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ABSTRACT 

	Aims: This study investigated lamivudine resistance polymorphism in HBV among pregnant women attending Secondary Healthcare facilities in Nasarawa State, Nigeria.
Study design:  Cross sectional study.
Place and Duration of Study: Department of Microbiology, Nasarawa State University, between December 2024 and June 2025.
Methodology: A total of 15 seropositive samples of pregnant women attending the secondary Health facilities in Nasarawa State, Nigeria were collected and HBV genotypes and lamivudine resistance gene were detected using polymerase chain reaction (PCR) method. The polymorphism in lamivudine resistance in HBV was detected using Restriction fragment length polymorphism (RFLP).	Comment by patricia gita: I suggest improving the sentence structure for better readability; splitting it into two sentences might help.
Results: The prevalence of HBV genotype E (7, 58.3%) was found to be higher than genotype A (1, 8.3%). Most notably, 5(83.3%) of the HBV resistance to lamivudine were due to YMDD without substitution of the amino acid while 1(16.7%) of the HBV resistance to lamivudine was due to YvDD variant as a result of the substitution of the methionine with valine. Hepatitis B Virus genotype E was more prevalent among the pregnant women in the study area. In addition, the virus was carrier of YMDD mutation in the lamivudine resistance gene.	Comment by patricia gita: This part may not be necessary, as it seems to repeat information already mentioned above.
Conclusion: The high prevalence of genotype E and alarming rates of lamivudine-resistant HBV strains among pregnant women highlight an urgent need to update clinical guidelines by adopting high-barrier antiviral drugs and implementing routine genotyping and resistance testing to ensure effective prophylaxis.	Comment by patricia gita: It might be better to replace the word “alarming” with a more commonly used and neutral term.
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1. INTRODUCTION 	Comment by patricia gita: I recommend explicitly highlighting the novelty of this study in the introduction.

Hepatitis B Virus (HBV) represents a significant and persistent global health challenge, particularly in regions of high endemicity [1, 2]. Mother-to-child transmission (MTCT) is a primary route of infection, with an estimated 65 million women of reproductive age living with HBV worldwide. Alarmingly, approximately 90% of infected mothers transmit the virus to their children during birth, establishing a cycle of chronic infection [3].	Comment by patricia gita: Could you please double-check whether the margins follow the journal’s author guidelines? They appear not to.
This burden is disproportionately high in Africa, where prevalence rates range from 7% to 26%, with the highest concentrations found in Sub-Saharan Africa [2, 4, 5]. In these endemic settings, MTCT accounts for nearly half of all chronic HBV infections, which are strongly associated with high adult mortality when acquired at birth or in early childhood [6]. The consequences of infection are severe, potentially leading to maternal complications such as coagulation defects, postpartum hemorrhage, and organ failure, as well as adverse neonatal outcomes including stillbirth, neonatal death, and progressive liver disease [7].
Despite the availability of effective preventive measures, including vaccination and antiviral therapy, the prevalence of HBV among pregnant women in Sub-Saharan Africa has remained stable at 5–8% for years [8, 9]. This stagnation suggests a critical gap in early intervention strategies.
HBV is genetically diverse, classified into ten major genotypes (A-J) with distinct geographical distributions [10, 11]. While genotype C is prevalent in the Asia-Pacific region [12, 13], genotypes E and A are dominant in Nigeria [11, 14]. However, the phylogenetic relationship between these circulating genotypes and their associated antiviral resistance profiles remains poorly characterized, particularly within the vulnerable demographic of pregnant women.	Comment by patricia gita: It would strengthen the introduction to include an explanation of the YMDD and YVDD mutations.
Therefore, this study aims to investigate the genetic variability and antiviral resistance profiles of HBV isolates from pregnant women attending antenatal care facilities in Nasarawa State, Nigeria. 	Comment by patricia gita: It would be helpful to clarify the research objective: is the study focused on identifying lamivudine resistance polymorphisms in HBV, or on identifying genotype variations in the samples? The objective in the abstract seems different from what is stated in the introduction.

2. material and methods 
2.1 Blood collections 	Comment by patricia gita: Please include the ethical clearance number in the manuscript, as this is required.
A total of 15 HBV-seropositive blood samples from pregnant women were analyzed in this study. These samples were obtained from a previous study conducted by Agondo et al., 2025 [15] at antenatal care centers in secondary healthcare facilities within Nasarawa State, Nigeria. Following collection, the samples were stored at -80°C until DNA extraction.	Comment by patricia gita: It would be useful to describe any inclusion criteria used for selecting the study samples.
2.2 DNA Extraction	Comment by patricia gita: Methods that follow standard kit protocols (e.g., DNA extraction) do not need to be described in detail. Similarly, for nested PCR, it is not necessary to list the full reaction mix. Instead, please describe the primers used and the amplification conditions. It would also be helpful to explain what is meant by semi-nested PCR.
Genomic DNA was extracted from the blood samples using the Quick-DNA Miniprep Plus Kit (Zymo Research, supplied by Inqaba West Africa) according to the manufacturer's instructions, with modifications for dried blood spot (DBS) elution. Briefly, dried blood spot papers were immersed in buffer and vortexed. A 400 µL aliquot of this buffer was transferred to a 1.5 mL microcentrifuge tube. Then, 20 µL of Proteinase K and 400 µL of Biofluid (Red) Solution were added to the tube, mixed, and incubated at 55°C for 20 minutes. Following incubation, 420 µL of Genomic Binding Buffer was added and mixed thoroughly by vortexing.
The mixture was loaded into a Zymo-Spin IIC-XLR column seated in a collection tube and centrifuged at 12,000 × g for 1 minute. The flow-through was discarded. The column was placed in a new collection tube, and 400 µL of DNA Pre-Wash Buffer was added before centrifuging at 12,000 × g. This was followed by the addition of 500 µL of DNA Wash Buffer and another centrifugation step at 12,000 × g. The column was transferred to a clean 1.5 mL microcentrifuge tube, and DNA was eluted by adding 50 µL of DNA Elution Buffer directly to the column matrix, followed by a final centrifugation at maximum speed for 1 minute. The eluted DNA was stored at -20°C for subsequent quantification and amplification.

2.3 DNA Quantification
DNA concentration and purity (A260/A280 ratio) were assessed using a NanoDrop 1000 spectrophotometer. Following a blank measurement with normal saline, 2 µL of each extracted DNA sample was loaded onto the pedestal for measurement.
2.4 HBV Genotyping by Semi-Nested Polymerase Chain Reaction
HBV genotyping was performed by semi-nested polymerase chain reaction (PCR) on an ABI 9700 thermocycler, using primers listed in Table 1.
The primary (Nest 1) PCR was performed in a 30 µL reaction volume containing 2X master mix, 0.2 µM of each forward and reverse primer, approximately 30 ng of template DNA, and nuclease-free water. The thermocycling conditions were: 30 cycles of denaturation at 94°C for 20 s, annealing at 55°C for 20 s, and extension at 72°C for 1 minute.
For the secondary (Nest 2) PCR, each sample was amplified in two separate reactions: Mix A: Targeting genotypes A–F, using a common universal sense primer (B2) and Mix A primers.	Comment by patricia gita: Could you clarify which primer is specific for distinguishing genotypes A–J, and indicate the gene being amplified?
Mix B: Targeting genotypes D–F, using a common universal antisense primer (B2R) and Mix B primers.
Each 2 µL aliquot of the Nest 1 product was added to a new tube containing the respective inner primer pairs, 2X master mix, and water. The thermocycling protocol for Nest 2 consisted of an initial denaturation at 95°C for 10 min; 20 cycles of 94°C for 20 s, 58°C for 20 s, and 72°C for 30 s; followed by 20 final cycles of 94°C for 20 s, 60°C for 20 s, and 72°C for 30 s.
PCR amplicons were resolved by electrophoresis on a 1.5% agarose gel at 120 V for 20 minutes and visualized under a gel documentation system. HBV genotypes were determined based on the presence of genotype-specific band sizes.

2.5 Detection of Lamivudine Resistance by RFLP-PCR
The lamivudine resistance-associated region of the HBV polymerase gene was amplified by PCR using specific primers HB3F (5’-GCCAAGTCTGTACAACATCTTGAG-3’) and HB3R (5’-AGTTGGCGAGAAAGTGAAAGCCTG-3’).
Reactions were performed on an ABI 9700 thermal cycler (Applied Biosystems) in a 30 µL volume containing 2X DreamTaq Green Master Mix (Taq polymerase, dNTPs, MgCl₂; Inqaba Biotec, South Africa), 0.5 µM of each primer, and template DNA.
The thermocycling protocol consisted of: Initial denaturation: 95°C for 5 min, 35 cycles of: Denaturation, 95°C for 30 s, Annealing: 52°C for 30 s, Extension: 72°C for 30 s, Final extension: 72°C for 5 min. The resulting amplicons were digested with the restriction endonuclease FokI (Jardi et al., 1999) [16] to identify resistance-associated mutations. Digestion was carried out in a 20 µL reaction volume by incubating the PCR product with the enzyme at 55°C for 1.5 hours.	Comment by patricia gita: Please explain in more detail the FokI restriction site used in the method.
The digested products were resolved by electrophoresis on a 1% agarose gel at 130 V for 30 minutes and visualized using a blue light transilluminator. The presence of lamivudine resistance was determined by analyzing the resulting restriction fragment length polymorphism (RFLP) pattern.

Table 1: List of primers used for the amplification of the s gene of Hepatitis B Virus
	
	First PCR 

	Nest I
	P1b: 5-TCA CCA TAT TCT TGG GAA CAA GA-3

	
	S1-2: 5-CGA ACC ACT GAA CAA ATG GC-3

	
	Second

	Nest II
	 PCR Mix A 

	
	B2: 5-GGC TCM AGT TCM GGA ACA GT-3

	
	 BA1R: 5-CTC GCG GAG ATT GAC GAG ATG T-3

	
	BB1R: 5-CAG GTT GGT GAG TGA CTG GAG A-3 

	
	BC1R: 5-GGT CCT AGG AAT CCT GAT GTT G-3

	
	Mix B 

	
	BD1: 5-GCC AAC AAG GTA GGA GCT-3 

	
	BE1: 5-CAC CAG AAA TCC AGA TTG GGA CCA-3


(Naito et al., 2001) [17]

3. results and discussion
3.1 Prevalence of Hepatitis B Virus Genotypes
HBV genotyping via PCR was successful in 12 out of 15 samples. Genotype E was the most prevalent, identified in 7 samples (58.3%), followed by genotype A in 5 samples (41.7%). No other genotypes were detected. Representative results are shown in Plate 1, and the prevalence is summarized in Figure 1.

3.2 Genetic Variability Associated with Lamivudine Resistance
The presence of the HBV polymerase gene region (HB3) associated with lamivudine resistance was detected by PCR in genotyped, seropositive samples (Figure 2). This gene was amplified in 6 out of 8 samples tested, yielding a prevalence of 75.0%.
To identify specific resistance mutations, the HB3 amplicons were subjected to Restriction Fragment Length Polymorphism (RFLP) analysis using the FokI restriction enzyme (Plate 3). The RFLP patterns revealed that the majority of resistance cases (5 out of 6; 83.3%) were not linked to the classic YMDD motif mutation. In one sample (1 out of 6; 16.7%), resistance was conferred by a YMDD mutation, specifically a substitution of methionine (M) with valine (V), resulting in a YVDD variant (Figure 3).
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Figure 1: Prevalence of Hepatitis B Virus genotypes among pregnant women
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Figure 2: Prevalence of Lamivudine Resistance gene (HB3) in Hepatitis B Virus
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Figure 3: Prevalence of Lamivudine Resistance (HB3) variants in Hepatitis B Virus
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[bookmark: _Hlk200103086]Plate 1: Agarose gel electrophoresis showing DNA band representing HBV genotypes E.  Lane 2-4, 7, 10-11 and 12 represent HBV genotypes E while lane L represents the 100bp ladder.	Comment by patricia gita: The electrophoresis results should be labeled as “Figure” rather than “Plate,” as this is the more appropriate and standard term in scientific writing.
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[bookmark: _Hlk200103142]Plate 2: Agarose gel electrophoresis showing DNA band representing HBV genotypes A. Lane 1 represent HBV genotype A while lane L represents the 100bp ladder.
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Plate 3: (A) represent the undigested wild type lamivudine gene. Lane 1-3, 5-7 represent the lamivudine gene at 280bp, (B) represent the FolkI digested lamivudine gene. Lane 1-3, 5 and 7 represent the YMDD variant that resisted digestion, lane 6 represents the digested lamivudine resistant mutant (YvDD). Lane L represents the 100bp molecular ladder.
[bookmark: _Hlk200103175]
This study provides critical insights into the genotypic profile and lamivudine resistance-associated mutations of Hepatitis B Virus (HBV) among pregnant women in Nasarawa State, Nigeria. The key findings reveal a high prevalence of genotype E, a significant rate of potential lamivudine resistance, and the presence of both classic and atypical drug resistance mutations, which have substantial implications for public health and clinical management in the region.
Our genotyping results indicate that genotype E is the predominant circulating genotype (58.3%), followed by genotype A (41.7%), while other genotypes (B, C, D, etc.) were not detected. This finding aligns perfectly with the established geographical distribution of HBV genotypes across Africa. As previously documented by Kramvis (2014) [11] and Pennap et al. (2019) [14], genotype E is highly prevalent and dominates the HBV genetic landscape in West and Central Africa, a finding reinforced by a study in Burkina Faso (Lingani et al., 2018) [18]. The public health significance of this finding stems from growing evidence that HBV genotypes can influence disease progression and the risk of developing hepatocellular carcinoma (HCC) [19]. Therefore, the predominance of genotype E in Nasarawa State could be a key determinant of the clinical outcome of chronic HBV infection in this population, necessitating further studies.
A striking and concerning finding of this study is the high prevalence (75.0%) of the HB3 gene region associated with lamivudine resistance among the successfully amplified samples. This alarming rate is consistent with a recent study from Colombia, which found an 82.4% prevalence of lamivudine resistance mutations among co-infected patients, suggesting a wider and global issue of resistance [20]. Within these resistant strains, Restriction Fragment Length Polymorphism (RFLP) analysis further revealed that the classic YMDD mutation was the dominant variant. The high rate of potential pre-treatment resistance is likely driven by the unofficial or suboptimal use of antivirals and the community transmission of pre-existing resistant strains, a significant challenge highlighted in recent reviews of HBV in Africa [21].
The dominance of the YMDD mutation is of particular clinical importance. As demonstrated in a research by Amini-Bavil-Olyaee et al. (2008) [22], mutations within the YMDD motif of the polymerase gene directly alter the enzyme's function, affecting viral replication fidelity and fitness. This can lead to breakthrough infections, viral rebound, and treatment failure. Our results suggest that the YMDD variant could be a significant driver of HBV infection and persistence among pregnant women in the study area. The presence of these mutations before the initiation of therapy underscores the critical need for routine resistance testing before commencing antiviral treatment. This is especially crucial for pregnant women, where the primary goal is to effectively suppress viral load to prevent mother-to-child transmission (MTCT). Relying on lamivudine without prior genotypic testing could lead to poor maternal outcomes and a high risk of immunoprophylaxis failure in newborns, contrary to the latest international guidelines (World Health Organization, 2024) [23]..	Comment by patricia gita: I recommend adding a section at the end of the discussion to address the study’s limitations and suggest possible future research directions.

4. Conclusion
This study revealed a high prevalence of genotype E (58.3%), with genotype A (41.7%) among pregnant women in Nasarawa State, Nigeria, confirming the region-specific genotypic distribution. Most notably, a strikingly high rate (75.0%) of lamivudine resistance-associated mutations was identified, with the classic YMDD variant being the dominant form. These results highlight a serious public health challenge, as the prevalence of pre-treatment resistance threatens the efficacy of standard antiviral prophylaxis. This underscores the urgent need to update clinical guidelines by adopting high-barrier antiviral drugs and implementing routine genotyping and resistance testing. 
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