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ABSTRACT 

	
Aims: This study investigates the genetic variability of sulfadoxine-pyrimethamine resistance genes in Plasmodium species from pregnant women attending Health facilities in Nasarawa-South Senatorial Zone, Nasarawa State, Nigeria.
Study design:  Cross sectional study.
Place and Duration of Study: General Hospital Doma, (GHD), General Hospital   Keana   (GHK),   General   Hospital   Obi (GHO),   Dalhatu   Araf   Specialist   Hospital, Lafia (DASHL), and Department of Microbiology, Nasarawa State University, Keffi between October 2024 and July 2025.
Methodology: A total of 45 malaria parasite blood positive samples from our previous studies were used for DNA extraction. The speciation of Plasmodium and detection of dhfr and dhps genes mediating Sulfadoxine-Pyrimethamine resistance were carried out using the polymerase chain reaction method. The polymorphism in dhfr and dhps genes mediating Sulfadoxine-Pyrimethamine were analysed by Sanger DNA sequencing.
Results: The Plasmodium falciparum (P. falciparum) and Plasmodium ovale (P. ovale) were found to be prevalent among the pregnant women of which P. falciparum (33/45; 73.3%) was found to be more prevalent than Plasmodium ovale (12/45; 26.7%). The dhfr gene was detected only in the P. falciparum and the prevalence was (7/33; 21.2%) but none of the P. falciparum and P. ovale carried the dhps gene. The pfdhfr mutation at codon N51I, C59R, and S108N was 100.0% in Sulfadoxine-Pyrimethamine resistant P. falciparum. The Sulfadoxine-Pyrimethamine resistant P. falciparum, due to mutation at codon N51I, C59R, and S108N, were prevalent among the pregnant women in the study centres.
Conclusion: The study highlights that a high prevalence of Plasmodium falciparum parasites with mutations in the dhfr gene (specifically N51I, C59R, and S108N) associated with Sulfadoxine-Pyrimethamine (SP) resistance is rampant among pregnant women in the Nasarawa-South Senatorial Zone, Nigeria. The absence of the dhps gene in the sampled population, does not mitigate the significant threat posed by the established triple dhfr mutations. These findings indicate a concerning level of SP resistance, which could severely compromise the efficacy of this regimen for the intermittent preventive treatment of malaria in pregnancy (IPTp) in this region. Urgent surveillance and a review of current malaria prevention strategies for pregnant women is suggested.
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1. INTRODUCTION
Malaria remains a devastating public health challenge, particularly in sub-Saharan Africa, where Nigeria accounts for the highest burden of cases and deaths globally [1, 2]. This burden is disproportionately borne by vulnerable populations, with pregnant women and their unborn children being among the most severely affected. Pregnancy reduces immunity to malaria, making women more susceptible to infection and severe disease [1]. The consequences are profound, contributing significantly to maternal morbidity and mortality through severe anaemia, and leading to adverse pregnancy outcomes including spontaneous abortion, stillbirth, premature delivery, and low birth weight, which is a key risk factor for infant mortality [1, 3-5].
To mitigate these devastating outcomes, the World Health Organization (WHO) recommends intermittent preventive treatment in pregnancy (IPTp) with sulfadoxine-pyrimethamine (SP) in areas of moderate to high malaria transmission [6]. This strategy has been widely adopted across Africa, including Nigeria. However, the continued and widespread prophylactic use of SP has exerted intense selective pressure on Plasmodium falciparum populations, driving the emergence and spread of resistant strains. Resistance to SP is primarily mediated by the progressive accumulation of single-nucleotide polymorphisms in two key genes: the dihydrofolate reductase (dhfr) and dihydropteroate synthase (dhps) genes [6, 7]. Specific mutations, especially the triple dhfr mutation (N51I, C59R, S108N) coupled with dhps mutations (e.g., A437G, K540E) tend to compromise drug binding and lead to full-blown clinical resistance, rendering the drug ineffective for both treatment and prophylaxis [7, 8].
The efficacy of IPTp-SP is therefore critically dependent on the prevalence of these molecular resistance markers within a given geographical region. While molecular surveillance data exists for other parts of Nigeria, the genetic landscape of SP-resistant Plasmodium species among pregnant women in Nasarawa State remains significantly understudied. Nasarawa State experiences high malaria transmission, and the relentless use of SP for IPTp in its antenatal clinics creates a perfect environment for the selection and propagation of resistant parasites. Without local data, healthcare providers and policymakers are left to rely on outdated or national-level estimates, which may not reflect the rapidly evolving local resistance patterns.
Therefore, this study was aimed to investigate the genetic variability of sulfadoxine-pyrimethamine-resistant Plasmodium species among pregnant women attending antenatal health facilities in the Nasarawa-South Senatorial Zone; the study sought to determine the prevalence of dhfr and dhps gene mutations associated with SP resistance. The findings from this research will provide essential data to inform the effectiveness of current IPTp-SP policy, and guide future malaria control strategies.

2. material and methods 
2.1 Study Area 
This   research   work   was   conducted   in   three secondary healthcare facilities (SHF) and one tertiary healthcare facility (THF), all in Nasarawa-South Senatorial District. The HFs were:  General Hospital Doma, (GHD), General Hospital   Keana   (GHK),   General   Hospital   Obi (GHO)   and   Dalhatu   Araf   Specialist   Hospital, Lafia (DASHL).
2.2 Study Population 
The target population was pregnant women that were accessing healthcare services in the tertiary and secondary hospitals in Nasarawa South senatorial district.
2.3 Blood collections 
A total of 45 dried blood spot (DBS) samples, previously collected from malaria-positive pregnant women in the Nasarawa-South senatorial zone [7], were used for this study. Each sample, containing five spots on a DBS card, was air-dried at room temperature, packaged in triple-layered bags with desiccant silica gel, and stored at room temperature prior to DNA extraction.

2.4 DNA Extraction
Genomic DNA was extracted from the dried blood spot (DBS) samples using the quick-DNA Miniprep plus kit (Zymo Research, supplied by Inqaba West Africa) according to the manufacturer's instructions, with the following steps. Punches from the DBS cards were immersed in the provided buffer solution 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. The mixture was vortexed and incubated at 55°C for 20 minutes.
Following incubation, 420 µL of Genomic Binding Buffer was added to the lysate and mixed thoroughly by vortexing. The entire 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 along with the collection tube.
The spin column was placed in a new collection tube, and 400 µL of DNA Pre-Wash Buffer was added. After centrifugation at 12,000 × *g* for 1 minute, the flow-through was discarded. This was followed by the addition of 500 µL of DNA Wash Buffer and another centrifugation step at 12,000 × *g*.
For a final wash, the column was transferred to a clean 1.5 mL microcentrifuge tube, and 200 µL of DNA Wash Buffer was added. The column was centrifuged at 12,000 × *g* for 1 minute. The column was then transferred to a new, labeled 1.5 mL microcentrifuge tube. To elute the purified DNA, 50 µL of DNA Elution Buffer was added directly to the column matrix and centrifuged at maximum speed (>12,000 × *g*) for 1 minute.
The eluted DNA (the harvested product) was stored at -20°C prior to downstream quantification and amplification.

2.5 DNA Quantification
The concentration and purity of the extracted genomic DNA were quantified using a NanoDrop 1000 spectrophotometer. Following instrument calibration with sterile distilled water and blanking with normal saline, 2 µL of each DNA sample was loaded for measurement. The A260/A280 and A260/A230 ratios were recorded to assess protein and salt contamination, respectively.

2.6 Amplification of 18S rRNA of Malaria Parasites
The primary reaction was performed using universal Plasmodium genus-specific primers rPLU5 (5′-CCTGTTGTTGCCTTAAACTTC-3′) and rPLU6 (5′-TTAAAATTGTTGCAGTTAAAACG-3′). Each 25 µL reaction contained 12.5 µL of 2X DreamTaq Master Mix (Inqaba Biotech, South Africa), 0.4 µM of each primer, and 50 ng of template DNA. The thermocycling conditions were: initial denaturation at 95°C for 5 min; 35 cycles of denaturation at 95°C for 30 s, annealing at 56°C for 40 s, and extension at 72°C for 50 s; followed by a final extension at 72°C for 5 min.
The secondary amplification step was performed using a nested PCR protocol. For this reaction, 1 µL of the product from the primary PCR was used as the template DNA. The amplification was carried out in separate, species-specific reactions to ensure accurate identification of each Plasmodium species. The primers deployed for each species were as follows: for Plasmodium falciparum, the primers rFAL1 (5′-TTTTGAGAGGTTTTGTTACTTTGAGTAA-3′) and rFAL2 (5′-TATTCCATGCTGTAGTATTCAAACAAAA-3′) were used; for P. ovale, rOVA1 (5′-TTTTGAAGAATACATTAGGATACAATTAATG-3′) and rOVA2 (5′-CATCGTTCCTCTAAGAAGCTTTACCCT-3′); for P. vivax, rVIV1 (5′-ACGCTTCTAGCTTAATCCACATAACT-3′) and rVIV2 (5′-ATTTACTCAAAGTAACAAGGACTTCCAAGC-3′); and for P. malariae, rMAL1 (5′-ATAACATAGTTGTACGTTAAGAATAACCGC-3′) and rMAL2 (5′-AAAATTCCCATGCATAAAAAATTATACAAA-3′).
The composition of the PCR master mix for the nested reactions was identical to that used in the primary amplification. The thermocycling parameters were also maintained, with the critical exception of the annealing temperature, which was optimized for the specific primer set targeting each species. The annealing temperatures were set at 55°C for P. falciparum, 56°C for P. ovale, 57°C for P. vivax, and 52°C for P. malariae.
Following amplification, the PCR amplicons were resolved by electrophoresis to confirm successful amplification and the expected product size. This was achieved by loading the products onto a 1.5% agarose gel and conducting electrophoresis at 120 V for a duration of 25 minutes. The resulting DNA bands were subsequently visualized under ultraviolet light to determine the presence or absence of species-specific amplification.

2.7 Amplification of the dhfr Gene
The dhfr gene of Plasmodium falciparum was amplified using a semi-nested PCR approach on an ABI 9700 thermal cycler (Applied Biosystems).
The first-round reaction, Primary PCR (Nest 1), was performed in a final volume of 50 µL. The reaction mixture consisted of 25 µL of 2X DreamTaq Master Mix (Inqaba Biotech, South Africa), 0.4 µM of each outer primer (Pfdhfr1F: 5′-TTTATATTTTCTCCTTTTTA-3′ and Pfdhfr1/2R: 5′-CATTTTATTATTCGTTTTCT-3′), and template DNA. The thermocycling conditions were: initial denaturation at 95°C for 5 min; 35 cycles of denaturation at 95°C for 30 s, annealing at 52°C for 30 s, and extension at 72°C for 30 s; followed by a final extension at 72°C for 5 min.
The second-round amplification, Semi-nested PCR (Nest 2), used 1 µL of the primary (Nest 1) PCR product as template. The reaction was identical to the first, except the forward primer was replaced with the internal primer Pfdhfr2F (5′-TGATGGAACAAGTCTGCGAC-3′), and the annealing temperature was lowered to 50°C. All other parameters remained unchanged.
The final PCR amplicon was resolved by electrophoresis on a 1% agarose gel at 120 V for 15 minutes and visualized under UV light.

2.8 Amplification of the dhps Gene 
The dhps gene was amplified using a conventional PCR assay. Each 25 µL reaction contained 12.5 µL of 2X DreamTaq Master Mix (Inqaba Biotech, South Africa), 0.4 µM of each primer (Dhps-F: 5’-TTTTGTTGAACCTAAACGTG-3’ and Dhps-R: 5’-AAACGTCATGAACTCTTATTAGAT-3’), and template DNA. Amplification was performed on an ABI 9700 thermal cycler under the following conditions: initial denaturation at 94°C for 5 min; 40 cycles of denaturation at 94°C for 30 s, annealing at 53°C for 30 s, and extension at 72°C for 1 min; with a final extension at 72°C for 5 min.
The resulting PCR amplicons were resolved by electrophoresis on a 1% agarose gel at 120 V for 15 minutes and visualized under UV light.

2.9 DNA Sequencing and Analysis
The amplified dhfr and dhps PCR products were purified and sequenced using the Sanger method. The resulting nucleotide sequences were analyzed using the NCBI BLAST tool for initial confirmation.
To identify polymorphisms associated with drug resistance, the sequences were aligned with reference strains using the MAFFT algorithm via the CLUSTAL Omega web server. Single nucleotide polymorphisms (SNPs) in the dhfr and dhps genes were identified through multiple sequence alignment analysis.

3. results and discussion
3.1 Plasmodium Species Identification
The prevalence of each species was determined using descriptive statistics (Figure 1). Of the 45 PCR-positive samples, two species were detected: P. falciparum and P. ovale. Plasmodium falciparum was the predominant species, with a prevalence of 73.3% (n=33), while P. ovale was detected in 26.7% (n=12) of the samples.

3.2 Prevalence of Sulfadoxine-Pyrimethamine Resistance Mutations
The prevalence of mutations in the P. falciparum dhfr (pfdhfr) and dhps (pfdhps) genes, associated with sulfadoxine-pyrimethamine (SP) resistance, was investigated.
Among the 33 P. falciparum-positive samples, the pfdhfr gene was successfully amplified in 7 (21.2%). In contrast, the pfdhps gene was not amplified in any of the samples (Figure 2).
The seven pfdhfr amplicons were sequenced using the Sanger method. The sequences were analyzed using the NCBI BLAST tool for initial identification and aligned with reference sequences using the CLUSTAL Omega alignment tool to identify polymorphisms.
Mutations were detected at three codons of the pfdhfr gene in all seven samples (100% prevalence): N51I, C59R, and S108N. The triple mutant haplotype (N51I+C59R+S108N) was therefore present in all SP-resistant isolates identified.
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Figure 1: Distribution of different Plasmodium species among pregnant women attending selected Secondary Healthcare facilities, Nasarawa –South Senatorial Zone, Nigeria
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Figure 2: Prevalence of Sulfadoxine-Pyrimethamine resistance gene in Plasmodium falciparum from pregnant women attending selected Secondary Healthcare facilities, Nasarawa –South Senatorial Zone, Nigeria
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Plate 1: Agarose gel electrophoresis showing the amplified 18srRNA of the P. falciparum at 200bp. Lane 1-7, 10-12 and 14 the represents P. falciparum gene while L represent 100bp molecular ladder
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Plate 2: Agarose gel electrophoresis showing the amplified 18srRNA of the P. ovale at 200bp. Lane L 1,7 and 9-10 the represents P. ovale gene while L represent 100bp molecular ladder.
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Plate 3: Agarose gel electrophoresis showing the amplified pfdhfr gene bands. Lane 1 and   3-7represent the pfdhfr gene bands at 600bp while lane L represents the 100bp molecular ladder
Our study identified Plasmodium falciparum and Plasmodium ovale as the prevalent species causing malaria in pregnant women within the Nasarawa-South senatorial zone. The predominance of P. falciparum (73.3%) is consistent with its established status as the primary malaria parasite across sub-Saharan Africa [1, 6, and 9] where it accounts for the vast majority of infections in pregnant women, often exceeding 80-90% of cases in meta-analyses of the region [9]. This aligns with findings from previous studies in similar Nigerian settings [10], although the species distribution can vary by transmission intensity and diagnostic methods. Notably, the prevalence in our cohort was higher than the 57.1% reported by Dabash et al. (2022) [8] in Ethiopia, and Nyamngee et al in Ilorin, Nigeria [11], potentially reflecting regional variations in transmission intensity, vector ecology, or host immunity factors. The detection of P. ovale, while less common (typically <5% in sub-Saharan African pregnant populations) [9], underscores the importance of molecular diagnostics to identify non-falciparum species that may contribute to mixed infections and complicate treatment outcomes [12].
A key finding was the 21.2% prevalence of mutations in the pfdhfr gene among the P. falciparum isolates. This suggests that SP resistance is a significant concern in the study area, though lower than rates observed in other Nigerian regions. For instance, recent surveillance in southwestern Nigeria reported a 96.99% prevalence of the pfdhfr triple mutant haplotype (N51I, C59R, S108N) among genotyped isolates [13], highlighting potential geographic heterogeneity in resistance patterns within the country. Crucially, all resistant isolates (100%) harbored the triple mutant haplotype (N51I, C59R, S108N) in the pfdhfr gene. This prevalence is markedly higher than the 82.5% reported for the same haplotype in Maiduguri by Balogun et al. (2021) [14], and approaches fixation levels seen in broader African surveys, where the triple mutant exceeds 80% across multiple countries [15]. The fixation of this triple mutation strongly implies intense selective pressure from sustained SP use, likely driven by its application in intermittent preventive treatment in pregnancy (IPTp) [16]. Furthermore, emerging mutations in the pfdhps gene, such as the I431V allele observed in Nigerian clusters (White et al), may exacerbate resistance when combined with pfdhfr variants, potentially forming "super-resistant" haplotypes that compromise SP efficacy. In a recent Nigerian trial, the presence of such dhps mutations was linked to diminished benefits from SP-based interventions, raising alarms for IPTp programs [15].
These findings highlight the need for ongoing molecular surveillance to track the co-evolution of pfdhfr and pfdhps mutations, as regional disparities (e.g., higher dhps A437G prevalence in West Africa exceeding 60%) could accelerate the spread of full SP resistance. In pregnant women, where SP remains a cornerstone of IPTp, reduced efficacy may increase risks of maternal anemia, low birth weight, and placental malaria. 
A significant technical limitation was the consistent failure to amplify the pfdhps gene. This was likely due to factors such as low parasite density in clinical samples, PCR inhibition, or primer-template mismatch from genetic diversity in local parasite strains, rather than an absence of the gene. Despite this limitation, which future studies should address with optimized protocols, the near-fixation of the pfdhfr triple mutation is a robust finding that alone can drive SP treatment failure. These resistant parasites are directly responsible for clinical malaria cases in pregnant women, underscoring a critical challenge for current chemopreventive strategies.

4. Conclusion

This study found a high prevalence (21.2%) of dhfr mutations conferring Sulfadoxine-Pyrimethamine (SP) resistance among P. falciparum isolates from pregnant women in Nasarawa State, Nigeria. The fixation of the triple mutant haplotype (N51I, C59R, S108N) in all resistant parasites signifies an established and highly resistant local parasite population. Although the dhps gene was not amplified, the high degree of dhfr mutation alone severely compromises SP efficacy. These findings suggest an urgent need to re-evaluate the continued use of SP for intermittent preventive treatment in pregnancy (IPTp) in this region and to enhance antifolate resistance surveillance. 
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