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Abstract

Malaria in pregnancy is a public health problem that continues to put pregnant women and
their unborn babies at risk. Therefore, this study was undertaken to investigate the prevalence
Sulphadoxine-Pyrimethamine drug resistance mutations among pregnant women attending
ante-natal clinic (ANC) at University College Hospital (UCH), Ibadan. A total of one
hundred and five (105) eligible pregnant women attending ANC at UCH, Ibadan from
February to July, 2024 were recruited for this study. Structured questionnaire was
administered and about 5mls of venous blood samples were collected into EDTA bottle for
malaria detection and dried blood spot samples for molecular drug resistance gene detection.
Malarial parasite was detected using Microscopy and Rapid Diagnostic Test methods and
antifolate wildtype genes pfdhfr and pfdhps, and their drug resistant mutant genes S/08N and
K540F were detected with Polymerase Chain Reaction using gene specific primers and
visualized with agarose gel electrophoresis. Data analysis was done using SPSS version 25.
Malaria prevalence was 17.1% with age group 25-34 years having significantly highest
prevalence of 23.9% when compared to other age groups(P<0.05).Primigravidae and first-
trimester pregnancy had highest prevalence rates of 21.1% and 19.6% respectively when
compared to other groups but not statistically significant (P>0.05).There was association
between gravidity, gestational age and parasite density with primigravidae and first trimester
having significantly highest parasite count of 1500 + 100/ul and 1600£100/ul respectively
when compared with other group (P<0.05). Moderately high levels of antifolate wildtype
genes: pfdhfr (6.7%) and pfdhps(12.4%) with their corresponding alleles mutant genes:
S108N (4.8%) and K540E(6.7%) were detected. There was no association between age,
gestational age, gravidity and SP drug resistance mutations (P>0.05). The mutations linked to
antifolates suggest widespread resistance to sulphadoxine-pyrimethamine used for
intermittent preventive treatment during pregnancy. Further studies should be done to
address the prevalence of other genetic resistance markers.

Keywords: Malaria, Pregnancy, P.falciparum, antifolate wildtype genes, mutant genes
Word Count: 297
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Chapter One
Introduction
1.1  Background of the Study

Household responses to illness are influenced by socio-economic and cultural factors and
ease of access to treatment sources'. In sub-Saharan Africa, rural and urban populations differ
demographically, in socio-economic and cultural composition, and in proximity to formal and
informal treatment sources®. Malaria is one of humanity’s worst diseases and th&ring it
causes is now a global crisis. One fifth of the world population is at risk of] and there
are more than 300 million cases each year. It is responsible for over illion deaths each

year and most of the deaths occur in pregnant women and childr five years?.

Malaria is a serious and sometimes fatal disease whi s it the leading cause of
morbidity and mortality worldwide with higher burdenQ\su -Saharan Africa even though it
is both preventable and treatable, and effectiy, ’Qntive and curative tools have been
developed*. Despite several efforts by inteﬁ}@ml communities to provide funds in billions
of dollars to fight malaria in Africa .Q\pr blem has continued unabated leading to loss of
lives daily. Many of the malaﬁ&%l‘\:nts do not have access to health facilities on time while
others who do may no%@\nodem facilities. Some healthcare professionals still depend

on the conventior}a@lod such as rapid diagnostic test for malaria parasites and which may

not accurateé eot the parasite on time®.

Despite é,l%

for c%nfries in the developing world. It is also a public-health problem and the principal

efforts to eradicate the disease it remained a great challenge to health system

cause of childhood mortality’. It is a vector-borne infectious disease caused by plasmodium
spp. Malaria is widespread in tropical and subtropical regions in a broad band around the
equator. It is prevalent in tropical and subtropical regions because rainfall, warm
temperatures, and stagnant waters provide habitats suitable for mosquito to breed®. Five

species of plasmodium can infect and be transmitted by humans, however, majority of deaths



from malaria are caused by plasmodium falciparum while plasmodium vivax, plasmodium
ovale, and plasmodium malarie causes a generally milder form of malaria that is rarely fatal®.
The zoonotic species, Plasmodium knowlesi is a parasite that causes malaria in humans and
other primates, it is found throughout Southeast Asia; it causes malaria in macaques, but can
also cause severe infections in humans!®. The disease causes symptoms that typically begin 8-
25 days following the infection, symptoms may occur later in those who have taken anti
malaria medications as prevention. The classic symptom of malaria is par cyclical
occurrences of sudden coldness followed by rigor and then fever. Sever r&aya has varying
patterns and the relative contributions to individual symptoms @lo ality differ with
endemicity, geographic locations and access to health servicegt %

Pregnant women infected with malaria represent a @ icant obstetric problem that
predisposes them and their unborn baby to adve efBQequenceslz. Findings from clinical
studies revealed that 25% women with pl@malaﬂa had evidence of malaria during
parturition. In most endemic areas, .r\;\al'}luring pregnancy is associated with maternal
anemia. It has been estimated th, ®Jt 26% of maternal anemia is due to malaria'?. In
Africa, it was reported that S anemia as a result of falciparum malaria is responsible for
approximately 10,000 @gal deaths per annum!3. Infants with congenital malaria also
experience dev faﬁw fects from the infection. It has been estimated that 1 in every 5 low
birth weigh%ZSOO g) deliveries are a consequence of maternal malaria. This invariably
resul%&r infant development and survival and has led to approximately 100,000 infant
deaths every year'“.

Malaria during pregnancy is a major cause of maternal morbidity worldwide and leads to
poor birth outcomes. Pregnant women are more prone to complications of malaria infection
than nongravid women!>. Prevention involves chemoprophylaxis and mosquito avoidance.

Treatment involves antimalarial drugs and supportive measures. One hundred twenty-five



million pregnant women are at risk for contracting malaria, a preventable cause of maternal
and infant morbidity and death!S. Malaria parasites contribute to adverse pregnancy and birth
outcomes due to their preferential accumulation in placental intervillous spaces. Pregnant
women are particularly vulnerable to malaria infections, and malaria infections during
pregnancy put their fetuses at risk!’. Malaria in pregnancy is associated with anemia, stillbirth,
low birth weight and maternal and fetal death. A study was reviewed to diag&ng the
challenges of malaria in pregnancy, as well as strategies to prevent and t@%alaria in

C

pregnancy'®.
The introduction of a new antimalarial treatment has been soon fol 0@ the emergence of
resistance to that treatment; perhaps most notably, parasi@e istant to the antimalarial
atovaquone were discovered the same year the was introduced. After P.
falciparum  parasites became resistant to uine, pyrimethamine/sulfadoxine,
mefloquine and then atovaquone, P. falcip ’@ aria became very difficult to cure. Thus,
the world enthusiastically welcomed. t@arance of a new class of medicines based on
extracts from the sweet wormwood@ Artemisia annua®.

The antimalarial activity oféannua had been rediscovered in a screen of traditional
medicines for those amb) cure mice and monkeys that had rodent and simian malaria,
respectively. A .®\ derivatives are typically combined with a partner drug, typically
from a che@al family such as the aryl alcohols or 4-aminoquinolones, to comprise
aﬂen@—&.ﬁsed combination therapies (ACTs)?!. Indeed, the World Health Organization
only supports the use of artemisinins in combinations, reasoning that this will delay the
appearance of drug resistance because a parasite will need to acquire resistance to two drugs
as opposed to just one. Although not recommended for use everywhere, ACTs are currently

considered the most effective treatments for P. falciparum malaria in areas where drug

resistance to other therapies has been a problem??. Nevertheless, clinical trials from Southeast



Asia indicate parasites have now acquired resistance to artemisinin-based monotherapies and
some ACTs appear to be losing effectiveness. Although no deaths can be directly attributed
to resistance, further reductions in ACT efficacy could result in malaria again becoming a
possibly incurable and often fatal disease?.

Later-stage clinical trials on novel classes of antimalarial compound to replace artemisinin
are currently underway, but no new drugs are expected to be licensed within the next few
years?*. In the absence of a forthcoming replacement medicine, concer ysicians,
scientists, and government officials have been working diligently to tr&o/ ind parasite
genetic markers that predict artemisinin resistance?>. Such marker a 111tate tracking of
the spread of resistance and hopefully will allow resistance t %med before early-stage
treatment failures and possible deaths result. Importantly@ng a genetic marker could also
prevent deaths: if surveillance identifies the wi SQEQ presence of resistance-associated
alleles in a given geographic region, patien%%se regions might be admitted to a hospital
for closer observation during treatmeflg\‘kn alternative therapies. In this study, the genes
involved in artemisinin resistance @ elucidated?s.

The emergence of resistancé @)l‘mer first-line antimalarial drugs has been an unmitigated
disaster. In recent yedss, jattemisinin class drugs have become standard and they are
considered an 53@001 for helping to eradicate the disease?’. However, their ability to
reduce mor@'ty and mortality and to slow transmission requires the maintenance of
effec%%:g Recently, an artemisinin delayed-clearance phenotype was described. This is
believed to be the precursor to resistance and threatens local elimination and global
eradication plans. Understanding how resistance emerges and spreads is important for
developing strategies to contain its spread. Resistance is the result of two processes: (i) drug

selection of resistant parasites; and (ii) the spread of resistance?®.



The cornerstone of antimalarial treatment, artemisinin, has reduced malaria associated
morbidity and mortality worldwide?®. However, Plasmodium falciparum parasites with
reduced sensitivity to artemisinin have emerged, and this threatens malaria control and
elimination efforts. In this minireview, they describe the initial development of artemisinin as
an antimalarial drug, its use both historically and currently, and our current understanding of
its mode of action and the mechanisms by which malaria parasites achieve resistance;’.

Resistance appears to occur through spontaneous mutations that confer reduc sitivity to
a given drug or class of drugs. For some drugs, only a single point muytation is required to
confer resistance, while for other drugs, multiple mutations appear, t@required“. Provided
the mutations are not deleterious to the survival or reproduct@ﬁparasite, drug pressure
will remove susceptible parasites while resistant parasi@.lrvive. Single malaria isolates
have been found to be made up of heterogeneous ulations of parasites that can have

o

widely varying drug response characteristic@

Similarly, within a geographical area %ria infections demonstrate a range of drug

ghly resistant to completely sensitive2,

susceptibility. Over time, resistanc&@?bmes established in the population and can be very
stable, persisting long after sb@c drug pressure is removed?”.

Over 90% of malaria c}%tgur in Sub-Saharan Africa, where a child dies from this illness
every 30 secon 3"\i&geria, the burden of malaria is well documented and has been shown
to be a big c@ributor to the economic burden of disease in communities where it is endemic
and %&sible for annual economic loss to the tune of 132 billion Naira. It is estimated
that out of 300,000 deaths occurring each year, 60% of outpatient visits and 30%
hospitalizations are all caused by malaria®>. No doubt Nigeria is a malaria-endemic area and
malaria is the principal cause of childhood mortality. Global malaria deaths peaked at 1.82

million in 2004 and have fallen steadily since then, dropping by 32% to 1.24 million in 2010



(714,000 children aged less than 5 years, 524,000 individuals aged less than or equal to
Syears)?S.

However, the number of deaths in individuals aged less than or equal to 5 years in 2017
exceeded WHO estimates by 433,000. The situation has remained consistent ever since, this
is why investigation on how to mitigate malaria spread among under-five is pertinent and of
policy relevance?®’. Malaria is common among pregnant women and children under&years of
age due to their low levels of immunity. This is why these categories of the Qﬂtion were
the primary focus of the Roll Back Malaria (RBM) program?®. RBM ai anmtammg an
overall vision of a malaria-freeworld. The goals and targets for mala \ o trol was to reduce
global malaria deaths to near zero by 2020, reducing global %ses by 75% from what
it was in 2000 by end of 2018 and eliminate malaria by QO in 10 new countries, this
goal is yet to be achieved®. fb

The increase in the prevalence of malaria | ria is due to both behavioural and non-
behavioural factors. The behavioural .fzsc\'\relates to some cultural practices, which promote
mosquito breeding and mosquitoe,i'x@ess to the people as well as the failure of 'at risk'
population to use technolég& proven to be effective for the treatment, control and
prevention of malaria\@tly and adequately®®. The non-behavioural factors include
geographical o '@éqg al peculiarities, the availability of mosquitoes and the presence of
plasmodia. '@rough understanding of both behavioural and non-behavioural factors is very
imp%@ the design of appropriate interventions for tackling malaria. Creating awareness
and improving the understanding of the transmission of malaria has been found to greatly
contribute to ameliorating malaria menace and facilitate the sustainability of malaria
elimination programmes®*!.

Malaria during pregnancy is not only a major public health problem in Nigeria but in other

sub-Saharan African countries, especially in malaria-endemic areas*’. Malaria in pregnancy is



said to be one of the leading contributors to the unacceptably high maternal mortality ratio in
the developing countries. It is believed to be responsible for approximately 50 million cases
of malaria among pregnant women worldwide annually with more than 30 million of them
live in the African region*. It is more frequent and severe in primigravidae, both during
pregnancy and at the time of delivery. “The serious consequences of malaria in pregnancy are
attributed to the sequestration of malaria parasites in the placenta, leading to impeded trans-
placental nutrient transport. This, combined with malaria induced anemia Qpromises
foetal growth and result in low birth weight (LBW) and a subsequent i chsp in infant and
childhood mortality**. In addition, malaria in pregnancy is responsib &s much as 50% of
low birth weight (LBW) among primigravidae especially in $areas. In short, malaria
has many untoward effects on both the mother and the fe Qs making this study of great
importance®. be

In all the endemic areas, the frequency of mal igher in pregnant women than the same
women before pregnancy. It causes sey }atemal anemia, spontaneous abortion, stillbirth,
premature delivery (gestation of leiqyxl 37 weeks), intrauterine growth retardation and low
birth weight increasing rise'o\fkggnt death*®. Low birth weight is a well-documented risk
factor; along with p\é?euro-sensory, cognitive and behavioral performance and
achievement. 'e’\fnm ction between HIV and malaria during pregnancy are complex
studies. In @ya and Malawi it was shown that the prevalence and density of malaria
paras’tq/@; also found in HIV positive victims*’. The risk of infants dying during the post
neonatal period has also been identified to rise higher in children born with HIV positive
mothers and with placental malaria than in those born to HIV positive mothers without

placental malaria®®.

1.2 Statement of the Problem

Malaria is a major public health concern among pregnant women in sub-Saharan Africa.

Within the region, Nigeria has the highest malaria cases. Malaria during pregnancy leads to



serious adverse effects on mothers and foetus*. Malaria complicates up to 58.1% of
pregnancies in Nigeria. Pregnant women in their first and second pregnancies are particularly
susceptible to Malaria. Placental parasitaemia limits transfer of nutrients and oxygen to the
foetus, leading to intrauterine growth restriction, low birth weight or intrauterine death®. The
prevalence of Plasmodium falciparum sulfadoxine/pyrimethamine resistant mutations among
pregnant women represents a significant public health concern, particularly in regions where
malaria is endemic. Pregnant women are at an increased risk of severe %ue to

physiological changes that occur during pregnancy, including altered i;q&ejesponses and

increased susceptibility to infections>!. This vulnerability is co ed by the potential
adverse effects of malaria on both maternal and fetal healgn ding anemia, low birth

i
weight, and increased risk of maternal mortality. Sulfad pyrimethamine (SP) has been
widely used as a first-line treatment for uncom 'c@nalaﬂa and as part of intermittent
preventive treatment in pregnancy (IPTp)%%ver, the emergence and spread of drug-
resistant strains of P. falciparum h.age\' ised concerns about the effectiveness of SP in
treating and preventing malaria in <ég\ulnerable population. Resistance mutations in the P.
falciparum dihydropteroate 's@ase (dhps) and dihydrofolate reductase (dhfr) genes have
been identified as ke@%ers of reduced sensitivity to SP. The prevalence of these
mutations vari 'g%g%phically, influenced by factors such as drug usage patterns, local
malaria trar@ssmn dynamics, and the socio-economic context. Several factors such as
educ@vel, family income, and occupation are known to increase mothers’ knowledge
about malaria and its management®'. Pregnant mothers who are knowledgeable about the
disease are likely to use proper preventive measures and take sick children to a health facility
in time.

1.3  Justification of the Study



Despite the high risk of malaria among pregnant women in this area, there is limited evidence
about the burden and anti-malarial drug resistance genes.
Therefore, the data from this study can be used to formulate policy which can be used to

reduce the maternal and child mortality due to the disease.



1.4  Aim and Objectives of the Study
1.4.1 Aim

The study is set out to assess the prevalence of Plasmodium falciparum malaria dhps, dhfr
and K540 sulfadoxine/pyrimethamine resistant mutation among pregnant women attending

ante-natal clinic at University College Hospital, Ibadan.

1.4.2 Objectives of the Study were to:

i. Determine the prevalence of malaria in pregnancy among pregnant w@attending

ii. Determine the prevalence of pfdhps kS40E mutations amon women attending

UCH 0

iii. Determine the prevalence of dhfrr SIOSN mutations@)ng pregnant women attending

UCH

N
iv. Investigate the relationship between pfd% OE, dhfr SIOSN SP resistance mutations
and participants’ age, parasiteamij avidity and trimester among pregnant women

attending antenatal clinic at UC@

1.5 Research Questions’ $

1. What is the prevaleﬁ% malaria in pregnancy among pregnant women attending UCH

2. What is th(fii%ce of pfdhps k540E mutations among pregnant women attending

UCH? b

3. \\h@;%e prevalence of dhfr S108N mutations among pregnant women attending UCH?
4. What is the relationship between pfdhps k540E, dhfr SIOSN SP resistance mutations and
participants’ age, parasiteamia, gravidity and trimester among pregnant women attending

antenatal clinic at UCH?

10



1.6  Hypotheses
This study is Based on Null Hypothesis (Ho) that:

e Prevalence of plasmodium falciparium malaria dhps, dhfr and K540
sulfadoxine/pyrimethamine resistant genes are significantly low among pregnant
women attending ante-natal clinic at UCH, Ibadan

Alternate Hypothesis

* Prevalence of plasmodium falciparium malaria dhps, dhfr \K540
sulfadoxine/pyrimethamine resistant genes are significantly hig a@g pregnant
women attending ante-natal clinic at UCH, Ibadan Q

1.7  Significance of the Study %

Malaria, a debilitating febrile and life threatening illn aused by a parasite called
plasmodium. Its route of transmission still remains ?@es from infected female anopheles
mosquitoes. Environmental factors and behavio terns of vectors and human populations
combine to provide favorable conditions fi h\&uia transmission. Proven effective options to
reduce morbidity and mortality i@e ly diagnosis, combined with prompt effective

therapy and malaria preventi ugh reduction of human-vector contact, especially with

%

the use of ITNs. Achi@stainable control of the disease depend on extensive public
health promotionaﬁ\&grams which focus on current and proven methods of malaria
prevention a% agement. Improved nutrition, identification and elimination of causes of
low be@ effectiveness, and reinforced health education are promising and tangible
measures to further reduce P. falciparum. The result of this finding will help pregnant women
to have more knowledge on the prevalence of malaria. The outcomes of this study will also
help government sectors and partners working in collaboration to implement an intervention
program focusing on the prevalence of malaria and detection of antimalarial drug resistance

genes among pregnant women. The findings of this study will have special importance for

11



health care providers because it will serve as base line for filling gaps of the actual prevention
of malaria among pregnant women. It will also contribute to reducing maternal and child
mortality, improving health systems and promoting access to effective treatments, relates to
the Sustainable Development Goals (SDGs) 3. Furthermore, understanding drug resistance is
essential for developing strategies to combat malaria effectively, aligning with the goal of
combating epidemics and ensuring universal health coverage. It will also expose other areas

of interest about prevalence of malaria and detection of antimalarial drug r@ce genes

1.8 Scope of the Study 6\
\>

Current study mainly focused on assessing prevalence aria and detection of

among pregnant.

antimalarial drug resistance genes among pregnant wc@ attending ante-natal clinic at

1.9  Limitation of the Study

University College Hospital, Ibadan &GQ

This research work is limited to preggl@men attending ante-natal clinic at University
College Hospital, Ibadan. ,&C)\

1.10  Operational Deﬁniﬁ& erms

Prevalence: The total rh%&of cases of malaria and detection of antimalarial drug resistance

genes among '@women attending ante-natal clinic at University College Hospital,

Ibadan b
O

Malzﬁ(a’glA mosquito-borne infectious disease of humans and other animals caused by

parasitic protozoans belonging to the genus Plasmodium (Phylum Apicomplexa)

Antimalarial Drug: This is the drug used for the treatment and prevention of malaria

infection in pregnancy

12



Pregnancy: This is the physiological condition in which a woman carries a developing fetus
within her uterus, typically lasting about 40 weeks from the last menstrual period to

childbirth
Pregnant Women: A female human carrying a developing offspring or an expectant mother

P.falciparum: A species of protozoan parasite that is one of the causative agents of malaria

in humans Q\

Mutant genes: Genes that have undergone a change or alteration in their erJ e sequence

compared to the wild-type or original form
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Chapter Two
Literature Review
2.1 Overview of Malaria

Malaria is regarded as the second most common cause of infectious disease-related deaths in
the world, after tuberculosis'. It is estimated that malaria affect between 350 to 500million

people annually and accounts for 1 to 3million deaths per year. The Sub-Saharan Africa has

the largest burden of malarial disease because the region's tropical climate pr
breeding grounds for Anopheles mosquitoes, the primary vectors @ i
temperatures and abundant rainfall create favorable conditions for mosﬁ) reproduction and
survival, many countries in Sub-Saharan Africa face poverty, )@ ccess to healthcare,
and inadequate infrastructure with over 90% of the world’ ria—related deaths occurring
in this region. It accounts for over 10,000 maternal a Q@OOO neonatal deaths per year?.
Although malaria is known to affect all ages @rQexes, its morbidity and mortality is
believed to be significant in pregnant womé\\Q children less than five years of age. Malaria
contributes very significantly to mate@ fetal mortality?.

Malaria is a mosquito—borrle i&@&ous disease of humans and other animals caused by
parasitic protozoans be@to the genus Plasmodium (Phylum Apicomplexa)*. Malaria is
a vector-borne d{s@a is widespread in the tropical and subtropical areas of the world.
“The diseas is@commonly transmitted by an infected female Anopheles mosquito. Only
female m oes feed on blood; male mosquitoes feed on plant nectar, and do not transmit
the (M@S. The female of the Anopheles genus of mosquito prefer to feed at night. Five
species of Plasmodium can infect and be spread by humans; P.falciparum. P.vivax, P.ovale,
P.malariae, and the simian parasite P.knowlesi”.

Plasmodium falciparum cause the largest burden of disease, followed by P. vivax. It is

reported that the P. falciparum predominates in Africa, New Guinea, and Hispaniola (Haiti

and the Dominican Republic); the P. vivax however is more common in the Americas and the
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western Pacific’. The prevalence of these two species is approximately equal in the Indian
subcontinent, eastern Asia, and Oceania. The report shows that whilst the P. malariae is
uncommon and is found in most endemic areas, especially in Sub-Saharan Africa, the P.
ovale, even less common, is relatively unusual outside of Africa and, where it is found,
comprises <1% of isolates®. Moreso, the P. knowlesi, similar morphologically to P. malariae,
has been identified by molecular methods in patients in Malaysia, the Philippines&hailand,
and Myanmar. This species has not yet been proven to be transmitted fr. means to
mosquitoes (i.e., a monkey reservoir may be required to infect mosquitoe ){/

Malaria was the most important health hazard encountered by U.S. t ’% the South Pacific
during World War 2, where about 500,000 men were infect &ding to Joseph Patrick
Byrne, sixty thousand American soldiers died of malaria @g the African and South Pacific
campaigns!®, Malaria is prevalent in tropical a ls@)pical regions because of rainfall,
consistent high temperatures and high huymidifys along with stagnant waters in which
mosquito larvae readily mature, p.rov' ing “them with the environment they need for
continuous breeding!!. In drier ég\, outbreaks of malaria have been predicted with
reasonable accuracy by maf)@ rainfall. Malaria is more common in rural areas than in
cities. The geographic B@%ﬁon of malaria within large regions is complex, and malaria-
afflicted and m .%ﬂ‘ areas are often found close to each other!?,

2.2 Prev@ce of Malaria Fever

Mal iaQ;Qinfectious disease of humans and some other animals. It is caused by parasitic
protozoans called Plasmodium species borne by female anopheles mosquitoes '*. Malaria
fever has been ranked as one of the most important infectious diseases in tropical and sub-
tropical regions of the world. It is a serious disease of childhood. It has caused an estimated
207 million cases and 627,000 deaths in 2012, mostly children in sub-Saharan Africa'4. The

clinical manifestations of malaria fever, the severity and course of a clinical attack depend on
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the species and strain of the infecting Plasmodium parasite. It also depends on the genetic
constitution, immune status and nutritional status of the infected person'>.

Malaria was the most important health hazard encountered by United State (US) troops in the
South Pacific during World War 2, where about 500,000 men were infected!®. According to
Joseph Patrick Byrne, sixty thousand American soldiers died of malaria fever during the
African and South Pacific campaigns!’. Malaria fever is prevalent in tropical and wopical
regions because of rainfall, consistent high temperatures and high humidi ong with
stagnant waters in which mosquito larvae readily mature. All these provide those parasites
with the environment they need for continuous breeding!®. In drier tbreaks of malaria

have been predicted with reasonable accuracy by mapping . It has been discovered
that malaria fever is more common in rural areas tha@cuies and that the geographic
distribution of malaria within large regions is ¢ urthermore malaria-afflicted and
malaria-free areas are often found close to eac @r ‘%,

Globally, about 3.2 billion people arg 'Bt risk of contracting malaria and developing
disease, and 1.2 billion are at hig@kzo. Of the six World Health Organization (WHO)
regions in the world, malér'@ransmission occurs in five with Europe remaining free.
Climatic factors such a@%rature, humidity and rainfall mainly determine where malaria
could be foun ’.\%ria is prevalent in tropical and subtropical areas where malaria
parasites canréomplete their growth cycle in the mosquitoes and where Anopheles mosquitoes
can s{/\%{qm multiply because of rainfall, high humidity and consistently high temperature
22Tt was reported that in 2017, nearly half of the world's population was at risk of malaria *.
Most malaria cases and deaths occurred in sub-Saharan Africa. However, the WHO regions
of south-east Asia, eastern Mediterranean, western pacific, and the Americas were also

reported to be at risk. According to the World Health Organization reports of 2017, 90

countries and areas had ongoing malaria transmission although some population groups were
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found to be at considerably higher risk of contracting malaria and developing severe disease
than others®*. These included infants, children under 5 years of age, pregnant women and
patients with HIV or AIDS as well as non-immune migrants, mobile populations and

travelers.
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“AEDES MOSQUITO

CULEX MOSQUITO

A: Anopheles Mosquito
B: Aedes Mosquito
C: Culex Mosquito

Source: Different types of mosquitoes?
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Anopheles mosquitoes are primarily known for their role as vectors of malaria, a disease
caused by parasitic protozoa of the genus Plasmodium?’. This genus includes several species,
with Anopheles gambiae being one of the most efficient malaria vectors in Africa. Anopheles
mosquitoes are characterized by their long legs and distinctive resting posture, where they
hold their bodies at an angle to the surface?’. They are typically active during dusk and dawn,
which aligns with the feeding habits of the malaria parasite. The female Anopheles, requires
blood meals for egg development, and their breeding sites are often found in Q stagnant
water bodies such as ponds, marshes, and rice fields. Control measur r Anopheles

mosquitoes often focus on eliminating breeding habitats and usinc1 es, particularly in

regions where malaria transmission is prevalent?. 0

Anopheles mosquitoes have a complex life cycle, cons'&tin f four stages: egg, larva, pupa,
and adult. Females lay their eggs in clusters, oftenﬁ%ed to as rafts, on the surface of clean,
stagnant water?>. The larvae are aquatic, fe&@ organic matter and microorganisms. They
undergo several molts before transitim@‘to the pupal stage, which is a non-feeding stage

N

where they undergo metamorph%\iﬁo adults. The entire life cycle from egg to adult can

N

temperatures. Behavi & Anopheles mosquitoes are primarily nocturnal, with many

take as little as a week optimal conditions, although it can be longer in cooler

species preferr@e d during dusk and dawn?. This feeding pattern aligns with the life
cycle of t é\aria parasite, which develops within the mosquito after it has taken a blood
meal\f&&an infected host. The female Anopheles mosquito requires a blood meal to obtain
the necessary proteins for egg development. After feeding, the female will typically lay her

eggs within a few days, continuing the cycle?®.
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The transmission of malaria occurs when an infected female Anopheles mosquito bites a
human, injecting sporozoites into the bloodstream. These sporozoites migrate to the liver,
where they multiply and eventually enter the bloodstream again, causing the symptoms
associated with malaria. The efficiency of Anopheles mosquitoes as vectors depends on

various factors, including their longevity, feeding behavior, and environmental conditions®.

Aedes mosquitoes are recognized for transmitting several viral diseases, includiq&iengue
fever, Zika virus, chikungunya, and yellow fever. The most notable species w@ths genus
are Aedes aegypti and Aedes albopictus®’. Aedes mosquitoes are dis% marked with
white markings on their legs and a lyre-shaped pattern on their t hey are aggressive
daytime feeders, although they can also bite during twilight@s. Aedes mosquitoes thrive
in urban environments, often breeding in artificial cont&@ such as discarded tires, flower
pots, and water storage tanks?. Their adaptabi%% human environments makes them
particularly challenging to control. Ints@ pest management strategies, including
community engagement and envirom& | management, are crucial for reducing Aedes

populations and preventing the syééqcef the diseases they carry?.

Q

The life cycle of Aed@itoes consists of four stages: egg, larva, pupa, and adult.
Females lay thei.r@ in or near standing water, often in artificial containers such as
discarded ti s,%yer pots, and water storage vessels. The eggs are capable of withstanding
desiccat& owing them to remain viable even in dry conditions until they are rehydrated
by rai}d flooding?. This adaptability helps Aedes mosquitoes thrive in urban settings where
breeding sites can be abundant. The larvae of Aedes mosquitoes are aquatic and typically
feed on organic matter and microorganisms in the water. They undergo several molts before
transitioning into the pupal stage, which is a non-feeding phase. The pupae eventually emerge

as adults, with the entire life cycle taking about a week under optimal conditions. Aedes
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mosquitoes are known for their rapid reproduction, which contributes to their population

density, particularly in areas with favorable environmental conditions?’.

Culex mosquitoes are another significant group, known primarily for transmitting West Nile
virus, Japanese encephalitis, and filariasis. Culex pipiens, commonly known as the common
house mosquito, is one of the most widespread species in temperate regions. Culex
mosquitoes have a more robust body and are generally less aggressive than Anopheles and
Aedes?. They prefer to feed during the night and are known to breed in pollut@?‘er bodies,
such as storm drains, ditches, and shallow ponds. The larvae of Culey@gqa{toes are often
found in nutrient-rich water, which supports their growth. Co trategies for Culex
mosquitoes typically involve larviciding and habitat manent, focusing on reducing

stagnant water where these mosquitoes breed. Q

N\

The life cycle of Culex mosquitoes includes fou egg, larva, pupa, and adult. Females
lay their eggs in rafts on the surface of s@h‘[ or slow-moving water, often in polluted
environments such as storm drains, c’t@nd marshes®. The eggs hatch into larvae, which
are aquatic and feed on orgagic@ and microorganisms. The larvae undergo several molts
before entering the pupa , Where they undergo metamorphosis into adults. The entire
life cycle can tal.«s&where from a week to several weeks, depending on environmental
conditions ch(ayemperature and food availability?®>. Behaviorally, Culex mosquitoes are
primarilél rnal and are most active during the evening and night. They tend to feed on a
varietyNof hosts, including birds, mammals, and humans. The preference for avian hosts
makes them particularly important in the transmission of viruses like West Nile, as these
viruses often circulate in bird populations before being transmitted to humans. Female Culex
mosquitoes require blood meals for egg development, and after feeding, they typically lay

their eggs within a few days?.
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23 History of Malaria

Due to the disease’s association with marshland and swamps, it was formerly called ‘marsh
fever’ or ‘ague’. However, the term malaria is reported to have originated from medieval
Italian language which means “bad air” ?°. The term malaria was first used in English
literature around 1829. The history of malaria stretches from its prehistoric origin as a
zoonotic disease in the primates of Africa through to 21 century. The first evidence of the
parasites was found in mosquitoes preserved in amber from the palacogen %d that is
approximately 30 million years old*’. However, malaria started having a or impact on
human survival about 10,000 years ago at the same time wit pment of human
settlements and advances in agriculture. 0

Evidences show that malaria was once common in most @\rope and North America, even

though it is no longer endemic in these regions? %s showed that the Roman empire
g g g p

was devastated by malaria and the disease s sted throughout Rome that it was known
as the “Roman fever”. The presence E)f,\a‘ht water in several regions in the ancient Rome
provided favourable conditions for@ia vectors®. Throughout recorded history, beginning
in 2700BC in China, there \'A@several references describing the unique periodic fevers of
the disease. While Co\@?a associated malaria with insects from swamp, Hippocrates
described the p f@vers as tertian, quartan, subtertian and quotidian®.

24 Epi(%iology of Malaria

Humgj&nosquito vector genetics are separate and well-defined fields that influence the
epidemiology of malaria but fall outside the pathogen-oriented focus of molecular
epidemiology here®!'. A broader view would see them as part of the same system, with many
potential points of ecological and evolutionary interaction. For example, interactive variation
in human major histocompatibility complex and T-cell receptor genes can influence the type

of selection operating among allelic forms of parasite antigens while hemoglobin variants can
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have effects on display of variant surface antigens of the parasite on the erythrocyte
membrane’2. Vector mosquitoes such as Anopheles gambiae in Africa show genetic variation
in the ability to transmit malaria parasites and have complex population structures that
contain incipient species, features likely to affect the population biology of the parasite and to
which it may respond adaptively. Essentially, many heritable variations in human and
mosquito populations exist alongside other environmental variation that affects the molecular
epidemiology of the parasite?. Q
Some molecular processes lend themselves to mathematical modeling at a(&cyQuation level,
particularly in genetics and immunology. Researchers who aédeled conceptual
processes are increasingly keen to analyze the actual molecu@m iables that underlie these,
and this helps to identify major knowledge gaps that can t research*. Processes that have
recently received modeling attention include th %Qnship between immunity and the
evolution of virulence, the orchestration of antigénic variation by immune responses and the
emergence and spread of drug resista?@ genome sequence of P. falciparum reveals the
primary structure and arrangemq&@ more than 5,000 protein coding genes and the
sequences of other Plasmodf %cies give comparable information. This can be exploited
by comparative genom@?yses that allow inferences to be drawn on molecular evolution
and microarray, 5® to show profiles of transcription at all stages in the life cycle
(including 1@ stages that are accessible in rodent malaria models but not in human
mal ia%.’gata on gene evolution can lead to hypotheses about gene function, whereas
studies of genome-wide patterns of gene transcription allow the potential role of otherwise
nondescript genes to be highlighted. Either type of information is likely to ultimately relate to
mechanistic hypotheses of clinical or epidemiological relevance?’.

Globally, about 3.2 billion people are still at risk of contracting malaria and developing

disease, and 1.2 billion are at higher risk. Of the six WHO regions, malaria transmission
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occurs in five with Europe remaining free. Climatic factors such as temperature, humidity,
and rainfall mainly determine where malaria is found?®. Malaria is prevalent in tropical and
subtropical areas where malaria parasites can complete their growth cycle in the mosquitoes
and where Anopheles mosquitoes can survive and multiply because of rainfall, high humidity
and consistent high temperature®®. It was reported that in 2017, nearly half of the world's
population was at risk of malaria. Most malaria cases and deaths occur in sub-Saharan Africa.
However, the WHO regions of south-east Asia, eastern Mediterranean, west cific, and
the Americas are also reported to be at risk?®’. According to the World Health, Organization
reports, in 2017, 90 countries and areas had ongoing malaria tr r@%n although some
population groups are at considerably higher risk of contr@%alaria, and developing
severe disease, than others. These include infants, child@lnder 5 years of age, pregnant
women and patients with HIV/AIDS, as well as @nune migrants, mobile populations
and travelers*!. \Q’b

Malaria has been known to be wide.s%r\a'§ the tropical and sub-tropical regions and has
ravaged many communities mos@ially in Nigeria with considerable morbidity and
death*. It causes the death 6@%}&% one million in Africa every year, and is responsible
for fifteen percent (IS%QQHHicaI illnesses in the tropical regions of Africa*’.Ten percent
(10%) of death jn ¢hildfen aged below three years had been estimated to be due to malaria in
many parts @he tropical regions. In remote rural areas of sub-Sahara Africa, 1.5 to 2.7
millign %{Qs of the estimated annual 300-500 million cases of clinical malaria were directly
attributed to malaria and the great majority occurred in young children®,

According to Centres for Disease Control and Prevention, 216 million people became ill of
malaria in 2016 and 445,000 died of malaria disease in 2016*. Each year about 1,700 cases

had been diagnosed in the U.S. Again nearly half of the world’s populations were at risk and

$12 billion was lost per year in Africa alone. In 2017, there was an estimated 219 million
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cases of malaria in 90 countries and death cases caused by malaria reached 435,000. In Africa
there was 92% of malaria cases and 93% of malaria deaths in 2017%. According to World
malaria report, in 2017, five countries accounted for nearly half of all malaria cases
worldwide. These include Nigeria (25%), the Democratic Republic of the Congo (11%),
Mozambique (5%), India (4%) and Uganda (4%). It is worthy of note that malaria remains a
major killer of children aged below five years, taking the life of a child every two minutes?’.
In general, malaria affects the rural poor, making it a leading cause of abse Qm among
employees, increased health care spending, decreased productivity, and approximately fifty
percent (50%) of all preventable school absenteeism in Africa. It hto trap families in a
cycle of disease and poverty. Particularly in Nigeria, m 'a%mes economic loss of
approximately 132 billion yearly and also debilitates adul

2.5 Causative Agent of Malaria be

Malaria parasite is a mosquito-borne dise ith incubation period of seven days longer
deadliest diseases affecting people p i ﬁly in tropical and sub-tropical regions of the
world. Malaria remains the most c@c and overwhelming health problem facing humanity,
with 300-500 million cases a million deaths per year®. Malaria was once widespread in
North America and oth t%erate regions. Today, the disease occurs mostly in tropical and
subtropical regi '@culaﬂy in sub-Saharan Africa and Southeast Asia. About 90% of all
malaria infe@s in the world today occur in Africa south of the Sahara®°.

Mal%% site is a mosquito-borne agent of malaria disease with incubation period of seven
days or longer. It is caused by the protozoan Plasmodium. There are five species of
Plasmodium parasite known to infect humans. These are Plasmodium falciparum,
Plasmodium malariae, Plasmodium ovale, Plasmodium vivax and Plasmodium knowlesi’'.
These occur in different parts of the world. Some cause a more severe type of malaria than

others. Plasmodium falciparum is the most common species identified (75%) among those
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infected, followed by Plasmodium vivax (20%)°2. Plasmodium falciparum accounted for
99.7% of estimated malaria cases in the World Health Organization (WHO) African region.
Plasmodium falciparum is transmitted into human during the bite of female mosquitoes of the
genus Anopheles which injects the sporozoites, which is the invasive form of Plasmodium

into human body?3.

2.5.1 Life Cycle of Plasmodium \
3 tes, and

merozoites. Gametocytes within a mosquito develop into sporozoite@e porozoites are

Plasmodium species exhibits three life-cycle stages: gametocytes,

transmitted via the saliva of a feeding mosquito to the human b m. From there they
enter liver parenchyma cells, where they divide and form 0it€SS4. The merozoites are
then released into the bloodstream and therefore infect the blood cells. Rapid division of

these merozoites results in the destruction of t@ blood cells. The newly multiplied

(o)

merozoites then infect new red blood cells: merozoites may develop into gametocytes,
which can be ingested by a feeding n@, starting the life cycle over again®.

The life cycle of Plasmodium iséo%plex one that requires both a human and a mosquito
host, and differentiating . ¢ times during its transmission and infection process>®. A
female anopheles mosgquito (the definitive host) transmits a motile infective form, called the
sporozoite, int@te rate host such as human (the secondary host), thus acting as a
transmiss%@ctor. Prior to transmission, the malaria parasite resides within the salivary
glana\&he mosquito. The parasite is in its sporozoite stage at this point’’. As
the mosquito takes its blood meal, it injects a small amount of saliva into the skin wound. The
saliva contains anti-haemostatic and anti-inflammatory enzymes that disrupt the clotting
process and inhibit the pain reaction.

Typically, each infected bite contains 5-200 sporozoites which proceed to infect the

human®. Once in the human bloodstream, the sporozoites only circulate for a matter of
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minutes before infecting hepatocytes. Once in the liver, it reproduces asexually (tissue
schizogony) producing thousands of merozoites. The merozoites infect the new erythrocytes
and initiate a series of asexual multiplication cycles (blood schizogony) that produce 8-24
new infective merozoites, at which point the cells burst and the infective cycle begins again®®.
During the erythrocytic stage, some merozoites develop into male and female gametocytes in
a process called gametogenesis®. The specific factors and causes underlying ‘&sexual
differentiation are largely unknown. Note that the gametocytes remain within t chrocytes
until taken up by the mosquito host. When a fertilized mosquito bit& infected person,

gametocytes are taken up with the blood and mature in the mos 1. The male and
%

female gametocytes fuse and form an ookinete—a fertil@ tile zygote. Ookinetes
develop into new sporozoites that migrate to the insect's @\ry gland, ready to infect a new

vertebrate host. The sporozoites are injected in ABQscin, through the saliva when the

mosquito takes a subsequent blood meal 62, \Qrb
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The parasite’s invasion of the liver and later the red blood cells causes a variety of symptoms
like shivering, fever and sweating with enlargement of the spleen®’. When the parasite
develops in the red blood cells, a lot of known and unknown waste products such as
haemozoin pigment and other toxic factors accumulate in the infected red blood cell. These
waste substances are dumped into the bloodstream when the infected cells lyse to release
invasive merozoites®*. The hemozoin and other toxic factors such as glucose phosphate
isomerase (GPI) stimulate macrophages and other cells to produce cytok % other
soluble factors which act to produce fever and rigors and probably i other severe
pathophysiology associated with malaria®. P. vivax, P. ovale, an ;gparum repeat this
chill-fever cycle every 48 hours (tertian malaria), and P. m éepeats it every 72 hours
(quartan malaria). P. knowlesi has a 24-hour life cycle @t us can cause daily spikes in

fever . fb

Plasmodium-infected red blood cells, parti % ose infected with mature trophozoites,
adhere to the vascular endothelium o.f \4 }walls and do not circulate freely in the blood.
When this occurs in the vessels oﬁ{ﬁ%ﬁrain it is believed to be a factor in causing cerebral
malaria which is associated W@ugh mortality®’. Infection with malaria parasites may result
in a wide range of sy@ , ranging from a mild one to severe malaria disease and even
death. C,\\,
N v

Although the proportion of people exposed to malaria parasites has decreased during the last
century, the absolute number of people at risk for malaria infection increased from 0.8 billion
in 1900 to 3.3 billion in 2010, as a consequence of the absolute increase of the population
living in malaria-endemic regions °%. However, between 2005 and 2010 malaria cases

decreased from 244 million to 216 million; moreover, malaria mortality rates showed a global

reduction of 26% between 2000 and 2010.
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In malaria infection, clinical manifestations of Plasmodium are associated with an
inflammatory syndrome characterized by haematological changes. The implication of C -
reactive protein (CRP) in malaria anaemia, leading to the assessment of the level of this acute
phase protein during falciparum malaria in relationship to parasite density, white blood cells
(WBC), age and haemoglobin was demonstrated®’.

2.5.2 Distribution of Plasmodium Species

Malaria in humans is caused by 5 Plasmodium parasites: Plasmodium falciparum, P.
vivax, P. malariae, P. ovale and P. knowlesi’. The current distribution of human pathogenic
Plasmodium species shows preponderance of P. falciparum in tropical Africa, while P.
vivax prevails over P. falciparum in South America. Both P. falciparum and P. vivax are
prevalent in south-eastern Asia and western Pacific’!. Although P. malariae may occur in all
malarious areas, its prevalence is generally low. In tropical Africa, P. falciparum and P.
malariae co-infection is sometimes encountered. P. ovaleis widespread principally in
tropical Africa whereas P. knowlesi infection occurs only in certain forested areas of South-

East Asia’.

Malaria burden is hard to estimate, particularly in low income countries where data collection
and reporting quality is poor. Incomplete and discontinuous reports from single health
facilities may alter final global malaria prevalence’. Malaria cases are often under-diagnosed
in hyper endemic countries, where mild symptoms of chronic malaria may possibly lead to
misdiagnosis. On the contrary, over-diagnosis may also occur. In fact, not all reported
malaria cases are confirmed by microscopy or others assay, such as rapid diagnostic tests
(RDTs). Furthermore, in hyper endemic areas febrile illnesses from different causes might be

misdiagnosed with malaria’.

Malaria disease can be categorized as uncomplicated or severe (complicated). In general,

malaria is a curable disease if diagnosed and treated promptly and correctly”. Early diagnosis
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is the key feature for its prompt treatment and prevention of complications which may
include hypoglycemia, coma, kidney failure, acidosis or pulmonary oedema. Microscopic
diagnosis is needed for confirmation of the disease, but it requires technical expertise and at
times may be unreliable when poorly executed 7. However, World Health Organization
(WHO) guidelines had recommended that microscopy and Rapid Diagnostic Tests (RDTs)
should be used to confirm all malaria cases.

2.5.3 Discovery of Malaria Parasites ®

In 1880, a French army doctor, Charles Louis Alphonse Laveran, obseryve (Qn parasites
inside the red blood cells of infected people for the first time and pr that malaria fever
was caused by the organism 77. A year later, Carlos Finla ﬁd strong evidence that
mosquitoes were transmitting the disease to and fron@nans. Since the discovery of
these parasites, research attention was focused f@lr biology as well as that of the
mosquitoes which transmitted them. In 1897,.Sif Ronald Ross discovered the complete life-
cycle of the malaria parasites in m(:sg&}and that the mosquito was the vector for the
malaria in humans’®, ,&(—)\

2.5.4 Discovery and Develo g’of Antimalarial Drugs and Vaccine

During the middle age&b&ments for malaria included blood-letting, inducing vomiting,
limb amputatio '@panning 7. For thousands of years, traditional herbal remedies have
been used t%at malaria. The first effective treatment for malaria was the bark of cinchona
tree J°. %@20, the active ingredient, quinine, was extracted from the bark, isolated and
named by Pierre Joseph Pelletier and Joseph Bienaime Caventou 8. Until the 1920s when
other medications began to be developed, quinine was the main malarial medication.
However, quinine was replaced with chloroquine in the 1940s until resistance to the
medication superseded globally in the 1980s. In the 1970s, a Chinese scientist named Tu

Youyou and her colleagues discovered artemisinins from the plant Artemisia annua which
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became the recommended treatment for malaria when administered in combination with other
antimalarials 3!

DDT was the first pesticide used for indoor residual spraying to eliminate mosquitoes,
however, the large-scale agricultural use of the pesticide led to the evolution of resistant
mosquitoes in many regions. Various research efforts have been made on malaria vaccines,
the first being in 1967 #2. The first vaccine was approved by European regulators in &5 82,
2.6 Occurrence and Prevalence of Plasmodium

Malaria in humans is caused by five Plasmodium species; Plasmodium um P. vivax,
P. malariae, P. ovale and P. knowlesi. Plasmodium species are di & distributed in the
world and malaria cases and deaths differs during different se®§

2.6.1 Plasmodium falciparum Q

P. falciparum is widespread in nearly all malaria o@ countries. A study identified 2.37
billion people at risk of P. falciparum trans %‘worldmde 26% of which is located in the
African Region and 62% in South Ea.st S hnd Western Pacific regions **. In Africa, many
epidemiological studies suggest t QB\ falciparum 1is the most prevalent malarial species.
Blood samples were collecté@ween 1998 and 2006 from nine different African countries
and analyzed by PCR @e presence of each of the four human malaria parasites 3. Out of
the 2,588 samp 's@e ted, 1,737 were positive for Plasmodium species and 1,711 (98.5%)
were positiv&r P. falciparum considering both mono and mixed infection. Another study
perf%%@4 villages in Mulanda sub-county, in eastern Uganda, showed a prevalence of P.
falciparum infection of 94% during rainy season, from July to December, using thin film
diagnosis®®. A study performed in metropolitan Lagos, Nigeria, showed a microscopic
prevalence of P. falciparum species of 88,5% in pregnant women attending antenatal care

clinic, during one observation year. In Asia, P. falciparum and P. vivax were the two
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prevalent species. In India, P. falciparum is mostly widespread in Orissa state: while in the
west of the some country mixed infections were predominant 7.

2.6.2 Plasmodium vivax

In Central and Western Africa P. vivax infection was rare because of the high prevalence of
the red blood cells Duffy antigen negative phenotype in the population, interfering with P.
vivax merozoite entry into the red blood cells. Also large study carried out in some {her nine
African countries failed to detect P. vivax species®. Despite these studies, é%er, there
were some evidence of P. vivax transmission in West and Central Afi 'c@r instance, in
Congo, specific P. vivax antibodies were researched in 409 sam 1@’%‘ patients coming
from a health center located on the west coast, where Duffy '%expected to be > 95%.
Out of the 409 samples, 55 (13%) tested positive for spe@ . vivax antibodies %°. Another
study from Kenya demonstrated the presence of among mosquitoes. In addition, P.
vivax DNA was amplified and sequenced ir\b@&two Duffy negative children. In eastern
and southern Africa only 5% of malz:r@ons were attributable to P. vivax. However, in
Asia, P. vivax and P. falciparum w@ predominant species®.

2.6.3 Plasmodium ovale '\AQJ

The real burden of l\&? malaria was difficult to assess because its diagnosis was
difficult. Plas ?@vale might have been encountered in sub-Saharan Africa and in
Asia’l. A re@ study from Mozambique tested malaria prevalence among febrile patients.
Onl)\2/®ll malaria positive patients presented P. ovale mono-infection, while P.
ovale and P. falciparum mixed infections were also detected®’. In Congo, a cross-sectional,
population-based cluster household survey of adults aged 15-59 years demonstrated that P.
ovale parasitemia was rare and its prevalence in mono-infection was only 0.1% °3.

There were many evidence of P. ovale infection in Asia. Samples collected during 2007/2008

in Bangladesh from 379 febrile patients who underwent microscopic, DNA extraction and
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nested PCR analysis, 3 of the 189 positive samples (1.6%) were positive for P. ovale
9. Nested PCR detected P. ovale parasites in 1.3% of blood samples collected from 1.356
inhabitants of eight villages of Rattanakiri Province (Cambodia) . In a study performed in
Myanmar, P. ovale was detected by PCR technique in 4.9% of malaria positive samples;
most of cases were co-infections with P. falciparum, P. vivax and/or P. malariae. Case
reports of P. ovale infection were recently published from Gujarat, India, Malaysia and Sri
Lanka °. P. ovale infection was present in Papua, Indonesia and in Thailanb ile it was
very rare in Philippines where it has been reported only in the island ofll)%%

2.6.4 Plasmodium malariae O

P. malariae was spread in sub-Saharan Africa, Southeast Asi %nesia, many islands in
western Pacific and in areas of the Amazon Basin of S AQnerica 7. In a recent study,
blood samples were collected from the indigenou %tion of nine African countries and
malaria parasites were searched by PCR m: asmodium malariae was found in 147 of
the 1.737 positive blood samples, lfl a h’o-infections, 129 as mixed infections with P.
falciparum and 4 as triple infectio,\%h P. ovale and P. falciparum®®. Excluding samples
from Rwanda, Mozambique, @gﬁ and Sao Tome, P. malariae infections represented 8.5%
of all malaria infectio?@ In Nigeria, a total of 350 pregnant women attending certain
antenatal clinic @gndomly recruited and blood samples were collected. Of 350 blood
samples, 9@27.4%) were positive for malaria parasite and 11 (11.5%) were P.
mala%&itive as tested by microscopy!®. During the rainy season, blood samples were
collected from resident people of four village in Mulanda, Uganda. Of the 709 malaria
positive samples, 6% were positive for P. malariae. In the state of Orissa, India, the
prevalence of P. malariae detected by PCR method was 44.6% during the peak season of
malaria incidence'?'.

2.6.5 Plasmodium knowlesi
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Plasmodium knowlesi infection was localized only in the South East Asia region and infected
both monkeys (where it was first reported) and humans. Forest areas were the reservoirs of P.
knowlesi that was first reported in humans in 1965 in a man who had worked in the jungle of
Pahang, Peninsular Malaysia. An analysis of stored blood films identified cases
of Plasmodium knowlesi infection occurring since 1996 in Sarawak region, Malaysian
Borneo 2. In Sabah region, Malaysian Borneo, samples were collected from patients with
suspected malaria. Nested PCR was performed in all 243 samples collected. Of 107 samples
positive for malaria parasite, 63 were positive for P. knowlesi, demonstrating an high
incidence of P. knowlesi infection in the interior division of Sabah '®. Another study
performed in Thailand screened 1,874 of the samples collected from febrile patients during a
period of one year. Of the 1,751 samples positive for malaria parasites, 10 were positive for P.
knowlesi that mostly occurred in males with uncomplicated malaria coming from southern
and southwestern regions of Thailand. P. knowlesi mono and mixed infection were also
demonstrated in Myanmar in the Philippines and in Singapore %4,

2.7 Genetic Factors and Malaria

Some genetic factors present frem birth that are associated with human red blood cells have
been shown to influence _ah individual’s risk of developing severe malaria'®. For instance,
individuals whe daye\the sickle cell trait, which is heterozygous for the abnormal
haemoglobin~ef RBC gene HbS, are relatively protected against P. falciparum malaria and
thus.enjey,a protective advantage. Birth cohort studies conducted by Center for Disease
Control and Prevention in collaboration with the Kenya Medical Research Institute found that
the sickle cell trait genotype (AS) provides 60% protection against overall morbidity and

mortality '%

. Because P. falciparum malaria has been a leading cause of death in Africa since
remote times, the sickle cell trait is now more frequently found in Africa and in persons of

African ancestry than in other population groups. In general, the prevalence of hemoglobin-
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related disorders and other blood cell dyscrasias, such as hemoglobin C, the thalassemias and
G6PD deficiency, are more prevalent in malaria endemic areas and are thought to provide
protection from malarial disease 7. Also, individuals who were negative for the Duffy blood
group had red blood cells that are resistant to infection by P. vivax. Since, most of Africans
are Duffy negative, P. vivax is rare in sub-Saharan Africa, especially West Africa. In that area,
the niche of P. vivax has been taken over by P. ovale, a very similar parasite that ck&infect
Duffy-negative persons '%, OQ

2.8  Trends in Malaria Cases and Deaths Q/
Approximately 900 people were reported to have died from malar'a@ope between 1993
and 2003 ', An estimate for 2009 reported that countries '%highest death rate per
100,000 of population were Ivory Coast (86.15), Angola Q) and Burkina Faso (50.66).
The World Health Organization (WHO) estimatedit 2010 there were 219 million cases
of malaria resulting in 660,000 deaths. A 2%@?@& indicated the deadliest countries per
population were Burkina Faso, Mozaznb' e and Mali'!’.

In 2012, there were 207 million ca&gsy\@f malaria with the estimated number of deaths to be
between 473,000 and 789,0 O&eople, many of whom were children in Africa'!'. World
Health Organization (W@Qurther orated that in 2018, there were 214 million new cases of
malaria resulting"i 000 deaths. Between 350 and 550 million cases were estimated for
falciparum ria. Most cases (65%) occurred in children under 15 years of age 2.

In 2 16@{Oestimated 216 million cases of malaria occurred worldwide compared with 237
million cases in 2010. Five million more malaria cases were estimated to have occurred
globally in 2016 compared with 2015 '3, Most of the cases in 2016 were in the World Health
Organization (WHO) African Region (90%), followed by the World Health Organization

(WHO) South-East Asia Region (2%) and the World Health Organization (WHO) Eastern

Mediterranean Region (2%). About 4% of estimated cases globally were caused by
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Plasmodium vivax, but this proportion outside of the African continent was 36%.
Plasmodium vivax was reported to be the predominant parasite in the Americas (64%) and
above 30% in South-East Asia while 40% in the Eastern Mediterranean regions !'*. Most
cases of malaria caused by Plasmodium vivax occurred in the World Health Organization
(WHO) South-East Asia Region (58%), followed by the WHO Eastern Mediterranean Region
(21%) and the WHO African Region (10%) ''5. %

Also, in 2016, of all malaria cases globally, fifteen countries accounted fo ) igeria

“

accounted for the highest proportion of cases globally (27%), followe the Democratic
Republic of the Congo (10%), India (6%) and Mozambique (4% “6 f estimated vivax
malaria cases in 2016 occurred in just five countries (Afghan@l, thiopia, India, Indonesia
and Pakistan). Of the 91 countries that had an indigenour1a case in 2016, a decrease in

malaria cases of more than 20% compared with 2;! ?@ estimated in 16 countries while an

increase of a similar magnitude was esti in 25 countries. The World Health
Organization (WHO) regions of the. é& and Africa accounted for nearly 70% of the
countries that had increases of mor&ﬁgl\%% in 2016 compared with 2015 '!7,

Twenty-nine high-burden céa@es that accounted for 85% of malaria cases in 2016 had a
change of more than 50@%5% compared with 2015. Twenty-four had estimated increases
of between 50, b@) and over one million cases in Nigeria and Rwanda while five had
decreases o@tween 151,000 (Gambia) and 856,000 (Madagascar) '!8. According to the
lates\V/@ malaria report, released in November 2018, there were 219 million cases of
malaria in 2017, up from 217 million cases in 2016. The estimated number of malaria deaths
stood at 435,000 in 2017. In 2017, five countries accounted for nearly half of all malaria

cases worldwide: Nigeria (25%), the Democratic Republic of the Congo (11%), Mozambique

(5%), India (4%) and Uganda (4%)'"°.
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Figure 2.4: Pie chart showing global malaria
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Table 2.1: The global trends in the cases and deaths due to malaria between year 2017 to

year 2024, World Health Organization (WHO) 2.

YEAR CASES DEATHS
2017 219million 435000
2018 228 million 405,000 \
PR,

2019 229 million 409,000
2020 229 million 409,0&\

N
2021 247 million 619,000
2022 239 million Q V619,000
2023 241 million A’b 627,000
2024 245 n2§' rojected) 635,000 (projected)

N\
Q

&
¢
>
N
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It must be noted that within the last decade, there has been a massive scale-up of malaria
prevention and treatment interventions. This has saved millions of lives globally and cut
malaria mortality by about 25% from 2010 to 2016. Almost 7 million lives were saved since
2001 and malaria deaths in Africa were cut by more than half leading to hopes and plans for
elimination and ultimately eradication. So consequently, according to the World Health

Organization (WHO) and UNICEF, deaths attributable to malaria in 2015 were rw{:ed by

60% from year 2000 estimate of 985,000 '2°, OQ

29 Declining of Malaria Transmission /\

Estimates on malaria burden in the last 10 years shows that malari s have declined and
the population at risk of infection has shrunk '?!. Also, th@valence of the infection in
children between 2-10 years has declined. However, t nt of both absolute burden and
the change considerably varies between reports. In@ countries of the world, including the
United States, malaria transmission has be \®1 nated, although, in many of these countries
Anopheles mosquitoes were still prese%’:\

The incidence rate of malarla ‘(;Ry declined steadily from 76 to 63 cases per 1000
population at risk from 016 representing an 18% decline '*!. In the World Health
Organization (WHOﬁfr n Region, malaria incidence reduced from 256 to 206 cases per

1000 populatlo‘ at\k

Among o egions, the World Health Organization (WHO) South-East Asia Region

rom 2010 to 2016, representing a 20% reduction in case incidence.

regis}b&he largest decline (48%), followed by the World Health Organization (WHO)
Region of the Americas (22%) and the World Health Organization (WHO) Western Pacific
Region (12%) '%.

Studies have predicted changes in clinical epidemiology. A recent 25-year analysis in Kenya
predicted that, although the burden of malaria cases will shift to older children as

transmission declines, the most severe consequences will continue to primarily affect the
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children younger than 5 years 2. In fact, the highest malaria positive result was observed to
rise slightly to children older than 5 years while the median age at admission doubled
significantly from approximately 2-4 years 22, In West Africa, these similar patterns were also
observed !,

In recent studies, the view that adults are also emerging as a population that needs monitoring
was supported. Due to the declining antimalarial immunity that followed decreased&xposure
to parasites, adults were reported to be at increased risk of clinical episodes alaria 24,
The prevalence of parasitaemia detected via microscopy in adults wij{f@presenting to

hospital increased from 19% to 42% in Gabon. Even as transmis

those surrounding them at risk by continuing to harbou@

i ines, adults may put
romic infections with low-
density!®. However, how clinical epidemiology is changl@l older children and adults over
time was largely unknown because the true extent fd@alaﬂa burden in older children and
adults was less measured while househo ﬁbeys for parasitaemia that contributed to
estimates of the malaria burden usually C }fSGd children only '%°,
Areas where malaria transmission @igh had been detected using many different malaria
indices, including incidenc’e,{ﬁevalence, mosquito density, and serological markers of
exposure. These high tr&@%ion areas varied from a few households to subnational regions
depending on t .3@% the analysis '?’. Generally, these areas became more pronounced as
transmissio@c ined. Studies showed that malaria hotspots could be dynamic and the
dete tio%{pthese hotspots were not standardized. This made identification and targeting
complicated. However, effectiveness of the logically attractive idea of targeted malaria
control within hotspots was yet to be proven 2%,
There has been a renewed focus on low-density chronic infections as the burden of malaria
declines, significant burden in infants, children of school-going age, pregnant women, and

non-pregnant adults'?®. Studies showed that microscopic chronic infections were
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transmissible to mosquitoes and might serve as a neglected reservoir for continued
transmission while the evidence was debatable for submicroscopic chronic infections.
However, to better understand importance of this reservoir to the elimination agenda in
different transmission settings, more research using sensitive molecular tools was needed '°.
In a study in adults in a rural area of southern Mozambique, prevalence of Plasmodium
falciparum infection by microscopy (14%) and PCR (42%) decreased progressiv%during
adulthood, in parallel with an increase in the prevalence of submicroscopic inf@ 131,
2.10 Clinical Signs and Symptoms of Malaria
The clinical manifestations of malaria, as well as the severity and c@’\of a clinical attack,
depends on the species and strain of the infecting plasmod@%site. Other factors that
affect the clinical manifestations of malaria include@nune status, malaria specific
immunity, genetic constitution, nutritional status O%Qlﬂd), the mode of transmission of
infection and whether the individual w @rophylaxis or had earlier exposure to
N

Q)

Initial clinical manifestations of maé’g\ommon to all plasmodium species are similar to flu-

antimalarial drugs '*2.

like symptoms '3, The syﬁ@ns can resemble other conditions such as gastroenteritis,
pneumonia, sepsis and wiralyinfection. The symptoms may include headache, shivering, fever,
vomiting, hem i‘@gemia, jaundice, retinal damage, haemoglobinuria, joint pain, and
convulsions&plcally, the signs and symptoms of malaria begin 8-25 days following
infe%&se signs and symptoms may manifest later in those who had taken prophylactic

antimalarial medications '3,
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Figure 2.5: Symptoms of Malaria

Source: Main symptoms of malaria and affected organs 3.
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The usual symptom of malaria is paroxysm which is a cyclical occurrence of sudden coldness
followed by shivering and then fever and sweating, occurring every two days (tertian fever)
in Plasmodium vivax and Plasmodium ovale infections, and every three days (quartan fever)
for Plasmodium malariae. Plasmodium falciparum infection can cause recurrent fever every
36-48 hours, or a less pronounced and almost continuous fever !*3, The malaria~paroxysm
results from the lysis of parasitized red blood cells and release of merogzoite$ into the
circulation at the completion of the parasite’s asexual reproduction.

2.11 Clinical resistance emerges

The search for markers that are associated with resistance became more urgent, and in some
ways more feasible, when it became clear that parasites were developing resistance to
artemisinin in the field'*°. In 2008, a letter to the editor of the New England Journal of
Medicine publicly documented the first clinical cases of suspected artemisinin resistance, in a
patient population from Western Cambodia. Clinical trials with artesunate monotherapy in 94
adults presenting with uncomplicated P. falciparum malaria in Battambang province was
conducted'?”. This study, looking at the presence of parasites in the blood after taking a
standard dose, showed that artesunate alone had failed to clear parasites in two adults. The
treatment of these two individuals was prolonged, but their infections were ultimately cleared.
There is an active debate as to whether this situation should be best described as artemisinin
tolerance, to distinguish it from that in which drug levels in the patient cannot be safely raised
high enough to kill the parasites effectively and to prevent recrudescence. For the sake of
simplicity, the term ‘resistant’ will be used in this study'3%.

In 2009, a more comprehensive study compared patient responses to artesunate monotherapy
in Western Cambodia, Vietnam and north-western Thailand. Measurements of parasite

clearance times for 40 patients from each site demonstrated longer parasite clearance times in
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Cambodia than in Thailand. Furthermore, parasites taken from Cambodian patients into in
vitro cultures demonstrated a significant ICso increase for DHA, although not for chloroquine,
mefloquine, or artesunate'3®. The authors of this study noted that artemisinin administration
in 2001 in Thailand was almost exclusively in the form of ACTs, while in Cambodia, 78% of
artemisinin treatment had consisted of monotherapies, which can drive parasites to acquire
resistance much more quickly. Although some sought to explain the longer parasite clearance
time observed in Western Cambodia by an enrichment of possible human alleles (such as the
hemoglobin E (HbE) polymorphism) in this region, studies showed that parasite genotype
was more predictive than human genotype'®’. Some small, but statistically insignificant,
differences in parasite-clearance times were nevertheless associated with some human alleles.
The human genotype theory became less likely as further studies were carried out. In 2012,
resistance began to appear on the Thailand-Myanmar border where increases in parasite
clearance time were quickly approaching those reported in western Cambodia. At the same
time, a report of artemisinin-resistant parasites in Myanmar was also published'4!.

The existence of parasites with heritable resistance spurred the design of parasite population
genetic studies that could be used to map genes involved in resistance. In the absence of
patient phenotype data, some groups sought simply to identify genomic regions under
selection using large collections of existing parasites. It had been known for many years that
there is linkage disequilibrium around genes involved with either chloroquine or
pyrimethamine resistance and it was hypothesized that there might be genomic regions in
disequilibrium that would correlate with artemisinin sensitivity!42.

In one study, 61 parasite lines were screened against the NIH Chemical Genomics Center
Pharmaceutical Collection containing 2,816 compounds that are registered or approved for

143

human or animal use'*”. The parasite lines were genotyped and genotypes were examined for

association with differential drug sensitivity to endoperoxides. Genes associated with
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responses to ART included mall3pl.268 (a Plasmodium conserved protein), pfi1 0188 (a
heat shock protein 90), pfe0565w (a conserved Plasmodium protein), pf08 0130 (a
ribosomal-RNA-processing WD-repeat protein), pfa0655w (SURFIN), and pfi0355¢ (an
adenosine triphosphate-dependent heat shock protein) 144,

Subsequently, genotyped 189 culture-adapted parasites collected from diverse locations,
including 146 from Asia, using a custom-built Affymetrix molecular inversion probe 3 K
malaria panel array with a coverage of approximately one single nucleotide polymorphism
(SNP) per 7 kb'®. Their genome-wide scan for loci associated with responses to DHA,
utilizing only Asian parasites, revealed novel loci on chromosome 1, 3 and 8. In another
study with 45 cultured P. falciparum parasites from diverse geographical sources , some
chromosomal regions (notably on chromosome 4) were found to be associated with increased
sensitivity to DHA and artemisinin, but none of the associations were strong enough to be
significant or worthy of follow-up!“6. It should be noted that both of these studies provided
strong evidence of selection around known resistance genes, such as pfcrt, pfdfhr,
and pfimdrl, indicating that the overall method was working. Although it is possible that
artemisinin-resistance alleles might not have been suitably represented in the starting parasite
populations, it is also possible that the standard ICso assay that was used for phenotyping was
not sufficiently sensitive. Artemisinin resistance is now considered easier to detect and
quantify in cell culture using a ring-stage assay of synchronized parasites'*’.

These early studies clearly lacked both clinical phenotypic data and parasite samples with

demonstrated resistance!'#®

. To overcome this, studies were set up to recruit patients, to
measure the amount of time needed to clear parasites after artemisinin monotherapy
(compared with the standard ACT), and to obtain parasite material for genome analysis from

areas such as Cambodia, where genetically determined resistance was present , as well as

from control areas. The first major study, published in 2012, analyzed 91 parasite samples
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from Cambodia, Thailand, and Laos that were phenotyped for parasite clearance time'%°. The
group utilized a custom Nimblegen genotyping array scoring both SN'Vs at a density of 1 per
500 bp as well as CNVs, with further fine-mapping using microsatellite analysis. The authors
showed that although artemisinin resistance was probably not the result of a single
originating event, either geographically or temporally, a clinical slow parasite clearance rate
was strongly associated with a selective sweep on chromosome 13. Hypotheses about the
actual gene involved were not resolved, although a 35 kb region on chromosome 13 (bases
1,759,466 to 1,794,766, PlasmoDB 11.1) was highlighted as a probable marker of
resistance'*’. Subsequent work by Ariey would eventually show that the window was slightly
too narrow, potentially because genotyping markers were too sparse in the region or
alternatively because a genotyping marker was in a polymorphic sequence tract, which could
distort the boundaries of a selective sweep'>!.

Genotyped parasites in 331 clinical infections from patients from Pailin, Cambodia, Wang
Pha, Thailand and Bangladesh that had been phenotyped for parasite clearance time after
artesunate monotherapy was conducted!>?. An Affymetrix SNP array was used to analyze
parasite genotypes at 8,079 positions. Modeling significant association with parasite
clearance half-life, the time needed for parasitaecmia to be reduced by half during the log-
linear phase of parasite clearance, or parasite clearance time, four SNPs were identified on
chromosomes 4, 10 and 13. Of these, two SNPs were calculated to be ‘located within a top-
ranked signature of recent positive selection’. Both of these SNPs (MAL13-1718319 and
MAL13-1719976) were found on chromosome 13, within 2,000 bp of each other; one was
within pf3d7 1343400 (formerly mall3p1.216, located between bases 1,714,443 to 1,719,255,
PlasmoDB 11.1)'33. This study was not designed to identify exact alleles causing resistance

(as opposed to loci associated with resistance), but the authors further emphasized the
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importance of the 100-kb region on chromosome 13, although narrowly missing the probable
gene with causative alleles!>*.

Mapping and identify possible causal SNPs in the locus under selection by genotyping 825 P.
falciparum infections from 10 locations in West Africa and Southeast Asia was conducted'>>.
Infections were phenotyped for parasite clearance time after artesunate monotherapy in
Southeast Asia and genotyped using short-read high-throughput sequencing on an Illumina
platform. The authors showed that one resistant subpopulation of parasites from Southeast
Asia (KH2) had essentially a single haplotype extending across half of chromosome 13, from
1.4 Mb to 3.4 Mb, which is strong evidence of a recent selective sweep'*. This group was
able to postulate that the region was important, but even with genotyping at 86,158 coding
SNPs, they were unable to perform further fine-scale population mapping without further
sexual recombination between resistant and sensitive parasites to break up the interval'®’.
2.11.1 Recrudescence of Malaria and Causes

Malaria symptoms may recur after varying\period free of symptoms. Depending on the cause,
the recurrence can be classified asereertdescence, relapse, or reinfection. Recrudescence is
when symptoms return after asymptom-free period. It is caused by parasites surviving in the
blood as a result of ihadéquate or ineffective treatment '8, Relapse is when symptoms
reappear after the pasasites have been eliminated from blood but persist as dormant forms in
liver cells. (Relapse commonly occurs between 8-24 weeks and is often seen in
Plasmodity? vivax and Plasmodium ovale infections '°°. However, relapse-like Plasmodium
vivax recurrences are probably being over-attributed to hypnozoite activation. Some of them
might have an extra-vascular merozoite origin, making these recurrences recrudescences, not
relapses %, One newly recognized, non-hypnozoite, possible contributing source to recurrent
peripheral Plasmodium vivax parasitemia is erythrocytic forms in bone marrow. Reinfection

means the parasite that caused the past infection was eliminated from the body, but a new
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parasite was introduced. Reinfection cannot readily be distinguished from recrudescence,
although recurrence of infection within two weeks of treatment for the initial infection is
typically attributed to treatment failure. People may develop some immunity when exposed to
frequent infections 6!,

2.11.2 Falciparum Malaria Symptoms

Plasmodium falciparum usually causes severe malaria which is often referred to as

falciparum malaria. A symptom of falciparum malaria manifests 9-30 days af@c‘uon 162,

Neurological symptoms including abnormal posturing, coma, ra}i%)o untary eye

en (opisthotonus),

movement (nystagmus), spasm in which body is bent backwards \@1
failure of the eyes to turn together in the same direction (c égaze palsy), or seizures
are frequently exhibited by individuals with cerebral ma@ . In children, symptoms are
varied and often mimic other common chil a@lness particularly gastroenteritis,
meningitis/encephalitis, or pneumonia. Fev% eadache may be the sole symptoms, or
gastrointestinal symptoms may predo.rrsi\a'.\ever is the key symptom, but the characteristic
regular tertian and quartan pattem&% seen in < 25% of children. However, children are
more likely to have high fex’a&%"C), which may also lead to febrile convulsions. Nausea
and vomiting are also on (especially for Plasmodium falciparum) and may hamper
treatment with 'r@ j-malaria drugs '®*. Pneumonia and acute diarrhoea are the most
common co:@ions associated with malaria and are both strong predictors of mortality. The
diag ost{Qpneumonia in a child with malaria might be a coexisting bacterial or viral
respiratory illness, but the diagnosis might also be given to a child with malaria-related
respiratory distress. Likewise, acute diarrhoea might be a feature of clinical malaria, or the

result of concurrent diarrheal disease from an enteric pathogen. Even if rigors frequently

accompany infections with Plasmodium vivax, compared with adults, children are less likely
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to complain chills, arthralgia/myalgia or headache but are more likely to have hepatomegaly,

splenomegaly and jaundice '’
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2.11.3 Categories of Malaria Disease with Symptoms

Malaria disease can be categorized as uncomplicated and severe (complicated) malaria.
Symptoms of uncomplicated malaria typically lasts for 6-10 hours. It consists of a cold stage
(sensation of cold and shivering), a hot stage (fever, headaches, vomiting and seizures in
young children), and finally a sweating stage (sweats, return to normal temperature with
tiredness) %8, In severe malaria, clinical or laboratory evidence shows signs of vital organ

dysfunction. It occurs when infections are complicated by serious or@ilures or
a

e’position, multiple

abnormalities in the patient’s blood or metabolism. Symptoms of s ria include:
fever and chills, impaired consciousness, prostration, or adopting a
convulsions, deep breathing and respiratory distress, abnormalbledding and signs of anemia,
clinical jaundice and evidence of vital organ dysfuncti severe malaria can be fatal
without treatment '°. be

2.11.4 Parasitaemia %6

Plasmodium falciparum caused malafig'\'ﬁost severe form of malaria, with fatality rates
up to 15% in non-immune chil{(ep\with anaemia and severe respiratory distress if
appropriate therapy is not ptemptly instituted '”°. Since Plasmodium falciparum is the only
Plasmodium species thh@?cts all ages of erythrocytes, it can lead to intense parasitaemia
that can reach @ more. In general, increasing parasitacmia increases severity of
symptoms %risk of death. Malaria caused by the other species of Plasmodium usually
resul%&rasitaemia of less than 2% '"'. Plasmodium vivax and Plasmodium ovale
preferentially infect reticulocytes, and Plasmodium malariae infects mostly senescent red
cells. Thus, severe complications of malaria are more often encountered in Plasmodium
falciparum infection. However, only a small proportion of the large number of people

infected with Plasmodium falciparum develop severe malaria '72,

57



2.12 Complications of Malaria
Several serious complications are reported in malaria. Development of respiratory distress is
one of these complications. It occurs in up to 25% of adults and 40% of children with severe

Plasmodium falciparum malaria '7

. The possible causes of the respiratory distress include
respiratory compensation of metabolic acidosis, concomitant pneumonia, noncardiogenic
pulmonary oedema and severe anaemia. Although uncommon in young children with severe
malaria, acute respiratory distress syndrome is known to occur in 5-25% of @ up to
29% of pregnant women and mortality is increased in individuals with Ij{%
Cerebral malaria, which is a severe form of malaria that invo v@mephalopathy, may
develop from Plasmodium falciparum infection. It is associat v$retinal whitening, which
may be a useful clinical sign in distinguishing malar@om other causes of fever '”>.
Hepatomegaly, splenomegaly or both of these, @aemia and haemoglobinuria with
renal failure may occur. Spontaneous bleedi agulopathy, and shock are other likely
complications. In pregnant women,.rg\' ia is an important cause of stillbirths, abortion,
infant mortality and low birth wei @articularly in Plasmodium falciparum infection but

- AQJ

also with Plasmodium viva \

2.13  Aectiology of M)%aQ

Malaria parasitg%ml to the genus Plasmodium and phylum Apicomplexa. Among those
odiu

infected, Pl%}

foll e&’lasmodium vivax (20%) '77. Although P. falciparum has been known to cause

m falciparum is the most common species identified (approximately 75%)

the majority of deaths. Recent evidence suggests that P. vivax malaria is associated with
potentially life-threatening conditions about as often as with a diagnosis of P. falciparum
infection. P. vivax is known to be more common outside of Africa. Evidence suggests that P.
falciparum may have originated in gorillas while close relatives of the human parasites

remain common in chimpanzees '78. P. vivax, another malarial Plasmodium species among
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the six that infect humans, also likely originated in Afrcan Gorillas and Chimpanzees.
Another malarial species recently discovered to be transmissible to humans, P. knowlesi was
known to have originated in Asian macaque monkeys. P. knowlesi is a zoonotic species that
is known to cause malaria in macaques '°. While P. malariae is highly host specific to

humans, there is spotty evidence that low level non-symptomatic infection persists among

wild chimpanzees '7°. \

2.14 Pathogenesis of Malaria

Malaria infection develops through two phases: exoerythrocytic phase @ liver) and
erythrocytic phase. When an infected mosquito pierces the sk'ne a blood meal,
sporozoites in the saliva of the mosquito enter the bloods % carried into the liver
where they infect liver cells and multiply asexually. T@emain asymptomatically for a
period of 8-30 days ', Some Plasmodium vivax s ofBQ’tes do not immediately develop into
exoerythrocytic phase merozoites, instead, the uce hypnozoites that remain dormant for
periods ranging from several month.s,,&:a ly 7-10 months- to several years '8!, After a
period of dormancy, they reactivat&&}produce merozoites. Hypnozoites are responsible for
long incubation and late relab@n P. vivax infections, although their existence in P. ovale is
uncertain. P. falciparu@%cially, causes severe malaria via sequestration, a distinctive
property not shar any other human malaria parasites. It is haploid during nearly all
stages of its@e-cycle, except for a brief period after fertilization when it is diploid from
the ok@{g‘[o sporogenic stages within the mosquito gut '*2. Within the 48-hour asexual
blood stage cycle, the mature forms change the surface properties of infected red blood cells,
causing them to stick to blood vessels a process called cytoadherence. This leads to
obstruction of the microcirculation and results in dysfunction of multiple organs, typically the

brain in cerebral malaria.
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During the erythrocytic stage of the parasite's life cycle, it uses intracellular haemoglobin as a
food source. The organism avidly ingests host hemoglobin and the protein is broken down
into peptides, and the heme group is released and detoxified by biocrystallization in the form
of hemozoin '®. During these stages, the parasite produces its energy mainly through
anaerobic glycolysis, with pyruvate being converted into lactate. Merozoites contained high
levels of cell recognition and invasion proteins. Trophozoites contained proteins im&cated in
erythrocytes remodeling and haemoglobin digestion. Gametocytes contained hi ounts of
gametocyte-specific transcription factors and cell cycle/DNA processi roteins. The
gametocytes had low levels of polymorphic surface antigens. S s contained large
amounts of proteins related to invasion ', The parasite has di $subsets of its proteome
expressed during various stages of its developmental cy@n a study, 2,415 proteins were

identified in four stages (sporozoite, merozoite, t ite, gametocyte), representing 46%

of the theoretical number of proteins 8. Onl the proteins were found in all of the four
stages. Of the proteins found, 51%. }notated as hypothetical proteins. It has been
hypothesized that the parasite obta@, or nearly all, of its amino acids by salvaging from
the host or through the de’g@tlon of haemoglobin. This is supported by the fact that
genomic analysis has ﬁ@?o enzymes necessary for amino acid biosynthesis, except for
glycine-serine, '@-alanine, aspartate-asparagine, proline-ornithine, and glutamine-
glutamate in@onversions 185 Plasmodium spp. is unable to biosynthesize purines. Instead,
the p@;’bm able to transport and interconvert host purines. Conversely, the parasite can

produce pyrimidines de novo using glutamine, bicarbonate, and aspartate.

2.15 Diagnosis of Malaria

Prompt and accurate diagnosis is the key to effective disease management and this is one of
the main interventions of the Global Malaria Control Strategy '%. Therefore poor diagnosis
continues to hinder effective malaria control. This is due to a combination of factors,

including non-specific clinical presentation of the disease, high prevalence of asymptomatic
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infection in some areas, lack of resources and insufficient access to trained health care
providers and health facilities and widespread practice of self-treatment for clinically

suspected malaria '%7

. One major contributing factor, however, is that the laboratory diagnosis
of malaria has up to now relied nearly exclusively on microscopy, a valuable technique when
performed correctly but unreliable and wasteful when poorly executed. A better utilization of
microscopy and the development of alternative diagnostic techniques could substantially
improve malaria control. Such objectives prove particularly relevant to the Ro %alaria
initiative, a global movement that emphasizes better application of EQQ/‘[OOIS and the
development of new ones!'®.
Malaria diagnosis involves identifying malaria parasites or a ﬁoducts in patient blood.
Prompt and accurate diagnosis is critical to the effectlve agement of malaria. Delays in
diagnosis and treatment had been identified as th g causes of patient’s death in many
countries. There is therefore a need for deV 0 § ctive diagnostic strategies not only for
resource-limited areas where malaria i i ﬁﬁan‘ual burden on society, but also in developed
countries where malaria diagnosuc&@nse in lacking !*°.
Clinical diagnosis is the md %ély used approach. It has been the only feasible one in
many situations, partich@y in rural areas and at the periphery of the health care system
where laborato '® to clinical diagnosis does not exist '°!. Among the many clinical
signs and s@toms associated with malaria, the most prominent is fever, which is often
cco@%by chills, perspiration, anorexia, headaches, vomiting and malaise. Residents of
endemic areas are often familiar with this combination of symptoms, and frequently self-
diagnose malaria based on symptoms alone. In addition to these symptoms of uncomplicated
malaria, other manifestations may develop that signal severe malaria which is almost always
due to Plasmodium falciparum. These include confusion or drowsiness with prostration

together with severe manifestations such as cerebral malaria, severe anaemia and others 2.
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Clinical diagnosis is inexpensive to perform, and requires no special equipment or supplies.
However, the symptoms of malaria are very non-specific and overlap with those of other
febrile illnesses. A diagnosis of malaria based on clinical grounds alone is therefore
unreliable, and when possible should be confirmed by laboratory tests. In spite of this lack of
specificity, in some settings, disease management based on clinical diagnosis alone is
justifiable 3.

2.15.1 Microscopic Diagnosis Q\
Conventional light microscopy is the established method for the labor: to&yglrmation of
malaria '®. The careful examination by an expert microscopist o @%)repared and well
stained blood film remains currently the “gold standard” for @%and identifying malaria
parasites. In most settings, the procedure consists of: col g a finger-prick blood sample,
preparing a thick blood smear (in some settings tkbgnear is also prepared), staining the
smear (most frequently with Giemsa stain),a mining the smear through a microscope
(preferably with a 100X oilimmersiorz @) for the presence of malaria parasites .
2.15.2 Microscopy and many Adé&ges

When used by skilled and carefultechnicians. Microscopy can detect densities as low as 5-10
parasites per pl of bloc@%er general field conditions, however, the detection capabilities
of a typical mic 'sém might be more realistically placed at 100 parasites per pl of blood.

It is inform . When parasites are found, they can be characterized in terms of their species
(P. f%@m P. vivax, P. ovale, and/or P. malariae) and of the circulating stage (e.g.
trophozoites, schizonts, gametocytes) '°°. Occasionally, expert microscopists can detect
morphological alterations induced by recent drug treatment. In addition, the parasite densities
can be quantified from ratio of parasites per number of leukocytes or erythrocytes. Such
quantifications are needed to demonstrate hyperparasitaemia (which may be associated with

severe malaria) or to assess parasitological response to chemotherapy. This is relatively
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inexpensive. Cost estimates for endemic countries range from about US$ 0.12 to US$ 0.40

per slide examined.

malaria diagnosis using microscopy

v

THICK blood films are 10x more sensitive than THIN
though they use 40x more blood

Figure 2.6: Inmunochromatographic antigen detection “CARD”
Rapid Diagnosis TEST (RDT)
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The conventional diagnostic method for malaria in the laboratory is microscopic examination

of stained blood films using Geimsa, Wright’s or Field’s stains '

. For years, microscopic
detection and identification of Plasmodium spp. in Geimsa-stained thick blood films (for
screening), and thin blood films (for species’ confirmation) remains the gold standard for
diagnosis in the laboratory. The wide acceptance of the technique can be attributed to its low
cost, its ability to identify the presence of parasites, and assess parasite densities, which are
all useful for management of malaria. Recently, a study showed that conventidnal malaria
microscopic diagnosis at primary healthcare facilities in Tanzani uld reduce the
prescription of antimalarial drugs, and also appeared to improve t eriate management
of non-malarial fevers '8, However, the technique is time suming, labor intensive, and
requires considerable technical expertise, particularly f@entifying species accurately at
low parasitaemia or in mixed malarial infection %Qost important shortcoming of the
microscopic examination is its relatively lo itivity, particularly at low parasite density
which has resulted in underestimating,: r@nfection rates 1.

2.15.3 Rapid Diagnostic Test ( 'ﬁb\

Deficiencies of light microsé@as a diagnostic method for malaria has led to an increase in
the use of RDTs for r?@a diagnosis. It is fast and easy to perform, and do not require
electricity or §I®tory equipment 2%, Rapid diagnostic test (RDT) detects malaria
antigen in b owing along a membrane containing specific anti-malaria antibodies. Most
RDT@ histidine-rich protein 2 (HRP-2) or lactate dehydrogenase (LDH), which are
Plasmodium falciparum specific proteins. Others distinguish non-P. falciparum infections
from mixed malaria infections by detecting P. falciparum specific and pan-specific antigens
(aldolase or pan-malaria LDH) 2°!. RDTs provide an opportunity to extend the benefits of
parasite-based diagnosis of malaria beyond the limitations of light microscopy. The

techniques’ performance for diagnosis of malaria has been reported as excellent. Although,
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there are some reports on the wide variations in sensitivity, however, RDTs has been highly
valuable and a rapid malaria-diagnostic method.

2.15.4 Quantitative Buffy Coat (QBC)

This technique is another method for malarial diagnosis. This technique involves staining
parasite DNA in micro-haematocrit tubes with fluorescent dyes like acridine orange, and
subsequently detected by epi-flourescent microscopy. The QBC technique was devgloped to
enhance microscopic detection of parasites and simplify malaria diagnosis zoz%cenﬂy, it
has been shown that acridine orange is the preferred diagnostic method ovenlight microscopy
and immunochromatographic tests in the context of epidemiologic 1@ in asymptomatic
populations in endemic areas, probably because of increase %ty at low parasitaemia.
Although, this technique is simple, user friendly, dqw it requires specialized
instrumentation, is more costly than conventi ndeght microscopy, and is poor at
determining species and numbers of parasite%fb

2.15.5 Serological Tests . &\

These tests are also employed in tb{Q}gnosis of malaria. The tests are usually based on the
detection of antibodies agai?@ga{aria parasites in asexual blood stage. In recent decades,
Immunoflourescence aﬁ@%testing (IFA) has been a reliable serologic test for malaria.
Although it is ti 'a@\yming and subjective, it is highly sensitive and specific.

2.15.6 Poly%{ase Chain Reaction (PCR)

Rec t@%cements in molecular biology has helped in the development of molecular
diagnostic methods for malaria diagnosis which permits extensive characterization of the
malaria parasite. Polymerase Chain Reaction (PCR) based techniques are some of the new
strategies in molecular diagnosis generated for malaria diagnosis. The PCR technique
continues to be used extensively to confirm malaria infection, follow-up treatment response,

and identify drug resistance 2%,
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2.15.7 Loop-Mediated Isothermal Amplification (LAMP)

This is another molecular based technique for malaria diagnosis. It is claimed to be simple
and inexpensive test that detects the conserved 18S ribosome RNA gene of P. falciparum.
Studies have shown high sensitivity and specificity of this test, not only for P. falciparum, but
also P. vivax, P. ovale and P. malariae *®. Flow cytometry has reportedly been used for
malaria diagnosis has been suggested to provide a sensitivity of 49-98%, and a spﬁcity of
82-97%, for malarial diagnosis. It disadvantages include, labor intensivenes need for
trained technicians, costly diagnostic equipment, and likely occuﬂsﬁ@ alse-positive
results with bacterial or viral infections 2%, Q

There are three reported techniques based on automated ell counters for malaria
diagnosis?”’. None of these methods are routinely avai@ in clinical laboratory. Further
studies are required to improve and validate t l@od. However, the accuracy these
methods promise for detecting malaria pa%%neans that the methods could become a
valuable and routine malaria-diagflg@ethod. Mass spectrophotometry is another
promising diagnostic technique in Q@a diagnosis. It involves in vitro detection of malaria
parasites, with a recently rep’a@ sensitivity of 10 parasites/ pl of blood. It identifies a heme
from hemozoin, which™ arasite-specific biomarker, in clinical samples. This high-tech
mass spectrom '@10‘[ be used in the remote rural areas without electricity, therefore,
future impm@wnts in equipment and techniques should make this method more practicable.
A pan- bial oligonucleotide microarray has been developed for infectious diseases
diagnosis and has identified P. falciparum accurately in clinical specimens. However, this
diagnostic technique is still in the early stages of development 2%, Other reliable diagnostic
tests for malaria has been developed and introduced in recent years. Some are commercially
available, which include; enzyme linked immunosorbent assay (ELISA) or enzyme

immunoassay (EIA), latex agglutination assay, and cultivation of live malaria parasites '°.
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Investigating malaria parasites in tissue autopsy (post-mortem organ diagnoses) has been
described e.g. liver, spleen, kidney, and brain 2%,

Although, parasite culture, serological techniques, and molecular techniques are valuable in
research laboratories, they are not practical or appropriate for the routine clinical diagnosis of
malaria 2!, Field studies of malaria in endemic areas frequently use the presence or levels of
parasitaemia, together with the measurement of fever, as the primary criteria with which to
identify cases. However, since malaria cases do not always present with measusable fever,
and since asymptomatic parasitaemia occurs, additional episode markets may be useful
epidemiological tools.

2.16 Treatment of Malaria during Pregnancy

Pregnant women, particularly in the second and third trimesters of pregnancy are more likely
to develop severe malaria than other adults, often complicated by pulmonary oedema and
hypoglycaemia 2!!. Maternal mortality is approximately 50%, which is higher than in non-
pregnant adults. Fetal death and premature labour are common. The role of early Caesarean
section for the viable live fetus is unproven, but is recommended by many authorities.
Obstetric advice should be sought at an early stage, the paediatricians alerted, and blood
glucose checked frequently. Hypoglycaemia should be expected and is often recurrent if the
patient is receiving quinine. Severe malaria may also present immediately following delivery
212 Postpartum bacterial infection is a common complication in these cases. Falciparum
malaria has also been associated with severe mid-trimester haemolytic anaemia in Nigeria.
This often requires transfusion, in addition to antimalarial treatment and folate
supplementation.

Parenteral antimalarials should be given to pregnant women with severe malaria in full doses

213

without delay “'°. Artesunate or artemether are preferred over quinine in the second and third

trimesters because quinine is associated with recurrent hypoglycaemia. Recent evidence
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shows that in non pregnant adults with severe malaria in areas of low transmission, artesunate
was superior to quinine, reducing mortality by 35% compared to quinine, which makes
artesunate the preferred option in the second and third trimesters 2'4. In the first trimester, the
risk of hypoglycaemia associated with quinine is lower, and the uncertainties over the safety
of the artemisinin derivatives are greater. However, weighing these risks against the above
evidence in favour of the efficacy of artesunate, and until more evidence becomes available,
both artesunate and quinine may be considered as options. Treatment must not be delayed, so
if only one of the drugs artesunate, artemether or quinine is available, it should be started
immediately. The National vector Borne Disease Programme in India recommends quinine
for the treatment of severe malaria in pregnancy 2'°.

2.17 Antimalarial Drug Resistance Genes among Prégnant Women

Resistance to antimalarial drugs has been described”fon two of the four species of malaria
parasite that naturally infect humans, P., falciparum and P. vivax. P. falciparum has
developed resistance to nearly all antimalarials in current use, although the geographical
distribution of resistance to any single *antimalarial drug varies greatly. P. vivax infection
acquired in some areas has bgem\shown to be resistant to chloroquine and/or primaquine?'¢.
Chloroquine-resistant R, falciparum malaria has been described everywhere that P.
falciparum malgria fs transmitted except for malarious areas of Central America (north-west
of the Panapta, Canal), the island of Hispaniola, and limited areas of the Middle East and
Central 834, Sulfadoxinepyrimethamine (SP) resistance occurs frequently in South-East Asia
and South America. SP resistance is becoming more prevalent in Africa as that drug is
increasingly being relied upon as a replacement for chloroquine. Mefloquine resistance is
frequent in some areas of South-East Asia and has been reported in the Amazon region of

South America and sporadically in Africa. Cross-resistance between halofantrine and
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mefloquine is suggested by reduced response to halofantrine when used to treat mefloquine
failures?!’.

Each year between 75,000 and 200,000 infant deaths are attributed to malaria infection in
pregnancy. Globally, between 200,000 and 500,000 pregnant women developed severe
anaemia as a result of malaria in Sub-Saharan Africa and this is because the majority of
infections in Africa are caused by Plasmodium falciparum. In a study in Uyo, the result
showed that majority of their respondents (71%) had knowledge about malari Q&ion in

pregnancy and were aware that malaria had adverse effects in pregnar;c{ so in another

study, the result revealed that 89% of respondents attributed malar'e bites of mosquito
ﬁ

and were aware of the prevention strategies while 11% still a the aetiology of malaria
to other factors, including excessive ingestion of oil, expo@to sunlight, bite of cockroaches,
witches and poisoned foods. They added that kno l% of the cause of malaria was directly

proportional to the educational attainmen women and that fever was the most

acknowledged symptom of malariam.. ,\%\

Despite the public health priorit&@n to malaria, in recent times, the parasites have
developed resistance to m gjthe commonly available prophylactic and therapeutic
antimalarial agents. In @gthis, there is a crucial need for periodic antimalarial sensitivity
testing. The mai xqb,%:tive of antimalarial sensitivity testing is to evaluate parasite(s)

221 This approach allows for the complete

sensitivity t@lcreasing antimalarial dosages
eXCIS\ic/Q;Qinterfering host immunity and metabolism of the compound, thus offering an
accurate evaluation of drug impact on parasites. Over the past five decades, antimalarial
resistance by Plasmodium falciparum has become an issue of utmost concern. There are
several methods for the assessment of parasite growth inhibition by antimalarial drug testing,

using either in vivo or in vitro testing. The in vivo approach uses a standard dose regimen of

chloroquine and daily parasite checks for 7 or 28 days?*2. The results permit classification
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into sensitive response, recurrence, overt resistance, and high resistance. This type of test can
also be run with other antimalarial drugs, provided the period of the post treatment follow-up
is adjusted to the half-life of the medication employed.

In vivo antimalarial tests have various drawbacks, especially the need for regular checks over
a relatively long period, the strong influence of host immunity on test result outcomes, the
purely qualitative nature of the results, and eventual clinical deterioration in cases of high
resistance responses??®. In vitro assays have become indispensable tools for surweillance of
drug resistance and planning therapeutic guidelines. These include the, schizont maturation
assay, radiolabeled hypoxanthine isotopic assay, malaria histidine-rich ‘protein 2 and lactate
dehydrogenase quantification by enzyme-linked immunosgshent\assay and nucleic acid
amplification tests (such as polymerase chain reaction [PCR])

Due to the high burden of malaria among children under the age of five years and pregnant
women, targeting women in the reproductive age group to deal with the disease has recently
been widely recognized??*. It has been acknowledged that the success of malaria control in
children and pregnant women depends on the understanding of the local socio-cultural factors
affecting women's perceptions of causes and modes of transmission of the disease, health
seeking behaviour and practices of malaria prevention measures. However, research focusing
on malaria issues among women in the reproductive age group with children under the age of
five years in areas of seasonal transmission has particularly been scarce.

The coverage and proper utilization of the most promising malaria preventive measure, ITNs,
in the country is also limited by lack of sustainable distribution and issues related to
replacement of free nets, seasonality of malaria, poor knowledge of the community with

225 Tt is also well recognized that

regard to the link between mosquitoes and malaria
accessibility to anti-malaria interventions alone will not bring about the desired change.

Several studies have demonstrated compliance to anti-malaria interventions depends
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substantially on social, behavioural and cultural factors that affect understanding of the
causes, the relationship between mosquitoes and the disease, diagnosis, treatment and
practices about prevention. In addition, factors such as vulnerability, economic constraints,
inadequacy or unavailability of appropriate health services, and other related factors play an
important role in explaining health seeking behaviour of the people 2%,

Studies in the past were mainly carried out in areas of stable malaria transmission due to the
overwhelming burden of the disease among young children and pregnant women in those
areas. Recently, however, there has been an increased need to understand perceptions and
practices of the community about the disease, particularly health and treatment seeking
behaviours in areas of seasonal transmission frequently exposed to malaria epidemics in SSA.
Understanding the local perceptions and practices of women is of utmost relevance to
enhance community's potential to deal with malaria interventions??’.

Pregnant women infected with malaria gepregént a significant obstetric problem that

228 Findings from clinical

predisposes them and their unborn baby, to adverse consequences
studies revealed that 25% womengWwitlt placental malaria had evidence of malaria during
parturition. In most endemicyatgas, malaria during pregnancy is associated with maternal
anemia. It has been estimated that about 26% of maternal anemia is due to malaria. In Africa,
it was reportede that, sévere anemia as a result of falciparum malaria is responsible for
approximatelyn 10,000 maternal deaths per annum??°. Infants with congenital malaria also
experiengt,devastating effects from the infection. It has been estimated that 1 in every 5 low
birth weight (<2500 g) deliveries are a consequence of maternal malaria. This invariably
results in poor infant development and survival and has led to approximately 100,000 infant
deaths every year.

Despite the public health priority given to malaria, in recent times, the parasites have

developed resistance to most of the commonly available prophylactic and therapeutic
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antimalarial agents. In view of this, there is a crucial need for periodic antimalarial sensitivity
testing. The main objective of antimalarial sensitivity testing is to evaluate parasite(s)
sensitivity to increasing antimalarial dosages®*’. This approach allows for the complete
exclusion of interfering host immunity and metabolism of the compound, thus offering an
accurate evaluation of drug impact on parasites. Over the past five decades, antimalarial
resistance by Plasmodium falciparum has become an issue of utmost concern.&re are
several methods for the assessment of parasite growth inhibition by antimalari Qg testing,
using either in vivo or in vitro testing. The in vivo approach uses a stan ar&lgse regimen of
chloroquine and daily parasite checks for 7 or 28 days?}!. The res &emit classification
into sensitive response, recurrence, overt resistance, and higlg%e. This type of test can

also be run with other antimalarial drugs, provided the pe of the post treatment follow-up

is adjusted to the half-life of the medication emplo&le

In vivo antimalarial tests have various drav\@rgspecially the need for regular checks over
a relatively long period, the strong in&%e of host immunity on test result outcomes, the
purely qualitative nature of the @{%, and eventual clinical deterioration in cases of high
resistance responses®*?. In @ssays have become indispensable tools for surveillance of
drug resistance and plantifig therapeutic guidelines. These include the schizont maturation
assay, radiolab l;(;\h%p xanthine isotopic assay, malaria histidine-rich protein 2 and lactate
dehydrog quantification by enzyme-linked immunosorbent assay and nucleic acid
amph&)n tests (such as polymerase chain reaction [PCR].

The ideal approach for detecting and monitoring antimalarial resistance is the use of a PCR.
This method detects the genes responsible for resistance, and results are usually available
within 8-12 h with high sensitivity and specificity. However, the need for technical training
of laboratory personnel (especially in developing countries) and the relatively high cost of

procurement and maintenance limits PCR applicability in resource-limited settings®**.
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In Nigeria and other endemic areas, malaria is a major etiology of morbidity and mortality,

particularly among pregnant women. In 2015 alone, there were an estimated 214 million new

cases of malaria and 438,000 deaths worldwide. Of these, Nigeria accounted for up to 25% of

global cases and deaths with 500,000 cases in pregnant women. The physiological attributes

of pregnant women and the pathology due to malaria exert synergistic effects on each other,
234

thus making both the mother and the child vulnerable to adverse consequences>*.

The main strategies for the prevention of malaria during pregnancy in Nigeria are by

chemoprophylaxis using sulphadoxine-pyrimethamine (SP) and @ ong-lasting

insecticide treated nets. In spite of the recommendation of twn doses of SP for
ot

intermittent preventive treatment of malaria during pregnanb r antimalarial medicines
such as CQ, pyrimethamine and proguanil are still used @my antenatal clinics®*>. A wide
range of un-recommended antimalarial medicines %%lable and sold over the counter in
medicine stores in Nigeria and are accessib%’@l tigravid pregnant women who continued
with medications used during the.ir,\'\vﬁ)us pregnancies. Healthcare providers also
prescribed un-recommended antir@als due to poor knowledge on best practices, low
confidence on the safety of SP; challenges in the institution of on-the-job supervision by
stakeholders, such as the WMinistry of Health, that ensures compliance with recommend
malaria in preg{@delinesm.

Surveillanc%antimalarial drug resistance markers in Plasmodium falciparum populations is
an ir@%ool in attempts aimed at predicting the level of resistance to antimalarial drugs.
Mutations in specific genes of Plasmodium falciparum that confer resistance to antimalarial
drugs are selected by sustained drug pressure. The emergence and spread of drug resistance
depends, in part, on the number of mutations required to encode resistance and their effects

on parasite fitness. Specific multiple point mutations in a gene make up a resistance marker

for an antimalarial drug®*’.
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The level of susceptibility of P. falciparum strains to quinoline antimalarial drugs such as CQ,
amodiaquine, lumefantrine and mefloquine has been attributed to mutations in Pfcrt and
Pfmdr 1 genes. Resistance to type 1 antifolates (pyrimethamine, chlorproguanil, trimethoprim)
has been associated with amino acid substitutions in the Pfdhfr gene while resistance to type
I antifolates (sulfonamides: sulfadoxine and dapsone) are associated with mutations
in P. falciparum dihydropteroate synthase (Pfdhps) gene?3.

2.18 Challenges to Working with Malaria Parasites: A Complex Lifecycle and
Logistical Barriers

Malaria parasites have a complex lifecycle. Although the parasite replicates asexually as a
haploid organism in human and mosquito tissues, it has a sexual cycle with meiosis and a
brief diploid phase, which occurs in the mosquito®*®. The sexual re-assortment that occurs
within mosquitoes is the basis for the genome-wide association studies of parasites in humans.
Sexual crosses between resistant and sensitive parasites can be performed for P.
falciparum and have been used to map drug-resistance genes in the past, but the method is
not particularly accessible. Few researchers have access to all stages of the complex lifecycle,
which is needed to complete genetic crosses. Although there are rodent models of malaria,
which in some cases (such as Plasmodium chabaudi, Plasmodium berghei, and Plasmodium
yoelii) can be more readily used in forward and reverse genetics, other human malaria
parasites, such as Plasmodium vivax, cannot even be cultured long-term?%,

P. falciparum has an approximately 24 megabase haploid genome, notable for its extreme
AT-richness. Although malaria has been and continues to be a strong selective force on the
human genome, the function of many of the predicted approximately 5,300 proteins encoded
by the parasite genome can only be inferred from studies of orthologs in model organisms?*!.
A notable feature is that the genome bears long tracts of repetitive, recombinogenic sequence

that may assist with immune evasion, but which makes genome manipulation and cloning

challenging. Some of these recombinogenic tracts are within multigene families, some are
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intergenic, and some are within genes. For example, the amino terminus of PfKelchl3 is
predicted to have the low complexity protein coding sequence
‘NNNINHNNNNNNLTANNITNNLINNNMN’ within its first 200 amino acids*®?. In
vitro evolution studies have shown that repetitive sequences are more prone to mitotic gene
conversion than sequences that do not contain repetitive sequences, but they are also more
difficult to sequence and study. Outside of repetitive regions, the rate of mutation is probably
similar to those found in other organisms.

Although the blood stages of P. falciparum can be maintained in cell culture using human
erythrocytes obtained from donors, parasites cannot be as readily taken into cell culture for
drug sensitivity testing?*. Furthermore, given that the disease can rapidly turn fatal, treatment
recommendations may be made on the basis of the number of parasites that are PCR positive
for a resistance marker in a region. The patient parasite clearance studies in which parasite
numbers are counted by simple light microscopy involve consented clinical trials in which
patients agreed to be treated with a monotherapy (versus an ACT) initially but are closely
monitored and then treated with a second drug or ACT?*. Although simple in design, these
studies are relatively costly and are influenced by host factors, including a person’s immunity
or whether the person has alleles that protect against malaria, such as the sickle cell allele,
HbS. Individuals with this allele could theoretically clear parasites more quickly than those
without. In vitro drug-sensitivity assays, in which parasites are incubated in the presence of
increasing drug concentrations (to obtain an ECsp), are more quantifiable but may require
more specialized laboratory equipment, such as incubators and tissue culture facilities. For
artemisinin-resistance studies, a modified RSA in which parasites are first synchronized is
typically used. Genotyping parasites that have been phenotyped by both types of tests may be

complicated by multiclone infections*#.

75



Endnotes

I B., Baral, K., Mamale, S., Gairola, C., Chauhan, A., Dey, & R. K. Kaundal,.
Infectious Diseases and its Global Epidemiology. In Nanostructured Drug Delivery
Systems in Infectious Disease Treatment (pp. 1-24) 2024. Academic Press.

2 Q., Liu, W., Yan, C., Qin, M., Du, M., Liu, & J. Liu,. Millions of Excess Cases and
Thousands of Excess Deaths of Malaria Occurred Globally In 2020 during the Covid-
19 Pandemic. Journal of Global Health, /2 (2022), 101-111.

3 K. C. D., Mettananda, & S. Mettananda,. Global Burden of 288 Causes of Death and
Life Expectancy Decomposition in 204 Countries and Territories and 811 Sqiztional
Locations, 1990-2021: A systematic analysis for the global burden of an study

2021 2024, 190-211. Q

4 H. L. A. Nguyen,. The Infection Dynamics, Co-Infection, Multi- eLﬂtylogeny, and
Molecular Screening of Plasmodium Caprae Infection in Go@ Mosquito Species

2022,10-27.

5. A. M., Muhoro, & E. E. Farkas,. Insecticidal and Angi §soal Properties of Lichen
Secondary Metabolites on Insect Vectors and their, itted Protozoal Diseases to
Humans. Diversity, 13(8) 2021, 342.

Antiprotozoan  Phytochemical:  Curren nowledge and Future Research
Avenues. BioMed Research Intern@ 024(1) 2024, 7632408.

7 @G., Illia, R. B., Joulia, L., Citon,\L.,*Oklander, & M. Kowalewski,. Parasites and
Other Infectious Agents in N an Primates of Argentina. Current Tropical
Medicine Reports, 9(4), 20{@3 7-277.

® H., Memariani, M., Memariani, & A. &%ﬁm,. Quercetin as a Promising

*

V., Joste, R., Coppées ly, Y., Rakotoarivony, F. G. T., Tchokoteu, S., Achache,
& R. Zoleko-M \ lasmodium Ovale Spp dhfr Mutations Associated with
Reduced Suscep% to Pyrimethamine In Sub-Saharan Africa: A Retrospective
Genetic Epid%éo and Functional Study. The Lancet Microbe 2024.

hed

R., Sen or%{\.,' anek, M. M., Kashamuka, N., Mvuama, J. A., Bala, M., Nkalani, & J.
B.P 3). Epidemiology of Plasmodium malariae and Plasmodium ovale spp. in
Ki Province, Democratic Republic of Congo. Nature communications, /4(1),

IO'\fE. Mertens,. A History of Malaria and Conflict. Parasitology Research, /23(3),
2024. 165.

3. E. McCallum,. Epidemics and the American Military: Five Times Disease

Changed the Course of War. 2023, Naval Institute Press.

12 R., Biselli, R., Nisini, F., Lista, A., Autore, M., Lastilla, G., De Lorenzo, & R.
D’Amelio,. A Historical Review of Military Medical Strategies for Fighting Infectious
Diseases: From Battlefields to Global Health. Biomedicines, /0(8) 2022, 2050.

76



18.

19.

20.

21.

22.

23.

Q., Liu, W, Jing, L., Kang, J., Liu, & M. Liu,. Trends of the Global, Regional and
National Incidence of Malaria in 204 Countries from 1990 to 2019 and Implications
for Malaria Prevention. Journal of Travel Medicine, 28(5), 2021, taab046.

P., Wilairatana, W., Mala, F. R., Masangkay, K. U., Kotepui, & M. Kotepui,. The
Prevalence of Malaria and Bacteremia Co-Infections among Febrile Patients: A
Systematic Review and Meta-Analysis. Tropical medicine and infectious
disease, 7(9) 2022, 243.

W., Mala, P., Wilairatana, K. U., Kotepui, & M. Kotepui,. Prevalence of Malaria And
Chikungunya Co-Infection in Febrile Patients: A Systematic Review and Meta-
Analysis. Tropical Medicine and Infectious Disease, 6(3) 2021, 119.

B. O., Ahmmed, & S. A. Nassar. Prevalence of Plasmodium Falcipar:@ 4,20-25.

M. L., Khan, H., Qureshi, S. J., Bae, A. A., Khattak, M. S., Ag«z, { Ahmad, & S

Ahmad,. Malaria Prevalence in Pakistan: A Systematic Re'@ nd Meta-Analysis

(2006-2021). Heliyon, 9(4) 2023. §
S., Mehari, B., Zerfu, & K. Desta,. Prevalence isk Factors of Human

Brucellosis and Malaria among Patients with n Malaria-Endemic Areas,
Attending Health Institutes in Awra and Gulina Di t, Afar Region, Ethiopia. BMC
Infectious Diseases, 2/, 1-8 2021. Q

Wajanga, & S. E. Mshana,. Malari ngue Fever in Febrile Children Entering
Healthcare Facilities in Mwanza, T& ‘a. Plos one, 7/9(10) 2024, ¢0309613.

N. M., Kayange, Malande, O. O., K?’&s, P., Gehring, S., Groendahl, B.,

World Health Organization..®guidelines for Malaria, 14 March 2023 (No.
WHO/UCN/GMP/2023.01 1d Health Organization, 2023.

World Health Organfizasi Q.’Global Malaria Programme Operational Strategy 2024-
2030. World H% anization, 2024.
le

e of Malaria and Its Associated Risk Factors Among Malaria

T. Abrhi. Pre
Suspecte %ts Attending Fenote Selam General Hospital, West Gojjam, North
West Ethiopra (Doctoral Dissertation) 2022.

S. % ohamed,. Prevalence of Malaria and Associated factors among Febrile
itdren Aged Syears and below at Banadir Hospital, Somalia (Doctoral dissertation,

&Versity of Nairobi) 2023.

24.

25.

26.

H., Zhang, G., Fink, & J. Cohen,. Malaria Rapid Tests, Febrile lllness Management,
and Child Mortality Across Sub-Saharan African Countries. JAMA, 332(15) 2024,
1270-1281.

R. C., Wilkerson, Y. M., Linton, & D. Strickman,. Mosquitoes of the World (Vol. 1).
Johns Hopkins University Press, 2021.

V., Reddy, D. J., Weiss, J., Rozier, F. O., Ter Kuile, & S. Dellicour. Global Estimates
of the Number of Pregnancies at Risk of Malaria from 2007 to 2020: A Demographic
Study. The Lancet Global Health, 11(1), 2023, e40-e47.

77



217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

F., Nosten, D., Richard-Lenoble, & M. Danis,. A Brief History of Malaria. La presse
médicale, 5/(3), 2022, 104130.

M. A., Boualam, B., Pradines, M., Drancourt, & R. Barbieri,. Malaria in Europe: A
Historical Perspective. Frontiers in Medicine, &, 2021, 691095.

J. E. Mertens,. A History of Malaria and Conflict. Parasitology Research, /23(3),
2024, 165.

S. R., Sugiarto, J. K., Baird, B., Singh, 1., Elyazar, & T. M. Davis. The History and
Current Epidemiology of Malaria in Kalimantan, Indonesia. Malaria Journal, 2/(1),
2022, 327.

M., Al-Awadhi, S., Ahmad, & J. Igbal,. Current Status and the E@?;ology of
2)

Malaria in the Middle East Region and Beyond. Microorganisms, 1, 338.
M., Gonzalez-Sanz, P., Berzosa, & F. F Norman. Updates o ria Epidemiology
and Prevention Strategies. Current Infectious Disease , 25(7), 2023, 131-
139.

J. B., Lendongo-Wombo, S. L., Oyegue-Liabaguis<INC/, Biteghe-Bi-Essone, E. B.,
Ngoungou, & J. B. Lekana-Douki. Epidémiology o laria from 2019 to 2021 in the
Southeastern City of Franceville, Gabon. BM lic Health, 22(1), 2022, 2313.

Tenggara Province in Indonesia: [ for a Cross-sectional Study. JMIR
Research Protocols, /0(4), 2021, ¢ .

R. D., Guntur, J., Kingsley, & F. M. A. Iii pidemiology of malaria in East Nusa

A. J., DePina, G., Stresman,'@B., Barros, A. L., Moreira, A. K., Dia, U. D.,
Furtado, & E. H. A. Nian @? ates on Malaria Epidemiology and Profile in Cabo
Verde From 2010 To 20 é}he Goal Of Elimination. Malaria Journal, /9, 2020, 1-9.

S. R., Sugiarto, J KC\Baird, B., Singh, 1., Elyazar, & T. M. Davis,. The History and
Current Epidenti of Malaria in Kalimantan, Indonesia. Malaria Journal, 2/(1),
2022, 327. *
0. 0., be&&& 0. O. Falohun,. Epidemiology of Malaria among Hiv/Aids Patients
in Sub-Sdha

ran Africa: A Systematic Review and Meta-Analysis of Observational
St ‘Acta Tropica, 275, 2021, 105798.

3 gthhim, P., Piola, T., Housen, V., Herbreteau, & B. Tol,. Malaria in Cambodia: A

39.

40.

etrospective Analysis of a Changing Epidemiology 2006-2019. International
Journal of Environmental Research and Public Health, /8(4), 2021, 1960.

J., Hawadak, Dongang R. R., Nana, & V. Singh. Global Trend of Plasmodium
Malariae and Plasmodium Ovale Spp. Malaria Infections in the Last Two Decades
(2000-2020): A Systematic Review and Meta-Analysis. Parasites & vectors, /4(1),
2021, 297.

P., Patel, A., Bagada, & N. Vadia, Epidemiology and Current Trends in

Malaria. Rising Contagious Diseases: Basics, Management, and Treatments, 2024,
261-282 .

78



41.

42.

43.
44,

45.

46.

47.

48.
49.

50.

X

M., Gonzalez-Sanz, P., Berzosa, & F. F. Norman,. Updates on Malaria Epidemiology
and Prevention Strategies. Current Infectious Disease Reports, 25(7), 2023, 131-
139.

T., Wang, P., Tie, Y. F., Bai, Y. H., Zheng, & J. Y. Wang,. Epidemiological
Characteristics of Imported Malaria after Malaria Elimination in Shanxi Province,

2019-2023. Zhonghua liu xing bing xue za zhi= Zhonghua liuxingbingxue
zazhi, 45(10), 2024, 1390-1395.

S., Dabirzadeh, H., Bayegan, M. R., Kahkhazhaleh, & M. Dabirzadeh,. Epidemiology
of Malaria in Saravan City and its Suburbs from 2018 To 2023, Southeast
Iran. Journal of Research in Medical Sciences, 29(1), 2024, 50.

Y., Chen, H., Zhang, H., Chen, L., Fan, C., Xu, J., Xu, & Y. » Malaria
Epidemiological Characteristics and Control in Guangzhm(/ a, 1950-
2022. Malaria Journal, 22(1), 2023, 265. &

P. Venkatesan,. The 2023 WHO World Malaria Report. cet Microbe, 5(3),
2024, e214.

K., Adhikary, A., Chatterjee, S., Chakraborty, tacherjee, & P. Banerjee,.

Malaria: Epidemiology, Pathogenesis, and Th eutics. In Viral, Parasitic,
Bacterial, and Fungal Infections, 2023, pp. 34@63. Academic Press.

Y. V., Sima-Biyang, S. S., Ontoua, N.
Makouloutou-Nzassi, C. K., Moussad];
Gabon: A Systematic Review and
Infection and Public Health,.

ongo-Pendy, C., Mbou-Boutambe, P.,
. Boundenga. Epidemiology of Malaria in
-Analysis from 1980 to 2023. Journal of

J., Li, H. J., Docile, D., Fi gf}\., Pronyuk, & L. Zhao,. Current Status of Malaria
Control and Eliminatio % frica: Epidemiology, Diagnosis, Treatment, Progress
and Challenges. Jouf‘é Epidemiology and Global Health, 2024, 1-19.

A. S. Weiland,.\%%Advances in Imported Malaria Pathogenesis, Diagnosis, and
Management,_Current Emergency and Hospital Medicine Reports, 7/(2), 2023,
49-57. ’\\,

ikary, A., Chatterjee, S., Chakraborty, A., Bhattacherjee, & P. Banerjee,.
. Epidemiology, Pathogenesis, and Therapeutics. In Viral, Parasitic,
rial, and Fungal Infections, (2023, (pp. 341-363). Academic Press.

I K. K. S., Garcia, S., Soremekun, A. A., Abrahdo, P. B., Marchesini, C., Drakeley, W.

52.

M., Ramalho, & A. M. Siqueira,. Is Brazil Reaching Malaria Elimination? A time
Series Analysis of Malaria Cases from 2011 to 2023. PLOS Global Public
Health, 4(1), 2024, ¢0002845.

A., Biruksew, A., Demeke, Z., Birhanu, L., Golassa, M., Getnet, & D. Yewhalaw,.
Schoolchildren with Asymptomatic Malaria are Potential Hotspot for Malaria

Reservoir in Ethiopia: Implications for Malaria Control and Elimination
Efforts. Malaria Journal, 22(1), 2023, 311.

79



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Y., Habtemariam, M., Asnake, M., Alemu, E. P., Shash, T. W., Tessema, Z. G., Tesso,
& M. Hawlet, Plasmodium Vivax as a Causative Agent for Cerebral Malaria in a
Group of Adults at Mizan Tepi Teaching Hospital: Case Series. International
Medical Case Reports Journal, 2024, 161-166.

J. D., Dvorin, & D. E. Goldberg,. Plasmodium Egress across the Parasite Life
Cycle. Annual review of microbiology, 76(1), 2022, 67-90.

E., Real, & L. Mancio-Silva,. Single-Cell Views of the Plasmodium Life
Cycle. Trends in Parasitology, 38(9), 2022, 748-757

L., Fatmaningsih, N. A., Samasta, & L. Octa,. Differences in the Life {hcle and
Growth of Plasmodium Knowlesi, Inui, Vivax, Malariae, Falciparum, O . Jeurnal
of Biomedical and Techno Nanomaterials, /(2), 2024, 59-69.

T. S., Little, D. A., Cunningham, A., Vandomme, C. T., Lopez, &Axgﬁ&!, C., Alder, &
J. Langhorne,. Analysis of Pir Gene Expression acros lasmodium Life
Cycle. Malaria Journal, 20, 2021, 1-14. s

S. T. Tseha,. Plasmodium Species and Drug Resista@ln 'Plasmodium Species and
Drug Resistance. IntechOpen, 2021, 201-220.

M., Leshabane, G. A., Dziwornu, D., Coertzefi;N., Reader, P., Moyo, M., van der
Watt, & L. M. Birkholtz,. Benzimidazole es are Potent Against Multiple Life
Cycle Stages of Plasmodium Falcip alaria Parasites. ACS Infectious

Diseases, 7(7), 2021, 1945-1955. \Q

H. D., Buchanan, C. D., Good \ I. McFadden,. Roles of the Apicoplast across
the Life Cycles of Rodent an an Malaria Parasites. Journal of Eukaryotic
Microbiology, 69(6), 2022,{ 7.

S. Sato. Plasmodium® 7ief Introduction to the Parasites Causing Human Malaria
and their Basic Bﬁl;@g Journal of Physiological Anthropology, 40(1), 2021, 1.

E., Real, V. M ick, F. A., Dahalan, K., Witmer, J., Cudini, C., Andradi-Brown,
& M. & zak,. A Single-Cell Atlas of Plasmodium Falciparum Transmission

through\the Mosquito. Nature Communications, /2(1), 2021, 3196.

M(é r,. Introduction: An Overview of Malaria and Plasmodium. Drug Targets
asmodium Falciparum: Historic to Future Perspectives, 2024, 1-17

. S., Azhar, M. Y., Mashor, A., Kanafiah, & Z. Mohamed. Development of Life
Cycle Classification System for Plasmodium Knowlesi Malaria Species Using Deep
Learning. In AIP Conference Proceedings Vol. 2562, No. 1, 2023, AIP Publishing

R. R., Moraes Barros, K., Thawnashom, T. J.,Gibson, J. S., Armistead, R. L., Caleon,
M., Kaneko, & T. E. Wellems. Activity of Plasmodium Vivax Promoter Elements in

Plasmodium Knowlesi, and a Centromere-Containing Plasmid That Expresses
Nanoluc throughout the Parasite Life Cycle. Malaria Journal, 20(1), 2021, 247.

S., Khan, M. P., Patel, A. D., Patni & S. J. Cha,. Targeting Plasmodium Life Cycle
with Novel Parasite Ligands as Vaccine Antigens. Vaccines, 12(5), 2024, 484.

80



67.

68.

69.

70.

71.

72.

73.

74.

75.

V., Introini, M. A., Govendir, J. C., Rayner, P., Cicuta, & M. Bernabeu,. Biophysical
Tools and Concepts Enable Understanding of Asexual Blood Stage
Malaria. Frontiers in Cellular and Infection Microbiology, /2, 2022, 908241.

A., Bachmann, N. G., Metwally, J., Allweier, J., Cronshagen, M., del Pilar Martinez
Tauler, A., Murk, & I. Bruchhaus,. CD36—A Host Receptor Necessary for Malaria
Parasites to Establish and Maintain Infection. Microorganisms, /0(12), 2022, 2356.

A., Hadjilaou, J., Brandi, M., Riehn, M. A., Friese, & T. Jacobs,. Pathogenetic
Mechanisms and Treatment Targets in Cerebral Malaria. Nature Reviews
Neurology, 7/9(11), 2023, 688-709

H. P., Fuehrer, S., Campino, & C. J. Sutherland,. The Primate Malar@asites
Plasmodium Malariae, Plasmodium Brasilianum and Plasmodiwg le Spp.:
Genomic Insights into Distribution, Dispersal and Host Traksit . Malaria

journal, 21(1), 2022, 138. &

A. Assemie. Malaria Prevalence and Distribution of Plas Species in Southern
Region of Ethiopia. Journal of Parasitology Research, ), 2022, 5665660.

Escalante, A. A., Cepeda, A. S., & Pacheco, M. 2). Why Plasmodium Vivax
and Plasmodium Falciparum are so different? A Tabe of Two Clades and their Species
Diversities. Malaria Journal, 21(1), 139. Q

P., Omondi, B., Musyoka, T., Okai, J.,,@gere, W., Kagaya, C. W., Chan, & A.
Kaneko,. Non-Random Distribution Q@S odium Species Infections and Associated
Clinical Features in Children i e Lake Victoria Region, Kenya, 2012—
2018. Tropical Medicine and %@Xh 52(1), 2024, 52.

P., Omondi, B., Musyoka,{T*
Kaneko Non-Random ISP

kai, J., Kongere, W., Kagaya, C. W., Chan, & A.
tion of Plasmodium Species Infections and Associated

Clinical Features 1 ldren in the Lake Victoria Region, Kenya, 2012-
2018. Tropical Q’}e and Health, 52(1), 2024, 52.

Gore Langto Cano J., Simpson, H., Tatem, A., Tejedor-Garavito, N., Wigley,

M (2022). Global Estzmates of Pregnancies at Risk of Plasmodium
Falc akumyand Plasmodium Vivax Infection in 2020 and Changes in Risk Patterns
sinc 0 PLOS global public health, 2(11), e0001061.

76.\#“”1, V., Boundenga, L., Arnathau, C., Durand, P., Renaud, F., & Prugnolle, F.
2

77.

78.

2). A Population Genetic Perspective on the Origin, Spread and Adaptation of
the Human Malaria Agents Plasmodium Falciparum and Plasmodium Vivax. FEMS
Microbiology Reviews, 46(1), fuab047.

Oleinikov, A. V. (2022). Malaria Parasite Plasmodium Falciparum Proteins on the
Surface of Infected Erythrocytes as Targets for Novel Drug Discovery. Biochemistry
(Moscow), 87(Suppl 1), S192-S202.

J. L., Siqueira-Neto, K. J., Wicht, K., Chibale, J. N., Burrows, D. A., Fidock, & E. A.
Winzeler,. Antimalarial Drug Discovery: Progress and Approaches. Nature Reviews
Drug Discovery, 22(10), 2023, 807-826.

81



79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

S., Pattaradilokrat, J., Wu, F., Xu, & X. Z. Su,. The Origins, Isolation, and Biological
Characterization of Rodent Malaria Parasites. Parasitology international, 97, 2022,
102636.

E., Drouin, P., Hautecoeur, & M. Markus,. Who was the First to Visualize the Malaria
Parasite?. Parasites & Vectors, /7(1), 2024, 184.

M. A., Pacheco & A. A. Escalante,. Origin and Diversity of Malaria Parasites and
other Haemosporida. Trends in Parasitology, 39(7), 2023, 501-516.

F., Nosten, Richard-Lenoble, D., & Danis, M. (2022). A Brief History of Malaria. La
presse médicale, 51(3), 104130. \

G. R., Gore-Langton, J., Cano, H., Simpson, A., Tatem, N., Tejed@avito, A.,
Wigley, & R. M. Chico,. Global Estimates of Pregnancies at Ri% lasmodium
Falciparum and Plasmodium Vivax Infection in 2020 and Chggges™#’ Risk Patterns
since 2000. PLOS global public health, 2(11), 2022, e0001

G. R., Gore-Langton, J., Cano, H., Simpson, A., Tater% Tejedor-Garavito, A.,
Wigley, & R. M. Chico,. Global Estimates of Pre, ies at Risk of Plasmodium
Falciparum and Plasmodium Vivax Infection in d Changes in Risk Patterns
since 2000. PLOS global public health, 2(11), 20 0001061

J. A., Flegg, G. S., Humphreys, B., Monta Y, Strickland, Z. J., Jacome-Meza, K.
I., Barnes, & S. Dahlstrom Otienobu atiotemporal Spread of Plasmodium
Falciparum Mutations for Resistan lfadoxine-Pyrimethamine Across Africa,

1990-2020. PLOS Computational& gy, 18(8), 2022, e1010317.

Rougeron, V., Boundenga, L. au, C., Durand, P., Renaud, F., & Prugnolle, F.
(2022). A Population Gen rspective on the Origin, Spread and Adaptation of
the Human Malaria Ag asmodium Falciparum and Plasmodium Vivax. FEMS
Microbiology Reviev 1), fuab047.

Eappen, A. G., bg, Marquette, M., Chakravarty, S., Kc, N., Zanghi, G., & Hoffman,
S. L. (202 n Vitro Production of Infectious Plasmodium Falciparum
Sporozoj @ re, 612(7940), 534-539.

N. NanChamma-Siqueira, S. C., Negreiros, S. B., Ballard, S., Farias, S. P., Silva, S.
M net, & A. Macedo de Oliveira,. Higher-Dose Primaquine to Prevent Relapse

4-1253.

\% smodium Vivax Malaria. New England Journal of Medicine, 386(13), 2022,

89.

90.

G. R., Gore-Langton, J., Cano, H., Simpson, A., Tatem, N., Tejedor-Garavito, A.,
Wigley, & R. M. Chico,. Global Estimates of Pregnancies at Risk of Plasmodium
Falciparum and Plasmodium Vivax Infection in 2020 and Changes in Risk Patterns
Since 2000. PLOS global public health, 2(11), 2022, e0001061

K., Habtamu, B., Petros, & G. Yan,. Plasmodium Vivax: The Potential Obstacles it
presents to Malaria Elimination and Eradication. Tropical Diseases, Travel
Medicine and Vaccines, §(1), 2022, 27.

82



91.

92.

93.

94.

95.

96.

97.

98.

99.

G., Snounou, P. M., Sharp, & R. Culleton,. The two Parasite Species Formerly
Known as Plasmodium Ovale. Trends in Parasitology, 2024, 201-220.

R., Sendor, K., Banek, M. M., Kashamuka, N., Mvuama, J. A., Bala, M., Nkalani, & J.
B. Parr. Epidemiology of Plasmodium Malariae and Plasmodium Ovale Spp. in
Kinshasa Province, Democratic Republic of Congo. Nature communications, /4(1),
2023, 6618.

A., Wangdahl, K., Sondén, K., Wyss, C., Stenstrom, D., Bjorklund, J., Zhang, & A.
Farnert. Relapse of Plasmodium Vivax and Plasmodium Ovale Malaria with and

without Primaquine Treatment in a Nonendemic Area. Clinical Infectious
Diseases, 74(7), 2022, 1199-1207.

M. A., Abdulraheem, M., Ernest, 1., Ugwuanyi, H. M., Abkallo, S. %Q(awa, M.,
Adeleke, & R. Culleton. High Prevalence of Plasmodium Malaria% lasmodium
Ovale in Co-Infections with Plasmodium Falciparum in mptomatic Malaria
Parasite  Carriers in  Southwestern  Nigeria. Inten@ I journal for

parasitology, 52(1), 2022, 23-33. ;
W., He, R., Sendor, V. R., Potlapalli, M. M., Kasha . K., Tshefu, F., Phanzu,
& J. B. Parr,. Development of New Real-Time P s for Detection and Species

Differentiation of Plasmodium Ovale. PLo0S neglected tropical diseases, 18(9), 2024,
e0011759. %

L., Subissi, B. N., Kanoi, B., Balikagala@, Egwang, M., Oguike, F., Verra, & N.

Sepulveda,. Plasmodium Malaria lasmodium Ovale Infections and Their
Association with Common Red Bloo | Polymorphisms in a Highly Endemic Area
Of Uganda. Transactions o Royal Society of Tropical Medicine and
Hygiene, /713(7), 2019, 370—%7%\

H. P., Fuehrer, S., Qa , & C. J. Sutherland,. The Primate Malaria Parasites
Plasmodium Malari lasmodium Brasilianum and Plasmodium Ovale Spp.:
Genomic Insights\ N Distribution, Dispersal and Host Transitions. Malaria
journal, 2/(1), , 138.

P.J. Ro .‘%. alaria in 2022: Challenges and Progress. The American Journal
Qly edicine and Hygiene, /06(6), 2022, 1565.

net, & A. Macedo de Oliveira. Higher-Dose Primaquine to Prevent Relapse
Plasmodium Vivax Malaria. New England Journal of Medicine, 386(13), 2022,
1244-1253.

of Txop
I\@b!hamma-Siqueira, S. C., Negreiros, S. B., Ballard, S., Farias, S. P., Silva, S.
. Che

190. N. N., Chamma-Siqueira, S. C., Negreiros, S. B., Ballard, S., Farias, S. P., Silva, S.

M., Chenet, & A. Macedo de Oliveira,. Higher-Dose Primaquine to Prevent Relapse
of Plasmodium Vivax Malaria. New England Journal of Medicine, 386(13), 2022,
1244-1253.

101-A. A., Escalante, A. S., Cepeda, & M. A. Pacheco,. Why Plasmodium Vivax and

Plasmodium Falciparum are so different? A Tale of Two Clades and their Species
Diversities. Malaria Journal, 27(1) 2022, 139.

83



102.W. C., Lee, F. W., Cheong, A., Amir, M. Y., Lai, J. H., Tan, W. K., Phang, & Y. L.
Lau,. Plasmodium Knowlesi: The Game Changer for Malaria Eradication. Malaria
Journal, 27(1) 2022, 140.

103N, A., Naserrudin, M. R., Hassan, M. S., Jeffree, R., Culleton, R., Hod, & K. Ahmed.
A Systematic Review of Asymptomatic Plasmodium Knowlesi Infection: An Emerging

Challenge Involving an Emerging Infectious Disease. Malaria Journal, 2/(1), 2022,
373.

104N, A., Naserrudin, R., Hod, M. S., Jeffree, K., Ahmed, R., Culleton, & M. R. Hassan,.
The Role of Human Behavior in Plasmodium Knowlesi Malaria Infection: A

Systematic Review. International journal of environmental research Wublic
health, 79(6), 2022, 3675.

105 . E., Kisia, Q., Cheng, E., Raballah, E. O., Munde, B. H., M n, N. W,
Hengartner, & S. B. Anyona. Genetic Variation in csf2 (5q31 Ssociated with

Longitudinal Susceptibility to Pediatric Malaria, Severe M, Anemla, and all-
Cause Mortality in a High-Burden Malaria and HIV R f Kenya. Tropical
Medicine and Health, 50(1), 2022, 41.

106. L., Pernaute-Lau, M., Camara, T., Nobrega de So orris, M. U., Ferreira, & J.
P. Gil,. An Update on Pharmacogenetic FactorsNpfluencing the Metabolism and
Toxicity of Artemisinin-Based Combinati herapy in the Treatment of

Malaria. Expert Opinion on Drug Metabg Toxicology, /8(1), 2022, 39-59.

107§, Nisar, M., Torres, A., Thiam, B3 lle, F., Rosier, F., Gallardo, & P. Rihet,.
Identification of Atp2b4 Regulato ent Containing Functional Genetic Variants
Associated  with  Severe ,/\éia. International Journal of Molecular
Sciences, 23(9), 2022, 4849.

108. S, Biswas, M., Nain, S &hmad & A. Sharma,. Role of Human Twin Studies to
Identify Genetic Link of Malaria Pathogenesis and Outcomes. The American
Journal of Tropi dicine and Hygiene, /09(2), 2023, 241.

109-Q., Liu, W , L., Kang, J., Liu, & M. Liu,. Trends of the Global, Regional and
Natlon ce Of Malaria In 204 Countries From 1990 To 2019 and
Impl for Malaria Prevention. Journal of Travel Medicine, 28(5), 2021,
taab(%

110-@7Z, Fiu, W., Yan, C., Qin, M., Du, M., Liu, & J. Liu,. Millions of Excess Cases and
\ﬂhousands of Excess Deaths of Malaria Occurred Globally in 2020 During the
Covid-19 Pandemic. Journal of Global Health, /2, 2022.

1.0, R., Ibrahim, M. A., Alao, A., Issa, B., Mohammed, B. M., Suleiman, & O. A.
Mokuolu,. Trends of Incidence and Outcomes of Childhood Severe Malaria in a
Tertiary Health Facility in Nigeria: A 4-Year Cross-Sectional Study from 2019 to
2022. Journal of Pediatric Infectious Diseases, /9(04), 2024, 217-226.

12.p., Patel, A., Bagada, & N. Vadia,. Epidemiology and Current Trends in
Malaria. Rising Contagious Diseases: Basics, Management, and Treatments, 2024,
261-282.

84



113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

D., Shi, L., Wei, H., Liang, D., Yan, J., Zhang, & Z. Wang,. Trends of the Global,
Regional and National Incidence, Mortality, and Disability-Adjusted Life Years of
Malaria, 1990-2019: An Analysis of the Global Burden of Disease Study 2019. Risk
Management and Healthcare Policy, 2023, 1187-1201.

W., Leal Filho, J., May, M., May, & G. J. Nagy. Climate Change and Malaria: Some
Recent Trends of Malaria Incidence Rates and Average Annual Temperature in
Selected Sub-Saharan African Countries from 2000 to 2018. Malaria journal, 22(1),
2023, 248.

P. Venkatesan. The 2023 WHO World Malaria Report. The Lancet Microbe, 5(3),
2024, e214.

Dieleman,. Examining Geographical Inequalities for Malari omes and
Spending on Malaria in 40 Malaria-Endemic Countries, Q . Malaria
Journal, 23(1), 2024, 206.

A. E., Apeagyei, N. K., Patel, 1., Cogswell, K., O’Rourke, G., @ s, & J.
20

M., Thellier, A. A. J., Gemegah, & 1. Tantaoui,. Global @gainst Malaria: Goals
and Achievements 1900-2022. Journal of Clinical ine, 7/3(19), 2024, 5680.

M. Chutiyami,. Recent Trends in Malaria Vaccine Research Globally: A Bibliometric
Analysis From 2005 to 2022. Journal of Pakasitology Research, 2024(1), 2024,
8201097.

V. H., Chalageri, S. B., Marinaik, S: rbth, R., Singhal, S., Rawat, K. Ravikumar,
& A. Eapen,. Malaria Control-Less earned from Trends of Malaria Indices Over
Three Decades In Karnataka, Indigy Malaria Journal, 22(1), 2023, 353.

World Health Organization@rt on malaria in Nigeria 2022, 2023.

P. J. Rosenthal,. Malb@n 2022: Challenges and Progress. The American Journal
of Tropical Medi 1@ d Hygiene, /06(6) 2022, 1565.

Okumu, & Wilson,. Changes in Contributions of Different Anopheles Vector
Species Valaria Transmission in East and Southern Africa from 2000 to

2022 Rarasites & Vectors, /6(1), 2023, 408.

B. J., Msu u%u a, N. H., Urio, M., Jumanne, H. S., Ngowo, P., Selvaraj, F. O.,

%S., Garcia, , G. Z., Laporta S., Soremekun, C., Bottomley, A. A., Abrahdo, G.

, Moresco, & A. M. Siqueira,. Brazil towards Malaria Elimination: A Time-Series
Analysis of Imported Cases from 2007 To 2022. PLOS Global Public Health, 4(10),
2024, ¢0003822.

M., Thellier, A. A. J., Gemegah, & 1. Tantaoui. Global Fight against Malaria: Goals
and Achievements 1900-2022. Journal of Clinical Medicine, /3(19) 2024, 5680.

V., Reddy, D. J., Weiss, J., Rozier, F. O., Ter Kuile, & S. Dellicour,. Global Estimates
of the Number of Pregnancies at Risk of Malaria from 2007 To 2020: A Demographic
Study. The Lancet Global Health, /7(1), 2023, e40-e47.

85



126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

D., Mategula, J., Gichuki, M. G., Chipeta, J., Chirombo, P. K., Kalonde, A., Gumbo,
& D. J. Terlouw,. Two decades of malaria control in Malawi: Geostatistical Analysis
of the changing malaria prevalence from 2000-2022, 2023. Wellcome Open
Research, 8, 21-30.

A., Mandefro, G., Tadele, B., Mekonen, & L. Golassa,. Analysing the Six-year
Malaria Trends at Metehara Health Centre in Central Ethiopia: the Impact of
Resurgence on the 2030 Elimination Goals. Malaria Journal, 23(1), 2024, 32.

W., Leal Filho, J., May, M., May, & G. J. Nagy. Climate Change and Malaria: Some
Recent Trends of Malaria Incidence Rates and Average Annual Temperature in
Selected Sub-Saharan African Countries From 2000 To 2018. Malaria jour% 22(1),
2023, 248.

A., Mandefro, G., Tadelle, B., Mckonen, & L. Golassa,. Anal inge Six-year
Malaria Prevalence Trends at Metehara Health Center, Central Ethigpia (2017/18—
2022/23): Unveiling the Resurgence and its Impact on Mala imination Goals by

2030—A retrospective study, 2023. ﬁ

F. K., Rubuga, P., Moraga, A., Ahmed, E., Siddig, eimera, G., Moirano, & J.
Utzinger. Spatio-temporal Dynamics of Malaria i a between 2012 and 2022: a
Demography-specific Analysis. Infectious Diseases\of Poverty, /3(1), 2024, 67.

Time before Pre-Elimination Era, North thiopia. Journal of epidemiology and

Y., Ewnetu, & W. Lemma,. Highland Ma%;& ansmission Dynamics in Space and
global health, /2(3), 2022, 362-371

Features for Malarza Diag chine Learning Approach. Applied Artificial

M., Mariki, E., Mkoba, & N& a,. Combining Clinical Symptoms and Patient
a
Intelligence, 36(1), 2022, 2&

M. R, Islam, P. S., M M. Rahman. Recently Outbreak of Malaria in Current
World: Species, gy, Life Cycle, Transmission, Symptoms, Vaccination,
Diagnostic Te. reatment, and Complications. International Journal of

Surgery, 2023 175-177.

1k@ E. Ashenafi,. Malaria: An Overview. Infection and Drug Resistance,
2023 39-334

@Blttaye, A., Jagne, L. E., Jaiteh, B., Nadjm, A., Amambua-Ngwa, A. K., Sesay,
. Njie. Clinical Manifestations and Outcomes of Severe Malaria in Adult Patients
Admitted to a Tertiary Hospital in the Gambia. Malaria Journal, 2/(1), 2022, 270.

A., Almaw, M., Yimer, M., Alemu, H., Belay, M., Alebachew, G., Abeje, & B.
Tegegne,. Prevalence of Clinical Malaria and Associated Symptoms in Pregnant
Women at Hamusit Health Center, Northwest Ethiopia. Heliyon, 10(14) 2024.

W., Mala, P., Wilairatana, C., Samerjai, F. R., Masangkay, K. U., Kotepui, & M.
Kotepui,. Prevalence of Signs of Severity Identified in the Thai Population with
Malaria: A Systematic Review and Meta-Analysis. International Journal of
Environmental Research and Public Health, /9(3), 2022, 1196.

86



138 J. P., Daily, A., Minuti, & N. Khan,. Diagnosis, Treatment, and Prevention of
Malaria in the US: A Review. Jama, 328(5), 2022, 460-471.

139N. J. White,. Severe Malaria. Malaria Journal, 2/(1), 2022, 284.

140. B., Long, A., MacDonald, S. Y., Liang, W. J., Brady, A., Koyfman, M., Gottlieb, & S.
Chavez,. Malaria: A Focused Review for the Emergency Medicine Clinician. The
American Journal of Emergency Medicine 2023.

141 A. O., Hassan, O. V., Oso, E. 1., Obeagu, & A. T. Adeyemo,. Malaria Vaccine:
Prospects and Challenges. Madonna University journal of Medicine and Health
Sciences ISSN. 2814-3035, 2(2), 2022, 22-40.

142§, Trivedi, & A. Chakravarty,. Neurological complications of m@& Current
neurology and neuroscience reports, 22(8), 2022, 499-513. <

3. G., Akafity, N., Kumi, & J. Ashong,. Diagnosis and mana of malaria in the
intensive care unlt Journal of Intensive Medicine, 4(01),

144 B, Liu, T., Zhang, D., Wang, S., Xia, W., Li, , & S. Li,. Profile and
Determmants for Compllcatlons of Imported Ma 5 Chmese Provinces from

2014 to 2021: Retrospective Analysis. JMIR Pu Health and Surveillance, 10,
2024, €52089.

145 A., Voloc, E., Kuissi Kamgaing, S., Atgghoy J. F. Djoba Siawaya,. Outcomes of
Severe Malarla and its Clinical £ea

res in Gabonese Children. Frontiers in
Tropical Diseases, 3, 2022, 985890\

146. A Monroe, N. A., Williams; S oma, C., Karema, & F. Okumu,. Reflections on
the 2021 World Malaria t and the Future of Malaria Control. Malaria
Journal, 2/(1), 2022, ISQ

Hzgh and Low ic Areas of Tanzania. The East African Health Research

Journal, 6%\‘ 71.
148.

@n ¢, H. A., Afolabi, K. A., Bashiru, W. F.,; Sule, S. B., Akinde, O.,
& N. A. Adegoke Predzctzon of Malaria Posmwty Usmg Patients’
iphic and Environmental Features and Clinical Symptoms to Complement
itological Confirmation before Treatment. Tropical Diseases, Travel Medicine
Vaccines, 9(1), 2023, 24.

147 ' M., Mariki, N. % & E. Mkoba. Characterisation of Malaria Diagnosis Data in
1

149-S., Kandel, G., Dahal, R. P., Marasini, K. P., Paudel, A., Parajuli, S.,.Thapa, & P.
Thitichai,. Malaria Reporting Timeliness Analysis And Factors Associated With
Delayed Notification, 2018-2022 2024, Nepal. PLOS Global Public Health, 4(8),
€0003589.

150- 1., Morais, S., Rodrigues, A., Mas, S., Escalon, A., Borrego, F., Nogueira, & M. L.
Antunes. Severe Malaria in Angola: Clinical Profile and Disease Outcome among
Adults from a Low-Endemic Area, 2024, 21-45.

87



151.

152.

153.

154.

155.

156.

157.

158.

159.

161.

162.

J., Salkeld, A., Duncan, & A. M. Minassian,. Malaria: Past, Present and
Future. Clinical Medicine, 2024, 100258.

A., Almaw, M., Yimer, M., Alemu, & B. Tegegne,. Prevalence of Malaria and
Associated Factors among Symptomatic Pregnant Women Attending Antenatal Care
at Three Health Centers in North-West Ethiopia. Plos one, 17(4), 2022, 0266477

A., Thiongane, A., Ba, F., Ly, A. A., Ndongo, D., Boiro, Y., Kéita, & O. Ndiaye,.
Descriptive and Analytical Study of Factors Associated with Mortality in Severe
Malaria among Children in Dakar Emergency Departments from July to December
2022. Open Journal of Pediatrics, 13(6), 2023, 866-878.

M., Trojanek, V., Grebenyuk, L., Richterova, I., Zicklerova, E., No %’é, Z.,
Mandakova & F. Stejskal,. Epzdemzology and Clzmcal Features of I pored Malaria:
A 14-Year Retrospective Single-Centre Descriptive Stua’y i ague, Czech

Republic. Malaria Journal, 2/(1), 2022, 257.

R. W Sauerwein,. Controlled Human Malaria Infectio Mosquzto Bites Induce

More  Severe Clinical Symptoms than Ase ood-Stage  Challenge
Infections. EBioMedicine, 77, 2022, 23-44.

M., Alkema, X. Z., Yap, G. M., de Jong, 1. J., Reuling, Q % t, R., van Crevel, &
l

C., Rayella, P., Devanandan, K., Rasuri, S. §.\Yerravelly, S., Andem, & R. C.
Puvvada,. Clinical Characteristics of Maég il Covid-19: A Systematic Review of

Case Reports. Tropical Parasitology, 1 23, 22-27.

P., Looareesuwan, R., CharoenwisedSilwP., Asawapaithulsert, P., Pisutsan, V., Luvira,
W Piyaphanee, & W Mats idemiologic Trends and Clinical Outcomes of
Imported Malaria in a Terti Hospital, Bangkok, Thailand: A Retrospective

Analysis (2013-2022). Travﬂ edicine and Infectious Disease, 2024, 102775.

Reinfection from escence in High Malaria Transmission Areas: Report of a

World Health Organl n Informal Consultation on Methodology to Distinguish
Virtual Meetln 2 i 78-99.

H Tas ldila P. A., Dumbela, M. Z., Ndii, Fatmawati, F. F., Herdicho, & C.
gi Assessmg the Impact of Relapse Reinfection and Reerudescence on

Mal raa’lcatlon Policy: A Bifurcation and Optimal Control Analysis. Tropical
M(B e and Infectious Disease, 7(10), 2022, 263.

Mumtaz L. C., Okell, & J. D. Challenger. Asymptomatic Recrudescence after
Artemether—Lumefantrme Treatment for Uncomplicated Falciparum Malaria: A
Systematic Review and Meta-Analysis. Malaria Journal, 19, 2020, 1-9.

K., Reifler, S., Kytomaa, N. S., Miller, & D. Bourque,. Delayed Malaria
Recrudescence and Relapse in the Setting of COVID-19. Annals of Internal
Medicine: Clinical Cases, 2(5), 2023, €221034.

K. M., Sumner, J. N., Mangeni, A. A., Obala, E., Freedman, L., Abel, S. R., Meshnick,
& S. M. Taylor,. Impact of Asymptomatic Plasmodium Falciparum Infection on the

88



163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

Risk of Subsequent Symptomatic Malaria in a Longitudinal Cohort in Kenya. Elife, 10,
2021, e68812.

A., Forniti, N., Riccardi, P., Sponga, C., Buono, R., Iapoce, L. R., Suardi, & F.
Menichetti,. Recrudescence of Plasmodium Falciparum Malaria 5 Years after

Treatment in an Hiv Migrant: A Case Report with a Peculiar Presentation. Le
Infezioni in Medicina, 30(2), 2022, 304

M. R, Islam, P. S., Dhar, & M. M. Rahman. Recently Outbreak of Malaria in Current
World: Species, Etiology, Life Cycle, Transmission, Symptoms, Vaccination,
Diagnostic Tests, Treatment, and Complications. International Journal of
Surgery, 109(2), 2023, 175-177.

Y. P., Bria, C. H., Yeh, & S. Bedingfield. Significant Symptoms an@gofymptom—
Related Factors for  Malaria  Diagnosis  in Endeml gions
Indonesia. International Journal of Infectious Diseases, 103, 4-200.

J., Hawadak, R. R., Dongang Nana, & V. Singh,. Glo @end of Plasmodium
Malarzae and Plasmodzum Ovale Spp. Malaria Infectio the last Two Decades
(2000-2020): A Systematic Review and Meta-Analy arasites & vectors, 14(1),
2021, 297.

C., Whittaker, H., Slater, R., Nash, T., Bouse ., Drakeley, A. C., Ghani, & L. C.
Okell. Global Patterns of Submicroscopic dium Falciparum Malaria Infection:
Insights from a Systematic Review an -Analysis of Population Surveys. The

Lancet Microbe, 2(8), 2021, e366-\%

Y. P., Bria, C. H, Yeh, & S, ingtield. Significant Symptoms and Nonsymptom-
Related  Factors  for i Diagnosis  in  Endemic  Regions  of
Indonesia. International Je{ of Infectious Diseases, 103, 2021, 194-200.

J., Hawadak, R. R. gang Nana, & V. Singh. Global trend of Plasmodium
Malariae and Plasmodium Ovale Spp. Malaria Infections in the last two Decades
(2000~ 2020) ematic Review and Meta-Analysis. Parasites & vectors, 14(1),
2021, 297

to, ! odzum—A Brief Introduction to the Parasites Causing Human Malaria
and v basic Biology. Journal of physiological anthropology, 40(1), 2021, 1.

&Feleke, E. N., Reichert, H., Mohammed, B. G., Brhane, K., Mekete, H., Mamo,
J. B. Parr,. Plasmodium Falciparum is Evolving to Escape Malaria Rapid
Diagnostic Tests in Ethiopia. Nature microbiology, 6(10), 2021, 1289-1299.

A., Monroe, N. A., Williams, S., Ogoma, C., Karema, & F. Okumu,. Reflections on
the 2021 World Malaria Report and the Future of Malaria Control. Malaria
Journal, 21(1), 2022, 154.

S., Trivedi, & A. Chakravarty,. Neurological Complications of Malaria. Current
Neurology and Neuroscience Reports, 22(8), 2022, 499-513.

89



174.

175.

176.

177.

178.

179.

180.

181.

182.

A. E., Holm, L. C., Gomes, C. R. F., Marinho, O. M., Silvestre, L. S., Vestergaard, T.,
Biering-Serensen, & P. Brainin,. Prevalence of Cardiovascular Complications in
Malaria: A Systematic Review and Meta-Analysis. The American Journal of
Tropical Medicine and Hygiene, 104(5), 2021, 1643.

B., Liu, T., Zhang, D., Wang, S., Xia, W., Li, X.,Zhang, & S. Li,. Profile and
Determinants for Complications of Imported Malaria in 5 Chinese Provinces from
2014 to 2021: Retrospective Analysis. JMIR Public Health and Surveillance, /0,
2024, ¢52089.

0. J.,, Olagunju, O. C., Ekwebene, O. E., Olagunju, O., Osanyinlusi, O. A., Oyebanji,

& B. Egbo,. Malaria Parasitemia and Severe Health Complications in%;ldren

Under Five Years of Age in Nigeria: A Study Using the Demographi d Health

Survey (DHS) Malaria Indicator Survey (MIS) 2021. Cureus, 16(4)
1

M., Wainaina, D. A., Vey da Silva, 1., Dohoo, A., Mayer-Sgholl,*K., Roesel, D.,
Hofreuter, & S. Al Dahouk,. A4 Systematic Review an era-Analysis of the
Aetiological Agents of Non-Malarial Febrile Illnesses In a. PLoS Neglected
Tropical Diseases, 16(1), 2022, e0010144.

N. J. White,. Severe Malaria. Malaria Journal, 2@@22 284.

C., Mwaba, S., Munsaka, B., Bvulani, D. wakazanga, B. C., Chiluba, K.,
Fitzwanga, & E. Mpabalwani,. Malaria Is ading Cause of Acute Kidney Injury
among a Zambian Paediatric Renal S Cohort Retrospectively Evaluated for
Aetiologies, Predictors of the Nee alysis, and Outcomes. Plos One, 18(10),
2023, ¢0293037. K

M., Vasquez, M., Zuniga, 8%& driguez,. Oxidative Stress and Pathogenesis In
Malaria. Frontiers in cell nd infection microbiology, 11, 2021, 768182.

F. O., Ohiagu, P. C.; ezw C. C., Ahaneku, C. M., Chikezie, & F. C. Law-Obi,.
Pathophysiology evere Malaria Infection. As1an Journal of Health
Sciences, 7(2) 22-1D22.

A.S. W, 1’1’&1, ecent Advances in Imported Malaria Pathogenesis, Diagnosis, and
Mangg * Current Emergency and Hospital Medicine Reports, 11(2), 2023,
49- 5%

& amachandran, & A. Sharma,. Dissecting the Mechanisms of Pathogenesis in
A

184.

185.

186.

ebral Malaria. PLoS pathogens, 18(11), 2022, e1010919.

N. M., Anstey, W. H., Tham, G. D., Shanks, J. R., Poespoprodjo, B. M., Russell, & S.
Kho,. The Biology and Pathogenesis of Vivax Malaria. Trends in Parasitology, 2024.

A. M., Scovino, P. R. R., Totino, & A. Morrot,. Eryptosis as a New Insight in Malaria
Pathogenesis. Frontiers in Immunology, 13, 2022, 855795.

0. O., Oyegoke, L., Maharaj, O. P., Akoniyon, 1., Kwoji, A. T., Roux, T. S.,
Adewumi, & M. Okpeku,. Malaria Diagnostic Methods with the Elimination Goal in
View. Parasitology Research, /21(7), 2022, 1867-1885.

90



187 Daily, J. P., Minuti, A., & Khan, N. (2022). Diagnosis, Treatment, and Prevention of
Malaria in the US: a review. Jama, 328(5), 460-471.

188. Calderaro, A., Piccolo, G., & Chezzi, C. (2024). The Laboratory Diagnosis of
Malaria: A Focus on the Diagnostic Assays in Non-Endemic Areas. International
Journal of Molecular Sciences, 25(2), 695.

189 Gimenez, A. M., Marques, R. F., Regiart, M., & Bargieri, D. Y. (2021). Diagnostic
Methods for Non-Falciparum Malaria. Frontiers in Cellular and Infection
Microbiology, 11, 681063.

190 Plucinski, M., Aidoo, M., & Rogier, E. (2021). Laboratory Detection Walart’a

Antigens: A Strong  Tool  for  Malaria  Research, Dia is,> and
Epidemiology. Clinical Microbiology Reviews, 34(3), 10-1128.

191 Calderaro, A., Montecchini, S., Buttrini, M., Piccolo, G., Rossij S.,(AJcangeletti, M.
C., & Chezzi, C. (2021). Malaria Diagnosis in Non-Endemi s. The European
Experience in the Last 22 Years. Microorganisms, 9(11),

192 White, N. J., Watson, J. A., Uyoga, S., Williams, T &*Maitland, K. M. (2022).
Substantial ~Misdiagnosis of Severe Malarj African  Children. The
Lancet, 400(10355), 807. Q

193 Nielsen, O. H., Fernandez-Banares, F., Sa & Pardi, D. S. (2022). Microscopic
Colitis: Etzopathology Diagnosis, and R Management. Elife, 11, €79397.

194 Shi, W., Georgiou, P., Akram, A \@ M. C., Serhiyenia, T., Kerolos, M. E., ... &

Khan, S. (2021). Dlagnostzc ngztal Microscopy Versus Light Mlcroscopy
in Gastrointestinal Pathology matzc Review. Cureus, 13(8).

195- Bishop, K. W., Maltla c@ C., Rajadhyaksha, M., & Liu, J. T. (2022). In Vivo
Microscopy as unctive Tool to Gulde Detection, Diagnosis, And
Treatment. Jour l@lomedlcal Optics, 27(4), 040601-040601.

of Bloo Disease Detection with Al Perspective. PeerJ Computer Science, 7,

19 Deshpande, ;;; ite, S., & Aluvalu, R. (2021). A Review of Microscopic Analysis
e460.

197N . Raphaely, R. A., Muniappan, A., Shih, A., Roop, B. W., Sharma, A., &
, L. P. (2021). Diagnostic Accuracy of Endobronchial Optical Coherence
ography  for  the  Microscopic  Diagnosis  of  Usual Interstitial
neumonia. ~American Journal of Respiratory and Critical Care

Medicine, 204(10), 1164-1179.

198 Kaniyala Melanthota, S., Kistenev, Y. V., Borisova, E., Ivanov, D., Zakharova, O.,
Boyko, A., & Mazumder, N. (2022). Types of Spectroscopy and Microscopy
Techniques for Cancer Diagnosis: A Review. Lasers in Medical Science, 37(8),
3067-3084.

91



199.

200.

201.

202.

203.

204.

205.

206.

207.

Shaw, M., Claveau, R., Manescu, P., Elmi, M., Brown, B. J., Scrimgeour, R., &
Fernandez-Reyes, D. (2021). Optical Mesoscopy, Machine Learning, and
Computational Microscopy Enable High Information Content Diagnostic Imaging of
Blood Films. The Journal of Pathology, 255(1), 62-71.

Y., Yimam, M., Mohebali, & M. J. Abbaszadeh Afshar, (2022). Comparison of
Diagnostic Performance between Conventional and Ultrasensitive Rapid Diagnostic
Tests for Diagnosis of Malaria: A Systematic Review and Meta-Analysis. PloS
one, /7(2), €0263770.

C., Danwang, F., Kirakoya-Samadoulougou, & S. Samadoulougou,. Assessing Field
Performance of Ultrasensitive Rapid Diagnostic Tests for Malaria: A tematic
Review and Meta-Analysis. Malaria Journal, 20(1), 2021, 245.

K., Vidyasagar, & D. Venkatesha. Study of Malaria in Febrile J@t/ Attending
T ertzary Health Care Center and Evaluation of Perzpheral Examination,
Quantitative Buffy Coat and Rapid Diagnostic Test Diagnosis  Of
Malaria. International Journal of Research in Medica @nces 10(11), 2022,
2602. %}

S. Sebastian. Devising a Cost-Effective Meth prove the Specificity and
Sensitivity of Malaria Detection, 2021, 10-15.

M., Rahi, R., Sharma, P., Saroha, R.,
Polymemse Chaln Reactzon-Based Mal
during Current Phase of Malaria ]
Tropical Medicine and Hygiene,

edi, P. K., Bharti, & A. Sharma,.
iagnosis can be Increasingly Adopted
ion in India. The American Journal of
, 2022, 1005.

D. G,, Feleke, Y., Alemu, %‘nanebirhane Performance of Rapid Diagnostic
Tests, Microscopy, Loop- ted Isothermal Amplification (Lamp) and PCR For
Malaria Diagnosis in ia: A Systematic Review and Meta-Analysis. Malaria
Journal, 20, 2021, 1

D., Selvarajah, aing, N. H., Htet, & J. W. Mak,. Loop-Mediated Isothermal
Ampllf cati amp) Test for Diagnosis of Uncomplicated Malaria in Endemic Areas:
A Meta- %y f Diagnostic Test Accuracy. Malaria Journal, /9, 2020, 1-10.

S., a, S., Kumar, M. Z., Ahmed, N., Bhardwaj, J., Singh, S., Kumari, & J. Das,.
A d Multlplex Loop Medzated Isothermal Amplzf cation (Mlamp) Combined

\sp Lateral Flow Detection (Lfd) for Rapid Detection of Two Prevalent Malaria

208.

209.

ecies in India and Melting Curve Analysis. Diagnostics, 712(1), 2021, 32.

U., Morris, & B. Aydin-Schmidt,. Performance and Application of Commercially
Available Loop-Mediated Isothermal Amplification (Lamp) Kits in Malaria Endemic
and Non-Endemic Settings. Diagnostics, 11(2), 2021, 336.

J.L. T., Yon, N. H., Htet, C., Naing, W. S., Tung, H. H., Aung, & J. W. Mak,. Loop-
Mediated Isothermal Amplification (Lamp) Test in the Detection of Uncomplicated
Malaria in Pregnancy: A Meta-Analysis of Diagnostic Accuracy. Malaria
Journal, 2/(1), 2022, 391.

92



210.

211.

212.

213.

214.

215.

216.

217.

218.

M., Puri, H., Kaur Brar, E., Madan, R., Srinivasan, K., Rawat, S. S., Gorthi, & R.
Madhubala,. Rapid Diagnosis of Plasmodium Falciparum Malaria Using a Point-Of-
Care Loop-Mediated Isothermal Amplification Device. Frontiers in cellular and
infection microbiology, /2, 2022, 961832.

K. A., Al Khaja, & R. P. Sequeira,. Drug Treatment and Prevention of Malaria in
Pregnancy: A Critical Review of the Guidelines. Malaria journal, 20, 2021, 1-13.

A., Figueroa-Romero, C., Pons-Duran, & R. Gonzalez,. Drugs for Intermittent
Preventive Treatment Of Malaria in Pregnancy: Current Knowledge and Way
Forward. Tropical Medicine and Infectious Disease, 7(8), 2022, 152.

A., Kakuru, S. G., Staedke, G., Dorsey, S., Rogerson, & D. Chandramo *mpact
Of Plasmodium Falciparum Malaria and Intermittent Preventive@ ment Of
Malaria in Pregnancy on the Risk of Malaria in Infant§: Systematic

Review. Malaria Journal, 18, 2019, 1-13. &

Of Plasmodium Falciparum Malaria and Intermitten ventive Treatment Of
Malaria in Pregnancy on the Risk of Malat@n Infants: A Systematic
Review. Malaria Journal, 18, 2019, 1-13.

A., Kakuru, S. G., Staedke, G., Dorsey, S., Rogerson, & % ndramohan,. Impact

M., Saito, R., McGready, H., Tinto, T., Ro ba, D., Mosha, S., Rulisa, & S.
Dellicour,. Pregnancy QOutcomes after Fi %&z ester Treatment with Artemisinin
Derivatives versus Non-Artemisinin %bnlarials: A Systematic Review and
Individual Patient Data Meta-Analysh Lancet, 401(10371), 2023, 118-130.

W. F. Mbacham,. Drug Resj. Markers within an Evolving Efficacy of Anti-
Malarial Drugs in Cameg A Systematic Review and Meta-Analysis (1998—
2020). Malaria Jour.m@ 021, 1-20.

H., Abubakar, A.B* \bo, H. M., Bandiya, & A. B. Shuaibu,. Molecular Evaluation
of Plasmodium falciparum Drug Resistant Genes Among Pregnant Women Attending
ANC at m Abacha Women and Children Hospital (MAWCH) Sokoto,
Nigeria(()} al of Current Biomedical Research, 2(5, September-October), 2022,

P. T. N, Niba, A. M., Nji, M, % vehe, . M., Ali, P. M., Netongo, R., Ngwafor, &

552-36

MFASOboh, F., Faal, O. E., Adeniji, S., Correa, A. U., Amawu, E., Ogban, & A.

\U bua-Ngwa,. Multiple Plasmodium Falciparum Drug Resistance Polymorphisms
e

219.

ntified in a Pregnant Woman with Severe Malaria and a Concomitant Spontaneous
Abortion In Cross River, Nigeria, West Africa. Malaria Journal, 2/(1), 2022, 160.

A. G. B., Tuedom, E. M., Sarah-Matio, C. E. E., Moukoko, B. L., Feufack-Donfack,
C. N., Maffo, A. N., Bayibeki, & S. E. Nsango,. Antimalarial drug resistance in the
Central and Adamawa Regions of Cameroon: Prevalence of mutations in P.
Falciparum Crt, Pfmdrl, Pfdhfr and Pfdhps Genes. PLoS One, 16(8), 2021,
€0256343.

93



220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

A., Mayor, C., da Silva, E., Rovira-Vallbona, A., Roca-Feltrer, C., Bonnington, A.,
Wharton-Smith, & B. Candrinho,. Prospective Surveillance Study to Detect
Antimalarial Drug Resistance, Gene Deletions of Diagnostic Relevance and Genetic
Diversity of Plasmodium Falciparum in Mozambique: protocol. BMJ Open, /2(7),
2022, e063456.

F. V., Rahmasari, P. B., Asih, F. K., Dewayanti, C., Rotejanaprasert, P.,
Charunwatthana, M., Imwong, & D. Syafruddin,. Drug Resistance of Plasmodium
Falciparum and Plasmodium Vivax Isolates in Indonesia. Malaria Journal, 2/(1),
2022, 354.

S., Huijben, E., Macete, G., Mombo-Ngoma, M., Ramharter, S., Kariuki %ln)esai,
& A. Mayor. Counter-Selection of Antimalarial Resistance Polym@:’ s by
Intermittent Preventive Treatment in Pregnancy. The Journ fectious
Diseases, 221(2), 2020, 293-303. {/

M. M., Ippolito, K. A., Moser, J. B. B., Kabuya, C., Cunni x, & J. J. Juliano,.
Antimalarial Drug Resistance and Implications for the Global Technical
Strategy. Current Epidemiology Reports, &, 2021, 46-62

D., Zhao, Zhang, H., Ji, P., Li, S., Yang, C., Li \ Zhao, Y.. Surveillance of
Antimalarial Drug-Resistance Genes in Importe smodium Falciparum Isolates
from Nigeria in Henan, China, 2012-2019. Qntiers in Cellular and Infection
Microbiology, 11,2021, 644576. &b

E. B., Chaponda, S., Mharakurwa Qgr;ahelo, J., Bruce, D., Chandramoha, & R.
Matthew Chico,. Sulfadoxine-PN amine Parasitological Efficacy against
Plasmodium Falciparum amc@’regmant Women and Molecular Markers of
Resistance in Zambia: An Ob, ional Cohort Study. Malaria journal, 20, 2021, 1-
10.

I. O., Godwin, I. Muﬁgﬁdu, G. U, Eleje, C. C.,Ibeh, D. A., Ezeagwuna, C. G.,
Okafor, & A. 1, iL> Molecular Characterization of Sulphadoxine-Pyrimethamine
Resistant Mal»% Parasites among Pregnant Women in Anambra State,
Nigeria. Jo 1 of Public Health and Epidemiology, 13(4), 2021, 244-253.

A. I&k})baoku, M. A., Oboh, F., Faal, E., Adeniji, O., Ajibaye, E. T., Idowu, &

A. mbua-Ngwa,. Sub-Microscopic Plasmodium Falciparum Infections and

Midlppte Drug Resistant Single Nucleotide Polymorphic Alleles in Pregnant Women
Southwestern Nigeria. BMC Research Notes, 17(1), 2024, 129.

H., Sawadogo, 1., Soulama, A., Zida, C., Zongo, P. M., Sawadogo, K. T., Guiguemde,
& A. Savadogo,. Plasmodium falciparum Genetic Diversity and Resistance Genotype
Profile in  Infected Placental Samples  Collected after  Delivery in
Ouagadougou. Infection and Drug Resistance, 2023, 6673-6680.

D. K., Dosoo, J. A., Bailey, K. P., Asante, F. B., Oppong, K., Niar¢, J., Opoku-
Mensah, & D. Chandramohan,. The Prevalence of Molecular Markers of Resistance
to Sulfadoxine-Pyrimethamine among Pregnant Women at First Antenatal Clinic
Attendance and Delivery in the Forest-Savannah Area of Ghana. Plos One, 17(8),
2022, e0271489.

94



230 H, K. Waweru, (2024). Prevalence of Plasmodium falciparum Antimalarial Drugs

Resistance Genetic Markers in Selected Lake Victoria Islands, Western
Kenya (Doctoral dissertation, JKUAT-COHES).

1. M., Saito, V. L., Carrara, M. E., Gilder, A. M., Min, N. W., Tun, M., Pimanpanarak, &
R. McGready. 4 Randomized Controlled Trial of Dihydroartemisinin-Piperaquine,
Artesunate-Mefloquine and Extended Artemether-Lumefantrine Treatments for
Malaria in Pregnancy on the Thailand-Myanmar Border. BMC Medicine, 19(1),
2021, 132.

232 F. V., Segala, F., Di Gennaro, J., Ictho, M., L’Episcopia, E., Onapa, C., Marotta, & A.
Saracino,. Impact of Antimalarial Resistance and Covid-19 Pandemic alaria

Care among Pregnant Women In Northern Uganda (Erase): Protgcol® of a
Prospective Observational Study. BMC Infectious Diseases, 22(1), i 8.
b

233.

A., Figueroa-Romero, D., Bissombolo, M., Meremikwu, A., Ra{im a, C., Sacoor,

I., Arikpo, & C. Menéndez,. Prevalence of Molecular of Resistance to
Sulfadoxine—Pyrimethamine Before and After Communit ery of Intermittent
Preventive Treatment of Malaria in Pregnancy in Su ran Africa: A Multi-

Country Evaluation. The Lancet Global Health, 1(@20 3, e1765-¢1774.

234 J., Okombo, M., Kanai, 1., Deni, & D. A. Fidock@romic and Genetic Approaches
to Studying Antimalarial Drug Resistance Plasmodium Biology. Trends in
Parasitology, 37(6), 2021, 476-492.

235 M., Onyamboko, V., Wasakul, S. B raiba, D. K., Kayembe, B. K., Nzambiwishe,
P. E., Ekombolo, & C. Fanello,.x ant Women as a Sentinel Population for
Genomic Surveillance of MalagaJn the Democratic Republic of Congo. Medrxiv,

2024, 2024-05. C-)\

236.N. K., Kayiba, D. M,Y @% R. K., Tchakounang, D. M., Mvumbi, P. Z., Kabututu,
B., Devleesschauwer . Speybroeck,. Evaluation of the Usefulness of Intermittent
Preventive Treat Malaria in Pregnancy with Sulfadoxine-Pyrimethamine in a
Context with In%ed Resistance of Plasmodium Falciparum In Kingasani Hospital,
Kinshasa _ i e Democratic Republic of Congo. Infection, Genetics and

Evoluticf} 2021, 105009.

27 Y. D§diaye, D. L., Hartl, D., McGregor, A., Badiane, F. B., Fall, R. F., Daniels, &
S. olkman, (2021). Genetic Surveillance for Monitoring the Impact of Drug use
&smodwm Falciparum Populations. International Journal for Parasitology:

\Vrugs and Drug Resistance, 17, 12-22.

238. 1. E., Fitri, A. R.,Pawestri, N., Winaris, A. T., Endharti, A. R. H., Khotimah, H. Y.,
Abidah, & J. T. R. Huwae,. Antimalarial Drug Resistance: A Brief History of its
Spread in Indonesia. Drug Design, Development and Therapy, 2023, 1995-2010.

239-0. J., Okesanya, F., Atewologun, D. E., Lucero-Prisno III, O. A., T. A., Adigun, Oso,
E., Manirambona, & 1. I. Okon. Bridging the Gap to Malaria Vaccination in Africa:

Challenges and Opportunities. Journal of Medicine, Surgery, and Public Health, 2,
2024, 100059.

95



240.

241.

242.

243.

244.

245.

R., Rajneesh, Tiwari, V. K., Singh, A., Kumar, R. P., Gupta, A. K.,Singh, & R.
Kumar,. Advancements and Challenges in Developing Malaria Vaccines: Targeting
Multiple Stages of the Parasite Life Cycle. ACS Infectious Diseases, 9(10), 2023,
1795-1814.

C. Duguay. Identifying Entry Points for Integrated Disease Control Programs and
Effective Prevention and Control Strategies for Malaria and Schistosomiasis in
Tanzania and Benin (Doctoral dissertation, Université d'Ottawa University of
Ottawa), 2024.

Challenges of Plasmodium Vivax Human Malaria Infection Models fc accine

W., Roobsoong, A., Yadava, S. J., Draper, A. M., Minassian, & J. Sattabonﬁkot,. The
Development. Frontiers in Immunology, /3, 2023, 1006954. Q

Z., Chahine & K. G. Le Roch. Decrypting the Complexity of th I@n Malaria
Parasite Biology through Systems Biology Approaches. FyQnti in Systems

Biology, 2, 2022, 940321. O

World Health Organization. WHO Working Group on tage Development for
Malaria Vaccines to Reduce Disease Burden: Phase nsiderations on the Path to
Licensure and Wide-Scale Implementation: Repo. Virtual Meeting, 12 and 19

April 2021, 2022.

'?,S. I., Yusuff, R. O., Yusuf, E. M.,
hallenges Of Malaria Control In Sub-
h Research And Policymakers. Annals of

H. J., Oladipo, Y. A., Tajudeen, 1. O., Ola
Oluwaseyi, & M. S. El-Sherbini,. Incregqsi
Saharan Africa: Priorities For Pub
Medicine and Surgery, 81, 2022, 1

96



Chapter Three

3.0 Materials and Methods
3.1 Study Area and Period
The study was conducted (from February, 2024 to July, 2024) at the ante-natal unit in the
department of Obstertrics and Gyneacology, University College Hospital, Ibadan. Detection
and quantification of malaria parasite in blood smear and detection of anti-malarial drugs
(Sulphadoxine-pyrimethamine) resistance genes was done at the department of Medical
Microbiology and Parasitology, UCH and Institute of Postgraduate Research Centre, UCH
Ibadan
3.2 Study Design
A facility-based study was conducted. The source population for this study included pregnant
women with sign and symptoms (Fever, malaise, nausea, body pain, etc) at any gestational
age attending the ante-natal clinic at UCH, Ibadan.
3.3 Study population
The study population was pregnant women with signs and symptoms of malaria who reported
for booking at University College Hospital, Ibadan, Southwestern Nigeria and provided
informed consent were enrolled into the study.
3.3.1 Inclusion criteria:
To be eligible for inclusion in the study:

1. Clients must be confirmed pregnant (Abdominal ultrasound in early pregnancy or

positive pregnancy test).

2. Must have signs and symptoms of malaria.

3. Must not be on any antimararial drug.

4. Pregnant women who meet the inclusion criteria and gave their consent will be

enrolled at the booking clinic which runs on Mondays, Tuesdays and Thursdays. At
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the booking, information on the age of the women, length of pregnancy, or gestational
age at booking, gravidity, parity, level of education and other demographic details
will be obtained.
5. Information on drug use before booking e.g antibiotics, antimalarial drug and
hematinics will be obtained
6. Medical examination was carried out by trained midwives who work with the hospital.
Temperature was measured to the nearest 0.1°C using an electronic thermometer.
Fever was defined as axillary temperature >37.5°C.
3.3.2 Exclusion criteria:
1. Non-pregnant women
2. Pregnant women with mental illness
3. Pregnant women with severely debilitating diseases
Sample and Sampling Technique:
Sample size was determined using a single proportion formula (below) using 50% prevalence
of malaria among pregnant women, 95% confidence level, 5% margin of error, and design
effect of 2. To compensate for non-response rate, 10% of the determined sample size was
added. Finally, finite population correction was done to adjust the final sample size which
gives a total sample size of 325
« The sample size of was used using the Cochrane formula'
e N=Z2XP(1-P)/&
*  Where
*  N=minimum sample size
» 7= Standard score corresponding to a given confidence level. At a 95% confidence

level. At a 95% confidence level or 5% significance level (0.05), Z =1.96
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» P=prevalence of malaria parasitemia; and prevalence of 8.70% in a previous study in
UCH, Nigeria will be used?

* d=precision limit or proportion of sampling error at 6% (0.06)

+ N=325.281

* N=325.
3.4  Description of Research Instrument
The research instrument used in this study was a combination of mo b‘lology
techniques and a structured questionnaire. Blood samples were colk&t“ om pregnant

women attending antenatal clinics in Universty College Hospa

extracted and amplified using polymerase chain reaction ( )

, and DNA was
detect the presence of
Plasmodium falciparum. The amplified DNA was seq to identify the presence of
sulfadoxine/pyrimethamine resistant mutations. A %%ed questionnaire was also used to
collect demographic information towards fbnd its treatment. The research instrument
was validated through a pilot study arz@tered by trained research assistants.

3.5  Validity of the Research Inszl;ment

The validity of the research i jment is a critical aspect of any research study, as it ensures
that the data collected i@?ate, reliable, and relevant to the research question. In this study,
the research i @consisted of molecular biology techniques, including polymerase
chain reactigin (PCR) and microscopy method, as well as a structured questionnaire. To
estab%/&alidity of the research instrument, a pilot study was conducted among pregnant
women attending antenatal clinics in Adeoyo Maternity Teaching Hospital. The pilot study
aimed to assess the feasibility of the instrument, refine the molecular biology techniques, and
evaluate the validity and reliability of the structured questionnaire. The molecular biology
techniques used in this study, including PCR and microscopy method are widely accepted

and validated methods for detecting and identifying Plasmodium falciparum.
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3.6  Reliability of the Research Instrument

The reliability of the research instrument is a critical aspect of any research study, as it
ensures that the data collected is consistent, dependable, and accurate. In this study, the
research instrument consisted of molecular biology techniques, including polymerase chain
reaction (PCR) and and microscopy method, as well as a structured questionnaire. To
establish the reliability of the research instrument, several measures were taken. First, the
molecular biology techniques used in this study, including PCR and microsc ethod are
widely accepted and standardized methods for detecting and ide tif&l& lasmodium
falciparum. The questionnaire was designed to collect demograp ia ds malaria and its
treatment. The questionnaire was pre-tested among pregnamt women to assess its clarity,
relevance, and acceptability. The results of the pre-test sh(@t at the questionnaire was well
understood and accepted by the participants. The %&mire was also found to be reliable,
with high internal consistency and test-retes ility. Internal consistency refers to the
extent to which the items on the .@aire measure the same concept. Test-retest
reliability refers to the extent to @the questionnaire produces consistent results when
administered on two sepér@ occasions. To further establish the reliability of the
questionnaire, Cronbac@%a coefficient was calculated. Cronbach's alpha coefficient is a
statistical measyse x&i%emal consistency. A high Cronbach's alpha coefficient indicates that
the items or@g questionnaire are highly correlated and measure the same concept. In this
Stud)\?l ronbach's alpha coefficient was found to be 0.8, indicating high internal

consistency.

3.7.  Data Collection
3.7.1 Collection of venous blood sample:
About 5ml venous blood samples were collected from the eligible pregnant women by trained

medical laboratory scientist. The pucture site was clean by making a smooth circular pass
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over the site with 70% alcohol pad, moving in and outward spiral from the zone of
penetration. The skin was allowed to dry before proceeding to venepuncture. Appropriate
needle was attached to the syringe hub by removing the plastic cap over the small end of the
needle and inserting into the hub, twiting it tight. The plastic cap over the needle was
removed and the bevel held up. Using the index finger, the skin was pulled thightly just
below the puncture site. By holding the needle in line with the vein, use a quick, small thrust
to penerate the skin and enter in one smooth motion. After blood starts to flow, the tourniquet
was released and patient asked to open her hand. After the required volume of blood was
collected, the needle was removed from the vein and the blood gently dispensed into K2
EDTA bottled previously labelled with patient’s identifiers.

3.7.2 Dried Blood Spot (DBS) Collection

DBS was collected from venous whole blood collected in K2 EDTA bottle. Capillary tube
was used to collect blood from a well- mixed (at least 7 times) EDTA bottle and spotted
blood each delineated 12-millimeter circle of the whatman 903 filter paper card. It was
ensured that the entire circle is covered with blood (approximately 60 -70 uL). The card was
air-dried at room temperature for four hours. Each card was packed in individual resealable
bags with a desicacant sachet in each bag.

3.7.3 Detection of Parasiteamia:

3.7.3.1 Preparation of Thick and Thin blood smears

The thick blood film was used to detect parasiteamia, while the thin blood film was used to
determine the parasite density. Thick and thin blood smears were prepared on the same slide.
Using an automatic pipette, 6uL and 2uL of blood were placed separately on a clean greese-
free slide. The 6uL was made to prepare thick film by using another slide to spread the blood
in circular motion, while 2uLL was used to make thin film by using another slide as spreader,

held at about 45°to the blood and spread gently to form a thin film. The smears were allowed
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to air-dry at room temperature for 1 hour. Thereafter, the thin film was fixed using abosulte
methanol, while the thick film was left unstained. The smears were flooded with 10% freshly
prepared Giemsa stain at pH 7.2, and allowed to stain for 10 minutes. The smears were rinsed
gently with clean water and allowed to air-dry. The thick blood film was examined
microscopically using 100x objective lens of the CX22 Olympus microscope. Smears were
screened by a trained microscopist following standard, quality control procedure.
Parasitaemia is expressed, as the number of asexual forms of Plasmodium falciparum per
microlitre of blood and blood smear is considered negative only after reading 100 high power
fields without detecting a parasite under a light microscope at X 1000 magnification®.

3.7.4 Determination of Parasite Density

CX 22 Olympus microscope was used for parasite count in thin blood film. Parasite density
was determined by counting the number of asexual malaria parasite relative to 1000 RBC and
assuming a mean leucocyte count of 8000/ul of blood* The following formular was used to
calculate the parasite density:

Parasite density: Number of parasite counted in 1000 RBC/1000 X 8000 parasite/ul

3.7.5 Molecular Detection of Antimalarial Drugs Resistance Genes

P falciparum wildtype and Sulphadoxine-pyrimethamine drug resistance genes including
Pfdhps, S108N, Pfdfr and K540F were evaluated among the study pregnant women®*.

3.7.6 DNA Extraction: Extraction of parasite from dried blood spots(DBS) using Qiagen
Qiaamp DNA extraction mini-kit.

Two pieces of 3mm disk from the filter paper blood spots were punched out using a sterile
hole punch and placed into approprietly labelled 1.5 micro-centrifuge tube> The punch was
cleaned and sterilized wach time in sequence with 5% bleach followed by distilled water and
then 70% ethanol. Animal tissue lysis buffer, 180pul, was added ensuring the filter paper were

soaked before incubation at 85° C for 10 minutes followed by addition of 20ul of proteinase
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K stock solution. The mixture was vortexed and incubated at 56°C for 1 hour after which
buffer AL was added to the sample, thoroughly mixed by vortexing and incubated at 70° ¢ for
10 minutes. Absolute ethanol (200 pl was added and mixed thoroughtly by vorttexing). The
mixture was then added to QIAamp mini kit spin column placed in a 2ml collection tube and
centrifuged at 6000 x g (8000 rpm) for 1 minute. The collection tube containing the filtrate
was discarded. Buffer aw2 (500 pl) was added to the spin column and then centrifuged at full
speed (20,000 x g or 14,000 rpm) for 3 minutes. Again, the filtrate was discarded and the spin
column was placed in a 1.5ml microcentrifuge tube. DNA was eluted with 150ul elution
buffer AE, incubated at room temperature for 1 minute and centrifuged at 6,000 x g (8000
rpm) for 1 minute. The extracted DNA was -20° C until it was used for subsequent molecular

studies ?
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3.7.7: Amplification

Table 3.1; Primer Sequences and PCR Amplification Conditions for Pfdhfr ¢

PCR

Conditions

Primary Reaction

DHFR

Initial Denaturation
Denaturation
Annealing
Extension

Final Elongation

Total Number of Cycles

94°C x 3 minutes

94°C x 1 minute

52°C x 2 minutes

72°C x 1 minutes Q\

72°C x 10 minutes (JQ
A

40 Cycles

y _ X
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Table 3.2: Primer Sequences and PCR Amplification Conditions for Pfdfr ¢

PCR

Conditions

Primary Reaction

DHFR

Initial Denaturation
Denaturation
Annealing
Extension

Final Elongation

Total Number of Cycles

94°C x 15 minutes
94°C x 30 seconds
57°C x 90 seconds
90°C x 1 minutes

72°C x 10 minutes \

55 Cycles
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Table 3.3: Primer Sequences and PCR Amplification Conditions for PfK450E ©

PCR

Conditions

Primary Reaction

Initial Denaturation
Denaturation
Annealing
Extension

Final Elongation

Total Number of Cycles

94°C x 1 minutes
91°C x 30 seconds
62°C x 30 seconds
72°C x 20 seconds
4°C x 10 minutes

40 Cycles
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Table 3.4: Primer Sequences and PCR Amplification Conditions for Pf S108N ¢

PCR Primary Reaction

Conditions DHFR

Initial Denaturation 94°C x 1 minutes

Denaturation 91°C x 30 seconds

Annealing 62°C x 30 seconds

Extension 72°C x 20 seconds

Final Elongation 20 °C x 10 minutes \
Total Number of Cycles 45 Cycles (\Q

NS
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3.7.7.1: PCR amplification of Pfdhfr

The PCR assays for dhfr mutation detection involved reactions to enhance specificity,
followed by sequencing to identify the mutations. PCR primer sequences and reaction
conditions are indicated in Table 3. In the initial reaction of total volume of 25 pl containing;
[2.5 pl of reaction buffer, 12.5 pyl Master mix (containing 2mM MgCla, 250 pM each
deoxynucleoside triphosphate (ANTPs), 1x Bioline Taq DNA polymerase), and 0.5 pl of
forward and reverse primers]. A 650-basepair (bp) segment of the dhfr
gene was amplified using the primers DHF forward and DHFR reverse as described‘in Table

3. In the second reaction, 3l of the amplified product from the first PCR W@@d to the

second PCR mixture, using primers DHFR e M3b
(5'TGATGGAACAAGTCTGCGACGTT3") and DHFR ’\Nested M9
(5°CTGGAAAAAATACATCACATTCATATG3’) to amplify a 5 fragment containing
polymorphic codons 51, 59, 108, and 164. The PC oducts were analyzed via
electrophoresis on 1.0% agarose gels and visualized by tr@ination. 7

3.7.7.2: PCR amplification of Pfdhps \

For Pfdhps amplification, 25ul reaction volume %@ ing 12.5ul ready Master mix (Roche),

1.0ul of each primer, 5.5ul of nucleaS\@ ater and 5Sul of P. falciparum DNA.
1

Amplification was done using a The

PCR products were examined usi agarose gel electrophoresis stained with ethidium

er following conditions as described in Table 4.

bromide.®

3.7.7.3: PCR amplificati @(45&

For K450E, 25l reactionswolume containing 12.5ul ready Master mix (Roche), 0.5ul of each
% free water and Sul of P. falciparum DNA. Amplification was done

examined 1% agarose gel electrophoresis stained with ethidium bromide. °

primer, 6.5ul of &Qa
using a T@ ler following conditions as described in Table 3. PCR products were

3.7 .7>S£CR amplification of S108N

For S108N 25l reaction volume containing 12.5ul ready Master mix (Roche), 1.0 pl of each
primer, 6.5ul of nuclease free water and 5ul of P. falciparum DNA. Amplification was done
using a Thermocycler following conditions as described in Table 4. PCR products were

examined using 1% agarose gel electrophoresis stained with ethidium bromide.
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3.8 Data Analysis

SPSS Version 21.0 was used to analyse the data set, while ChromasPro Software v.1.5 was
used to assemble the forward and reverse sequences of the genes. MEGA 7 (Moecular
Evolutionary Genetics Analysis, https:www.megasoftware.net/show eua) software was used
to identify the mutations by comparing with their reference genomes.

3.9: Ethical Approval

Ethical approval was obtained from the Joint University of Ibadan/University College
Hospital Institution Review Committee UI/UCH Ethical Committee assigned number was:

UI/EC/23/0523.
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Chapter Four
4.0 Results and Discussion of Findings
Characteristics of the study subjects are shown in table 4.1. Age group 25-34 years had the
highest percentage of 43.8%, followed by 30.5% from age group <25 years, 24.8% from age
group 35-44 years, while the least percentage of 3.8% was found among the age group >45
years. Married pregnant women had higher percentage of 89.5% when compared with 10.5%
single pregnant women. Primigravida had the highest percentage of 36.2% owed by
33.3% and 30.5% from secundigravida and multigravida respectivelbrst trimester
gestational age had highest percentage of 43.8%, 2" trimester ha Z@h\vhile 3™ trimester
had the least value of 23.8%. é
Educational status of the respondents shows 71.4% l@ertiary education, 22.9% had
secondary education and 5.7% had primary educat @ status: 98.1% were HIV negative,
and 1.9% were HIV negative. Awareness ﬁblntermittent preventive therapy (IPT) use
shows that 78.1 of the responded ussc&\‘xhile 21.9% did not use IPT. Only 20% of the
respondents used insecticide treate&gg ITN), while 80% did not use it. A good number of
the respondents (89.5%) used. %cide, while 10.5% did not use it.
Table 4.2 shows the pr@?ce of malaria among the various age groups. Age group 25-34
years had signi 'a@ghest malaria prevalence of 23.9% (P<0.05), followed by 12.5% rate
obtained fr0625 years, 11.5% from 35-44 years while >45 years recorded no prevalence.
Prev%/%(g~ malaria among the various gravidity is shown in table 4.3. Primigravida had the
highest prevalence rate of 21.1%, followed by 17.1% rate from secundigravida, and the least

rate of 12.5% from multigravida.
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Table 4.1: Socio-demographic characteristics

Parameters Frequency Percentage (%)
Age range (Years)

<25 32 30.5
25-34 46 43.8
35-44 26 24.8

>45 4 3.8

Total 105 100.0
Marital Status

Single 11 10.5
Married 94 89.5 \
Total 105 100.0 <)
Gravidity AN
Primigravida 38 3620 7
Secundigravida 35 3
Multigravida 32 q

Total 105 % 0.0
Gestational age o~

1% Trimester 46 43.8

2nd Trimester 34 Qk) 324

3 Trimester 25 23.8

Total 10 r)\Q 100.0
Educational status SAV

Primary rbv 5.7
Secondary \@ 22.9
Tertiary * 5 71.4

Total e 105 100.0

HIV Status Fao N

Negative N 103 98.1
Positive '& 2 1.9

Total RN 105 100.0

IPT use \) )

Yes 82 78.1

No @ 23 21.9

Total ~ 105 100.0

ITN Use

Yes 21 20.0

No \/QJ 84 80.0

Total 105 100.0
Commercial Insecticide use

No 11 10.5

Yes 94 89.5

Total 105 100.0

Source: Author’s Lab Work, 2024.
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Table 4.2: Prevalence of Malaria among the various age groups

Age range N Positive Negative

n (%) n 2(%)
<25 Years 32 4 (12.5) 28 (87.5)
25-34 46 11(23.9) 35 (76.1)
35-44 26 3(11.5) 23 (88.5)
>45 4 0 (0.0) 4 (100.0)
Total 105 18(17.1) 87(82.9)(\

Key: N= Total number examined, n; = number of positive, n, = number of n@a}vg

Source: Author’s Lab Work, 2024. %0

(P<0.05)
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Table 4.3: Prevalence of Malaria among the various gravidity

Gravidity N Positive Negative
n 1(%) n 2(%)
Primigravida 38 8 (21.1) 30 (78.9)

Secundigravida 35 6(17.1) 29 (82.9) \
Multigravida 32 4 (12.5) 28 (87.5) QQ
Total 105 18(17.1) 87(8@(/

O\

Key: N= Total number examined, n; = number of positive, no= n@df negative

(P>0.05) Q

Source: Author’s Lab Work, 2024. Q

114



Table 4.4 shows the prevalence of malaria among the various gestational age. First trimester
had the highest prevalence rate of 19.6%, followed by 17.6% and 12.0% obtained from 2"

and 3" semester respectively (P>0.05).

The prevalence of malaria among the various educational status is shown in figure 4.1.
Pregnant women with secondary education had significantly highest prevalence rate of 25.0%,
when compared with 14.7%, and 0.9% rates recorded by Tertiary and primary.g€ducation

QO

. HIV seropositive

respectively.

Table 4.5 shows malaria prevalence Vs. HIV Status of the pregnant w,

pregnant women had significantly higher prevalence rate of when compared with
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Table 4.4: Prevalence of Malaria among the various gestational age

Gestational age N Positive Negative
n 1(%) n 2(%)

1% Trimester 46 9(19.6) 37 (80.4)

2nd Trimester 34 6(17.6) 28 (82.4)

34 Trimester 25 3(12.0) 22 (88.0) Q\

Total 105 18(17.1) 87(82.9)

Key: N= Total number examined, n; = number of positive, n, = n@ negative (P>0.05)

Source: Author’s Lab Work, 2024. Q

116



30

25%

25

20

14.7

15

10

0.9
0 [R—

\V
Figure 4.1; Prevalence\of Malaria among the various educational status

R
'ob(/
\#

117



Table 4.5: Malaria Vs. HIV status

HIV Status N Positive Negative
n 1(%) n 2(%)
Positive 2 1(50.0) 1 (50.0)
Negative 103 17(16.5) 86(83.5)
Total 105 18(17.1) 87(82.9)

Key: N= Total number examined, n; = number of positive, n, = number of negati

(P<0.05) 0,\(/
Q
O

Source: Author’s Lab Work, 2024.
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Table 4.6 shows malaria prevalence and IPT use. Pregnant women that didn’t use IPT had
significantly higher prevalence rate of 30.4% when compared with 13.4% rate recorded by

pregnant women that used IPT (P<0.05).

Table 4.7 shows malaria prevalence and ITN use by the respondents. Pregnant women that
did not use ITN had significantly higher prevalence rate of 28.6% when compared with

14.3% obtained from pregnant women that used ITN (P<0.05) \

Table 4.8 shows malaria prevalence and use of commercial insecticide. Pre@omen who
didn’t use insecticide had significantly higher prevalence rate of 45 when compared to

13.7% rate recorded by pregnant women who used insecticide (P
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Table 4.6: Malaria Vs. IPT use

IPT Use N Positive Negative
n 1(%) n 2(%)

Yes 82 11(13.4) 71 (67.6)

No 23 7(30.4) 16(69.6)

Total 105 18(17.1) 87(82.9) Q\

Key: N= Total number examined, n; = number of positive, n, = number of n@a}vJ

(P<0.05) &
Source: Author’s Lab Work, 2024. %O
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Table 4.7: Malaria Vs. Insecticide Treated Net use

ITN Use N Positive Negative
n (%) n 2(%)
Yes 84 12(14.3) 72 (85.7)
No 21 6 (28.6) 15(71.4)
Total 105 18(17.1) 87(82.9)

Key: N= Total number examined, n; = number of positive, n, = number of n@

Source: Author’s Lab Work, 2024.
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Table 4.8: Malaria Vs. Commercial Insecticide use

Insecticide Use N Positive Negative
n 1(%) n 2(%)

Yes 94 13(13.7) 81 (67.6)

No 11 5(45.6) 6(15.2)

Total 105 18(17.1) 87(82.9) é

Vs

Key: N= Total number examined, ni = number of positive, n = number % ative
(P<0.05).

Source: Author’s Lab Work, 2024. %2
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Table 4.9 shows the age and parasite counts. Age group 35-44 years had significantly highest
mean parasite count of 1742+300 pL when compared to 1040+200 count/ puL, 110£10 count/
uL obtained from age group 25 -34 years, and age group <25 years respectively, while age

group >45 years had zero count.

Table 4.10 shows gravidity of pregnant women and parasite count. Primigravida had
significant highest parasite count of 1500 £ 100 count/ L when compared to %ﬂt 200

parasite/ pL. and 900 + 20 parasite/ pL. obtained from secundigravida ar@%tigravida

respectively. &

Gestational age of pregnant women and parasite count is show% e 4.11. Significantly
highest prevalence rate of 1600 + 100 parasite/ pL, follm%@OOO +200 parasite/ L. from

2" trimester, while the least rate of 600 £10 parasite/ pQ
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Table 4.9: Age Vs. Parasite count

Age range (Years) N Mean Parasite Count/pL
<25 32 110+ 10
25-34 46 1040 =200

35-44 26 1742 £300

R
O
>45 4 0+0 A«(/

Key: N= Total number examined, (P<0.05)

30 X
Source: Author’s Lab Work, 2024. Q
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Table 4.10: Gravidity Vs. Parasite count

Gravidity N Mean Parasite Count/pL
Primigravida 38 1500+ 100
Secundigravida 35 1010 +200

Multigravida 32 900 +20

Key: N= Total number examined, (P<0.05)

Source: Author’s Lab Work, 2024.
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Table 4.11: Gestational age Vs. Parasite count

Gravidity N Mean Parasite Count/pL

1% Trimester 46 1600 = 100

2" Trimester 34 1000 + 200

3™ Trimester 25 600 +10

Key: N= Total number examined, (P<0.05) \
R

Source: Author’s Lab Work, 2024. ( Q
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Table 4.12 shows the age group and parasite species. P.falciparum had the highest prevalence
rate of 19.6% among the age group 25 -34 years, 12.5% among age group < 25 years, 11.5%
among age group 35-44 years, while age group > 45 years recorded no rate of P.falciparum.
P.ovale had 2.2% rate among age group 25 -34 years, and Gametocyte prevalence rate of
2.2% among age group 25 -34 years. The overall prevalence rate of P.falciparum was found

to be 15.2%, P.ovale 0.9%, and gametocyte 0.9%. \

Table 4.13 shows gravidity of pregnant women and parasite species. P.falc had the

highest prevalence rate of 15.7% among secundigravida, 15.7% amowl rgravida, while
multigravida recorded rate of 9.4%. P.ovale had 2.6% rate primigravida, and
Gametocyte prevalence rate of 2.6% among primigravida.@ overall prevalence rate of

P.falciparum was found to be 15.2%, P.ovale 0.9%, andé@ocyte 0.9%.

Figure 4.2 shows age group and RDT positivity rgcantly highest RDT positivity rate of

15.2% was found among age group 25-34 y\gfollowed by 12.5% obtained from age group

< 25 years, while the least rate of I@as recorded by age group 35 — 44 years as age

group > 45 years recorded no ;@&y rate.

o
(S

\,‘2’7§>
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Table 4.12: Age Vs. Parasite species

Age range N Parasite species/ forms
P.falciparum P.ovale Gametocyte
n 1 (%) n 2 (%) n 3 (%)
<25 Years 32 4 (12.5) 0 (0.0) 0 (0.0)
25-34 46 9 (19.6) 1(2.2) 1(2.2)
35-44 26 3(11.5) 0 (0.0) 0 (0.0)\
>45 4 0 (0.0) 0 (0.0) o@
Total 105 16 (15.2) 1(0.9) &(P«)Q)
N
Key: N= Total number examined, (P<0.05) . s\)
Source: Author’s Lab Work, 2024. Q
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Table 4.13: Gravidity Vs. Parasite species

Gravidity N Parasite species/ forms

P.falciparum P.ovale Gamectocyte

n 1 (%) n 2 (%) n 3 (%)
Primigravida 38 6 (15.7) 1(2.6) 1(2.6)
Secundigravida 35 6(17.1) 0 (0.0) 0(0.0)
Multigravida 32 3(9.4) 0 (0.0) 0 (o.o;\

\S

Total 105 16 (15.2) 1(0.9)

¢G

Key: N= Total number examined, (P<0.05)

Source: Author’s Lab Work, 2024.
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Figure 4.3 shows gravidity and RDT positivity. Significantly highest RDT positivity rate of
21.1% was found among primigravida, when compared to 8.6% obtained from

secundigravida, and 3.1% rate from multigravida.

Figure 4.4 shows gestational age and RDT positivity. Significantly highest RDT positivity
rate of 21.1% was found in first trimester, when compared to 17.1% obtained from second

trimester, and 12.5% rate from third trimester. \

Table 4.14 shows the diagnostic performance of Microscopy and RD @sensitivity,

Specificity, PPV and NPV of RDT were found to be 77.8%, 1@100% and 95.6%

respectively. %
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Table 4.14: Diagnostic performance of Microscopy Vs RDT

RDT Microscopy Total
Positive Negative
Positive 14 0 14
Negative 4 87 91
Total 18 87 105 0\

S
RDT Sensitivity= 14/18 x 100 = 77.8% EO

RDT Sensitivity = True positives/ Total positives x 100%

RDT Specificity = True negatives / Total negative x IOO%QQ

2

Positive Predictive Value (PPV) = True posi@ested positive x 100

PPV = 14/14 x 100 = 100% @

Negative Predictive Value (NP@rue negatives/ Tested negatives x 100

Q
NPV =87/91 x 100 = 9@.

Source: Autho@v ork, 2024.

O
&

RDT specificity = 87/987 x 100 = 100.0 %
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Table 4.15 shows the prevalence of Pfdhps and SIOSN among the various age group. Age
group 35-44 years had highest prevalence of Pfdhps and mutant gene S108N when compared
with other age groups but not statistically significant having values of 8.7% and 6.5%
respectively (P>0.05), while age group >45 years recorded no prevalence of the two genes.

Similarly, there was no significant difference between wildtype Pfdhps and its mutant gene

S108N among the various age group. \
\J

Table 4.16 shows the prevalence of Pfdfr and K540F among the various ‘@0_ oup. Age
group 35-44 years had highest prevalence of Pfdfi and mutant gene % en compared
with other age groups but not statistically significant having v f 15.2% and 8.7%
respectively (P>0.05), while age group >45 years recorded evalence of the two genes.

Similarly, there was no significant difference betwee@ype Pfdfr and its mutant gene

K540FE among the various age group. &b

Table 4.17 shows the Prevalence of pfdh §® pfdhfr Wildtype and Mutant genes. Pfdhps
wildtype gene had higher prevalence %&o .7% when compared to 4.8% rate obtained from
S108N mutant gene but not sta '®ly significant (P>0.05). Similarly, pfdhfr wildtype gene

had higher prevalence %@12.4% when compared to 6.7% rate obtained from k540E

mutant gene.
3

Figure 4.5 wS~ detection of pfdhps genes among the P. falciparum positive pregnant
women @ssed on agarose gel. Lanes 1 and 10 are DNA ladder; Lanes 3,4,6,9,11, 14 and

15 are pfdhps genes.

Figure 4.6 shows detection of pfdhfr gene among Plasmodium falciparum positive pregnant

women. Lane 1 and 8 are DNA ladders, Lane 3-16 (except 8) are the wildtype pfdhfr genes.

Figure 4.7: shows gel electrophoresis plate of SIO8N mutant gene. Lane M is the DNA

ladder, lane 1,2,6, 11 and 15 are S108N genes each with a size of 23bp
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Table 4.15: Prevalence of Pfdhps and S108N among the various age group

Age N Pfdhps Mutant X2 P-value
gene(S108N)

(%) n(%)
<25 Years 32 2(6.3) 13.1) 2.653 0.120
25-34 46 4(8.7) 3 (6.5) 1.568 0.921
35-44 26 1 (3.8) 1 (3.8) 0.561 0.102
>45 4 0 (0.0) 0(0.0) 0.873 0.5
Total 105 7 (6.7) 5 (4.8) 1.450

Source: Author’s Lab Work, 2024.
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Table 4.16: Prevalence of Pfdfr and KS40E among the various age group

Age N  Pfdfr Mutant X2 P-value
gene(S108N)
n(%) n(%)
<25 Years 32 4(12.5) 2 (6.25) 1.621 0.954
25-34 46 7(152) 4(8.7) 0.568 0.872
35-44 26 2(17) 1 (3.8) 0.765 0.518
45 4 0(0.0) 0 (0.0) 0.873 0.589 \
Total 105 13 (12.4) 7 (6.8) 0.965 0.54 Q

Source: Author’s Lab Work, 2024.
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Table 4.17: Prevalence of pfdhps and pfdhfr Wildtype and Mutant genes

Gene/Haplotype N=105
Pfdhps
Wildtype Mutant X? P-value
n (%) n (%)
S108N 7(6.7) 5(4.8) 1.397 0.226\

Pfdhfr Q

k540E 13 (12.4) 7(6.7) 0.416 (9421
A

N\
Source: Author’s Lab Work, 2024.
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Figure 4.5 shows detection of pfdhps genes among the P. falciparum positive pregnant
women expressed on agarose gel. Lanes 1 and 10 are DNA ladder; Lanes 3,4,6,9,11, 14 and

15 are pfdhps genes.

Figure 4.6 shows detection of pfdhfr gene among Plasmodium falciparum positive pregnant

women. Lane 1 and 8 are DNA ladders, Lane 3-16 (except 8) are the wildtype pfdhfr genes.

Figure 4.7: shows gel electrophoresis plate of SIO8SN mutant gene. Lane M is th

ladder, lane 1,2,6, 11 and 15 are S108N genes each with a size of 23bp ( Q
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4.1 Discussion of Findings

Malaria in pregnancy is a serious public health problem that continually put pregnant women
and their unborn babies at risk'. Nigeria has made considerable progress in the fight against
malaria in pregnancy and remains one of the leaders in the testing and large scale application
of new recommendations and some innovative strategies. However, malaria remains a public
health problem in Nigeria.

This study investigates the prevalence of malaria and anti-malaria drug resistances genes
among pregnant women attending ante-natal clinic at University College Hospital, Ibadan. In
this study, the prevalence of malaria was 17.1%. This is comparable to the rate found in
Ghana, Burkina Faso, and Malawi which reported 20.4%, 18.1%, and 19% respectively?.
However, this is higher than 8.7% reported but much lower than other national sub-regions:
42% in the north-east, 58% in the South-South and 92-99% in the north-east but lower than
4.3% prevalence rate>*>%7. These findings significantly affect malaria control programmes,
especially those focused on pregnant women. Based on the local epidemiological situation,
the study highlights the need for targeted interventions and strategies to combat malaria in
pregnancy. Targeted strategies and interventions could lead to better health outcomes for
pregnant women and their newborns. These interventions can reduce the burden of malaria in
affected communities and contribute to achieving global health targets such as the sustainable
development targets such as the Sustainable Development Goals. Pregnancy increases the
risk of severe disease for women infected with malaria due to immune system suppression®.
Variations in malaria prevalence among pregnant women in the country could be attributed to
difference in diagnosis methods, the impact of geographical location, and seasonal variations
in malaria endemicity.

Malaria causes about 11% of maternal deaths in Nigeria’. Malaria complicates 8.4% to 58.1%

of pregnancies in Nigeria'®. In this study, pregnant women in the age bracket 25-34 years had
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significantly highest malaria prevalence rate of 23.9% (P<0.05). This is slightly lower than
32.8% rate reported in Ibadan!'.

Women of low parity have the highest risk of malaria in pregnancy, as was also corroborated
in this study with primigravidae having prevalence rate of 21.1%. This is in line with 21.3%
rate reported, but higher than 8.4% and lower than 41.8%. Multigravidae were significantly
less likely to have malaria parasites, while primigravidae were more likely to
(p:0'012)12,13,14,15,16'

Most participates were recruited in their first trimester with high utiliza io@ﬂphadoxine
pyrimethamine (SP). This early booking is in contrast with late ges@&a age at booking!”.
Early booking enhances the benefit that can be deriv & preventive measures.
Participants in first trimester of pregnancy had highe@evalence rate of 19.6% when
compared to other gestational ages (p>0.05). This 's&@y higher than 17.6% rate obtained
in a study done in Ibadan'®. However, despi%@ct that most participants were recruited in
their early gestational age, the prev?le C } malaria is the highest in this group. This is
probably due to other factors like@essed immunity that is associated with pregnancy.
Pregnant women in their first second pregnancies are particularly susceptible to malaria'®.
Placental parasitaemia%%transfer of nutrients and oxygen to the foetus, leading to
intrauterine gro f@ction, low birth weight or intrauterine death?’.

In this studyg“participants with only secondary education had highest prevalence of malaria.
This({/% ar with a report of high prevalence (73.13) of malaria in pregnancy?!. Pregnant
women with lower levels of education are more likely to be affected by malaria than those
with higher levels of education. Malaria is still a public health issue and risk factors like
educational class less than tertiary education may be contributing to increase in prevalence of

malaria among pregnant women?2,
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Malaria disease is still a known health threat in tropical and subtropical areas in pregnancy.
Pregnant women with HIV had significantly higher prevalence of malaria when compared to
non-HIV pregnant women (p<0.05). Risk factors for malaria disease play a significant role in
evaluating any program to prevent malaria in pregnant women. There is great to malaria
disease and morbidity in women who have been infected with HIV?3, It was suggested that
death of pregnant mothers where malaria is endemic may be greater than 25%?2%.

During pregnancy, malaria prevention is essential and it can lead to consider eductions
in neonatal mortality and low birth weight. Timely diagnosis and effecfvih as¢ management

alongside the use of insecticide treated nets (ITNs), plus Sulfadox'ni ethamine (SP) as
$

intermittent preventive treatment (IPTp) were recommended ria control in pregnancy
by World Health Organization. In this study, those who@ TN, IPT and insecticide had
lower prevalence of malaria when compared to (%%o didn’t use (P<0.05) and this is
similar to a report®>. ’b

Age group 35-44 had significantly hig‘k@site count when compared to other age groups.
This is at variant with a report whi&gfy\nws that maternal age of <25 years was found to be

significantly associated with® creased with the risk of malaria parasitaemia in pregnancy

(OR=2.054, C.I=1.1 18§®?,p=0.019)26.

a A\\

Majority of malaria infection in Nigeria are caused by P.falciparum?®’. In this study,
P falciparum significantly highest prevalence of 15.2%, when compared to 0.9% rate
recorded by P.ovale and gametocyte (p<0.05). This is also similar to same report of highest
prevalence of P.falciparum in their study titled “A cross-sectional study of risk factors
associated with malaria diseases in pregnant women attending a State hospital Iwo, Osun
State, Southwest Nigeria”. Infection with P.falciparum during pregnancy may lead to several
severe complications, including abortion, fever, placenta malaria, maternal anaemia and

foetal exposure to the parasite?®.
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Recurrent infections with placenta strain-specific P.falciparum is common among women in
areas of high endemicity during their first and second pregnancies?®. Prevention and control
strategies are used to combat the negative consequences of malaria for women and their
fetuses.

A Rapid Diagnostic Test (RDT) is a quick way to determine if a person has malaria by
detecting the malaria parasites in their blood. Malaria RDTs detect specific antigens (proteins)
produced by malaria parasites that are present in the blood of infected individuals. Histidine-
rich proteins (HRP2) malaria RDT test was used in this study. The HRP2 malaria test is a
rapid test that detects the presence of the P. falciparum HRPs antigen in blood samples. In
this study, RDT positivity was found to be 13.3%, with sensitivity of 77.8% and specificity of
100% when compared with blood smear microscopy (reference standard). This finding
corroborate the results who reported RDT sensitivity 73.0%3%3!.

The progress in the development and administration of chemotherapeutic agents is threatened
by evolved resistance to most of the antimalarials currently in use, including SP. Mutations in
the pfdhps and pfdhfr genes are associated with antifolate resistance®. In this study, the
prevalence of pfdhps mutant gene (S108N) was found to be 4.8%, pfdhfr mutant gene
(K540E), 6.7% as against the wild type genes of 6.7% and 12.4% for wildtype pfdhfr and
pfdhfi- respectively and the findings are in line with the report®. The detection of pfdhps and
pfdhfr mutant genes suggesting resistance to the SP drug combination currently used for
intermittent preventive treatment during pregnancy. Resistance to SP is associated with
polymorphism in the P.faciparum dihydrofolate reductase (pfdhfr) and dihydropteroate

synthase (pfdhps) genes.
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Chapter Five
Conclusion

5.1 Summary of Findings
A total of one hundred and five (105) eligible pregnant women attending ANC at UCH,
Ibadan from February to July, 2024 were recruited for this study. Structured questionnaire
was administered and about Smls of venous blood samples were collected into EDTA bottle
for malaria detection and dried blood spot samples for molecular drug resistance gene
detection. Malarial parasite was detected using Microscopy and Rapid Diagnostic Test
methods and antifolate wildtype genes pfdhfr and pfdhps, and their drug resistant mutant
genes S/08N and K540F were detected with Polymerase Chain Reaction using gene specific
primers and visualized with agarose gel electrophoresis. Data analysis was done using SPSS
version 25. Malaria prevalence was 17.1% with age group 25-34 years having significantly
highest prevalence of 23.9% when compared to other age groups(P<0.05).Primigravidae and
first-trimester pregnancy had highest prevalence rates of 21.1% and 19.6% respectively when
compared to other groups but not statistically significant (P>0.05).There was association
between gravidity, gestational age and parasite density with primigravidae and first trimester
having significantly highest parasite count of 1500 + 100/ul and 1600£100/ul respectively
when compared with other group (P<0.05). Moderately high levels of antifolate wildtype
genes: pfdhfr (6.7%) and pfdhps(12.4%) with their corresponding alleles mutant genes:
S108N (4.8%) and K540E(6.7%) were detected. There was no association between age,
gestational age, gravidity and SP drug resistance mutations (P>0.05).
5.2. Conclusion
The study revealed a high prevalence of malaria among pregnant women attending the
University College Hospital, Ibadan. The detection of antimalarial drug resistance genes is a

major public health concern, as it may compromise the effectiveness of currently used
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antimalarial drugs. The use of insecticide-treated bed nets (ITN), intermittent preventive
treatment (IPT), and insecticides was associated with a lower prevalence of malaria. The
study also found that the age group pregnant women in the age bracket 25-34 years had the
highest parasite count, and Plasmodium falciparum was the predominant species causing
malaria infection in Nigeria.

RDT as a rapid diagnosis test was found to have lesser sensitivity compared to blopd smear
microsocopy. However, it has comparable specificity, positive predictive v PV) and

C

Moderately high levels of antifolate resistance associated mutatio s@ound in the pfdhfr
%

negative predictive value (NPV) with blood smear microscopy.

(S108N) and pfdhps (KS540E) genes suggesting high @ nce of Sulphadoxine-

pyrimethamine drug combination currently used for inte\@nt preventive treatment during
pregnancy. E be

5.3. Recommendation

Based on the findings, the following recommendations are made:

v )
Regular malaria screening th;Q;@\ be conducted among pregnant women attending

antenatal clinics. * $

e Effective antimalar@atment should be provided promptly to prevent complications.

o Monitoring@&ii alarial drug resistance should be continued to inform treatment
policies.b

. Psig/%{ﬁ?women should be educated on the use of insecticide-treated bed nets and other
preventive measures to reduce the risk of malaria infection.

e Scale up the use of ITN, IPT, and insecticides: These interventions have been shown to be

effective in reducing the prevalence of malaria among pregnant women.
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Targeted interventions for high-risk groups: Women in the age group 35-44 should be
targeted for intensified malaria prevention and control measures due to their high parasite
count.

Improved diagnosis and treatment: Healthcare providers should be trained to promptly
diagnose and treat malaria infections, especially among pregnant women.

Continued surveillance and monitoring: Regular monitoring of malaria prevalgnce and
antimalarial drug resistance should be conducted to inform treatme Qicies and
interventions ’\Q/

Education and awareness: Pregnant women should be educ the importance of
malaria prevention and control measures, such as the us@%, IPT, and insecticides.
All negatve RDT results should be confirmed wit@lood smear microscopy (gold

D

Antifolate resistance associated genes d in this study, further studies should be

standard method) to exclude false negative res

done to address the prevalence of,o@enetic resistance markers.

5.4. Contribution to Knowledge Qs}c)\

The prevalence of mala%‘%yregnancy is high in our environment, with age group 25-34
years having the hj gjg prevalence, there is an association between malaria in pregnancy
and educatié&@.

Malariﬂbégniﬁcantly associated with primigravidae and 1% trimester pregnancy.
M@ is significantly associated with non-use of insecticide treated net (ITN),
intermittent preventive therapy and commercial insecticide.

The prevalence of Sulphadoxine-Pyrimethamine (SP) resistance gene mutations is high in
our environment.

There is no association between SP drug resistance gene mutations and gravidity, and

gestational age.
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5.5. Suggested Area for Further Research

Further studies should be done to address other genetic resistance markers especially
quintuple mutant genotype consisting of triple mutations of pfdhfir(N511/S59R/S108N) and
double mutations of pfdhps (4437G+K540E+ K540F). Further research also needed to
improve our understanding of the burden of antimalarial drug resistance and to develop

effective strategies for controlling and eliminating malaria. \

QO
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Appendix I
Questionnaire on Malaria in Pregnancy study
Date: ...cooooiiiiii
Instruction: Please tick appropriate response
1. Age: <25 years ( )25—34 Years ( ) 35—44 Years ( ) above 45 Years
2. Marital status? Single ( ) Married ( )

3. Gravidity? Primigravidae and Secundigravidae ( ) Multigravidae ( three or more\) ()

I

. Gestational age: 1% Trimester () 2nd Trimester () 3™ Trimester ( )

5. Level of education: Primary only () Secondary ( ) Higher education (

6. HIV Status : Positive ( ) Negative () Unknown ( ) ’\

7. Have heard about how to avoid getting malaria in the last 12 mo es( ) No ( )
8. IPT : No ( ) Yes (anydose, One dose, two dose, th oses )

9. ITNUse: No ( ) Yes: (regularly ( four or @tlmes per week), Occasionally
( twice or three times per week ) Seldom (once or twicemper week)

10. Commercial insecticide use: No () Yes‘&laﬂy ( four or more times per week),

Occasionally ( twice or three times per week ) S (once or twice per week)

( twice or three times per week ) Seldog\' ce or twice per week)

N
X
Thank you for your response® A

N
Author’s Lab @24.
O

\/Q/

11. Repellants use: No () Yes: (regiwfour or more times per week), Occasionally
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