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ABSTRACT

Background: Asymptomatic malaria and antimalarial drug resistance are major challenges to global malaria
elimination programmes. This study evaluated the prevalence of P. falciparum multidrug resistance-1(Pfmdr-1)
polymorphisms among asymptomatic children living in southwest Nigeria.

Methods: In a cross-sectional study, 156 asymptomatic children aged 3 months to 10 years were screened
between November and December, 2022. Finger-prick blood samples were collected to perform malaria rapid
diagnostic test, thick blood smears for microscopy and dried blood spots for polymerase chain reaction (PCR)
assays. PCR-confirmed P. falciparum isolates were further assayed for Pfmdr-1 single nucleotide polymorphisms
(SNPs) at position N86 using the restriction fragment length polymorphism (RLFP) with Apol endonuclease
enzyme digestion.

Results: Participants comprised 70 (44.9%) males and 86 (55.1%) females. The mean age was 6 * 4 years,
temperature (36.2 + 0.8°C), weight (18.6 + 9.5kg) and geometric mean parasite density and range (417; 40 — 2500
p/uL). Of the 156 participants, malaria was detected in 25 (16.0%) 38 (24.4%) and 34 (21.8%) by malaria RDT,
microscopy and PCR respectively. The overall malaria positive rate by the three diagnostic methods was 97
(62.2%). Out of the PCR-confirmed P. falciparum isolates (n = 34), the Pfmdr-1 mutant allele (N86Y) was detected
in 29.4%.

Conclusion: Asymptomatic Plasmodium falciparum infected individuals harboured Pfmdr-1 mutant allele (N86Y)
in the study location. Large-scale molecular surveillance of P. falciparum resistance markers to antimalarial drugs
in asymptomatic population is essential to guide the national malaria control programmes in Nigeria.
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INTRODUCTION over 90%. Other species, including P. ovale and

Malaria is the most devastating tropical disease
in sub-Saharan Africa, causing high morbidity
and mortality in under five children.! Nigeria
contributes the highest burden of global
malaria. An estimated 68 million cases and
194,000 deaths, accounting for 80% mortality
among under-five children was reported in
2021.2 The majority of malaria cases are caused
by Plasmodium falciparum, which accounts for
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P. malariae often occur as co-infections in
Nigeria.3

Despite several scale-up interventions towards
malaria elimination, asymptomatic malaria,
defined as the presence of asexual parasitaemia
in peripheral blood without symptoms %5,
remains a major challenge to global malaria
control programmes.® Infected individuals serve
as parasite reservoirs for continuous malaria
transmission.” If wuntreated, asymptomatic
malaria infection may progress to clinical
malaria in non-immune individuals®, while
persons exposed to several malaria episodes in
high transmission settings may develop partial
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immunity without clinical symptoms, especially
in adult populations.®

The detection of Plasmodium falciparum-resis-
tant parasites within asymptomatic popula-
tion'® pose a significant threat to current
malaria control. Artemisinin combination
therapy (ACT), adopted in 2005 as the first-line
antimalarial drug is the mainstay for the
treatment of acute uncomplicated malaria in
Nigeria.!! However, artemisinin resistant-
parasites have emerged in Southeast Asia 1213
and East Africa %15 while delayed parasite
clearance was reported in Nigeria.!®

Single nucleotide polymorphisms (SNPs) in the
P. falciparum genome have been implicated in
parasite selection and resistance to antimalarial
drugs, including amodiaquine which is associa-
ted with Plasmodium falciparum chloroquine
transporter (Pfcrt) and Plasmodium falciparum
multidrug-1 (Pfmdr-1), lumefantrine and meflo-
quine (Pfmdr-1), piperaquine (Plas-mepsin-2 and
Pfert), and the artemisinins (kelchl3) respect-
ively.17

The Pfmdr-1 gene is located at chromosome 5,
encoded by a transmembrane P-glycoprotein
homologue 1(pghl), and is reported to be
associated with multidrug-resistant phenotype,
especially point mutation at codon 86Y, 184F,
1034C, 1042D and 1246Y, which confers
decreased susceptibility to chloroquine, amodia-
quine, mefloquine and lumefantrine.18:19

A substantial proportion of malaria infections in
endemic regions are asymptomatic, especially
during the dry seasons.20-23 Thus, the presence
of resistant-parasite strains in the reservoirs of
asymptomatic infections over time may induce
genetic drift in the parasite population.24

The prevalence of P. falciparum resistant-
parasites varies across geographical regions.25
Temporal trends suggest that the prevalence of
certain mutant alleles may change over time,
highlighting the dynamic nature of drug
resistance.2® Therefore, molecular surveillance
of Pfmdr-1 polymorphisms in parasite popula-
tion is essential to guide the current malaria
treatment and control strategies in Nigeria. This
study evaluated the prevalence of Pfmdr-I1
polymorphic alleles among asymptomatic
children in Ilishan-Remo community, Ogun
State, Southwest Nigeria.

METHODOLOGY
Study design and location

This study was part of a community-based
cross-sectional study, conducted during the dry
season (November 2022 - January 2023) to
evaluate the comparative performance of four
malaria rapid diagnostic test kits among
asymptomatic individuals in Ilishan-Remo
community, Ikenne Local Government area of
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Ogun State, Southwest Nigeria. The study
location and sample size determination have
been described elsewhere.2?

Study population

Children of both sexes aged 3 months to 10
years with temperature < 37°C at presentation
were screened at the Primary Health Center,
llishan and Ago-Ilara Primary Health Center.
Participants were informed through the Illishan-
Remo Development Association (IDA) to visit the
designated health facilities which also serve as
the primary health facilities to the community,
and was considered for ease of access.
Demographic and clinical characteristics, inclu-
ding age, sex, body weight, temperature, and
parasite density were assessed.

Sample collection

Finger-prick blood was collected from
consenting parents/guardians for malaria rapid
diagnostic test (mRDT Carestart™), thick
smears for microscopy and blood spotted on
Whartman (3MM) filter paper for molecular
assays. The blood spots were allowed to dry at
room temperature and was packed in a zip-lock
bags with desiccants until molecular assays
were carried out.

DNA extraction and genomic assays

Genomic DNA was extracted from dried blood
spots (DBS) using the QIAamp DNA mini kit
(Qiagen, Hilden, Germany) following the
manufacturer's instructions. The extracted
gDNA was quantified using spectrophotometer
(Nanodrop Lite™ Thermo Scientific) and was
stored at -20°C until molecular assays. A nested
polymerase chain reaction (PCR) amplification
on the small sub-unit ribosomal RNA (ssrRNA)
was carried out in a primary reaction with
genus-specific primers as previously des-
cribed.?829 The PCR products from the primary
reaction were nested in a secondary amplifica-
tion with falciparum-specific primers.282° PCR-
confirmed P. falciparum isolates were further
amplified for Pfmdr-1 gene using specific
primers as previously described.3® The Pfmdr-1
amplification was carried out in a final reaction
volume of 25 uL, containing 8 uL of 5X Master
mix (Solis Biodyne, Estonia), 1 mM each of
forward (Al) and reverse (A3) primers, 10 uL
nuclease-free PCR grade water and 100 ng DNA
template for the primary reaction as previously
described.3! The nested PCR mix was the same
as the primary amplification except that 3 uL
from the primary PCR product was used as the
template with a second set of forward (A2) and
reverse (A4) primers.3! Amplicons were subject-
ted to restriction fragment length polymorphism
(RLFP) with Apol restriction-digestion enzyme
(New England Biolabs Inc.) to detect single
nucleotide polymorphisms (SNPs) at codon 86.
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Data analysis: Data was entered into excel and
exported to SPSS (version 20) for analysis. Age,
sex, body weight and temperature were
presented as mean (standard deviation). The
prevalence of asymptomatic malaria and Pfmdr-
1 SNPs were presented in percentages while the
Fisher’s exact test was used to compare
proportionality. The level of statistical signifi-
cance was considered at p < 0.05.

Ethical consideration: Ethical approval to
conduct the study was obtained from the
Babcock University Health and Research Ethics
committee (BUHREC) while a written permission
was granted by the community leadership,
llishan-Remo Development Association (IDA).
Verbal informed consent was obtained from the
participants, and the study protocol was
explained to the parents/guardians in English
and native (Yoruba) language before sample
collection.

RESULTS

The socio-demographic and clinical characteris-
tics of the study participants shows 70 (44.9%)
male, 86 (55.1%) female. The mean age was 6 +
4 years, temperature (36.2 + 0.8°C), weight (18.6
*+ 9.5kg) and geometric mean parasite density
and range (417; 40 — 2500 p/uL) (table 1). Of the

156 samples screened; P. falciparum was
detected in 97 (62.2%). Further breakdown of
positive cases shows, mRDT detected (25;
16.0%), microscopy (38; 24.4%) and PCR (34;
21.8%) respectively. Overall, malaria positive
rate was higher in children older than S years as
detected by RDT and PCR while microscopy
detected more positive cases in the under-5
group. However, there was no statistically
significant difference (p = 0.713) among the
three diagnostic methods according to age.
However, females were more infected with
malaria compared to male participants. (table
1).

Twenty-two (22; 64.7%) of 34 PCR-confirmed P.
falciparum isolates harboured the wild type
Pfmdr-1 allele (N86), 10 (29.4%) had the mutant
allele (N86Y) while 4 (11.8%) isolates had mixed
(N86/N86Y) allelic combination. Children > 5
years had 13 (59.10%) of the wild type allele, 7
(70%) mutant allele and 3 (75%) mixed alleles.
There was no statistically significant difference
in Pfmdr-1 prevalence between age group < 5
and > 5 years. Similarly, 12 (54.5%) of wild type
and 60% mutant was detected in isolates from
female participants. The mixed allelic combina-
tion was detected in 2 (50%) each from isolates
from male and female participants (table 2)

Table 1: Demographic and clinical characteristics of study participants

Characteristic Overall Malaria Malaria Malaria p-value
Variable Participants Positive Positivity Positivity Positivity

N =156 (%) Rate RDT Microscopy PCR

(n=97; %) (n=25;%) (n=38; %) (n = 34; %)

Age (years)
<1-5 90 (57.7) 46 (47.4) 11(44.0) 20 (52.6) 15 (44.1)
>5 66 (42.3) 51(52.6) 14 (56.0) 18 (47.4) 19 (55.9) 0.713
Mean + SD 64
Gender
Male 70 (44.9) 35 (36.1) 8 (32.0) 13 (34.2) 14 (41.2) 0.732
Female 86 (55.1) 62 (63.9) 17 (68.0) 25 (65.8) 20 (58.8)
Temp. (° C)
< 37.5 156 (95.7) 84 (86.6) 21 (84.0) 33(86.8) 30 (88.2) 0.985
Mean * SD

36.2£0.8
Weight (kg)
<15 59 (36.2) 57 (58.8) 16 (64.0) 18 (47.4) 23 (67.6) 0.182
> 15 97 (62.2) 40 (41.2) 9 (36.0) 20 (52.6) 11(32.4)
Mean * SD 18.6 £9.5
PD (p/pL): 134 (85.9)
<100 22 (13.5) 72 (74.2) 19 (76) 25 (65.8) 28 (82.4) 0.276
> 100 417 25 (25.8) 6 (24) 13(34.2) 6 (17.6)
Geo-mean (40 - 2500)
(Range)

PD = Parasite density
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Table 2: Prevalence and frequency distribution of Pfmdr1 alleles in children at Ilishan-Remo

Variable PCR Positive Pfmdrl N86 Pfmdrl N86Y Pfmdrl N86/N86Y
N =34 (%) n = 22 (%) n =10 (%) n =4 (%)

Age (years)

<1-5 15 (44.1) 9 (40.9) 3 (30.0) 1(25.0)

>5 19 (55.9) 13 (59.1) 7 (70.0) 3 (75.0)

p-value 0.233 0.182 0.090 0.240

Gender

Male 14 (41.2) 10 (45.5) 4 (40.0) 2 (50.0)

Female 20 (58.8) 12 (54.5) 6 (60.0) 2 (50.0)

p-value 0.113 0.384 0.327 0.240

N86 = wild type, N86Y = mutant, N86/N86Y = wild/ mutant allelic combination

DISCUSSION

This study evaluated the Pfmdr-1 single
nucleotide polymorphisms (SNPs) at codon 86
among asymptomatic P. falciparum infected
children in a sub-urban community in Ogun
State, Southwest Nigeria. Malaria transmission
is all year round in the study location. However,
reduced transmission occurs during the dry
season (November - March) with persistent
asymptomatic infections often reported during
the dry season in malaria endemic regions,32
which was corroborated by our study.
Asymptomatic malaria was more prevalent in
older children (= 5 years). Similar studies have
reported age-dependent malaria prevalence
which may be due to the acquisition of partial
immunity after several episodes of malaria
infection.5 3334 The burden of malaria is shifting
to older children3® because most of the malaria
control and intervention programmes are
focused on under-5 children, the most at-risk
population for malaria morbidity and mortality.?
Findings from this study supported the
epidemiological trend of age-dependent malaria
prevalence in the study population.

Gender is a key factor in defining malaria
epidemiology. Evidence from several studies
reported male-biased malaria susceptible and
prevalence than females.3¢ It was reported that
male-biased malaria prevalence stems from an
increased socio-behavioural factor, such as
engaging in more outdoor activities by males,
which exposes them to more mosquito bites
compared to their female counterparts.3?. 38
However, findings from this study proved to be
in the contrary, as malaria positive rate was
higher in females, and was similar with previous
reports.36:37.38 Although, there was no statisti-
cally significance difference in the malaria
positive rate according to gender in this study.
However, some authors have also reported
female dominance in the malaria prevalence.3940
The conflicting gender-based malaria prevalence
requires further investigation in a larger-scale.

Although, the level of diagnostic agreement
(kappa’s statistic) among the three diagnostic
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methods was not evaluated in this study but the
malaria detection rate was similar.

Antimalarial drug resistance pose a significant
challenge to malaria control efforts, thus conti-
nuous molecular surveillance to elucidate the
parasite dynamics and resistant pattern is
essential.#! The detection of Pfmdr-1 SNPs
associated with lumefantrine and mefloquine
resistance, the partner drugs to artemether and
artesunate among asymptomatic population
may induce parasite selection, especially in
Nigeria, where artemether-lumefantrine is the
first-line antimalarial drug in the treatment of
acute uncomplicated malaria.

Findings from this study shows older children
and females harboured more wild type (N86) and
mutant (N86Y) haplotypes compared to under-5
and male counterparts. This may be in parts,
attributable to drug pressure as older children
must have been treated with various doses of
artemisinin combination therapies (ACTs).
Although, the difference was not statistically
significant. However, there is need for further
investigation with larger sample size to validate
this finding to support the national epidemio-
logical data on Pfmdr-1 prevalence and spread in
symptomatic and asymptomatic malaria infec-
ted individuals. A recent study reported that the
Pfmdr-1 wild type (N86) was more prevalent in
symptomatic than asymptomatic infections
while the mutant N86Y and mixed 86N/86Y
haplotypes were observed only in asymptomatic
infections.*? If this finding 1is validated,
asymptomatic malaria vis-a-vis antimalarial
drug resistant-parasites will significantly affect
national malaria control programmes as
asymptomatic individuals without treatment
will not only serve as parasite reservoir but will
also serve as reservoir for the continuous spread
of resistant-parasite strains in the study
location. Furthermore, it has been reported that
evidence of selection by artemether lumefan-
trine (AL) for the Pfmdr-1 haplotype in recurrent
parasiteamia as early as day-14 after treatment
is contributory to reduced susceptibility follow-
ing AL therapy.*® Thus, the need for an effective
and continuous monitoring of the efficacy of
first-line antimalarial drugs and the detection
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and containment of resistant-parasites among
asymptomatic population with high throughput
surveillance tools, including molecular epide-
miology of malaria studies to elucidate the
factors influencing genetic drift in parasite
population. Therefore, efforts towards the over-
all reduction of malaria burden, and addressing
the complexities and dynamics of drug resis-
tant-parasites associated with asymptomatic
malaria is imperative to sustain the global
advances made in malaria control and
elimination.

Limitations of the study

The short duration of time to conduct the study
was a major constrain which affected the sample
collection period. Thus, the small sample size
included for analysis may not be the true
reflection of the study population and outcome.
Therefore, a larger study with an actual sample
size is recommended to elucidate the association
of asymptomatic malaria and of the prevalence
of antimalarial drug resistant-parasite strains in
the study location.

Conclusion

The burden of asymptomatic malaria and Pfmdr-
1 mutant haplotypes significantly threatened
malaria control efforts in the study location.
Understanding the epidemiological dynamics,
and developing targeted interventions to reduce
asymptomatic reservoirs will drastically mitigate
the spread of drug resistant-parasites in Nigeria.
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