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ABSTRACT

HbAS and HbAC are known to be protective against P. falciparum infection, but it is unclear
how this protection is conferred in malaria symptomatic patients in Ghana. Theoretically,
HbAS and HbAC protect against P. falciparum malaria by improving naturally acquired
immunity to the parasite. Also, Immunoglobulin G (IgG) has played a significant role in
blood parasite clearance in individuals infected with P. falciparum, suggesting the
protective mechanism of the acquired immunity. This study investigated haemoglobin
genotypes and their effects on IgG levels in symptomatic malaria. This research was a nested
archival cross-sectional study that enrolled 600 symptomatic malaria patients aged between

nsity were determined,

-positive patients. An
indirect enzyme ed on all the samples to
examine the dif toes (gSG6-P1), sexual
ites (EBA 175 3R). The
sitive patients in eight
, and HbAF.

tration of anti-EBA 175

3R and anti-gSC ) i aria | Ve e microscopy samples.

Although a signifie e concentrations of 1gGs

measured @he various a ereht haemo_q_@érlants in malaria
microscopy- posmvﬂsw\eg_&l\ﬁ’f igeﬁ Eﬁ]ﬂmhﬁﬂ putlmpants with IgG against

gSG6-P1 antigen was significantly greater in HbAA participants than in the other
haemoglobin variants. Yet the same assessment could not be made for the sexual stage

antigen (Pfs230) and the erythrocyte binding antigen (EBA 175 3R). In general, no

Xii
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significant relationships were established between the influence of age, gender, and

haemoglobin variants on the anti-Pfs230, anti-EBA 175 3R, and anti-gSG6- P1 antibodies.
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CHAPTER1

INTRODUCTION
1.1Background

Malaria poses a significant health challenge in many countries worldwide, particularly in the
WHO African region. In 2018, an estimated 228 million malaria cases occurred worldwide,
while 213 million were recorded in the World Health Organization (WHQO) African Region
(WHO, 2019). Malaria is an infectious disease caused by a Plasmodium genus unicellular
haemosporozoan parasite, four of which cause disease in humans, namely P. vivax, P.

malariae, P. ovale, Falciparum

It has recently bee 0lgi, identified as simian

malaria parasites, & Singh, 2008; Luchavez,

2008; Ta, 2014). the infective bite of a

female Anopheline mosquito, which serves as the vector. Nevertheless , P. falciparum infection
is primarily associa as cerebral malaria and

severe malaria ane

P. falciparum is th ican Region, accounting

for 99.7 % of estimate 019). The global estimated

: - : =,
malaria deaths@nted by the WH . ; b). While high-risk
groups includiaaperson with FEﬂ/ﬂYeﬁ %ﬁﬁmﬂld n_under five years of age

rarely exposed to infection in endemic areas are also at risk (Miller, 1994). P. falciparum
infections can cause a wide range of diseases. There is some non-sterile clinical immunity after

repeated parasite exposure (Bull, 1998).
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Recent research shows that development has slowed after an unparalleled period of success
in global malaria prevention. In 2020, between January and March, Ghana recorded
approximately 1,001,070 malaria cases. And out of this number, 21,201 were children under
five years old, and 28,764 were pregnant women (Shretta, 2020). Several efforts have been
taken to eradicate it, but it continues to spread over the globe, even in previously

exterminated places.
The most challenging aspect of malaria control is the emergence of drug-resistant variants
of the parasite, particularly P. falciparum (Akanbi, 2014). In endemic areas, characteristics

offering partial resistance to infection or illness progression are selected, and this has had and

continues to have ics (Amoah, 2018). It is

commonly kno sickle cell trait (HbAS),
have been valida er relative resistance to
malaria (Aidoo, 2 severe malaria in Papua

New Guinea (Al

Among the mec )n, reduced intracellular

proliferation, alte bility to oxidative stress
(Wilkinson, 1997 )portion of polyclonal P.

falciparum infect i h mui ‘ assana Konate, 1999) but

not in Senega r eCtive Or
the immune respons st malaria, but new findings dem '
acquired immunity to !""J;Eﬁﬂd mm&ﬂ&%

unknown.

at it involves rapidly
}

isms of protection remain
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1.1.1 Problem Statement

Malaria is a major public health concern, with a high incidence of mortality in Ghana (Shretta,
2020). There is a fascinating co-evolutionary process between the Plasmodium species and
humans. Malaria-affected populations have a variety of haemoglobin variations that may work
together to diminish Plasmodium virulence in the human body, resulting from distinct
geographical originating effects. In the search for immunological surrogates of immunity against
malaria, a plethora of research has focused on antibody levels without determining the phenotype
of haemoglobin associated, which is undoubtedly a critical parameter in measuring and

monitoring immunity to malaria. There is a need to know whether the haemoglobin variants

affect antibody prod across Ghana. Although

the stories of HbS 3 evolutionary biology, a
thorough knowledge before these lessons can
be applied. This si why malaria vaccine

development has bee

1.1.2. Justification
In this study, it will t )bin variants on immune
response, thus, adding and the development of
a more potent drug .regl s | r bin variants are relatively

. I o
common in Gha . Several antibodies

identified as key“"te ma rllﬁr'ﬁgq‘gn.arlﬂ HB@E\MWEB

information on the influence of haemoglobln varlants on IgG levels in malaria symptomatic

|
the disease lack rigorous

patients across Ghana. This research investigates the relationship between antibodies against
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malaria antigens, EBA-175 (Region I11), Pfs 230, and gSG6 —P1 and haemoglobin genotype in
malaria-infected persons. This information will equip researchers and health workers to design and
administer vaccines and drugs based on an individual’s haemoglobin phenotype leading to an

individual-centered treatment, thus pharmacogenomics in malaria treatments in Ghana.

1.1.2 Research Hypothesis
The levels of 1gG elicited against malaria parasites and vector antigens in suspected malaria patients

with varying haemoglobin genotypes differ.

1.1.3 Aim of Study

The study investigated oy en a i S, | 3R, Pfs230, and
gSG6-P1, and the effec ' | a microscopy-
positive symptomatic f
1.1.4 Specific Objectiy

1. To determine at antigens (EBA 175 3R,
Pfs230) and o samples collected from

positive samples across

4. To elucidate the relationship between haemoglobin variants and malaria anti-1gG levels in

microscopy-positive samples across Ghana
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CHAPTER 2
LITERATURE REVIEW

2.1 The Burden of Malaria
Malaria remains an overwhelming problem in developing countries, affecting the economy
and productivity in endemic areas. Globally, 228 million malaria cases were reported in 2018,
compared to 251 million cases in 2010 and 231 million in 2017 (WHO, 2019). Also, 93 % of
these cases occurred in the WHO African region, followed by 3.4 % for the WHO South-East
Asia region and 2.1 % for the WHO Eastern Mediterranean region (WHO, 2019). About 19

countries in sub-Saharan Africa and India accounted for nearly 85 % of the global burden of

malaria (WHO, 2 incidence rate dropped

from71to 57 cas e rate of change slowed
dramatically fro aining at similar levels
through 2018 (WH aria parasite in the WHO

African Region, a 2018 (WHO, 2019).

Globally, malaria red with 2017 and 2010,

which were 416,0 her, children under five
years old, the mos eaths worldwide (WHO,

2019). Africa saw th ‘om malaria, from 533,000

despite E@fhe mortality rate

has decreased since wough the dlsease burden of 1 n in high-impact countries
iN TE%. i
saw S|gn|f|cant decreases fro OFH F %%GaEhlgI‘:;r number of cases occurred in 2018

compared to previous years (WHO, 2019). In Africa, Ghana and Nigeria reported the

to 380,000 fr - 2018"(\

highest absolute increases in malaria cases in 2018 compared with 2017 (WHO, 2019).
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The 2018 malaria burden was similar to that of 2017 in all other countries, except Uganda
and India, where reductions of 1.5 and 2.6 million have been reported (WHO, 2019). But in
Ghana, there was a notable increase (8 %) in malaria cases in Ghana (WHO, 2019). Finally,
the economic burden of malaria in sub-Saharan Africa is unmistakable; much of the world's
poorest countries are in sub-Saharan Africa, where malaria is endemic (Sachs, 2002). The
worldwide distribution of per-capita gross domestic product reveals a robust association
between malaria and poverty (Asante, 2003). In contrast, malaria-endemic countries often
have lower levels of economic growth than non-endemic countries (Asante, 2003). The effect
of malaria on real GDP growth in Ghana is negative and decreases by 0.41 % for every 1 %

increase in malaria

2.2 The life cycle
During a blood me ct sporozoites into the
bloodstream, causi release of merozoites
into the bloodstrea al parasites (see figure
1). The length of a several infections are
cleared early, while fraction of merozoites
form sexual gamet itting from humans to

mosquitoes. In the in stages | — 1V) are

sequestered, am o ‘ sirculate ilpheral blood. In
peripheral blood, the of mature gaetocytes _if_us_qu 7' 8ssithan 100; gametocytes per
ul of blood (D;il‘(eley, ngg)rgﬁﬁ‘vﬁgﬂ@g@mgl%ﬁ éubnﬁi;:mr.oscopic densities.
After mosquito ingestion, each gametocyte forms one female macrogamete or a maximum of

eight male microgametes. Gamete fusion in the mosquito midgut produces a zygote that grows

into a motile ookinete that can infiltrate the midgut wall and form oocysts.
6
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The oocysts grow over time and burst to release sporozoites that migrate to the salivary gland

of the mosquito, from which they may infect humans during the next meal (Baidjoe, 2013).

g5G6-P1

EBA 175

= . 1 10° 10° 10°
. \ Parasites per ul blood

Morozrnms -\l .

DO -' & 3 . B semes sessme——
Asexud ‘ s 10 15 20 25 30
multiplica ‘ B ysts per mosquito

Erythrocyte

Docyst

lumen

gamete

011 100 10%)
Parasites p=r ul bl ‘

Figure 1: Life Cycle of

2. 3 Case definition ‘

Clinical disease ¢ ation of parasites in the

blood stage, so mu stage to identify antigens

nical symp Jciparum infection

intended for ‘defe

H |.- 3 — N 5 N - B |
include chills; fatigue, hﬂmﬁﬁﬁ'ﬁﬂmmmﬁaa he pfh‘fllary complications

of P. falciparum malaria in children include cerebral malaria, extreme anemia, seizures, and
respiratory distress. Clinical malaria description is generally based on microscopic

identification of malaria.
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Parasitemia, fever, and febrile temperature > 37.5°C. Malaria fever is caused by the release of
parasite toxins when schizont-infected red blood cells rupture to release merozoites (Kwiatkowski,
1989). Thus, malaria is said to be directly caused by the rapturing of the red blood cells that
contribute to febrile temperatures. Using febrile fever > 37.5 °C and parasitemia at various rates
results in a highly susceptible and precise case description of malaria (Armstrong, 1994). However,
individuals in highly endemic areas may have parasites without fever or other symptoms associated

with malaria.

2. 3 Signs and symptoms

Asexual erythrocytic or blood-stage parasites are responsible for all clinical symptoms associated

with malaria (CDC, 20 e appearance of clinical

signs is around 9 to ses recurrent attacks or
paroxysms, each of wh ong with chills, a person
is likely to have headac etimes nausea, vomiting,
and diarrhea. The bod skin feels hot and dry
(Bartoloni, 2012). And eat begins. The person,
feeling tired and weak paroxysm, however, is
present in only a minc a (Hall, 1977). Clinical

attacks may be triggere delivery, illness, surgical

operation, or genees a. Tl ‘ d rerlly in children and
unprotected non-immune Wuals, with death following in  matter 6 tirbe (Felger, 2012).
Malaria symptoms;..c‘zaln be cfagEMtﬁmgwgn%mated a:nd severe malaria.
Uncomplicated malaria is diagnosed when symptoms are present, but no clinical or laboratory

signs indicate a severe infection or dysfunction of vital organs. Individuals with uncomplicated malaria

can develop severe malaria if the illness is not treated or their immunity
8
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to the disease is insufficient or non-existent. Uncomplicated malaria symptoms usually last 6-10
hours and come in cycles every other day, while some parasite strains might cause a longer cycle
or mixed symptoms. Symptoms are often flu-like and may be undiagnosed or misdiagnosed in
areas where malaria is less common. Symptoms of uncomplicated malaria include cold, hot, and
sweating: the sensation of cold, shivering, fever, headaches, and vomiting (seizures sometimes
occur in young children), sweats followed by a return to normal temperature, with tiredness (CDC,
2019). Severe malaria is defined by clinical or laboratory evidence of vital organ dysfunction. This
form can be fatal if left unchecked. Symptoms of severe malaria include fever and chills, impaired

consciousness, and prostration (CDC, 2019).

2. 4 Haemoglobin Va

Haemoglobin is an e e globin chains looped

around a haem molecu ngs and carbon dioxide

from the tissues to the lungs. osome 11 and chromosome

16 by their respective g therall, 2011). Many of

these alleles suffer po Js to single amino acid
substitution in the mo moglobin variants. The
abnormal haemoglobi ts mutated globin genes

from both parents. Abnc autosomal codominant

pattern and occu ugh 8 : undre Isual haemoglobin

genotypes have been ourﬁ ver, only a few are typical & e S|gn|f|cant public health
problems in many parts 0 tl%e oﬁﬁﬁéﬂmgmytﬁan 1, 000 human haemoglobin
variants have been discovered with single amino acid substitutions that contribute to physiological

consequences of varying severity (Giardine, 2013).
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HbS is the most prevalent pathological haemoglobin mutation leading to global substitution
(Weatherall, 2011). HbS is Africa's most prevalent pathological form of haemoglobin, while HbD
and HbE are among Indian and Southeast Asian populations (Walker, 2015). HbA2 fractions and
fetal haemoglobin (HbF) may be increased in thalassemia, a disorder that affects the synthesis of
the haemoglobin alpha or beta-globin chains. Beta-thalassemia can also occur when HbS and HbE
are present. A combination sickle/beta-thalassemia phenotype occurs most commonly in the
geographical region of the Mediterranean Sea (Walker, 2015).

The sickle haemoglobin mutation is a structural variant of normal adult haemoglobin A that results
from a single-point mutation in which the amino acid, glutamic acid is substituted by valine at

position 6 of the hae s or heterozygous (AS)

individuals inherit the e other but are typically

asymptomatic, while h from both parents have
the genotype of the di; pften leads to acute and
chronic complications‘ e, the homozygous (SS)
sickle haemoglobin typ ally the most frequently

inherited genetic cond sickle cell disease. The

most severe types of s SS and HbSP © (Creary,

2007; Rees, 2010). Haen 10n in Africa, and several

hundred have been de ‘rrb } ; -
@ " D)
ﬂ,i“rgaﬁﬁnacﬁﬁims |

10
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Haemoglobin mutations can cause a wide range of phenotypic outcomes, including protein
instability, cell lysis anemia, and microvascular circulation occlusion leading to ischemia,
infarction, and chronic haemolytic anemia (Kanter, 2013; Bisse, 2017). In a study carried out on
haemoglobin variants among patients attending Ho Teaching Hospital in Ghana, the prevalence of
HbAS, HbA, HbSC, HbS, HbAC, HbSF, HbC, and HbAF among the study population for three
years was estimated at 40.3%, 37.3%, 7.9%, 6.2%, 5.2%, 2.6%, and 0.3%, respectively

(Awaitey, 2020).

2. 4. 1 Malaria and Haemoglobin variants

While existing treatments have lessened morbidity in some cases, we need to increase our

fundamental understa discover molecular and

cellular targets for ne 2s. Due to the complex
tangle of parasite virul e and adaptive immune
responses that affect t chanisms of falciparum
malaria pathogenesis maratunga., 2011). The
risk of severe falciparu ed by 90% and 70% by
heterozygous haemoglc ectively (Taylor, 2012).
These structural haemg m infection, suggesting

that they interfere witt Ible for the morbidity of

falciparum malari, , )genic @Iand resolving the
A : -
Gordian knot of malari ogenesis, haemoglobinopathigs=®ffer an attractive "natural
— | e mmme————— L o A
experiment"” to identify moIecﬁa!&%‘iﬁﬂ%%@%dEy—.-These correlations may be

capable of being exploited by future parasiticidal, adjunctive, or preventive therapies to yield

targets for a new "Alexandrian solution™ to the global P. falciparum malaria problem.
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2. 4. 2 Erythrocytes and Plasmodium falciparum

Erythrocytes are critical to the spread of malaria parasites. After inoculation in humans by a
mosquito and a brief, clinically silent incubation in the liver, P. falciparum parasites enter the
erythrocytic stage of their life cycle (Taylor, 2013). Parasites successively enter and break away
from their host RBCs throughout this time, causing malaria signs and symptoms; while developing
within RBC, the parasite transfers proteins to the RBC surface that mediate binding to extracellular
host receptors, and it enables the parasite to sequester in the placenta, brain, and virtually any other
organ. RBC variants are produced from some of the most common human genetic polymorphisms;
their widespread prevalence has been assumed to result from thei( evolutionary selection by severe,

life-threatening falcipa 2| common haemoglobin

disorders strongly su binopathies result from

molecular lesions that code single amino acid

substitutions in B-globi , 2000). The most severe

haemoglobinopathies, ically incompatible with

early childhood life w pin traits such as HbAS,
HbAC, HbCC, HbAE, essentially average life
span and far less directl polymorphisms provide
\

dramatic levels of prote lacing glycine with the

) ri;n;[usevere falciparum
. ‘ I
tely 90 % (Taylor, 2013). ; :

INTEGR; PROGERIUS | —

@D

amino acid at positio

malaria in children
|

12



University of Ghana http://ugspace.ug.edu.gh

The current comprehension of P. falciparum malaria pathogenesis suggests four general

hypotheses for investigating the nature of malaria protection by haemoglobinopathies
1. Restriction of RBC invasion or intraerythrocytic parasite growth.
2. Interference with parasite-derived mediators of pathogenesis.
3. Modulation of innate host responses.

4. Enhancement of the host's adaptive immune clearance of parasite-infected RBCs (iRBCs).

2. 5 Malaria immunity

2.5.1 Innate immun
The innate immune s nocytes, macrophages,
dendritic cells, natura complement, and acute

phase proteins. This al rs and antimicrobials on

these surfaces (Taylor, atural killer cells play a

role in malaria infecti volved in erythrocytes

infected with P. falcips 5 interferon (IFN-y) that

cause macrophages to 01, Artavanis-Tsakonas,

2002). In addition, inng ad to the stimulation of

IEN, which limits t_he initial'p ' alsobeen demonstrated in studies

done on murine m

|
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2. 6 Acquired immunity

2. 6. 1 Humoral immune response

Malaria infection induces strong humoral immune responses through the development of
high concentrations of immunoglobulins (1g), especially 1gG and IgM, as well as IgE. The
extent of defense against malaria infection in humans and mice has been shown to be
correlated with the level of antibodies against asexual blood stage antigens (Piper, 1999;
Hirunpetcharat, 1998; Astagneau, 1995). The role of antibodies in malaria immunity is
evident in the protection provided to neonates and infants by malaria-specific antibodies that

mothers acquire (Sabchareon, 1991; McGregor, 1964). Passive transfer of monoclonal

antibodies to plasmo ice (Spencer, 1998;

Narum, 2000). Alth malaria, 1gG is the
most important. The an adults in clinical
trials to treat some s oms and parasitemia
(Bouharoun-Tayoun, G (IgG) is the main

component of defenj (Druilhe, 1994).

2. 6.2 Mechanism ¢
Antibodies are belie ‘mechanisms. In vivo
studies indicate that 0 malaria by antibody
interrupting parasi ultiplicati - Sak reo, \ Antibodies to
blood-stage merozoite Wms can_block or nEIES_ parasit 7 asion (;f erythrocytes
susceptible to pfiZdécytosis,%Io%ﬁBé Eﬁ@ﬁ%ﬂ érlng-(‘Blackrnan;, 1994; Holder,

1992). Other mechanisms are the clearance of infected erythrocytes from circulation by

antibodies binding to their surface through Fc receptors and their removal from the body.
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Some parasites induce antibodies that form clumps or rosettes that the immune system recognizes
and eliminates from circulation by opsonization or phagocytosis (Treutiger, 1992). Cell-dependent
antibody-mediated cytotoxicity of parasites may be induced by cytophilic antibodies and by
inhibition of parasites by effector cells such as neutrophils and monocytes (Bouharoun-Tayoun,
1990). Parasite agglutination and indirect effects such as antibody-dependent cellular inhibition
(Oeuvray, 1994) are other immune mechanisms that protect against P. falciparum malaria. Malaria
parasites also set up systems for immune evasion. These processes include antigenic variability
since many different parasite antigens are introduced to the immune system. Others include

modulation of the host immune response that could lead to pathological changes, polymorphism

of the parasite protein, pe N Ind’ ective reactions (Troye-

Blomberg, 1984).

2. 6. 3 Cell-mediated
Though antibody pIay; A significa Aria mnity, T-cels and cytokines are also
involved in immune re unity via T helper cells
(Weidanz, 1988). Cell against erythrocytic and
erythrocytic parasites ytokines in conferring
protection immunity to ented (Kobayash, 1996;

Shear., 1990; Stevenson llular processes such as

lymphocyte proh@_F y d n, and iI@acrophages when

peripheral blood mononuc s (PBMCs) from immune mdﬂhave bepn stimulated with

malaria antigens in V|tro (Ba‘IIetT%EFM%D&EenhOUse 1984).
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Similar studies were conducted on non-immune individuals infected with P. falciparum, and
decreased cellular recognition of plasmodial antigens was reported (Ho, 1995). T-cells that control
the production of antibodies are also involved in inflammation and cytokine regulation; separating
TH-cells into their Thl and Th2 subsets may have significant biological and immunological
consequences for susceptibility or resistance to diseases or infections (Troye-Blomberg., 1984).
Thus, different subsets of Th cells play different roles in inflammation or anti-inflammation in

malaria infection.

2. 6. 4 Mechanisms of cellular immune response

Studies have shown that Thl and Th2 cells are responsibl

for regulating immune-mediated
antibodies and cell-me | which T-cells regulated
cytokine-induced antib 1988). Thl cells secrete
cytokines such as inter actor (TGF), and tumor
necrosis factor o (TN ) aid with IgG antibodies,
facilitate inflammator Jelayed hypersensitivity
reactions (Abbas, 1994 IL-10, and IL-13. These
cytokines stimulate the B-cells during infection
(Abbas, 1996). These y of each other via the
cytokines they generate. )kines regulate functional

activity and the de ento | Pefalciparumi ion (Ho, 1995). Thl

|

secreted cytokines regulathductlon of Th2 cytokmes Whj%ellsalsq secrete cytokines
Lk, ol
cEﬁ moeem%%? QSH “For example, TFNy secreted by

that control the production of Thi

Thl cells inhibits the development and spread of Th2 cells, while IL-4
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and IL-10 secreted by Th2 cells inhibit the development of Thli cells. Cytokines such as IL-1, IL-
6, IFN-y, and TNF-a have been shown to defend by inducing macrophages and neutrophils to

destroy parasites (Kumaratilake, 1992; Taylor-Robinson, 1993; Troye-Blomberg ., 1999).

2. 7 Haemoglobin variants restrict P. falciparum growth in RBCs

Numerous investigations into the invasion and growth of P. falciparum in RBCs containing variant
haemoglobin quickly followed the development of in vitro cultivation systems (Trager., 1976;
Haynes., 1976). Reductions in RBC invasion have been reported for a variety of
haemoglobinopathies, including a-thalassemia trait (Bunyaratvej, 1992), HbH disease (Ifediba,

1985; Chotivanich, 2002), HbEE (Bunyaratvej, 1992; Chotivanich, 2002) HbAE (Chotivanich,

2002) and the comp r (Chotivanich, 2002;

Bunyaratvej, 1992; Brt ic growth or maturation
of parasites have been an, 1987),p-thalassemia
minor (Brockelman, 198 ) asvol, 3: Pasvol., 1 . 'HbAS (Pasvol, 1978)HbCC
(Friedman, 1979; Fair > a novel mechanism for
inhibiting P. falciparu nd HbSS RBCs display
host microRNA (miR \A RBCs (Chen, 1998;

Sangokoya, 2010).

2. 8 Haemoglobin varial

Two major patho@léc phenotyy #those meg@ding of iRBCs to

endothelial receptors (Barqﬁ%) and_those _mediating-bindi f RBCs to uninfected RBCs
‘ Al PROG EDAMU “

(Carlson, 1990; Kaul, 1991). Both adherence p enotypes are-conferred by Plasmodium falciparum

parum Malaria

erythrocyte membrane protein 1 (PfEMP1) expression (Su, 1995; Baruch, 1996; Smith, 1995).
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Other pathogenic mechanisms that could be associated with the disease include the production of
cytokines in response to P. falciparum glycosylphosphatidylinositol (PfGPI) (Schofield, 1993) and
parasite-derived uric acid (Lopera-Mesa, 2012) direct haemolysis due to parasite egress from
RBCs. Several studies indicate that the deterioration of cytoadherence interactions partly controls
haemoglobinopathy malaria defense. Further analysis of this phenomenon showed that HbAC and
HbCC significantly interfered with the binding of iIRBCs to human microvascular endothelial cells
(HMVECs) under static and physiological flow conditions (Fairhurst., 2005). Subsequent
investigations also found significant reductions in the binding of HbAS iRBCs (Cholera, 2008),
HbF-containing iIRBCs (Amaratunga., 2011), and o-thalassemic iRBCs (Krause, 2012) to human

microvascular endothe la-protective candidate

mechanism; researche ork and showed that the

parasite remodels the ac ed proteins to the iIRBC

surface knobs (Cyrklaf 1bSC and HbCC iRBCs,

and the export of para actin polymerization by

hemichromes (Cyrklaf n accumulate in RBCs
containing HbS and HE haemoglobin instability

and abnormal PfEMP1

2. 9 Haemoglobin variz ses to P. falciparum.

The impact of abe@‘respon 0 malaria, gs_@]severe falciparum

malaria, is increasingly re% Schofield., 2005; Hunt;20 lark, 2004)#. The innate host
- Ri PROCEDAMUS |—

defense response encompasses myriad-—stereotypical - pathvila_ys that are activated by

18



University of Ghana http://ugspace.ug.edu.gh

microorganisms and orchestrated to mitigate insults while minimizing collateral toxicity
(Takeuchi, 2010). Typically initiated by recognizing pathogen-associated molecular patterns
(PAMPs) by leukocyte-associated Toll-like Receptors (TLRs), these responses then progress

through:

1. A pro-inflammatory phase is marked by the release of cytokines, activation of endothelial
cells, and recruitment of circulating and locally resident immune effector cells.

2. A counter-regulatory phase in which tissue-protective molecules such as erythropoietin
(Villa, 2003; Siren, 2001), heme oxygenase-1 (HO-1) (Wagener, 2001; Kapturczak, 2004),

and angiopoietin-1 (Kim,.2011) are deploye imit inflammatory damage.

3. A repair phas stem cells (Koh, 2009;

Erbayraktar, 20

Such phases emerge f ulate specific responses

that are pro-inflammatc

In P. falciparum ma ly triggered by PfGPI

(Krishnegowda, 2005) activation of TLRs on
leukocytes, as well as IP1-mediated binding of

iRBCs to the endothelit associated with increased

angiopoietin-2, de@ng 0poi
counter- regulatory molecule

Iudlng HO-1 and erythropOIet
studies (Taylor, 2013) The asso&.ﬁ)n‘oF mm ! #n’severe malarla was variable in

Gambian children and HO-1 promoter polymorphisms which confer higher constitutive levels of

nitric oxide, and

been |dent|f|ed in human
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HO-1 was associated with an increased risk of severe malaria (Taylor, 2013). Such results,
obtained mainly from HbAA patients, indicate that HO-1 can be either protective or deleterious
over a wide range of in vivo rates (Taylor, 2013). Given the lack of studies on
haemoglobinopathies and innate host defenses, a separate line of nitric oxide (NO) and extreme
malaria investigations highlight the significance of interactions between iRBC and endothelium
in serious malaria pathogenesis. NO also exhibits anti-inflammatory behavior by reducing the
expression of host receptors used by iRBCs to bind microvascular endothelial cells (De-Caterina,
1995). Thus, haemoglobinopathies and increased NO production are associated with in vivo

defense against severe malaria and decreased binding of iRBCs to in vitro endothelium.

2. 10 Haemoglobin s to P. falciparum

Field studies evidence ylobinopathies, adaptive
immunity, and malari s are complicated by the
lack of accurate correla y of polyclonal 1gGs from
malaria-immune adul icates a central role for
antibodies in malaria jocytosis of IRBCs is an
essential mechanism ¢ al RBCs has shown that
monocytes prefer IRB and that this preference

is potentiated by bindin r-immune sera polyclonal

IgG binds more avi Jt , | UZ s., 2002) and B-
thalassemic iRB.C%f 1) compared to non-thalasse nic 7s, iridicating that this
mechanism can ;aéally clelg;‘ %ﬁ@nﬁ mg@:#%wa%ts Whiielmt.hese data suggest
that Haemoglobinopathies functionally enhance the clearance of iRBCs, the precise mechanism of

this enhancement remains unclear. There is no evidence of this role in the clearance of parasites by

other
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haemoglobinopathies and the correlation between this mechanism and the protection from the
clinical disease have not been specifically investigated. Attenuating host-cell injury, coupled with
mechanisms of parasite growth restriction in haemoglobinopathic iRBCs, may be involved in
prolonging the asymptomatic phase of parasitemia. This delay in developing symptoms may
provide more time for erythrocytic stage antigens and RBC senescence markers to be exposed to
the immune system, thus enhancing both the acquisition and maintenance of adaptive and memory-
based immune responses that ultimately protect individuals from developing the deadliest

complications of P. falciparum infection.

2.11 Malaria Diagnostics

ries. The urgency and
importance of obtaini U fr X3 10 ] les from patients with
suspected acute malar ‘ hihe ma iti for malaria diagnosis
impractical for routine ah of known morphological
appearances of malari iation, or approaches to
blood collection, have be resolved merely by

reference to an atlas of ary interventions of the

Global Malaria Contra diagnosis of the disease

(WHO,1999)
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2.12 Malaria serology

Malaria endemicity has been assessed using antibody prevalence determined by
immunofluorescence (Voller & O’Neill, 1971 & Druilhe et al., 1986). Still, its use was limited by
reliance on cultured parasites, expensive fluorescence microscopes, and the subjective nature of
slide reading. Subsequently, the measurement of antimalarial antibodies by ELISA was shown to

be a potentially helpful epidemiological tool (Esposito, 1988).

The resistance of P. falciparum threatens malaria elimination efforts to anti- malarial drugs by
increasing and widespread mosquito vector resistance to insecticides and by the lack of an effective
vaccine conferring strong protective immunity to infection. In malaria-endemic areas, human

populations develop natural. i ity agai P, falcipa i an lead to premonition

(Crompton, 2010; Lu, mmunity takes years to

establish following rec short-lived, and is only

partially effective. It ¢ leading to a decline in

(Abs). Specific Abs, s tive immunity. Immune

responses are comple tensive information on

human populations esponses. The effect of

pre

age, genetic factors, p been more intensively

explored and are recog

association with @nlcal protec ssential E@pisition of defense

against malaria. During thW@ mentaLphases of P, falcipa parasit(_as transmit specific
‘ OCEDAMU =

proteins or antigens on their surfaces Antlbo |esio these antlgens provide protection through

onses and to have some

several mechanisms (Groux, 1990). Some of the antigens found on P. falciparum include

Erythrocyte binding antigen175 (EBA-175), Gamete surface antigen, Pfs230, Merozoite surface
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protein 3 (MSP3), the Circumsporozoite Surface Protein (CSP), P. falciparum Erythrocyte
Membrane Protein (PfEMPI), Apical Merozoite Antigen 1 (AMAL), Liver stage antigen (LSA),
and the Glutamate Rich Protein (GLURP). In recent immuno-epidemiological studies, several
antigens have been identified as possible targets for anti-malaria defense. Which include GLURP,
MSP1-19, and MSP3, which are currently in phase I clinical trials CSP (Hoffman, 1992), LSA,

and PFEMPI (Bull., 2016) have also been studied in connection with protection.

2.12.1 Asexual Stage Antigen - PfEBA-175
PfEBA-175 has been shown to play a crucial role during the fast cascade of interactions between

the parasite and host the erythrocyte (Chen,

2013). PfEBA-175 bi es, and this interaction

depends on Salic acid gainst diverse antigenic
components of the eryt ease immunity (Amoah,
2018). Antibodies specifi tection from malaria in
symptomatic cases (A r, a few investigations,
notably by Wipasa et ¢ ses to malaria antigens
remained constant thro i Nipasa, . Thisanti e as n because it’s a potential
vaccine candidate and al erythrocytic phase of

the P. falciparum life atially, resulting in clinical

symptoms. The r@vyith whic | vade eythrocyt_g@&ts that particular
receptor-ligand interactio beeéEﬁ—and arasite-m cﬂﬁﬁe volved (Duraisingh, 2003)
o I PROGEDA [l |

And because erythrocyte invasion is an obligate part of the’peirasite’s lifecycle, blocking invasion

should prevent parasite growth, and this has become
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an attractive target for vaccine development. P. falciparum invades erythrocytes by using
multiple receptor-ligand interactions defined as invasion pathways (Camus, 1985; Doolan, 1999).
The first P. falciparum ligand identified to bind to erythrocytes with high affinity was erythrocyte-
binding antigen 175 (Camus, 1985). Before the merozoite completely invades the erythrocyte,
PfEBA-175 has been demonstrated to play an essential part in the quick cascade of interactions
between parasites and host molecules (Aikawa, 1978). PfEBA-175 binds to glycophorin A on the
surface of erythrocytes, and this interaction depends on sialic acid on the receptor (Sim, 1994). The
binding region of PfEBA-175 to glycophorin A involves the cysteine-rich region Il consisting of

two halves called F1 and F2 domains. Antibodies raised against the F2 domain of PFEBA-175 have

been shown to partiall ‘ nto human erythrocytes

(Narum, 2000). Antib ith naturally acquired
immunity (Okenu, 200 protection from malaria
(Okenu, 2000; McCarr not observed in groups

with a low incidence of

2.12.2 Sexual Stage A
Pfs230 is a surface a ssion-blocking activity.
Transmission-blocking dividuals was associated

999). Their results confirm

-

with antibodies to the gam

Pfs230 as a possib inclusion as'a'malaria transmiss accine. A previous

study by (Eksi., 26@2) de nswmtﬁgﬂﬁ&lgﬁiiﬁﬁo

sulted in the production of
truncated proteins that were not retained on the surface of the gametocyte or gamete (Eksi, 2006).
Pfs230 disruptants successfully emerge from RBCs and male gamete sex flagellate-producing

microgametes (Eksi, 2006). However, ex-flagellating Pfs230- minus males could not
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Interact with RBCs and form exflagellation centers. Oocyst production and mosquito infectivity
were also significantly reduced, 96-92% and 76-71%, respectively (Eksi, 2006). Their results
suggest that Pfs230 is a surface molecule in males that mediates RBC binding and plays an essential
role in oocyst development, a critical step in malaria transmission (Eksi, 2006). In a recent study
conducted by (Farrance, 2011), they successfully produced a region of the Pfs230 antigen in their
plant-based transient-expression system and evaluated the role of the protein in an animal model. In
rabbits with high titers of transmission-blocking antibodies, administration of 230CMB with > 90 %
purity causes robust immunological responses, resulting in a greater than 99 % reduction in oocyst

counts in the presence of complement, as assessed by a conventional membrane feeding assay

(Farrance, 2011). Add 30 response have been

demonstrated to have tr. ing at naturally acquired

immune responses to al sites to expand our
understanding of natura nderstand the dynamics
of sexual stage immuni a0e, transmission setting,
malaria transmission se . However, the reported
relationships between t tibodies to sexual-stage
antigens are inconsiste en research spanning 15
study sites in Africa. broad, ranging from 6%
reported by Stone et al. Faso,uto 72% reported by

(Amoah, 2018). | should be studied,

and persons with .haemogl bwmﬁ?w%'@ﬁm&t

les.-As a result, this study
will shed further information on how changes in haemoglobin morphologies in symptomatic malaria

patients affect natural malaria protection (IgG levels).
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2.12.3 Salivary Gland antigen- gSG6-P1

Human antibodies recognizing the Anopheles gambiae salivary protein gSG6 P1 were associated
with recent exposure to Anopheles bites in tropical Africa. These observations suggested that
anti-gSG6-P1 antibody levels might serve as an entomological proxy to estimate anopheles biting
intensity by reflecting recent exposure to anopheles bites (Pollard, 2016). In the case of malaria,
a recent study has shown that human IgG response to the gSG6-P1 peptide represented a specific
biomarker of mosquito bites' exposure, which will aid malaria surveillance. This will better
understand the influence of haemoglobin variants on IgG levels in symptomatic malaria in Ghana,

thus correlating the 1gG levels to haemoglobin variants across Ghana. So far, there’s minimal

information on the inf HbAC on Pfs230, EBA

175 3R, and gGS6-P1

The Capillarys haemog ormal haemoglobins (A,
A2, and F) in human b ' t haemoglobin variants
(S, C, E, and D), by cap th the SEBIA capillarys
two flex-piercing instr gned for laboratory use.
The capillarys two flex at performs a complete

haemoglobin profile for the th n globin fractions A, A2, and

the haemolysate ofwhole omﬁlﬁﬁm@ﬂﬁp

anticoagulant

2EDT¥\H0r K3sEDTA as an

F and the detectior@fiiggt haemoglobin : C, assay is performed on
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Principle of the test

Haemoglobin is a complex molecule composed of two pairs of polypeptide chains. Each chain is
linked to the haem, a tetrapyrrolic nucleus (porphyrin) that chelates an iron atom. The haem part
is common to all haemoglobin and their variants. The type of haemoglobin is determined by the
protein part called globin. Polypeptide chains a, B, 6 and y constitute the normal human

haemoglobins:

* haemoglobin A ..o =a2 32
* haemoglobin A2 .......cccceovveiiiiiieiecie e =02 92
» fetal haemoglobin F ..........ccccoeeiiiiiiinnnennne =02 7y2

The o-chain is common atial structure and other

molecular properties (| d sequence constituting
the chains. Substitutio forming haemoglobin
variants with different ich also depend on the
pH and ionic strength
The resulting qualitati lobinopathies (Landers,
1995; Livingstone, 198 the haemoglobin chains
leads to quantitative _—__ alitie : ssemias.  Haemoglobin
electrophoresis is a wel ‘boratories for screening

rbanks, 1980; Galacteros,

5u

samples for haemoglobi
1986; Hempe, 1 7 an . > 7
developed to pro;/‘ide- co Ieﬂmﬁrﬁ)ﬁﬁﬁﬁﬁﬁm@t eparaﬁ(;n and reasonable
resolution. The methodology can be considered an ihtérmediary between classical zone

electrophoresis and liquid chromatography (Krauss, 1986; Maier-Redelsberger, 1989). The

capillarys two flex-piercing instrument uses the principle of capillary electrophoresis in free
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solution. This technique separates charged molecules by electrophoretic mobility in an alkaline
buffer with a specific pH. Separation also occurs according to the electrolyte pH and
electroosmotic flow (Huisman, 1977). The capillary's two flex-piercing instruments have
capillaries functioning in parallel, allowing eight simultaneous analyses for haemoglobin
quantification fromwhole blood samples. A sample dilution with haemolysing solution is prepared
and injected by aspiration at the anodic end of the capillary. A high voltage protein separation is
then performed, and the haemoglobins are directly detected at 415 nm at the cathodic end of the
capillary. Before each run, the capillaries are washed with a wash solution and prepared for the

subsequent analysis with buffer. The haemoglobins, separated in silica capillaries, are directly and

detected explicitly at Al ecific to haemoglobins.

The resulting electropw alities.

Direct detection provide oglobin fractions, with

particular interest, sucl c. In addition, the high

resolution of this proce n variants, in particular,

to differentiate haemog A2 quantification can

also be performed whe pH buffer, normal and

abnormal (or variant), from cathode to anode:

\
d0A’2 (A2 variant), C, , Bart’s, J, N-Baltimore,

and H.

The carbonic anhy gterns; this permits

the identification of-haem H

TR PRECEGAWE.

28



University of Ghana http://ugspace.ug.edu.gh

Figure 3: A typical
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2.14 Enzyme-Linked Immunosorbent Assay (ELISA)

ELISA is a common laboratory technique used to measure an analyte's concentration (usually
antibodies or antigens) in a solution. ELISA begins with a coating step, where the first layer- either an
antigen or antibody is adsorbed (passive attachment of a liquid to a solid surface, creating a thin film)
to a solid surface, usually a polystyrene multiwell plate. The coating is followed by blocking and
detection steps. When there is interaction, this can be detected by a conjugate (an anti-human Ig
coupled to an enzyme linked to a substrate), which reduces the substrate to produce a visible color
change. The colored end product correlates to the amount of analyte in the original sample.

ELISA is a very useful tool in malaria research, where it has been used to diagnose tertian malaria

(Ming, 1987) and for d er et al., 1979). There are

three different types o are Direct, Indirect, and

Sandwich/Capture assa irect ELISA is that Direct

ELISA involves labelin rnative signaling molecule

such as a fluorophore. ional probe (a secondary

antibody) labeled with a a measurable signal tag by

binding to the detection Indirect ELISA but is less

sensitive and cannot [ secondary antibody. With

Sandwich ELISA, the a Ibodies (i.e., a capture and

detection antibody). To dett coated with capture antibodies

-

: h the test solutions
containing the antig.]em Aft Wﬁmﬁﬁﬁﬁﬁ@ﬁ@m@_ﬁl ed to aﬁ“enzyme is applied as
the detection antibody. This is a direct sandwich ELISA. But there is also Indirect Sandwich ELISA
where an antigen-specific detection antibody is used to sandwich the incubated antigen before

introducing the enzyme-linked secondary antibody for detection.
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CHAPTER3
MATERIALS AND METHODS

3.1 Study type and description of study sites
This is a nested study to compare 1gG levels of malaria parasite and vector antigens in two

populations and determine the frequency of different haemoglobin variants in the
microscopy-positive malaria population.

Ten health facilities in Ghana's previous ten regions were chosen randomly. The facility size
was calculated using Probability proportional to size estimates (PPSE) based on the total
monthly number of confirmed malaria cases in outpatient departments (OPDs) in 2016.

lected from each of the

Three district/munici

ten Regions(Ne bura Dunkwa District

Hospital, Praso th Centre, Paga Health

Centre, Lambussi anta Health Centre). The

research included t the designated health.

3.1.1 Subjects/study po

e Archived packe

treatment in all t 1

alaria patients seeking

sented for reuse

3.2 Inclusion Crite

e All samp d in this _ ithin 2018-2019 and

aged 2 tqp 89 years.

"".‘" TEEHd PHDGEDAM*JE

3.3 Exclusion Crlterla

e Archived samples containing any other species of Plasmodium aside Falciparum was

excluded from the study
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3.4 Sample size determination
The sample size was determined using the binomial model to estimate the confidence interval (ClI)
(Vallejo, 2013). The sample size with a 95% CI and precision level of 5% was estimated according

to the formulae below: The sample size was calculated with the formula below.

_ 2Q1F2;

N R

Where N = sample size, Z = statistic corresponding to the level of confidence, P = expected

prevalence and e = precision.
e With a level of confidence at 95% corresponding to Z = 1.96
e The proposed prevalence of malaria diagnosis by microscopy is 25.2 % (Kweku, 2017)
e Precision set at 5%

The minimum number of samples based on the above calculation was 288; thus, 300
microscopy-positive archived samples and 300 microscopy-negative archived samples were used

for the study.
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3.5 Ethical Consideration
Ethical clearance was obtained from the Institutional Review Board (IRB) of Noguchi Memorial
Institute for Medical Research (NMIMR) and the Ethical Committee of the College of Health

Sciences of the University of Ghana.

3.6 MATERIALS

3.6.1 Reagents

Deep well plates, plastic seals, plate reader: Bio-Rad Model 680 Microplate Reader, plate washer,
Tween-20, absolute ethanol, sulphuric acid were all obtained from Sigma-Aldrich (U.S.A),

MAXISORP NUNC-immune i-Human Immunoglobulin G

(H+L) HRPO conjugat > from Oxoid, (England)

and dried skimmed mi apillarys 2 flex piercing

instrument.

3.7 METHODS

3.7.1 Examination of
The archived samples the presence of malaria
parasites by two indep disagreement on smear
(thick and thin) readin icroscopist’s assessment.

The assessment by the thire

TEGRI PROCEDAMUS |
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3.7.2 Indirect ELISA

Enzyme-linked immunosorbent assay (ELISA) was used to determine the natural levels of
antibodies of the Salivary Gland peptide (gSG6-P1), asexual stage antigen (PfEBA-175 Region
I11), and sexual stage antigen (Pfs230). NUNC 96-well streptavidin-coated ELISA plates were
coated with 100 pul of 1 pg/ml of Mosquito Salivary Gland antigen in phosphate-buffered saline
(PBS, pH 7.4). Also, NUNC 96-well ELISA plates were coated with 20 ul of 1 pg/ml of asexual
stage antigen in phosphate-buffered saline (PBS, pH 7.4) and 100 pl of 1 pg/ml of sexual stage
antigens in carbonate buffer (0.05 M carbonate/bicarbonate buffer, pH 9.2) and kept overnight at

four °C. The plates were washed four times with wash buffer (1X PBS and 0.0 5% Tween- 20).

Each washing step inv d materials by flipping

the plate, adding 250 he wash buffer is then
discarded. Unbound re with 150 pl of blocking
buffer (3% skimmed ashed twice with wash
buffer as before and i dilutions (samples) and
1% skimmed milk for g of pools of previously
sampled high titer pla ncubated with 50 pl of
peroxidase-conjugated -HRPOQ) for 1 hr. The
plates were washed a Ubstrate TMB  (3,3',5,5"-
Tetramethylben2| r. 30 MIN;"e . Wer s uPy adding 50 pl of
0.2 mM sulphurlc. aC|d Cﬁuaken to ensure that all p_tes MUbated \;vith a substrate for
R R AN e were

N
relatively the same tlme The optie the wells were then read using the

Biotek ELISA plate reader at 450 nm.
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The reader determined the optical densities of the contents of each well using the Beer-Lambert
Law. Briefly, the distribution of log10-transformed OD values was fitted as the sum of two
Gaussian distributions using maximum likelihood methods; one of the two distributions represents
the seronegative population, and the other represents the seropositive population. For each antigen,
the mean log10-OD of the Gaussian corresponding to the seronegative population plus log10-three
standard deviations was calculated, back-transformed, and used as the cut-off for seropositivity.

Seroprevalence was calculated as the proportion of samples with OD above this cut-off.

3.7.3 Haemoglobin Phenotype determination

Capillary electrophoresis was performed on symptomatic samples; Samples were brought to thaw

at room temperature. T 1cks according to sample

ID order. A working i ) uL of the haemolysing
solution was pipetted i e |D order. The samples
were vortexed, and 2 ample was pi ‘ ppendorf tubes containing the
haemolysing solution. e dilution segment with
the capillary two fle e rack. 100 pL of the
haemolysate was pipett e rack was slithered into
the Capillarys 2 Flex-P

3.8 Data analysis

The ADAMSEL sa 0
-
concentration values. ofprmed antibody data were analyzed using SPSS (version 16.0)
— | e mmme————— L o i -
and GraphPad Prism (Grap Paf'di oﬁﬁ%bﬁﬁ%ﬁ.ﬂ%ﬂ%tmy U test (a nonparametric

test used to replace an unpaired T-test) was used to compare means between positive and negative

1ed for t Ples into weighted

malaria microscopy patients. Kruskal Wallis Variational Test was performed to compare the

different 1gGs of the various haemoglobin variants.
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CHAPTER 4

RESULTS

A total of 600 archived samples from malaria suspected patients in the ten regions of Ghana were
used in this study. Out of the samples collected, 344 were from females, whiles 256 were from
males. The average age across the ten regions was 21.84 years, while the minimum and maximum

ages recorded were 1 year and 88 years, respectively, as shown in Table 1

Table 1: Demographic Characteristics of the Study Participants Grouped Regionally.

Parameter A BA C E GA N UE uw Vv W TOTAL

(60) (60)  (60)
SEX
MALE 25 25 24 256
FEMALE 35 3B 36 344
AGE (YRS)

MEAN 20.57 15 2180 1827 21.84

SEM 266 T Y 73 281 236 282
MINIMUM 2 ‘ | 1 1 1.70
MAXIMUM 83 | 8 85 72 8040

SEM, standard error o

al: E, Eastern; GA,

Greater Accra; N, No W, Western.
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Objective 1: TO DETERMINE AND COMPARE IGG LEVELS IN THREE MALARIA
ANTIGENS IN MALARIA PATIENTS.

Table 2: Comparison of the 1gG Levels for gSG6-P1 in Malaria Positive and Negative

Individuals at Each Region Using Mann Whitney U Test

Region Min Max Mean + SD 95% CI P
Ashanti 0.1421
Neg 443.60 5995.00 1513.004+1189.00 1069.00-1958.00

Pos 0.00 2760.00 1503.00+598.80 1279.00-1726.00

Brong Ahafo 0.0013
Neg 750.10 3573.00 2822.00+6260.00 484.50-5159.00

Pos 455.60 2409.00 1141.00+475.30 963.40-1318.00

Central 0.8087
Neg 607.10 4739.00 1709.004946.20 1356.004+2063.00

Pos 0.00 2690.00 1511.00+£610.40 1283.00-1739.00

Eastern 0.2359
Neg 0.00 ¢ 14.00-1708.00

Pos 0.00 .00-1575.00

Greater Accra 0.1910
Neg 678.7( .00-2081.00

Pos 0.00 40-1346.00

Northern 0.5325
Neg .00-1673.00

Pos 3.00-1828.00

Upper East 0.0850
Neg 0.00 .00-1670.00

Pos 415.4( 20-1292.00

Upper West 0.0319
Neg . .00-2670.00

Pos 0.00 .00-2311.00

Volta 0.0009
Neg 1.00-1469.00

Pos

Western 0.0446
Neg

Pos

Minimum, Max; M_azgimuﬂ, wﬁ%ﬁdﬁ%ﬁ

Interval, P<0.05 implies statistically significant.

B

, -
.
EVi io[l

95%ClI; 95% Confidence

A Mann-Whitney U test (a non-parametric test that is used to replace an unpaired T-test) was used

to compare the IgG levels for gSG6-P1 in the positive and negative samples collected from each
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Region. The minimum, maximum, and mean standard deviations of positive and negative malaria
samples from each region were compared. For instance, the minimum levels of the 1gG for gSG6-
P1 for malaria negative and positive samples from the Ashanti region were 443.60 and 0.00,
respectively. An example of the maximum concentration of 1gG levels for gSG6-P1 observed were
4739.00 and 2690.00 in microscopy negative and positive samples, respectively, from the Central
Region. The Brong Ahafo, Upper West, and Western regions observed significantly (p<0.05) high
levels of the 1gG for gSG6-P1 for malaria negative samples when the means were compared to
that of the positive malaria microscopy samples. However, samples from the Volta region recorded

an average of significantly higher I1gG levels for gSG6-P1 for malaria microscopy positives than

for malaria microscop or gSG6-P1 for all other

regions insignificantly higher levels of the IgG

in malaria microscopy

TEGRI PROCEDAMUS |
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Table 3: Comparison of the 1gG Levels for Pfs-230 in Malaria Positive and Negative
Individuals at Each Region Using Mann Whitney U Test.

Region Min Max Mean + SD 95% ClI P-value
Ashanti <0.0001
Neg 0.00 19705.00 3741.00+4154.00 2190.00+5293.00

Pos 4023.00 31670.00 9617.00+6495.00 7192.00+12043.00

Brong Ahafo <0.0001
Neg 1608.00  10083.00 3746.00+1810.00 3070.00-4422.00

Pos 550.70 6838.00 1607.00+1205.00 1157.00-2057.00

Central 0.1159
Neg 725.40 6550.00 2605.00+1596.00 2009.00-3201.00

Pos 664.20 7236.00 2079.00+1444.00 1540.004+2618.00

Eastern 0.0433
Neg 0.00 12252.00 2538.00+2744.00 1513.00-3562.00

Pos 0.00 5227.00 1400.004+1037.00 1013.00-1788.00

Greater Accra 0.0307
Neg 0.00 _ 4538.00 .00+1083.00 874.90-1684.00

Pos 0.00 / 3.00-1911.00

Northern 0.4147
Neg 874.6 .00-3644.00

Pos 0.00 ).00-6842.00

Upper East 0.4829
Neg 0.00 .00-5187.00

Pos 0.00 | .00-3640.00

Upper West ; 0.9124
Neg 964.4( 90-9497.00

Pos 1128.( .00-3690.00

Volta 0.5793
Neg 927.5( .00-4712.00

Pos 1205.( .00-3296.00

Western 0.7523
Neg 0.00 : .00-4573.00

Pos 0.00 5.00-3555.00

Pos; Positive malaria

Minimum, Max;

m mear

licroscopy samples, Min;

i T@*‘ 95% Confidence
;E'Tl |

Interval, P<0.05 |mpI|es s@lly 3|gn|f|cant
INTEGR| PROCEDAM

Table 3 Compares the IgG levels for Pfs-230 in malaria-positive and negative samples in each

region using the Mann- Whitney U Test.
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meanzstandard deviation of the IgG levels for Pfs-230 positive and negative malaria samples from
each region was compared. For example, the minimum levels of the 1gG for Pfs-230 for malaria
negative and positive samples from the Upper West region were 964.40 and 1128.00, respectively.
Regarding the maximum concentrations, the IgG levels for Pfs-230 observed in microscopy
negative and positive samples from the Northern region were 10579.00 and 34074.00, respectively.
On average, there was a significant rise in the IgG levels for the malaria negative samples
(3746.00£1810.00) compared to that of the malaria microscopy positive samples
(1607.00£1205.00) in the Brong Ahafo Region. On the other hand, the levels of IgG for Pfs-230
in the malaria microscopy positive samples from the Ashanti region (9617.00+6495.00) and the

Greater Accra Region +8: i e 1gG levels for Pfs-230

in negative malaria 3741.00+4154.00 and

1279.00+1083.00 resp ished between levels of
IgG for Pfs-230 in tf oting that although the
concentrations observe ese regions had higher

levels of I1gG for Pfs-2

| L, o -
4 INTEGRI PROCEDAMUS |
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Table 4: Comparison of the 1gG Levels for EBA 175 3R in Malaria Positive and Negative
Individuals at Each Region Using Mann Whitney U Test.

Parameter Min Max Mean + SD 95% CI P-value
Ashanti 0.0745
Neg 0.00 106964.00  19521.00+24655.00 10314.00-28727.00

Pos 0.00 82864.00 11866.00+19180.00 4704.00-19028.00

Brong Ahafo 0.0358
Neg 3009.00 77800.00 16520.00+20035.00 9039.00+24002.00

Pos 1899.00 75545.00 16520.00+13546.00 4610.00+£14727.00

Central 0.797
Neg 860.70 53898.00 9412.00+10392 5531.00+13293.00

Pos 1308.00 37808.00 10309.00+1756.00 6717.00-13901.00

Eastern 0.8545
Neg 1193.00 216558.00  18653.00+40921.00 3372.00-33933.00

Pos 860.70 53898.00 9412.00+1897.00 553100+13293.00

Greater Accra 0.001
Neg 0.00 ,00+10993.00 7279.00-15488.00

Pos 0.00 . 0.00-6165.00

Northern <0.0001
Neg 0.00 655.00- 1600338

Pos 1354.0 0.00+18339.00

Upper East 0.4581
Neg 0.00 6.00+16176.00

Pos 9.00-13150.00

Upper West i 0.3898
Neg 6226.0 8.00+24464.00

Pos 0.00 39.00+54741.00

Volta 0.6650
Neg 0.000 0.00+53223.00

Pos 2727.0 6.00+34929.00

Western 0.4125
Neg 0.00 1.00-27962.00

Pos 1393.0 75.00-31526.00

Pos; Positive malaria
Minimum, Max; Maxi

Interval, P<0.05 implies*

Table 4: Compares the 1gG levels

y significant.

INTEGRIPRQC

roscopy samples, Min;

; 9?02(31; 95% Confidence
- |

E Mﬂ -~

n malaria microscopy positive and negative

samples at each region using the Mann-Whitney U test. The minimum,
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maximum and meanzstandard deviation of the levels of 1gG for EBA 175 3R positive and negative
malaria microscopy samples from each region were compared with a P<0.05, indicating a
statistically significant comparison. The minimum concentrations observed in the negative and
positive samples from the Eastern region were 1193.00 and 860.70, respectively. The maximum
concentrations of 1gG levels for EBA 175 3R in negative and positive samples in the same region
were 216558.00 and 53898.00. Notably, the comparison of the 1gG levels for EBA 175 3R for all
regions was insignificant statistically except in the Brong Ahafo, Northern, and Central Region of
Ghana. The IgG levels for EBA 175 3R in the Greater Accra Region were 11384.00+10993.00 and

4397.00+863.00 for the microscopy negative and positive samples, respectively.

A 175 3R in Malaria
ey U Test.

Table 5: Comparison
Microscopy Positive 3

Parameter Microscop o ClI P-value

9SG6-P1 0.0316
Neg 3.00-1996.00
Pos 3.00-1609.00

Pfs230 0.1285
Neg 5.00-3788.00
Pos (.00-3658.00

EBA 175 3R <0.0001
Neg 34.00-176693.00
Pos 4.00-16798.00

Pos; Positive malaria roscopy samples, Min;

Minimum, Max; Maximt 1, 95%CI; 95% Confidence

Interval, P<0.05 ir@a‘ltisticalys 0 ‘ — 7 @]
| e i F
Table 5 shows a né]'ti'dnwige M%mfﬂﬁmMEE-Pl,"ﬁSZ%. and EBA 175

3R antigens in malaria microscopy positive and negative samples using the Mann-Whitney U test.
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The difference between the levels of 1gG for Pfs230 was insignificant when the positive and
negative samples were compared. Yet it should be noted that averagely, the levels of IgG for
Pfs230 in negative malaria microscopy (3275.00+4516.00) samples were higher than in positive
malaria microscopy samples (3275.00+4516.00). The levels of IgG for gSG6-P1 and EBA 175 3R
were significantly higher in malaria microscopy negative samples (1749.00+2169.00 and
100188.00+673345.00, respectively) compared to average IgG levels for the same antigens in

positive malaria microscopy samples (1506.00£907.00 and 13506.00+28925.00 respectively).

Objective 2: TO DETERMINE THE DIFFERENT HAEMOGLOBIN GENOTYPES

mAA
mAC
msC
AS
mCC
mAF

Figure 4 shows the hae@in variants observed >d_among laria microscopy-positive
INTEGRI PROCEDAMUS '—

samples from eight regions. In all reglons-excep Western region, the dominant haemoglobin

variant observed from the samples was the HbAA. However, the dominant haemoglobin variant in

the Western region was the HbAS. Notwithstanding, HbAC was the second most
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dominant haemoglobin variant observed across the regions comparatively. The least observed

haemoglobin variant observed was the HbCC.

Table 6: Kruskal Wallis VVariational Test Between the Haemoglobin Variants and the
Concentration of IgG’s measured in Microscopy Positive Samples.

Parameter HB Min Max Mean + SD 95% CI P-value
Variants

gSG6-P1 0.7376
AA 0.00 5696.60 1555.10+987.06 1414.20-1696.00
AC 592.37 2930.90 1667.0+840.75 1159.00-2175.10
AS 506.41 3653.40 1505.40+862.29 1183.40-1827.40

P1s230 AA 0.00 34074.00 2491.60+3232.20 2030.30-2952.90 0.6199
AC 0.00 3803.50 1718.70+835.39 1213.90-2223.50
AS 841.70+168 853.90-3109.60

EBA 175 3R ‘ 0.1934
AA F X 41250 276.00-20043.00

AC

AS 0610.00 37.10-19829.00
Min; Minimum, Max X i . eviation, 95%CI; 95%

Confidence Interval, P:

Table 6 Compares the to the 1gG levels for the

antigens. It was obser in the aforementioned
haemoglobin variants yuld be observed that the

19G levels for all antig )AS and then HbAC.

| L, o -
4 INTEGRI PROCEDAMUS |
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Objectives 3 and 4: TO DETERMINE THE SEROPREVALENCE OF THREE MALARIA
ANTIGENS IN SYMPTOMATIC MALARIA PATIENTS AND THE RELATIONSHIP
BETWEEN HAEMOGLOBIN VARIANTS AND 1gG LEVELS

Figure 5: Seroprevalence of 1gG Antibodies for gSG6-P1, Pfs 230, and EBA 175 3R
antigens in Microscopy Positive and Negative Samples.

Microscopy Negative B Microscopy Positive
350

w
o
o

= N DN
o
o

Seroprevalence

Figure 5 above shows icroscopy positive and

negative samples. The y positive and negative
samples regardless of t recorded for EBA 175
3R antigens were 97 gative samples. Whiles,
samples without IgG re b in microscopy positive

and negative samples, re

< INTEGRI PROCEDAMUS.

|
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Table 7: Seroprevalence of IgG Antibodies for gSG6-P1, Pfs230, and EBA 175 3R antigens in Microscopy Positive and
Negative Samples Stratified Across Gender, Age, and HB Phenotype.

Microscopy Positive

Parameter 9SG6-P1 P Pfs230 P EBA 175 3R P
NEG POS NEG POS NEG POS

Gender 0.720 >0.999 0.082

Male 4(57.1%) 144 (49.1 %) 5(50.0%) 143 (49.3 %) 9 (75.0%) 139 (48.3 %)

Female 3(42.9 %) 149 (50.9 %) 5(50.0%) 147 (50.7 %) 3(25.0%) 149 (51.7 %)

Age 0.478 0.391 0.621

<21 yrs. 6(85.7%) 200 (68.3 % 8 (66.7 %) 198 (68.8 %)

21-40yrs. 0(0.0%) 49 (16.79 3(25.0%) 46 (16.0 %)

>40yrs. 1(14.3%) 44 (15.09 1(8.3%) 44 (15.3 %)

HB Phenotype .966 0.832

AA 5(83.3%) 186 (79.8 6 (85.7%) 185 (79.2 %)

AC 0(0.0%) 13(55.6% 1(14.3%) 12 (5.2%)

SC 0(0.0%) 2(0.9%) 0 (0.0 %) 2 (0.9 %)

AS 0(0.0%) 30(12.99 0 (0.0 %) 30 (12.9 %)

CcC 0(0.0%) 1(0.4%) 0 (0.0 %) 1 (0.4 %)

AF 1(16.7%) 1 (0.4 %) 0 (0.0 %) 2 (0.9 %)

Parameter 9SG6-P1 P EBA 175 3R P
NEG POS NEG POS

Gender 0.751 >0.999

Male 1(20.0%) 107 (36.3 2(28.6%) 106 (36.2 %)

Female 4(80.0%) 188 (63.7°¢ 5(71.4%) 187 (63.8 %)

Age ' 0.706 0.471

<21 yrs. 2(40.0%) 142 (48.1 %) A 4(57.1%) 140 (47.8 %)

21-40yrs.  2(40.0%) 102 (346 %) - L01(34.8 %) | 1(14.3%) 103 (35.2 %)

>40yrs. 1(20.0%) 51 (17.3 %y fra = 1(10.0%) 51 (17.6 )™ 2(28.6%) 50 (17.1 %)

P<0.05 implies statistical significance. P@%ﬁPéEIEFFNHEDGGIEﬁRH% P|L p-value
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Table 7 above shows the seroprevalence of the 1gG antibodies for gSG6-P1, Pfs230, and EBA 175
3R antigens in microscopy positive and negative samples stratified across gender, age, and HB
phenotype. The positive microscopy samples established no significant association among the
parameters and the antibodies for the three antigens except for the Hb phenotype in gSG6-P1
antibodies. Thus, HbAA was significantly higher for gSG6-P1 positive antibodies 186(79.8 %)
than all other phenotypes in positive microscopy samples. Also, samples without gSG6-P1
antibodies were significantly higher in Hb AA samples 5 (83.3 %) than all other phenotypes.

Generally, among the males and females, antibodies for the antigens were higher in the females

than inthe males inthe tatistically insignificant.

On the negative micro e presence of antibodies
for the antigens among tatistically insignificant.
Age-wise, the most se pants aged <21lyears for

all antigens in the nega

NTEGRI PROCEDAMUS |
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CHAPTERS

DISCUSSION, CONCLUSION, AND RECOMMENDATION

5.1 DISCUSSION

As part of the millennium development goals, malaria, an ancient human pathogen troubling
about half of the world's population for eons, needs eradication. This plan has caused an
increase in scientific research aimed at developing a vaccine for the disease or possible targeted
treatment for specific individuals. This study sought to add to the pool of scientific data

available by looking at the effects of haemoglobin variants on the immune response elicited by

0f these immunoglobulins
in the ten regions ana. ] 7 /| ntified were HbAA (79.9
lants identified exceeding

1%. This study of e earlier studies in Ghana

but disagrees wi where HbAS dominated

(Awaitey, 2020).
An. gambiae Sal

Recent research to vector saliva in human

populations could bhe

and, conseq@h_e risk A ' e
Sagna, 2013)‘Therewi. roprevalence,-the-levels of conc
EGRI PROCEDAMUE”

An. gambiae Salivary Gland Protein-6 peptide-one antibodies (anti-gSG6-P1) determined in

trations, and distribution of

this study were not farfetched. Of the samples analyzed, 98 % of the participants produced 1gG

response to gSG6-P1 salivary peptide. This finding was higher than the 50-60 % of IgG
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responses to gSG6-P1 in an earlier study conducted in Ghana (Badu, 2015) but similar to the
IgG responses to the gSG6-P1 peptide in studies from Burkina Faso and Cameroon (Cheteug,
2020; Faso, 2018). The generally high levels of anti- gSG6-P1 antibodies recorded in this study
agree with previous deductions that the level of vector exposure contributes to a decrease or
increase in the concentration of the anti- gSG6-P1 antibodies above the detectable threshold.
Therefore, people with limited or no exposure to the vector will have very low or no 1gG to
the gSG6-P1 salivary peptide, and this could be a result of their geographical location, usage
of treated insecticide nets, sewage disposal practices, season, and other socio-demographical
factors (Cheteug, 2020; Traoré, 2019). This data consequently confirms that the antibody

response to the g ‘ n exposure to Anopheles

mosquitoes.

Moreover, the s insignificantly higher in

microscopy, neg study was dissimilar to a
previous Camero‘ levels of antibodies than
uninfected indiv previous studies linked
infection to a rise )19). Perhaps the presence
of the IgG in ne om the general persistent

exposure to the mc

Furthermore@?{vaﬁo ' P}_@ies among male and

female participants Wmalarl _posmve and negauvdﬁmscopy individuals from this
- INTEGR| P ’GPE) 5 -
study was insignificant. This conflrms earlier ings that antibody responses to gSG6-P1

peptides are not gender-specific (Cheteug, 2020; Londono-Renteria, 2015; Ya-umphan, 2017).

No significant 1gG responses to gSG6-P1 peptides were observed within age groups. This
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study disagrees with an earlier study in Southeast Asia, where aging directly correlated with
the increase in 1gG responses to the salivary peptide. Thus, further disagreeing with the
assertion by the earlier study, which reported that the anti-gSG6-P1 IgG response with age is
generally consistent with the gradual acquisition of immunity against Anopheles mosquito
saliva (Ya-umphan, 2017). However, this study's finding agrees with the statement that
children have higher responses to salivary gSG6-p1 proteins. In contrast, adults had diminished
antibody responses, suggesting desensitization of the immune response to the salivary proteins
(Badu, 2012) since most of the 1gG recorded in this study were from those below the age of 20

years. Additionally, the phenotypic distribution of haemoglobin in microscopy-positive

individuals from ber of participants with

antibodies agains AA phenotype (79.8 %),

followed by hae

Plasmodium falc

A serological as concentration levels of

immunoglobulinl la-positive and negative

microscopy samp ed, 96.7 % of them had

detectable levels aria-negative microscopy

samples (3275.00+¢

microscopy @(‘320 .00+2 cormparison of ﬁlels of concentration

of 19G against PstSWed most regions had no comp e iffefengg in anti-Pfs230 IgG
T QCEQAMUS T'—

concentrations between the positive and negative individuals. The seroprevalence of 96.7 % of

pserved in malaria-positive

this sexual stage antibody observed in this study was more significant than the 28.6% reported

from Burkina Faso (Ouédraogo, 2011). The high prevalence of anti-Pfs230 antibodies
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expressed in this study could result from submicroscopic gametocytes in the participants. Thus,
the increase in anti-Pfs230 1gG was expected as antibody responses to gametocyte antigens
have been suggested to be influenced more by recent exposure (Acquah, 2020; Amoah, 2018),
and participants in this study, considering both microscopically reported positive and negatives
samples may have had recent gametocytes infection which was not detected by microscopy.
Perhaps a molecular approach for detecting submicroscopic gametocytaemia in both the
microscopically infected and uninfected participants would have provided information on why
most of the participants, regardless of the infection status by microscopy, presented with the

antibodies (Bousema, 2006).

Although no sign mber of participants with

detectable levels ve and negative samples
across gender, ag e that female participants
r numbers of participants
with antigen pres‘ ble le age-ant pattern presented in this
study disagrees 8, which stipulated those
antibodies agains rrelated with age (Stone,
2018). That not ses presented in previous
studies have been 'In previous studies on the
association of ion (Bousema, 2010;
Bousema, 200 , 2011). Sexual stage antibody 7' ) 7 pa;rticipants< 20 years
are likely to‘..résult rowm&ﬁﬂjeﬂﬂéﬁqgﬂim%%.age grolljrl), especially among

children. In participants >21 years, gametocyte exposure may be the lowest. Still, sexual stage

commitment during infections may be relatively increased, and antibody responses to sexual
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stage antigens may become more long-lived, reflecting the maturation of the immune response

(Ouédraogo, 2011).

This study further compared the concentration of anti-Pfs230 antibodies measured in the
participants with different haemoglobin types. The concentration levels for immunoglobulins
against Pfs230 were insignificantly higher among the HbAS participants (2841.70+1681.40)
than in the other phenotypes measured. The insignificant association between the haemoglobin
phenotypes and the sexual stage-specific antibody Pfs230, the finding of this study could be
ground-breaking since a possible controlled cohort study between these haemoglobin variants
and immunity against the sexual stage antigen could provjde insight into the dynamics of host

immune respon fs230 being greater in

haemoglobin AS iduals may have a lower

propensity to con (Bougouma, 2014) since
the influence of licated in the gametocyte
density and the c‘ he function of the gamete
surface antigen ( locked in by the IgG for
Pfs230, thus co oglobin AS participants

controlling subsec Eksi, 2006).

Erythrocyte bindi

The assessm@g er hrbcytl ody agaist EBA __@Antigens to establish
iswg

Lf%ﬁl? ﬁoﬁ?ﬁi({\ﬁﬁﬁm ng participants taking into

account the influence of their haémoglobiri’variants: revealed that the total number of

its seroprevalence,

participants with detectable levels of anti-EBA 175 3R antibodies present was 96.8 %. These
high antibody levels reported in this study correlate with the 85.6 % seroprevalence reported
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from Obom by Amoah et al. in the Greater Accra Region of Ghana but were definitively higher
than 58.0 % presented from Asutsuare in the same study (Amoah, 2018). The differences in
antibody concentration from the earlier study were attributed to the low prevalence of malaria
in Asutsuare compared to Obom. Conceivably, it is not without merit to speculate that high
seroprevalence in this study, irrespective of microscopy results, could be due to undetectable
parasitic density at the submicroscopic level. However, it is prudent to note that females,
participants ages below 21 years, and the haemoglobin AA Phenotype recorded higher anti-

EBA 175 3R antibodies.

Interestingly, a comparison of the levels of concentrationr of antibodies for EBA-175 3R to

different haemo indicated that antibodies

against the EBA 5.00) were higher than in
HbAC (5312.00 cerning age, the results

presented from t igeria were incongruent.

The Nigerian st etween age and the 1gG

antibodies for EB d immunity development
may provide deef ing the erythrocytic stage
of the parasite. P dominance of HbAA, and
the season of sa creased anti-EBA 175 3R
antibodies in t f an stu ‘ 5 to tha of t qlier ones contributed
to the common ”findings. Moreover, although { j%;p:orted that anti-EBA
175 1gG confers im L]IIMJ Eﬁﬂé Hﬁﬂzﬁﬁ_&bﬁ}‘ﬁ_ enegélﬂgtéted that immunity

conferred by the IgG in different Hb variants depends on the 1gG subclass (Bwire, 2019;

Nafady, 2014; Sarr, 2006).
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Influence of haemoglobinopathies on malaria

Finally, the influence of haemoglobinopathies on reducing the morbidity and mortality of
malaria has been associated with the ability of these variants of haemoglobin to reduce parasitic
invasion into RBCs (Bunyaratvej, 1992; Chotivanich, 2002; Ifediba, 1995; Taylor, 2013),
decreasing in intraerythrocytic growth (Fairhurst, 2003; Pasvol, 1978; Taylor, 2013),
enhancing sickling of red blood cells at low oxygen tension (Luzzatto, 1970; Roth, 1978),
producing micro-RNA that inhibits the enzymatic activities of the parasites (Chen, 2008;
LaMonte, 2012; Sangokoya, 2010), and interfering with the intrinsic pathogenic pathway of

the parasite by down-regulating the effect P. falciparum erythrocyte membrane protein 1

(PFEMP1) thus i RBCs to the endothelial

membranes (Ch noglobulins in thwarting
malaria activity h d higher seroreactivity to
specific antigens i ). , the lack of evidence to

support the claim )ody response at different

stages of falcipa

5.2 CONCLUSIC

At the end of th.is‘t d : - oye was Hb AA (79.9 %),
followed by . d AC (5.4 %)Of the atibodi S mea h“ere were significant
differences in the to allwrfﬁﬁﬁﬁﬂﬁggﬁﬁw&_n antiig@éG-Pl antibodies in
malaria negative and positive micro-scopy sarr;ple:\s. Although no association was established

between the concentrations of 1gGs measured against the various antigens in different

haemoglobin variants in malaria microscopy positive samples, it was clear that the number of
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participants with 1gG against gSG6- P1 antigen was significantly greater in Hb AA participants
than in the other haemoglobin variants. Yet the same assessment could not be made for the
sexual stage antigen (Pfs230) and the erythrocyte binding antigen (EBA 175 3R). In general,
no significant relationships were established between the influence of age, gender, and

haemoglobin variants on the anti-Pfs230, anti-EBA 175 3R, and anti-gSG6-P1 antibodies

5.3 RECOMMENDATION

The study was limited by the lack of a molecular approach to detecting the prevalence of

malaria in nega the possibility of these

participants havi e, further study should be

conducted consi arasites. Furthermore, a
controlled longit vel, haemoglobin density,
and prevention o ants may untie the gordian
knot involved in the specific subclasses of
I1gG of the antibo y be the key to creating a

vaccine.
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APPENDICE
Appendix 1 ELISA PLATE FORMATS FOR ELISA
1 2 3 4 5 6 7 8 9 10 11 12
A | Std 1gG Std IgG S_01Aa | S 01Ab | S_09Aa | S 09Ab | S_17Aa | S_17Ab | S_25Aa | S_25Ab | S_33Aa | S_33Ab
1000ng/ml | 1000ng/ml
B 33/3.3; 33/3.3; S_02Aa | S_02Ab | S_10Aa | S_10Ab | S_18Aa | S_18Ab | S 26Aa | S_26Ab | S_34Aa | S_34Ab
ng/m ng/m
C 11/1.1I 11/1.1I S 03Aa | S 03Ab | S 11Aa | S_11Ab | S 19Aa | S_19Ab | S 27Aa | S_27Ab | S_35Aa | S_35Ab
ng/m ng/m
D | 37.0ng/ml 33.0I S 04Aa | S 04Ab | S 12Aa | S_12Ab | S 20Aa | S_20Ab | S 28Aa | S_28Ab | S_36Aa | S_36Ab
ng/m
E | 12.3ng/ml 13.3I S 05Aa | S 05Ab | S 13Aa | S_13Ab | S 21Aa | S_21Ab | S 29Aa | S 29Ab | S_37Aa | S_37Ab
ng/m
F | 41ng/ml 4/.1I S_06Aa | S_06Ab | S_14Aa | S_14Ab | S_22Aa | S_22Ab | S_30Aa | S_30Ab | PCO1 PCO02
ng/m
G | l4ng/ml 14 S 07Aa | S 07Ab | S_15Aa | S_15Ab | S 23Aa | S_23Ab | S 31Aa | S_31Ab | NC01 NC02
ng/ml
H | 0.5ng/ml 05 Blank01 | Blank02
ng/ml
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Appendix

Preparation of buffers and medi

0.05 M carbonate/bicarbonate buffer, pH 9.2,

Sodium hydrogen carbonate (2.93 g) and sodium carbonate (1.59 g) in 1 liter of distilled water

and add 1ml of methyl red from (1%) stock solution

1X PBS
One tablet of PBS into 500ml of
distilled water. Stir until it dissolves

using a magnetic stirrer

Washing buffer:

For every 1000 etic stirrer till it foams

Blocking buffe

For every 100m

Sample Incub

For every 100m
dissolve.

immed milk powder. Stir to

Preparation of

1) Intube 1

5) Transfer 0.5 mI from tube two mteatube-BLand mix WeII Follow the order of step 5 up to
tube 8.

0.2M H2S04

1) For every 500ml of distilled water, add 1.15ml of conc H2SO4
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Fig 2: Comparison of the 1gG antibodies for gSG6-P1 levels in
malaria microscopy positive and negative individuals at the Brong
Ahafo region.
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microscopy positive and negative individuals at the Volta Region.
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microscopy positive and negative individuals in the Upper West region
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Appendix 5
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Fig 12: Comparison of the I1gG antlbodles for Pf3230 levels in malaria
microscopy positive and negative individuals at the Brong Ahafo region.
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Fig 14: Comparison of the 1gG antlbodles for Pfs230 levels in malaria
microscopy positive and negative individuals in the Eastern region.
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Fig 24: Comparison of the 1gG antibodies for EBA 175 R3 levels in malaria
microscopy positive and negative individuals in the Eastern region.
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Fig 28: Comparison of the 1gG antibodies for EBA 175 R3 levels in malaria
microscopy positive and negative individuals in the Upper West region.
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Appendix 5 CLASSIFICATION OF HB PHENOTYPE
Hb Hb A Hb F HbS |HbE |HbA2 |HbC |HbD |HbH
Phenotype
AA > 95 <35
AS > 45 <10 <45 <35
AC
SS <25 80 - 95 <7
sC <10 41 - 55 <4 40 - 50
SD <10 ~40 <10 ~50
S/p+ 15-45 | <25 45 - 75 <6
SS/S-HPFH > 25 60 - 75 <35
S/IHIGH A2
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Edited by ner, Fred J. Schiffman
Publisher:

101





