonsense, and frameshift mutations, along with chromosomal 

abnormalities, may alter gene expression or impair protein function. Thereby contributing substantially to the 

malignant transformation of normal cells. As a result of these genetic changes, a direct link is established between 

genomic instability and both the initiation and progression of cancer. Changes occurring in somatic cells can 

disrupt the activity of numerous genes that play a crucial role in fundamental biological processes such as 

apoptosis, DNA damage repair, cell cycle regulation, cell differentiation, and the maintenance of genomic stability. 

Mutations affecting the activity of genes involved in these mechanisms can disrupt normal regulatory pathways, 

thereby promoting uncontrolled and abnormal cell proliferation. Alterations in the oncogene activation mechanism 

can trigger sustained signal transduction pathways that promote intensive cell proliferation. Otherwise, the 

complete inactivation of tumor suppressor genes could disrupt the functioning of essential cellular mechanisms 

that ensure cell division and the maintenance of genomic integrity [16]. The functional mechanism of a genetic 

alteration is determined by the characteristics of the affected gene, the precise location of the mutation within the 

genome, and its effects on protein synthesis and transcriptional regulation. 

The fundamental essence of the clonal evolution of tumors is characterized by the accumulation of somatic 

mutations. As cancer cells progress through the stages of proliferation, new genetic changes occur within them. 

This results in the emergence of genetically distinct subpopulations within the same tumor. Sometimes, tumor 

subclones can possess specific biological advantages. These advantages include increased metastatic potential of 

cells and their proliferative capacity, as well as high resilience to environmental stress factors and to anti-cancer 

treatments [17]. 

3. Molecular Biomarkers 

Germline variants arise from changes occurring in the cell of one of the parents. Specifically, the resulting 

alteration establishes heritable genetic differences that persist in all cells of the next generation, originating from 

the early stages of reproductive cell development [2]. These changes are observed in various forms, ranging from 

single nucleotide polymorphisms (SNPs) to larger-scale structural genomic alterations. In addition to susceptibility 

to cancer, this factor may also influence the course of the disease and the response to treatment [4]. 

Studies show that hereditary breast and ovarian cancer, Li-Fraumeni syndrome, and Lynch syndrome arise from 

mutations in genes such as BRCA1, BRCA2, and TP53, as well as in the mismatch repair genes MLH1 and MSH2   

[5]. The impact of genetic variations on the risk of developing cancer depends primarily on the biological function 

of the genes in which the alterations occur. Furthermore, a link has been established between cancer development 

and the level of risk associated with the specific type of cancer. 

Mutations in genes responsible for maintaining genome stability can be considered one of the key factors 

significantly increasing the likelihood of malignant tumor development in the organism. The BRCA1 and BRCA2 

genes, which are responsible for the repair of DNA double-strand breaks, are considered key components of the 

homologous recombination pathway. Defects occurring during the repair process create an additional risk of 

genomic anomaly accumulation. This can lead to an increased likelihood of developing various malignant tumors, 

such as breast and ovarian cancers [18]. 

The presence of hereditary defects in DNA repair pathways reflects a molecular link between genetic 

predisposition and the development of cancer. However, the impact of inherited genetic alterations on the 

functioning of DNA mismatch repair systems is considered a key factor. Consequently, this process can lead to 

increased susceptibility to cancer. Lynch syndrome is considered one of the factors that significantly increase 

various health risks. Pathogenic germline variants in mismatch repair genes disrupting the DNA repair mechanism 

and increasing genomic instability is an example of this. This also leads to an increased risk of developing 

endometrial, colorectal, ovarian, and other malignant tumors [19]. Cancer cells arising from defects in DNA repair 

often exhibit microsatellite instability. This is considered a molecular characteristic of significant biological and 

clinical importance. 

4. Conclusion 

Significant strides have been made in cancer research through advances regarding molecular genetic variants and 
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biomarkers. These achievements have substantially broadened scientific understanding and perspectives 

concerning the molecular biology, pathogenesis, and clinical characteristics of cancer.  

A comprehensive analysis of germline variants and somatic genomic alterations enables a more precise molecular 

characterization of tumors, the refinement of prognostic assessment mechanisms, and the development of 

personalized treatment strategies. Comprehensive analysis of germline variants and somatic genomic alterations 

enables a more precise molecular characterization of tumors. Such characterization lays the groundwork for 

improving the prognostic assessment of these alterations and developing personalized treatment strategies. 

The application of key molecular biomarkers, such as tumor mutational burden (TMB), microsatellite instability 

(MSI), and gene expression profiles, in clinical practice is of great importance in medicine. In recent years, 

significant progress has been made using these markers to select optimal treatment approaches, refine diagnostic 

assessments, and more effectively evaluate treatment responses. This increasingly enhances the importance of 

these molecular markers in modern oncology. In particular, the use of molecular biomarkers plays a crucial role 

in identifying patients who may potentially benefit from immunotherapy and in making decisions regarding the 

selection of adjuvant systemic treatment approaches. 

Advancements in the fields of cancer genetics, bioinformatics, and artificial intelligence will play a crucial role 

in the future integration of genomic and clinical data. In particular, the use of bioinformatics and artificial 

intelligence is expected to contribute to improvements in early disease diagnosis and treatment decision-making. 

This, in turn, will lead to significant progress in oncology. At the same time, attention must be paid to key aspects 

regarding the integration of molecular research findings into daily clinical practice. Specifically, integrating 

research results into routine clinical practice requires comprehensive clinical validation, as well as thorough 

consideration of multidisciplinary collaboration, ethical issues, and technical and practical limitations. Such 

achievements in scientific fields are accelerating the transition from traditional treatment to personalized therapy 

tailored to the patient's clinical indicators and the molecular-biological characteristics of the tumor. 
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Abstract 

The present era is characterized not only by an increase in the number of diseases but also by their occurrence at younger 

ages. Modern medical advances are sometimes unable to prevent an increase in mortality. Naturally, the growing number of 

diseases also directly depends on social and environmental, medical and biological, ecological, and other factors. In such a 

period, early diagnosis of diseases means successful treatment and longer human life. Cardiovascular diseases are among the 

most serious public-health problems both worldwide and in Azerbaijan. According to statistical data, cardiovascular diseases 

account for a large proportion of deaths in the country. The results of blood tests performed at Memorial Clinic in April 2026 

once again confirm the high prevalence of these diseases and show that approximately 80% of the examined individuals suffer 

from them. A comparative analysis of the results of patients who underwent troponin testing revealed elevated levels mainly 

in elderly men. This is a key diagnostic criterion for myocardial infarction and other acute heart diseases. Triglyceride and 

LDL test results were also elevated mainly in middle-aged individuals. The same change in HDL levels was observed in all 

women and men who underwent blood testing. The obtained indicator confirms a high risk of ischemic heart disease. Modern 

lifestyles and stress factors also contribute to the spread of the disease. Early diagnosis and preventive measures play an 

important role in preventing complications. Timely examinations can significantly reduce the risk of myocardial infarction 

and stroke. In this respect, the presented article may be regarded as a step toward protecting human health and is statistically 

significant. 

Keywords: CVD, IHD, troponin, LDL, HDL, triglyceride, physiological age. 

 

 

1. Introduction 

Despite the fundamental achievements of medical science and technological progress in the modern era, humanity 

continues to struggle with cardiovascular diseases (CVDs), which remain among the most serious threats to human 

health. In the world today and in our country, pathologies of the cardiovascular system rank among the leading 

causes of death and disability. According to official World Health Organization (WHO) data, approximately 32% 

of all deaths each year, or 17.9 million lives, are lost because of this group of pathologies. Global environmental 

transformations, the intensification of anthropogenic effects, the impact of poor nutrition on metabolism, chronic 

distress factors that disrupt homeostatic adaptation mechanisms, and the sharp decline in daily physical activity 

are the main triggers accelerating this group of diseases. Cardiovascular pathologies, previously encountered 

mainly among older generations, are now rapidly becoming widespread among younger people as well. This 

indicates a “rejuvenation” of CVDs. The methodological opportunities provided by modern molecular biology, 

genetics, bioinformatics, and other medical sciences have demonstrated that the fundamental basis of many CVDs 

is hereditary predisposition, specific gene polymorphisms, pathological changes in biochemical signaling 
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pathways, or other similar genetic disorders. The prevalence of cardiovascular pathologies in Azerbaijan is 

analyzed mainly by region. In highly urbanized areas, such as Baku and the Absheron Peninsula, the incidence of 

CVDs is higher than in mountainous regions. 

Cardiovascular diseases are a broad group of pathologies that are among the most prevalent and fatal diseases 

worldwide and encompass structural and functional disorders of the heart, the principal organ of the cardiovascular 

system, and of the blood vessels extending from it to organs and tissues. According to the latest WHO statistics, 

approximately 32% of deaths each year, or 17.9 million lives, are lost because of this group of pathologies. CVDs 

are most frequently encountered in large, developed countries. This is due to expanding urbanization, unhealthy 

nutrition, and other factors. Although cardiovascular diseases were formerly observed only in older individuals, 

they are now also encountered in young people. This phenomenon is referred to as the “rejuvenation” of the 

disease. 

According to modern medicine, cardiovascular diseases rank first among causes of death worldwide. The principal 

causes of cardiovascular diseases include atherosclerosis, arterial hypertension, diabetes mellitus, changes in the 

rheological properties of blood, and others. A sedentary lifestyle, or physical inactivity, also leads to CVD. Based 

on global prevalence and high mortality, CVDs are classified as follows:  

1. Ischemic heart disease (IHD): the most common form within the CVD group;  

2. Cerebrovascular diseases: the second leading cause of death within the CVD group. Cerebrovascular disease 

has two main forms: ischemic stroke (thrombosis of cerebral vessels) and hemorrhagic stroke (intracerebral 

bleeding caused by rupture of a vessel).  

3. Peripheral arterial disease: although direct mortality is low, these patients have a high risk of stroke and 

myocardial infarction;  

4. Rheumatic heart disease: streptococcal infection causes damage to the heart valves. This form is regarded as 

one of the causes of death and disability at a young age;  

5. Congenital heart defects: congenital heart defects account for one-third of all forms of CVD;  

6. Arrhythmias;  

7. Heart failure;  

8. Deep vein thrombosis (DVT), etc. [1], [2]. 

Ischemic heart disease (IHD): in modern medicine, elevated levels of “bad” cholesterol in the coronary arteries 

that supply the heart muscle cause narrowing or complete blockage of the vessels. Consequently, blood flow slows, 

and an imbalance develops between the oxygen delivered to the heart and the heart’s oxygen demand. Among 

CVDs, ischemic heart disease (IHD) ranks first among conditions that most frequently cause disability and death. 

IHD differs markedly across age groups. According to WHO data, there are 10 deaths per 100,000 people aged 

25–34 years, while this figure rises to 1,000 in the 55–64-year age group. IHD is more common in men than in 

women [3], [4]. When the degree of coronary artery narrowing exceeds 50%, IHD manifests clinically; that is, 

clinical symptoms appear. In addition to narrowing of the coronary arteries due to “bad” cholesterol, other 

factors—including smoking, alcoholism, consumption of unsaturated fats, physical inactivity, bronchial asthma, 

diabetes mellitus, hypothyroidism, gallstone disease, and others—also play an important role in the development 

of IHD [4], [5], [6]. 

Numerous clinical studies demonstrate that biomarkers such as atherogenic lipoproteins, fibrinogen, 

homocysteine, and TSH (thyroid-stimulating hormone) correlate closely with major risk factors such as 

dyslipidemia, hypertension (high blood pressure), obesity, and diabetes mellitus. At the same time, assessing 

inflammatory indicators such as C-reactive protein (CRP) together with standard biochemical tests makes it 

possible to predict disease risk more accurately. Specific markers such as high-sensitivity troponin T (hsTnT) and 

NT-proBNP play a major role in the early diagnosis of heart failure and myocardial infarction. These substances 

begin to rise above normal blood levels only 1–2 hours after an acute cardiovascular event [7], [8]. The most 
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important markers of myocardial injury are troponin T and troponin I. An increase in blood TnT and TnI above 

normal levels leads to increased pressure in the right ventricle and, consequently, acute myocardial injury. An 

elevated serum troponin I (TnI) level in patients with cardiac rhythm disorders is not merely a laboratory indicator; 

it is also a clinical warning that the patient may experience a stroke or myocardial infarction at any time. Serum 

troponin is considered one of the principal markers indicating the latent development of vascular atherosclerosis 

[9], [10]. 

The lipid profile is of great importance in CVD. Lipoproteins are complex molecules that transport lipids such as 

cholesterol and triglycerides throughout the body in the bloodstream and consist of hydrophobic and hydrophilic 

layers. A lipoprotein is a spherical molecule with cholesterol esters and triglycerides inside and an outer covering 

composed of protein and membrane components. Fat particles are covered externally by a protein layer. This 

causes them to aggregate and obstruct blood vessels. The ratio of protein to fat determines whether the lipoproteins 

are HDL or LDL, that is, their type. 

In a healthy individual, the optimal LDL level should be below 100 mg/dL. If this level rises to 100–129 mg/dL 

(2.6–3.3 mmol/L), it is considered a risk factor. Unlike other disorders of lipid metabolism, particularly familial 

hypercholesterolemia manifested by high cholesterol levels, atherosclerosis or coronary heart disease does not 

necessarily develop in every patient with acute hypertriglyceridemia or chylomicronemia syndrome. Initially, this 

paradox raised doubts about the role of triglycerides in cardiovascular pathologies; however, it was explained by 

the fact that at extremely pathological concentrations (triglycerides >50 mmol/L), triglyceride-rich lipoproteins 

are too large to enter the inner layer of the vessels and therefore cannot cause atherosclerosis. Conversely, at mildly 

and moderately elevated pathological triglyceride concentrations (2–10 mmol/L), lipoprotein particles are small 

enough to penetrate the arterial intima; consequently, they accumulate in the tunica intima and have the potential 

to cause atherosclerosis. For this reason, clinical epidemiology focuses primarily on subclinical elevations in 

triglycerides. Triglyceride levels are higher in men than in women. However, when women and men with 

cardiovascular diseases were compared, it became clear that at the maximum triglyceride level, affected women 

had a higher risk of developing cardiovascular pathologies than men. Analysis of blood tests in women and men 

of different ages and investigation of their role in the early diagnosis of CVD. The purpose of the study was to 

analyze the test results affecting CVD according to the number, sex, and age of the patients 

 

2. Materials and Methods 

Various scientific methods were used in the study. Theoretical analysis and synthesis were applied to 

systematically examine and generalize the available scientific literature on the topic. Comparative and 

pathophysiological analyses were conducted to assess the diagnostic significance of specific biochemical blood 

biomarkers that play an important role in the early diagnosis of cardiovascular diseases (cardiac troponins, high-

sensitivity C-reactive protein [hs-CRP], lipid profile, and other metabolic indicators). Statistical methods were 

used to analyze the incidence of pathological conditions and the correlations among biomarkers across various 

indicators. In addition, the study and systematization of clinical and laboratory data made it possible to obtain 

practical findings aimed at detecting cardiovascular diseases at an early stage. 

The study was conducted on the basis of laboratory results from Memorial Clinic. Venous blood samples were 

collected from patients who attended the clinic in April 2026, depending on the type of test prescribed. The samples 

obtained from patients were analyzed using biochemical and immunochemical analyzers. To maintain the accuracy 

of the study, particular attention was paid to the pre-analytical stage, which is the initial stage of the investigation. 

During the pre-analytical stage, blood samples were centrifuged at 35,000 rpm for 10 minutes to separate the 

serum. The patients’ lipid profiles (triglycerides, HDL, LDL) and enzyme activity (AST, ALT) were determined 

on a fully automated biochemical analyzer using enzymatic-colorimetric and kinetic UV methods. To assess acute 

myocardial injury and inflammatory processes, troponin and hs-CRP markers were analyzed on a fully automated 

immunochemical analyzer using electrochemiluminescence immunoassay (ECLIA) and immunoturbidimetric 

methods, respectively. 
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3. Results 

Analysis of the results of the scientific study. The blood test results of patients who attended Memorial Clinic are 

presented after division into different groups: 

Analysis of troponin values 

Troponin I and T are among the most important markers of myocardial injury. Even a slight change in the amount 

of troponin in the blood indicates narrowing of the cardiac vessels, because troponin T and I are regulatory proteins 

involved in the actin–myosin interaction in the heart muscle. Therefore, in modern laboratories, serum troponin T 

and I levels are considered the “gold standard” for CVDs, especially for the timely detection of myocardial 

infarction. During the study, 285 patients underwent troponin testing at Memorial Hospital in April 2026 (Figure 

1). 

 

 

Figure 1. Comparative presentation of the test results of patients who underwent troponin testing at Memorial Clinic in April 2026. 

 

Of the tests, 128 belonged to women and 157 to men. Among the 128 female patients, 91 had results below 1.5 

mg/dL, that is, within the normal range, while 37 had results above 1.5 mg/dL, indicating a pathological value. 

Among the 157 male patients, 98 had results within the normal range, and 59 had pathological values. The number 

of male patients in the pathological group was greater than the number of female patients in that group. Analysis 

by physiological age showed that the patients’ ages ranged from 15 to 77 years. According to physiological age, 

the patients were divided into two groups: Group I included 92 individuals aged 15–35 years. Troponin levels 

were <1.5 mg/dL in 71 individuals (33 women and 38 men) and >1.5 mg/dL in 21 individuals (8 women and 13 

men). The number of patients in Group II exceeded that in Group I. In Group II, among patients aged 36–77 years, 

troponin levels were <1.5 mg/dL in 118 individuals (58 women and 60 men) and >1.5 mg/dL in the remaining 75 

individuals. Analysis of the results showed that the measured indicator was higher in male patients, which is a 

factor that increases the risk of CVD. 

Analysis of patients based on triglyceride test values 

It is known from the literature that an increase in the amount of triglycerides in a patient’s blood indicates a high 

risk of myocardial infarction. Therefore, assessing triglycerides is one of our primary objectives in blood-test 

analysis. Interesting findings were obtained in studies conducted at Memorial Clinic (Figure 2), where 309 

patients underwent triglyceride testing. Of these tests, 149 belonged to women and 160 to men. In 124 examined 

patients (64 women and 60 men), the triglyceride level was 70–150 mg/dL, which is considered within the normal 

range. The physiological age groups of patients whose triglyceride levels were within the normal range were as 

follows: 1–25 years: 27 individuals (15 women and 12 men); 26–45 years: 58 individuals (31 women and 27 

men); 46–65 years: 26 individuals (14 women and 12 men); and 66–80 years: 13 individuals (5 women and 8 

men). 
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Pathological triglyceride levels were also observed. Overall, 71 patients (33 women and 38 men) had triglyceride 

levels of 150–190 mg/dL, which is considered the borderline range. In medicine, the borderline range is also 

called the “gray zone.” Grouping by physiological age showed 4 patients aged 1–25 years (2 women and 2 men), 

17 patients aged 26–45 years (8 women and 9 men), 21 patients aged 46–65 years (10 women and 11 men), and 

29 patients aged 66–80 years (13 women and 16 men). 

 

 

Figure 2. Results of 309 patients who underwent triglyceride testing at Memorial Clinic in April 2026. 

 

An elevated triglyceride level is one of the risk factors. Thus, 76 patients (35 women and 41 men) had high 

triglyceride levels. Grouping them by physiological age showed 1 patient aged 1–25 years (a man), 18 patients 

aged 26–45 years (6 women and 12 men), 26 patients aged 46–65 years (12 women and 14 men), and 31 patients 

aged 66–80 years (15 women and 14 men). 

Among the 309 patients studied, 38 had very high triglyceride values. Of these results, 17 belonged to women 

and 21 to men. When divided into physiological age groups, very high triglyceride values were identified in 6 

individuals aged 26–45 years (2 women and 4 men), 23 individuals aged 46–65 years (6 women and 7 men), and 

19 individuals aged 66–80 years (9 women and 10 men). 

Thus, comparative analysis of the obtained results showed that pathological values of the studied indicator were 

more common at advanced ages and particularly among male patients, which increases the risk of myocardial 

infarction and CVD. 

Analysis based on HDL test values 

Lipid disorders and atherosclerosis are also major risk factors that cause pathologies of the cardiovascular system. 

The principal function of HDL in the human body is to remove excess cholesterol particles from the vessel wall 

and transport them to the liver. For this reason, HDL is also called “good cholesterol” in medicine. In HDL 

disorders, excess cholesterol particles accumulated in the vessel wall are not removed, and an atherosclerotic 

plaque forms, resulting in the development of CVDs (Figure 3). 
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Figure 3. Graphical presentation of the test results of 517 patients who underwent HDL testing at Memorial Clinic in April 2026. 

 

Of the 517 patients who underwent HDL testing, 261 were women, and 259 were men. In 245 individuals (127 

women and 118 men), the HDL result was above 60 mg/dL, which is a good result. Patients with excellent results 

were divided into four physiological age groups: 64 individuals aged 1–25 years (34 women and 30 men), 78 

individuals aged 26–45 years (41 women and 37 men), 58 individuals aged 46–65 years (27–29), and 47 

individuals aged 66–85 years (25 women and 22 men). Thus, among the 517 patients who attended Memorial 

Clinic, HDL-related protection of the cardiovascular system was observed in 142 individuals aged 1–45 years. 

The test results of 164 patients (85 women and 79 men) showed moderate HDL levels, and certain somatic 

diseases (type 2 diabetes, chronic kidney disease, etc.) were identified. The physiological age groups of these 

patients were as follows: 41 individuals aged 1–25 years (19 women and 22 men), 55 individuals aged 26–45 

years (28 women and 27 men), 40 individuals aged 46–65 years (21 women and 19 men), and 28 individuals aged 

66–85 years (17 women and 11 men). 

In 108 of the examined patients (49 women and 59 men), the HDL level was below 45 mg/dL. These patients 

have a very high probability of developing cardiovascular diseases, and all belong to the risk group. Distribution 

by physiological age was as follows: only 2 male patients were aged 1–25 years; 26 individuals were aged 26–45 

years (11 women and 15 men); 35 individuals were aged 46–65 years (16 women and 19 men); and 45 patients 

were aged 66–85 years (22 women and 23 men). Thus, comparative analysis showed that HDL levels were 

approximately equal in women and men and differed markedly from the norm across all age groups. The obtained 

indicator demonstrates a high risk of CVD. 

Investigation of blood LDL levels 

In medical terminology, LDL is also called “bad cholesterol.” LDL is formed when VLDL loses most of its fat 

content. LDL transports cholesterol from the liver to peripheral tissues. An elevated blood LDL level is a principal 

indicator of cardiovascular pathologies (Figure 4). 

 

Figure 4. Results of the investigation of blood LDL levels in 451 patients tested at Memorial Clinic in April 2026. 
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In April, 451 patients (241 women and 210 men) underwent LDL testing at Memorial Clinic. In 227 of these 

patients (128 women and 99 men), the test result was 50–129 mg/dL, which is considered the normal range. 

Values within the normal range were recorded most frequently among patients aged 1–45 years (134 individuals) 

and in 93 individuals aged 46–85 years. These figures show that blood LDL levels increase with age. In 123 

patients (66 women and 57 men), the test result ranged from 130 to 159 mg/dL, which is considered the borderline 

range. Of the patients in this range, 86 were aged 46–85 years. In 101 patients (47 women and 54 men), the test 

result was above 160 mg/dL. The vascular structure is altered in these patients, which may lead to atherosclerosis. 

The largest number of patients was in the 66–85-year age group (54 individuals: 23 women and 31 men). 

Thus, analysis of LDL levels showed higher values among male patients. When taking the patients’ life histories 

(anamnesis vitae), we determined that alcoholism was one of the principal reasons for the predominance of men. 

This increases the risk of atherosclerosis, IHD, and other cardiovascular diseases. 

Cardiovascular diseases are considered one of the most serious public-health problems in Azerbaijan. According 

to statistical data, cardiovascular diseases account for a large proportion of deaths in the country. Approximately 

60% of all deaths in Azerbaijan are associated with cardiovascular diseases. In recent years, increases have been 

observed in arterial hypertension, ischemic heart disease, and myocardial infarction. Cardiovascular diseases are 

widespread both among people of working age and among the elderly population. Heart and vascular diseases 

rank first among causes of death in the country. Unhealthy nutrition, physical inactivity, smoking, and excess 

weight are considered important risk factors in the development of these diseases. High blood pressure and high 

blood cholesterol increase the risk of developing cardiovascular diseases. According to specialists, part of the 

population is unaware of their blood pressure and does not undergo regular medical monitoring. Modern lifestyles 

and stress factors also contribute to the spread of the disease. Early diagnosis and preventive measures play an 

important role in preventing complications. Timely examinations can significantly reduce the risk of myocardial 

infarction and stroke. State programs and awareness-raising measures aimed at preventing cardiovascular diseases 

are being implemented in Azerbaijan. Nevertheless, the prevalence of the disease keeps the problem relevant. 

Cardiovascular diseases are regarded not only as a medical problem but also as a socioeconomic one. Early 

detection and effective prevention of these diseases are particularly important for improving the population’s 

quality of life and reducing mortality. Promoting a healthy lifestyle in Azerbaijan is considered one of the main 

approaches to combating cardiovascular diseases. The study conducted once again demonstrated the high risk 

level of these diseases. 

4. Conclusion 

Cardiovascular diseases are considered one of the most serious public health problems in Azerbaijan. According 

to statistical data, cardiovascular diseases account for a large proportion of deaths in the country. The results of 

blood tests performed at Memorial Clinic in April 2026 confirm the high prevalence of the diseases and show that 

approximately 80% of the examined individuals suffer from them. Comparative analysis of the results of patients 

who underwent troponin testing at Memorial Clinic in April 2026 identified elevated levels mainly in elderly men. 

This is a key diagnostic criterion for myocardial infarction and other acute heart diseases. Triglyceride and LDL 

test results were also elevated mainly in middle-aged individuals. The highest incidence among men was recorded 

at advanced ages, which may be associated with harmful habits, an unhealthy lifestyle, stress, and other factors. 

The same change in HDL levels was observed in all women and men who underwent blood testing. This increases 

the risk of atherosclerosis, IHD, and other cardiovascular diseases. Modern lifestyles and stress factors also 

contribute to the spread of the disease. Early diagnosis and preventive measures play an important role in 

preventing complications. Timely examinations can significantly reduce the risk of myocardial infarction and 

stroke. 
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Abstract 

Our study aimed to describe the prevalence, main clinical features, and risk factors for renal and urinary tract complications 

in patients with thalassemia. This study assessed renal complications and their main clinical features in 177 thalassemic 

patients evaluated between 2025 and 2026 and compared the results with renal complications observed in sickle cell anemia. 

This study evaluated 177 patients with thalassemia examined between 2025 and 2026. Findings from renal ultrasonography 

alongside clinical data regarding age contribution, transfusion therapy, and detected renal pathologies were analyzed. 

Additionally, the clinical utility of clinical parameters and ultrasound findings in assessing renal function was reviewed. 

Finally, this study investigated the primary mechanisms of renal damage in thalassemia, highlighting key differences from 

the renal changes characteristic of sickle cell anemia. 

Keywords: thalassemia, renal complications, microlithiasis, chronic transfusion, iron overload, renal function, eGFR, renal 

ultrasonography. 

 

 

1. Introduction 

Thalassemia is a group of hereditary hematological disorders caused by defects in the synthesis of hemoglobin 

globin chains. Severe forms of the disease require regular erythrocyte transfusions, which serve as the primary 

therapeutic approach to extend patients’ lifespan. However, long-term transfusion therapy leads to systemic iron 

overload, resulting in tissue damage and ultimately organ failure. Among the organs affected, the kidneys are 

particularly vulnerable. Renal complications in thalassemic patients stem from multiple factors, including 

prolonged anemia, hypoxia, oxidative stress, and iron overload. Chronic anemia can induce renal hemodynamic 

alterations and early-stage hyperfiltration, whereas long-term disease progression may lead to tubular dysfunction, 

proteinuria, and other renal manifestations. In addition to iron toxicity, the use of certain iron chelators can also 

exert nephrotoxic effects.  

Evaluating renal status in thalassemic patients relying solely on serum creatinine levels is insufficient. 

Comprehensive assessment—including estimated glomerular filtration rate (eGFR), urinary albumin and protein 

levels, calcium, phosphate, uric acid parameters, and renal ultrasonography—enables early detection of subtle 

renal changes. 

Thalassemia patients require long-term blood transfusion therapy. Regular transfusions, along with accompanying 
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comorbidities, impair renal function. Tissue hypoxia, hemolytic processes, and iron overload play pivotal roles in 

the deterioration of renal function. Dysfunction of the renal tubules is among the primary drivers of the onset and 

progression of renal damage. Therefore, regular monitoring of the kidneys, ureters, and urinary bladder is essential 

in thalassemia patients receiving chelation therapy [1], [2]. 

Renal injury in thalassemic patients should be evaluated by considering both glomerular and tubular alterations. 

Chronic anemia in thalassemia leads to reduced oxygen delivery to the kidneys. The resulting hypoxic state 

negatively impacts renal hemodynamics and the filtration system. Consequently, compensatory hemodynamic 

adaptations emerge in thalassemic patients, manifesting in early stages as an elevated estimated glomerular 

filtration rate (eGFR)—a hyperfiltration phenomenon that serves as an early marker for the eventual development 

of renal failure. When the organism is exposed to prolonged, continuous hypoxic and hemodynamic alterations, 

progressive damage to the renal parenchyma ensues. Recurrent hemolytic events further exacerbate renal injury. 

During hemolysis in thalassemic patients, the breakdown of erythrocytes releases toxic cell debris and free 

hemoglobin, which impairs renal function and induces tissue injury. Furthermore, renal hypoxia adversely affects 

cellular energy metabolism. Decreased oxygen availability impairs mitochondrial oxygenation, leading to a 

marked reduction in ATP synthesis. In the setting of ATP depletion, intracellular accumulation of fluid and 

sodium (Na^+) occurs, ultimately triggering renal cell swelling and tissue damage [2], [3]. Can be expressed as 

below: Hemolysis – Oxidative stress – Renal cell damage – tubular dysfunction – kidney damage   

During hemolysis, reactive oxygen species (ROS) and oxidative stress are generated, which exacerbate renal 

injury. Hemolysis-induced phosphaturia, hypercalciuria, and other metabolic byproducts directly target and 

damage the tubular structures. Another critical mechanism contributing to renal damage in thalassemic patients 

is iron overload. In patients receiving chronic erythrocyte transfusions, systemic iron accumulates and can also 

enhance intestinal iron absorption. Excess iron heightens oxidative stress, subsequently damaging various tissues, 

including renal glomeruli and particularly renal tubular structures [3]. 

Another key mechanism is hypercalciuria. In thalassemia patients, disrupted bone metabolism and altered mineral 

homeostasis lead to increased urinary calcium (Ca2+) excretion [4], [5], [6]. 

In chronically transfused patients, hyperoxaluria represents an additional mechanism of renal injury. Increased 

urinary excretion of oxalate in these patients stimulates the precipitation of calcium oxalate crystals. Furthermore, 

hyperuricosuria plays a significant role: persistent erythrocyte destruction during hemolysis accelerates purine 

metabolism, leading to elevated uric acid levels that create a lithogenic environment. Hypocitraturia—a decrease 

in urinary citrate—further increases the risk of stone formation [5], [7], [8]. 

Tubular dysfunction is another vital mechanism. Elevated urinary protein and albumin excretion, accompanied 

by excessive urinary excretion of calcium and phosphate, predominantly signal the onset of proximal renal tubular 

damage [3], [9]. 

Additionally, iron chelation therapy can contribute to renal tissue damage. In thalassemic patients, chelation 

regimens frequently utilize deferasirox-containing agents, which can induce serum creatinine elevation. 

Deferasirox administration is associated with excessive urinary excretion of phosphate, uric acid, and other 

solutes, culminating in hypophosphatemia, hyperphosphaturia, and hypercalciuria [10], [11], [12], [13]. 

 

2. Materials and Methods  

This retrospective observational study used the examination of hospital medical records of 177 patients with 

thalassemia assessed between August 2025 and August 2026. Data was collected with the permission of the 

healthcare institution. The study aimed to describe the frequency and distribution of renal and urinary tract 

abnormalities in patients with thalassemia, with particular emphasis on renal ultrasonographic findings and 

available clinical characteristics. 

Data were retrospectively collected from patients’ medical histories, available laboratory analysis results, medical 

records, and renal and abdominal ultrasonography reports. The extracted information included age, documented 
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renal abnormalities, and available records on erythrocyte transfusion therapy. Laboratory results were reviewed 

according to their availability in the medical records; therefore, not all laboratory parameters were necessarily 

available for every patient. 

Renal ultrasonography reports were assessed to identify documented renal and urinary tract abnormalities. The 

recorded findings included microlithiasis, renal calculi, parenchymal and sinus cysts, increased renal parenchymal 

echogenicity, and other reported abnormalities. Of the 177 patients enrolled in the study, renal ultrasonographic 

abnormalities were documented in 137 patients. As more than one abnormality could be present in each patient, 

the number of recorded findings was not necessarily equivalent to the number of affected patients. The analysis 

relied on the findings documented in the available ultrasonography reports. 

Patients were categorized into five age groups: 0–10 years, 11–18 years, 19–30 years, 31–50 years, and ≥50 years. 

The distribution of documented renal abnormalities across these age groups was summarized using the available 

medical records (Table 1) and (Figure 1). 

Table 1. Statistics on renal complications. 

Age Group Number of Patients 
Number of Pathology-

Detected Patients 

0-10 30 15 

11-18 43 31 

19-30 48 41 

31-50 38 35 

50+ 18 15 

 

 

Figure 1. Statistics on renal complications. 

 

The data were evaluated using descriptive statistics. Absolute numbers and percentages were used to summarize 

patient characteristics, age-group distributions, and renal ultrasonographic findings. No inferential statistical 

methods were applied, and adjusted estimates of the relationships between potential risk factors and renal 

abnormalities were not obtained. Estimated glomerular filtration rate (eGFR) was not estimated in this study. 

The study was conducted with the permission of the healthcare institution. The use of patient medical records 

complied with the applicable institutional requirements for privacy and confidentiality and protection of personal 

information. Details of ethics committee approval, including the committee’s name and approval reference, should 

be reported if applicable and documented. 
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3. Results 

Out of the 177 thalassemic patients evaluated in the study, renal ultrasonographic (USM) abnormalities were 

detected in 137 individuals. It should be noted that multiple concurrent renal pathologies were identified in several 

patients. Based on renal ultrasonography findings evaluated between August 2025 and August 2026, 

microlithiasis (fine urinary crystals) emerged as the most prevalent abnormality among thalassemic patients with 

identified renal pathologies, affecting 68.93% of the cohort (Figure 2). 

In patients receiving chronic blood transfusions, elevated urinary excretion of lithogenic substances creates a 

favorable biochemical environment for the nucleation and development of renal microcrystals and small calculi. 

Hypercalciuria and hyperuricosuria play pivotal roles in this process. Furthermore, chronic hemolysis and high 

erythrocyte turnover accelerate purine catabolism and uric acid excretion, thereby promoting urate crystal 

formation and facilitating the crystallization of calcium-bearing (Ca2+) salts. Over time, the aggregation and 

growth of these microcrystals can lead to frank nephrolithiasis, mechanical irritation of the urinary tract mucosa, 

and occasional hematuria [4], [5], [14]. 

 

 

Figure 2. Most common kidney complications 

 

Prolonged transfusion therapy duration in patients receiving long-term blood transfusions is directly correlated 

with progressive renal dysfunction. Suboptimal adjustment of inter-transfusion intervals induces renal tissue 

injury through two primary pathophysiological mechanisms [1], [2], [3]: 

1) Hypoxia and Ischemia: Extended intervals between transfusions lead to protracted anemia and tissue hypoxia. 

The renal cortex and medulla are exquisitely sensitive to oxygen deprivation. Consequently, chronic hypoxia 

induces glomerular hyperfiltration, tubular atrophy, and interstitial fibrosis [1], [3]. 

2) Iron Overload and Hemosiderosis: Excessive iron accumulation in renal tubular epithelial cells drives the 

generation of free radicals (via Fenton chemistry), causing increased parenchymal echogenicity and cystic 

parenchymal changes [1], [3], [10]. 

According to data collected between August 1, 2025, and August 1, 2026, 89 out of 177 thalassemic patients 

(50.28%) received regular transfusion therapy (Figure 3). Extending transfusion intervals or administering therapy 

irregularly exacerbates hypoxic injury within the renal parenchyma. Conversely, optimizing transfusion schedules 

alongside appropriate iron chelation therapy significantly mitigates the risk of developing renal complications. 

Among the cohort of 177 thalassemic patients evaluated for renal complications, the overall mortality rate was 

found to be 1.69%. 
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Figure 3. Annual percentage of patients receiving regular transfusion therapy. 

 

Renal complications in patients with sickle cell anemia (SCA) differ significantly from those observed in 

thalassemic patients due to distinct underlying pathophysiological mechanisms. In SCA, chronic hemolysis 

coupled with the presence of hemoglobin S (HbS) triggers erythrocyte sickling, particularly within the vasa recta 

of the renal medulla where localized microvascular occlusion impairs blood flow. The unique microenvironment 

of the renal medulla—characterized by low oxygen tension, high osmolality, and an acidic pH—provides optimal 

conditions for HbS polymerization and sickling. Initial renal impairment in SCA typically presents as a loss of 

urinary concentrating capacity (hyposthenuria) due to ischemic damage within the renal medulla. Concurrently, 

compensatory glomerular hyperfiltration develops. Persistent hyposthenuria and chronic hyperfiltration accelerate 

glomerular structural injury, leading to progressive albuminuria and eventually chronic kidney disease (CKD). 

Moreover, focal ischemic microinfarctions in the medullary pyramids frequently result in renal papillary necrosis 

and gross or microscopic hematuria. In contrast, renal involvement in \beta-thalassemia is primarily driven by 

chronic anemia-induced hypoxia, systemic iron overload secondary to regular blood transfusions, tubular 

dysfunction, and the nephrotoxic effects of certain chelation regimens. 

Overall, the cardinal features that distinguish renal involvement in sickle cell anemia from that in beta-thalassemia 

include medullary vaso-occlusion, early-onset albuminuria, renal papillary necrosis, and hematuria [15], [16]. In 

patients with chronic anemia, laboratory testing serves as the initial diagnostic step for evaluating renal 

complications. The primary biomarkers include serum creatinine, urinary albumin, estimated glomerular filtration 

rate (eGFR), proteinuria, and routine urinalysis. However, serum creatinine alone is insufficient for detecting 

early hyperfiltration. Comprehensive diagnostic assessment requires adjunctive monitoring of serum calcium 

(Ca2+), phosphate (P), and uric acid parameters. 

In addition to biochemical testing, renal ultrasonography is routinely utilized to identify structural abnormalities 

such as renal cysts and hydronephrosis. Concurrent evaluation of both laboratory markers and ultrasonographic 

findings enables early detection of renal parenchyma damage [2], [3], [17], [18]. Continuous erythrocyte 

transfusion therapy in patients with thalassemia inevitably leads to systemic iron accumulation and severe iron 

overload. Excess labile iron catalyzes the generation of reactive oxygen species (ROS), triggering reactive 

oxidative stress that damages renal tissue and other parenchymal organs. 

To mitigate iron toxicity, iron chelation therapy is initiated in thalassemic patients. The primary chelation agents 

utilized in clinical practice include deferasirox, deferiprone, and deferoxamine. By reducing systemic iron burden, 

chelation therapy partially attenuates iron-induced oxidative tissue damage. However, the use of deferasirox in 

particular can be associated with adverse renal effects, such as transient or persistent elevations in serum creatinine 

and proteinuria. Consequently, routine and rigorous monitoring of renal function is mandatory for all patients 

undergoing iron chelation therapy [1], [3], [10], [11]. 
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4. Conclusion 

Analysis of clinical data from 177 patients with \beta-thalassemia major receiving chronic transfusion therapy 

between 2025 and 2026 demonstrates a high prevalence of renal and urinary tract complications. Ultrasonographic 

evaluation revealed microlithiasis as the most frequent renal abnormality, accounting for 68.93% of all detected 

renal pathologies. The prevalence of renal involvement exhibited a clear age-dependent trajectory: 8.47% in the 

0–10 age group, increasing to 23.16% in the 19–30 age group, and remaining elevated at 19.77% in the 31–50 

age group. These findings highlight that advancing age, disease duration, and cumulative transfusion duration are 

critical risk factors for the development of renal pathology. 

The underlying pathophysiology of renal injury in chronically transfused thalassemic patients is multifactorial, 

primarily driven by chronic anemia, tissue hypoxia, iron overload, hemolysis-induced oxidative stress, tubular 

dysfunction, and the nephrotoxic potential of iron chelation therapy. These mechanisms are distinct from those 

observed in sickle cell anemia (SCA), where renal injury is predominantly characterized by erythrocyte sickling 

and microvascular vaso-occlusion within the renal medulla, hyposthenuria, hematuria, renal papillary necrosis, 

and progressive glomerular alterations, including focal segmental glomerulosclerosis (FSGS).  

The results of this study emphasize that evaluating renal function in thalassemic patients should not be restricted 

solely to serum creatinine measurement. A comprehensive diagnostic approach—incorporating estimated 

glomerular filtration rate (eGFR), urinary albumin-to-protein ratios, urinary calcium, phosphate, and uric acid 

parameters alongside renal ultrasonography—is essential for clinical management. Early identification of 

subclinical renal changes and individualization of therapeutic strategies are crucial for preserving long-term renal 

function. Overall, renal complications in patients with beta-thalassemia represent a distinct entity requiring 

dedicated clinical surveillance. 
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Abstract 

Forest health nears from a network of connections: how a tree hacks its own body, how a disease disseminates through its 

life, how insect numbers serve up and down, and what kind of weather and location mount these things. This review examines 

how these relationships hint at disease and pestilence problems, and counts recreational forests as a place where people are 

open, rather than a different biological environment. Colonization by fungi and oomycetes, bacterial infection, viral 

replication, defoliation, and bark provisioning each bust a different part of how a tree functions, such as how it grows carbon, 

moves water, or soaks nutrients. Trees exercise barriers they construct ahead of time, drive chemical defenses only when 

beset, and even exercise the natural enemies of their attackers. However, how effective these strategies are rides on the health 

of the tree and how severe the attack is. Studies on sudden oak death denote that the pathogen can ride on shoes and that 

epidemic it from one place to another is biologically possible. Research on firewood shows that live insects can travel out of 

wood that has been displaced from one location to another. Neither alone can arbitrate what portion of outbreaks should be 

chalked up to tourism. The presence of perturbed soil and broke roots brings additional openings for vulnerability, but they 

are also impressed by the environment. Protection relies on regular checks in the field, careful attention to diagnostic results, 

vigilance on cleanliness in specific areas where problems might arise, and exercising a combined approach to hack pests 

effectively. More research is essential to link the movement of propagules with real infections, to estimate how disturbances 

and climate factors intercourse, and to estimate interventions predicated on their biological effects and ecological impacts. 

Keywords: forest pathology; forest entomology; tree physiology; host–pathogen interactions; biological control; recreational 

biosecurity. 

 

 

1. Introduction 

What makes a forest diverse is not just the trees that are there. Roots compound with microbes, the animals that 

partake of plant parts, the organisms that break down the plant material, and the environments that form as trees 

grow old and eventually cease. All these elements pitch in in their own way. Native pathogens and insects are part 

of this scene, and their presence in a stand does not denote that the stand has been broken. Problems startle when 

the damage goes too far for the host population to handle, making it hard for them to ride and copycats, which 

usually happens after an invasion by another species or a change in the environment. The presence of different 

species also influences how easily an infection can disseminate: when animals that are easy to infect are close 

together, it's simpler for the infection to hand over from one to another. However, if nearby animals cannot serve 

as hosts, they may lay over the infection to spread further [1], [2]. 

Disease and half-pint damage often delay the growth of a tree long before it communicates clear signs of 
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morbidity. Once parts like leaves, roots, bark, or the tree's internal transport system are injured, the tree changes 

how it allocates and deploys its resources, and this influences its ability to cope and regrow. The fact that drought 

and insect attack can work through the same physiological pathways implies that there is rarely a single 

explanation for decline [3]. 

Forests that people visit for fun need care, because visitors and the work of fettle trails in shape can convert spores 

to plants that might not have come into contact with them otherwise. Nonetheless, it would be erroneous to assume 

that recreational access accounts for all infections occurring near a path. This review constructs the biological 

reasons, how they spread, and the effects on the environment when forests pick up sick or are beset by pests. It 

also brackets the impact of tourism, like how people move around and displace the area, with the strength of the 

evidence confirming these issues. It printed research instead of divulging new findings. 

2. Biological Causes of Forest Plant Diseases and Pest Infestations 

Forest pathogens are not all the same kind of organism. They contrast in the way they partake, the way they 

copycat, and the extent to which they depend on functional host cells. Among the fungi, there are those that bring 

leaf diseases, some that reside in the plant's water transport system, others that bring cankers, and some that bring 

root decay; certain types grip nutrients from functional cells, while others decimate the tissue first before 

exercising it. Spores can come from the wind or from water that sloshes around, and some fungi that influence 

roots disseminate through the roots and through contact between them. Bacteria can pierce the body through cuts 

or natural openings and then culture in the tissues they detect as suitable for propagating. Viruses replicate inside 

living cells and disseminate through connections between cells and vascular tissue, riding on vectors or alloyed 

materials to cover longer distances. Finding a virus does not automatically establish that it causes disease, and 

unless there is specific evidence from the infected system, viruses should not be categorized as the main causes 

of tree death [4]. 

Getting into a host and then culturing inside it are two different challenges. Some pathogens deliver enzymes that 

assist in disintegrating parts of the cell wall, while others bring a way to menu from cells that they observe alive. 

Whether colonization chances ride on how the host IDs the invader and on how much the pathogen can bust the 

host's defenses. Once the virus copycats on the infected tissue, it determines the amount of virus present for the 

next stage of the epidemic. So, how often an infection occurs, how fast a lesion cultures, and how much chance 

of sporulation are separate things. They aren’t the same way to measure how aggressive a pathogen is [4]. 

Oomycetes like Phytophthora come across like fungi, but they are part of a different group below the 

stramenopiles. Water frolics play a key role in their biology. The sporangia can release zoospores that swim 

around, and special structures assist the organism in surviving tough conditions. Phytophthora ramorum shows 

that being susceptible and having a significant impact in an outbreak should not be the same thing. In a study from 

California, infected bay laurel leaves were able to deliver inoculum, but the cankers institution on coast live oak 

served not. A tree might be seriously sick, but not the main reason the disease is epidemic, and neighbors that 

come across less affected could be assisting the outbreak to endure [5], [6]. 

Insects can bring various types of injuries predicated on the way they feed. Leaf-eating caterpillars partake of the 

green parts of plants that lack food, and bark beetles deposit their eggs under the bark, which detrimentally affects 

the plant's food transport system, often carrying harmful fungi with them. The European spruce bark beetle, Ips 

typographus, communicates that the impact of an attack rides heavily on numbers: when they assemble and bring 

together, they can pacify defenses that would have been strong enough to lay over just a few of them. The outcome 

of an outbreak is influenced by factors like the available breeding material, the health of the host, the development 

stage of the insect, the presence of conspecific microbes, and natural enemies, rather than just the number of 

individuals present [7]. 

Colonization occurs only when there are chances of a suitable host, enough exposure, and the right conditions are 

present. Tree age marks the structure of the bark, how roots form, the amount of damage that has accumulated 

over time, and the type of tissue available, but this doesn't mean older trees are always more vulnerable than 

young seedlings. Temperature influences how plants form and copycats, and moisture plays a key role in assisting 

spores startle to culture, impactful zoospores, and fettle the host plant's water levels in check. Drought does not 
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influence all areas the same way: how plants react can contrast depending on what is edible and whether the 

damage comes from main pests or secondary ones. Also, even as water stress adds to it, it doesn’t jack up every 

pest or disease worse [4], [8]. 

Populations are observed under control by predators, parasitoids, entomopathogenic fungi, and microorganisms 

that either face off with the pests or directly attempt them. How important these agents are depends on how 

available the host is, whether their life cycle episodes at the same time, the type of habitat, and the conditions of 

the microclimate. Natural regulation can be less effective exactly when a pest is rapidly epidemic or the 

environment is irregular, and depending solely on natural enemies doesn't always keep pest levels below harmful 

thresholds [7], [9].  

3. Effects of Diseases and Pests on Forest Plant Physiology and Ecosystem Function 

The order in which the constraints show depends on where the injury is. Lesions on leaves and the loss of foliage 

degrade the area of the leaf that can perform photosynthesis, and when plants experience water stress, their stomata 

close, which limits how much carbon they can take in. Root necrosis dents the root's ability to take in water and 

nutrients, and when certain microbes settle in the plant's vascular system, the blockages they bring can slow the 

flow of water through the plant. Feeding on bark catches the flow of nutrients between the leaves and the roots. 

In living tissues, respiration might increase initially as the body brings resources to support and mend itself, but 

if too much tissue is misplaced, it can eventually slow down the overall metabolic activity of the entire tree. These 

responses occur in episodes one after another, and their importance makes overcoming the disease [3], [4]. 

Trees exercise the barriers they naturally hold, along with the responses they bring. The bark structure, resin 

systems, and phenolic compounds in conifers impede penetration or slow colonization. After an attack, chemicals 

build up in the area, traumatic resin ducts form, and the tissue can snare the invader in compartments. Defense 

also touches on how cells fetch and pack signals, not just being a passive structure. Even so, chemical toxicity, 

how resins run, and how plants construct their defensive tissues contrast between species and depend on their 

physical state, so knowledge gained from conifer bark can't be directly applicable to broadleaved plants [4], [10]. 

Damage can disseminate from one organ to another. A lower amount of water makes it harder for plants to perform 

photosynthesis, and when the movement of carbon is not functioning properly, it can influence the health of the 

roots, which in turn degrades their ability to take up water and nutrients. Repeated loss of forsakes can drain a 

tree exercise up its stored energy to foliage, which forsakes less energy for culturing and stuff new seeds. In the 

other direction, minor damage can be recovered if there are enough resources and enough time to recover. When 

both drought and bark beetles attack a tree, it might be too much for the tree to recover, but to elucidate the tree 

conked because of these factors, hypodermic needle proof of how and how strongly each stressor came in order 

[3]. 

The effects on reproduction can be evident prior to death. Less assimilation or weaker transport can condition 

how much a tree can dispose into flowers, cones and seeds, and damage to these reproductive parts directly 

degrades the output. Seedlings hold different challenges because their small root systems and limited stored 

energy make it hard for them to recover after mislaying roots or being denuded of leaves multiple times. Focusing 

only on the mature canopy may command changes in the population dynamics that arbitrate if a forest endures to 

live [3], [4]. 

At the population level, mislaying seedlings or reproductive trees repeatedly neuter how new plants are established 

and arbitrate where future host plants will grow. Death that affects certain species can modify the makeup of the 

tree layer, the amount of shade, and the resources available to other living things. Biological disturbance also 

leaves behind deadwood and brings spatial heterogeneity. To preserve the functioning of an ecosystem, it is not 

necessary to close out native pathogens, insects, or dead trees; rather, it is important to discern their ecological 

roles from impacts that are excessively severe or caused by an invader. The disease triangle, which contains a 

susceptible host, a strong pathogen, and a favorable environment, helps explain why just keeping a pathogen 

doesn't always mean the disease will be severe. Host density and identity also play a role: combining different 

plants can reduce the harm by specialized insects, but this effect depends on how varied the plant diet is and which 

species are common. Diversity functions as a resistance strategy that rides on the situation rather than being a 
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consistent obstacle. In a similar way, alternative hosts can sometimes assist in observing a pathogen alive, as 

exhibited by the difference between bay laurel and badly infected oaks [1], [4], [5]. 

4. Biological Risks in Forests Used for Tourism 

A full transmission path claims picking up the pathogen, impacting it, uncorking it, riding, and encountering a 

vulnerable host in conditions that permit infection or the pathogen to gain a hold. Davidson et al. [5] recaptured 

P. ramorum disseminates through soil contaminated by hikers' shoes during the rainy season, and it was shown 

how the infection displaces from alloyed soil to green leaf litter and then to the leaves of young seedlings. These 

observations denote that their chances a possible way this could episode; they don’t describe to us exactly how 

many existing infections were converted in by visitors. Cushman and Meentemeyer [11] found that bustling 

patterns compounded to trails that match how humans disseminate, but an observation-predicated study like that 

can't rule out all possible environmental influences or variations in how easy it is to hand over certain areas. 

Firewood is a different vehicle. Bark and wood furnish shelter for young insects as they are conveyed, permitting 

their development to endure once they hand over a new location. Jacobi et al. In 2012, they expressed live insects 

from firewood picked up at a store, which is more convincing proof of the wood conveying insects than just 

judgment holes in it. Recreational firewood can carry farther than usual local spread, but for an invasion to be 

successful, it also inevitably needs the right hosts, the ability to ride, and the chance to copycats. Research findings 

contrast riding on the region and the type of species considered, which implies that any risk assessment can only 

apply to a limited extent [12]. 

Soil attached to tires, bicycles, tools, or other equipment can be a routine means for the target organism to 

disseminate, wherever it is present in that material. Even so, evidence for one pathogen and one carrier should not 

be used to conclude all forest pests. Tourism should not be treated the same as the broader movement of nursery 

stock. The trade in live plants is separately registered as a significant way that pests or diseases can pierce new 

areas, and it can also introduce infected plants to public parks and recreational areas [6], [13]. 

Recreation can modify host conditions as well. Trampling and trails can jackleg the soil, disturb roots, harm young 

plants, and modify how water runs through the area. Trees that are vulnerable may be more susceptible to infection 

due to poor aeration and injured roots, and a lack of regeneration can hinder recovery, even in the absence of a 

pathogen. These links are scientifically reasonable, but keeping evidence of recreational use doesn't exhibit that 

disease cases are aggrandizing. Wet conditions might hint at the movement of dirty soil and amplify the activity 

of oomycetes, while drought can make certain stress–pathogen relationships more intense. The overall impact is 

inevitably to be assessed for each pathogen individually instead of being generalized, because not all types of 

disturbance lead to higher infection rates [8], [14][8]. 

5. Biological Monitoring, Prevention, and Forest Protection 

Monitoring should discern between symptoms, which are the host's reaction, and the signs that indicate the 

organism is harmful. Crown thinning, chlorosis, wilting, resin bleeding, and slower growth all offer us some clues, 

but they often don't point to a specific problem. Fruiting bodies, distinct galleries, frass, and recognizable insects 

furnish more direct evidence, even though different agents often show together. Repeated surveys should 

document the host species, its size or age group, which organs are affected, how symptoms form over time, and 

any recent environmental stress factors. This assists in interpreting the results in a biological context rather than 

just predicated on what is described [4]. 

Diagnostic sampling must be concluded by checking where the possible cause of the problem is located. Different 

parts like the edges of the broken area, the infected fine roots, the sick leaves, the insects, and the environment all 

require different ways to collect samples. Microscopy and culture methods exhibit the organism's shape and 

whether it is still alive, but only if the organism can be grown in a lab. Targeted molecular tests can determine 

organisms with great accuracy, whereas metabarcoding aims at a wider range of species. In surveillance for 

airborne fungi [15], it was shown that it was able to detect a broader range of taxa, but specific quantitative PCR 

was developed to be more sensitive. Neither approach dispenses with the need for proper sampling, authenticated 

reference sequences, and checks for contamination; DNA by itself cannot establish that an organism is alive, 
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arbitrate how much it contributes to bringing infection, or show that it was the actual cause. Negative results can 

be due to hypodermic needle contamination too. An organism can be missed by means of patchy colonization, 

low inoculum abundance, sampling at the wrong time of year, or substances that hinder amplification. Creating 

copies of the sample, exercising proper controls, and additional testing methods can assist growers with this 

uncertainty. If a test observes an imminent back negative, it doesn't necessarily imply the infection isn't present 

[4], [15]. 

The use of a surveillance design links high-exposure sites with similar reference areas and habitual observations 

throughout the seasons. Linking lab results with the symptoms a host communicates later helps describe the 

difference between an organism that was just present without infection and one that has gripped hold in the body. 

Maps must expose the locations of susceptible hosts and the locations where pathogens have been bustling, and 

if this is not concluded, a change in detection frequency may be due to sampling effort, host distribution, or 

seasonal sporulation, rather than a change in risk [11]. 

Integrated pest management integrates the process of diagnosing the pest, estimating the level of the population 

or disease, and taking action that halves the severity of the problem. Keeping predators, parasitoids, and harmful 

microbes in check can assist in attacking the hosts and their environments more effectively. Microbial biological 

control can be achieved by facing off with pathogens, delivering substances that inhibit them, acting as parasites, 

or assisting the host plant to form resistance. However, even if these microbes suppress pathogens in lab tests, it 

doesn’t imply they will effectively control diseases in a whole forest. Any candidate agent inevitably to be 

evaluated for how specific it is to its host, how long it remains effective, how well it works, and how it influences 

other organisms that aren't the target. Similarly, aggrandizing the variety of native tree species should capitalize 

on selecting trees that work well together and align with local environmental objectives, instead of claiming that 

any mix of trees will automatically preclude all pests [1], [9]. 

Prevention should disrupt the cycle that disseminates the risk. Removing stuck soil before impacting anything, 

eviscerating exercising methods that bring against the pathogen, heading off the spread of infected plant parts, 

and picking up firewood that's from nearby or has been properly refined each cover a separate way to hack the 

issue. Cleaning should not touch contaminated soil or wash water near plants that are sensitive to contamination. 

When the case is strong enough, accommodating access during specific times of the year can lower exposure 

during periods that are most likely to disseminate the disease. The biology of the target organism and the habitat 

it furnishes should be estimated when, or before, breeding material. Success should be considered by factors like 

lower use of transport that isn't very effective, less spread of infections, or smaller harmful populations, rather 

than by the presence of hygiene facilities [5], [7], [12]. 

6. Conclusion 

Biological risk in forests comes from how things intercourse with each other, not just from individual factors. 

How a pathogen picks up food and reproduces determines if it can grip onto tissue and how much of it can culture; 

how many insects there are and how many of them live influences the damage they bring; the protections and 

strength of the host determine if the damage stays in one place or leads to bigger problems. Environmental 

conditions influence each stage, and the impact on the ecosystem rides on which hosts are misplaced and if new 

ones can displace them in time. Keeping forests healthy means we use a hypodermic needle to capitalize on how 

plants interact and how they compound with each other in nature, not just on what we can feel [3], [4]. 

Tourism can hint at specific problems like more transport and disruption, but it doesn't cause forest diseases in all 

cases. The presence of active germs on shoes and resident bugs in firewood implies that efforts should capitalize 

on specific ways these things disseminate. However, the link institution along trails and the possible ways stress 

influences roots import we should be more careful and not leap to conclusions. The main goals of the research are 

to compound carrier contamination with infection or the spread of reproduction, to determine whether recreational 

activities are changes separate from what changes in hosts or because of climate changes, and to bill if biological 

control methods and hygiene practices bring in real-world settings. Longitudinal studies that cover both the health 

of the host, the identification of organisms, and the results in the ecosystem can assist in forecasting changes 

better, while ensuring they do not displace the natural processes of the forest [5], [8], [9] 
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