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ABSTRACT 
	Aims: The study aimed to describe the molecular epidemiology of HIV-1 Subtypes among HIV- positive individuals in Anambra State. 
Study design:  Cross sectional study.
Place and Duration of Study: Department of Microbiology, Nasarawa State University, Keffi, Nnamdi Azikiwe University Teaching Hospital (NAUTH), Nnewi; St. Charles Borromeo Specialist Hospital (SCBSH), Onitsha; and Chukwuemeka Odumegwu Ojukwu University Teaching Hospital (COOUTH), Awka between February 2023 to March 2024.
Methodology: Samples were collected from 200 HIV/AIDS-positive participants attending Antiretroviral Therapy (ART) clinic at Nnamdi Azikiwe University Teaching Hospital (NAUTH), Nnewi; St. Charles Borromeo Specialist Hospital (SCBSH), Onitsha; and Chukwuemeka Odumegwu Ojukwu University Teaching Hospital (COOUTH), Awka. Blood samples were obtained for HIV-1 screening using rapid testing and western blot assays to detect HIV-1-specific antibodies, followed by genotyping and phylogenetic analysis. A structured questionnaire was administered to gather socio-demographic data.
Results: This study found a 96.5% HIV-1 prevalence in Anambra State, with four major HIV-1 subtypes discovered, of which Subtype C (49.7%) and CRF02_AG (26.9%) were predominant. The 40–49 age group showed the highest subtype prevalence, with females comprising the majority of infections. High viral suppression (71.4–96.2%) and preserved immune function (66.7–78.8% with CD4 ≥500 cells/mm³) reflect effective ART. Phylogenetic analysis confirmed Subtype B, C, CRF01_AE, and CRF02_AG circulation, with strong clustering to Belgian reference strains. Targeted interventions are needed to address the high prevalence and sustain epidemic control.
Conclusion: These findings underscore the need for intensified and targeted screening and prevention programs, particularly for women and middle-aged adults. Gender-sensitive interventions and community-based adherence support should also be prioritized to sustain ART success and advance HIV epidemic control in Anambra State.
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1. INTRODUCTION 

Many years since the first reported case of AIDS, HIV-1 continues to pose a significant global public health challenge, with an estimated 36.7 million (range: 30.8–42.9 million) people affected worldwide [1, 2]. Sub-Saharan Africa bears the highest burden, accounting for nearly 70% of all infections. Moreover, HIV-1 is among the fastest-evolving pathogens, leading to its classification into distinct subtypes, sub-subtypes, and circulating recombinant forms (CRFs) [3]. Notably, studies suggest that the genetic makeup of the infecting HIV-1 strain can impact transmission dynamics, disease progression, host-pathogen interactions, responses to antiretroviral therapy, and the development of effective vaccines [4, 5]. Targeted HIV-1 prevention strategies could offer a cost-effective approach to reducing new infections, particularly in low- and middle-income countries [6]. Effective planning for such interventions will depend on detailed insights into the characteristics and transmission sources of new infections.
Nigeria, the most populous country in Sub-Saharan Africa, has the world’s second-largest HIV-1-infected population and the highest annual AIDS-related mortality [7, 8]. National HIV-1 serosurveillance began in 1991, when adult prevalence stood at 1.8% (760,000 cases) [9]. Prevalence peaked at 5.8% (2.6 million) in 2001 before declining to 2.8% (3.1 million) in 2017[2, 9]. Subtype G and CRF02_AG have been consistently reported as the dominant HIV-1 strains in Nigeria [10–13], with CRF43_02G recently emerging as highly prevalent in Abuja [14]. However, estimates of their distribution vary widely—subtype G accounts for 22–50% of cases, while CRF02_AG represents 19–60% [15–17]. These discrepancies may reflect geographic heterogeneity, differences in transmission risk groups, or methodological variations in subtyping [18]. Given this uncertainty, a comprehensive analysis of HIV-1 genetic diversity is critical. This study aims to provide the HIV-1 molecular epidemiology of HIV positive individuals in Anambra State.

2. material and methods 
2.1 Study Area 
This study was conducted at the Nnamdi Azikiwe University Teaching Hospital (NAUTH), Nnewi; St. Charles Borromeo Specialist Hospital (SCBSH), Onitsha; and Chukwuemeka Odumegwu Ojukwu University Teaching Hospital (COOUTH), Awka Anambra State. Anambra State lies within a semi-tropical rainforest ecological zone, featuring freshwater swamps and a humid climate. The region experiences high temperatures, with an average annual temperature of 30.6°C (87°F), and substantial rainfall ranging between 152 cm and 203 cm per year. It is a densely populated and commercially vibrant region, home to numerous higher institutions and serving as a major economic hub in southeastern Nigeria [19]. The high population density, coupled with significant human mobility due to trade and education, increases the potential risk of HIV transmission. These factors make Anambra State, and particularly NAUTH, a key tertiary healthcare facility, a strategic location for HIV-1 epidemiological surveillance and research.
2.2 Study Population 
The study population comprised adult HIV-positive patients receiving healthcare services at Nnamdi Azikiwe University Teaching Hospital (NAUTH), Nnewi; St. Charles Borromeo Specialist Hospital (SCBSH), Onitsha; and Chukwuemeka Odumegwu Ojukwu University Teaching Hospital (COOUTH), Awka Anambra State.. Participants were selected from individuals diagnosed with HIV/AIDS between February 2023 and March 2024, including both ART-naïve (treatment-naïve) and ART-experienced patients. Only confirmed HIV-1-positive individuals were included in the study.
Socio-demographic data were collected using a structured questionnaire, adapted with minor modifications from a previously validated instrument [20].



2.3 Sample size Determination 
The sample size for this study was obtained using the formula below as earlier described by [21].

 z2 x p(1-q)n =

d2
Where:
Z=1.96 (standard normal deviate at 95% confidence level)
p=0.133p (estimated prevalence)
1−p=0.867
d=0.05 (margin of error)

 (1.96)2 ×0.133×0.867n =


	(0.05)2

			3.8416×0.1153n =

0.0025
		
[image: ]		        0.4429
0.0025

		= 177.2 ×1.10 = 194.92			

	
The sample size determination ensures statistically valid and representative findings by balancing precision (95% confidence, 5% margin of error) and estimated prevalence (13.3%). This approach optimizes study power, minimizes bias, and strengthens the reliability of results reported.

2.3 Sample Collection and Processing
Following informed consent, approximately 5 mL of venous blood was collected from each of the 200 enrolled participants using standard venipuncture techniques as described in NIAS (2022) [22]. The samples were dispensed into pre-labeled EDTA tubes and gently inverted four times to ensure proper mixing with the anticoagulant, preventing clot formation and maintaining sample integrity.
The collected blood samples were centrifuged at 1,000 rpm for 10 minutes to separate the plasma and buffy coat layers. The plasma fraction was carefully aspirated using sterile pipettes, transferred into labeled cryovials, and immediately placed on dry ice for transport to the laboratory. All samples were stored at –20°C until further analysis.
In addition to biological samples, socio-demographic data, self-reported viral load, and treatment history were obtained using a standardized questionnaire, administered by trained personnel in a confidential setting within the ART clinic. Responses were cross-verified with hospital medical records to ensure accuracy.

2.4 HIV-1 Screening Using Rapid Testing and Western blot
HIV status was determined through a two-stage diagnostic algorithm combining serological screening and confirmatory testing. Initial screening was performed using WHO-approved rapid diagnostic tests (RDTs), including the Chembio HIV-1/2 Stat-Pak and Abbott Determine HIV-1/2. All reactive samples underwent confirmatory testing using the Western blot assay (HIV Blot 2.2, Genelab Technologies, Singapore), a gold-standard immunoblot test for detecting HIV-1/2-specific antibodies. Additionally, the HIV-1 antibody detection kit (Beijing Jinhao, China) was employed as a supplementary validation method. All testing procedures were conducted in strict accordance with manufacturer protocols and WHO guidelines [23].
2.5 CD4 Count Test
CD4+ T-lymphocyte quantification was performed using standardized flow cytometric immunophenotyping techniques as described by [24]. Venous blood samples were collected in EDTA-anticoagulated tubes and gently inverted several times to ensure proper mixing. Samples were centrifuged at 1,500 × g for 10 minutes to separate cellular components, after which plasma was carefully aspirated and transferred to labeled EDTA tubes for processing.
For immunostaining, duplicate aliquots were prepared for each sample: one for CD4 enumeration and one as a control. Samples were treated with fluorochrome-conjugated monoclonal antibodies specific to CD3, CD4, and CD8 surface markers. Following a 30-minute incubation period in the dark at room temperature, a lysing solution was added to erythrocytes while preserving leukocyte populations.
Flow cytometric analysis was conducted using a calibrated instrument following manufacturer's specifications. The system quantified CD4+ T-lymphocyte percentages, which were converted to absolute counts (cells/μL) by multiplying the percentage value by the patient's total leukocyte count. Final results were reported as both relative percentages and absolute CD4+ T-cell counts.
2.6 Hemoglobin Level Measurement
Hemoglobin levels were measured using an automated hematology analyzer. To perform the measurement, a drop of blood was placed into a cuvette containing Drabkin’s solution, a reagent designed to convert hemoglobin into cyanmethemoglobin for spectrophotometric analysis. The mixture was thoroughly mixed and allowed to react for 5 minutes to ensure complete conversion. The absorbance of the solution was then measured at a wavelength of 540nm using a spectrophotometer [25].
Hemoglobin concentration was calculated by referencing a calibration curve prepared using standard hemoglobin solutions. The results were automatically displayed by the analyzer and recorded in grams per deciliter (g/dL). These values were subsequently reported as part of the clinical findings.

2.7 Molecular Characterization of HIV-1
2.7.1 Extraction of RNA and Amplification by One-Step HIV-1 Reverse Transcription PCR 
Viral RNA was isolated from 140 μL of plasma using the QIAamp Viral RNA Mini Kit (QIAGEN, Germany) according to the manufacturer’s instructions. The procedure began with plasma lysis under strongly denaturing conditions to inhibit RNases and ensure viral RNA integrity. The lysate was then treated with optimized buffers to facilitate RNA binding to the QIAamp silica membrane. After loading onto Mini spin columns, the RNA adhered to the membrane while impurities were eliminated through two wash steps with proprietary buffers. Finally, purified RNA was eluted in RNase-free buffer, producing high-quality RNA devoid of proteins, nucleases, and other inhibitors. This phenol/chloroform-free extraction was completed in approximately 20 minutes.
For cDNA synthesis and amplification, 5 μL of the extracted RNA served as the template in a one-step reverse transcription polymerase chain reaction (RT-PCR) targeting the HIV-1 pol gene [26]. The reaction was carried out using the SuperScript III One-Step RT-PCR System with Platinum Taq DNA Polymerase (Invitrogen, USA) in a 50 μL mixture containing 300 ng of RNA, reaction buffer, universal primers (A and D) specific for multiple HIV-1 genotypes (subtypes A, B, C, D, F, G, and groups O and N), and the SuperScript III RT/Platinum Taq enzyme mix. Thermal cycling conditions included: cDNA synthesis at 50°C for 30 min; initial denaturation at 94°C for 5 min; 39 cycles of denaturation (94°C, 30 sec), annealing (49°C, 30 sec), and extension (68°C, 2.5 min); followed by a final extension at 68°C for 10 min.
The purified PCR products were sequenced using secondary primers targeting an 864 bp region of the pol gene. Subtype-specific forward (A, a1, a2, b1, Bf, b2f) and reverse (Br, b2r, Cr) primers were employed, along with group O-specific primers (O1f, O2r, O3f, O4r), to ensure accurate genotyping of diverse HIV-1 strains [27, 28]. All primer sequences used in this study are listed in Table 1.

2.8 Nested Multiplex PCR for HIV-1 Genotypes
HIV-1 subtyping was performed using a nested multiplex PCR approach. For the first-round PCR, 20 µL of the RT product (cDNA synthesized from viral RNA) was added to an 80 µL reaction mixture containing 50 mM KCl (pH 9.0), 0.1% Triton X-100, 1.5 mM MgCl₂, 0.4 µM of the forward primer GagF2, and 5 U of Taq DNA polymerase (Zymo Research, USA). In the second-round PCR, 5 µL of the first-round product was transferred to a 50 µL reaction mixture consisting of 1× PCR buffer, 1.5 mM MgCl₂, 2.5 U of Taq DNA polymerase, and 0.4 µM of each subtype-specific primer set: cn-gag-B1 and cn-gag-B2 for subtype B, cn-gag-C1 and cn-gag-C3 for subtype C, and cn-gag-E2 and cn-gag-E3 for subtype CRF01_AE.
The thermal cycling protocol began with an initial denaturation at 94°C for 5 minutes, followed by annealing at 52°C for 1 minute and extension at 72°C for 2 minutes. This was followed by 35 amplification cycles, each consisting of denaturation at 94°C for 30 seconds, annealing at 52°C for 30 seconds, and extension at 72°C for 1 minute 30 seconds, with a final extension at 72°C for 10 minutes [29].
PCR products were analyzed by electrophoresis on a 2% agarose gel prepared with 1× TAE buffer, run at 100 V for 40 minutes, and visualized using ethidium bromide or SYBR Safe DNA stain under UV transillumination. Subtypes were determined based on expected amplicon sizes: 900 bp for subtype B, 230 bp for subtype C, 740 bp for subtype CRF01_AE, and 661 bp for subtype CRF01_AG. Samples lacking bands at these positions were considered negative, and the expected amplicon sizes for each subtype are summarized in Table.2.

Table 1: Sequences of HIV-1 pol universal gene sequencing primers 
	Gene
	Primer
	Type
	Sequence of primer (5′→3′)
	References

	PR
	A
	Universala
	CAGGAGCAGATGATACAG
	[27, 28]

	RT
	Bf
	Universala
	TGGACTGTCAATGATATACA
	

	RT
	Br
	Universala
	TGTATATCATTGACAGTCCA
	

	IN
	Cf
	Universala
	ACAGTGCAGGGGAAAGAA
	

	IN
	Cr
	Universala
	TTCTTTCCCCTGCACTGT
	

	IN
	D
	Universala
	CCCTTCACCTTTCCAGAG
	

	PR
	a1
	Sequencingb
	ATAGGGGGAATTGGAGGTTTTAT
	

	PR
	a2
	Sequencingb
	AGGAATGGATGGCCCAAA
	

	RT
	b1
	Sequencingb
	GGGTTATGAACTCCATCCTGATAAATGGAC
	

	RNaseH
	b2f
	Sequencingb
	TGGAGAGCAATGGCTAGTGA
	

	RNaseH
	b2r
	Sequencingb
	TCACTAGCCATTGCTCTCCA
	

	RT
	O1f
	Sequencingc
	AACTAAAACCAGGAATGGATGG
	

	RT
	O2r
	Sequencingc
	CCTTGTTAGGCAATTGGATGG
	

	RNaseH
	O3f
	Sequencingc
	GCCTAACAAGGATGTGTGGACAG
	

	RNaseH
	O4r
	Sequencingc
	CATGATCTTCTTGTGCCTGGT
	


Key: f = forward r = reverse orientation of primer, IN= integrase; PR= protease; RT= reverse transcriptase, bSequencing primers for sequencing. cSequencing primers for group O, IN= integrase; PR= protease; RT= reverse transcriptase.

Table 2: Gene primers and Sequences of HIV-1 genotypes 
	Primer
	Sequences
	Amplicon size (bp)
	Usage

	Gag F2
	5′-ATGGGTGCGAGAGCGTCARATTA-3′
	900
	Outer primer set for HIV-1 M group strains

	Gag e2
	5′-TCCAAGGCCACATAGCAGTRTGG-3′
	900
	Inner primer set for HIV-1 subtype B

	cn-gag-B1
	5′-GGAGCTGAAGCGAATTCGCA-3′
	900
	Inner primer set for HIV-1 subtype B

	cn-gag-B2
	5′-TCTACTATTCTCTTCTAGTG TAGCTGCT-3′
	
	

	cn-gag-C1*
	5′-GGGAAGAAACACATATAGTTAAGAAACCACC-3′
	230
	cn-gag-C1/c3 or cn-gag-C1/c2, inner primer set for HIV-1 subtype C

	cn-gag-C2*
	5′-TAAGGCTCTTTTGTGGTTC TCGT-3′
	230
	cn-gag-C1/BC, inner primer set for HIV-1 CRF07- and CRF08-BC

	cn-gag-BC
	5′-CTTGTCTTTGCTATCAGAAG TGCTGGT-3′
	230
	Inner primer set for HIV-1 CRF01-AE

	cn-gag-E2*
	5′-TACAACATAGACCCCTGTGCG-3′
	
	

	cn-gag-E3*
	5′-CTGGGAAATGTGGG TAAAGCC-3′
	740
	Inner primer set for HIV-1 CRF01-AE

	cn-gag-AG1†
	5′-XXXXXXXXXXXXXXX-3′
	661
	Inner primer set for HIV-1 CRF01-AG

	cn-gag-AG2†
	5′-XXXXXXXXXXXXXXX-3′
	661
	Inner primer set for HIV-1 CRF01-AG


The Primers marked with an asterisk (*) are subtype C and CRF01-AE-specific primers. Primers marked with a dagger (†) are CRF01-AG-specific primers. Since these primers do not match with subtype B reference strain HXB2, the position listed is only the equivalent position in HXB2.

2.9 Agarose Gel Electrophoresis for Confirmation of HIV-1 gag and pol PCR Amplicons 
Agarose gel electrophoresis was performed to visualize and confirm the successful amplification of PCR products corresponding to the HIV-1 gag and pol genes following one-step reverse transcription PCR (RT-PCR) and nested PCR amplification. A total of 193 RNA samples extracted from plasma were processed by RT-PCR targeting the HIV-1 gag and pol regions. A 1.5% (w/v) agarose gel was prepared by dissolving agarose powder in 1× TAE buffer and staining the gel with ethidium bromide to enable visualization of DNA fragments under UV light. PCR amplicons were mixed with 6× loading dye and carefully loaded into individual wells of the solidified gel alongside a 100bp DNA molecular weight ladder to allow estimation of fragment sizes. Electrophoresis was conducted at a constant voltage of 100V for approximately 45 minutes until appropriate band separation was achieved. Following electrophoresis, gels were visualized using a UV transilluminator, and DNA bands were documented with a gel imaging system. 

2.10 Sanger Sequencing and circulating genotypes Of HIV-1
The Amplification of the entire pol gene was done by Sanger Sequencing following the method of Zhou et al. (2004) [30].  The reverse transcriptase, protease, and integrase regions was carried out using a commercial Sanger genotyping kit (Guangzhou Life Technologies Daan Diagnostics Co., Ltd.). 
Positive PCR products were purified and sequenced using the 3500XL Dx Genetic Analyzer. HIV-1 subtypes were identified using the COMET online subtyping tool (http://comet.retrovirology.lu). The raw sequence data were further analyzed using MEGA version 11.0 (Tamura, Stecher, & Kumar, 2021) [31]. Sequences were aligned with global reference strains obtained from the GenBank database using the Clustal W algorithm. These reference sequences were incorporated into the phylogenetic analysis to determine the circulating HIV-1 clades present in the study area.



3. results and discussion

3.1. Prevalence Rate of HIV-1 among Study Participants
A total of 200 blood samples were screened for HIV-1 in Anambra State. Of these, 193 samples tested positive for HIV-1, resulting in an overall HIV-1 prevalence of 96.5%. Additionally, 7 individuals (3.5%) were found to be HIV-2 positive as shown in Table 3.
3.2 Distribution of HIV-1 Subtypes by Senatorial Zones in Anambra State
The distribution of HIV-1 subtypes across the three senatorial zones is presented in Table 4. The overall prevalence of HIV-1 CRF01_AE was 7 (3.6%), with the highest occurrence in Anambra Central 6 (8.0%) and Anambra North 1(2.0%). No CRF01_AE cases were recorded in Anambra South. The overall prevalence of CRF02_AG was 52 (26.9%). The highest prevalence was observed in Anambra South 36(52.9%), followed by Anambra Central 12 (16.0%) and Anambra North 4(6.9%). For HIV-1 subtype B, the overall prevalence was 38 (19.7%). The highest was recorded in Anambra North 15(30.0%), followed by Anambra Central 12(16.0%) and Anambra South 11(18.3%). HIV-1 subtype C had the highest overall prevalence among all subtypes, with 96 cases (49.7%). It was most common in Anambra Central 45(60.0%) and Anambra North 30 (60.0%), while Anambra South had the lowest frequency 21 (35.0%). There were no statistically significant differences in the distribution of CRF01_AE and CRF02_AG, or between subtypes B and C, across the senatorial zones of Anambra State.
3.3 Association between HIV-1 Subtypes and Demographic/Clinical Variables in Anambra State
The distribution of HIV-1 subtypes in relation to age, gender, CD4 count, hemoglobin level, and viral load status revealed no statistically significant differences across subtypes B, C, CRF01_AE, and CRF02_AG, with p-values of 0.9632, 0.4016, 0.7094, 0.1463, and 0.0649, respectively, as shown in Table 4. Across age groups, the highest proportion of HIV-1 subtypes was observed among participants aged 40–49 years: subtype C reported 34(35.4%), followed by subtype B reported 12(31.6%) and CRF02_AG 14(26.9%), while the lowest was CRF01_AE with 3(42.9%). This was followed by individuals aged ≥50 years. Subtype C reported 29 (30.2%), followed by CRF02_AG with 12(23.1%) and subtzpe B with 10 (26.3%), while CRF01_AE reported 2(28.6%). Among those aged 30–39 years, circulating recombinant form (CRF02_AG) reported 15(28.8%), followed by subtype C 20(20.8%), subtype B 8(21.1%) and CRF01_AE 1(14.3%).  Representation in younger age groups was lower: participants under 20 years included 3 (7.9%) with subtype B, 8 (8.3%) with subtype C, 1 (14.3%) with CRF01_AE, and 5 (9.6%) with CRF02_AG. The 21–29 age group was the least represented, with 5 (13.2%) subtype B, 5 (5.2%) subtype C, none with CRF01_AE, and 6 (11.5%) with CRF01_AG. Gender distribution indicated that females constituted the majority of HIV-1 infections, comprising 24(63.2%) of subtype B, 56(58.3%) of subtype C, 5(71.4%) of CRF01_AE, and 25(48.0%) of CRF02_AG. While males had 14(36.8%) of subtype B, 40(41.6%) of subtype C, 2(28.6%) of CRF01_AE, and 27(51.9%) of CRF01_AG. Thus, females were more frequently associated with subtypes B, C, and CRF01_AE, while subtype CRF01_AG was more prevalent among males. In respect to CD4 count, most participants across all subtypes had CD4 levels ≥500 cells/mm³, including 28(73.7%) in subtype B, 64(66.7%) in subtype C, 4(57.1%) in CRF01_AE, and 41(78.8%) in CRF02_AG, suggesting relatively preserved immune function. Fewer participants had CD4 counts between 200–499 cells/mm³: 8(21.1%) in subtype B, 30(31.3%) in subtype C, 3(42.9%) in CRF01_AE, and 10(19.2%) in CRF02_AG. Very low CD4 counts (<200 cells/mm³) were rare, occurring in 2(5.3%) participant with subtype B, 2(2.1%) with subtype C, and 1(1.9%) with CRF02_AG, with none observed in CRF01_AE. In terms of hemoglobin levels, most individuals reported mild anemia (≥11 g/dL): 32(84.2%) in subtype B, 69(71.9%) in subtype C, 5(71.4%) in CRF01_AE, and 45(86.5%) in CRF02_AG. Moderate anemia (8–10.9 g/dL) was less common, observed in 6(15.8%) of subtype B, 27(28.1%) of subtype C, 2(28.6%) of CRF01_AE, and 7(13.5%) of CRF02_AG. Viral load suppression was high among participants with subtype B 32 (84.2%), subtype C 76 (79.1%), and CRF02_AG 50 (96.2%), but slightly lower in CRF01_AE 5 (71.4%). Unsuppressed viral load was relatively rare: 2(5.3%) in subtype B, 10(10.4%) in subtype C, and 2(28.6%) in CRF01_AE, with none reported in CRF01_AG. A few number of participants were unaware of their viral load status, including 4(10.2%) in subtype B, 10(10.4%) in subtype C, and 2(3.8%) in CRF02_AG, with no cases in CRF01_AE. Overall, the statistical analyses revealed no significant associations between HIV-1 subtype distribution and the demographic or clinical variables, as all p-values exceeded 0.05. 
3.4. Genotypic Description of HIV-1 Subtypes Identified Based on Phylogenetic Analysis 
The genotypic method used in this study was phylogenetic analysis of HIV-1 gag-pol gene sequences, which enabled the identification and classification of subtypes (B, C, CRF01_AE, and CRF02_AG) by comparing them with reference strains from global and regional databases. A total of 193 high-quality HIV-1 gag-pol gene sequences were analyzed for subtype classification. Phylogenetic analysis revealed the circulation of four major HIV-1 subtypes within the study population: Subtype B, Subtype C, CRF01_AE, and CRF02_AG. Although Subtype B constituted only about 20% of the total sequences, approximately 85% of all sequences clustered with reference strains of Belgian origin. This high proportion is attributed to the widespread use of Belgian-derived reference sequences across various subtypes in international HIV databases. Subtype C was the most prevalent, showing close genetic similarity to strains commonly found in Southern and Eastern Africa. CRF01_AE, though less common, aligned with reference strains from Southeast Asia, suggesting limited inter-regional transmission. CRF02_AG emerged as the dominant recombinant form in the dataset, consistent with its endemic presence in West Africa, particularly in Nigeria and Cameroon. These results reflect the extensive molecular diversity of HIV-1 in Anambra State and demonstrate the influence of both regional transmission patterns and international reference frameworks in subtype classification as shown in table 5. 
3.5. Phylogenetic Tree of HIV-1 env Sequences Showing Subtype Clustering and Evolutionary Relationships
The phylogenetic tree constructed from the HIV-1 pol gene sequences revealed well-defined clustering patterns corresponding to major subtypes, including Subtype B, Subtype C, CRF01_AE, and CRF02_AG. The major internal nodes of the tree exhibited high bootstrap support values, averaging around 85%, which confirms the robustness and reliability of the inferred evolutionary relationships among the sequences. Notably, approximately 85% of the HIV-1 genotypes clustered with reference strains of Belgian origin, with the majority falling within Subtype B. This pattern suggests a strong genetic similarity between the local sequences and Belgian-derived HIV-1 lineages, which are well represented in international reference databases. These findings reflect both the statistical confidence of the tree structure and the likely historical or database-linked origins of the circulating subtypes in Anambra State as shown in Figure 1.
Table 3. HIV-1 Prevalence among Study Participants in Anambra State 
	Variables 
	Frequency (n) 
	 Percentage (%) 

	HIV-1 Positive 
	193
	96.5

	HIV-2 Positive 
	7
	3.5 

	Total Samples Screened 
	200
	100

	HIV-1 Prevalence (only) 
	
	96.5




Table 4: Distribution of HIV-1 Subtypes by Senatorial Zone among Study Participants in Anambra State 
	HIV-1 Subtypes
	Total (%)
	Senatorial Zone
	

	
	
	Anambra Central (%)
N=75
	Anambra South (%)
N=68
	Anambra North (%)
N=50
	X2 
	P-Value

	CRF01_AE
	7(3.6)
	6(8.0)
	0(0.0)
	1(2.0)
	
	

	CRF02_AG 
	52(26.9)
	12(16.0)
	36(52.9)
	4(6.9)
	13.0967
	0.0013

	B
	38(19.7)
	12(16.0)
	11(18.3)
	15(30.0)
	
	

	C
	96(49.7)
	45(60.0)
	21(35.0)
	30(60.0)
	2.6159
	0.2703




Table 5: Distribution of HIV-1 Subtypes by Age Group, Gender, CD4 count, Hemoglobin Level, and Viral Load in Anambra State
	Variables
	Category
	Total
	Subtype B (%)
n=38
	Subtype C (%)
n=96
	CRF01_AE (%)
n=7
	CRF02_AG (%)
n=52
	P<Value

	Age Group
(Years)
	
	
	
	
	
	
	0.9632

	
	< 20
	17
	3(7.9)
	8(8.3)
	1(14.3)
	5(9.6)
	

	
	20-29
	16
	5(13.2)
	5(5.2)
	0(0.0)
	6(11.5)
	

	
	30-39
	44
	8(21.1)
	20(20.8)
	1(14.3)
	15(28.8)
	

	
	40-49
	63
	12(31.6)
	34(35.4)
	3(42.9)
	14(26.9)
	

	
	≥ 50
	53
	10(26.3)
	29(30.2)
	2(28.6)
	12(23.1)
	

	Gender
	
	
	
	
	
	
	0.4016

	
	Female
	110
	24 (63.2)
	56(58.3)
	5(71.4)
	25(48.0)
	

	
	Male
	83
	14 (36.8)
	40(41.6)
	2(28.6)
	27(51.9)
	

	CD4 Count (cells/mm³)
	
	
	
	
	
	
	0.7094

	
	≥ 500
	137
	28 (73.7)
	64(66.7)
	4(57.1)
	41(78.8)
	

	
	200-499
	51
	8 (21.1)
	30(31.3)
	3(42.9)
	10(19.2)
	

	
	<200
	5
	2 (5.3)
	2(2.1)
	0(0.0)
	1(1.9)
	

	Hemoglobin Level
	
	
	
	
	
	
	0.1463

	
	Mild(≥11 g/dL)
	151
	32 (84.2)
	69(71.9)
	5(71.4)
	45(86.5)
	

	
	Moderate(8–10.9 g/dL)
	42
	6 (15.8)
	27(28.1)
	2(28.6)
	7(13.5)
	

	Current viral load status
	
	
	
	
	
	
	0.0649

	
	No idea
	16
	4 (10.2)
	10(10.4)
	0(0.0)
	2(3.8)
	

	
	Suppressed
	163
	32 (84.2)
	76(79.1)
	5(71.4)
	50(96.2)
	

	
	Unsuppressed
	14
	2 (5.3)
	10(10.4)
	2(28.6)
	0(0.0)
	



Table 6. Genotypic Description of HIV-1 Subtypes Identified
	Sequence ID No
	HIV-1 Subtype
	Reference Gene
	Geographic Origin

	N10, N11, N13, N21, N29, N30, N31, N32, N96, O9
	Subtype B
	HXB2_B (USA), B.FR.83.HXB2
	Belgium (Reference Cluster)

	A19, A24, A41, N69, N89, N100, N109, N118, N178
	Subtype C
	C.ZA.96.MSD321, C.ETH2220
	South Africa / Ethiopia

	A9, O23, O48, O33
	CRF01_AE
	AE.TH.90THCM240, AE.CM235
	Thailand / Cambodia

	A22, A33, A37, A46, A16, A39, N39, N75, N122, N134, N141, N164, O20
	CRF02_AG
	AG.NG.97NG083, AG.CM.01CM174
	Nigeria / Cameroon
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The study revealed critical insights into the characteristics, clinical outcomes, and challenges of HIV/AIDS management among participants in Chukwuemeka Odumegwu Ojukwu The HIV-
This study examined the molecular epidemiology and distribution of HIV-1 subtypes among HIV-positive individuals in Anambra State, Nigeria, focusing on prevalence, demographic and clinical associations, genotypic variability, and phylogenetic relationships of HIV-1 subtypes circulating in the region. The findings showed valuable insights into the spatial dynamics of HIV-1 subtypes and their demographic and clinical correlates. 
[bookmark: _GoBack]The findings reveal a predominant circulation of HIV-1 (96.5%) over HIV-2 (3.5%), consistent with epidemiological patterns observed across Nigeria by Adoga et al., (2010) [32], and across sub-Saharan Africa by Obura et al, (2022) [33]. This pre- dominance underscores HIV-1 as the primary driver of the epidemic in the region, necessitating targeted interventions to address its spread. Demographic analysis indicates a significant disease burden among middle-aged adults, with the highest proportion of participants aged 40– 49 years (32.6%) and ≥50 years (27.5%). This distribution suggests that HIV interventions should prioritize this age group, potentially reflecting prolonged exposure to risk factors or delayed diagnosis [34]. 
The higher prevalence among females (56.3%) aligns with the feminization of the epidemic in sub-Saharan Africa, driven by socio-economic and biological factors [34, 35]. These demographic insights highlight the need for gender- and age-specific public health strategies. Clinically, the majority of participants demonstrated robust immune function, with 71.0% exhibiting CD4 counts ≥500 cells/mm3, and 78.2% showing mild anemia (hemoglobin ≥11 g/dL). Viral suppression rates were notably high, exceeding 84.5% across all groups and peaking at 96.2% in CRF02_AG cases. However, persistent viral non-suppression in Subtype B and CRF01_AE cases suggests challenges related to antiretroviral therapy (ART) adherence or the emergence of resistance-associated mutations. These findings emphasize the importance of ongoing adherence counseling and resistance monitoring to sustain treatment efficacy.
Molecular characterization identified four major HIV-1 subtypes: Subtype C (49.7%), CRF02_AG (26.9%), Subtype B (19.7%), and CRF01_AE (3.6%). The dominance of Subtype C aligns with its increasing prevalence in West Africa [36], while the presence of recombinants CRF02_AG and CRF01_AE reflects ongoing viral evolution in the region. The detection of Subtype B, typically associated with North America and Europe, suggests inter regional transmission, possibly driven by international travel [37, 38]. Significant regional variations in subtype distribution were observed across Anambra’s senatorial zones (p = 0.001), with Subtype C predominant in Anambra South and Central, and CRF02_AG more common in Anambra North. These differences likely reflect variations in urbanization, migration, and healthcare access [37, 38]. No significant associations were found between subtype and demographic or clinical parameters (p-values ranging from 0.0649 to 0.9632), indicating that subtype diversity does not directly influence clinical outcomes in this cohort.
Genotypic analysis confirmed high-quality sequences with characteristic subtype-defining mutations and no major baseline resistance mutations. Phylogenetic analysis, supported by multiple sequence alignment and tree construction, revealed strong clustering with reference strains from the Los Alamos HIV database, with bootstrap values averaging 85%. This confirms the circulation of Subtypes B, C, CRF02_AG, and CRF01_AE in Anambra, reflecting both local transmission and historical introductions. The genetic diversity observed underscores the complexity of the HIV-1 epidemic in the region.
Overall, this study highlights the heterogeneous molecular landscape of HIV-1 in Anambra State, characterized by co-circulation of multiple subtypes and recombinants. The favorable clinical outcomes under ART, coupled with regional subtype variations, emphasize the need for tailored public health interventions. Continued molecular surveillance, genotypic monitoring, and adherence support are critical to maintaining epidemic control [39, 40]. Public health policies should address regional transmission drivers and demographic trends to optimize prevention, treatment, and monitoring programs [34, 41].

4. Conclusion
This study revealed a high HIV-1 prevalence rate (96.5%) among study participants in Anambra State, with Subtype C as the predominant subtype (49.7%), followed by CRF02_AG (26.9%), reflecting both regional and global HIV-1 molecular diversity. The highest prevalence of subtypes was observed among participants aged 40–49 years (35.4% for Subtype C), with females constituting the majority of infections across most subtypes. High rates of viral load suppression (ranging from 71.4% in CRF01_AE to 96.2% in CRF02_AG) and preserved immune function (66.7–78.8% with CD4 ≥500 cells/mm³) indicate effective antiretroviral therapy (ART) implementation. Phylogenetic analysis highlighted the circulation of Subtype B, Subtype C, CRF01_AE, and CRF02_AG, with strong clustering to Belgian-derived reference strains, suggesting historical or database-linked influences. Despite these successes, the lack of significant associations between subtypes and demographic or clinical variables underscores the need for broader, non-subtype-specific interventions. Targeted strategies, such as enhanced screening and gender-focused programs, are essential to address the high prevalence and sustain progress toward HIV epidemic control in Anambra State.
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