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ABSTRACT 

 

Malaria remains a significant public health 

challenge in Nigeria, particularly in the 

north-eastern Nigeria. Understanding the 

genetic diversity of Plasmodium falciparum 

in this area is crucial for improving treatment 

and control strategies. This study aimed to 

determine the genetic diversity of P. 

falciparum associated with patients attending 

health facilities in Northern Taraba State, 

Nigeria. A cross-sectional prospective study 

involving 1,500 patients diagnosed with P. 

falciparum infection was conducted at three 

facilities; Federal Medical Centre, Jalingo; 

General Hospital, Lau; General Hospital in 

Zing over a period of 6 months (October, 

2023- March, 2024). Polymorphic msp1 and 

msp2 genes were used to explore the genetic 

diversity and multiplicity of falciparum 

malaria infections. Parasite DNA was 

extracted and gene frequencies and diversity 

were analyzed using allele-specific nested 

PCR assay followed by sequencing. 

Statistical analysis was performed to 

evaluate the prevalence and distribution of 

different alleles. All the three allele types for 

MSP1; K1, MAD20 and RO33 and of MSP2; 

3D7 and FC27 were identified in Zing and 

Lau, except in Jalingo where RO33 of the 

MSP1 family was not amplified. Mixed 

infection of the allele types was also 

observed. Analysis of msp1 alleles revealed 

that MAD20 allelic family was predominant 

with 20.0% followed by K1 at 17.8% and 

RO33 at 13% respectively. In msp2, the 3D7 

family was most represented with 35.2% 

prevalence against 16.3% for FC27. Forty-

nine percent were multi-clonal infections. 

Mean multiplicity of infections (MOI) 

ranged 1.57-1.77, and 1.48-1.49 for msp1 

and msp2 genes respectively. The study 

revealed significant genetic diversity among 

P. falciparum isolates in the study region, 

indicating a complex malaria transmission 

pattern. These findings underscore the 

importance of ongoing surveillance and the 

need for tailored treatment strategies to 

address the specific challenges posed by 

malaria in this region. This study is the first 

to analyze the genetic diversity of 

Plasmodium falciparum in Northeast Nigeria 

using merozoite surface protein (msp) 

antigens, revealing significant 

polymorphism in MSP1 and MSP2 across 

various sites. It highlights the prevalence of 

different msp1 and msp2 alleles, the 

predominance of MAD20 and 3D7 families, 

and the significant multiplicity of infection 

(MOI), providing valuable insights for 

malaria surveillance and control strategies in 

Taraba State and similar endemic regions. 
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INTRODUCTION 

Malaria presents a significant public health 

threat, with Africa bearing 80 to 90% of its 

morbidity and mortality burden, affecting 

individuals of all ages [1-3]. It remains a 

major parasitic disease in tropical regions, 

often leading to severe cases with altered 

haematological and biochemical parameters, 

resulting in common complications [4]. 

Patients with malaria commonly exhibit 

haematological abnormalities such as 

anaemia, thrombocytopenia, and 

leukocytosis or leucopenia [5, 6]. 

The rise in genetic diversity within 

Plasmodium falciparum strains hampers 

malaria eradication efforts in Nigeria, 

necessitating a comprehensive understanding 

of genetic variation for effective drug 

development and eradication strategies [7]. 

This diversity complicates infection 

management, as individuals can harbor 

multiple strains simultaneously, making 

treatment challenging and increasing the risk 

of treatment failure [8, 9]. Genotyping, 

particularly utilizing merozoite surface 

protein (msp) genes, aids in assessing genetic 

diversity and infection dynamics, informing 

interventions such as drug and vaccine trials 

[7 - 9]. 

Plasmodium falciparum merozoites, the 

invasive stage of the parasite, trigger host 

immune responses and induce 

pathophysiological symptoms by invading 

and destroying red blood cells [10]. Key 

proteins on the parasite's plasma membrane, 

MSP-1 and MSP-2, play critical roles in red 

blood cell invasion and inflammatory 

responses [11, 12]. These proteins, carried in 

organelles called rhoptries and micronemes, 

facilitate evasion of host immune responses 

and contribute to drug resistance strategies 

[12, 13]. 

The presence of multiple genetically diverse 

parasites in a population can increase the 

complexity of infection (COI) within 

individuals, referred to as multiplicity of 

infection (MOI) or COI [8, 9]. Genetic 

polymorphism is used to genotype infected 

populations and distinguish diverse P. 

falciparum isolates, with merozoite surface 

protein (msp) genes being the most common 

markers due to their high variability 

[7,8,9,14]. Moreover, some studies have 

stated that certain P. falciparum genotypes 

can be linked with more virulent infections 

[15, 16] that makes it more difficult for the 

immune system to deal with, resulting in 

severe malaria [17]. Several studies have 

linked MOI to the severity of malaria 

especially in areas with high transmission 

rates [18, 19]. The genetic diversity of P. 

falciparum varies based on infection degree, 

host age, and geographical location, with 

higher diversity observed in malaria-

endemic regions like Nigeria [20, 

21,22,23,24]. Despite the endemicity, data 

on P. falciparum's genetic diversity, 

especially in Northern Taraba Municipality, 

is lacking. Understanding these parameters is 

crucial for diagnosis, treatment, and 

complication prevention, thus underscoring 

the importance of studying genetic variation 

for effective malaria control measures [25]. 

Malaria's public health threat, exacerbated by 

the genetic diversity of P. falciparum, 

necessitates comprehensive research to 

inform effective control strategies and reduce 

mortality rates, particularly in vulnerable 

populations. The aim and objective of the 

study are to assess the genetic diversity of 

Plasmodium falciparum among patients 

seeking care in health facilities in Northern 

Taraba State. 

 

MATERIALS AND METHODS 

Ethical Considerations 

The Ethical approval was sought and 

obtained from the Taraba State Ministry of 

Health Research Ethical Committee 

(TRSHREC/2023/018) and presented to the 

health facilities where the blood samples 

were collected in compliance with the 

Declaration on the Right of the Patient [26].   

Written informed consent for participation in 

the study was sought from the patients in 

accordance with standards for human 

experimentation and the Helsinki 
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Declaration. Before enrolment for the study, 

the patients/subjects involved signed an 

informed consent form. Guardian/Parent 

signed the consent form on behalf of 

participants below the age of 18 years old. 

 

Study Area 

Taraba state is the second largest state in 

terms of landmass in Nigeria. It is located in 

the Southern part of northeastern Nigeria 

along the eastern borderland between Nigeria 

and Cameroon. The state lies roughly 

between latitude 6° 25'N and 9° 30'N and 

between longitude 9o30’E and 11° 45'E. The 

state covers a land area of about 60,291 km2 

with a population of about 2,300,736 people 

according to the 2006 census. Taraba state is 

made up of 16 Local Government Areas 

(LGAs) and 3 Senatorial districts (northern 

Taraba, southern Taraba, and Taraba 

central). Northern Taraba consists of six 

LGAs, Ardo Kola, Karim Lamido, Lau, 

Jalingo, Yorro and Zing. The residents of the 

local governments are predominantly 

Mumuye, Yandang, Fulani and Hausa among 

others and they are mostly farmers. The 

climate in the area can be described as 

tropical sub-humid type with two distinct 

(wet and dry seasons). It has an average 

rainfall of 7 months annually with total range 

between 1,200mm and 2000mm in the 

months of April and October. The 

temperature is relatively high throughout the 

year averaging 28-32oC with occasional peak 

at 44.0 oC between March and April. 

 

 
Figure 1: Map of study area 

Source: Britannica 

 

Research Design  

This is a prospective cross-sectional study 

involving subjects with Plasmodium 

falciparum (P. falciparum) malaria infection 

serving as tests while P. falciparum negative 

subjects serving as controls.  
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Data Collection 

The study sites include Federal Medical 

Centre in Jalingo, General Hospital in Lau, 

and General Hospital in Zing, selected 

randomly.  

Data were collected for a period of 6 months, 

each study centre was allocated a period of 4 

months; Federal Medical Centre, Jalingo: 

October, 2023 – January, 2024, General 

Hospital, Lau: November, 2023 – February, 

2024, and General Hospital in Zing: 

December, 2023 – March, 2024. A total of 

1,500 patients who were diagnosed for the 

presence of Plasmodium species, by the 

routine laboratory methods as per WHO 

protocol [27] were included in this study. 

Sample collected was given a coded number 

without the patient’s name and labelled 

appropriately taking note of the centre of 

collection, Local Government Area, gender, 

age group, marital status, educational status 

etc. 

Sample Size Estimation 

The sample size was determined from a 

standard formula for the calculation of 

sample size. 

Sample size n= (Z1-a)
2 x P(1-P) 

                                    d2 

Where n = minimum sample size, 

Z1-a value of standard normal deviation 

which is at 95% confidence level has been 

found to be 1.96. 

P=best estimate of the population prevalence 

obtained from the literature review. 

d=proportion of sample error in a given 

population. 

At prevalence rate of plasmodium malaria of 

19.2% [28], using 5% precision at 95% 

confidence level, the minimum sample size n 

for this study is calculated as follows: 

Sample size n = (Z1-a)
2 x P(1-P) 

                                     d2 

Where Z=1.96, 

P=19.2%, 0.192 d= 5%, 0.05 

Therefore, n= (1.96) x 0.192 x (1-0.192) 

                                       0.052 

n=238 

The minimum sample size is 238 

Added attrition was = 110% of 238 

Total sample size=500 x 3 =1500 

Study population and Selection of subjects 

Participant between the ages of 5 and 100 

years was considered for this study after 

signing a written consent.  

Inclusion criteria 

Only subjects who consent to the study were 

included. Only individuals with P. 

falciparum infection were included as test 

subjects 

Exclusion criteria 

Subjects who refuse to give consent were 

excluded. Subjects who are infected with or 

who have co-infection with other types of 

Plasmodium species were also excluded.  

Sample Handling and Disposals 

All the samples collected for this research 

work was handled discretely by professional 

Laboratory Technicians or scientist who 

determine the infection status of participants. 

After testing, the samples were incinerated 

with the aid of Kerosene. The Data collected 

was kept confidential and only use for 

research purpose only. The test result of each 

individual was made known to them 

following request.  

Collection and preparation of blood 

specimen 

Blood samples were collected aseptically, 

with 5ml drawn from adults' cubital veins or 

children's hands/legs. Samples were divided 

into plain bottles for coagulation and EDTA 

bottles for malaria parasite tests and 

hematological studies. After centrifugation, 

serum samples were stored for biochemical 

analyses. Thick and thin blood films were 

prepared on the same slide for each subject 

and stained with 10% Giemsa stain. Stained 

slides were flooded with diluted Giemsa 

stain, washed, and examined under a 

microscope (Nikon, Japan) for malaria 

parasites as described by [29]. 

Polymerase Chain Reaction 

DNA extraction 

Parasite DNA was extracted from 150 µL of 

venous blood using the phenol/chloroform 

method [30]. Briefly, the blood samples was 

thawed and treated using proteinase K. DNA 

was re-suspended in 50 µL of buffer, 

therefore, 1 µL of the DNA template 

corresponded to 3 µL of whole blood [31]. 
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Design of synthetic oligonucleotides and 

DNA amplification 

Specific primers were designed using the 

Primer Express Program (Applied 

Biosystems, Foster City, CA, USA) to 

hybridize the cytochrome c oxidase genes of 

the mitochondrial genome, based on the 

sequence of P. falciparum, cox III (GenBank 

accession nos. GI8346992 and M76611). 

The primers were compared with reference 

sequences (indicated by the GI above) and 

with all the sequences registered in GenBank 

by BLAST algorithms and databases from 

the National Center for Biotechnology 

(http://ncbi.nlm.nih.gov). For P. falciparum, 

the sequences that were used as primers 

(Invitrogen, Life Technologies, Carlsbad, 

CA, USA) include; Pf1 (5′-

CCTGCATTAACATCATTATATGGTAC

ATCT-3′) and Pf2 (5′ 

GATTAACATTCTTGATGAAGTAATGA

TAATACCTT-3′). The amplifications were 

generated fragments of 273 and 290 bp, 

respectively. A total volume of 20 µL was 

used as a reaction mixture [2 µL of DNA, 1.8 

mM MgCl2, 250 µM of deoxynucleotide 

triphosphate, 250 pMol of primer, 2 µL of 

PCR buffer (10 mM Tris–HCl, pH 8.3, 50 

mM KCl), 1.0 unit of Taq DNA polymerase 

(Invitrogen, Life Technologies, Carlsbad, 

CA, USA) and 11 µL of water]. The 

amplification conditions were: one 

denaturation cycle at 96 ◦C for 10 min; 30 

cycles at 95 ◦C for 1 min and 60 ◦C (P. 

falciparum) for 5 min; and a final extension 

at 60 ◦C for 1h. All amplifications were 

performed in an Eppendorf thermal cycler 

(Eppendorf, Hamburg, Germany). The 

amplified products were resolved by 2% 

agarose gel electrophoresis and visualized by 

ethidium bromide staining. Genomic DNA 

from healthy individuals with no history of 

malaria were included as negative control in 

all PCR assays performed. To establish the 

minimum number of parasites that could be 

detected, samples with known numbers of P. 

falciparum parasites were employed. They 

were obtained from a tenfold serial dilution 

using non-infected whole blood as diluent 

[31]. 

Nucleotide sequence analysis of PCR 

products 

The PCR products of two samples (2 P. 

falciparum) were sequenced. Direct 

sequencing of mtDNA (cox I and cox III) 

was based on biochemical synthesis of the 

DNA chain using the Big DyeTM Terminator 

Cycle Sequence kit, v. 3.1, in both forward 

and reverse directions. Vertical 

electrophoresis was performed with the POP-

7TM polymer in a 36 cm Avant Capillary 

Array using the Applied Biosystems ABI 

prism 3130 Genetic Analyzer (Applied 

Biosystems, Foster City, CA, USA). The 

nucleotide sequences produced was directly 

edited with sample manager software 

BioEstat 4.0. The resulting sequences were 

aligned and compared with all sequences 

registered in the GenBank [31]. 

Multiplicity of infection 

Multiplicity of infection (MOI) was 

determined by calculating the number of 

different alleles at each locus; single 

infections were those with only one allele per 

locus at all of the genotyped loci. [32, 33, 34, 

35]. Multiclonal/ mixed infections were 

defined as those having more than one allele 

in at least one locus out of the loci genotyped. 

Statistical analysis 

The data obtained was analyzed using 

Statistical Package for Social Sciences 

(SPSS) version 28 (SPSS Inc., Chicago, IL, 

USA). Results are presented simple 

frequencies in tables and charts.  

The MSP1 and MSP2 allelic frequency was 

calculated. The mean multiplicity of 

infection (MOI) was calculated for MSP 1 

and MSP2. 

 

RESULTS 

Table 1 shows the distribution of malaria 

cases by age and gender within the study 

area. In the 1-5 years age group, 93.3% of 15 

males and 45.9% of 37 females were 

infected, totaling 59.6% of 52 individuals. 

For ages 6-10, 75.0% of 4 males and 45.4% 

of 11 females were infected, totaling 53.3% 

of 15 individuals. Among those 11-17 years, 

25.6% of 78 males and 13.1% of 198 females 

were infected, totaling 16.6% of 276 

http://ncbi.nlm.nih.gov/
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individuals. In the 18-30 age group, 19.3% of 

429 males and 24.7% of 263 females were 

infected, totaling 21.4% of 692 individuals. 

For ages 31-40, 13.2% of 113 males and 

15.1% of 132 females were infected, totaling 

14.2% of 245 individuals. Among those 41-

50 years, 14.1% of 71 males and 15.7% of 70 

females were infected, totaling 14.8% of 141 

individuals. For individuals over 50, 38.1% 

of 21 males and 12.1% of 58 females were 

infected, totaling 18.9% of 79 individuals. 

 
 

Table 1: Demographic characteristics of study participants 

Age 

(Years) 

Male Female Total 

 No. 

Examined 

No. Infected 

(%) 

No. 

Examined 

No. Infected 

(%) 

No. 

Examined 

No. Infected 

(%) 

1-5 15 14 (93.3) 37 17 (45.9) 52 31 (59.6) 

6-10 4 3 (75.0) 11 5 (45.4) 15 8 (53.3) 

11-17 78 20 (25.6) 198 26 (13.1) 276 46 (16.6) 

18-30 429 83 (19.3) 263 65 (24.7) 692 148 (21.4) 

31-40 113 15 (13.2) 132 20 (15.1) 245 35 (14.2) 

41-50 71 10 (14.1) 70 11 (15.7) 141 21 (14.8) 

>50 21 8 (38.1) 58 7 (12.1) 79 15 (18.9) 

Total 731 153 (20.9) 769 151 (19.6) 1500 304 (20.3) 

 

Allelic distribution and Multiplicity of 

Infection (MOI) of the MSP1 and MSP2 

families from Study sites  

Allele typing analysis displayed the high 

polymorphic nature of P. falciparum in the 

different study sites with respect to MSP1 

and MSP2. All the three allele types for 

MSP1- K1, MAD20 and RO33 and of MSP2- 

3D7 and FC27 were identified in Zing and 

Lau, except in Jalingo where RO33 of the 

MSP1 family was not amplified. 

Table 2 shows the distribution of allele and 

multiplicity of infection (MOI) of the MSP1 

and MSP2 families in three facilities. In 

Jalingo, mono-infection was observed in K1 

with the highest frequency of 28 (25%) and 

MAD20 3 (2.7%). RO33 mono-infection was 

not seen. Mixed infection was seen in 

K1+MAD20, 13 (11.6%), K1+RO33, 12 

(10.7%) and K1+MAD20+RO33, 15 

(13.4%). 

In Zing, unlike Jalingo, K1 has the lowest 

allele frequency 3 (2.6%) for mono-

infections, MAD20 23 (19.8%) and RO33 26 

(22.4%) with the highest frequency. Mixed 

infections include K1+MAD20 4 (3.4%), 

K1+RO33 1 (0.9%), MAD20+RO33 11 

(9.5%) and K1+MAD20+RO33 17 (14.7%).  

In Lau, 10 (9.2%) alleles were found for K1, 

20 (18.3%) for MAD20 and 4 (3.7%) RO33 

mono-infections. Mixed infections include 

32 (29.4%) K1+MAD20 with highest 

frequency, 2 (1.8%) k1+RO33, 4 (3.7%) 

MAD20+RO33 and 2 (1.8%) 

K1+MAD20+RO33. 

 
Table 2: Allelic distribution and Multiplicity of Infection (MOI) of the MSP1 and MSP2 families from 

Taraba, Northeast Nigeria 

 FAMILY HAPLOTYPE FREQUENCY MOI 

Jalingo MSP1 K1 28 1.77 

MAD20 3 

RO33 0 

K1+MAD20 13 

K1+RO33 12 

MAD20+RO33 0 

K1+MAD20+RO33 15 

TOTAL 71  

MSP2 3D7 24  

1.49 FC27 11 

3D7+FC27 33 
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TOTAL 68  

Zing MSP1 K1 3 1.59 

 MAD20 23  

 RO33 26  

 K1+MAD20 4  

 K1+RO33 1  

 MAD20+RO33 11  

 K1+MAD20+RO33 17  

 TOTAL 85  

MSP2 3D7 28 1.49 

 FC27 15  

 3D7+FC27 42  

 TOTAL 85  

     

Lau MSP1 K1 10 1.57 

 MAD20 20  

 RO33 4  

 K1+MAD20 32  

 K1+RO33 2  

 MAD20+RO33 4  

 K1+MAD20+RO33 2  

 TOTAL 74  

MSP2 3D7 30 1.48 

 FC27 12  

 3D7+FC27 38  

 TOTAL 80  

 MSP1 K1 41  

  MAD20 46  

  RO33 30  

  K1+MAD20 49  

Total  K1+RO33 15  

  MAD20+RO33 15  

  K1+MAD20+RO33 34  

  TOTAL 230  

 MSP2 3D7 82  

  FC27 38  

  3D7+FC27 115  

  TOTAL 233  

MOI - Multiplicity of Infection, MSP1 - merozoite surface protein 1, MSP2 - merozoite surface protein 2 

 

For the MSP2 family, 24 (21.4%) 3D7, 11 

(9.8%) FC27 and 33 (29.5%) mixed infection 

of 3D7+FC27 in Jalingo. In Zing, 28 (24.1%) 

3D7, 15 (12.9%) FC27 and 42 (36.2%) 

mixed infection of 3D7+FC27. Also, in Lau, 

30 (27.5%) 3D7, 12 (11.0%) FC27 and 38 

(34.9%) mixed infection of 3D7+FC27.   

 

DISCUSSION 

Few studies have investigated the genetic 

diversity and multiplicity of infection of P. 

falciparum in Northern Nigeria. To our 

knowledge, this is the pioneer study on the 

genetic diversity of P. falciparum isolates 

based on utilizing merozoite surface protein 

(msp) antigen in Northeast Nigeria. 

In the current study, allele typing analysis 

displayed the high polymorphic nature of P. 

falciparum in the different study sites with 

respect to MSP1 and MSP2. PCR 

amplification of the 18s-rRNA gene of the 

samples showed that 75.9% samples were 

positive from samples collected from 

Jalingo, 73.3% samples were also positive 

from Zing and 75.2% samples from Lau. A 

total of 74.8% samples were positive from 

the three sites all together. MSP1 

amplification was successful for 83.5% 

while 80.2% samples were positive for the 
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MSP2 allelic families of P. falciparum- 

positive samples from Jalingo. From Lau, 

90.2% of samples positive for MSP1 and 

97.6% samples were positive for MSP2. 

Meanwhile, all the samples positive for 18s-

rRNA from Zing were all 100% successfully 

amplified for MSP1 and MSP2 which is in 

line with the other reports [11, 12].   

All three alleles of the msp1 (K1, MAD20, 

RO33) were successfully genotyped. For the 

samples from Jalingo, K1 has the high 

number of alleles for the MSP1 allelic 

families, with majority of the alleles 41.2% 

existing as mono-infection, which is 

consistent with infections reported in South-

Western Nigeria [36]. However, Zing had the 

highest frequency of RO33 mono-infection 

(30.6%) which corroborates a previous study 

[37]. Different from what was observed in 

the samples from Jalingo and Zing for MSP1 

genotyping, samples from Lau had highest 

allelic frequency and mono-infection of 

MAD20 (27%), then K1 (13.5%) and least 

RO33 infections (5.4%) as reported in 

Minna, Nigeria [23]. 

Overall, the analysis of msp1 alleles revealed 

that MAD20 allelic family was predominant 

with 20.0% followed by K1 at 17.8% and 

RO33 at 13% respectively.  This is similar to 

reports in Northwest Nigeria [23] and 

western Ethiopia [38]. However it 

contradicts reports from other parts of 

Nigeria which identified K1 as the most 

common msp1 allele [39, 40]. Dikwa et al. 

[41] observed MAD20 and K1 alleles in 

symptomatic individuals, with a single 

MAD20 allele in asymptomatic cases. 

Another study in India reported K1 as 

predominant msp1 allele followed by 

Mad20, and RO33 [42]. 

In msp2 family, both 3D7 and FC27 were 

genotyped successfully from the three sites. 

Similar to a report in Northwest Nigeria 

which observed 3D7 and FC27 alleles in 

their study [41]. Overall in this study, the 

3D7 family was most represented with 

35.2% prevalence against 16.3% for FC27. 

This is in agreement with reports in Lagos, 

Nigeria [43], Senegal [44] and replicates the 

infection pattern found in Cameroon [45]. 

However, this is contrary to several studies 

that reported a high prevalence of FC27 

among different populations in Nigeria 

[23,39,40,46,47]. Another study [48] 

reported more msp2 alleles in asymptomatic 

malaria cases compared to uncomplicated 

and severe malaria cases.  

The allelic diversity of P. falciparum MSP1 

and MSP2 is mostly due to meiotic 

recombination events involving genetically 

distinct parasite clones that infect the same 

mosquito vector, and hence, human host 

[49,50]. Therefore, the proportion of mixed 

infections and the number of clones per 

individual is one of the prerequisites to 

generate new genotypes and to increase the 

diversity of the parasitic population. Multiple 

clonal infections with different genotypes of 

P. falciparum were identified among the P. 

falciparum isolates in the study locations 

with a significant multiplicity of infection 

(MOI). Several studies have found that the 

genetic diversity of this parasite varies 

depending on a variety of parameters, 

including the degree of infection, the age of 

the infected persons, and their geographic 

location [20-23]. In malaria-endemic 

countries like Nigeria, where transmission 

rates are higher, diversity is usually greater 

[20]. 

Mean MOI ranged 1.57 – 1.77, and 1.48 – 

1.49 for msp1 and msp2 genes respectively. 

This lower than reports in Sudan [51], 

Mauritania [52], Burkina Faso [53], but 

higher than studies in Gadarif state, Sudan 

[54]. The slight variation in our report could 

be due to similar population profile and 

season, with the current study carried out 

during the dry season. It has been suggested 

that MOI varies with seasons, with higher 

values in the rainy season than in the dry 

season reflecting periods of higher malaria 

transmission [53]. However, other studies 

have reported higher MOI values in the dry 

season [55, 56]. The differences in MOI can 

be attributed to variations in geographical 

areas, malaria transmission intensity, and 

factors such as the age and mean parasite 

density of the study population [20-23]. The 

low MOI observed in our study may also 
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result from malaria control measures, 

including the seasonal malaria chemotherapy 

and the large-scale distribution of LLINs 

across the country. 

 

LIMITATIONS  

The study did not correlate genetic diversity 

or MOI with age or gender and was limited 

to a single season, preventing exploration of 

seasonal variations' impact on these 

variables. Additionally, using agarose gel 

electrophoresis for PCR detection, while 

effective, is considered a limitation. More 

advanced techniques, such as capillary 

electrophoresis and genome-wide studies, 

could more accurately identify genetic 

peculiarities in malaria-infected populations. 

 

CONCLUSION 

Understanding Nigeria's malaria situation in 

relation to Plasmodium falciparum genetic 

variation can enhance treatment and 

immunization strategies. The multiplicity of 

infection (MOI) values observed in the study 

area indicate the endemic nature and 

transmission intensity of malaria in Taraba 

State's northern senatorial zone. These 

findings offer crucial insights for 

surveillance and evaluating current malaria 

control measures, guiding future treatment 

strategies tailored to Taraba and Africa's 

malaria-endemic populations. 

Recommendations include strengthening 

malaria eradication efforts, conducting 

further research on the impact of allelic 

distributions on treatment response, an area 

that has been underexplored in Nigerian 

studies, and conducting periodic genetic 

diversity studies in Taraba State to better 

understand the overall genetic diversity of P. 

falciparum in Nigeria. 
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