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ABSTRACT

Artemisininbased combination therapy (ACT) is recommended -fimst treatment for
malaria in anumberof Sub-Saharan African§SA) countries.Recentreports of declinen
efficacyof ACT andemergence of ACT resistaftlasmodium falciparunsolates has raised
global health concern. The underlying mechanisms for the develomherdistance to ACT

is however, not fully understood. Naturally acquired immunit? tdalciparumis associated
with clinical protection again$ malaria and has been shown to influence efficacy of
antimalarial drugs. To what extent geisting naturally acquired immunity to malaria
affects efficacyof ACT remains to be established. The present study hypothesize that soluble
immune factors present in sera of malaxosed (immune) individuals enhance the efficacy
of ACT for treatment of uncomplicatdel. falciparummalaria.Therefore, the study aims to
determine the effect of serwaterived immune factors an vitro growth of P. falciparumby
serum from malaria immune and Rpnmune participants then correlate the effect of serum
derived immune factors an vitro growth ofP. falciparumin immune participatsand ACT
efficacy for uncomplicated malari@o test thenypothesis, sera from participants (n=118) (i.e.
immune sera) previously enrolled in a taon (i.e. artesunatmefloquine or artemether
lumefantrine), randomized opdgbel trial conducted in Kigmu Country, western Kenya,
were assessed far vitro growth inhibitory activity (GIA) of 3D7P. falciparumstrain, then
compared with poled sera from malaria naive volunteers (n=6) (i.e-imonune sera)Each
sample was divided into two portions fromhieh one was heat inactivated, and GIA was
performed at 10% and 1% serum concentration. Continuous vanabtescompared using
Mann Whitneytest and Oneway analysis of variancevi t h T u k e y. &pearnpao s t
correlation coefficient tesivas used taorrelate GIA and parasite clearance rate. Median
parasite clearance rate was used asoffuib assess treatment outcome, where fast clearers
(n=80) had parasite clearance slope-htf(PCt/,)above the mediaparasite clearance rate
while faster cleeers (n=25) had Pgtbelow the median parasite clearance rate. Serum from
immune participants significantly inhibitd®l falciparumgrowth compared to neimmmune p

< 0.0001). Heat inactivation further diminished growth inhibitacyivity of immune serdp

= 0.009. There was agendependent inhibitory activityp(> 0.05). In addition, GIA
correlated with parasite clearance rate after adjusting with age (< Syears vs > pyears (
0.0001). Further analysis showed significant positive correlation betw&k¥ and faster
parasite clearance in participants aged > 5ygars ({.02). The results of this study suggest
that serunrderived immune factors affect the efficacyA€T for treatment of uncomplicated

P. falciparummalaria.These findings will provide inght into improving on effective use of
ACT drugs (dosagdn area where malaria is endemic.
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CHAPTER ONE

INTRODUCTION
1.1.Background

The economic, health and social impact of malaria is profound suliSaharan African
(SSA) countries accounting for the greatest global bur@®rlO, 2016) According to the
latest world malaria report released in 20thére were 216 million cases of malaria resulting

in 445,000 deaths worldwiddWHO, 2018. Majority of malaria cas€80%) and associated
mortality (9.%) occurred in Sutsaharan Africa(SSA) (WHO, 2018) Furthermore, more
than two thirds (70%) of all malaria deaths octuchildren under 5 years of age in SSA,
malaria remains a major killer disease especially in children, taking the life of a child every 2

minutes WHO, 2018)

There are five species of the parasite belonging to the gasimodiunwhich causes human
Malaria.P. falciparum P. vivax P. malariaeandP. ovaleare the four human malaria spes;

which are spread from one individual to another by female mosquitoes of the genus
AnophelegWHO, 2014. Over theyears human cases of malaria have also been reported as a
resultof P. knowlesi,a specieghat causes malaria in monkeys, mostly found in Sea#t

Asia (SEA) (Jongwutiweset al, 2011. According to Snowet al (2001), nost deaths are
caused byP. falciparumand P. vivax while P. ovaleand P. malariaecause a generally
milder form of malaria which is rarely lethal in immune individuals (these refer to people who
are naturally exposed and infected wRh falciparum parasite) compared to némmune
individual (refer to healthy naivé. falciparum negative people with no history of malaria

infection) (Snowet al,, 2001 WHO, 2014.

In Kenya, malaria accounts for 30% of outpatigopulationand 19% of admissions to health

facilities. P. falciparummalaria is thecause oimorbidity and mortalitywith more than70%



of Kenyan populatiorat risk, espcially in western KenyaroundLake Victoria and the
Coastal region(WHO, 2014 Medline Plus 2018 Kapesaet al, 201§ most probably due to
the presence of water bodsich is a breedingroundfor mosquitoesThe surveystudydone
in Western Kenyaeported thabverall prevalencefor Kombewaof asymptomationalaria
parasitaemia was 38.3%nd all confirmed and registerechalariacasesin patients <5years

were 17% to 27%nd 9.9% to 20.7%eor patients>byeargKapeseet al., 2018).

Malaria treatment has witnessed both significant advancements and se@alckaguine

(CQ) was the most widely used antimalarial drug but the spread of resista@8&ied to a
rise in the disease burdentite 19804 Trapeet al, 1989 Zuckeret d., 2003. Although CQ
is no longer recomended for the treatment Bf falciparum it is the drug othoice to treat

P. vivaxandP. ovale (Alonsoet al, 2005 WHO, 2010.

Sulfadoxine pyrimethamine (SP) was replaced wi#hemnsinin-based combination
therapy (ACT) due to widspread resistancResistance to CQ and SP in Africa was first
reported in Kisumu(Kombewa) due higher prevalence of mutations at codons 86 and 1246
of the pfmdr gene (Zhonget al, 2008). However, it isstill being used as part of
intermittent preventive treatment of malaria in vulnerable groups such as pregnant

women, infants and childrgAlonsoet al, 2005 WHO, 2010

Artemisininbased combination therapy (ACT) was introduced first in Asia but is now
widely adopted inSSA and South America(EcksteirLudwig et al, 2003 Joetet al,
2003. Replacing ineffective, féng treatments (CQ and $Rvith ACT has reduced the
morbidity and mortality associated with malafizarneset al, 2005 WHO, 201§. The most
commony used ACT in 8b-SaharanAfrica is artemethetumefantrine (AL)(WHO, 2013.
Kenya adopted AL as the firBhe treatment for uncomplicated malaria following the
precipitous decline in the efficacy of & 2006 with efficacy at baseline estimated at 96%

which hasnot changd over the yeargOgutuet al, 2009 asevidenced by Ogutat al (2014)
2


https://vsearch.nlm.nih.gov/vivisimo/cgi-bin/query-meta?v%3afile=viv_v1voHP&server=pvlbsrch14&v%3astate=root%7croot&url=https%3a%2f%2fmedlineplus.gov%2fhealthtopics.html&rid=Ndoc1&v%3aframe=redirect&v%3aredirect-hash=1c0328f8877a073b1deb6c2718c3cc79&

when adherence to treatment regimen was higher in AL compardihytdroartemisiniin

piperaquine PHAPPQ (Ogutuet al.,2014)

Besides AL, WHO prequalified other ACTs, namely artesunateamodiaquie (ASAQ),
artesunatenefloquine (ASMQ), artesinatesulfadoxine pyrimethamine (ASSP),
dihydroartemisininpiperaquine (DHAPPQ) and Artesunddgronaridine (APD) which are

also widely used(WHO, 2010. The ASMQ combination has been the filige treatment for
falciparum malaria on the egtern border of Thailand since 1998hyo et al, 2012)
Artesunate was added to a failing mefloquine regimen, and the high effectiveness of the
combination (>90% day 42 cure rates) has been sustained since then, although evidence

suggests thatffectiveness is decreasin@drrara eal., 2009).

The resistance to artemisinins is due to mutation of the PfK13 propeller domain endowing the
parasites with an increased ability to enter a quiescentlstatimg to parasite recrudescence

as soon as dgupressure is removd@aloqueet al, 2016. The current status @afrtemisinin
resistance especiallyvhether it has spread beyond the Greaterkdhg sukregionsis
threatening malaria control and elimination effarésising a njar setback to health security
(WHO, 2014. Most severe potential efttswould occur in SSAwhere the disease burden is
highest and systems for monitoring armbntainment of resistance are inadequatéHO,

2014).

Acquired immunity is a key factor in determining the hgstrasite interactions and hence
influence treatment outcome that may enhance the efficacy afmubal drug regimen and

delay emergence of drug resistafiGeenhouset al, 2009Rogersoret al, 2010. Several

factors contribute to treatment failure in malaria such as poor compliance, inadequate dosing,
pharmacokinetic factors and/or resistarf¢eavassos & Laufer, 2009 Parasite load and
innate host resistance to malaria have been shown to influence treatment oiNdomgu

et al, 2009.



Studies have established association betwefalciparumspecific antibody responses and
malaria treatment outcomes with different drug formulati@ngouyet al, 2007 Enevoldet
al., 2007 Keh et al, 2012 Diarra et al, 2019 . Several studies havaso been done on
antibodies givig information that can guide vaccine developmébent et al.2008;
Cromptonet al.,2010; Roncet al, 2012; Wilsoret al, 2013; Boylet al, 2015; Adamoet
al., 2016) but currently there is lack ofeliable knowledge on nomantibody mediated

protection against malaria.

Serum contains neantbody immune molecules such asoperdin, complement system,
soluble major histocompatibility (MHC) moleculeshormonesand cytokinesthat might
mediate protection against malafislurphy and Weaver, 2017Properdinis the positive
regulator ofcomplementactivation that stabilizes the alternative pathway convertases and
tissue inflammation as well as the engulfifgpathogens by phagocytes (Hourcade, 2006).
The complemengystemenhances the ability of phagocytic cells to clear microbes (parasites)
and infected RBCs from the body pr omot es i nfl ammation and
membrane (Murphy and Weav@(17). Alternative pathway is not dependent on antibodies

(Hourcade, 2006)

Studies haveshown that complement plays a key role in immunity to malaria in conjunction
with naturally occurring cellular and humoral constituents of bl@®dyle et al, 2015.
However, the role of acquired immunity to malaria and efficacy of ACT drug is not fully
investigated Understanding possible determinants of ACT efficacy and developaient
resistance igrucial in understanohg the effect of preexisting acquired immunity on the
efficacy of ACT. This study aims to examine potential correlationvéen serumderived

i mmune factorsdéd activity and efficacy of

Kenya

A (
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1.2.Problem statement

Artemisininbased combination therapy (ACT) is currently used as thdifiestreatment for
malaria in most countries. Reported incidence ofstasce to ACTin SEA countries has
raised concerns on the lotgrm use of ACT in clinical management of nmaaglobally.
Therefore, it is essential to understand the underlying mech&mismergence and spread of
ACT resistance to guide the rational use of ACTs in endemic couriRggmrtedorevalence
of malaria in Kombewas 38.3% given that emergence @Q and SFn Africa was first
reportedin Kisumu within which Kombewa is locatethe emergencef ACT resistances
likely to occur in the same geographical localygt the driving factor to emergence of this
resistancés unknown. Naturally acquirdchmunity to malaria influences treatment cuttes

of some antimalarial drugs. Immune factors could influence ACT efficacy hence emergence
of drug resistanceAntibody- complementinhibition has been shown as prominent
mechanism mediating merozoite inkas Knowledge on norantibody mediated protection
against malaria is limited especially with A€Ih treatment of uncomplicate®. falciparum
malaria.Serum contains many immuri&ctors, whichmay influence the treatment outcome
of antimalarial drugg-urthermore, effect of serurderived immune factoran the efficacy of
antimalarial drugs including ACTsas not beelnvestigated.Therefore,this study seekso
evaluate theole of whole serumderived immune factors in enhancement of A€lficacy in

treatment of uncomplicatdel falciparummalaria in Western Kenya
1.3. Study objectives
1.3.1.General Objective

To determine the role of seruderived immune factors on ACT efficacy in treatment of

uncomplicatedP. falciparummalaria in western Kenya



1.3.2.SpecificObjectives

To determine the effect of seruskerived immune factors om vitro growth of P.
falciparumby serum from malaria immune participants and-imamune participants.

To ddermine the correlation betweeffectof serumderived immune factor&GIA) onin
vitro growth of P. falciparumin immune participantsind Parasite clearance ratAGT

efficacy) for uncomplicatednalaria.
1.3.3.Null hypotheses

There is no significant difference in the effect of serum delivedune factors om vitro
growth of P. falciparum between malaria immune participants and -momune
participants.

There is no correlation between the effect of serum derived immune fé&@&iédson in
vitro growth of P. falciparumin immune participants anBarasite clearance rataGT

efficacy)for uncomplicatednalaria.

1.4. Justification of the study

Malaria has a high econogyihealth and social impact il Saharan Africa (SSA) countries
(WHO, 2016).Malaria kills thousandsfgpersons especially children under 5 years in SSA
(WHO, 2018).Artemisininbased combination therapy (ACT) is the fiise treatment for
malaria in most of SSA countries. The recent reports demonstrating decline in efficacy of
ACTs and its resistance tBlasmodium falciparumisolates is therefore a global health
concern(Phyoet al, 2012).However, the underlying mechanism(s) for the development of
resistance to ACT is not well understood. Acquired immunitl.téalciparumis associated

with clinical protection and could enhance the efficacyAT (Rogersonet al, 2010).
Therefore, there is urgent need to understand determinants of ACT efficacy in anticipation of

emergence of resistance. Currently, there is no report on the effects ofdsued immune



factors to treatment of ACTs. Understanding the effetenfimderived immune factors to
treatment of ACT is important because it will yield crucial insight into the immunological
determinants of ACT efficacy and guide rational use of ACT for uncomplicated malaria
especially in malaria endemic settings, preventeath and economic burden associated with

malaria.

1.5. Significance of the study

The findings of this study will potentially enable the identification of determinants that may
assist in enhancement of ACT efficacy. By understanding the developmesgisifince to
ACTs, this will inform both local and international policy makers regarding ACT use for the
treatment of uncomplicateld. falciparummalaria. This study will benefindividuals living

in malara endemiareas directly or indirectly if the findingge implemented by policy and
decision makers resulting in reduction of malaria transmission and eventual eradication. The
results will further enhance Molecular biologists understanding on the biomarkers of ACT

efficacy for the treatment of uncomplicatedfalciparummalaria.

1.6.Limitations of the study
The presentstudy focused only on serudeiived immune factors and correlatioa ACT
efficacy due totime andfinancial constraintsHowever, additional factors may determine

treatment outcome. Furthstudies maye required to address the gap.



CHAPTER TWO

LITERATURE REVIEW

2.1.Global malaria transmission

Malariais still a major cause of morbidity and mortality in tropical and subtropical regions of
the world leading to A million clinical episodes that led to48,000 deaths globallpwVHO,

2018. Many of maaria cases (88%) occurred in SSA, followed by the SEA (10%) and then
Eastern Mediterranean (2%). Equally it was approximated ,that most de#ihfs (92016

were in SSA, followed by SEA (7%8nd then Eastern Mediterranean (ZWWHO, 2018))

In addition, more than two thirds (70%) of all malaria deaths occur in children under 5 years
of age inSSA, taking the life of a child every 2 minut&§HO, 2018). In 2015, 91countries
hadongoing malaria transmission, putting 3.2 billion people at(fsure ) (WHO, 20186.
Although prevention has become an ever more vital strategy for control and eradication of
malaria in developing countries, effective treatment outcome remaifigndamental

component of malaria adication Tanneret al, 2019.

Countries endemic for malaria, 2016 I Countries endemic in 2000, no longer endemic in 2016

[ Countries not endemic for malaria, 2000 Not applicable

Figure 1. A map showing ountries endemic for malaria between 2000 and 2016
(Adapted fromWHO, 201§.



Funding for malaria control and elimination efforts has leveaddince 2010, with US$ 2.7

billion invested in malaria programmes globally in 2016 (WHO, 2018)SSA malaria case
management cost is averagely US$ 300 million each W&tO, 2015. Thereforegreater
awareness of threat and development of system to minimize increased number of cases are
key b malaria control and reduction of increasisk (WHO, 2015. In 2015 the government
endorsed a strategy specifically to deal with this thbgaR015 to 2030sincethree years

from 2012 to 2015 six countries reduced malaria cases by 54% and death by 84%elsit the

still a long way to go to achieve eradication, however new means of treatment are urgently

neededWHO, 201§.

2.2.Etiology of malaria

Malaria is a potentially lifehreatening disease caused by infection wRlasmodium
protozoa transmitted by infective female anopheles mos§uitéO 2014) There are about

400 different species of Anopheles mosquitoes, but only 30 of these are vectors of major
importance(DaReet al, 2007 Collins et al, 2012. There are five species of the parasite
belonging to the genuBlasmodiumwhich causes human Malaria namély falciparum P.

vivax P. malariae,P. ovaleandP. knowles{Jongwutiwest al, 2011 According to Snowet

al (2001), nost deaths are caused By falciparumand P. vivax while P. ovaleand P.
malariae cause a generally milder form of malaria which is rarely lethal in immune

individuals compared to nemmune individualSnowet al, 2002).

2.3.Uncomplicated malaria

Malaria can be categorized as uncomplicatedoonplicatedsevere) malaria(WHO, 2013.
Uncomplicated malaria is symptomatic infection without signs of severity or evidence of vital
organ dysfunction(WHO, 2013. A treatment drugfor uncomplicated malaria should
effectively eradicate parasites or reduce the parasite biomass to an acceptable point that the

body can cope with the infection by its own immune defewbéch is not the caseurrently
9



(White, 2009. Symptoms of malarial infection are nonspecific and may manifest as a flulike
illness with fever, headache, malaise, fatigue, muscle achdigrrhoea and other
gastrointestinal (Gl) symptom@NVhite, 2002. In this case, mmune individuals may be
completely asymptomaticranay present with mild @emia but wnimmune patients may
quickly become very il{Waltheret al, 2008.

Policy-makers find it hard to get an afftable and effective treatmenthich can rapidly

control parasite resistancgWinstanley, 200Bioland, 200). Chemotherapy and
chemoprophylaxis are the primary means of fighting malaria parasite infectidres lrnan

host. Synthetic antimalarial drugs were introduced 70 years ago and only a small number of
compounds have been found suitable for clinical use, and this limitation has been severely
compromised by the spread of drug resistant parasite s{plimstanley, 200; Bioland,

2001).

Resistance develops by the selection of spontaneous mutations which give survival advantage
in the pesence of the drug, antimalarial drsgeh as CQ and SWHO, 2005 Zhonget al,,

2008 with long halflife elimination phases favour this selection procédstkins &
Mosobo, 1993 where resistant parasites survive and multiply when the concentrations of
drug in the blood of the patient are below the threshold required to prevent multiplication rate
Therefore it is of the essence to keep an eye on different partner dadybke ACTYWHO,

200%) drugs with Short halfife with high efficacy needs to be protected from longer acting

partner drugs to prevent development of artemisinin resis{sivid®, 200%).

According toWHO (2015 children and adults with uncomplicat&dfalciparumshould be

treated with ACTsbecause it is a combination of a rapidly acting artemisinin and a longer
acting partner drugn these caseremisinincomponents rapidly clears paraditem blood

and acts against the sexual stage of parasites that mediates onwards transmission to
mogjuitoeswhile the longer acting partner drug clears the remaining parasites and provides

10



protection against development of resistance to the artemisinin derivatipestareatment
prophylaxis. The five ACTs recommended for treatment of uncomplic&edalciparum

malaria are AL, ASMQ, ASS®BHAPPQandASAQ (WHO, 2015.
2.4.Malaria immunity

The complex interplay of parasite proteins with thenume system of the host hasde it
difficult to develop an effective vaccine against the dis€aseghorneet al, 200§. During
its complex, multistage life cycle, the malaria parasite not only expresses a great variety of
proteins at different stages, but these proteins also keep changindLafteyhorneet al.,

2008).
2.4.1.Innate immunity

Innate immunityis an immediate inhibitory response against the introduction of the parasite
to the hos(Murphy and Weaver, 2017Jhese immediate defenses include several classes of
preformed soluble molecules that are present in extracellular fluid, blood, and epithelial
secretions and that can either kill the pathogen or weaken its @fagbhy and Weaver,
2017) Acute malarial infection induces immediate, rgpecific immune response that tends

to limit the progression of disease, although humoral and cellular meofsarof this

6nonspeci ficd def(avensortal, 200dpoor |l y defi ned

Immune cells in innate immunity include Dertdricells (DCs), monocytes, macrophages,
natural killer (NK) cells, natural killer T cells and ganwah@ta T cells(Stevensoret al,

2004. When DCs or mocytes and macrophages come across a pathogen they release
cytokines such as interleukin (H12, IL-15, IL-18, TNFU a n ¢ Ul BAxavanis

Tsakonas & Riley, 2003

The NK cells in peripheral blood produce Interfegamma in response

to Plasmodiuninfected erythrocytes, leading to parasiticidal macrophage activation and
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development of adaptive immune responsEarther there is production of the pro
inflammatory chemokine, Interleuki®, that in turn plays role in the recmignt and the

activation of other cells during malaria infecti@tevensoret al, 2009.
2.4.2.Acquired immunity

Acquired immunity is important in enhancing success of treatn@riidren born to immune
mothers are protected against disease during their 6 months of lifeateynal antibodies
(Perlmann & TroyeBlomberg, 2002Denise, 2009 This passive immunity is followed by 1

or 2 years of increased susceptibility before acquisition of adaptive immuihigyrisk of

clinical disease increases within the first 6 months of age, depending on the transmission rate
(Perlmann & TroyeBlombeag, 2003. At 3 to 4 months of age, infants become susceptible to
severe disease and dedtbarter & Mendis, 2002Perlmann & TroyeBlomberg, 2002

Kumaretal., 2007 Denise, 200¥.

Acquiredimmunity against malaria develops after infection and its protective efficacy varies
depending on the characteristics of the host, transmission intensity, and number of infections
suffered (Cadr & Mendis, 2002) It has been graded as adisease immunity, anparasite
immunity, and sterilizing immunity. Netmmune individual commonly develops an acute
clinical illness with very low levels of parasitemia and the infection may progress if not

treated Langhorneet al., 200§.

Anti-disease immunity develops after a couple of more infections and causes suppression of
clinical symptoms even in the presence of high parasite deri3aglgn et al., 2009.
Frequent and multiple infections slowly lead to the developroémintiparasite immunity

that leads to very low or undetectable parasitemia. Although sterilizing immunity is never
fully achieved it results in a high degree of immune responsiveness, low levels of parasitemia,

and an asymptomatic carrier status (Ca&eMendis, 2002). This kind of immunity is
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mediated directly by the presence of the parasites themselves and not previous infections
(Doolanet al., 2009; Carter & Mendis,2002. On the other hand, people living in unstable
endemic areas tend to acquireyophrtial immunity(Carter & Mendis, 2002Perimann &

Troye-Blomberg, 2002Kumaretal., 2007 Denise, 2009

The level of antimalarial immunity influences the clinical outcome of the disease in different
locations and age grougé@bdoulayeet al 2003) Studies conducted by Abdoulaye and the

colleagues in Mali suggested that host immunity plays a critical role in the clearance of
resistantP. falciparuminfections and that the ability to clear these resistant parasites is

strongly dependent on age (Abdiye et al2003).

The potential surrogates of acquired immunity include age, malaria transmission intensity,
HIV infection and pregnancy that lead to treatment faillMerozoite surface protein 1
(MSP1), apical membrane antigen 1 (AMA1), erythrocyte bigdantigens (EBAs) anB.
falciparum reticulocytebinding homologues (PfRh proteins) are implicated as important
targets of acquired human inhibitory antibod{&anet al, 1999 Hodderet al, 200) .
Polyclonal or monoclonal antibodies can also inhibit erythrocyte invasieitro (Narumet

al., 200Q Hodderet al, 2001).

The host 6s Plasaliom falgparunmed klobdecell{PfRBCY, particularly in
nornrimmune people, can contribute to the pathology of the disease, but with immune patients
the response is highly effective at moderating the clinical effects of infection and reducing

mortality (Langhorneet al,, 200§.

Complexity of immune response that underlies naturally acquired malaria itgnmsira
poorly understood process that likely involves several immune effector mechanisms
(Langhorneet al, 2008) Recently Wilsonet al, found that the percent of GIA in infants

increased from six months to one year as a reflection for beginning of acquired immunity
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(Wilson et al., 2013) A longitudinal study conducted in Mali on individual aged 2 to 10 and
18 to 25 yearseported that natally acquired and vacciAeducedP. falciparum specific
antibodiesinhibits the growth ofP. falciparum that marginally correlated with malaria
incidenceafter adjusting for agéCromptonet al, 2010).Additionally, the study suggesthat
antibodies which inhibit the int/RBC growth of the parasite contribute to but are not

sufficientto confer protective immunit§Cromptonet al., 2010).

This was also confirmed bBoyleset al,(2015) in malariaexposed children from Kenyan
and Papa New Guinea reportethat majority of human antibodies require complement
factors to effectively inhibit merozoite invasionThey alsoreported that heat inactivated
serum could not effectively inhibit merozoites invasion, after incubation in normal serum
there was inhibition, but sera from malanaive donors could not inhibit merozoites when

normal or heat inactivatg@oyles et al, 2015.

A crosssectional survey study conducted in Tanzania on plasma samples from people aged
between 184 years reported that majority of plasma samples inhibited the growth of 3D7
parasite strain (Ronet d., 2012). The significant association between GIA and risk of
malariais reported only by studies that use 3D7 parasite line as in this study and two others
(Cromptonet al, 2010;Ronoet al, 2013, this shows that GIA as well as its association to

protection from malaria is dependent on Ehéalciparumline.

Similarly, a studyby Chulayet al, conductedon three owl monkeys immunized against the
Camp strairof P. falciparumtreated with chloroquine reported that purifiedmunoglobulin
G (1gG from immune serum caused a daspendent, timeependent inhibition oh vitro
parasite growth and that heaabctivation eliminated nonspecific inhibition by normal

monkey serum witout diminishing immune inhibition (Chulagt al., 1981)
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Hastings and Watkins (2005}ated that acquired immunity is affected by transmission
intensity, suggesting that transmission intensity has an indirect effect on the development of
drug resistancgHastings and Watkins, 2005)ransmission intensity influences treatment
efficacy of malaria drugssuggesting thatn low transmission settingsentomological
inoculation rate is also low theacquired immunityis low, treatment efficacy is highince

few parasiteavailablecan be cleared from the bo@yowkeset al, 2016) In this context, the

rate at which immunity is acquired is low

A longitudinal study conductedby Ataide and colleagues1 Thailand reported thata
population with low levels of blood stage immunity would not effectively eliminate mutant
parasitewhich thentransmit resistant parasitieat influence thémmunity, hence Reductions

in malaria transmission decrease naturally acquired immunity (A¢tiale 2017).

Adults living in high transmission region acquire partial immunity to infectioi children
living in the same region aratlultsfrom low transmission settings, lack protectiv@nunity
(Djimde et al, 2003. Pehaps that is why infection afiorrimmune individuals leads to
symptomatic diseaséLanghorneet al, 2008, whereas immune individuals often clear

infection with P. falciparumwithout drugtreatmen{Djimde et al, 2003.
2.4.3.Cellular immunity

Cellular immmune response involves the adaptive immnmagponse in which antigespecific T
cells play the main role in controlling and eliminating the infectiois Bssential to induce
strong cellular immunity against target blestdge antigens, in conjunction with functional

antibodiedo control pathogei ¢ st age of t H(\Walthetrala2006t eds | i f e

CD4+ T-cells are essential for immune protection against asexual blood stages in human

malaria as well as providing essential help for B cells to polarize induction of cytophilic IgG
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subclasses that mediate antibabipendent cellular inhibitioria monocyes or antibody

dependent respiratory bukga neutrophilgWaltheret al., 200§.

In addition, splenic macrophages are activated for improved opsonisation of infected RBCs as
well as production of prinflammatory parasiticidal cytokinggValtheret al, 200§. CD8 T-

cells have important effector functions in faethrocytic immunity which contribute to
protection against severe malaria as well as targeting hepatd@ieairing developing
merozoites at the late liver stage and may regulate immunosuppression in acute malaria and

dowrrmodulate inflammatory respons@¥altheret al,, 2006.
2.4.4. Humoral immunity

Humoral immunityis mediated by macromolecules found in extracellular fluids s@sh
secreted antibodies, complement proteins and certain antimicrobial péptides/ay, 2001).
Humoral immunity involves substances found in the humours, body fluids, antibody
production and the accessory processes like Th2 activation and cytokines production,
germinal center formation and isotypes switching, affinity maturation and memory cells

generation (Janewag001).

IgG1 and IgG3 are cytophilic and T cell dependent, have high affinity for Fc receptors, and
medi ate phagocyte acti v@etzgerat ala20@3. ltchasnbgdne me n t
suggested that IgG3 is more efficient at mediating these prodéssiegeret al, 2003. The

study conducted by Ndungu in Kilifi Kenya found out that acquisition of clinical immunity in
subjects exposed to endemic malaria correlate with a qualitative change in IgG subclass
antibodies tdP. falciparumanddifferentmerozoite antigens induce relatively different levels

of IgGlandigG3 (Ndunguet al.,2002).1t involves a gradual aggependent switch from IgG

2 to 1Ggl and IgG3 subcla@édunguet al.,2002).
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A study by Dent and colleaguasWestern Kenya on the relationship betw@erialciparum
protein microarray and antibodies revealed that the overall magnitude and breadth of antibody
responses among adults was greater thanirthetildren (Dent, et al 2008). This confirms

that antibodieslevelop gradually after years of exposure to the parasite (€eai003
2.5.Determinants of antimalarial efficacy and resistance

According toGalandrinand colleaguesdfficacy of a drug is generally determined by the

dr ug 6 s toappomadte @ yuantifiable biological resgen(Galandrin et al, 2007)
Therapeutic efficacy studi es ar e prospect.
parasitological responses to directly observed treatment for uncomplicated malaria, These

studies areised asn alert to emergence of drug resistafuelO, 2009.

The efficacy of antimalarial drugs is determined by the level of parasite susceptibility,
antimalarial drug bioavailability or pharmacokinetics and host factors including immunity.
Host immunity influence antimalarial drug efficady has been pointed otihat declining
levels of immunity may have contributed to the decreased clearatiecebserved in SEAnd
have been confused with changes in drug sensitisitgl (Dondorpet al, 2013 Krishna &

Kremsner, 2013).

In a longitudinal study conduateby Ataide and colleagues reportéoet immunity to P.
falciparum predominantly declined prior to the emergence and expansion of artemisinin

resistance due to declining malaria transmiséiiaideet al, 2017)
2.6.Drug pharmacokinetics and pharmacodynamics

Watkins and MosobdWatkins et al, 1993 highlighted the importance of antimalarial
pharmacokinetics, notably, the drug's terminal elimination-Iifalft;, in determining the
selection pressure driving the spread of rasist. As highgrade resistance to antimalarial

drugs is usually a stepwise process and rarely occurs with a single genetic, de novo selection
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is more likely to occur when a large infecting parasite population is exposed 410 sub

therapeutic concentrations afsingle antimalarial drugyVhite, 2002.

The resistant parasite will survive amulltiply when the concentrations of drug in the blood
of the patient are below the threshold requit@ghreventmultiplication rate ofthe resistant
parasites.Eventually the resistant population-egpand as the drug is eliminated and
concentrations fallurther, causing a recrudescence of the infection and, critically, producing

gametocytes for transmissi@Barneset al, 2005.

2.7.Immune responses
The immune response is how your body recognizes and defends itself against bacteria, viruses
and substances that appear foreign and harmful by the immune system destroying them

(MedlinePlus 2018).
2.7.1.Immune responseand antimalarial drugs

Advancement of antimalarial drug resistance is a major threat for malaria cadrtieol.
efficacy of antimalarial drugs is determined by the level of parasite vulnerability, antimalarial
drug bioavailability and pharmacokinetics and host factors including immunity. Positive
contribution of host immunity to the therapeutic response to alatimladrugs has been
recognized for nearly a centufyanghorneet al, 2008. Immune individuals are more likely

to respond well to antimalarial treatment aeduire shorter treatment regimens even when

drugresistant parasites are preseaviewed in (Rogersoet al.,2010)

In vivo resistance ofP. falciparum against antimalarial drugs is determined by rapidly
increasing, persistent, or recurrent parasitemia. Lack of clinical response after treatment
depends on not only the ability of the parasite to escape antimalarial drugs via resistance
mechanisms, but also host factors such as the immune responses thd®.afidparum

survival (Wellems & Plowe, 2001 Antimalarial drugs should be effective in patients from
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all age groups, but studies done in Galjiremsneret al, 194) showed an association
between the age of the patient and the degree of therapeutic success. In Gabon increased
levels of antiMSP1 IgG1 were associated with improved efficacy of SP in chilghkaebouy

etal., 2007.

Study conducted in Thailand by Monatrakul ammdleaguegMonatrakulet al, 2010 on the

effects of immune plasma on parasite growth and susceptibili® &lciparumto quinine

and artesunate revealed inhibition of parasite development and multiplication thus increases
vitro antimalarial drug susceptibility oP. falciparum (Monatrakul et al, 201Q. Studies
performed in SenegdRobertet al, 2000 and ThailandMayxay et al, 200]) on antibody
responses against asparagat@nine and asparagHpeoline repeats of the circumsporozoite
protein and ring erythrocyte surface antigen, respectively, were elevated in patients who were
treated successfully, compared to patients with treatment resistant infébMeny et al,

2001).

According toAdjuik et al (2002; in Lambaréne” (Gabon), the efficacy of amodiaquine for
the treatment of uncomplicated. falciparum malaria was evaluated in two domized
clinical trials. Amodiaquine was compared with arteswaat@diaquine in one trigAdjuik

et al, 2002 and with Atovaguong@roguanil in another triglAdjuik et al, 2003. Treatment
success wh amodiaquine was clearly associated with an increase of age among Gabonese
children @djuik et al, 2003. In the cohort of children treated with amodiaquine, to
investigate the influence of pexisting mmunity to P. falciparumMSP-1 on treatment
efficacy, a few parameters were considered in evaluating anti-M&mrtibodies in both
groups of patients (cured and romred); prevalence of detectable IgG antibodies and relative
levels of the antibodiesA@juik et al, 2003. The prevalence of aifMSP-1 antibodies was
similar among patients with either parasitological or clinical cure after treatment revealing

that humoral immune responses play a supportite mo the efficacy of amodiaquine
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treatmeniAdjuik et al, 2003. Theextracellular spaces are protected by the humoral immune
response in whichantibodiesproduced by Bcells causethe destruction of extracellular
microorganism and prevent the spread of intracellular infectimagtralizethe pathogen by
binding on thegpathogen and facilitating uptake of the pathogen by phagocytic(dafisway

et al, 2001).

According to Alker et al 007, P. falciparum Chloroquine resistance transporter gene
(PfCRT) andP. falciparummultidrug resistance 1 gefefMDR1)mutations, for example, are
associated with treatment failure, but these mutations are often found in patients who respond

to treatment(Alker et al, 200). I n 2014 mutations in the #fAp
P.falciparum Kelch protein encodeadn chromosome 13kélchl3 were identified as a

genetic marker of artemisinin resistance (Askdegl,2014; Arieyet al, 2014; Ghorbatt al,

2014)
2.7.2.Immune responseand ACT efficacy

Artemisinin resistance is characterised by slow parasite clearance (Bbed| 2008;
Dondorp et al, 2009; Stepniewskat al, 2011). The parasite clearance hiife can be
estimated from frequent parasite density counts in patients with initial parasite densities of
1000 0 0 p ar alsof bloedsor gpeataef-leg et al, 2011). ACT resistance phenotype has
been attributed to mutations kh falciparumgene (PF3D+1343700) encoding {3 propeller
domain. This is currently the best molecular marker of artemisinin resistareg et al,

2014. However, studies that established this marker were all conducted iifA3iEp et al.,

2014 and sudies done in SSAave documented low frequency reyNnonymous mutations

in the K13 propeller domaifMaigaAscofare & May, 2016Kamauet al, 2015.

The main possible way to increase drug effectiveness is by regimen changes, typically

increasing the total dage given to patients and/or changing dosage patt&rrnstudy
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conducted toAfrican childrenon efficacy and safety reported that a six dosartemether
regimen was more effective compared to four dose regitefavreet al.,2001;Van Vugtet
al., 1999) weighing (525 kg) The coartemether skdose regimen, treating acute
uncomplicated falciparum malaria in African children, achieved rapid pachsieance and a
high cure rate anddatment was generally safe and well tolerdteadadeet al 2006). Given
the concernon artemisinin resistance threatening the therapeutic effectiveness of AGTs
imperative to properly design a surveillance strateQyerreliance onmadaria parasite
clearance rateas a measerof drug effectiveness and asr&illance tools for detecting the

presence of potential artemisinin resistasiteuld bechangediflastingset al.,2015).

According to Boyleset al (2015) complement plays a key role in immunity to malaria
combined with naturally occurring cellular amdimoral constituents of blood. mibodies

from malaria exposed individuals enhanced complement fixation on merozoites hence greater
inhibitory activity andmajority of human antibodies require complement factors to effectively
inhibit merozoite invasigiBoyle et al, 2015. Studies conducted in malaria endemic areas
have reported thaP. falciparum exposure is associated with growtiibitory activity

(Bolad, 2003 McCallum et al, 2008 Murhandarwatiet al, 2009 Perrautet al, 2003,

MSP1Z specific Murhandarwatiet al, 2009 Eganet al, 1999 and AMAIl-specific(Miura

et al, 2008 Nair et al, 2002 Hodderetal., 200) and IgG fractions.
2.7.3.Non-antibody immune factors

Immune factors are small moleculpslypeptides, whichmainly secretebiological activity
making regulative role in immune recognition and respdosmalaria infection(Hongwei,
2009). Serum proteins besidesother functions regulate cellular activity, act as enzymes,
complementcomponentsand proteaseinhibitors or kinin precursors(Sanuiet al., 2017).

Someimmune factors are not dependenton antibodiessuch as Soluble MHC molecules,
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properdin, cytokhes, complement system but yhenhance the function of the antibodies

when activateqHourcale, 2006).

Soluble MHC molecules in serum regulates the immune response by competing their surface
counterparts and consequently altering signal transduction pathways evokezklsy dpon

binding to the equivalent-€ell receptor (TCR) (Bakela & Athanadss, 2017).

The complementsystemis a part of thémmune system that enhances the ability of
phagocytic cells to clear microbéparasitesland damaged cell§nfected RBCs)from an
organi s m, promotes inflammation and attacks
Weaver, 2017)Whenthe system istimulated by one of several triggepsotease the
systemcleave specific proteins to releasgtokinesand initiate an amplifying cascade of

further cleavages Janeway et al, 2001) Cytokinesareinvolved in regulation of

inflammatory and immuneesponseduring an infectior{Dunnaet al.,2005).

Properdinis a positive regulator ofomplement activatiorthat stabilizesthe alternative
pathway convertasesissue inflammation and engulfs pathogens by phagocyteshitits

theFactor Hi mediated cleavage of C3b by Fact¢Hburcade, 2006).

The branch of complement system known as alternative pathway is not dependent on
antibodies, it is activated bylgA immune complexes and bacterial endotoxins,
polysaccharides and cell walls resulting epsonins, chemotactic factors and membrane

attack complex which fight malaria parasitdourcade, 2006).
2.7.4.Immune complexes

An immune complexsometimes called antigenantibody complexis a moleculeformed
from the integral binding of aantibodyto a solubleantigen(Cushet al, 2005).The bound

antigen and antibody act as a unitary object. After an anigghody reaction, the imune
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complexes can activaisomplementdeposition,opsonization(Goldsby, 2002)phagocytosis

or processing bproteases

Immune complex formation and deposition play a parseneraldiseases. The relevant
antigens include exogenous antigens (e.g., drugs, foreign proteins, vaccines); infectious agents
(e.g., bacteria such as staphylococci, streptococci, mycoplasma, treponemes; parasites such as
plasmodia, Toxoplasma, Schistosoma; s#&s such as hepatitis B, EpstBarr,
cytomegalovirus); eogenous or sefintigens (Systemic lupus erythrocyticSLE),
cryoglobulinemia tumor antigens)Hggletonet al, 2015).IgG and IgM are the two major
classes of antibodies involved in immune complex formatidms, immune complexes
composed of more than one antigen molecule and-tink&sl latticewise by gveral bivalent

IgG molecules are often capable of effective complenpathway activation. Similarly,
immune complexes composed of IgM antibodies gelyeiraduce very effective, complement
component activation (Williams, 198I)hese IgGmmune complexes have been shown to

be immunomodulatory and can regulate both innate and acquired immune responses. Ligation
of activati ng Fc o Rimmnunecongplexeoreshltaig makedsyppresgidh

of IL-12p40 production, a cytaké that plays a crucial role in Thl differentiation (Sutterwala

et al, 1997)

Ag/Ab complexes
i o Lysosomal enzymes
O

Pinocytosis of immune complexes by a macrophage leading to release of lysosomal enzymes.

Figure 2: Role of immune complexes in malariadapted fromMohammed 19832).
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Severe anaemia is one oetmost lethal complications &. falciparummalariathat develop

from uncomplicated malaridue toantigenrantibody complexesRed blood cells (RBSs) from
children with severe malarial a@mia are deficient in complemie regulatory proteins
(Mohammed, 198R A casestudy was carried out to determine whether these deficiencies are
acquired or inherited and the relative contribution of these compleragulatory protein
deficiencies, it was reported thanhmune complex level and the parasite dgnsvere

significantlyassociated to the developmensefiere malarial anemidphammed, 1982

Immune complexes are also capable of activating various cells such as platelets, neutrophils,
macrophages, eosinophiandlymphocytes, whichmay interfere with celmediated immune
response(Fig 2) (Mohammed, 1982 Immune complexes havbeen implicatedin the
immungathology of malaria infection in botbxperimentala n i mstudiéssand human

infection (Mohammed, 198R The role of inmune complexes has beentablishechamely

mal ari al anaemi a, cerebr al mal ar i EBhnome@alyu ar t an

syndrome irclinical situations
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CHAPTER THREE

MATERIALS AND METHODS
3.1.Study Site

Thispr oj ect was conducted i n t lneviveanain-\arm t of |
efficacy of artemisinin combination therapy in Kisumu County, Western Ke(Bfa Dr Ben

Andagalu, KEMRI/WRP, Sponsor: GEIS, US Rejmentof Defense This laboratorybased

study was conducted using specimens obtained from patient support health facilities in
Kombewa Kisumu West) Sutlzountyin Kisumu CountyWestern Kenya Kombewa CDC)

(Appendix J.

Under the new devolvesglystem of government in Kenytne HDSS area how encompasses
Semesub-county and a portion of Kisumu West satunty. Previously, this used to cover an

entire district (Kisumu West District) made up of two administrative areas (Kombewa and
Maseno)lt lies between longitudes 32 4 6 034 1 6 300 E, atld 613®tWiINt ude
0°116300S, at an average a(Tunietal @@6).&odmbevad 0 O m a
SubCounty is a 369 square kilometre rural area located near Lake Victoria in the western part

of Kenya, The HDSS currently monitors a population of 141,956 individuals drawn from
34,718 householdgSifuna et al, 2014) The languages spoken in this area are Luo
(predominant ethnic group), Kiswahili and Englithas a long rainy season in April through

June and short ir@s in August through October. Kombewa has perennial transmission of
malaria and the most intensive transmission occurs during long and short rain §8dsoas

et al, 2014)

Noniimmune serum was obtained from naiRe falciparumnegative people with no history
of malaria infection irKericho and NairobiNational malaria control program that catalogues

malaria pattern countrywide have shofiwe malaria zones including low risk zone that is
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malariafree (Medline Plus 2018. Kericho andNairobi belong to these regions, especially for

natives of these are@&ppendices 3 and 4
3.2.Study Design

This study ispart ofa two-arm randomized opelabel trialstudy conducted from 1®March
2013 to 18 March 2014 to evaluate the role of sergmrived immune factors to ACT
efficacy in treatment of uncomplicateB. falciparum malaria (Appendix 2) Patients
presenting with uncomplicated malaria were treated with either artesuefltajuine
(ASMQ) or artemethelumefantrine (AL),although serum used for the study was collected

(Day 0) before administration of the drugs
3.3.Ethical Approval

This study was approved by the Kenya Medical Research Institute (KEMRI) and the Walter
Reed Army Institute of Research (WRR)I institutional review boards (protocol numbers:
KEMRI SSC 2518, WRAIR 1935)Appendix 2) Personal identifiers such as name, national
identification numbes were not used for data entridsut the study number to maintain

confidentiality(Appendix 2).
3.4.Sample Sze determination

Samplesize was calculated using tHermula to test the equivalence between the test

treatments (AL and ASMQ)Chowet al.,2003).

@ y ® zApp AP NCP NG
AP ng

Where;

Zyjbs the critical val ue of t he Nor mal di stri

0.05and the critical value is 1.96)
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Zpis the critical val ue of the 80%mab dssoOr P

the critical value is 0.84)
p; and p are the expected sample proportions of the two groups.

The Expectegroportion for AL was 0.62 and ASMQ was 0.37 based on the proportion of

patients who would remaiparasitemic 24 hours after thetof treatment Giggset al.,

2016)
& PR THIT 2 TCP THC T Xp TW X
T ¢ T& X
VP LW

Minimum sample size required for each study arm was approximatghatiénts, whichs
in agreement with the WHO recommendation of a minimum samplet&@ subjects for a
single arm study (WHO, 2003). The sample size of 59 subjects per study arm allowed 118

subjects for the two study arms to be analyzed as separate single arm studies.
3.5.Sampling procedure

Patients were recruited using simple randsampling techniqueA block randomization

scheme with varying block size was used to prepare a randomization list of treatment
assignments placed in sequentially numbered sealed opaque envelopes; each subsequently
enrolled participant was allocated the nhewailable envelope containing the treatment
assignmen(Artemether LumefantrinfAL) or ArtesunateMefloquine ASMQ) arm) to avoid

biasnesgAppendix 2)
3.6. Study population

Patients residing within the study area, presenting with uncomplicated medaeiaecruited.
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3.6.1.Inclusion criteria

Adult/ child aged between 6 months to 65 ygangiimum weight 11kg), patients presenting

with a measr ed t e mper &t ar historycof feve 3within524 hours prido
presentation were includeMono-infection with P. falciparumwith baseline parasitemia of
2000- 200,000 asexual parasites/ul was also considered. In addition, adults who were able to
provide informed consent in writing arglbjects aged 1B7 years apart from parental
consent were required to provide assddbwever patients who were unable to read
underwent consenting process in the presence of an impartial wiressy, willingness and

ability of patient to comply wit the study protocol for the duration of the stadywell as

being able taemain in the hospital for 3 days was includéde donors remain on the bed for

30 minutes after providing blood and served refreshments in accordance with blood donation

campaigrregulation(Refer appendix 4)
3.6.2.Exclusion criteria

Subjects presentingigns of severe malaria or severe anaemia defined as hemoglobin level
below 6 g/dl were excluded. Also excluded patients had presence of Riaschodium
infection, moneinfection of nonfalciparumPlasmodiunor Inability to take oral medication.
Furthermore those patients with history of allergy or contraindication to the study treatments
were not allowed. Finally lactating or pregnant female were not allowed either incluging an
condition that the study team felt would resuit an unfavourable outcome latdReffer

appendix 4).
3.7.Data collection

Study teams usedtsispecific data collection tools to collect data as case report forms. These
tools were completed by studgams only and no data was transferred from hospital records

to study data collection document
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3.8.Sample collection

Serum samples used in this ssthdy were previously collected from tipea t i lelood 6 s
collected inefficacy study and stored at the KEMWRP laboratory in Kisumu together with
RBC pellets and non immune seri&ppendices 6 and 7Blood samples were collected in
an aseptic mannen day Oby trained study stathrough venous puncturé. volume of 2ml

of serum was obtained upon separation from each subjectOdmdl from each serum

collected was utilized in the studppendices 6 and 7)
3.9.Preparation for Reagents
3.9.1.RedBlood Cells

Red blood cells were obtained from bloofitained under the bloodollection protocol
approved by KEMRI and WRAIR ethical review boards (KEMRI SSC 1330 and WRAIR
1919) (Appendix 3)donated byO positive donors residinigg nornrendemicregiors (Nairobi

and Kericho) whdiad not traveled to malar@@one area within the previous 6 montikis

blood was subjected to confirmatory ABO blood grouping tests using blood typing kit and
malaria parasite slide (MPS) test. If negative for MPS,bllbed was transferred to EDTA
blood collecting tubeand lept at 28°C. The RBG were used in growin@. falciparum

parasites
3.9.2.Non-immune Serum

Serumwas obtainedrbm bloodobtained under the blood collection protocol approved by
KEMRI and WRAIR ethical review boards (KEMRI SSC 1330 and WRAIR 19Appendix

3) donated bysix adult males volunteemged between 18 and 65 yewith blood groups A,

B and O(Pooled serumjesiding in Nairobi or Kericho (nonendemicregions)and had not
traveled to malarigrone area thin the previous 6 month® donated blood within the last 8

weeks(Ataide et al, 2017) They had a hemogl odnd abovgtesiee |
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negative formalaria parasite slide test (MPS) and had consented to participate in the study
after beingsubjected to blood grouping tests using ABO blood typing kit, MPS test and
Haemoglobin level testSerum enrichment was obtained from whole human blood collected
in plain (anticoagulant free) blood bags from each donor, which was store® &C2
overnight to allow setting of the serum and cells portions. Serum was decanted mto 50
centrifuge tubes, centrifuged atf@n, transferred to clean 58L centrifuge to emove all cell
components. This step was repeated three times and ste6&@tto-80°C. A total volume

of 18032000 mL of serum collected was divided into two equal portions of which one
portion was heat inactivated at 86 for 30 minutes in waterabh (Boyleset al, 2015. The
namesof donors were not disclosed or used in recording or reporting reSeitsm from
males was usebecause woman who have had children generate antibodies to the child's

allogeneic class thatcan block antigewlriven responsedNakasonest al, 2016)
3.9.3.Culture media

P. falciparumin vitro culture medium was prepared as descrimgdohnsoret al.,2007 was
used.Briefly, Roswell Park Memorial Institute (RPMI) 1640 basic media comprised of
RPMI 1640 powder (10.4 grams; Invitrogen, Inc., Carlsbad, California, USA) combined with
2 g of glucee (Sigmalnc., St Louis, Missouri , USAand 5.95 g HEPESS{gma, USA
dissolved to homogeneity in 1 litre of -tized water and sterilized with a 0.2 uM filter.
RPMI 1640 tissue culture media (TCM), for all parasite culture and drug dilutonsiste

of RPMI 1640 basic media with 0.5% Albumax II (Gibco, Grand Island, NY), 3.2% (vol/vol)
sodium bicarbonate (Thermo Fisher Scientific Inc., Waltham, Massachusetts, USA) and
png/mL hypoxanthine (Sigma IncSt Louis, Missouri USA). Complete RPMI 164@nedia

was stored at-8 °C.

Serum free media consistedlo® mL of 1.45 mM sterile hypoxanthine to 43.4 mL of RPMI

basic medium, 1.6 mL of sterile sodium bicarbor{@teermo Fisher Scientific Inc., Waltham,
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Massachusetts, USA).5% and sterilized with B.uM filter thenput in 2-8 e C. 10%
complete media for Control was prepared by adding 5 mL of serum to 43.4 mL of RPMI basic
medium, 1.0 mL of 1.45 mM sterile hypoxanthine, 1.6 mL of sterile sodium bicarbonate,
7.5% thensterilized with 0.8 pM, 0.45 uM, ® pM filters andput at 28 ¢ Guman
erythrocytes and serum were obtained as describedeation 3.9.1 and 3.9.Z2The
erythrocytes were washed three times in basic RPMI 1640 to remove white blood cells prior

to use and the pellet stored a8 2C.

3.10 Parasite Qulture

Plasmodiumfalciparum 3D7 strain obtained fromBiodefense and Emerging Infections
Research Resources Repository (BElI Resouneesg maintained in continuous cultuies
previously describedby Trager & Jenserf1976. Briefly, parasite amples from the cryo
freezer were thawed, washed and suspendedrih 5CM at 6% hematocriin tissue culture
flasks (Corning Glass Works, Corning, N.YThe flasks were flushed with a gas mixture
consisting of 5% @ 5% CQ, and 90% M (Air Products Corp., Allentown, Pa.), sealed, and
incubated at 3. TCM was changedlaily and fresh erythmytes added when required.
Parasite growth was monitored by microscopic assessment of Gitansad smear8riefly
thick and thin blood slidewere prepared, fixed in 100% metharsthined withil0% Giemsa
solutionpreparedn the buffered water fo20 minas previously describe@dohnet al 2004
using light microscopyWhenpar asi t e mi a antgenovére synchtodi2ed by
sorbitol lysis (5% D-sorbitol Sigma, St. Louis, MOjWitkowski et al, 2013) to haveRing-
stageparasites only for assariefly parasiteswere mixed and transferred into a &
micro centrifuge tube, centrifugeat 3000 rpm for 10 muies supernatant remode 5% D
sorbitoladded(Prewarmed to 37°Go the RBC pellet, incubated for 10 miesat 37, vortex
for 1 mirute and centrifuged at 3000 rpm for 10 mias After aspirating supernatant, the

process was repeated twice using T&WO90% ringformswasachieved
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3.10.1.Serum concentration

Serumconcentration was prepared in {safetycabinetat ratio 110 and 100uL final volume
(Dent, et al., 2008) Briefly, in a tube, 0% immune CMSand0.5 mL patienb serum was
addedto 4.5mL serum free mediand in anotheseparate tuhel0% norimmune CMSwas
prepared by adding 0L of nonimmune serum to 4.:L serum free medialhereafter,
10-fold dilution of immune serunwas prepared by addir@5 mL of 10% immune CMSo
4.5 mL of 10% norimmune CMS In separate test tub@,5 mL of 10% nornt immune CMS
was addedo 4.5mL of 10% nonimmune CMS(Appendix 5. Serum concentrationsvere

preparedothfor heatinactivatedand norheat inactivatederum
3.11.Growth Inhibition A ssay

In vitro anti-plasmodial susceptibility assays was performed as previously desbyiliPent

et al.,2008).Briefly, 10-fold differenceof 10% CMS was done asegativecontrols immune

serum and noimmune serunas test controls triplicates Parasitemia of continuous culture

O 3 %was lowered to 1% at 2%, hematogatratio of1:10 serundilution in 100pL final

volume was dispensed dwalgene Nunc, 96 flabottom well cell cultures sterile with lid

microtiter plategMagna, Leicestershire, Uknd 10uL of 3D7 parasite was added in each

well theni ncubate at 37¢eC issed with ®a9d ratrogent & @nmbono i r s ,
dioxide and 5% oxygen. After 72 hrs the assays were termiratedeviously described

(Johnsonet al, 2007)and evaluation of parasite growth was done using SYBReen |

nucleic acid gel staifAppendix 5). SYBR Green | assay has dre shown to have good

performance at higher parasite densi{@aconet al.,2007).
3.11.1.Readout with SYBR Greenl|

SYBR® Green | nucleic acid gel stainSigma Louis, MO, ) with lysis buffer was

subsequently added amulocessed as describéibhnsonet al, 2007. Briefly, one SYBR
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Green | aliquot vial was thawed in the incubator for 5uteathen 4 uL of SYBR Green |
were added to 2 mL of MSF lysis buffeafter which the assayed plates were placed at
ambientroom temperature in the dark for 24€urs. The assayed plates were examined for
relative fluorescence units (RFUs) per well using a fluorescence plate réadaff(GENios
Basic plus Tecan Group Ltd, Switzerldh Parasite replication was quantified and mean

percentage growth inhibition for each serum sample calculated by an edugxion
DAOAACOREAEEAEOQET I

AOA QRACREQ; OT A GQEAEDA OA CPASCRED AOEAR O

60
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Optimization was done to validate the assay and control reference ranges were established
upon which the assay performance was monitasadg antimalarial drugHA and LU that
have known IGy for the reference parasite straifidhe drugsDHA and LU wereused as
positive control and tissue culture media (10% CMS) was used as negative control during the

experiments.
3.12.Data management andanalysis

For the larger ACT efficacy trial database was created and maintained by qualified
USAMRU-K stdf. The study was monitoredhitough a reciprocal monitoringcheme
whereby one of the clinical research coordinator from any of the participating sites gerform
recipracal monitoring atifferent participating sites. Samples wereidientified and assigie
numbers, code link was maintained at a separate location. Only authorized study personnel

had access to the data.

The study dta wasobtainedn Microsoft Office Exceland analyzed using Prism for windows
version 5.03 (GrapPad software, Inc, California, UJANormality of the data was verified

using ShapirbWilk test. Normally and nomormally distributed dta were presented as mean
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+ SD and median45" and 7%' percentiles Continuous varialeswere compared usintpe
Mann Whitney testand Oneway analysis of variancaith T u k e y &lec tgsta.es erum

concentrationbetween groupand other variables such as age, gendesarmy arms

In addition, correlation between GIA and baseline parasite density or GlApanasite
clearance rate wamnalyzed by Spearman correlation coefficient test. Parasite clearance half
life (PCyp) of the parasite infections response to AL and ASMQ and baseline parasite
density (Day 0) were obtained from efficacy study trRiteviows studies have usezb"
quartile ascut off (Ariey et al, 20149 in this populationthe median (P&,) of 2.44 hours
(interquartile range [IQR](2.01 2.80) was used as cuiff (Ataide et al, 2017 and he
geometric mean (95% CBbf 33305 parasites/uL (95% CI = 2372646750) of baseline
parasite densityas used as cut off to categorizearticipants with high parasite dernysdand
low parasite densityTun et al, 2016). Differences with g-value < 0.05vere considered

statistically significant.
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CHAPTER FOUR

RESULTS AND DISCUSSION
41.Participantsdé characteristics

In this ACT efficacy trialthere werd@wo sets of studparicipants, the first setweqgat i ent s 6
volunteers(immune serum) and the othentailed pooled serum fromaive voluntees from

Kericho and Nairobi(nonimmune serum(section 39.2). One hundred and eigl{®1.53%)

out of 118 patientenrolled in AL and ASMQwere available for analysis. 53 (49.07%) were
enrolled in AL and 55 (50.93% ) ASMQ (Table 1).The sum of ptientsaged< 5 years and

5-10 yearswvere similar in number in both AL and ASM@hile those above 1¢ears were 7

(13.2%%) in AL and 9 (16.380) in ASMQ. In both study arms, females were slightly more

than males. Baselinparasite density was relatively higher in AL compared to ASMQ arm

although the difference was not statistically significant 0.41) (Table 1).

Table 1. Characteristics of patients enrolled in the two arms of the study

Study arm n (%)

Characteristics AL (53) ASMQ (55)
Age(Years) < byeas 26(49.080) 20 (36.36%)
5-10yeas 20(37.74%4) 26 (47.2%0)
> 10yeas 7(13.220) 9 (16.380)
Gender Female 30 (56.600) 34 (61.820)
Male 23 (43.400) 21 (38.18%)
Parasite density Median 2433 (12885,133673) 31156 (854.3,117900)

(IQR,95%C)

Malaria episode was defined a measured temperatwrd ~ OGWith aselingparasitemia
of 2000200,000 asexual parasites/uL

4.2.Patterns of in vitro parasite growth inhibitory activities of serum

Naturally acquired immunity to malaria influences treatment outcomes of some antimalarial
drugs. However, the extent to which faesting acquired immunity influences ACTs in
treatment of uncomplicatdd. falciparummalaria remains unresolved. Therefore, one of the
specific aims of the present study wasdetermine the effect of seruaerived immune

factors onin vitro growth of P. falciparumby serum from malaria immune participants and
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norrimmune partigbants To test for thisP. falciparumgrowth inhibition were quantified for
serum obtained from immune and Aammune subjects of different age grougender and

heat inactivatederum
4.2.1.Serumfrom immune subjectsinhibit parasite growth than non-immune subjects

The in vitro growth inhibition of P. falciparumin serum from immune and nemmune
subjects was compared. The percentage growth inhibitiorP.offalciparum at 10%
concentration for immune subjects was significantly higher than forxahémmune subjects
The mean growth inhibition at 1% serumconcentration for immune patients was 48% with
median of 49% (33% 67%) and noaimmune had mean growth inhibition of 17 % with
median of 24% (9% 36%) (Figure 3A; Mann Whitneytest n =108,p < 0.0001).Similarly,
the percentage growth inhibition at 1%erum concentration for immune patients was
statistically higher than for neimmune subjectsThe mean growth inhibition at 1%
concentrdon for immune patients was %@ with median of 51% (36% 68%) and non
immune had mean growth inhibition of 18 % with median of (28%%) (Figure3B; Mann

Whitney teg, n =108, p " 0.0001).

These results indicated thegrum from immune subjects protected agdhdgalciparumthan

for the norsimmune counterpartsThe findings of the present study are in agreement with
previous reportshat utilized3D7 P. falciparumstrain (Ronoet al, 2012; Cromptoret al,
2010) However the study byRono et al (2012) used plasmalialyzed against phosphate
buffered saline (PBS) and evaluated parasitemia by ethidium bromide at 1:10 dilution fo
subjects aged -&4years unlike the present study wheeeumwas usedand the growth of
parasite was evaluated by SYBR Green | with lysis buffdr. 2 dilution for subjects aged
6months to 65yearCromptonet al (2010) used total 1gG fractions purified from plasma
samples using protein G columns at 6.3 mg/ml in the final test well then quantified

parasitemia by lactate dehydrogen&mesubjects agd 225years A possible ex@nation to
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the findings of the present studgight be related to level of exposute P. falciparum
infection by immune subjects who thateveloped defense mechanis{iramunity) against
the pathogenrrespective of the age grouphis implies that naturally acquired immunity

plays a key role iprotection againd®. falciparummalaria.
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Figure 3: Comparison betweenP. falciparum growth inhibition in serum from immune
volunteers and norimmune volunteers P. falciparumparasite(3D7) was grown in media

with serum from immune participants (n=108) and -mamune volunteers (n=6) (pooled
serum from healthy naiv®. falciparum volunteers) prior to heat inactivation. Values
represent mean growth inhibition of parasite exposed at 10% serum concentration (A) and at
1% serum concentration (B). Error bars indicate median with interquartile range. ***
indicates significant differaze between immune and ronmune p < 0.0001) as determined

by Mann Whitney test.

4.2.2.Parasitegrowth inhibition is independentof ageof subjects

The effect of age of patients on the ability of serum to inhibit parasite growth was assessed.
The patiers were stratifiednto three age categories. < Syears, 510 years and > 1§ears

(Boyleset al, 2015) The percentage growth inhibition did not differ significantly among the

three age categorieg$#0 . 05) . T -tekt &ughérshowed that there was no significant
difference between the age categoaed0%serumconcentratior(Figure4A; Tukeyds po
test n = 108 p =0.94), as wellas atl% serumconcentration (FiguréB;, Tuk edjesti,;n po st
= 108,p = 0.79. A trend of increasing GIA with age was observed though not significant

These findings implied that growthhibition of P. falciparumwas independent of age of the
subjects The current findings are consistent with several previous reports which revealed that
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there is no relationship between parasite growth inhibition and age of patientse{Jalhn
2004; Corraret al, 2004; Perrauet al, 2005; Wilsonet al, 2011; Murhadarwatiet al,
2009). Thesestudies used samples from children and adults ext@pon et al (2011) who
used children only agedBlyears. Th present studgneasured parasite growth inhibition by
SYBR Green lwith lysis bufferunlike most of thesestudies largelyneasured antibodies
specific tomerozoite surface antigenBfISP119) by ELISA. Antibodies block merozoite
invasion of RBC and/or inhibit the intRBC growth of the parasitbut are not sufficient for

the acquisition of malaria immunity (Boylesal.,2015).

Given the complexity oP. falciparuminfection and the corresponding immune response, it is
likely that protectie immunityrequiresmultiple effector mechanisms. Thkdore,any single
assay that measures a limited subset of effector mechamiimesot provide sufficient
protection from malaria (Cromptaet al, 2010).In this case ,serumderived immune factors
contain various effector molecules givingthtudy a adzantage over studigbat measured
limited effector mechanisndohnet al (2004) looked aGamma interferon (IFNresponses to
the Plasmodium falciparumantigens liverstage antigen 1 (LSA) and thrombospondin

related adhesive protein (TRAP

The present findings contradict previous reports (Crompated,, 2010; Wilsoret al, 2013)
where GlAincreaseor decrease with age respectivelihe contradiction couldhave been
brought about singéWilson et al (2013 measured total anihalaria functional antibodies
presentin childrenat birth and over the following year afmund that functionalantibodies
transferred to the fetus wane in the infants over t@memptonet al (2010) as well measured
purified IgG fromplasma in 210 and 18 25 years old individualdut the present study
measuredwhole serumderived immune factors in ubjects agal <5years, ElOyears and
>10years A plausible explanation might be since protective effector mechanisms target

specific stageof the parasite life cycle in theragyth inhibitory activity assay anthalaria
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parasite not only expresses a great variety of proteins at different stages, but these proteins
also keep changing often (Longhomteal, 2008)this might have an effect bacse this study
used parasites at ring stage only which might not have been targeted by effector mechanisms

in specific age group
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Figure 4: Comparison of parasite growth inhibition by median age groupsValues
represent mean (£SD) of growth inhibition for participants < 5years (n = d@)yéars (n =

47) and > 10years (n =15) prior to heat inactivation. Growth inhibition of parasite exposed at
10% serum concentration (A) Growth inhibition of parasitepoeed at 1% serum
concentration (B)Statistical comparisons between age groups were performed bw&ne
ANOVA with Tu k" p>60s05)pThesetwashadrend ¢f GIA increasing with age
although not significant

4.2.3.Parasitegrowth inhibition is unaffectedby gender

The present study further evaluated the effect of gender on the ability of serum to inhibit
parasite growthThe median growth inhibition for females was slightly higher 51% (35%
69%) than males 46% (25% 66%) at 10% concentratioand The percentage growth
inhibition for females was slightly higher than males at 10% serum concentration albeit
statistically insignificantg = 041) (Figure5A). The median growth inhibition for female was
52% (39%- 69%) and 51% (35% 68%) in maleat 1% concentrationSimilarly, the
difference in percentage growth inhibition for females and males at 1% serum concentration
was not statistically significanp(= 0.75) (Figure5B). The present findings indicated that

gender does not confer advantage agdmngalciparuminfections.The findings concur with
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availeble evidence by WHO (2007) stating tlygaten equal exposure, adult men and women
are equally vulnerable to malaria inf®n, except for pregnant women ware at greater risk

of severe malaria in most endemic areas (WHO, 2007).

A. B.

@ w

2 100 2 100, ‘ NS

3 x ®oq0

c c ..... o® °

'g -8 50! o..:oo

o 50 o PYAL T LK)

= = ogent®

c < [ ] [

£ £ o

£ £ °

= 0 I L4

e o .

> u 2 b

c c

g g

= -50 T T = 50 - -
o Female Male 2 Female Male

Figure 5. Comparison of parasite growth inhibition categorized by gender:Values
represent mean growth inhibition fanale (n=44) and female (n=64) prior to heat
inactivation. Percentage growth inhibition of parasite exposed at 10 % (A) and at 1 % serum
concentration (B). Error barindicate median with interquartile rand¥ indicates no
significant difference betwediemale and male (p > 0.05) as determined by Mann Whitney
test

4.2 .4 Effect of heatinactivation of serumon in vitro parasite growth

The present study evaluated the effect of meadtivated serum from immune subjects at
10% and 1% concentratiofleat inactivation of serum at56 °C for 30 minutesinhibited
altemative complement cascade by d@aating factor B but leaves the classical complement
cascade intact (Boyles, 2015)here was no statistically significant differencepgrcentage
growth inhbition betweenheat inactivated serum and Rbeat inactivatedserum at 10%
serum concentrationp( = 0.18). Conversely, the percentage growth inhibition was
significantly higher fomon-heat inactivated serum thdweat inactivated serum at 1% serum
concentration = 0.009) (Table2). The resultssuggest thaalternativepathway does not
account for parasitgrowth inhibition andclassical complement cascade is more poidran

the complex molecules are dissociated1% serum concentration Further, the growi
inhibition by pooled serumfrom nonrimmune subjects was determined betwderat

inactivaed and nofheat inactivated serumt 10% and 1% serum concentratiorhe
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percentaggrowth inhibition for heat inactivated serum was statistically lower tharheah
inactivated serum at 10% serum concentratpn 0.016). In contrast, theercentage growth
inhibition betweerheat inactivated and ndreat inactivated seruat 1% seruntoncentration
wasnot statistically differentg = 0.32).At this point it was noted tha nonimmunepooled
serum significance difference wases between neheatand heat inactivated serum at 10%
(Table 3 suggesting thatheclassical complementascadés part of thdnnate immune
system(Janewayet al, 2001)and plays role in parasites growth inhibitiokhe data also
showed that there was no differencgecentage growth inhibition betwedatinactivatd
and norheat inactivated serudrawn from different age groups (p 08) (Table 2) Taken
together, the findings of the present study pointed ot gheasite growth inhibition by
immuneserum wasiot age dependant. On the other hand the growth inhibition of parasites
by immune serum al0% was lowercompared 1%suggesting a dosgependent effect of

effector molecules in all the ageoups

Dosedependence in this case suggests that imneffieetor molecules are momotent at
lower concentration when molecules are dissociated ( diluted) from complex state in order to
respond effectively to pathogens hence higher inhibition of the parasite g{dtdmbo &
Kumar, 2007).The present findinggoncur with previous reportéBoyles et al, 2015;
Mlambo & Kumar, 2007Chulayet al.,1981)as they all usetieatinactivatedserumat 1:10
dilution and then cultured 3D7 parasites straiawever, the previoustudiesby Boyleset al
(2015) used purifiedimmunoglobulin G (1gG) at 1:200 and 1:10 testinfpr merozoies
invason using ELISAfor complementixation (Boyleset al,2015); Chulayet al (1981) used
serum fromthree owlmonkey for Camp strain oP. falciparumthen testedjrowth inhibition
in vitro by 10% serum(Chulayet al., 1981) andthen Mlambo and Kumar utilizedialyzed
plasma samples at 10% and 20% using LDH assay and microfigtigaybo & Kumar,
2007) This may suggest that some immune factors contain moleculearéhbeat labile in
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nature and are denatured by heat possibly due to high temperature they lose small molecular
weight growth factors or inactivate others that may be requirednforitro growth of

parasites.

Table 2: Effect of heat inactivation on pargesigrowth inhibition

Parasite growth inhibition (%)

Non-immune (pooledsera from sixP.

Immune participants (n = 108) falciparum naive participants)

Serum Non-heat Non-heat

Heatinactivated p-value Heatinactivated p-value

concentration activated activated
10% 48 45.4 0.18 17.8 13.2 0.016
1% 49.5 45.7 0.009 18.6 20.7 0.32

P. falciparum3D7 clone were grown imedia with heat inactivated serum (38 for 30
minutes and notheat inactivatedserumfrom immune and neimmune participantsthe
valuesrepresents the mean (xSD) growth inhibitidann Whitney test was used ¢ompare
the variables. Bolg- value represent statistically significant.

4.2.5.Baselineparasite density and growth inhibitory activity

The study subjects were grouped into two categories lmsgdometric mean (95% Cof
baseline parasiteedisity (Tunet al, 2016). A baseline parasite density above the geometric
mean of 33305 parasites/uL (95% CIl = 237265750) were categorized asrfpapants with

high parasite density (n = 50) while subjects below the threshold were classified as
participantswith low parasite density (n = 4Q@Jun et al, 2016) The median (IQR) growth
inhibition for high parasite density at 10% serum concentravas 50.50% (32.50%
65.00%) with mean of 47.16% while median (IQR) of 54% (30.75%.25%) with mean of
49.82 at 1% serum concentration. The median (IQR) growth inhibition for low parasite
density at 10% serum concentration was 52.00% (30.76%50%)with mean of 49.55%
while median (IQR) of 49.00% (27.00%/1.25%) with mean of 48.33% at 1% serum
concentration respectivelfturther, there was no correlation between GIA and high parasite
density p = 0.73) as well as low parasite dendjy= 0.149 (Talde 3). The current findings

are in agreement with previous reports (Hastietgal, 2015)that the initial parasite number

has no effect on the subsequent shape of dynamics in the model dutgatential

42



explanation for these observatiawuild be attributetb high immunity developed due to high

entomological inoculation rate in endemic region

Table 3. Correlation between GIA and baseline parasite density

Value of
Baseline parasite density  n (%) rs p-value
Low 40 0.23 0.14
High 50 0.05 0.73

Prior to heat inactivation of serum, the participants were categories based on geometric mean
33305 parasites/pL (95% CI = 2372@6750) of baseline parasite dengiday 0) as cubff.
Participants with parasite density above geometric mean had high parasite density while
participants below the threshold had low parasite densitys ISpearman correlation
coefficient as determined by twailed spearman correlati@oefficient test.

4.3.Growth inhibition and parasite clearanceslopehalf-life (PCty/,)

The second specific aim of the present study was to determine the correlation between effect
of serumderived immune factors oim vitro growth of P. falciparumand ACT efficacy in
immune patients with uncomplicated malailia. assess this, study subjects were grouped into
two categories based on median clearance slopdifea{PCt;). The median PGt of 2.44

hours (2.01- 2.80) hours was used as -@if time (Flegget al, 2011;Ataide, et al, 2017).

The patients with PGt above the median of 2.44 (2.02.80) hours were categorized as fast

clearers while subjects below the medianiR@tere classified as faster clearers.

There was no correlation betwette study cohort (n=105) and parasitearance ratp =
0.53) When analyzed based &wo agegroups<5 years and >5years (Oguet al., 2014
Kapeseet al, 2018 results revealed statistical significarstive correlation for participants
aged >5 years(n=59) and parasite clearance slope Hd#f (p < 0.0001). Conversely, there
was no association in patients aged < 5 ygard46) (p = 0.95) (Tablet). Further correlations
weredone betweelfast and faster clearer within the age category (<ésyand > 5 years).
There was a statistically significant correlation in faster clearer aged > 5 pear6.02).
However, thee was no correlation for participargged < 5 years (p = 0.26)able 4. Taken

together, the present findings indicated that sedenwved immune factors are determinants in
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enhancement of ACT efficacy. Further, age influences treatment outcome. The current
findings are in consonance with previous reports that used thest8&ii (Cromptoret al,

2010; Roneet al.,2012).However, another study did not find such an association (McCallum
et al.,2008). The explanation for this observation is that parasite lines differ in their relative
expression of proteins, such Rsfalaparum reticulocytebinding homologues(PfRh1) that

are necessary for inhibitory activity, 3D7 express less pfRh1l therefore more inhibited than

other strains (Ronet al.,2012).

Table 4: Correlation between GIA and Parasite clearance rate

Parameter n (%) rs p-value

Entire population 105 (95%) -0.06 0.53

<5 years 46 (44%) 0.01 0.95

Treatment outcome Faster 9 (9%) -0.30 0.43
Fast 37 (27%) 0.01 0.95

>5 years 59 (56%) 0.52 <0.0001

Treatment outcome Faster 16 (15%) 0.47 0.02
Fast 43 (41%) 0.11 0.25

Participants were categorized by age <5years and > 5years. The medijaofPX44 hours
(IQR, 2.01- 2.80) hours was used as -ait time. The participants with PCt above the
median PGt, were fast clearers while those below were faster cleargrs. Spearman
correlation as determined by twailed Spearman correlati@oefficient testp-valuesin bold
letters represents statistical significant correlation

Further correlation analysis was done between GIA and parasite clearan@Qtatg and
median(PCt2)was used as a coff. Those whoséPCtY2)was above the medidCtY2 vere
classified as fast clearers while those below the meBi@ti2 were classified & faster
clearers. Correlation was observed between GIA of faster clearers aged > &ngepasasite
clearance ratgvhich agrees with aultinational studydonein Southeast Asi§SEA) where
higher levels of immunity were associated with faster PCt% (Ataédeal, 2017).This
findings agrees witleport that showed that immune individuals are more likely to respond
well to antimalarial treatment and require shorter treatment regiree@s when drug

resistant parasites are present (Rogeesah, 2010).
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This may be attributed to study area, since Western Kenya is a high malaria transmission
setting, it provides for antigenic diversity Bf falciparumpopulations causing acquisitiar
immunity, therefore the population aged >5 years havedeséloped acquired immunity. It

has been shown that the antigenic and genetic repertoifes fafciparumpopulations are

wider in hightransmission areas generated by more frequent recomainatents in the
mosquito(Hoffmannet al, 200D. A studyby Patelet al (2017)showed extensive diversity

in the asexual stage antiggiatelet al, 2017.

The present study used whole serum, which contains wide scope of effector mechanisms that
plays vital role in enhancement of ACT efficacy, most of the studies have widelydlabke
specific immune factor such as antibodies and complement factors in merozoite invasion
(Boyleset al, 2015). Moreover, this study was conducted in Western Kenya a holoendemic
region where drugs resistance is likely to ocaunereas many studies orCAs have been

done in other SSAountries(Kamauet al, 2015 MaigaAscofare & May, 201pand SEA

(Tun et al, 2016) Potential explanation to thresultsobserved may be attributed to parasite

line used, GIA method®}. falciparumtransmission dynamics or genetic backgrounds of the
study population or artefacts of study design (i.e. differences in the age distribution of the

study population).

In summary, lhe study reported here suggests that the study population contain necessary
underlying effector mechanisms that could enhance ACT efficacy in treatment of
uncomplicated malaria. Although suspected specific underlying effector mechanism that
predominantly fay crucial role in immunity are not known, this is because the study used
whole serum containing many immune factors. Complexitf?.ofalciparuminfection and

the corresponding immune response, calls for multiple effector mechanism characterization
to specifically inform on ACT efficacy. Such information could provide novel input to the

rationale use of ACTs and immunological determinants to drug resistance in endemic areas.
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CHAPTER FIVE

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
5.1.Summary

In summary, the results presented indicatedgbaim from immune participants significantly
inhibited P. falciparumgrowth compared to nemmune ¢ < 0.0001)and GIA correlated

with parasite clearance rate after adjusfimgage (<5years ersis >5 yeard (p < 0.000).
Further analysis showed significant positive correlation between GIA and faster parasite

cleaersin participants aged >fears p = 0.02)
5.2.Conclusiors

This study reports on the immumeediators that augmemRCT effectiveness in malaria

endemic regions. Based on the findings presethiedollowingconclusions can be drawn

I The findings confirmedmmune factors in serum from study population inhibits the
growth ofP. falciparumparasites.
il. In vitro growth inhibitory activity of the immune factors serum fromthe study

population correlatewith parasite clearance rate as an indicatdkCT efficacy.
5.3.Recommendatiors
5.3.1.Recommendationdor presentstudy

I. The findings confirmed that people endemic regios harboimmune molecules against
malaria parasites. This could inform guidelines for malaria parasites cpnbigrams
surveillance and epidemiology studigsmcking andinvestigating theemergency and

development of malarial drug resiae
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ii. In vitro growth inhibitory activity of the immune factors in serum fretady population
correlates with parasite clearance rate as an indicator of ACT effitésyould inform

dosage recommendation and guidelines on use of ACTs in metaeanic region.
5.3.2.Recommendationdor future research

i. There is need tdetermine the specific molecules in the serum that could be mediating the
efficacy of ACT in malaria endemic population

ii. There is need texplore the underlying mechanisms usedhgyfotential molecules in the
serum to enhance ACT treatment outcome

iii. Parasite clearance slope K¢ has majorly been used as a metric for drug effectiveness
and resistance, other metrics suchnasiune status and thefected RBC clearance rates
shouldbe explored

iv. The sample population available was skewed towards younger age group (<1Oyears),
Therefoe a sample population witiider age group (>10years) would be recommended to

compare with the study findings
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APPENDICES

Appendix 1. Map showing the study site
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Appendix 2: Study Ethical clearance

KENYA MEDICAL RESEARCH INSTITUTE

P.O. Box 54840-00200, NAIROBI, Kenya
Tel (254) (020) 2722541, 27133489, 0722-205901, 0733-400003; Fax: (254) (020) 2720030
E-mail: director@kemri.org info@kemri.org Website:www.kemri.org

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

TO: DR. BEN ANDAGALU,
PRINCIPAL INVESTIGATOR

_,,_,\/b%\\q}, 757}

THRO": DR. RASHID JUMA,
THE DIRECTOR, CCR,
NAIROBI S
Dear Sir,
RE: SSC PROTOCOL NO. 2518 (INITTAL SUBMISSION): IN VIVO AND IN VITRO

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 P. 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,
ol - W Lo

.

DR. ELIZABETH BUKUSI,

ACTING SECRETARY,
KEMRI/ETHICS REVIEW COMMITTEE
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Appendix 3 Blood collection protocol approved

MCMR-UWZ-C 15 May 2018

MEMORANDUM FOR Director, Human Subjects Protection Branch (HSPB), Walter Reed Army
Institute of Research (WRAIR), 503 Robert Grant Avenue, Silver Spring, Maryland 20910-7500

SUBJECT: Continuing Review Report Acceptance for the Minimal Risk Human Subjects
Research Protocol, WRAIR #1919

1. The continuing review report, dated 23 March 2018, for the protocol WRAIR #1919, entitled,
“Human Blood Collection for the fn vitro Culture of Malaria Parasites,” (Protocol Version 2.7,
dated 10 May 2016), submitted by Ben Andagalu, MD, MSc, Kenya Medical Research Institute
(KEMRI), Kisumu, Kenya, is accepted.

2. The continuing review report covers the reporting period from 24 March 2017 through
13 March 2018. This study is open and enrolling subjects.

3. This minimal risk protocol is eligible for review by expedited review procedures per
45 CFR 46.110(b)(1) and 32 CFR 219.110(b){1) category 2(a) as published in the

09 November 1998 Notice in the Federal Register (63 FR 60364-60367), as blood draw
volumes from healthy adults do not exceed 550 ml in an 8 week period. This study also
continues to meet the requirements set forth in 32 CFR 219.111 and 45 CFR 46.111.

4. The KEMRI Scientific and Ethics Review Unit (SERU) granted continuation approval of this
study on 08 May 2018, with an expiration date of 11 May 2018. Please provide a copy of the
updated KEMRI SERU approval letter when it becomes available to aveid an interruption in
work.

5. The study continues to receive funding through the Department of Defense Global
Emerging Infections Surveillance and Response System (GEIS).

6. The following documents were reviewed and are approved for continuation:

Continuing Review Report, dated 23 March 2018;

Protocol (Version 2.7, dated 10 May 2016);

Informed Consent Form (Version 2.3, dated 17 May 2012);
Recruitment Script (Version 2.0, dated 07 May 2012),

Data Collection Tool (Version 3.0, dated 25 January 2016), and
Translation documents for items ¢ and d above (Kiswahili and Kipsigis).

~eooo®

7. Per the current WRAIR Policy #11-49, “Initial and Continuing Human Subjects Protection
Education and Training Requirements,” an 80% grade on each individual module must be
obtained. The Principal Investigator (Pl) is responsible for ensuring each research team
member's, to include those listed on the protocol, as well as those who are not explicitly listed
but may be providing study/laboratory suppert, human subjects protection training is current.
Additionally, the Pl must maintain records of documentation of this training {i.e., a staff log and
training files).

8. The expiration date of this study at the WRAIR is 23 May 2019. The Pl is responsible for
submitting a continuing review report to the WRAIR Institutional Review Board (IRB) and the
KEMRI SERU in time for the report to be reviewed and accepted/approved prior to the
respective expiration dates to avoid an interruption in work. A closeout report or a request for
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MCMR-UWZ-C
SUBJECT: Continuing Review Report Acceptance for the Minimal Risk Human Subjects
Research Protocol, WRAIR #1919

an extension must be submitted to the WRAIR HSPB no later than 23 May 2022, as per the
protocol. No changes, amendments, or addenda may be made to the protocol without prior
review and approval by the WRAIR IRB and KEMRI SERU.

9. The point of contact for this action is Victoria Newman BA, at (301) 319-9588 or at

Victoria.L.Newman8.civ@mail. mil
0[/ M / M_

LISA M. LEE, PhD, MA, MS
Chair, Institutional Review Board
Walter Reed Army Institute of Research
CF:
Ben Andagalu, MD, MSc¢
Douglas Shaffer, MD
Victor Melendez, LTC, MS
Stacey Gondi
Margaret Odongo
Regulatory Affairs-Kenya
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SOP Title: STANDARD OPERATING PROCEDURE FOR | SOP No. KSM/MDR_4615
BLOOD COLLECTION USING PROTOCOL # WRAIR 1919 | version 02
Effective Date: Page 66 of 97

1.PURPOSE/ APPLICABILI TY:

1.1.

1.2.

Purpose: This Standard operating procedure provides the guidelines that will be used in blood

collection within the DEID program using proper technigues according to the College of

American Pathologists requirements and WRAIR IRB.

1.1.1. Human blood is needed for in vitl®lasmodium falciparuntulture and malaria drug

testing. From whole blood, either serum of red blood cells are separated and used as part

of media (serum) or substrate for parasite (red blood cells).

1.1.2. For this purpose, wdie blood will be collected from the donors who attain the criteria

IAW blood collection protocol, WRAIR # 1919.

1.1.3. ltis critical that the Phlebotomist / laboratory technician is skilled and knowledgeable of

the order of draw, how to take care of hematomamad the first Aid procedures in the

event that the donor has an adverse medical event during or shortly after the blood has

been drawn.

Applicability: This SOP applies to all the designated Quality Assurance Quality Control

(QAQC) officers, study coorditar(s) MDR Laboratory personnel, personnel within the basic

science program, laboratory manager(s), blood collection site clinicians, trainees, Principal
Investigators (Pls), USAMRIK Laboratory Officer and the DEID director
2. ABBREVIATIONS AND TE RMS:

2.1. ACD i Acid Citrate Dextrose
22. CC i Cubic Centimetre
2.3. CPR I Cardiopulmonary Resuscitation
2.4. DEID T Department of Emerging Diseases
25. GEIS T Global Emerging Infections Surveillance and Response System
26. 1AW T In Accordance With
27. IRB T Institutional Review Board
2.8. KEMRI T Kenya Medical Research Institute
29. Lab T Laboratory
2.10. MAJ. i Major
2.11. mL T Milliliters
2.12.
SOP Title: STANDARD OPERATING PROCEDURE FOR SOP No. KSM/MDR_4615

BLOOD COLLECTION USING PROTOCOL # WRAIR 1919 | version

02
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Effective Date: Page 67 of 97

2.13. PI(s) T Principal Investigator(s)

2.14. QA I Quality Assurance

2.15. QC T Quality Control

2.16. SOP I Standard Operating Procedure

2.17. USAMRD-K 1 United States Army Medical Research Directorate Kenya
2.18. VCT T Voluntary counseling and Testing

2.19. WRAIR I Walter Reed Army Institute of Research

2.20. WRP I Walter Reed Project

3. MATERIALS AND REAGENTS
3.1. Materials
3.1.1. 60 cc Syringe(s)
3.1.2. 30 cc Syringe(s)
3.1.3. 21 gauge needles
3.1.4. Gloves
3.1.5. Gauze
3.1.6. Tube stand
3.1.7. Tourniquet
3.1.8. Rubber bulb
3.1.9. Blood collection bags without anticoagulanhélbags should be sterile)
3.1.10. Sphygmomanometer
3.1.11. Sterile cotton swabs and methylated spirit (Each of these must be placed in clean
containers.)
3.1.12. Medicated dressing
3.1.13. 50 mL Centrifuge tubes
3.2. Reagents
3.2.1. Collection tubes with ACD
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SOP Title: STANDARD OPERATING PROCEDURE FOR
BLOOD COLLECTION USING PROTOCOL # WRAIR 1919

SOP No.

KSM/MDR_4615

version

02

Effective Date:

Page

68 of 97

RESPONSIBILITIES :

4.1. Itis the responsibility of the MDR laboratory supervisor to review all SOPs.

4.2. It is the responsibility of all laboratory service personnel working on all protocols partially or

fully being implemented by MDR laboratories to be familiar with this SOP.

4.3. Technical staff is responsible for the preparation, review and updating of all Sl@tgerto

their daily operations.

4.4, QAQC Officers are responsible for ensuring that all SOPs are updated annually and meet the

standards outlined within this SOP.

4.5. Training on SOPs will be conducted upon entry into any position within DEID MDR

laboratoryand annually for all personnel to which the SOP applies.
4.6. Itis the responsibility of the MDR personnel to ensure that anyone joining the MDR protocol

is well acquainted and tip-date with this SOP.

5. PROCEDURES
5.1. Inclusion Criteria

5.1.1. Theplasmodiumfalcipaami s i n category
5.1.2. Wear appropriate protective clothing the spill should be handled IAW IATA rules on

shipment of infectious substances.

6.2 6 I nfecti

5.1.3. The potential donors will be aged between 18 years and 50 years inclusive.

5.1.4. The potential donors will be seen to be generally in good health as determined by the

clinician following a physical examination and feeling well.

5.1.5. Willing to give informed consent.
5.2. Exclusion Criteria
5.2.1. Blood pressure that is out of the normal range.

5.2.2. Hemoglobin levels that are below acceptable levels.

5.2.3. Chronic illness.

5.2.4. Presence of any lesions or scars of needle pricks at the venipwsitdubat is indicative

of addiction to narcotics and/or frequent blood donation.

5.2.5. Frequent travel to malaria endemic areasore than once a month for most months in a

year

5.2.6. Prior prolonged residence in a malaria endemic iaraare than 3 years

SOP Tite: STANDARD OPERATING PROCEDURE FOR | SOP No. KSM/MDR_4615
BLOOD COLLECTION USING PROTOCOL # WRAIR 1919 | version 02
Effective Date: Page 68 of 97
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5.2.7.

5.2.8.
5.2.9.
5.2.10.

5.2.11.
5.2.12.

Frequent malaria episodes in the pashore than once a month for moabnths in a

year

Pregnancy

Lactating mothers

Findings that in the opinion of the investigator may result in adverse outcomes should the
volunteer continue participation

Donation of blood within the last 6 months,

Taking antimalarial drugs or antibiotiesthin the last 2 weeks.

5.3. Identification of donor

5.3.1.
5.3.2.

5.3.3.

5.3.4.
5.3.5.

5.3.6.

Blood group determination, malaria blood film and blood count will be done

Testing of HIV and Hepatitis and other blood borne pathogafisL NOT be
conducted but volunteers will be encouraged to test.

Clinicians will ensure HB levels are within normal range{84/dl for male and 126

g/dl for females)

No malaria parasite should be detected in blood

Volunteer should not have donated blood within the preceding 6 months or taken
antibiotics within the precéunlg 2 weeks

Volunteers will be requested either to donate blood that will be used for the preparation
of red blood cells or to donate blood for the preparation of serum. Volunteers will not
donate blood for both purposes at the same blood draw

5.4. Informed consentingSee attachment 3
5.5. Pretests

5.5.1.
5.5.2.
5.5.3.

Malaria blood film
Complete blood count
Blood grouping

5.6. Post donation

5.6.1. Vitals signs are taken one hour after blood donation and you check the following:

5.6.2. Blood pressure

5.6.3. Auxiliary temperature

5.6.4. Pulse

5.6.5. After all the checks anthe client are in good condition he /she is free to go home.
SOP Title: STANDARD OPERATING PROCEDURE | SOP No. KSM/MDR_4615

FORBLOOD COLLECTION USING PROTOCOL # WRAIR | version 02

1919

Effective Date:

Page 69 of 97

5.6.6.

In case of a problem the nurse will indicate plan of action in the progress notes
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5.7.  Volume of blood
5.7.1. The volume of blood collected should be 288 units of 400miIs each and 144 units of
60mls each will be required per year.
5.7.2. Institutional SOP will be used fdmood collection KSM/MDR_4819.
5.8. Blood transportation
5.8.1. Blood collected from the volunteers will be shipped at a temperature of beth@e¢a 2
8°C to the Malaria Drug Resistance laboratory located in Kisumu by courier
5.8.2. The blood need teeach the lab within 2Bours of blood collection
5.8.3. The blood samples need to be packed according &1 rules.

SOP Title: STANDARD OPERATING PROCEDURE FOR | SOP No. KSM/MDR_4615
BLOOD COLLECTION USING PROTOCOL # WRAIR 1919 | version 02

Effective Date: Page 700f 97

6. REFERENCES:

Reference Number or Author(s) Document Title
SOP # Phlebotomy KSM/MDR_4819
NCCLS Publication, HA7 Technique for Venous Puncture, 1987

Science Trager, W. and Jensen, J| Human malaria parasites ircontinuous culture
(2979 Science, 193: 67375

Human blood collection for the in vitro culture

WRAIR 1919 Version 01 . :
malaria parasites

7. FORMS AND APPENDICES:
Form or Attachment | Title

Number
Attachment 1 SOP Read and Review Signature Log
Attachment 2 SOPTraining Sign In Log

Attachment 3 Informed consent log

Attachment 4 Inclusion and Exclusion criteria log

Attachment 5 Laboratory results log

Attachment 6 Post donation log

Attachment 7

Risk Assessment Form

SOP Title: STANDARD OPERATING PROCEDURE FOR | SOP No. KSM/MDR_4615
BLOOD COLLECTION USING PROTOCOL # WRAIR 1919 | version 02

Effective Date: Page 700f 97
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8. DOCUMENT REVISION HISTORY:

SOP No. Versio Effective
Title n Brief Description of Change Date
GEI 397 Standard operatin{ 00 SOP Number assignment, S{ 20"
procedure for Training Requirements AUGUST
Blood  collection Document Copy Control wa 2013
using protocol 4 updated. Approving Authority
WRAIR 1919
was also changed, Chang
Logo, signatory section, Ris
Assessment Fm
KSM/MDR_4615| Standard operatin{ 01 Changes in the version of tlf 02-07-2018
procedure for protocol and the WRAIR #
Blood collection
using protocol #
WRAIR 1919
KSM/MDR_4615| Standard operatin{ 02 Current
procedure for Refer to
Blood collection Stamp
using protocol #
WRAIR 1919
SOP Title: STANDARD OPERATING PROCEDURE FOR | SOP No. KSM/MDR_4615
BLOOD COLLECTION USING PROTOCOL # WRAIR 1919 | version 02
Effective Date: Page 710f 97

9. DOCUMENT COPY CONTROL

SOP Distribution for: Standard operating procedure for Blood collection using protocol # WE

1919
ORIGINAL: RA Office
COPY 1
Culture laboratory
2 MDR Molecular laboratory 1
3 MDR Molecular laboratory 1
4 DEID Sentinel Sites
SOP Title: STANDARD OPERATING PROCEDURE FOR | SOP No. KSM/MDR_4615
BLOOD COLLECTION USING PROTOCOL # WRAIR | version 02
1919
Effective Date: Page 710f 97

Attachment 1: SOP Read and Review Signature Log
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By signing this Log, Iconfirm that | have read and understood the content of this SOP and | am
comfortable applying them in my day to day operations as applicable

Printed Name Title Signature Date

Provider6s Name: Signature:

SOP Title: STANDARD OPERATING PROCEDURE FOR | SOP No. KSM/MDR_ 4615
BLOOD COLLECTION USING PROTOCOL # WRAIR | version 02
1919

Effective Date: Page 720f 97

Attachment 2: SOP Training Sign In Log

By signing this Log, | confirm that | attended SOP training and understood the content of this SOP and
| am comfortable applying them in my day to day operations as applicable.

SOP Training Date:

Printed Name Title Signature
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Provider 6s Name: Signature:

SOP Title: STANDARD OPERATING PROCEDURE FOR | SOP No. KSM/MDR_4615

BLOOD COLLECTION USING PROTOCOL # WRAIR | version 02
1919

Effective Date:

Page 730f 97
INFORMED CONSENT
Has the subject provided the written informed consent? Yes No
If yes, Informed Consent Date and tiche:l_ | || [ [ [ | || [Time:|] [l:l__|_|bhr
dd mmm yyyy

If No, exclude

Has a copy of signed informedrsent been given to the subject?

Yes No If No explain

DEMOGRAPHIC DATA.

Years

Area of Residence:
Town: (If available)
VITAL SIGNS AND ANTHROPOMETRY

Axillary Temperature: |__|__|.|_°F

Pulse: |__|__|__| b/min

Blood Pressure: || | _|/|_|_|_|mmHg
Sys Dias
Weight: |__|__|.|_| kg

Vitals Taken by: __ Date: |__ || |_|_ 1L ||| _Time:|_| |||
Initials dd mmm yyyy 24hr

Subjectdés initials | _ _ [ I Age: Ger

SOP Title: STANDARD OPERATING PROCEDURE | SOP No. KSM/MDR_4615
FOR BLOOD COLLECTION USING PROTOCOL # |version 02

WRAIR 1919
Effective Date: Page 730f 97

PHYSICAL EXAMINATION
Perform a complete physical examination and record the findings in the section below.
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STEM

Normal

Abnormal

If abnormal, please specify

Check box if
not done

spiratory

[]

[]

[]

rdiovascular

urological

ENT

strointestinal

genital

sculoskeletal

rmatological

matological/

nphatic

L) O Oy O O O] Oy

L) O Oy O O O] Oy

L) O O O Oy O O O

Attachment 4 Inclusion and Exclusion criteria Log for S.O.P File.

All must beYES for INCLUSION

YES | NO
Adult aged between 18 years and 50 years inclusive ] ]
Senerally in good health and feeling well ] ]

EXCLUSION CRITERIA

All must beNO for inclusion
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YES | NO

Blood pressure that is out of range. ] ]
Hemoglobin levels that are below acceptable levels ] ]
Chronic illness ] ]

Presence of any lesion or scar of needle pricks at the venipuncutre site that § ] ]
indicative of addiction to narcotics and/or frequent blood donation.

Frequent travel tonalaria endemic areas I:l I:l
Prior prolonged residence in a malaria endemic area ] ]
Frequent malaria episodes in the past ] ]
Pregnancy ] ]
Lactating mothers n n
Findings that in the opiniqn of the i.n}/es'Figator may result in advartcomes ] ]
should the volunteer continue participation

Donation of blood within the last 6 months ] ]
Taking antimalarial drugs or antibiotics within the last 2 weeks ] ]

SOP Title: STANDARD OPERATING PROCEDURE FOR | SOP No. KSM/MDR_4615

BLOOD COLLECTION USING PROTOCOL # WRAIR | version 02
1919

Effective Date: Page 750f 97

Attachment 5Laboratory Results Log
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LABORATORY TESTS RESULTS

Blood group

|||l g/

Hemoglobin within acceptable range? vL] Nol]

Hemoglobin

Malaria blood filmnegativée YESD NOD

If any of the above is NO, the volunteends eligible to donate blood.

ELIGIBILITY CHECK BY INVESTIGATOR

Is the volunteer eligible to continue with participation based on the above clinical and laboratory

information, inclusion and exclusion criteria? YE|:| NO |:|
If YES, proceed with blood donation procedures.

If NO, is the volunteer a screening failureEY |:|
If YES, state reason for screening failure:

NO [ ]

INVESTIGATOR SIGNATURE

| confirm that | have reviewed the data in these screening documents for this volunteer. All

information entered by myself or my colleaguestis,the best of my knowledge, complete and

accurate

lnvestigatorés name: l nvest.i
SOP Title: STANDARD OPERATING PROCEDURE | SOP No. KSM/MDR_4615

FOR BLOOD COLLECTION USING PROTOCOL # [ yersion 02

WRAIR 1919

Effective Date: Page 76 0f 97

Attachment 6Post Donation Log For S.O.P Files

POST BLOOD DONATION VITAL SIGNS (1 HOUR AFTER DONATION)

Axillary Temperature: |__|__|.| °G
Pulse: |__|__|__|b/min
Blood Pressure: |__|__|__|/|__|__fnmHg

Sys Dias
Vitals Taken by: Date: |__|__ | ||| [l_|__| |
Y | |

Initials dd mmm yyyy
24hr

| Time:
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LABORATORY TESTS RESULTS
Blood group
Hemoglobin  |__|__|.|__| g/l
Hemoglobin within acceptable range? v nol]

Malaria blood filmnegativée® YESD NOD

If any of the above is NO, the volunteend eligible to donate blood.
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Appendix 5 Standard Operating Procedure for Optimization of GIA assay
US Army Medical Research Uniti Kenya
GEIS PROJECT

Standard Operating Procedure

SOP TITLE : Testing In vitro Plasmodium| SOP No. q
falciparum parasite growth inhibition using | 001

immune and non immune serum Version .05
Effective date 2% March 2015 Page 10f8

Signatures and Dates:

Author:  ----- Date
CHRISTINE WANJALA

QA Review: --- S —— Date e
Approving
AUthOrity:  =-mmmmmmemm e Date

MAJ. EDWIN KAMAU

Review / Approval for unchanged documents

Author QA Review Approving Authority

1 PURPOSE / APPLICABILITY

1.1 Purpose To provide procedures for testing Blasmodium falciparunparasite growth
inhibition by immune and non immune serum

1.2 Applicability : This SOP applies to immunology assay carried out in WRP Kisumu MDR
Laboratory personnel, Laboratory manager, trainees, principal investigator (PI)

2 ABBREVIATION AND TERMS:

2.1 CMS -Complete medium

2.2 Ml -Millilitres

2.3 RBC -Red blood cells

24 RPM -Revolution per minute

25 RPMI 1640 -Roswell Park Memorial Institute 1640 cell culture medium
2.6 RT -Room temp

27 SOP -Standard Operating Procedures
2.8 ul -Microlitre

2.9 SLS -Senior lab supervisor

210 Hrs -Hours

3 EQUIPMENTS AND MATERIALS:

3.1 Equipments
3.1.1 Centrifuge
3.1.2 Medical grade gas N2, 90% G&% G, 5%

3.2 Materials
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3.2.1 Serological pipette
3.2.2 Filter units
3.2.3 Zip-lock bag

3.3 Reagents

3.3.1 Distilled water

3.3.2 Phosphate buffered saline
3.3.4 Non immune serum
3.3.5 Immune serum

3.3.6 Redblood cells

3.3.7 SYBR Green |

3.3.8 Lysis buffer

3.3.9 10% complete medium
3.3.10 Ethanol

3.3.11 Glucose

3.3.12 Hepes

3.3.13 Sodium bicarbonate
3.3.14 3D7 Parasites

3.3.14 RPMI basic medium
3.3.15 Giemsa stain

4 RESPONSIBILITIES:

4.1 The SLS will ensurghat these procedures are strictly adhered to and that all Personnel
required to perform these procedures are properly trained

4.2 It is the responsibility of the lab director and lab manager to ensure that this document is up to
date.

4.3 It is the resposibility of the technical personnel to understand and adhere to this SOP

5 PROCEDURES:

5.1 Preparation of reagents

5.1.1 Immune serum

5.1.1.1 Using 5ml serol ogical pipette transfer
at 2500 RPM for 3nin

5.1.1.2 Aliquot the serum layer into a clean well labelled vial for use as immune serum

The remaining sample is washed using wash medium then cultured and cry preserved.

5.1.2 Nonimmune serum

5.1.2.1 Thaw the non immune seru®+ ve)in 37°C water bath prioto use

5.1.2.2 Remove non immune serum from water to room temperature (R¢ 2@3 °C as soon as
thawed (about 30 min)

5.1.3 3D7 Parasites

5.1.3.1 Check the percentage parasitemia using thin smear prior to setting the assay

5.1.3.2 The percentage parasitesteuld be diluted to 1 % at 2 % haematocrit using 50 % washed
Red blood cells.

5.1.4 MSF Lysis buffer containing SYBR Green |

5.1.4.1Thaw one SYBR Green | aliquot vial in the incubator for 5 min

5.1.4.2 Add 4 pul of SYBR Green | to 2 mL of MSF lysis buffereTdolution is adequate for 12
wells of immune and neimmune serum in duplicates

5.1.4.3 Pipette to mix, avoiding the production of bubbles (This solution is made fresh prior to assay
harvest)

5.1.5 RPMI basic medium (1L)
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5.1.5.1 Add 1 packet of powered medium in 850ml of distilled water in a cylinder with magnetic
stirrer on a magnetic bar

5.1.5.2 Add 2 g of glucose

5.1.5.3 Add 5.95 g Hepes

5.1.5.4 Stir at medium speed until completely dissolved

5.1.5.5 Filter using 0.2 uM filter unit label and inthte the preparation and expiry date then store in
28e C, good for 30 days

5.1.6 serumfree media

5.1.6.1 Add 1.0 mL 1.45 mM sterile of hypoxanthine to 43.4mL of RPMI basic medium
5.1.6.2 Add 1.6 mL of sterile sodium bicarbonate, 7.5 %

5.1.6.2 Filter with 0.2 pM then Storat 28°C.Good for 2 weeks

5.1.7 Complete medium

5.1.7.110% CMS

Add 5 mL of serum to 43.4 mL of RPMI basic medium
Add 1.0 mL 1.45 mM sterile hypoxanthine

Add 1.6 mL of sterile sodium bicarbonate, 7.5 %
Filter with 0.8 uM, 0.45 pM and 0.2 uM then

Store al-8°C.Good for 2 weeks

5.1.8 Preparation of 5% sorbitol solution

5.1.8.1 Add 50 g of D&orbitol to 1 L of culture water.

5.1.8.2 Stir until completely dissolved.

5.184Sterilize the solution using a 0.2 €M pore
5.1.8.4 Store at 4°C up to year

5.2 Technical procedure

5.2.1 In a Bio-safety cabinet, wiped and cleaned with 70% ethanol

5.2.2 Place 48 well plates in the bfafety cabinet and labelled the plate for immune and non
immune serum at 10 folds difference concentration of seruavaa confusion, Note that the well
containing 10 % CMS will not have serum.

5.2.3 Pipette 500 pl of 10 % CMS in the first two well, which are the positive control

5.2.4 Using serurifree media, prepare 10 % vol/vol CMS using immune serum (0.5 mL immune
serum +45 mL serurdree media) as the immune CMS. Immune serum also represents all test sera
from malaria patients

5.2.5 In a separate test tube, use seftem media to prepare 10 % vol/vol CMS using-mmune
serum (0.5mL nofimmune serum +4.5 mL serdiree melia) as the nommmune CMS.

5.2.6 To prepare 14old dilution of the immune sera, add 0.5 mL of the immune CMS to 4.5 mL
nonimmune CMS.

5.2.7 To prepare 1§old dilution of the noAimmune sera, add 0.5 mL of the Remmune CMS to

4.5 mL nonimmune CMS

5.2.8 Add of these CMS to the wells as indicated in the plate map under appendix

5.2.9 To test thein vitro activities, add 10 puL of 3D7 parasite in each well diluted to 1 %
parasitemia at 2 % hematocrit

5.2.10 Mix each well gentle to avoid bubbles

5.2.11 Repeat the procedure using Aamune serum in duplicates on the same plate as described
above then flash it with 90 %,N5 % Q, and 5 % C@Gas mixture

5.2.12 Indicate the date of termination and incubate at 37 °C for 72 hrs.

5.3 Termination

5.3.1 In a Bio-safety cabinet, wiped and cleaned with 70 % ethanol

5.3.2 Gentle mix each well using pipette to have uniform mixture after incubation (72 hrs)
5.3.3 Aliquot each well labelled appropriately into respective vials
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5.3.4 In 96 well plate labelled in accordaniethe set up (Refer to appendix 2 for 96 plate set up
template)

5.3.5 Pipette 100 pl of the mixture from each vial to their respective wells labelled (Refer to
appendix 2 for 96 plate set up template)

5.3.6 Add 100 pl of SYBR Green | with lysis buffén each well. This process is done away from
light

5.4.7 The remaining mixture in the vials, aliquot 200 pl in another clean vial, centrifuge and prepare
thin smears across all concentrations in immune and non immune

5.4.8 Store the remaining mixture their respective vial ir80°C

5.4 Reading the plate and interpreting results
5.4.1 Insert the 96 well plates in Tecan reader then read the plate using the reader and interpret.

Well plate set up

IMMUNE SERUM NON IMMUNE SERUM
Positive 10% imm | 1% imm | Positive control | 10% Nonrlmm | 1%  Nonrlmm
control cms cms cms cms
Positive 10% imm | 1% imm | Positive control | 10% Nonrlmm | 1%  Nonrlmm
control cms cms cms cms
10%cms 10%cms 10%cms pos ctl
10% immcms 10% immcms 10% immcms Imm serum
1%imm-cms 1%imm-cms 1%imm-cms

10%NonrlImm cms 10%NonrImm cms 10%Nonrlmm cms Non immune

serum

1% Nonrr imm cms 1% Nonrr imm cms 1% Non-imm cms
6 References:

Reference number| Document Title.
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Appendix 6. Study sample collection procedures for adults

Study procedures Priority Assay | DO | D1 | D2 D3 D4 | D7 | D14 | D21 | D28 | D35 | D42 | RC®
Volume
Eligibility Evaluation -1
Informed -1
Consent/Assent
Demographics -1
Pregnancy test (from -1
urine)
Physical Examinaticn X X X X X X X X X X X X
Adverse Events X X X X X X X X X X X X
Vital Signs -1, X X X X X X X X X X X
X
Concomitant X X X X X X X X X X X X
Medications
Urine sample collection X
Artesunate (mg/kg) 4 4 4
Mefloquine (mg/kg) 15 | 10
Artemether X X X
Lumefantriné
Blood smears 1 0.1ml -1, 24,148, |72, | X X X X X X X
0,4, | 30, | 54,
PCR for speciation 1 iml -1 X
Reattime PCR 1 0.8ml 0,4,| 24, |48, |72, p | X X X X X X
8, | 30, | 54,
Hematolog§ 1 Iml X X X X X X X X X X X
Pharmacokinetics 2 2ml X X X X
In vitro susceptibility 2 3ml X X
testina
Cryopreservation 3 2ml X X
Storage in RNAlater 3 1ml X X
(PTEP)
Microsatellite Markers, 3 2ml X X
SNPS
ReferenceMolecular 3 3ml X X
GWAS
Serology 2 5ml X X X X
PBMCS 3 1ml X X
Blood Clotting 3 4ml X
Cytokine Determination 3 2ml X
Biochemistry 1 iml X X
(alucoseY**
Bioassay 2 2ml X X
Total blood collected 346 | 46 | 46 | 7.6 - 191 89| 19| 19| 19 | 6.9 | 231
INumbers show hour of blood sampling for microscoftyispree nr ol | ment ; AX0 indicates
day, fi o hat santple with ie eotlected atil two consecutive samples are negative by microscopy

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

®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 foHopv

" Total blood volume collected for the entire study = 74.8mL. For participants with recrudescence, total volumes
will be 97.9 mL.

"Depending on randomization schent™ MQ dose is supervised"lose is unsupervised. *if needed
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Appendix 7: Study Sample collection procedures for children

Study procedures Priority Assay | DO' | D1 | D2 D3 D4 | D7 | D14 | D21 | D28 | D35 | D42 | RC®
Volume

Eligibility Evaluation -1

Informed -1

Consent/Assent

Demographics -1

Pregnancy test (from -1

urine)

Physical Examinaticn X X X X X X X X X X X X

Adverse Events X X X X X X X X X X X X

Vital Signs -1, X X X X X X X X X X X
X

Concomitant X X X X X X X X X X X X

Medications

Artesunate( mg/Kg) 4 4 4

Mefloguine ( mg/Kg) 15 | 10

Artemether X X X

Lumefantriné

Urine sample collection X

Blood smears 1 0aml | -1, [ 24, |48, |72, | X X X X X X X
0,4,| 30, | 54,

PCR for speciation 1 iml -1 X

Realtime PCR 1 0.4ml 0,4, 24,148, |72, p | X X X X X X
8, | 30, | 54,

Hematolog§ 1 0.4ml X X X X X X X X X X X

Pharmacokinetics 2 2ml X X X X

In vitro susceptibility 2 2ml X X

testing

Cryopreservation 3 1ml X X

Microsatellite Markers, 2 2ml X X

SNPs

Reference Molecular 3 2ml X X

GWAS

Serology 2 2ml X X X X

PBMCs 3 0.5ml X X

Blood Clotting 3 2ml X

Cytokine Determination 3 iml X

Biochemistry 1 iml X X

(alucoseY**

Bioassays 2 2ml X X

Total blood collected 215| 24| 24| 54 - 09| 49| 09| 09| 09| 29| 15

(ml )8

! Numbers show hour of blood sampling for microscoftyispree nr ol | ment ; AX0 indicates

day; Agpd indicates that sample wildl be collected q6

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

®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 folapv

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

"Depending on randomization schem®MQ dose is supervised"lose is unsupervised. ** if indicated

84



