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											Abstract

											
											
											Background: Measles is a highly contagious viral disease that remains a leading cause of morbidity and mortality in many developing countries. Caused by the measles virus (MeV), a single-stranded RNA virus, it exhibits genetic diversity based on the nucleoprotein gene, with 24 known genotypes. The World Health Organization AFRO region which includes Nigeria targeted the year 2020 as the year to eliminate measles. In 2021, Nigeria had the world's largest number of measles cases than any country: Over 10,000 cases based on data from the Integrated Disease Surveillance and Response (IDSR). Genetic data can be used to track transmission patterns and identify sources of infection. Despite its importance, Nigeria has yet to fully integrate molecular characterization into her measles control program. Data on molecular characterization in the northeastern region of Nigeria are limited, outdated, or fragmented. That is why the present study aimed to describe the molecular epidemiology of measles in parts of Northeast, Nigeria. These results will enable to establish a genetic basis of virological surveillance in Northeast, Nigeria and evaluate the country's efforts to eradicate the disease.
											

											
											Methods: The study analyzed 558 serum samples for measles-specific IgM among children 0-12 years, out of which, 163 were positive. Of the 163 IgM-positive samples, 100 Clinical specimens (nasopharyngeal swabs) were randomly selected for molecular analysis. Viral RNA was extracted (Qiagen, Germany) and the N-gene of measle virus was detected using one-step RT-PCR (Invitrogen, USA). Amplicons were sequenced for genotype identification using the ABI 3130 Genetic analyzer (Applied Biosystem, USA).
											

											
											Results: Of the 163 IgM-positive samples, 100 were randomly selected and amplified for the measles virus N gene. Of the 100 samples tested, 27% (27/100) were positive for measles virus N-gene by RT-PCR. Sequencing of 10 positive isolates revealed that they clustered with the WHO reference strain of genotype B3 cluster 1.
											

											
											Conclusion: This study provides recent data on the circulating measles virus strains in northeast Nigeria. It highlights the need for ongoing surveillance and molecular investigation to better understand outbreak patterns and improve measles control strategies.
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									Introduction

									
										The World Health Organization AFRO region which includes Nigeria targeted the year 2020 as the year to eliminate measles in Africa [1]. The WHO AFRO region recommends molecular identification as a tool for outbreak investigations and surveillance but Nigeria has yet to integrate molecular surveillance into its measles control program. Despite this effort, Nigeria had the world’s largest number of measles cases than any country: Over 10,000 cases in 2021 [2]. Sub-Saharan Africa faces a spike of Measles where a total of 17,500 cases of Measles have been reported in the region as of January 2022, signifying an increase of 400% compared to cases reported in 2021 [3]. This outbreak comes as an after-effect of the COVID-19 pandemic, which has resulted in immunization gaps in most parts of the region [4].
									

									
										The measles virus is an enveloped particle, approximately 100-300 nm in diameter, containing a single-stranded, negative-sense RNA genome. Although the genome size has traditionally been considered highly conserved at 15,894 nucleotides, minor deviations have been observed [5,6]. While the measles virus is monotypic, genetic variability in the viral hemagglutinin (H) and nucleoprotein (N) genes enables classification into 8 clades (A-H) and 24 genotypes (A, B1-B3, C1-C2, D1-D11, E, F, G1-G3, H1-H2) [7]. According to the World Health Organization (WHO), genotype B3 has been the most prevalent worldwide from 2010 to 2015 and remains endemic in Africa [8].
									

									
										In Africa, measles virus genotypes exhibit distinct geographical distributions. East and Southern Africa predominantly feature genotypes D2 and D4, while West Africa is mainly affected by genotype B3 [9]. Genotypes B3 (clusters B3.1 and B3.2) have also spread to Europe [10], Asia [11,12], and the Americas [13]. Genetic characterization typically involves sequence analysis of the 450 nucleotides encoding the carboxyl terminus of the nucleoprotein (N-450) [14,15].
									

									
										In 2021, Nigeria reported the highest number of measles cases globally, with over 10,000 reported cases, primarily concentrated in the Northeast due to insurgency affecting vaccine coverage [2]. Molecular characterization can aid in tracking transmission patterns and identifying sources of infection. Given the lack of integration of molecular studies into Nigeria's measles control program, this study aims to establish a genetic basis for virological surveillance in Northeast Nigeria and assess the country's efforts towards measles eradication.
									

									Materials and Methods

									Sample collection and processing

									
										A total of 100 nasopharyngeal swabs were collected by a research assistant nurse from children between 0-12 years, the nasal swabs were collected by gently rubbing the nasopharyngeal passage and back of the throat with sterile cotton swabs to collect epithelial cells. The swabs were placed in labelled screw-capped tubes containing a sterile 1:1 viral transport medium (COPAN Diagnostics, USA) and DNA/RNA shield (Zymo Research, USA). The samples were transported on ice packs (4 °C) to the National Reference Laboratory (NRL) of the Nigerian Center for Disease Control and stored at -20 °C until processing.
									

									Extraction of Viral RNA

									
										Viral RNA was extracted from the nasopharyngeal swab samples using the QIAamp Viral RNA Mini Kit (QIAGEN, Hilden, Germany) following the manufacturer's instructions (Spin Protocol).
									

									Revere transcription-PCR and amplification

									
										The RNA extracts were analyzed using MeV genotyping RT-PCR to target a 634-nucleotide region of the N-gene. The primers used were forward primer MeV214 (5'-TAACAATGATGGAGAGGGTAGG-3') and reverse primer MeV216 (5'-TGGAGCTATGCCATGGGAGT-3'). The Superscript™ III One-Step RT-PCR System with Platinum Taq High Fidelity enzyme (Invitrogen) was employed for amplification. The RT-PCR reaction mixture included 9.5 μL DNAse/RNAse-free water, 25 μL 2X buffer, 8 μL MgSO
										
											4
										
										, 0.5 μL of each primer, 0.5 μL RNase inhibitor, 1 μL Invitrogen enzyme, and 5 μL RNA extract. The RT-PCR conditions were as follows: Reverse transcription at 55 °C for 30 minutes, initial denaturation at 95 °C for 2 minutes, 40 cycles of denaturation at 94 °C for 15 seconds, primer annealing at 55 °C for 30 seconds, and elongation at 72 °C for 30 seconds, followed by a final elongation at 72 °C for 7 minutes and storage at 4 °C.
									

									Detection and identification of PCR products

									
										The PCR products were resolved on l.5% agarose gel prepared by dissolving 1.5g of agarose powder in 100 ml of 1X Tris-borate-EDTA (TBE) buffer solution inside a clean conical flask. The 1.5% agarose solution was heated in a microwave oven for 3 minutes and was observed for clarity which was an indication of complete dissolution. The mixture was then allowed to cool to about 50 °C after which 10 µL of SYBR stain dye was then added. It was allowed to cool further and then poured into a tray sealed at both ends with support to form a mold with special combs placed in it to create wells. The comb was carefully removed after the gel had set and the plate was placed inside the electrophoresis tank which contained 1X TBE solution. 5 µL of amplicon was mixed with 1 µL of loading buffer and the mixture was loaded to the wells of the agarose gel. The power supply was adjusted to 100 volts for 30 minutes. For each run, a 50 base-pair molecular weight DNA standard (size marker) was used to determine the size of each PCR product. The DNA bands were then visualized with a short-wave Axygene ultraviolet trans-illuminator and photographed using a gene gel bio-imaging system. DNA bands were visualized with a short-wave ultraviolet transilluminator (Axygene, Life Sciences, USA).
									

									Cleanup of PCR

									
										Post-PCR amplicons were purified using ExoSAP-IT™ reagent. Ten microliters (10 μL) of the reaction product were combined with 4 μL of ExoSAP-IT™ reagent for a total volume of 14 μL. The mixture was incubated at 37 °C for 15 minutes to degrade residual primers and nucleotides, then at 80 °C for 15 minutes to inactivate the reagent. The purified PCR products were stored at -20 °C.
									

									Sequencing and cleanup

									
										Sequencing was performed using the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Nieuwerkerk, Netherlands). The reaction mixture included 9 μL nuclease-free water, 8 μL BigDye 3.1v Reaction Mix, 1 μL of each forward and reverse primer (3.2 μM), and 2 μL of the template DNA. The sequencing primers were MeV214 (5'-TAACAATGATGGAGAGGGTAGG-3') and MeV216 (5'-TGGAGCTATGCCATGGGAGT-3') targeting the N-450 region. The sequencing conditions were denaturation at 96 °C for 30 seconds, primer annealing at 50 °C for 15 seconds, elongation at 60 °C for 4 minutes, and storage at 4 °C.
									

									
										Sequencing products were purified using the CleanSEQ Dye-Terminator Removal Kit (BECKMAN COULTER Life Sciences, USA) according to the manufacturer’s instructions. Sequencing was performed on an ABI 3130 Genetic Analyzer (Applied Biosystems, USA). Nucleotide sequences were aligned and edited using MEGA software (version 11.0.6).
									

									Phylogenetic analysis

									
										Phylogenetic analysis was conducted using MEGA software (version 11.0.6). Maximum likelihood methods were employed to compare the N-gene sequences obtained in this study with WHO reference strains of known measles virus genotypes. The robustness of the phylogenetic groupings was assessed using bootstrap resampling with 1000 replicates. The resulting phylogenetic tree was visualized using MEGA software.
									

									Results

									Molecular identification of measles virus

									
										Among the 100 nasopharyngeal swabs tested for the measles virus, 27 samples (27%) were positive for the N-gene, as evidenced by a 634 bp amplicon. The distribution of positive samples was as follows: 8 (29.6%) from Adamawa, 10 (37.1%) from Borno, and 9 (33.3%) from Yobe states (Plate 1, Plate 2 and Plate 3).
									

									
										
											
												
												Plate 1: A gel photo of amplified measles virus.

												Lane M = 50 bp ladder

												Lane 1 = Positive control

												Lane 2 = Negative Control

												Lane 3-12 = Measles virus samples

												Lane 3-10 = Positive samples for measles virus at 634 bp. 
													View Plate 1
												
											

										

										
										
										
											
												
												Plate 2: A gel photo of amplified measles virus.

												Lane M = 50 bp ladder

												Lane 1 = Positive control

												Lane 2 = Negative Control

												Lane 3-12 = Measles virus samples

												Lane 3-12 = Positive samples for measles virus at 634 bp. 
													View Plate 2
												
											

										

										
										
										
											
												
												Plate 3: A gel photo of amplified measles virus.

												Lane M = 50 bp ladder

												Lane 1 = Positive control

												Lane 2 = Negative Control

												Lane 3-12 = Measles virus samples

												Lanes 3, 4, 5, 7-12 = Positive samples for measles virus at 634 bp. 
													View Plate 3
												
											

										

										
									
										All 27 PCR-positive samples were subjected to sequencing, however, only 10 sequences were selected for detailed analysis: 4 from Adamawa, 3 from Borno, and 3 from Yobe states. The nucleotide sequences of the nucleoprotein (N) gene of these measles virus isolates are available in the GenBank database under accession numbers OR634810.1 through OR634819.1. A BLAST search of these sequences revealed that the isolates belong to the measles virus genotype B3, with an average sequence identity of 92% and an E-value of 0.0, indicating a high degree of similarity to known B3 strains (Table 1).
									

									 
										
											
											
											Table 1: Confirmation of isolates of measles virus with sequences in GenBank Database. View Table 1
											

										

										
									Phylogenetic analysis

									
										The phylogenetic analysis of the measles virus sequences, using neighbour-joining methods, is illustrated in Figure 1. The phylogenetic tree includes sequences of genotype B3 (accession numbers OR634810-OR634819), alongside two WHO reference strains of genotype B3: Ibadan. Nie./97/1 (repseqid 4) and New York. USA/94 (repseqid 5), as well as 13 other WHO-named strains.
									

									
										
											
												
												Figure 1: Phylogram of the Sequences of the Isolates from this Study and WHO reference strains sequences. 
													View Figure 1
												
											

										

										
									
										Analysis of the C-terminal 450 nucleotides of the N gene revealed that the 10 sequenced strains exhibited 90% nucleotide identity with the WHO reference strains Ibadan. Nie./97/1 and New York. USA/94. Notably, isolate AD2-OR634812.1 demonstrated 94% nucleotide identity with a strain from Iran (Accession number: OP245161). In contrast, isolates AD5-OR634810.1 and AD3-OR634811.1 showed 96% genetic similarity with a strain from Côte d'Ivoire (Accession number: MH752168). The phylogenetic tree indicates that the measles virus strains sequenced in this study are closely related to wild-type strains circulating in West Africa and belong to Clade B3, specifically Cluster 1 (B3.1).
									

									Discussion

									
										The study analyzed 558 serum samples for measles-specific IgM among children 0-12 years, out of which, 163 were positive. Of the 163 IgM-positive isolates, 100 were randomly selected for RT-PCR. Of the 100, 27 were positive for measles virus N-gene. Ten of the 27 measles virus isolates were readable after sequencing. All isolates originated from children whose serum samples were measles virus IgM positive. The observed discrepancy between the low positivity rate by RT-PCR and the higher rate of specific IgM antibodies could be attributed to the thermolability of measles virus RNA, which is prone to degradation. This phenomenon has been previously reported in studies from Northwest Nigeria [16] and Gabon [17].
									

									
										Phylogenetic analysis of the nucleotide sequences from the ten isolates, compared with WHO reference strains, revealed that all isolates clustered with the genotype B3, specifically in cluster 1. This clustering indicates that the isolates belong to genotype B3, cluster 1. The persistent circulation of genotype B3 in Nigeria suggests ongoing endemic transmission of this virus strain in the country.
									

									
										Globally, the B3 genotype was the most common between 2010 and 2015, with high prevalence reported across the African continent [7]. Studies from Nigeria and Ghana have also highlighted the dominance of clade B3 in sub-Saharan Africa [18]. Consistent with findings from previous studies [18,19], our results confirm the continued presence of genotype B3 in Nigeria, with the B3.1 strain circulating for over two decades. This study is notable as it is the first to characterize measles virus strains in Northeast Nigeria, where molecular data have been either lacking or outdated.
									

									
										Although this study did not identify any imported measles strains, it is important to consider the potential for cross-contamination with neighbouring regions, as genotype B3 is also reported in Southwest [20] and Northwest [16] Nigeria, as well as throughout sub-Saharan Africa [21]. A global review indicated that genotype B3 is frequently reported in Africa, detected in 197 of 220 sequences from 21 countries [22].
									

									
										In this study, 16.7% (x/y) of the sample population had been vaccinated, yet no vaccine strains were detected. Genotype B3 is endemic across most of Africa, except Northern African countries and Ethiopia, where genotype D4 predominates [22-25]. Cluster 1 of genotype B3 has been previously identified in several African countries, including Cameroon, Ghana, Kenya, and Tanzania [22]. In contrast, cluster 2, which was not observed in our study, appears to be more localized to Western Africa [26], while cluster 3 has been found in Northern Africa [27] and Cameroon [28].
									

									
										Genotype B3, including clusters B3.1 and B3.2, has spread to other continents such as Europe [9], China [10], Afghanistan [11], and the United States [12]. Despite our lack of evidence for imported cases, the genetic diversity observed among isolates could be attributed to frequent transmission between Nigeria and neighbouring countries, as supported by studies from Ghana and Congo [19] and among refugees in Cameroon [29].
									

									
										The exclusive presence of cluster B3.1 in this study suggests the possible elimination of other circulating strains in Northeast Nigeria. This finding implies that current efforts to control measles are effective but should be reinforced, given that the B3.1 genotype has been in circulation for over 20 years. This study provides updated data on circulating strains in Northeast Nigeria and underscores the need for ongoing surveillance and molecular investigation to understand outbreak patterns better.
									

									Study Limitation

									
										Limitations of the study include the inability to amplify the H-gene and the restricted sample size due to COVID-19 and regional insecurity.
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