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INTRODUCTION 

 

Acquired immunodeficiency syndrome (AIDS) was first documented in June 1981, when 

the US Centers for Disease Control and Prevention (CDC) published reports of rare pulmonary 

infection caused by Pneumocystis carinii and Kaposi's sarcoma in young homosexual men 

[MMWR Morb Mortal Wkly Rep. 1981]. By the end of 1981, 337 cases with severe immune 

deficiency had been registered, marking the beginning of one of the most serious epidemics of 

modern society. In September 1982, CDC officially introduced the term AIDS, and in 1983, 

Dr. Françoise Barré-Sinoussi and Prof. Luc Montagnier from the Pasteur Institute isolated the 

etiological agent - a retrovirus that received the universal designation human 

immunodeficiency virus (HIV) in 1986 [Barré-Sinoussi F, et al., Science, 1983]. 

The global HIV epidemic resulted from cross-species transmission of a retrovirus from 

primates to humans in Central and West Africa through transmission of simian 

immunodeficiency virus (SIV) [Faria NR, et al., 2014]. HIV-1 is characterized by extremely 

high genetic variability caused by the lack of corrective mechanisms in reverse transcription, 

leading to accumulation of multiple mutations and recombinations. As a result, HIV-1 is 

divided into four main phylogenetic groups: M (major), O (outlier), N (non-M/non-O) and P, 

each resulting from independent cross-species transmission [Sharp PM, et al., 2011]. 

Group M is epidemiologically most significant and is responsible for the current 

pandemic. It includes at least ten genetically distinguishable subtypes: A, B, C, D, F, G, H, J, 

K and L, as well as multiple circulating recombinant forms (CRFs) and unique recombinant 

forms (URFs) [Hemelaar J, et al., 2019]. The global distribution of subtypes is highly uneven 

and is influenced by a number of factors, including the founder effect, socio-economic 

determinants such as migration and urbanization, as well as circulation in specific risk groups. 

Subtype C represents 46.6% of all HIV-1 infections globally and predominates in Southern and 

Eastern Africa, subtype B dominates in North America and Western Europe, while subtype A 

is most common in Eastern Europe and Central Asia. 

According to UNAIDS data, more than 91.4 million people have been infected with HIV 

since the beginning of the epidemic, and approximately 44.1 million have died from AIDS-

related diseases. In 2024, the number of people living with HIV amounts to 40.8 million, with 

31.6 million having access to antiretroviral therapy (ART) [UNAIDS, 2025]. The 

implementation of ART led to a dramatic reduction in mortality and limitation of infection 

transmission. 

Despite therapeutic successes, HIV drug resistance remains a serious risk to treatment 

sustainability and achieving global AIDS elimination. Resistance results from complex genetic 

and epidemiological mechanisms that impact both individual and population levels. Two main 

patterns are distinguished: transmitted drug resistance (TDR) in individuals infected with 

resistant strains before starting therapy, and acquired resistance developing during treatment 

with unsuccessful viral suppression [Clutter, D. S., et al., 2016]. 

Mutations associated with resistance to protease inhibitors (PI), nucleoside (NRTI) and 

non-nucleoside reverse transcriptase inhibitors (NNRTI) show different patterns of emergence 

and cross-resistance. Multiple resistance mutations can have cumulative impact on treatment 

efficacy, requiring precise virtual phenotypic interpretation of genotypic data. Genotypic 

testing for drug resistance is an established standard in clinical practice, allowing selection of 

appropriate therapeutic regimens, prevention of mutation accumulation and limitation of 

archived resistant variant formation [WHO, 2022]. 

The high genetic variability of HIV-1 and increasing prevalence of drug resistance pose 

serious challenges to the sustainability of therapeutic strategies. Molecular epidemiological 

analysis, including phylogenetic reconstruction, molecular clock dating and phylodynamic 
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modeling, allows tracking of evolutionary history and spatiotemporal dynamics of the 

epidemic. Identification of transmission clusters and networks through bioinformatics 

approaches such as ClusterPicker, MicrobeTrace and BEAST enables more precise 

epidemiological monitoring and targeting of preventive interventions. 

Precise molecular and epidemiological monitoring is crucial for adapting clinical 

strategies and public health strategies at the national level. Integrated analysis of resistance 

mutations, subtype diversity, phylogenetic relationships and demographic correlations can 

contribute to treatment personalization and development of national resistance prevention 

strategies. In Bulgaria, systematic study of HIV-1 molecular epidemiology in the period 1989-

2023 can provide valuable information for optimization of therapeutic strategies and 

improvement of public health policy. The present study is directed toward fulfilling this need 

through comprehensive molecular epidemiological analysis, including complex 

characterization of antiretroviral resistance, genetic diversity, phylogenetic relationships and 

transmission networks of HIV-1 infection in Bulgaria. 
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RELEVANCE AND SIGNIFICANCE OF THE 

DISSERTATION 
 

Analysis of the current state of knowledge in the field of HIV-1 epidemiology and 

antiretroviral resistance reveals complex and multilayered scientific problems with critical 

importance for global public health. Despite significant achievements in developing effective 

therapeutic regimens and dramatic reduction in HIV/AIDS mortality, the emergence and spread 

of drug resistance represents a growing threat to the sustainability of achieved results. 

The global picture of the HIV-1 epidemic is characterized by exceptional genetic 

diversity, including multiple subtypes, and continuously emerging new viral variants. This 

diversity, combined with regional differences in the distribution of specific genetic forms, 

creates significant challenges for HIV infection diagnosis, treatment and prevention. 

Particularly important is the influence of subtype affiliation on drug resistance development, 

which varies significantly between different geographic regions and population groups. 

In the context of Eastern Europe, including Bulgaria, the epidemiological situation is 

characterized by specific features related to the predominance of certain subtypes, presence of 

complex recombinant forms and specific transmission patterns. Data from international studies 

show variability in transmitted drug resistance levels, highlighting the need for targeted 

national studies for accurate assessment of the local situation. 

Molecular epidemiology as a scientific discipline provides unique opportunities for in-

depth understanding of HIV-1 epidemic dynamics through integration of phylogenetic 

analysis, genomic characterization and epidemiological data. Modern bioinformatics 

approaches for transmission cluster analysis, evolutionary history reconstruction and epidemic 

event dating open new perspectives for understanding viral spread mechanisms and optimizing 

preventive strategies. 

Despite significant progress in global efforts to control the HIV epidemic, substantial 

knowledge gaps still exist regarding specific features of the epidemic in Bulgaria. 

Comprehensive analyses of genetic diversity of circulating HIV-1 variants, detailed drug 

resistance studies, as well as in-depth phylogenetic studies of evolutionary dynamics and 

international connections of the local epidemic are needed. 

These knowledge gaps have direct impact on the possibilities for optimizing therapeutic 

strategies, developing effective preventive programs and formulating evidence-based national 

policy for HIV infection control. Understanding transmission networks and clusters is 

particularly important, as they can outline priorities in preventive interventions and provide 

guidance for targeted approaches to specific risk groups. 

In light of these considerations, the need for comprehensive and systematic study of HIV-

1 molecular epidemiology and antiretroviral resistance in Bulgaria emerges as a critically 

important scientific priority. Such a study should integrate modern methodological approaches 

for genetic characterization, phylogenetic analysis, resistance mutation research and 

epidemiological modeling, with the aim of creating a comprehensive picture of the local 

epidemic and its specific characteristics. 

Results from such a complex study would have substantial application in clinical practice 

through optimization of therapeutic decisions, in public health - through informing preventive 

strategies, and in the scientific community - through contribution to global understanding of 

HIV-1 evolutionary dynamics. Furthermore, such a study would provide the necessary 

scientific basis for adapting international recommendations to the specific conditions of the 

Bulgarian epidemiological situation. 
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AIMS AND OBJECTIVES OF THE 

DISSERTATION 

AIM 

To conduct a comprehensive analysis of HIV-1 molecular epidemiology and 

antiretroviral resistance in Bulgaria through an integrated approach, including genotyping, 

phylogenetic analysis, characterization of resistance mutations, study of transmission networks 

and phylodynamic modeling, with the aim of optimizing therapeutic strategies and improving 

public health policies. 

OBJECTIVES 

I. ANTIRETROVIRAL RESISTANCE AND MUTATIONAL PROFILES 

1. Characterization of antiretroviral resistance. 

2. Identification and classification of mutations associated with resistance to PI, NRTI and 

NNRTI. 

3. Analysis of multiple resistance mutations and their cumulative impact on treatment 

efficacy. 

4. Study of cross-resistance within antiretroviral drug classes. 

5. Phenotypic interpretation of resistance mutations and prediction of therapeutic 

response. 

II. MOLECULAR CHARACTERIZATION AND GENETIC DIVERSITY 

6. Comprehensive sequencing and phylogenetic analysis of the pol gene in HIV-1 isolates 

from individuals diagnosed in Bulgaria between 1989-2023. 

7. Detailed definition and analysis of HIV-1 subtype distribution, circulating and unique 

recombinant forms in the Bulgarian population. 

8. Identification and characterization of new or rare HIV-1 variants and recombinant 

forms that have been introduced and spread in the country. 

9. Molecular characterization of evolutionary relationships between different HIV-1 

isolates. 

10. Analysis of distribution and evolutionary dynamics of major circulating subtypes. 

III. EPIDEMIOLOGICAL DYNAMICS AND PHYLOGENETIC ANALYSIS 

11. Reconstruction of phylogenetic trees through maximum likelihood and Bayesian 

methods for major subtypes. 

12. Phylodynamic analysis and dating of introduction of major HIV-1 subtypes in Bulgaria 

through molecular clock. 

13. Analysis of spatiotemporal evolution, geographic distribution and international origin 

of HIV-1 subtypes in Bulgaria through global phylogenetic approach. 

14. Identification and characterization of phylogenetic transmission clusters. 

15. Study of transmission networks and spread dynamics between different vulnerable 

groups. 
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IV. DEMOGRAPHIC AND EPIDEMIOLOGICAL CORRELATIONS 

16. Study of the relationship between drug resistance-associated mutations and 

demographic characteristics of infected individuals. 

17. Study of HIV-1 subtype distribution and drug resistance by transmission categories and 

vulnerable groups. 

18. Analysis of geographic distribution of HIV-1 subtypes and drug resistance-associated 

mutations in different regions of Bulgaria. 

19. Analysis of temporal trends in primary resistance spread in HIV-1 during the study 

period. 

V. CLINICAL APPLICATIONS AND PREVENTIVE STRATEGIES 

20. Assessment of clinical significance of identified resistance-associated mutations for 

antiretroviral therapy selection. 

21. Assessment of national practices for monitoring HIV-1 drug resistance and formulation 

of strategic guidelines for limiting resistant strain spread among vulnerable populations. 
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CONCLUSIONS 
 

Comprehensive Conclusions on the Epidemiology and 

Antiretroviral Resistance of HIV-1 in Bulgaria 

The present dissertation provides an exhaustive and multifaceted analysis of the 

molecular epidemiology and antiretroviral drug resistance of HIV-1 in Bulgaria for the period 

1989-2023. The integrated approach employed, encompassing genotyping, phylogenetic and 

phylodynamic analysis, as well as in-depth characterization of resistance mutations and 

transmission networks, reveals key epidemiological patterns and evolutionary trends. The 

obtained results have direct implications for optimizing therapeutic strategies and improving 

public health policies in the country. 

I. ANTIRETROVIRAL RESISTANCE AND MUTATIONAL PROFILES 

1. The detailed characterization of antiretroviral resistance in Bulgaria demonstrates a low 

frequency of primary resistance (5.7%) in treatment-naïve patients, corresponding to 

WHO criteria for a controlled epidemic, confirming the effectiveness of existing 

primary prevention strategies. 

2. The systematic identification and classification of mutations associated with resistance 

to PI, NRTI, and NNRTI delineates a characteristic mutational profile. High 

heterogeneity in resistance patterns is observed, including combinations of multiple 

mutations, with acquired resistance in treated patients being associated with treatment 

duration and history of prior therapeutic regimens. 

3. Analysis of multiple resistance mutations and their cumulative impact on treatment 

efficacy reveals complex interactions between individual mutations, necessitating a 

personalized approach to therapeutic regimen selection to achieve optimal clinical 

outcomes. 

4. Investigation of cross-resistance within NRTI and NNRTI antiretroviral drugs 

demonstrates significant limitations in therapeutic options for certain mutational 

profiles, requiring adaptation of applied therapeutic algorithms. 

5. Phenotypic interpretation of genotypic mutations through contemporary predictive 

algorithms, such as Stanford HIVDB, provides an evidence-based foundation for 

predicting therapeutic response and optimizing clinical decision-making in the context 

of antiretroviral resistance. 

II. MOLECULAR CHARACTERIZATION AND GENETIC DIVERSITY 

6. Comprehensive sequencing and phylogenetic analysis of 1,654 pol gene fragments 

collected over a thirty-five-year period creates an extensive molecular database 

representing a fundamental resource for understanding viral evolution and epidemic 

dynamics in Bulgaria. 

7. The study established the presence of 26 different HIV-1 subtypes, circulating and 

unique recombinant forms in the Bulgarian population. The observed high genetic 

heterogeneity reflects complex epidemiological interactions and evidences multiple 

virus introductions from different geographic regions, underscoring the dynamic nature 

of the epidemic in the country. 



14 

 

8. Identification and characterization of novel or rare HIV-1 variants and recombinant 

forms introduced and disseminated in the country enriches knowledge of global 

molecular epidemiology and emphasizes Bulgaria's significance as an epidemiological 

crossroads in Southeastern Europe. 

9. Application of bioinformatics methods for phylogenetic analysis reveals the presence 

of complex evolutionary relationships manifested through the formation of local 

clusters. Multiple international phylogenetic connections were also established, 

demonstrating the global connectivity of the HIV-1 epidemic. 

10. Analysis of genetic variant distribution and evolutionary dynamics of major circulating 

subtypes reveals different patterns of population growth and temporal trends, reflecting 

specific epidemiological characteristics and contexts associated with each individual 

HIV-1 subtype. 

III. EPIDEMIOLOGICAL DYNAMICS AND PHYLOGENETIC ANALYSIS 

11. Reconstruction of phylogenetic trees through maximum likelihood and Bayesian 

statistical methods provides a reliable phylogenetic framework with high statistical 

confidence, validating the evolutionary relationships of Bulgarian isolates. 

12. Phylodynamic analysis and dating of major HIV-1 subtype introductions (subtype B, 

CRF01_AE, CRF02_AG, and subtype C) in Bulgaria through molecular clock 

establishes the temporal framework of epidemiological events and their correlation with 

historical and social factors. 

13. Combined analysis of spatiotemporal dynamics and global phylogenetic connections of 

major HIV-1 subtypes in Bulgaria reveals complex migration patterns, numerous 

independent introductions from different geographic regions, and phylogeographic 

dissemination routes. Uneven regional distribution was established, with concentration 

in major urban centers, as well as the presence of localized epidemic outbreaks, 

emphasizing the importance of this approach for strategic epidemiological planning and 

control. 

14. Identification and characterization of phylogenetic transmission clusters through 

contemporary bioinformatics tools, such as ClusterPicker, MicrobeTrace, and BEAST, 

reveal active transmission chains, localized epidemic outbreaks, and provide valuable 

instrumentation for tracking epidemiological dynamics. 

15. Investigation of transmission networks and dissemination dynamics between different 

vulnerable groups (MSM, HET, IDU) reveals complex interactions and virus spillover 

between populations, necessitating adapted preventive strategies for specific individual 

groups. 

IV. DEMOGRAPHIC AND EPIDEMIOLOGICAL CORRELATIONS 

16. Statistical analysis established significant associations between the presence of 

resistance mutations and certain demographic variables. The obtained results 

emphasize the need for applying differentiated approaches in both epidemiological 

surveillance and personalized HIV infection therapy. 

17. Analysis of HIV-1 subtype distribution and resistance mutations by transmission 

categories and vulnerable groups reveals clearly expressed epidemiological differences 

between populations, requiring targeted prevention and therapy strategies. The highest 

resistance frequency was established among MSM, significantly exceeding that in HET 
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and IDU. Subtype distribution also shows group specificity - subtype B predominates 

in MSM, while CRF01_AE and CRF02_AG are more common in IDU. 

18. Analysis of geographic distribution of HIV-1 subtypes and resistance mutations in 

Bulgaria reveals pronounced regional differences relevant to epidemiological 

surveillance and intervention planning. Nearly half of all cases (47.9%) were registered 

in Sofia, where a higher resistance frequency (29.0%) is also recorded. Subtype 

CRF01_AE is primarily concentrated in Sofia, CRF02_AG dominates in Plovdiv, while 

subtype B is more evenly distributed throughout the country. These differences 

emphasize the need for applying regionally adapted prevention measures and 

epidemiological surveillance. 

19. Analysis of temporal trends in drug resistance dissemination shows relative stability in 

primary resistance frequency during the analyzed period. This attests to the 

sustainability and effectiveness of applied antiretroviral therapeutic protocols and 

emphasizes the importance of continued monitoring for early detection of potential 

changes in resistance profiles. 

V. CLINICAL APPLICATIONS AND PREVENTIVE STRATEGIES 

20. Assessment of the clinical significance of identified drug resistance-associated 

mutations demonstrates direct impact on antiretroviral regimen selection, allowing 

avoidance of drugs with reduced efficacy. The results support the application of a 

personalized therapeutic approach based on genotypic analysis, aimed at increasing 

therapeutic success and limiting further resistance development in Bulgarian clinical 

practice. 

21. Assessment of national practices for monitoring HIV-1 drug resistance confirms the 

implementation of an integrated epidemiological surveillance system based on routine 

genotyping of all newly diagnosed cases, aligned with European standards and 

international recommendations. Based on the analysis, key directions for improving 

prevention strategies through targeted interventions in at-risk populations were 

identified, aimed at limiting secondary transmission of resistant viral variants. These 

results provide a scientifically substantiated framework for developing sustainable, 

evidence-based policies for resistance control and prophylaxis at the national level. 
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CONTRIBUTIONS 

The scientific contributions from the present research are classified into two main 

categories according to their originality and significance for the development of genotyping, 

resistance mutation analysis, and molecular epidemiology research of HIV-1 in Bulgaria. 

 

CONTRIBUTIONS OF ORIGINAL SCIENTIFIC 

CHARACTER 
 

I. MOLECULAR EPIDEMIOLOGY AND GENETIC DIVERSITY 

1. The most comprehensive molecular epidemiological database for HIV-1 in Bulgaria 

was created with analysis of 1,654 pol sequences from a 35-year period (1989-2023), 

representing a fundamental resource for research both nationally and globally. 

2. Exceptional genetic diversity of HIV-1 in Bulgaria was demonstrated with 

documentation of 26 different subtypes, CRFs, and URFs, significantly exceeding 

genetic heterogeneity in some European countries. 

3. Seventy-four unique recombinant forms (URFs) were identified in the pol region, 

including 32 F1B URFs with identical recombinant profiles in the analyzed genetic 

region, suggesting origin from a common ancestor. 

4. The complex molecular chronology and phylogeography of the HIV-1 epidemic in 

Bulgaria were reconstructed through phylodynamic analysis and molecular clock, 

establishing the temporal framework of major subtype introductions and revealing 

numerous independent introductions of individual subtypes - B, C, CRF01_AE, and 

CRF02_AG from different geographic regions worldwide. 

II. ANTIRETROVIRAL RESISTANCE 

5. The first comprehensive national analysis of antiretroviral resistance was conducted on 

1,654 HIV-1 sequences, establishing an overall frequency of 31.4% with differentiated 

profiles for PI (1.7%), NRTI (15.4%), and NNRTI (19.3%). 

6. A controlled epidemic of transmitted resistance was documented with a frequency of 

5.7% in 1,053 treatment-naïve patients, corresponding to WHO criteria for successful 

epidemiological control. 

7. Statistically significant correlations between resistance mutations and demographic 

characteristics were demonstrated, with highest levels in MSM (35.7%) and lowest in 

IDU (13.6%). 

III. TRANSMISSION CLUSTERS, NETWORK ANALYSES, GEOGRAPHIC 

AND DEMOGRAPHIC PATTERNS 

8. A comprehensive methodology for phylogenetic transmission cluster analysis was 

applied using a broad range of bioinformatics tools, including ClusterPicker, 

MicrobeTrace, and BEAST, creating a new standard for molecular epidemiological 

surveillance. 
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9. Active HIV-1 transmission networks were mapped, revealing dominance of MSM-

MSM connections and significant interpopulation MSM-HET connections, providing 

a valuable tool for understanding transmission structures and directing epidemiological 

surveillance. 

10. Phylogenetic transmission clusters were analyzed for all major HIV-1 subtypes, 

revealing subtype-specific patterns of circulating resistance and epidemiological 

dynamics. 

11. Subtype-specific geographic patterns (CRF01_AE concentration in Sofia, CRF02_AG 

dominance in Plovdiv), gender profiles, and transmission categories (MSM, IDU, 

heterosexual transmission) were documented, providing a valuable resource for 

understanding HIV-1 epidemiological dynamics in the country. 

 

CONTRIBUTIONS OF APPLIED SCIENTIFIC 

CHARACTER 
 

I. CLINICAL PRACTICE AND THERAPEUTIC STANDARDS 

12. The national standard for personalized HIV therapy was improved through routine 

genotypic analysis, providing clinicians with current information on patients' resistance 

profiles, supporting individualization of first-line therapy, adaptation upon therapeutic 

failure, and planning of salvage therapeutic regimens. 

II. EPIDEMIOLOGICAL SURVEILLANCE AND PREVENTION SYSTEMS 

13. A scientific basis for improved epidemiological surveillance and targeted preventive 

strategies was provided through data on active transmission clusters and networks 

between risk groups to the Advisory Council on HIV/AIDS and sexually transmitted 

infections, facilitating informed decision-making for interrupting transmission chains. 

14. The effectiveness of national preventive policies was confirmed by demonstrating 

stability of transmitted resistance and identifying key risk connections, providing an 

empirical basis for optimizing preventive programs and adapting interventions in 

different risk groups. 

III. STRATEGIC PLANNING AND HEALTH POLICIES 

15. A scientific foundation for regionally adapted health strategies was provided through 

documentation of geographic differences in subtype distribution and resistance, 

supporting targeted resource allocation and adaptation of therapeutic approaches 

according to regional characteristics. 

16. Data on international phylogenetic connections and migration patterns were provided 

to the Advisory Council on HIV/AIDS and sexually transmitted infections to inform 

cross-border cooperation policies and coordinated preventive actions. 

17. Comprehensive molecular epidemiological data were generated, providing an empirical 

basis for updating the national strategy for HIV/AIDS prevention and control and 

adapting interventions according to established epidemiological trends. 
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IV. SCIENTIFIC CAPACITY AND INTERNATIONAL COOPERATION 

18. Methodological standards for HIV-1 molecular epidemiology were developed, 

establishing Bulgaria as a regional center through publication of unique data and 

documentation of rare epidemiological phenomena. 

19. National expert competencies were built through specialist training, knowledge 

transfer, and creation of sustainable capacity for long-term epidemiological 

surveillance and research. 

CONCLUSION: 

The present scientific contributions represent the most extensive and in-depth virological 

research on HIV-1 in Bulgaria, creating a stable scientific foundation for clinical practice, 

public health, and national policies, while simultaneously enriching international 

understanding of HIV-1 molecular epidemiology in the Southeastern European region. 
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