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ABSTRACT

Significant advancement achieved in the chemoprophylaxis and chemotherapy of malaria has
been pivotal for eventual reduction of malaria prevalence. However, a major setback has been
the emergence of resistance to antimalarial drugs. Towards the goal of curbing emergence of
resistance, artemisinin-based combination therapies (ACT), is now adopted by many countries as
the first-line treatment for malaria. The recently reported cases of resistance to ACT in South
East Asia (SEA), have raised concerns on future of ACT. Therefore, an urgent need exists to
fully understand the molecular determinants of ACT efficacy. This study aims to determine the
baseline magnitude and breadth of antibody responses and also to associate the antibody
responses to efficacy of ACT. We hypothesize that in Kombewa-western Kenya, a holoendemic
region, pre-existing antibody responses to specific P. falciparum antigens is a predictive
correlate of ACT efficacy in patients with uncomplicated malaria. There has been reported delay
in parasite clearance following artemisinin treatment in Kenyan and resurgence of parasite
prevalence and malaria vector in Kombewa recently. This sub-study was conducted as part of the
larger two-arm (Artesunate-Mefloquine (ASMQ) and Artemether Lumefantrine (AL)
randomized, open-label trial. Baseline sera from 82 patients (AL=40,ASMQ=42) enrolled in the
arms of the trial were analyzed for total 1gG against erythrocytic (Apical membrane Antigen-1
(HB3and 3D7 strains), Merozoite surface protein -1(3D7 and FVO strains) and pre-erythrocytic
stage (Liver Stage Antigen, Cell-traversal for Ookinetes and sporozoites and Circumsporozoite
protein ) P. falciparum antigens using Luminex. Since ACT efficacy can be assessed based on
parasite clearance rate, patients were grouped into fast clearers and faster clearers, using parasite
clearance half-life (PC1/).The threshold was fixed at the 25 percentile which was 2.02 hours.
Variables were compared using Mann-whitney U test, x* test and z test as appropriate to examine
associations between immunological endpoints and clinical endpoints. Patients generally had
high prevalence of I1gG antibodies (91-100%) and those >5 years of age had significantly higher
titers of anti-AMALHB3-specific antibodies (p=0.0316) than those <5 years. Faster clearers had
levels of AMA1HB3-specific antibodies significantly higher (p=0.0065) than fast clearers. This
association was significant even when ASMQ subjects were analyzed (p=0.0073). However, in
AL arm anti- LSA-1 antibodies were significantly higher in faster clearers. This finding suggests
that specific 1gG antibodies againstAMA1-HB3 and LSA-1, observed in this setting, could be
predictive of ACT efficacy and could therefore be used in surwveillance for resistance (delayed
clearance). This result should be confirmed in a large-scale study.
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CHAPTER ONE
INTRODUCTION

1.1 Background

There are a total of 104 countries and territories in which malaria is presently considered
endemic. Globally, an estimated 3.4 billion people are at risk of malaria (WHO, 2013). WHO
estimates that 207 million cases and 627,000 deaths of malaria occurred, globally, in 2012. Most
cases (80%) and deaths (90%) occurred in Africa, and most deaths (77%) were in children under
5 years of age (WHO, 2013). The major cause of mortality in children and pregnant women is
due to P falciparum. In malaria-endemic areas, young children are particularly more susceptible
to malaria. In these areas, it is estimated that a quarter of all childhood deaths are due to malaria
(Snow et al., 2001). However with exposure, older children and adults develop essentially
complete protection from severe illness and death, although sterile immunity is probably never
achieved (Aponte et al., 2007). While prevention has become an increasingly important strategy
for control and eradication of malaria in developing countries, effective treatment remains an
integral component of malaria eradication (Tanner et al., 2015). 1n 1955, WHO launched Global
Malaria Eradication Programme (GMEP) (WHO, 1999) which was focused on two areas of
interventions, namely: Chloroquine (CQ) for treatment and control and DDT for vector control.
This initiative had a significant impact on, particularly, low transmission areas such as India.
However, due to lack of political will, emergence of chloroquine-resistant, Plasmodium parasite
and that of DDT-resistant Anopheles mosquito, the campaign was eventually stopped (WHO,
1999). The termination of the GMEP witnessed a surge in malaria cases in most parts of the
world (WHO, 1999). Similarly, childhood deaths increased in Africa partly due to emergence

and spread of chloroquine-resistant Plasmodium parasite (Snow et al., 2001). CQ was then



replaced as a first line therapy by Sulfadoxine-pyrimethamine (SP) in many parts of the world.
However, resistance to sulfadoxine soon developed, further limiting the available treatment
options (Wongsrichanalai & Meshnick, 2008).

The spread of P. falciparum resistant to CQ and SP necessitated increased research and
innovation in the discovery of a novel antimalarial with more emphasis on ACT(White &
Pongtavornpinyo, 2003). ACT combines a derivative of the natural product called artemisinin,
which is an extremely potent and fast-acting antimalarial endoperoxide, with a longer-lasting
partner drug that continues to reduce the parasite biomass after a short time (Fairhurst et al.,
2012; WHO, 2013). ACT has the advantage of improving cure rates, reducing development of
resistance and decreasing transmission of drug-resistant parasites. The total effect of artemisinin
combinations (which can be simultaneous or sequential) is to reduce the chances of parasite
recrudescence and resistance (WHO, 2010b).

ACT was first recommended by the WHO as first-line treatment for falciparum malaria in
2006 due to treatment failures observed with the traditional anti-malarials such as CQ and SP
(Lin et al., 2010). Six combinations are currently recommended they include: Artemether-
lumefantrine(A/L), artesunate—-amodiaquine (AS/AQ), artesunate—mefloquine (AS/MQ),
artesunate—sulfadoxine—pyrimethamine A/SSP) and dihydroartemisinin—piperaquine (DHA/PPQ)
and Artesunate/Pyronaridine (A/PD). ACT is now widely adopted as the first or second line of
therapy for malaria in Asia and most African countries; this is mainly due to its enhanced
effectiveness in parasite clearance (WHO, 2010a). Recent reports of high failure rates associated
with ACT suggest the possibility of clinical artemisinin resistance along the Thai-Cambodia
border ( Vijaykadga et al.,, 2006;Noed| et al., 2008). Researchers realized an increase in the

number of patients who were still parasitemic on day 3 which indicates a change in pattern of



parasite susceptibility to artemisinins and is probably the first stage of artemisinin resistance
(Wongsrichanalai & Meshnick, 2008).

Despite the changes observed in parasite sensitivity to artemisinins, it appears that the
clinical and parasitological efficacy of ACT has not yet been compromised, even in the Greater
Mekong sub-region. This is possibly because of the effect of partner drug which has a longer
half- life than artemisinin ( Wongsrichanalai & Meshnick, 2008; Slater, et al., 2016). Nonetheless
the efficacy of both components of ACT could be reduced if one partner drug loses efficacy for
this might jeopardize the other drug (WHO, 2010b). Other suspected foci have been identified in
the Greater Mekong sub-region, but are not yet confirmed although the extent of the problem is
still being investigated (Fairhurst et al., 2012). Historically, malaria drug resistance has emerged
from SEA (focal point) and spread globally (Wongsrichanalai & Meshnick, 2008). Hence, with
the observed patterns of decreased efficacy to ACT in SEA, it indicates possible emergence of
resistance. The mechanisms of ACT resistance is due to mutations of the PfK13 propeller
domain and involves an unconventional mechanisms based on quiescence state leading to
parasite recrudescence as soon as drug pressure is removed (Paloque et al., 2016). The current
status of artemisinin resistance especially insight into whether it has spread beyond the Greater
Mekong sub-regions and likelihood of emergence of resistance in new foci are unclear. There is
also unanswered question about which tools and methods will be most effective in addressing
artemisinin resistance (WHO, 2010a). This is partly due to inability of available laboratory
techniques to accurately predict artemisinin resistance (Laufer, 2009). The problem is further
compounded by the lack of known molecular markers for artemisinin resistance in different
settings (Lim et al., 2009). ACT resistance manifests as slow parasite clearance this is an

important measure of anti-malarial drug efficacy (Flegg, et al., 2011). It is determined by slope



of the log-linear segment in the middle of the parasite clearance curve which has the least inter-
individual variance and is the focus of therapeutic assessment (White et al., 2011). Parasite
clearance is however determined by several other factors including, drug pharmacokinetics and
pharmacodynamics, parasite genetic characteristics, parasite load, innate host resistance
mechanisms and acquired immunity to malaria (Flegg et al., 2011). Acquired immunity to
malaria is of great interest in the assessment of antimalarial drug resistance. This is because
adults living in areas of high transmission acquire partial immunity to malaria, and are often able
to clear infection without drug treatment, despite the fact that they are not immune to clinical
disease ( Doolan et al., 2009). This means that good therapeutic responses may be seen with
ineffective drugs in individuals with good immunity. However, the role ofacquired immunity on
efficacy of ACT drug is not fully investigated and more needs to be done in terms of
functionality of antibodies and endpoints that can confer efficacy and resistance. Acquired
immunity is affected by age, transmission intensity, nutritional status, co-infection with HIV and
pregnancy (WHO, 2010b).Infants and children are, however, at increased great risk since their
immunities are still naive. Moreover, natural immunity to malaria is acquired with age and
degree of exposure (Aponte et al., 2007). Studies with immunoglobulin passive transfer have
demonstrated the possible role of 1gG antibodies as effectors in immune-mediated protection to
malaria (Sabchareon et al., 1991). 1gG subclasses, 1gG1 and 1gG3 are thought to play a key role
in protection (Courtin et al., 2009; Stanisic et al., 2009). Antibody subclasses may neutralize
parasites directly by inhibiting parasite invasion or growth in erythrocytes or indirectly by
opsonization through binding to the Fc receptor IIA (Bredius et al., 1994). P.falciparum pre-
erythrocytic and erythrocytic antigens have consistently shown that they are key targets of

naturally acquired immunity to malaria. Erythrocytic antigens such as MSP-1-42 (3D7), MSP-1-



42(FVO), AMA-1 (HB3), and AMA-1 (3D7) are considered important targets of naturally
acquired immunity (Chitnis et al. 2001) and antibodies against these antigens inhibit invasion of
erythrocytes in-vivo,opsonization of merozoites for phagocytosis and antibody-dependent
cellular inhibition ( Coley et al., 2007). A number of P.falciparum pre-erythocytic antigens have
also been studied and found to be producing malaria specific antibodies. They include CelTQOS,
CSP and LSA (Ferraro et al., 2013). CelTOS has been shown to play a pivotal role in the cell
traversal of host cells by malaria parasites. It has been established that immunization with
pfCelTOS resulted in potent humoral and cellular immune responses and most importantly
induced sterile protection against heterologous challenges with P.bergheis porozoites in mice
(Bergmann-Leitner et al., 2011). LSA and CSP have consistently shown that they offer
protective immune responses, hence are used as vaccine candidates.

Magnitude of antibody responses has been shown to predict protection in some blood stage
antigens suchas AMA-1,MSP-1 and MSP-2 ina study done in Kampala-Uganda (Greenhouse et
al., 2011). A separate study in Kombewa western Kenya has also established that high
magnitude and prevalence of anti-EBA-175RII were present in the study area and that these
antibodies had a high functional role in inhibiting interaction of EBA-175RII with erythrocytes
(Ohas et al., 2004). The levels of specific antibody responses in Kombewa against the seven
antigens has not been established currently. Therefore such an assessment could be more
informative in monitoring ACT efficacy particularly in a high and steady transmission setting
like Kombewa.

Breadth of antibody responses has been shown to be significantly associated to reduced risk
of malaria infection (Rono et al., 2013). Patients exposed to diverse array of parasites antigens

are thought to have better immunity that those exposed to few parasites antigens. This had been



confirmed further in a study done in Kilifi-Kenya in which high titers of antibodies to
combination of different antigens (AMA1, MSP-2, and MSP-3) were more strongly predictive of
clinical protection that single antigens known to be protective (Osier et al., 2008). This therefore
shows that both breadth and magnitude provide robust predictors of immune status which could
then be used to predict efficacy of ACT ina holoendemic setting such as Kombewa.

Antibody responses have been shown to be predictive to treatment outcome with different
drug formulations. A study in Asia demonstrated that antibody immunity is an important
predictor of slow-clearing phenotype with higher magnitude of antibody immunity associated
with faster PCy;, (Ataide et al., 2017). It had also been established that Malaria specific
antibodies influences treatment outcome differently for different anti-malarial drugs and antigen
targets, and had the greatest impact in treatment with the current artemisinins (O’Flaherty et al.,
2017). Antibodies to malaria vaccine candidates (MSP3 and GLURP) were found to be
predictive of treatment efficacy in chloroquine and sulphadoxine pyrimethamine, with
significantly higher titers in successfully treated groups than unsuccessful groups (Diarra et al.,
2012).

Given the widespread adoption of ACT as standard of care in malaria endemic regions, it is
important to understand the effect of acquired host immunity on its efficacy and in the
development of resistance to this combined therapeutic regimen. The understanding of the
impact of immunity on treatment is key in delineating the changes noted in treatment in the wake
of changes in malaria epidemiology in Kombewa western Kenya that is attributable to reduced
efficacy of ITN’s and insecticide resistant mosquitoes (Zhou et al., 2011). The major goal of this
study was, therefore, to determine whether pre-existing antibody responses to P falciparum

infection is a predictive correlate of ACT efficacy in patients with uncomplicated malaria in



western Kenya. This information will be important in surveillance for resistance, especially in
different transmission settings and effective clinical management of children with malaria.

1.2 Proble m statement

Recent reports indicate that P. falciparum isolates which are resistant to artemisinin may be
emerging especially in the South East Asian countries (Alker et al., 2008). The molecular basis
for artemisinin resistance in these settings remains undefined. Given the current wide spread use
of artemisinin as the standard of care for malaria in most countries, concern exists that resistance
to artemisinin-based therapies could severely derail malaria treatment and control strategies
(Fairhurst et al., 2012). Despite these concerns, the extent of resistance to artemisinin in different
geographical settings, under varying malaria transmission intensities, remains poorly
characterized. Currently there has been resurgence in parasite prevalence and malaria vector as
in some parts of Western Kenya despite increasing use of insecticide treated nets and other
interventions(Zhou et al., 2011). The suggested reasons for this has been reduced efficacy of
ITN’s, insecticide resistant mosquitoes and vector population species shift (Kapesa et al., 2017;
Wanjala & Kweka, 2018). Moreover there has been reported delayed clearance of parasite
following artemisinin treatment in Kenyan coast (Borrmann et al., 2011). Although slower
parasitological clearance does not constitute direct evidence that ACT regimens are currently
failing in Kenya, these altered parasitological responses are regarded as an early warning that
this may occur in the future. With the changing patterns of malaria epidemiology being noted in
western Kenya (Zhou et al., 2011) and consequence changes in rate at which immunity is
acquired, time trends in parasite clearance time are difficult to interpret. Therefore there is need

to know how ACT efficacy is affected in a high endemic area such as Kombewa-Kenya.



1.3 Justification of the study

Due to concerns of developing resistance to traditional antimalarial drugs including CQ and SP,
artemisinin-based combination therapy (ACT) is currently being used in most settings as the
standard of care. However, recently reported infection byP. falciparum isolates resistant to ACT
in the South East Asian countries have raised concerns on the long-term use of ACT in clinical
management of malaria globally. A randomized controlled trial of dihydroartemisinin-
piperaquine (DHA-PPQ) versus AL in Kenya also showed modest reduction in parasite clearance
rate, suggesting reduced sensitivity to ACT (Borrmann et al., 2011). A better understanding of
the determinants of resistance to ACT and its efficacy is necessary to guide clinical management
of malaria, especially in regions with high parasite transmission. The impetus for the proposed
study derives from the reported findings of possible association between acquired immunity and
malaria treatment outcomes with different drug formulations (O’Flaherty et al., 2017). In this
regard, prevalence and magnitude of antibodies to a number of P. falciparum antigens including
MSP-1, MSP-3, MSP-19, GLURP are reported to be significantly increased in sera of patients
with successful malaria treatment compared to those with treatment failure (Diarra et al., 2012).
With regards to ACT, surprisingly no studies have examined the influence of protective malaria
specific immunity on the efficacy of ACT in a holoendemic area, and how such immune effector
mechanisms impact on development of resistance to this widely used therapy. In this study,
therefore, i shall specifically evaluate the association between acquired antibody responses in
aiding and/or abating ACT efficacy. Towards the goal of elucidating this, the study aims to
investigate the possible role of the magnitude and breadth of acquired P. falciparum-specific
antibody responses as determinants of ACT efficacy in patients presenting with uncomplicated

malaria in western Kenya.



1.4 Significance of the study

Data generated by this study will provide baseline information of the current situation regarding
acquired P. falciparum antibody immunity in relation to efficacy to ACTs in Western Kenya.
This, in turn, will potentially enable the identification of key immunolo gical markers, in host that
may assist in the early detection of resistance. Any significant impact of immunity on clearance
times will be important to identify and apply to surveillance for resistance (delayed clearance),
especially in different transmission settings.

1.5 Study objectives

1.5.1 General objective

To determine P. falciparum-specific antibodies as immune correlates of efficacy to Artemisinin
Based Combination therapy in treatment of uncomplicated malaria.

1.5.2 Specific objectives

1. To determine the baseline magnitude of acquired antibody responses against specific
malaria antigen in patients with uncomplicated malaria enrolled in ACT efficacy trial in
western Kenya.

2. To determine the breadth of naturally acquired malaria specific antibodies against
specific malaria antigens in patients with uncomplicated malaria enrolled in the ACT
efficacy trial in western Kenya.

3. To determine the association between antibody responses (magnitude and breadth) and
efficacy of ACT in patients with uncomplicated malaria

1.5.3 Research questions
1. What are baseline levels of P. falciparum specific antibody responses in patients

enrolled in ACT trial?



. What is the breadth of P. falciparum specific antibody responses in patients enrolled

in ACT trial?

Does levels and breadth of P. falciparum specific antibody responses associate with

ACT efficacy (i.e. Parasite clearance rate) in patients enrolled in ACT trial?
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CHAPTER TWO
LITERATURE REVIEW
2.1 Malaria etiology, prevalence and burden of disease
Malaria is a mosquito-borne infectious disease of humans and other animals caused by parasitic
protozoans of the genus Plasmodium (WHO, 2010b). Commonly, the disease is transmitted by a
bite froman infected female Anopheles mosquito, which introduces the organisms from its saliva

into a person's circulatory system (figure 1). Malaria causes symptoms that typically include

/’ I
1. Transmission to human &
(injects sporozoites via bite)

2. Sporozoites enter liver and
infect hepatocytes

Life Cycle of the Malaria Parasite
mitotic replication

schizont

@ -
trophozoite | ofo e
4. Intraerythrocytic cycle g
(asexual/symptomatic cycle)

8. Migrates through
midgut wall,
forms oocyst

3. Liver cells rupture anc
merozoites released

7. Gametocytes mate,
undergo meiosis

6. Transmission to mosquito 5. Sexual cycle
(ingests gametocytes via bite) \ (merozoites produce gametocytes instead)

Figure 1. Malaria parasite life cycle. Transmission of malaria occurs through a vector, the
mosquitoes sporozoites enter the bloodstream, and migrate to the liver. They infect liver cells,
where they multiply into merozoites, rupture the liver cells, and return to the bloodstream. Then,
the merozoites infect red blood cells, where they develop into ring forms, trophozoites and
schizonts that in turn produce further merozoites. Sexual forms are also produced, which, if taken
up by a mosquito, will infect the insect and continue the life cycle (Adapted from Klein (2013).
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fever and headache, which in severe cases can progress to coma or death.
Five species of Plasmodium can infect and be transmitted to humans and all of these species
belongs to the genus Plasmodium: P. falciparum, P. vivax, P. ovale, P. malariae and P. knowlesi
(Klein et al., 2013). Malaria due to P. falciparum is the deadliest form, and it predominates
in Africa (Miller et al.,2013). P. vivax has a wider distribution than P. falciparum because it is
able to develop in the Anopheles mosquito vector at lower temperatures, and to survive at higher
altitudes and in cooler climates. It also has a dormant liver stage (known as a hypnozoite) that
enables it to survive during periods when anopheles mosquitoes are not present to continue
transmission, such as during winter months (Hulden, 2011). The zoonotic species P knowlensi
prevalent in Southeast Asia, causes malaria in macaques but can also cause severe infections in
humans (Jongwutiwes et al., 2011). Malaria is common in tropical and subtropical regions
because rainfall, warm temperatures, and stagnant waters provide an environment ideal for
mosquito larvae.
According to the latest estimates from WHO, there were 214 million new cases of malaria
worldwide in 2015. Africa region accounted for most global cases of malaria (88%) (WHO,
2015). In 2015 there were an estimated 438,000malaria deaths worldwide most of the deaths
however, occurred in African region (90%). During the same year malaria incident (new malaria
cases) fell by 37% globally and by 42% in Africa.

In terms of population at risk it is children less than 5 years of age and pregnant women
who are severely and disproportionately affected by the disease. For example, in 2012, malaria
killed an estimated 482,000 children less than five years of age. That is 1300 children every day

or one child almost every minute (WHO, 2013).
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In Kenya malaria remains a major cause of morbidity and mortality with more than 70% of the
population at risk of the disease according to ministry of health report 2014 (MOH, 2014).The
burden is however, not homogenous but areas around lake Victoria, Western Kenya and on the
coastal regions present the highest risk (MOH, 2014).

In addition to its burden in terms of morbidity and mortality, the economic effects of malaria
infection can be tremendous. Households in Africa spend between $2 and $25 on malaria
treatment and between $15 and $20 on prevention each month with consequent loss of re sources
(Onwujekwe et al., 2013). In Kenya Malaria Operational Plan budget as approved by the U.S.
Global Malaria Coordinator was $32.4 million in 2013 this indicates the high economic burden
that malaria has on Kenyan.

2.2 Malaria symptoms

Parasite infection may result into a wide variety of symptoms, ranging from absent, very mild to
severe disease and death. Consequently malaria can be classified as uncomplicated or severe
(complicated) according to WHO definitions (WHO, 2010b).

2.2.1 Uncomplicated malaria

According to WHO malaria report for 2012(WHO, 2012) uncomplicated malaria is defined as
symptomatic malaria without sign of severity or evidence (clinical or laboratory) of vital organ
dysfunction. All symptoms and signs of uncomplicated malaria are non-specific, as shared with
other febrile conditions, and can occur early or later in the course of the disease (Grobusch &
Kremsner, 2005). In endemic areas, the presence of hepatosplenomegaly,thrombocytopenia and
anaemia is clearly associated with malaria, particularly in children. Fever, cephalgias, fatigue,
malaise, and musculoskeletal pain constitute the most frequent clinical features in malaria

(National Malaria Elimination Progrmme, 2016).
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2.2.2 Complicated malaria

Severe malaria occurs when infections are complicated by serious organ failures or abnormalities
in the patient's blood or metabolism. The manifestations of severe malaria include: Cerebral
malaria, seizures, coma, or other neurologic abnormalities, severe anemia due to hemolysis,
hemoglobinuria. Other symptoms include; acute respiratory distress syndrome (ARDS),
abnormalities in blood coagulation, low blood pressure, acute kidney failure, hyperparasitemia,
metabolic acidosis and hypoglycemia(Trampuz et al., 2003). Severe malaria is a main cause of
mortality and morbidity among children under five years in Kisumu-Western Kenya (Okach,
Ayisi, & Onyango, 2014). The study further established that most common presentations in a
high malaria transmission like Kisumu were severe anaemia, pulmonary oedema, and cerebral
anaemia. A recent study confirmed that there is an alarming number of severe forms of the
disease among the school aged children at the epidemic prone setting of Western Kenya (Kapesa
et al., 2018). Severe malaria is a medical emergency and should be treated urgently and
aggressively to avoid mortality.

Malaria is also a leading cause of anaemia in endemic areas and a major cause of
complication of malaria in children (Murphy & Breman, 2001). The age distribution of severe
malarial anaemia suggests that acquisition of immunity has a positive effect on haemoglobin
levels. In highly endemic areas susceptibility to severe anaemia increases during the age periods
when parasite density and frequency of uncomplicated episodes of malaria are highest (McElroy
et al., 2000). A study in Gabon established that malaria is a major risk factor for childhood
anaemia and that the risk of severe malaria anaemia increases up to the age of three (Bouyou-

Akotet et al., 2009).

14



2.3 Immunity against malaria parasite

Infection with parasites and exposure to their complex antigens, generates a diverse immune
response. However, a variety of protein antigens at different stages of life cycle, and rapid
antigenic variations have been a major challenge resulting into evasion of immune responses
(Kyes et al., 2007). Innate, cellular and humoral Immunity have therefore been implicated in
malaria immunity.

2.3.1 Innate immunity

Innate immunity to malaria is an inherent refractoriness of the host that prevents the
establishment of the infection or an immediate inhibitory response against the introduction of the
parasite. This is independent of previous infection and occurs naturally. Innate immune cells
include: DC, monocytes, macrophages, NK cells, NK T cells and gamma-delta (CD) T cells
(Stevenson & Riley, 2004). When DCs or monocytes-macro- phages encounter a pathogen and
release cytokines such as IL-12, IL-15, IL-18, TNF-a and IFN-af3, NK cell are activated,;
whereas IL-4, IL-10 and TGF-3 suppress NK cell function. During malaria infections, and in
response to I1L-12, NK cells are the first to secrete IFN-y (with y& T cells and NK T cells
responding later) and are able to directly Kill P. falciparum-infected erythrocytes (Artavanis-
Tsakonas et al., 2003) .

2.3.2 Cellular immunity to malaria

Immunity develops with cumulative exposure as the person ages in malaria endemic areas
(Aponte et al., 2007). A study reported that cellular immune response induced by P falciparum
infection can protect against both pre-erythrocytic and erythrocytic parasite stages (Perlmann. &
Troye-Blomberg., 2002). Studies of rodent malaria (Doolan et al., 2009 ), and studies of

residents of malaria endemic areas (Bejon et al., 2007) indicate that T-cell cytokines responses
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particularly IFN-y responses, correlate with protection from blood stage infection and malaria
illness (McCall & Sauerwein., 2010). IFN-vy is a macrophage-activating factor involved in early
immune response (Artavanis-Tsakonas et al., 2003). Previous studies have shown high levels of
IFN-y in plasma during severe malaria (Noone et al., 2013) and that the cytokine is under
regulation of IL-12 and IL-10. Crompton et al reported that IFN-y reduces number of liver stage
parasites, presumably through the nitric oxide (NO) pathway (Crompton et al., 2014). This is
involved in elimination of hepatic schizonts in affected hepatocytes in animal model ( Doolan,
2011).Asexual blood stage P falciparum are responsible for malaria pathogenesis as they
replicate in the blood (Miller et al., 2013). It is thought that two distinct processes are involved in
driving it: sequestration and inflammation (Kraemer & Smith., 2006).The parasite induces a
systemic inflammatory response akin to bacterial sepsis (Clark et al., 2004; Turner et al., 2013)
which may exacerbate iRBC sequestration by up regulating vascular adhesion molecules such as
ICAM-1 (Hunt & Grau., 2003). IL-10 which is an anti-inflammatory cytokine inhibits the
activity of Thl cells, NK Cells and macrophages during infection (Couper et al., 2008). It also
protects against immunopathology by controlling inflammation during malarial infection. The
ability to control excessive P. falciparum-induced inflammation in early life may be the key
adaptation that confers protection from potentially life-threatening disease in young children who
have yet to acquire protective antibodies, which are only reliably acquired after many years of P.
falciparum exposure (Portugal et al., 2013).

2.3.3 Humoral immunity

Humoral immunity is the aspect of immunity that is mediated by macromolecules found in
extracellular fluid such as secreted antibodies, complement proteins and antimicrobial peptides.

Antibodies play a pivotal role in malaria immunity. The most compelling evidence for protection
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against malaria arose from experiments in the 1960s where passive transfer of sera from semi-
immune adults was used to treat children with clinical P. falciparum malaria (Cohen et al.,
1961). Most recent studies on antibodies and malaria have looked at the relationship between an
array of plasmodium antigens and antibodies in an attempt to come up with vaccine candidates.
(Good et al., 2005; Vekemans & Ballou., 2008). Protective antibodies are thought to target
primarily merozoite surface antigens, erythrocyte invasion ligands and variant surface
antigensexpressed by P. falciparum infected erythrocytes (IEs) (Bull & Marsh, 2002; Good,
2004). Currently substantial evidence suggests that antibodies against merozoite antigens play an
important protective role in malaria immunity and several merozoite antigens are leading

vaccine candidates (Braga et al., 2002). Antibodies against merozoite antigens are also thought
to function in vivo by inhibitionof merozoite invasion of erythrocytes, opsonization of
merozoites for phagocytosis, and antibody-dependent cellular inhibition(Osier et al., 2014).
During intra-erythrocytic development, P. falciparum expresses highly variant antigens on the
erythrocyte surface,known as variant surface antigens (VSAs) (Beeson & Brown, 2002). P.
falciparum erythrocyte membrane protein 1 (PfEMP1) is an example of such an antigen and is
thought to be the most important target of antibodies among the variant surface antigens. This
antigen plays an important role in cytoadherence and antigenic variation(Pasternak & Dzikowski,
2009).The potential to clear parasitemia depends upon IgG subclass,specifically immunoglobins
IgG1 and/or 1gG3(Aucan et al., 2000).This is because they differ in their structures and mediate
different immune effector functions (Nimmerjahn & Ravetch, 2008). 1gG1 and 1gG3 are the
predominant subclasses produced in response to merozoite antigens (Polley et al., 2006; Nebie
et al., 2008). 1gG1 and 1gG3 are cytophilic and T cell dependent, having high affinity for Fc

receptors making them to bind on phagocytic cells, thereby activating effector mechanisms.
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While 1gG2 and 1gG4 bind with lower affinity(Garraud et al., 2003). For reasons that are not
well understood, different merozoite antigens induce different relative levels of 1gGl and
IgG3(Metzger et al., 2003). It is unclear whether individuals have a bias toward producing a
specific subclass regardless of the antigen or if instead the IgG subclass response is generated
independently for each antigen and how this relates to protective immunity. Cytophilic 1gGs
therefore activate effector cell and are considered protective while non-cytophiliclgGs against
the same epitope may block the protective effect of the cytophilic ones. This hypothesis has been
supported by several studies. High levels of cytophilic 1gG3 subclass have been associated with
reduced parasitemia and protection against mild and severe malaria (Giha et al., 2010;
Roussilhon et al., 2007). Surprisingly, high levels of 1gG2 could be correlated with protection in
individuals carrying the H131variant (human receptor for 1gG) of monocytes Fc y Rllareceptor
which efficiently binds to 1gG2.1n contrast high levels of non-cytophilic 1gG4 antibodies have
been associated with susceptibility to malaria (Aucan et al., 2001). While factors determining
subclass responses to antigens are not clearly defined, antigen properties, host age, cumulative
exposure, and genetic determinants have been linked with the nature of subclass responses
(Aucan et al., 2001; Bouharoun-Tayoun & Druilhe, 1992). For instance in twin studies it has
been shown that there is concordance in monozygotic twins than in dizygotic twins for 1gG
levels (KatarinaSjoberg, 1992). However Stanisic in his study concluded that 1gG subclass —
specific responses to merozoite antigens are significantly associated with protection from high-
density parasitemia and symptomatic malaria but not against parasitization per se (Stanisic., et
al., 2009).

Breadth of the antibody response is an important predictor of clinical outcome, this is

because high levels of antibodies to multiple antigens have been shown to have a strong
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association with protection from infection compared to antibodies against a single antigen (Osier
et al., 2008b). It has also been shown that one potential mechanism for antibody related
protection is the combined effects of antibodies that target different steps during the life cycle of
the parasite (John et al., 2005).

2.4 Treatment options for malaria

While disease prevention has become an increasingly important component of malaria control
efforts in Africa, prompt treatment with effective drugs will remain the cornerstone of control for
the foreseeable future (Campbell, 2008).

2.4.1 Historical pe rspective of malarial the rapy

Malaria was once found throughout many regions of the world including Northern America and
Northern Europe. It was eliminated from a North America, Europe and parts of Asia and South
America during 1950s following global campaign on DDT, and the discovery in the 1940s that
the synthetic drug CQ could effectively treat individuals safely and cheaply (WHO,1999). This
helped spur malaria eradication efforts in the 1950s. However, the emergence of CQ resistance
diminished its therapeutic efficacy and doomed initial efforts to eradicate the disease. Moreover,
restrictive use of DDT further led to spread of disease. The demise of these initial eradication
efforts led to a resurgence in the disease and a significant change in the ecology, as CQ-resistant
parasites spread from Southeast Asia to Africa (Payne, 1987). In the ensuing years, CQ was
replaced as a first-line drug by SP but resistance to SP soon emerged and spread widely (Nair et
al., 2003; Roper et al., 2003).When the parasites became resistant to these drugs and DDT use
was restricted because of environmental and health hazards, malaria returned to many areas and
the number of deaths peaked at 1.8 million in 2004. Nevertheless, because of novel, more

effective medicines such as ACT, improved vector control, increased funding and public
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awareness, the mortality rate has recently declined by ~30% globally, suggesting that it is time to
consider new malaria elimination or even eradication campaigns (Flannery et al., 2013).

2.4.2 Recent successes and challenges in treatment of malaria

The first-line treatment for P. falciparum infections in regions where chloroquine resistant
parasites are present is a combination therapy of artemisinin derivatives with partner drugs that
ideally have longer half-lives than artemisinin-derivatives. Artemether- lumefantrine (Coartem)
and amodiaquine-artesunate (Coarsucam) are the most widely used, whereas dihydroartemisinin-
piperaquine (Euartesim) and artesunate-pyronaridine (Pyramax) are the most recently approved
(Anthony et al., 2012). Several reformulations with doses specific for children and pregnant
women are in clinical trials (Anthony et al., 2012). Artemisinin derivatives are hypothesized to
interact with Fe-II species in the parasite’s food vacuole, and early ring stage parasites combat
this by slowing down hemoglobin digestion (Klonis et al., 2011). Artemisinins are fast acting
and very potent against blood-stage parasites and show activity against early sexual stages of the
parasite, which is important for blocking transmission. Their major limitation is a short half- life,
which is why they are partnered with longer lasting drugs. ACTs are the most effective drugs to
treat P. falciparum malaria. Reduced sensitivity to artemisinin monotherapy, coupled with the
emergence of parasite resistance to all partner drugs, threaten to place millions of patients at risk
of inadequate treatment of malaria since Artemisinin is the only hope left (Fairhurst et al.,
2012).The first signs of artemisinin resistance came from a study conducted in 2008, in which
parasite clearance times after initial artesunate monotherapy were slower in patients from the
Eastern Thai-Cambodian border (84 hours) than from the Thai-Myanmar border in the West (48
hours)(Dondorp., 2009). Furthermore, the proportion of slow-clearing infections (defined as a

parasite half-life of>6.2 h) on the Thai-Myanmar border increased from 0.6% in 2001, to 20% in
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2010 approaching the rate 0of 42% observed in Cambodia between 2007 and 2010(Cheeseman et
al., 2012).This suggested resistance has spread and is now present in western Thailand as well.
At present, ACT resistance phenotype has been attributed to mutations in P.falciparum gene
(PF3D7-1343700) encoding K-13 propeller domain. This is currently the best molecular marker
of artemisinin resistance (Ariey et al., 2014). However, these studies that established this marker
were all conducted in South East Asia (Ariey et al., 2014) where malaria immunity is much
lower than sub-Sahara Africa. Studies done in sub-Saharan Africa have documented low
frequency non-synonymous mutations in the K13 propeller domain (Kamau et al., 2015; Maiga-
Ascofare & May, 2016). HoweVer, these single nucleotide polymorphisms (SNPs) were different
from the Asian SNPs and were not associated with any delayed parasite clearance (Ouattara et
al., 2015). A current study on P. falciparum drug resistance markers in western Kenya
established that despite confirmed resistance of SP 10% of patients still use the drug resulting in
high failure rates (Hemming-Schroeder et al., 2018). Moreover, there was an increase in Pfmdrl
haplotype associated to decreased lumafantrine susceptibility which calls for monitoring of AL
effectiveness and potentially implementing multiple fist-line ACTs to delay partner drug from

developing resistance.

In the light of the above monitoring ACT efficacy and its association to acquired malaria specific
antibody responses (magnitude and breadth) could be a useful addition to molecular typing of
K13 propeller polymorphism in surveillance of artemisinin resistance in Sub-Saharan Africa.
Moreover, this could help in maximizing the effectiveness of drugs or suboptimal vaccines so as

to lead to significant progress.
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2.5 Determinants of antimalarial efficacy

Treatment failure in malaria usually results from poor compliance, inadequate dosing,
pharmacokinetic factors or resistance (WHO, 2010a). However, some infections will recrudesce
when none of these factors operates, this indicates that in vivo response to antimalarial treatment
is due to many other factors other than the intrinsic susceptibility of P. falciparum to drugs
(Travassos & Laufer, 2009). Parasite load, innate host resistance to malaria and acquired
immunity to malaria have been shown to influence treatment outcome (Francis et al., 2006).
2.5.1 Acquired immunity as a determinant of antimalarial efficacy

This is a key factor because it determines the host-parasite interactions and hence treatment
outcome. Adults living inareas of high transmission acquire partial immunity to infection. While
children in high transmission regions and everyone in low transmission regions by contrast, lack
this protective immunity (Doolan et al., 2009). Infection frequently lead to symptomatic disease
among these non-immune individuals (Grimwade et al., 2004).Whereas semi-immune
individuals can often clear infection with P falciparum without drug treatment(Bruce et al.,
2000; Djimdé et al., 2003) despite the fact that they are not immune to parasitemia or clinical
disease. Immunity has been shown to enhance effectiveness of antimalarial drugs. This was first
observed when patients with neurosyphilis received malaria therapy i.e injection of malaria
parasite to induce fever. Treatment of malaria infection was more effective if its start was
delayed until the patient had experienced several paroxysms of fever and presumably had started
mounting an immune response (Peters, 1987).This drug enhancing effect might also explain why
quinine always seems to be more effective in regions of high transmissions (better immunity)
than in areas of low transmission; a 3-day course of quinine was effective in sub-Saharan Africa

but a 7-day course was needed in Thailand (Silachamroon et al., 2002). Malaria eradication
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measures such as residual insecticides and mass chemotherapy resulted in almost complete loss
of antibody immunity in the Trobriand Islanders of Papua New Guinea (Desowitz et al., 1966).
Such populations are at risk of possible reinvasion by drug resistant strains from bordering areas.
A study in Uganda suggested that declining malaria transmission resulted rapidly into decreasing
host resistance in young children, and to decrease effectiveness of antimalarial drugs
(Greenhouse et al., 2009).With more intense efforts to control malaria, large populations might
be at risk of losing immunity thereby enhancing the risk of decreasing efficacy of partly-
effective treatments. Treatment efficacy improves with increasing age and malaria endemicity,
suggesting that acquired immunity may play a role in determining the efficacy of anti-malarial
treatments ( Staedke et al., 2004;Greenhouse et al., 2010). The direct role of acquired antibody
immunity in influencing malaria treatment outcome is conflicting (Flaherty et al., 2017).

Several studies have shown that treatment outcomes such as treatment failure (TF), clinical
failure (CF), andadequate clinical and parasitological failure (ACPF) have correlations with
responses to merozoite antigens (Aubouy et al., 2007; Enevold et al., 2007b). In a study in
Tanzania, children were treated with SP and Amodiaquine and children with ACPR had
substantially higher prevalence and concentration of 1gG antibodies specific to GLURP than
children with treatment failure (Enevold et al. (2007b) irrespective of their drug regimen.
Patients infected with P.falciparum parasites carrying drug resistant mutations sometimes
overcome infection after treatment. (Dorsey et al.,, 2001). The ability to recover has been
associated with host age (Djimdeé et al., 2003) and transmission intensity (Khalil et al., 2005),
reflecting an effect of acquired host immunity. These findings therefore suggest strongly that

acquired immunity enhances the clinical efficacy of antimalarial drugs.
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Study area
The project was conducted in the context of a larger trial entitled “In- vivo and in-vitro efficacy

of artemisinin combination therapy in Kisumu County, Western Kenya” (Pl: Dr Ben Andagalu,
KEMRI/WRP, Sponsor: GEIS, US Dept of Defense). The study was approved by the ethical
review committee of the Kenya Medical Research Institute, Nairobi Kenya (KEMRI; approved
protocol # 2518) and the institutional review board of the Walter Reed Army Institute of
Research, Silver Spring, MD (WRAIR; approved protocol #1935). (See attached document in

appendix 1). The study was explained to all subjects and each consented before being enrolled in

the study.
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Figure 2. Map of the study area HDSS; also showing the study site (Kombewa CRC) (Wanja et
al., 2016)
The study was done between June 2013 and 2014 in Kombewa Division (figure 2), Kisumu
county, western Kenya with a population of 23,000 people. It is located on longitude 34°45° E
and latitude 0°10” S, with elevation of 150-1,250 m above sea level. Kombewa is has a rolling
terrain bisected by small semi-permanent swampy streams with poor drainage with warm and
dry weather. Malaria is holoendemic in this region, occurring throughout the year and with peak
seasons 1-2 months after rainy season (March thru August) and (October thru December) (Idris
et al., 2016). Malaria transmission peaks 1-2 months after the rainy season. Mean monthly

rainfall is 120.7 mm while maximum and minimum temperatures are 29.1°C and 18.4°C,
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respectively. Malaria infections are predominantly due to P.falciparum accounts for 98% of
malaria cases, the remaining 2% being caused by P. Malariae and P.ovale. The major malaria
vectors are; Anopheles gambiae, Anopheles arabiensis and Anopheles funestus (National Malaria

Elimination Progrmme, 2016).

3.2 Study design

The study design was a two-arm (ASMQ and AL) randomized trial nested withina larger trial
entitled “In vivo and in vitro efficacy of ACT in Kisumu County, Western Kenya”

3.3 Sample size

Sample size was calculated using the below stated formulae according to (Chow et al., 2003).
This formula takes into account design effects and also takes care of population in both arms of

the study.

n=(Zoa/2+ZB)2x[p1(1 —p1) + p2(1 —p2)]/(p1— p2)2
In this case;
Z, s the critical value of the Normal distribution at o/2 (for a confidence level of 95%, a is
0.05 and the critical value is 1.96).
Zg is the critical value of the Normal distribution at § (e.g. for a power of 80%, B is 0.2 and the
critical value is 0.84)
p1 and p, are the expected sample proportions of the two groups from (Grigg et al., 2016).

_(1.96 + 0.84)2 + [0.62(1 — 0.62) + 0.37(1 — 0.37)]
n= (0.62 — 0.37)?
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= 58.59 = 59 Participants per arm.
| assume that equal group sizes are required, and we also assume that the standard deviation in
each population is the same.
A total of 118 patients were enrolled in the study, 59 from each arm. From these, 96 samples
were randomly selected for analysis however; complete data (Bio-data and 1gG data) was

obtained for 82, including 40 from the AL armand 42 from the ASMQ arm.

3.4 Sampling procedure

Block randomization schemes with varying block size were used to come up with randomization
list of treatment assignments in advance. The assignments were then placed in sequentially
numbered sealed opaque envelopes. Each subsequently enrolled subject was allocated the next
available envelope containing treatment assignment. This was done to reduce bias since it
guaranteed that treatment assignment was not based on patient's prognostic factors.
3.5 Study populations
Patients residing within the study area, presenting with uncomplicated malaria were recruited
Inclusion and exclusion criteria
3.6.1 Inclusion criteria

1. Adults/children aged between 6 months and 65 years inclusive (minimum weight 11kg),

presenting with a measured temperature of >37.5°C, or history of fever within 24 hours

prior to presentation.
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2.

Mono-infection with P.falciparum and a baseline parasitemia of 2000-200,000 asexual
parasites/ pl.

Ability to provide informed consent in writing. However, patients who were unable to
read underwent consenting process in the presence of an impartial witness. Parental
consent was required for subjects below 18 years. However, subjects aged 13-17 years
were in addition to the parental consent required to provide assent.

Willingness of the subject or parent to the subject (in case of a child) and ability to

comply with the study protocol for the duration of the study.

3.6.2 Exclusion criteria

1.

Subjects were excluded if they had signs of severe malaria and severe anemia, defined as
hemoglobin level below 6g/d|.

Mixed Plasmodium infection or mono-infection of non-falciparum was also excluded.
Patients were further excluded if subjects were unable to take oral medication and were
either lactating or pregnant females.

History to allergy or contraindications to the study treatments was also used to exclude

subjects.

3.7 Data collection

Site specific data collection tools were used to collect data and as case report forms. This

included confidential forms filled by participants/parents giving pertinent details needed for the

study and also medical reports given by study clinician. All these were then synchronized into

one database managed by qualified study staff. These tools were completed by study teams only

and no data was transferred from hospital records to study data collection document.
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3.7.1 Sample collection

Venous blood samples for malaria blood films were collected at hours 0, 4, 8, 12, 18, 24 and then
every 6 hours until 2 consecutive smear became negative. The blood volumes to be collected had
been stated in appendices Il and Il on study procedures. Special precaution was taken when
collecting blood from pediatric subjects. This is because volumes of blood to be drawn are more
restrictive and other inherent phlebotomy difficulties may reduce the volume further down.
Finally venous whole blood was collected in EDTA tubes and aliquots preserved for analysis as
specified in the study protocols at USAMRU-K labs at -20°C for future use. It is this stored

serum samples that were used for this immunological sub-study.

3.7.2 Antigens tested

Proteins were manufactured according to current good manufacturing practice at the Walter Reed
Army Institute of Research Pilot Bio production Facility (Silver Spring, MD). The seven
antigens used were known vaccine candidates and they also represented both erythrocytic and

pre-erythrocytic life cycle of the parasite. They are as described below;
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Table 1. Pre-erythrocytic and erythrocytic antigens used.

Antigens Clones Antibody function against antigens  Reference

1 LSA 3D7 Protection against sporozoite (Hillier et al., 2005)
infection.

2 CSP 3D7 Inhibit sporozoites invasion (Porter et al., 2013)

3 CelTOS 3D7 Induce protection against sporozoites. (Bergmann et al.,2011)

4 AMA-HB3 HB3 Inhibit merozoite invasion. (Fowkes et al., 2010)

5 AMA-3D7 3D7 Inhibit merozoite invasion. (Dutta et al., 2005)

6 MSP-1 FVO  FVO Protection against blood stage (Lyonet al., 2008)
parasites

7 MSP-1- 3D7  3D7 Protection against blood stage (Darko et al., 2005)
parasite.

A table showing P.falciparum antigens and roles of specific 1gG antibodies against them.

3.7.3 Malaria specific Antibody profiling inserum by Luminex

Sera obtained from patients at baseline (day 0) before treatment with either AL or ASMQ was
screened for total 1gG (i.e magnitude of response) against a representative selection of well-
characterized erythrocytic and pre-erythocytic stage antigens by luminex (Kerkhof et al., 2015).
These antigens included: AMA-1 (HB3and 3D7 strains), MSP-1-42 (3D7 and FVO strains),
LSA-1,CelTOS and CSP. These antigens were selected, as previous studies have indicated that
antibodies against them have been associated with protective immunity, are targets of acquired
invasion inhibitory antibodies, and are vaccine candidates (Hodder, Crewther, & Anders, 2001;
Persson et al., 2013). To examine breadth of reactivity sera reactivity to either 1 or multiple
antigens were analyzed. Highly purified preparations of these antigens were obtained from the
Walter Reed. A detailed procedure for the Luminex assay had been previously described
(Ambrosino et al., 2010; Perraut et al., 2014). In brief, spectrally unique beads which had been
coupled were first vortexed for 20 seconds, and sonicated for 20 seconds. Working bead mixture

was prepared by diluting coupled beads in PBS-1% BSA (total volume = number of wells x 50
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pl). The final concentration = 3,000 beads of each signature/50ul. See attached bead calculation
template to calculate working bead mixture inappendix IV.

Sera dilution was prepared in biosafety cabinet by making aliquots of serum diluted in 1;400
with PBS-1%BSA (assay buffer) in the first well then serially diluting it from 1;400 to 1:51200.
A 96 well plate (Costar, USA catalogue number 3789) was then pre-wet using 200 ul of PBS-1%
BSA.50 ulof working bead mixture and 50 ul of diluted samples were aliquoted into appropriate
wells (See plate map in appendix V). This were then covered with aluminum foil and incubated
for 1 hour at room temperature on a titer plate shaker (Lab-line instruments, Inc, Melrose Park,
IL) at 500 rpm. Supernatant was discarded by using magnetic separator (Luminex co-op. Austin,
USA) and Washed four times using 200 ulof 1X PBS-0.05%Tween 20.This was followed by re-
suspension of beads in 50 ul of 1X PBS- 1% BSA.

R’ phycoerythrin-conjugated affinipure F (ab’) 2 fragment goat anti-human IgG (H+L) (Jackson
Immuno-Research Laboratories, USA Cat # 109-116-088) of concentration 500pg/ml was
diluted to 2 png/ ml in PBS-1% BSA in enough volume to add50 pl to each well.

50 ulofdiluted detection antibody was added to each well then plate covered with aluminum foil
and incubated for 30 minutes at room temperature on a plate shaker. Using Magnetic separator
the supernatant was discarded and then washed four times with 200 ul of PBS-Tween. Finally
beads were re-suspended in 100 ul of PBS1% BSA and 50 ul analyzed on the MAGPix platform
(Luminex Corporation, USA). Xponent software (Luminex corporation,Texas) was used in the
MAGPIix setup for analysis based on the following protocols;

a). Total events: 100

b). Sample time-out: 200 sec

c). Sample volume: 50ul
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d). DD Gate: 7500 to 20,000

e). Type: Magpix

Data was recorded as median fluorescence intensity (MFI) and saved in CSV format which was
then exported on dedicated, password protected computers. Only authorized study personnel had
access to the data. The only identifier used in this computerized database was subject’s study
number. This data was then kept for further analysis.

For each run, negative and positive control samples were included for analysis. Negative control
was obtained from naive human malaria sera samples (GEMINI Bio products, West Sacramento,
CA) (Lot number H94MOOC).Pooled human sera samples known to be positive for the listed P.
falciparum antigens were used as positive control (Mal-036).

The validation of the assay was done and control reference ranges established upon which the
assay performance was monitored. The monitoring was done by using Levy Jennings plots in

which both positive and negative control were recorded per dilution.

3.7.4 Parasite clearance rates calculation

Parasite clearance rates were calculating using Worldwide Antimalarial Resistance Network
(WWARN) tool for Parasite Clearance Estimator (PCE) (WWARN ., 2009). Log transformed
parasite density was plotted against time in hours to generate slope half-life. The slope half-life
(T1/2) was calculated as follows:

Ti=loge (2)/K

=0.692/K, where K is the clearance rate constant.
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3.8 Data manage ment and analysis

For the larger ACT efficacy trial database was created and maintained by qualified USAMRU-K
staff. Source data verification was further conducted by internal quality control staff. Moreover
the study was monitored through a reciprocal monitoring scheme whereby one of the clinical
research coordinator from any of the participating sites perform reciprocal monitoring at a
different participating sites. Samples were de-identified and assigned numbers, code link was
maintained at a separate location. All data and analysis generated both from the clinical sites and
laboratory were kept on dedicated password protected computers. Only authorized study
personnel had access to the data.

Statistical analysis was done using STATA version 13 (Stata Corporation, College Station,
Texas) and Graph pad prism version 5. Continuous variables and proportions were compared
using the two-sample Mann-Whitney,x* test and z test. This was used to compare antibody
concentrations or magnitude between groups (fast clearers and faster clearers) and other
variables such as age, gender and parasitemia. Parasite clearance half-life (PC1/2) was obtained
from in vivo efficacy study where clearance half-life of the parasite infections in subset of
samples in response to ASMQ and AL was obtained. Previous studies have used parasite
clearance half-life values as cut-off. In this population the median PC;,, was 2.41hours (2.02-
2.76) the 25™ quartile was then used as a cut-off (2.02) (Ariey et al., 2014; Bidii S. Ngalah et al.,
2015). Antibody cut- off per antigens were arrived at by mean plus 3 standard deviations from
naive human malaria sera samples (GEMINI Bio products, West Sacramento, CA.).To assess the
breadth of responses, the threshold for high levels of antibodies was set at twice the threshold for

a positive response (John et al., 2005). Antibodies were analyzed in an age, gender and arm to
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between one and >4antigens and proportions analyzed using Z test .Statistical significance was

determined if p <0.05.
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CHAPTER FOUR

RESULTS
4.1 Patients characteristics in the ACT efficacy trial
In this ACT efficacy trial total number enrolled in AL arm and ASMQ was 82 patients as shown
in Table 2. Age, gender and parasitemia at baseline were similar for both AL and ASMQ
treatment groups. Of the 40 patients enrolled for AL arm, 24 were children less than 5 years of
age, while 16 patients were aged 5 years and above. On the other hand, ASMQ arm had 42
patients in which 33 were children under 5 years of age, while 09 patients were aged 5 years and
above. Interms of gender, 22 were males while 18 were females in the AL arm .In the ASMQ
arm, 23 were males while 19 were females. Patients enrolled into AL arm had a relatively higher
parasitemia at baseline compared to those in the ASMQ arm, but the difference was not
statistically significant (p=0.485).

Table 2. Baseline characteristics of patients enrolled in the two arms of the study.

Study arm n (%)

Variabl
ariable AL (40) ASMQ (42) p value
Age (years) 0.0679
<5 24(60%) 33(78.5%)
5 and above 16(40%) 09(21.5%)
Gender 0.983
Male 22(56.4) 23(54.8)
Female 17(43.6) 19(45.4)
Parasite density 26,025.8(8,001.2-
Median(IQR) 60,964.7(11,233-112,700) 93,276.5) 0.485

The study had two arms; AL (Artemether lumefantrine ) and ASMQ (Artesunate mefloquine). p-
values indicate the level of significance as calculated using chi- square for categorical variable
and Mann Whitney U -test for continuous variables.
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4.2 Magnitude of Malaria-specific antibody responses in study participants

The study determined the specific antibody responses in sera across different antigens. In this
study population, between 91-100% of study participants had high responses to these antigens.
Antibodies to erythrocytic antigens were generally having higher titers and prevalence than pre-
erythrocytic antigens (Figure 3). 1gG antibodies against AMAL-3D7 had the highest geometric
mean 07889 (5705-10910) at 95% CI, while antibodies against CelTOS had the least geometric

mean 0f536.9 (448-642) at 95% CI (Table 3).
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Figure 3. Antibody reactivity against malaria specific antigens of patients in the study.
The magnitudes of antibody responses were quantified. Bars represent median with interquartile
range.

A. Antibody reactivity of patients enrolled in both arms of the study (n=82).

B. Shows antibody reactivity of patients enrolled in ASMQ arm of the study (n=42).

C. Shows antibody reactivity of patients enrolled in AL arms of the study (n=40).
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Table 3. Table showing Magnitude and prevalence of antibody responses for both study arms.

Antigen reactivity of patients enrolled in both arms of the study

Antigen Pf Antigens  Geometric meanof N  Cut- Participants Prevalence
location MFI at 95%CI off above cut-
value  off (%)
N
CSP 986.9 (808-642) 81 1843 77 95.1
Pre- CelTOS 536.9 (448-642) 81 1965 74 91.6
erythrocytic LSA 9459 (758-1180) 81 1605 78 96.3
AMA3D7 7889 (5705-10910) 41 976.6 40 97.6
Erythrocytic AMA HB3 7975 (6376-9976) 81 7383 79 97.5
MSP 13D7 6979 (5341-9120) 62 156.7 62 100
MSP 1FVO 5706 (3932-8282) 41 1725 40 97.6

Malaria specific antibodies magnitude and prevalence were quantified using Luminex. Pre-
erythrocytic antigens (CSP, CelTOS, LSA) had relatively lower geometric mean as compared to
erythrocytic antigents (AMA 3D7,AMA HB3, MSP 1 3D7 , MSP 1 FVO ).The cut-off was
obtained by calculating mean antibody responses (MFI) of malaria naive patients plus two
standard deviations.

4.2.1 Magnitude of antibody responses by age and gender categories

A two sample Mann-Whitney U test was used to compare differences between magnitude of
antibodies titers in different age categories (<5 years n=58 and >5 years n=23). Patients who
were >5 years old had a significantly higher titers of anti- AMAL1-HB3 antibodies than those <5
years (p=0.0316). The remaining antigens did not show any significant difference in their
responses as illustrated in figure 4. The relationship between gender categories (male and

female) and 1gG antibody titers was, however, not found to be statistically significant (figure 5).
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Figure 4. The 1gG antibody titers for all antigens categorized by age. The antibody responses
for children aged <5 years n=58 and >5 years n=23 were quantified. The antibody response was
guantified in duplicate for each sample. Bars represent median with interquartile range.
Statistical difference in antibody response between children aged <5 and >5 years was
determined by Mann-Whitney U test (*, p < 0.05). Only AMA-HB3 had a significance
difference.
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Figure 5. Antibody titers for all antigens by gender. Antibody responses per gender were
quantified male (n=45) female (n=36). Bars represent median antibody titers and interquartile
range. Mann Whitney U test was used to assess the significant difference within the groups and
significance setat p < 0.05. No significant difference was realized.

4.3. Breadth of antibody responses

The breadth of antibody responses was defined as the number of antigens (1-7) to which an
individual had antibody titers above the threshold antibody concentration as described in the
analysis section. Individuals were categorized into three groups (1, 2-3 and >4) based on the
number of antigens they were highly reactive to. Patients who reacted highly to only 1 antigen

were 2(2.5%). While those who were reactive to 2-3 antigens were 10 (12.3%). Majority of

participants i.e. 69(85.2%) had a higher breadth >4 as illustrated in table 4.
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4.3.1 Breadth of antibody responses categorized by age

To assess whether age is a surrogate of 1gG antibody responses, participants were categorized in
two groups i.e<5 years and >5 years. Two (2) patients responded highly to 1 antigen and both
were children below 5 years. Seven (70%) individuals who were children <5 years had high
response to 2-3 antigens while 3(30%) were subjects >5 years. Many children <5 years
47(68.1%) were highly reactive to >4 antigens while 7(31.9%) were those participants >5years
who also were reactive to >4 antigens. Breadth of high-titers antigen-specific responses generally
did not increased by age with children <5 years who responded highly to >4 antigens having
significantly higher numbers than those >5years (p=0.0047) after analysis using Z test for
proportions (Table 4).

Table 4. Breadth of antibody reactivity for all patients enrolled in the study and for different age
categories.

Breadth of antibody responses

Number of No of responses <Syears >byears  p-value
antigens N (%) N (%0) N (%)

1 2 (2.5 2 0 N/A
2-3 10 (12.3) 7 (70) 3 (30) 0.2402
>4 69 (85.2) 47 (68.1) 22 (31.9) 0.0047

Reactivity to one or multiple antigens was assessed and subjects put into three groups and further
grouped into different age categories. Level of significance was calculated using two sample
tests of proportions (Z test) and significance set at p < 0.05. Children <5 years who responded
highly to >4 antigens were significantly higher in numbers than those >5years (p=0.0047).

4.4. Magnitude of antibody responses and Parasite clearance rate

IgG antibody level for all the seven antigens in both study arms were analyzed based on parasite
clearance half-life as earlier described. Patients who were faster clearers had a higher titers of
anti- CelTOS IgG ,anti -LSAL IgG, anti- AMA1-3D7 IgG and anti- AMA1-HB3 1gG compared
to patients who were fast clearers (Table 5). However, Only AMA1-HB3 had a statistically

significant difference (p= 0.0065). The remaining three antigens (CSP, MSP1-42-3D7, MSP1-
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42-FVO) had their median 1gG antibody levels higher in fast clearers than in faster clearers, the
difference was however not statistically significant.

Table 6 shows details of the outcome of ASMQ arm of the study. Faster clearers had a higher
median antibody level in four antigens. However, only AMA1-HB3 had a statistically significant
difference (p=0.0047) when Mann-Whitney U test was used to compare the difference. In the AL
arm (Table 6) anti-LSA 1gG antibodies had a higher median in faster clearers than in fast clearers
(p=0.0396). The remaining antigens did not show any significant difference. However, faster
clearers had a higher median 1gG antibody than fast clearers in AMAL1-HB3 antigen even
though the difference was not statistically significant.

Table 5. The magnitude of antibodies responses between faster clearers and fast clearers inall
patients in the study.

Median florescent intensity

Antigens Faster clearers, n=19 Fast clearers, n =60 p value

CSP 893.6 (610.8-969.4) 1595 (1100.3-2089.7) 0.1182
CelTOS 761.1(386.7-969.6) 678.1 (578.7-943.4) 0.6443
LSAl 1617.2(964.3-2270.2) 1447.7(953.71-1941.6) 0.7193
AMAL1-3D7 13583.4 (7011.1-20155.7)  9855.5 (7669.5-12041.5) 0.1404
AMA1-HB3 15842.3(11862-19822.4) 9988(7948.6-12027.6) 0.0065

MSP1-42-3D7  9908.2(6166.8-13649.6) 10207.6 (7956.3-12458) 0.8882
MSP1-42-FVO  6290.3(1943.8-10636.7) 10033.3 (7107.8-12958) 0.1721

Median 1gG level at baseline were measured as per antigen. Values represent the median with
interquartile range. The MFI was measured using Luminex. Bold represent statistically
significant difference between faster clearers and fast clearers as determined by Mann Whitney
U test and significance set at p < 0.05.
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Table 6. Magnitude of antibodies responses between fast clearers and faster clearers among
ASMQ patients.

Median (Range)

Antigens Faster clearers, n=14 Fast clearers n=25 p value

CSP 1078(324-1288) 1174(615-1777.5) 0.1432
CelTOS 494.7(248-843) 506(436.5-786) 0.5582
LSA1 869.5(481-1880) 716(458.5-1039.5) 0.7922
AMA1-3D7 16100(11733-23432.5) 5126(4325-5620) 0.2506
AMA1-HB3 17400.5(8380-21672.5) 4595(2447.5-10439) 0.0047
MSP1-42-3D7 8731(5360-17587) 13482(4940-17222.5) 0.9128
MSP1-42-FVO 9622(2525-10309) 7872.5(3178-18196) 0.7540

Median 1gG level at day O were measured as per antigen. Value represent the median with
interquartile range. The MFI was measured using Luminex. Bold represent statistically
significant difference between faster clearers and fast clearers as determined by Mann Whitney
U test and significance set at p < 0.05.

Table 7. Magnitude of antibody responses between fast clearers and faster clearers among
patients receiving AL.

Median (Range)

Antigens Faster clearers, n=6 Fast clearers,n=33 p value

CSP 654(395-1036) 974.5(575-1500) 0.3554
CelTOS 515(508-735) 485.25(314-912) 0.6440
LSA1 3126(1758-4540) 979.25(333-2145.5) 0.0396
AMAL1-3D7 12791.5(4671-13328) 10501.7(6110.7-15304.2) 1.0000
AMA1-HB3 18238(16326-18770) 10120(4595-21004.5) 0.4495
MSP1-42-3D7 4665(2103-6657) 6998(3178-151115) 0.4510
MSP1-42-FVO 2515(2269-4302.5) 8668.5(3016.2-14721) 0.1489

Median 1gG level at baseline were measured per antigen. Values represent the median with
interquartile range. The MFI was measured using Luminex. Bold represent statistically
significant difference between faster clearers and fast clearers as determined by Mann Whitney
U test and significance set at p < 0.05.
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4.4.1 Breath of antibody response and parasite clearance

Table 8 illustrates stratification of patients into three groups (1, 2-3 and >4) based on the number
of highly reactive antigens they were responding to. Patients who reacted highly to 1 antigen
were 2 in number out of which 1 was fast clearers while the remaining was faster clearer it
wasn’t possible to establish their p- value statistically because of insufficient data. Subjects who
reacted to between 2-3 antigens were 10 out of which 2 were faster clearers while 8 were fast
clearers, the difference in proportion was not significant (p=0.1037). The number of subjects
that reacted to more than 4 antigens were 69 the fast and faster clearers were 52 and 17
respectively their proportion was statistically significant (p=0.0002) on analysis by Z test.

Table 8. A comparison between breadth of antibody reactivity and parasite clearance rate.

Breadth of antibody reactivity and parasite clearance rate

Number of Faster clearers Fast clearers

antigegns N N (%) N (%) P Value
1 2 1 (50) 1 (50) N/A

2-3 10 2 (20) 8 (80) 0.1037
>4 69 17 (24.6) 52 (75.4) 0.0002

Reactivity to one or multiple antigens was assessed and subjects put into three groups and further
grouped into two categories bases on parasite clearance half life. Level of significance was
calculated using two sample tests of proportions (Z test) and significance set at p <0.05. Bold
value represents statistically significant difference.
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CHAPTER FIVE

DISCUSSION

This study determined the baseline magnitude and breadth of acquired antibody responses
against specific malaria antigens and also correlated antibody responses to ACT treatment
outcome in patients with uncomplicated malaria. This was done in an attempt to provide
evidence that specific malaria antibodies are predictive correlates of ACT efficacy.
5.1 Magnitude of Malaria specific antibody responses
Data from this study showed that antibody prevalence was over 90% with higher levels of 1gG
antibody responses for most antigens . This may suggest that these specific antigens could have
been better surrogate markers of exposure or protection in this holoendemic setting. This finding
is supported by a previous study which reported that the prevalence of antibodies to CSP, LSA,
and MSP-2 3D7 was high among general population of Asembo location, within western Kenya,
which is also malaria holoendemic setting (Zhou et al., 2002). Another study had also
established that 1gG levels and sero-prevalence against pre- erythrocytic and erythrocytic
antigens are associated with immunity against clinical malaria (Chelimo et al., 2005). Kombewa,
being a high transmission setting, the result may further suggest a correlation between antibodies
of malaria-specific antigens and transmission intensity. A study in Gambia and Tanzania had
reported higher 1gG antibodies reactivity against GLURP in individuals living in high
transmission area than those in low transmission area (Drakeley et al., 2005).

The magnitude of antibody responses and sero-prevalence was found to be higher in
erythrocytic antigens than in pre-erythrocytic antigen. This is in tandem with a study done in

both unstable malaria transmission (low transmission) and stable transmission setting (high

45



transmission) in Kenya, which showed that in malaria holoendemic areas, antibodies against
erythrocytic antigens had higher titers and prevalence than those of pre-erythrocytic antigens
(Noland et al., 2008).This suggests that protection in a holoendemic environment could be
majorly dependent on antibodies against blood-stage antigens. A study by Greenhouse showed
that stronger antibody responses to the blood-stage antigens AMA-1, MSP-1, and MSP-3, but not
the pre-erythrocytic antigens CSP and LSA-1, were associated with blood- stage protection
(Greenhouse et al., 2011). AMAL is known to be a target of antibodies that prevents parasites
from invading red blood cells in vitro (Kennedy et al., 2002; Kocken et al., 2002).

The data presented in this study showed that antibody response to both clones of AMA
(3D7 and HB3) had the highest titers. This suggests that AMA antibodies are highly prevalent in
malaria-exposed individuals and could play a part in malaria immunity. This was also reported
by Fowkes in which they established that AMA antibodies are highly prevalent and protective in
malaria exposed populations and their prevalence have been noted to increase with age as
naturally acquired immunity develops (Fowkes et al., 2010). Antibodies against AMA-HB3 were
predominantly higher in patients > 5 years compared to those < 5 years. This was however in
contrast with other antigens except LSA and AMA 3D7. Suggesting that antibody levels against
AMA-HB3, LSA and AMA 3D7 increase with increasing age with AMA HB3 showing a
stronger response. Earlier studies have further demonstrated that levels/magnitude of antibodies
against some erythrocytic and pre-erythrocytic antigens increased by age (Chelimo et al., 2005;
Johnet al., 2005).

5.2 Breadth of Malaria specific antibody responses
In this present study majority of study participants had a higher breadth of antibody responses

(69%).This could have been as a result of a high malaria transmission setting in which the level
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of antigenic diversity of P. falciparum populations in the area had an effect in acquisition of
immunity. Several studies have shown that the antigenic and genetic repertoires of P. falciparum
populations are wider in high-transmission areas generated by more frequent recombination
events in the mosquito (Hoffmann et al., 2001) .

Breadth of high-titer antigen specific responses did not increased withage in patients enrolled in
the study. Those who responded highly to only one antigen (lower breadth) were all children <5
years while majority of those who responded highly to >4 antigens were also children <5 years.
This was in contrast to a study done in Kilifi-Kenya in which breadth significantly increased
with age (F. H. Osier et al., 2008a; Rono et al., 2013). The main reason for this might have been
because majority of our subjects were children below 2 years of age this therefore limited our
comparisons.

5.3 Association between Malaria s pecific antibody responses and treatment outcome

The study established that patients who were faster clearers had a higher titers of anti- CelTOS
IgG ,anti -LSA1 1gG,anti- AMAL-3D7 IgG and anti- AMA1-HB3 1gG antibodies compared to
patients who were fast clearers. Only AMA1-HB3 antibodies had a significant difference. This
suggests a supportive role for humoral antibodies in therapeutic response to antimalarial drugs.
Other studies are also in agreement that there is a stronger and more diverse antibody response
that is associated with greater success in antimalarial drug treatment (Enevold et al., 2007a;
Mawili-Mboumba et al., 2003). In the ASMQ arm of the study antibodies against AMA-HB3
was significantly higher in faster clearers than in fast clearers. This is suggesting that of the
erythrocytic antigens we studied AMA-HB3 was more predictive of ACT treatment outcome
than all the other remaining antigens. In other studies high levels of AMA-1 blocked sporozoite

invasion of hepatocytes (John et al., 2005; Silvie et al., 2004).While in AL arm, LSA was
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significantly higher in faster clearers than in fast clearers this was the only pre-erythrocytic
antigen which was predictive of treatment outcome. This was in agreement with other studies
which establishes that LSA-1 correlated with more rapid parasite clearance time (Luty et al.,
1998) and protection from clinical malaria.

In terms of breadth of antibody responses and parasite clearance rate, fast clearers were
significantly higher than faster clearers this might have been attributed to the number of patients

who were children in the study resulting in lack of adequate comparison of breadth.
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CHAPTER SIX
SUMMARY OF STUDY FINDINGS, CONCLUSIONS AND RECOMMENDATIONS
6.1 Summary of study findings
There was a high prevalence of 1gG antibodies against both erythrocytic and pre-erythrocytic
antigens in this setting. Moreover, erythrocytic antigens under study had a higher magnitude of
IgG antibodies compared to pre-erythrocytic antigens in this study population. Antibody titers
increased by age this was more evident with anti- AMA-HB3 antibodies. In addition, majority of
participants showed a higher breadth of antibody responses.
Faster clearers had higher IgG antibody titers in most antigens (CelTOS, LSA, AMA-3D7 and

AMA-HB3). However, AMA-HB3and LSA had a statistically significant difference.

6.2 Overall conclusions and implications

1. The magnitude of 1gG antibody responses and sero-prevalence against both pre-
erythrocytic and erythrocytic antigens were high ; Implying that the population could

have been highly exposed to malaria.

2. The magnitude and prevalence of antibodies against erythrocytic antigens was found to
be higher than antibodies against pre-erythrocytic antigens. Suggesting that in this
setting (holoendemic) protection could be majorly dependent on antibodies against
erythrocytic antigens.

3. There was a high breadth of responses in the study participants suggesting that the study
population was malaria exposed resulting in an increased level of antigenic diversity of

P.falciparum populations in the area.
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4. Lewvels of antir AMA-HB3 and LSA-1 antibodies were significantly higher in faster

clearers than in fast clearers. These suggest that in the present study antibodies against
the two antigens could be used as predictors of therapeutic efficacy for AL and ASMQ

drugs.

6.3 Recommendations for the study

1. With further analysis AMA-HB3 and LSA could be used therefore as an important

confounder in assessment of emerging ACT resistance or delayed clearance in malaria

endemic populations.

6.4 Recommendations for future research

1.

More comprehensive studies need to be done with a larger sample size and in different
malaria transmission intensities.

To assess more influence of I1gG antibodies on treatment outcome antibody sub-classes
should be evaluated.

This study was limited to 7 antigens therefore further analysis should be done using other
vaccine candidate antigens to evaluate the profiles of other antigens.

My study participants were mostly children however, better and more comprehensive
antibody immune profiles could be obtained if all age groups were proportionally
included.

Parasite clearance as a metric for drug effectiveness and resistance has limitations.
Therefore, other metrics such as use of IRBC clearance rates should be explored to

possibly get better immune correlates of ACT efficacy.
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6. In spite of many advantages of using Luminex assay caution is necessary since if
compared to ELISA it’s more robust in determining antibody titers when using serum or

plasma samples.
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APPENDICES

Appendix I. Ethical approval document.

KENYA MEDICAL RESEARCH INSTITUTE

P.O. Box 54840-00200, NAIROBI, Kenya
Tel (254) (020) 2722541, 2713349, 0722-205901, 0733-400003; Fax: (254) (020) 2720030
E-mall: director@kemri.org Info@kemri.org Website:www.kemri.org

KEMRI/RES/7/3/1 March 20, 2013

TO: DR, BEN ANDAGALU,
BRINCIPAL INVESTIGATOR

THRO": DR. RASHID JUMA,
THE DIRECTOR, CCR,
NAIROBI

Dear Sir,

RE: SSC PROTOCOL NO. 2518 (INITIAL SUBMISSION): IN VIVO AND iﬂ/VHRO
EFFICACY OF ARTEMISININ COMBINATION THERAPY IN KISUMU COUNTY,
WESTERN KENYA.

This is to Inform you that during the 213" meeting of the KEMRI/ERC held on 19" March 2013, the
above referenced study was reviewed.

The Committee notes that the above referenced study seeks to  assess the degree of artemisinin
resistance in subjects presenting with uncomplicated A. Falciparum malaria.

The Committee concluded that due consideration has been given to the ethical issues that may arise
from the conduct of the study and granted approval for implementation effective 19'" March 2013.

Please note that authorization to conduct this study will automatically expire on 18 March 2014, If
you plan to continue with data collection or analysis beyond this date, please submit an application for
continuing approval to the ERC Secretariat by 05 February 2014,

Any unanticipated problems resulting from the implementation of this protocol should be brought to
the attention of the ERC. You are also required to submit any proposed changes to this protocol to the
SSC and ERC prior to initiation and advise the ERC when the study is completed or discontinued.

You may embark on the study
Sincerely,
= A 2 e
DR. ELIZABETH BUKUSI,
ACTING SECRETARY,
MITTEE
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Appendix Il. Study procedure for adults.

Study Priori | Assay |DO | D |D |D3| D|{ D |D1|D2|D2|D3|D4| R
Eligibility -1
Informed -1
Demographic -1
Pregnancy -1
Physical X [ X[ X[ X[ X| X[ X | X| X[ X] X]| X
Advarce Y I X I X T Y I X[ X X | Y[ ¥ [ Y[ %[ %
Vital Signs LI XX X XXX XX ] X | X | X
Concomitant X [ X[ X] X | X]| X] X X | X X X | X
Urine sample X
Arteciinate yil A yil
Mefloguine 15| 1
Artemether- X | X | X
Blood 1 OIml | -1, 124148 |72, | A| X| X | X | X | X | X | X
PCRfor 1 1ml -1 X
Real-time 1 08ml | 0, |24148 |72, | A| X| X | X | X | X | X
Hematology” 1 Iml X | X| X | X X X | X[ X | X | X | X
Pharmacokin 2 2ml X X X X
In vitro 2 3ml X X
Cryopreservat 3 2ml X X
Storage in 3 iml X X
Microsatellite 3 2ml X X
Reference 3 3ml X X
Cernlnoyv 2 Eml Y Y Y Y
PRMCS® 3 1ml X X
Rlnnd 2 Aml Y
Cytokine 3 2ml X
Biochemistry 1 1ml X X
Bioassay 2 2ml X X
Total blood 4. 14. 4. 76| -11./189(19]|19|19] 6.9] 23.

! Numbers show hour of blood sampling for microscopy, -1 is pre-enrollment; “X” indicates one
sampling per day, “A” indicates that sample will be collected q6 until two consecutive samples
are negative by microscopy

2 Complete physical examon Day 0, Targeted physical on all subsequent days

3 Biochemistry tests include glucose, creatinine, AST, ALT.

* Hematology tests include Hb, hematocrit and platelets
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® PBMCs = Peripheral blood mononuclear cells

® RC = recrudescence within the 42 days of follow-up

’ Total blood volume collected for the entire study = 74.8mL. For participants with

recrudescence, total volumes will be 97.9 mL.

“Depending on randomization scheme. 1% MQ dose is supervised, 2" dose is unsupervised. ** -

if needed.

Appendix I11. Study procedures for children

Study Priori | Assay |DO | D |D |D3| D|{ D |D1|D2|D2|D3|D4| R
Eligibility -1
Informed -1
Demographic -1
Pregnancy -1
Physical X | X|IX]| X[ X[ X[ X | X|X]|X]| X]|X
Adverse X | XX X[ X[ X[ X | X|X]|X]| X]|X
Vital Signs LIX X X[ XXX XX ]| X[ X]|X
Concomitant X | XX X | X[ X[ X[ X]|X]|X]|] X]|X
Artesunate” ( 4 | 4] 4
Mefloquine™ ( 15 | 1
Artemether- X [ X | X
Urine sample X
Blood 1 Olml | -1, {2448 |72, | A| X | X | X | X | X | X | X
PCR for 1 Iml | -1 X
Real-time 1 04ml | 0, (2448 |72, | A| X | X | X | X | X | X
Hematology” 1 04ml | X | X | X | X X X | X | X | X | X | X
Pharmacokin 2 2ml X X X X
In vitro 2 2ml X X
Cryopreservat 3 iml X X
Microsatellite 2 2ml X X
Reference 3 2ml | X X
Serology 2 2ml X X X | X
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PBMCs> 3 0.5ml | X X
Blood 3 2ml X

Cytokine 3 Iml X

Biochemistry 1 Iml X X

Bioassays 2 2ml | X X
Total blood 21. 1 2.12.|54] -10.149]09|09[09]|29] 15

! Numbers show hour of blood sampling for microscopy, -1 is pre-enrollment; “X” indicates one
sampling per day; “A” indicates that sample will be collected 6 until two consecutive samples are
negative by microscopy.

2 Complete physical exam on Day 0, Targeted physical on all subsequent days

3 Biochemistry tests include glucose, creatinine, AST, ALT.

* Hematology tests include Hb, hematocrit and platelets

> PBMCs = Peripheral blood mononuclear cells

® RC = recrudescence within the 42 days of follow-up

" Total blood volume collected for the entire study = 43.1mL. For participants with
recrudescence, total volumes will be 58.1mL

“Depending on randomization scheme. 1% MQ dose is supervised, 2" dose is unsupervised. ** if

indicated
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Appendix V. Bead calculation te mplates.

This template calculates the volume of each bead lot to add to a multiplex mix to make a final

concentration of 3,000beads/50 ul for each lot. Adding 50l of the bead mixture to each well

will therefore equal 3,000 beads from each bead lot, in accordance with the Luminex SOP

-Take the number of wells used for each bead mixture and add 10% (refer to plate map for
number of wells needed). Ex. 18 wells = 20 wells

-Enter adjusted number of wells used into table i

-Enter the # of beads needed from table 1 inthe numerator position within the "bead volume
used" columns in table ii

-Check to make sure that the beads/micro liter concentrations are correct for each bead lot in a
given bead mixture

-Label aependorf tube for each bead mixture. Add appropriate ammounts of 1XPBS, 1%BSA
(see table ii, column O)

-Check to make sure the total bead mixture volume in table ii equals the total bead mixture
volume in table i

-Vortex coupled bead lots for 20 seconds. Sonicate for 20 seconds. Add appropriate volume of

coupled microspheres to corresponding bead mixture. See table iii

Wells used (adjusted # Beads needed per Total Bead Mixture
Mix number
+10%) signature Volume (pl)
1 20 60000 1000
2 20 60000 1000
3 20 60000 1000
4 20 60000 1000

73



20

60000

1000

20

60000

1000
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mj ':1(1 Bead
ber Set 1
1 PfCelT
0S-
Mag03
0
Pf
MSP1-
42
2 (FVO)
Mag06
1
3
4
5
6

Bead Lots

Bead Set #1

1

1

beads/m
icro

Bead
Volu
me
used

Q)

5375

11.16

4400

13.64

#DIV/
0!

#DIV/
0!

#DIV/
o!

DIV
ol

Table ii
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Total
1XP Bead
BS, Mixtur
1%B
SA €
() Volum

e (uh
939.1 | 1000
974.1 | 1000
#DI
V/0! 1000
#DI
V/0! 1000
#DI
V/0! 1000
#DI
V/0! 1000




Table iii

Mix number Bead Lot Bead Volume Used (ul) 1XPBS, 1%BSA (ul)
PfCelTOS - Mag030 11.2
PfCSP - Mag025 11.3
1 MSP1-42 (3D7) - Mag051 12.6 939.1
AMA-1 (3D7 )- Mag039 15.5
Pf LSA-1 - Mag034 10.3
PFMSP1-42 (FVO)- Mag061 13.6
Pf AMA-1 (HB3) - Mag044 12.3
2 0 #DIV/O! 9741
0 #DIV/0!
0 #DIV/0!
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Appendix V. Plate map

USA MEDICAL RESEARCH UNIT

KENYA MEDICAL RESEARCH INSTITUTE
Jomo Kenyatta Highway
Kisumu, Kenya

P.O. Box 54, 40100 Kisumu, Kenya Tel: +254 717174935 E-mail: kisumu.admin@usamru-k.org
INndirect immunoassay using XMAUP technology

Protocol Date_ _ / _ /_ _ _  _MAGPIX # Tracking No.
Purpose

A.PLATE MAP

Positive Positive
Negative Negative cnt mix cnt mix | Sample Sample | Sample Sample | Sample Sample | Sample Sample
cnt mix1 cnt mix2 1 2 1mix 1 1mix 2 2mix 1 2mix 2 3mix 1 3mix 2 4mix 1 4mix2

1:400

1;800

1;1600

1;3200

1;6400

1:12800

1:25600

1:51200

Z T|@Mmmio|0|® >

<

B.
A plate could only accommodate four samples and two controls with mix 1 and mix 2.
We had 8 dilutions for each sample and controls.

N2
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