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Samenvatting

Achtergrond en motivering

Malaria, de meest voorkomende parasitaire ziekte bij de mens, is zowel vermijdbaar als
behandelbaar, maar veroorzaakt nog steeds een enorme ziekte en sterfte bij kinderen en
zwangere vrouwen. Malaria is voornamelijk een gezondheidsprobleem in lageloonlanden. In
sub-Sahara Afrika zijn er jaarlijks meer dan 32 miljoen zwangerschappen in malaria-
endemische gebieden. Indien er geen zwangerschap-specifieke malaria interventies zouden
zijn, bevallen er 12 miljoen zwangere vrouwen (45% van alle bevallingen) van een baby
blootgesteld aan malaria infectie. Dit zou leiden tot ongeveer 900.000 baby’s met een laag

geboortegewicht als gevolg van vroeggeboorte of intra-uteriene groeiachterstand.

In Burkina Faso is malariatransmissie seizoensgebonden en voornamelijk tijdens de maanden
augustus-december overlappend met het regenseizoen (juli-oktober). Het hoogtepunt van het
malariaseizoen treedt meestal op in september-oktober. Malaria is een van de meest
voorkomende redenen voor het bezoeken van de gezondheidscentra. De meest voorkomende
vectoren zijn Anopheles gambiae sensu stricto, Anopheles funestus en Anopheles arabiensis.
Plasmodium falciparum (P. falciparum ) is de voornaamste malariaparasiet. P. malariae en P.
ovale worden ook waargenomen in respectievelijk 3-8% en 0,5-2% van de gevallen, en
hebben ook schadelijke effecten op de moeder en hun nakomelingen. Ze gaan echter meestal

samen met P.falciparum malaria tijdens de zwangerschap

In malaria-endemische gebieden in sub-Sahara Afrika, beveelt de WGO aan om tijdens de
zwangerschap insecticide geimpregneerde muggennetten te gebruiken en om intermitterende
preventieve behandeling (IPTp) met sulfadoxine-pyrimethamine in het tweede en derde
trimester te nemen. Sulfadoxine-pyrimethamine wordt goed getolereerd, is veilig in het

tweede en derde trimester, betaalbaar, overal verkrijgbaar, en kan worden gegeven in één
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enkele dosis, waardoor gesuperviseerde behandeling tijdens prenatale consultaties mogelijk
is. IPTp met sulfadoxine-pyrimethamine is zeer effectief voor het verminderen van de
consequenties van malaria infecties tijdens de zwangerschap, maar wordt bedreigd door het
ontstaan en de wijde verspreiding van antimalaria resistentie. Twee cruciale factoren voor een
succesvolle behandeling zijn het vroegtijdig opsporen van de malaria parasiet en een
behandeling met een efficiént antimalariamiddel. Tijdens het tweede en derde trimester van de
zwangerschap, raadt de WGO een snelle en efficiénte behandeling aan met een op
artemisinine gebaseerde combinatie behandeling (ACT). De malariaopsporing tijdens de
zwangerschap is echter niet evident want de meeste besmette vrouwen zijn asymptomatisch in

endemische gebieden.

In deze thesis worden de klinische presentatie van malaria tijdens de zwangerschap, de
preventie ervan met behulp van IPTp, en de in vivo en ook de ex vivo efficiéntie van de
aanbevolen tegen antimalariamiddelen onderzocht. De belangrijkste doelstellingen waren (1)
het evalueren van het nut van klinische tekenen en symptomen in de diagnose van malaria
tijdens zwangerschap, (2) het bepalen van de prevalentie van moleculaire merkers van SP
resistentie bij asymptomatische en symptomatische malaria-geinfecteerde zwangere vrouwen
in Burkina Faso, (3) het 'ex vivo' bepalen van de huidige werking van anti-malaria middelen
aanbevolen door de NMCP in Burkina Faso (4) het in vivo bepalen van de doeltreffendheid
en veiligheid van ACTs gebruikt voor ongecompliceerde malaria bij zwangere vrouwen in
Afrika en ten slotte (5) het beoordelen van de relevantie van de aanbevelingen van de NMCP

voor de behandeling van malaria tijdens de zwangerschap in Burkina Faso.

Methoden

Wij voerden een longitudinale studie uit waarin aan alle zwangere vrouwen die zich

presenteerden op een routine prenatale consultatie (ANC) of in de polikliniek, werd gevraagd
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om deel te nemen. Tijdens de consultatie en na het bekomen van een schriftelijke
geinformeerde toestemming, werden vrouwen ingedeeld in een symptomatische groep of een
controlegroep. De vrouwen behorende tot de symptomatische groep hadden ten minste één
van de volgende tekenen of symptomen: een temperatuur van >37.5 © C (gemeten door een
elektronische thermometer) of koorts gedurende de voorafgaande 48 uur, hoofdpijn,
bleekheid, gewrichts- of spierpijnen, convulsies, braken, duizeligheid, malaise, moeheid,
vergrote lever of milt. De vrouwen behorende tot de controlegroep hadden dus geen enkel
symptoom. Voor elk ziektegeval werden 2 controlegevallen geselecteerd gepaard op pariteit
(0, 1-3, >4), zwangerschapsduur (gemeten via de fundushoogte) en het seizoen (geselecteerd
binnen een maand na het desbetreffende ziektegeval). Ook bepaalden wij de prevalentie van
moleculaire merkers voor SP resistentie bij asymptomatische en symptomatische malaria-

geinfecteerde zwangere vrouwen in Burkina Faso.

De tweede studie maakte deel uit van een multicenter studie (Burkina Faso, Ghana, Malawi
en Zambia) (ClinicalTrials.gov-ID: NCT00852423) die de werkzaamheid en veiligheid van
vier anti-malaria behandelingen onderzocht, namelijk dihydroartemisinin—piperaquine (DHA-
PQ), mefloquine-artesunaat (MQAS), artesunaat-amodiaquine (ASAQ) en artemether-
lumefantrine (AL), in falciparum malaria-geinfecteerde zwangere vrouwen. Zwangere
vrouwen werden opgenomen in het proces als zij voldaan aan de volgende criteria:
zwangerschap >16 weken, P. falciparum mono-infectie met eender welke densiteit met of
zonder symptomen, hemoglobine >7 g/dl, verblijf binnen de gezondheidszone van het
centrum en de bereidheid om te bevallen in het gezondheidscentrum. Een ex vivo studie over
de medicamenteuze gevoeligheid van parasiet isolaten van zwangere vrouwen was ingebed in
de klinische trial site in Burkina Faso. Voor de ex vivo studie was de opneming beperkt tot

vrouwen met een parasietconcentratie van ten minste 100/pl.
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Resultaten

Nut van klinische tekenen en symptomen voor de diagnose van malaria tijdens de
zwangerschap

Zeshonderd zwangere vrouwen werden gerekruteerd (200 symptomatische en 400 controle
gevallen), de meeste van hen in het tweede en derde trimester van de zwangerschap. Malaria
prevalentie werd gemeten via microscopie in 49,0% van de symptomatische gevallen en
39,5% bij de controlegroep (p=0,03). Onder de symptomatische malaria-geinfecteerde
vrouwen, was leeftijd gerelateerd aan malariainfectie en hadden vrouwen van <20 jaar meer
risico dan die van >35 jaar oud. Koorts, geschiedenis van koorts, hoofdpijn en duizeligheid
hadden elk een positief voorspellende waarde (PPV) van rond de 50%, terwijl voor alle
anderen de PPV ruim lager was. De hoogste PPV werden gevonden bij het combineren van
koorts en duizeligheid (61,5%, 95%CI:35-82) en koorts en braken (66,7%, 95%CI:20-93).
Als koorts was gebruikt voor de diagnose van malaria zou 47.2% van de koorts vrouwen
onnodig worden behandeld. Ook zou 46,8% van de vrouwen zonder koorts geen behandeling

hebben gehad voor hun malaria infectie.

Prevalentie van moleculaire merkers voor SP resistentie bij asymptomatische en
symptomatische malaria-geinfecteerde zwangere vrouwen in Burkina Faso

Onder de 600 zwangere gerekruteerde vrouwen, werden 256 gediagnosticeerd met malaria
door microscopie. Na genotypering, had meer dan de helft van de stalen de dhfir C59R
(61,2%, 156/255) en/of de S108N (55,7%, 142/255) mutaties terwijl slechts 12,2% (31/255)
de N51I mutatie hadden; geen 1164L-mutatie werd gevonden. Er zijn 6 verschillende dhfr
allelen; de prevalentie van het dhfrr “wild type” was 30,2% (77/255). Onder de gemuteerde
allelen, was de dubbele NRNI-mutatie de meest voorkomende (35,7%, 91/255), gevolgd door
de drievoudige mutatie IRNI (11,4%, 29/255). Meer dan een derde van de stalen (34,2%,

79/231) droeg de dhps A437G mutatie maar geen van hen had de K540E mutatie.
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Antimalariamiddelen: ex vivo werkzaamheid van antimalariamiddelen in zwangerschap
In totaal hadden 90 isolaten (83,3%) interpreteerbare resultaten voor ten minste één van de
studiemedicaties, overeenkomende met een slaagpercentage van 80% voor de cultuur. Onder
de medicijnen die momenteel gebruikt worden had mefloquine (MQ) de hoogste proportie
(9,2%) van resistente parasieten (meetkundige gemiddelde IC50=1.1nM; 95%CI:0,8-1,7),
gevolgd door monodesethylamodiaquine (MDAQ) (8,0%; meetkundige gemiddelde
IC50=1.5nM; 95%CI:1.0-2.2) en kinine (QN) (4,4%; meetkundige gemiddelde
IC50=34.2nM;95%CI:24.1-48,5). De medijcinen waren even actief tegen de chloroquine CQ-
gevoelige als CQ-resistente stalen. Er was een aanzienlijke positieve correlatie tussen de
gevoeligheid van dihydroartemisinin (DHA) en zowel MQ als CQ, en tussen CQ en

lumefantrine (LUM) en tussen MDAQ en MQ.

Werkzaamheid en veiligheid van ACTs bij gebruik bij zwangere vrouwen in Afrika

ACTs hebben bewezen om effectief te zijn bij de behandeling van ongecompliceerde malaria
tijdens de zwangerschap. Zij toonden een goed werkzaamheidsprofiel wat de bestaande WGO
aanbevelingen bevestigd. Veiligheid, een andere belangrijke parameter, varieerde tussen de
behandelingen. Vrouwen behandeld met de combinaties ASAQ of MQAS hadden meer
bijwerkingen dan met AL en DHA-PPQ. AL, werd, hoewel doeltreffend, geassocieerd met
een hoger risico van nieuwe infecties als gevolg van de korte eliminatietijd van LUM. DHA-

PPQ was effectief, had een lange profylactisch effect, en een aanvaardbaar veiligheidsprofiel.

Conclusies en aanbevelingen

Detectie van malaria-infecties tijdens de zwangerschap: Is klinische diagnose nuttig?
Tekenen en symptomen waren niet discriminant voor malaria-infecties. Beperking van de
behandeling tot symptomatische zwangere vrouwen zou een slechte strategie zijn ter

vermindering van de morbiditeit en de mortaliteit veroorzaakt door malaria. Alle zwangere
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vrouwen moeten hetzij systematisch worden gescreend voor malaria infectie en nadien
behandeld indien positief of SP worden gegeven op elk gewenst moment dat ze een

gezondheidscentrum bezoeken, met minstens ¢én maand tussen 2 dosissen.

Preventie van Malaria in zwangerschap: werkzaamheid van SP in Burkina Faso

De prevalentie van de triple mutant, een bekende resistentie in vitro tegen pyrimethamine,
was relatief laag waardoor SP nog steeds kan bruikbaar is als IPTp in Burkina Faso. Ervan
uitgaande dat besmette zwangere vrouwen meestal met lage parasitaire densiteit hebben, zal
SP de malaria-infecties klaren op het moment van de behandeling. En in alle zwangere

vrouwen, ook de niet geinfecteerde, zal de SP hen enkel weken beschermen.

Antimalariamiddelen: ex vivo efficiéntie werkzaamheid van antimalariamiddelen
tijdens de zwangerschap

De weinige resistente isolaten tegen MDAQ suggereren dat de combinatie ASAQ
doeltreffend is tijdens de zwangerschap. Relatieve lage IC50 werden ook gevonden voor de
twee andere ACT partner behandeling: LUM en MQ. Dit is een indicatie dat de combinaties

AL en ASMQ hier ook effectieve behandelingen zijn.

ACTSs voor de behandeling van zwangeren met malaria

DHA-PPQ en AL hadden beiden een goed veiligheids-en werkzaamheidsprofiel.

Motivering en relevantie voor de nationale malaria controle-richtlijnen in Burkina Faso

ASAQ had het beste behandelingsprofiel in Burkina Faso. Het werd echter minder goed
getolereerd dan AL. AL had daarentegen een beter veiligheidsprofiel maar met een hoger
risico op reinfectie. DHAPQ met goed behandelingsprofiel en zijn lange profylactische
bescherming na behandeling is een geode kandidaat voor een eerstelijnsbehandeling. Ten
laatste, vermelden we dat de IPTp-SP nog steeds een optie is in Burkina Faso daar de parasite

resitentie hier nog steeds zeer laag is.
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English Summary

Background and rationale

Malaria, the most common human parasitic disease, is both preventable and treatable, but
continues to disproportionately affect children and pregnant women. Malaria continues to be a
major health problem in low-income countries. In sub-Saharan Africa, more than 32 million
pregnancies occur annually in malaria-endemic regions. In the absence of pregnancy-specific
interventions, 12 million live-born deliveries (45% of all live-born deliveries) would be
exposed to malaria infection, which would cause an estimated 900 000 low birthweight

deliveries due to preterm labour and intrauterine growth retardation.

In Burkina Faso, malaria transmission is seasonal, during the months of August-December,
and overlaps with the rainy season (July-October). The peak for malaria cases usually occurs
in September-October. Malaria is one of the most common reasons for attending a health
facility. The more common vectors are Anopheles gambiae sensu stricto, Anopheles funestus
and Anopheles arabiensis. Plasmodium falciparum (P. falciparum) is the predominant malaria
parasite and P. malariae and P. ovale are observed in 3-8% and 0.5-2% of malaria cases,
respectively, most of them co-infected with Pf. Malaria in pregnancy is known to cause

adverse effects on the mother and their offspring.

The WHO recommends the use of long-lasting insecticidal nets throughout pregnancy in
malaria-endemic regions in sub-Saharan Africa, as well as intermittent preventive treatment
(IPTp) with sulfadoxine—pyrimethamine in the second and third trimesters. Sulfadoxine—
pyrimethamine is well tolerated, safe in the second and third trimesters, affordable, widely
available, and can be given as a single dose, allowing for directly observed therapy at
antenatal clinics. IPTp with sulfadoxine—pyrimethamine is very effective for reducing adverse

outcomes of malaria during pregnancy, but is threatened by the emergence of widespread
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parasite resistance. The WHO also recommends prompt and efficient case management with
artemisinin-based combination treatment (ACT) during the second and third trimester of
pregnancy. Two keys factors for successful case management are the early detection of
malaria, and their treatment with efficient antimalarial drugs. The detection of malaria during
pregnancy is a challenge, however, as in endemic areas most infected women are

asymptomatic.

In this thesis, the clinical presentation of malaria, the prevention using IPTp, the in vivo and
also the ex vivo efficacies of the recommended antimalarial drugs were investigated. The
main objectives were, (1) to evaluate the usefulness of clinical signs and symptoms in malaria
diagnosis during pregnancy, (2) to determine the prevalence of molecular markers of SP
resistance in asymptomatic and symptomatic malaria-infected pregnant women in Burkina
Faso, (3) to determine ‘ex vivo’ the current efficacy of antimalarial drugs recommended by
the NMCP in Burkina Faso, (4) to determine the efficacy and safety of ACTS used for
uncomplicated malaria in pregnant women in Africa, and finally (5) to evaluate the pertinence

of the NMCP recommendations for the treatment of malaria in pregnancy in Burkina Faso.

Methods

We carried out a longitudinal study in which all pregnant women attending either the routine
antenatal care (ANC) or the outpatient clinic were asked to participate. During the visit and
after having obtained written informed consent, women were divided into cases or controls.
Cases had at least one of the following signs and symptoms: temperature >37.5°C (measured
by electronic thermometer) or history of fever in the previous 48 hours, headache, pallor,
arthromyalgia, convulsions, vomiting, dizziness, malaise, fatigue, enlarged liver, or enlarged
spleen. Controls had none of these symptoms. For each case, two controls, matched by parity

(0, 1-3, >4), gestational age (measured by fundal height) and seasonality (recruited within one
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month from the corresponding case) were recruited. Also, we determined the prevalence of
molecular markers of SP resistance in asymptomatic and symptomatic malaria-infected

pregnant women in Burkina Faso.

The second study was part of a multi-centre (Burkina Faso, Ghana, Malawi, and Zambia) trial
(ClinicalTrials.gov ID: NCT00852423) investigating the efficacy and safety of four anti-
malarial treatments, namely dihydroartemisinin—piperaquine (DHAPQ), mefloquine-
artesunate (MQAS), artesunate-amodiaquine (ASAQ) and artemether-lumefantrine (AL), in
falciparum malaria-infected pregnant women. Pregnant women were included in the trial if
they fulfilled the following criteria: gestation >16 weeks, P. falciparum mono-infection at any
density with or without symptoms, haemoglobin >7 g/dl, residence within the health facility
catchment’s area, and willingness to deliver at the health facility. An ex vivo study on the
drug sensitivity of isolates from pregnant women was nested into the trial in Burkina Faso.
For the ex vivo study the inclusion was limited to women with a parasite density of at least

100/pl.

Key Results
Usefulness of clinical signs and symptoms for the diagnosis of malaria during pregnancy

Six hundred (200 case and 400 matched controls) pregnant women were included, most of
whom were in the second and third trimester of pregnancy. Malaria prevalence by microscopy
was 49.0% among cases and 39.5% among controls (p = 0.03). Among malaria-infected
women with symptoms, age was significantly related to malaria infection, with women <20

years more at risk than those >35 years old.

Fever, history of fever, headache, and dizziness each had a positive predictive value (PPV)
around 50%, while for all the others the PPV was much lower. The highest PPVs were found

when combining fever and dizziness (61.5%, 95%CI:35-82), and fever and vomiting (66.7%,
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95%CI:20-93). If fever had been used to diagnose malaria, 47.2% of the febrile women
would have been unnecessarily treated. Also 46.8% of the non-febrile women would have

missed treatment for their malaria infection.

Prevalence of molecular markers of SP resistance in asymptomatic and symptomatic
malaria-infected pregnant women in Burkina Faso

Among the 600 pregnant women recruited, 256 were diagnosed with malaria by microscopy.
After genotyping, 61.2% (156/255) of the samples had the dhfr C59R and/or the S108N
(55.7%, 142/255) mutations while only 12.2% (31/255) had the N511 mutation; no 1164L
mutation was found. There were 6 different dhfr alleles; the prevalence of the dhfr wild type

was 30.2% (77/255).

Among the mutant alleles, the double mutation NRNI was the most frequent (35.7%, 91/255),
followed by the triple mutation IRNI (11.4%, 29/255). More than a third of the samples
(34.2%, 79/231) carried the dhps mutations A437G but none of them had the mutation

K540E.

Antimalarials drugs: ex vivo efficacy of antimalarials in pregnancy

A total of 90 isolates (83.3%) had interpretable results for at least one of the study drugs,
giving a culture success rate of 80%. Among the drugs currently in use, mefloquine (MQ) had
the highest prevalence of resistant isolates (geometric mean IC50 = 1.1 nM; 95% CI 0.8-1.7)
with 9.2%, followed by monodesethylamodiaquine (MDAQ) (geometric mean IC50 = 1.5;
95% CI 1.0-2.2) with 8.0%, and then quinine (QN) (geometric mean IC50 = 34.2; 95% CI
24.1-48.5) with 4.4%. Most drugs were equally active against the chloroquine (CQ)-sensitive
and CQ-resistant isolates. There was a positive significant correlation between the sensitivity
of dihydroartemisinin (DHA) and both MQ and CQ, between CQ and lumefantrine (LM) and

between MDAQ and MQ.
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Efficacy and safety of ACTs use in pregnant women in Africa

ACTs have proven to be effective in treating uncomplicated malaria in pregnancy. They have
shown a good efficacy profile confirming the recommendations for their use. The results of
safety, another parameter to take into account, varied between treatments. Women treated
with the combinations ASAQ or MQAS had more adverse events than AL and DHAPQ. AL,
although efficacious, was associated with a higher risk of re-infections due to the short
elimination half-life of LM. DHAPQ had good efficacy, a long post treatment prophylaxis

period and an acceptable safety profile.

Conclusions and recommendations

Detection of malaria infections during pregnancy: is clinical diagnosis (screening-based
on signs and symptoms) useful?

Signs and symptoms were not discriminative for malaria infections. Restricting treatment to
symptomatic pregnant women would be an inadequate strategy to reduce the morbidity and
mortality associated with malaria. All pregnant women should be either systematically
screened for malaria infection and treated if positive or given SP any time they visit a health

facility, provided this is done at least one month apart.

Malaria in pregnancy prevention: efficacy of SP in Burkina Faso

The prevalence of the triple mutation known to confer resistance in vitro to pyrimethamine
was relatively low indicating that SP can still be used as IPTp. Assuming that pregnant
women are generally infected with low parasite densities, SP should clear malaria infections
at the time of administration. For all pregnant women, including the non-infected, SP would

protect them for a few weeks.
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Antimalarials drugs: ex vivo efficacy of antimalarials in pregnancy

The few resistant isolates to MDAQ suggest that the combination ASAQ is efficacious during
pregnancy. Relative low IC50 was also found with two partner drugs of ACT, LM and MQ.

This is an indication that the combinations AL and ASMQ are efficacious treatments.

ACTs for the treatment of pregnant women with malaria

DHAPQ and AL have shown good safety and efficacy profiles.

Rationale and pertinence of the national malaria guidelines in Burkina Faso
Pregnant women should be systematically screened for malaria, by RDT or microscopy, when

attending a health facility.

ASAQ and AL showed good efficacy profile confirming their choice by the NMCP as first

line treatment. Finally, SP can still be used as IPTp in our context.
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Chapter 1: Introduction to malaria

1.1 Global burden of malaria

Malaria is caused by the protozoan parasite Plasmodium. Five species are known to cause
malaria in humans; P. falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium
malariae and Plasmodium knowlesi. Plasmodium is among the most researched genera of
parasites in the world (1). Despite substantial progress made in its control, malaria remains a

major public health problem.

This thesis focuses on P. falciparum infection in pregnancy and will therefore not address the

other malaria species mentioned above.

According to the latest World Health Organization (WHO) estimates, there were about 214
million cases of malaria in 2015 (with an uncertainty range of 149 million to 303 million) and
an estimated 438 000 deaths (with an uncertainty range of 236 000 to 635 000) (2). Most of
these cases (80%) and deaths (90%) occurred in sub-Saharan Africa (Figure 1), and most
deaths (70%) were in children under 5 years of age. The malaria mortality rate, which takes
into account population growth, is estimated to have decreased between 2000 and 2015 by

60% globally (2).

- _* Source: Malaria Atias Pnojecr,‘ IHME, " WHO, 2012 |

0.6—1.2 M deaths per year 90 % in Africa 86% in children under Syrs

Figure 1: Countries with ongoing transmission of malaria, 2013
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1.2 Clinical malaria in non-pregnant individuals

Clinical malaria is characterized by an acute febrile illness. The first symptoms, fever,
headache, chills and vomiting, occur at least 7 days after the infectious mosquito bite. They
may be mild and difficult to recognize as malaria (3). If not promptly treated, P. falciparum
malaria may progress to severe illness and death. In children, severe malaria can present as
severe anemia, respiratory distress due to metabolic acidosis, or cerebral malaria. Repeated
infections in malaria endemic areas result in the development of partial immunity, which

decreases the risk of severe malaria but does not prevent infection (4).

1.3 Malaria in pregnancy, pathogenesis and immunity

In addition to children under 5 years, pregnant women are also more vulnerable to malaria
(5). Malaria infection in pregnancy may cause low birth weight, which increases the risk of

death during the first year of life.

Adult women in areas of stable, high transmission usually have a high level of immunity
against malaria (5). In areas with lower transmission this effect is less marked (3,4), and
absent in areas at risk of epidemics (7). There is a physiological decrease of immunity during
pregnancy, which makes women more susceptible to malaria (8). In addition, where malaria
transmission is stable, primigravidae are at higher risk than multigravidae. This is due to the
development of an immune response against parasites that specifically sequester in the
placenta (7,8). Infected erythrocytes accumulate in the maternal vascular area of the placenta,
the intervillous space, to much higher densities than in the peripheral circulation (11).
Parasites expressing Chondroitin Sulphate A (CSA) - binding surface molecule Var2CSA can
adhere to the placental tissue through the binding of Var2CSA with the placental adhesion
receptor CSA. Some studies point to the existence of additional receptors (10,11). However,

current evidence suggests that they are less important than CSA (14), which is present in the
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placenta as a glycosaminoglycan side chain to the tissue anticoagulant thrombomodulin (15),
and as part of a secreted low-sulphated aggrecan in the intervillous space, postulated to
function as a reversible immobilizer of hormones, cytokines, and other molecules (16).
Placental sequestration seems to occur throughout the intervillous space, by contrast with
sequestration in other tissues, where infected erythrocytes are usually found in close
apposition to the vascular wall (16). Such sequestration triggers substantial changes such as
an increased number of maternal phagocytic cells, especially monocytes, in the intervillous
spaces. Inflammation processes and obstruction of nutrients flowing through the placenta,
from mother to child, are believed to be the causes of adverse events of malaria in pregnancy.
The relation between placental malaria and birth weight was reviewed by Brabin and
colleagues (17) in 1983. Briefly, chronic infections were most closely associated with
decreased birth weight due to fetal growth restriction, whereas acute infection (especially with
high parasite density) (16,17) was more closely associated with preterm delivery. In addition,
chronic infection was also associated with lower maternal hemoglobin or severe anemia

(18,19).

Younger maternal age (especially adolescence) is also an independent risk factor for malaria
in pregnancy (i.e. young primigravidae and multigravidae are at greater risk of malaria and its

adverse effects than older primigravidae or multigravidae) (22-26).

1.4 Clinical presentation of malaria in pregnancy (MiP)

First described in 1937 by Wickaramsuriya GAW (27), malaria in pregnancy (MiP) continues
to be a major health issue. In malaria endemic settings, MiP results in adverse outcomes for
both the woman and fetus (28-32). This was clearly highlighted by many studies describing
its indirect morbidity burden (18,33-36). Malaria control relies on prompt diagnosis and

effective treatment of malaria cases (37). However, studies on the importance of signs and
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symptoms of malaria are scarce (33,38). It was assumed that in high transmission areas,
infected pregnant women are often without symptoms because of their acquired immunity,
while where transmission is low malaria infection would cause symptoms (39). Such
assumption is based on few studies done during ANCs or on cross-sectional surveys which all
tend to underestimate the frequency of malaria-related symptoms in pregnancy. In Sierra
Leone (40) and Central Africa (41) the majority of pregnant women remained asymptomatic.
In Malawi, in a trial that enrolled 4,187 pregnant women and evaluated 4 study treatments and
prophylaxis regimen (3 arms on chloroquine and one arm on mefloquine), few women
reported symptoms of fever or malaria, despite the fact that about 36% of them remained or
became parasiteamic during the follow up, until delivery. At delivery, women with higher
parasite density were not more likely to report fever than women with lower parasite density.
Although fever was reported by 25% of women before enrolment, it was not associated with
malaria infection. Relying on self-reported fever would have identified only 24% of infected
women and less than half of the infected women with a parasite density of > 10,000 parasites
per uL (42).

A few years later, a cross-sectional community-based survey enrolled 686 pregnant women
in southern Mozambique (38). Conducted during two malaria transmission seasons, this study
aimed at describing malaria prevalence and anemia and their relation to parity and age.
Clinical malaria, defined as the presence of microscopic P. falciparum asexual parasitaemia
plus fever, was uncommon in this study. The study design did not allow for collecting the
outcome of pregnancy as women were examined only once, at the time of the survey. In low
transmission areas, only a few studies describing the epidemiology of MiP addressed the issue
of clinical presentation of malaria during pregnancy. In Central Sudan, Sayed et al
investigated the impact of P falciparum infection in 550 parturient women. In this study

pregnant women who were clinically suspected to have malaria were recruited (42). All
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recruited pregnant women had at least 2 or more of the following symptoms: fever, rigors,
headache, vomiting, diarrhea, abdominal and joint pains. The prevalence of malaria
parasitaemia was almost 60%. The majority of women with clinical suspicion of malaria were
found to be malaria positive using microscopy. This finding was in line with the assumption
of the symptomatic character of malaria in low transmission area. In Ethiopia, Newman et al
(7) conducted a study to assess the burden of MiP in both low (unstable) and high (stable)
transmission settings. Malaria-infected women were more likely to have reported a fever
during pregnancy than non-infected ones, particularly in areas of low transmission (61.5% vs.
10.9%, respectively; relative risk [RR], 5.7; P < .001). Moreover, most malaria infections
were associated with a reported fever in the week before enrolment (53.9% vs. 4.2%; RR,
12.9; P <.001) in the unstable transmission area.

Existing studies that explored MiP clinical presentation are prone to bias due to the study
design. In Nigeria, Nnaji et al failed to diagnose malaria in pregnancy using reported febrile
illness as predictor (43). A total of 420 pregnant women attending their first ANCs were
recruited in a case-control study. Nearly 58% of infected pregnant women and 54% of
uninfected ones reported fever before their inclusion in the study. The sensitivity, specificity,
PPV and PNV were 57.4%, 46%, 80.25% and 22%, respectively. The efficiency of reported
febrile illness as a screening approach was 55%, meaning that almost half of the pregnant
women without history of fever had a malaria infection. From these results, malaria diagnosis
based on reported febrile illness would not be adequate to identify infected pregnant women
(43). In Mozambique, a hospital-based descriptive study carried out between August 2003 and
November 2005 aimed at characterizing the clinical presentation of malaria in African
pregnant women and to evaluate the adequacy of case management based on clinical
complaints (44). Only pregnant women attending the ANCs with clinical complaints were

included. In total, 3,129 cases were recruited. Signs and symptoms suggestive of malaria,
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although frequent, were not discriminative of malaria infection. The majority of women
presenting a sign or symptom suggestive of malaria did not have parasitaemia and most of the
signs and symptoms had low predictive values (less than 40%). Only current fever had a PPV
of 50% but its prevalence was low (12%). Even combining several symptoms did not improve
the PPV (less than 50%). This study focused only on women with predefined symptoms, and
a control group was missing. Consequently, sensitivity and specificity of each symptom could
not be estimated.

Another study was conducted in Ghana (45) with the objective to report signs and symptoms
of malaria infection during pregnancy. The study included 900 pregnant women with
confirmed peripheral parasitaemia and 223 malaria negative pregnant women as controls.
Including a control group was important for this study as it allowed ascertaining the
background incidence of signs and symptoms in pregnant women without malaria. Though
only 7% of malaria-infected women had fever, all the symptoms were more frequent in
infected than uninfected women. In addition, fever, headache, vomiting, and general malaise
were strongly associated with malaria. The study concluded that in stable transmission areas,
malaria in pregnancy is often symptomatic, a finding in contrast with previous results
obtained in areas of stable malaria. Nevertheless, this study had some limitations and one
should be cautious when interpreting these findings. Firstly, the existence of the control
group, although important, could have actively influenced the report of the symptoms. In this
study, pregnant women were informed that they were not malaria infected and would be
included in a control group. This could have led to under-reporting of symptoms. Secondly,
symptoms were actively collected and solicited, possibly explaining the high frequency of
signs and symptoms.

In 2011, in Benin, the STOPPAM project assessed the clinical presentation of malaria

infection during the whole duration of pregnancy (46). Initially, the STOPPAM project was
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conceived to study the underlying immunopathological processes causing poor outcomes in
MiP. Through this, a cohort of 982 pregnant women with clinical complaints was followed
until delivery at ANCs and unscheduled visits. In the latter, fever (OR =5.2; p < 0.001),
headache (OR = 2.1; p = 0.004), and shivering (OR = 3.1; p < 0.001) were significantly
associated with malaria infection while during ANCs only headache was significantly
associated with malaria infection. Although the STOPPAM project was not designed to assess
the clinical presentation of malaria during pregnancy, the study was able to capture all clinical
symptoms during ANCs and also unscheduled visits. Therefore, during ANCs the majority of

malaria-infected pregnant women were symptomless (46).
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References | Setting Enrolment Definition of | Sample size Predictors Conclusion Limitations
criteria and malaria performance
sample size
Steketee et | Malawi Pregnant Parasitaemia | 4187 pregnant | Sensitivity: 24% Fever inadequate | ANCs
al Rural area, women at first women predictor to
(1996) High ANCs with Specificity: 71% identify
transmission area | fever or Parasitaemic
history of pregnant women
fever
Saute et al | Mozambique Pregnant Parasitaemia | 686 pregnant 3.4% of clinical malaria | Clinical malaria | Community
(2002) Rural area, women with plus fever women uncommon based cross
High fever (T=37.5°C) sectional
transmission area
Ahmed et | Central Sudan Pregnant Clinical 550 pregnant 60% of clinical malaria | Malaria in Community
al Low to moderate | women in presentation | Women pregnancy is based cross
(2002) transmission area | labor (fever, rigors, usually sectional
Headache...) symptomatic study
with
parasitaemia
Newman et | Ethiopia Pregnant Reported 962 pregnant | More parasitaemic Malaria in Community
al High and low women at fever during | women ( women reported fever | pregnancy is based cross
(2002) transmission area | ANCs and pregnancy or | 249 high in the week before mostly sectional
delivery units | week of transmission enrolment than symptomatic study
enrolment and 713 low aparasitaemic (53.9%
transmission) vs. 4.2%; RR: 12.9;
P<.001).
Nnaji et al | Nigeria Pregnant History of 420 pregnant | History fever Low specificity | Cases
(2007) High women fever with women Sensitivity: 57.4% of history of control
transmission area | attending parasitaemia Specificity: 46%, fever to predict study
ANCs PPV: 80.25% malaria in
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PNV: 22% pregnancy
Bardajiet | Mozambique Pregnant P. falciparum | 3129 visits PPV current fever: Clinical signs Community
al High women parasitaemia | analyzed 50%, 95%CI (45-56) and symptoms based cross
(2008) transmission area | attending with signs History of fever 33%, frequents but are | sectional
ANCs with and 95%CI (31-35) poor predictor of | study
clinical symptoms Arthromyalgias 29%, malaria infection
complaints suggestive 95%CI (28-31)
of malaria Headache 28% 95%CI
(27-30)
Tagbor et | Ghana Pregnant P. falciparum | 900 Parasitaemic vs non- Malaria in Randomized
al High women parasitaemia | parasitaemic parasitaemic pregnancy is control trial
(2008) transmission area | attending pregnant History of fever: often to determine
ANCs women and RR: 6.9 symptomatic antimalarial
223 95%CI (4.1-11.5), drugs’
aparasitaemic | P<0.0001 efficacy and
pregnant Vomiting: safety
women RR: 15.0
95%CI (3.7-60.4),
P<0.0001
Huynh et al | Benin Pregnant P. falciparum | Pregnant Clinical symptoms The majority of | Longitudinal
(2011) High women parasitaemia | women with associated with higher | pregnant women | cohort study
transmission area | attending clinical risk of positive slide: were
ANCs complaints Fever (OR=5.2;p < symptomless

0.001), headache (OR =
2.1; p=0.004),
shivering (OR =3.1; p
<0.001)

when infected
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1.5 Malaria in pregnancy - biological diagnosis

The non-specific nature of the clinical signs and symptoms of malaria, especially in
pregnancy, may result in unnecessary treatment of malaria or non-treatment of other
infectious diseases (47). Despite many strategies to prevent malaria in pregnancy, such as
IPTp-SP and insecticide treated nets (ITNs), pregnant women are still vulnerable to malaria,
and early detection and treatment with efficacious and safe treatments are essential. In malaria
endemic areas, infected pregnant women are generally pauci-symptomatic or asymptomatic,
often with low parasite density infections which may be difficult to diagnose (46—49). Various
methods can be used for the diagnosis of malaria. Conventional microscopy and rapid
diagnostic tests (RDTs) detecting circulating antigen are the most commonly used methods,

though molecular methods are being considered (50-52).

1.5.1 Placental histology
Histological examination of a stained placental biopsy is the reference standard for diagnosing
placental malaria at delivery with better sensitivity than peripheral and/or placental blood
smears (53). Placental histology is able to detect sequestered parasites when none are detected
in peripheral circulation (54).

Table 1: Classification of placenta pathology

Placenta pathology Description

Not infected No evidence of parasites pigment
(haemozoin)

Active-acute Parasites present, with absent or minimal

pigment deposition within fibrin

Active-chronic Parasites, with substantial amounts of
pigment in fibrin or in cells

Past Presence of pigment with no parasites
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In practice, a full-thickness biopsy is collected from the maternal surface of the placenta
approximately a third of the distance from the umbilical cord and the edge of the placental
disc. This specimen (approximately 2.5 x 2.5 x 1 cm thick) should be collected as soon as
possible after delivery and placed in 10% neutral buffered formalin [CONSORTIUM MIP,
PERS. COMM.]. Infections are classified as acute, chronic or past infections (see Table 1).
Although histology is an important tool for understanding disease processes in placental
malaria, its use is associated with several challenges. Firstly, it cannot be performed before
delivery and its cost makes it unsuitable for routine diagnosis. During the process of preparing
the biopsy, the sample can be altered making the detection of infected erythrocytes difficult.
Secondly, reading placenta slides may be difficult. Indeed, McGready (55) and Muehlenbachs
(56) reported that women with malaria detected by weekly screening and treatment often
have no histological changes at delivery. Thirdly, there is limited standardization between
laboratories and limited infrastructure to process, score and analyze samples in some tropical

settings (57).

1.5.2 Microscopy

The classic tool used to diagnose malaria is microscopy. Its most important shortcomings are
relatively low sensitivity, particularly at low parasite densities, and the need for electricity.
Although the expert microscopist may be able to detect densities as low as 5 parasites/pl, the
detection threshold for an average microscopist would be around 50-100 parasites/ul (58).
The sensitivity of microscopy is even lower in pregnant women, where peripheral blood
smears may be negative even in the presence of parasites in the placenta (59). Microscopy of
intervillous placental blood may have higher diagnostic sensitivity than that of peripheral
blood, though placenta histology would perform better for the diagnosis of placental malaria

(60). However, this method is unsuitable for routine diagnostics as it can be performed only
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after delivery. The differentiation between the asexual and sexual parasite stages is possible

by microscopy.

1.5.3 Immunochromatographic Tests/RDT

Rapid diagnostic tests (RDTs) are individual test kits that can detect Plasmodium-specific
antigens in a drop of blood using lateral flow immunochromatography (59,60). RDTs offer a
feasible alternative to microscopy, particularly for rural first-level health facilities. Indeed,
they do not require a laboratory or special equipment, are simple to use with relatively little
training, and provide, depending on the test kit, a positive or negative result within 20 minutes
(52). Although commercial tests can detect several circulating malaria antigens, they cannot
quantify parasitaemia or detect life-cycle stages (asexual vs sexual forms blood stages).

The Histidine-Rich Protein 2 (HRP-2) is a soluble antigen excreted by the parasite into the
bloodstream. It is specific for P. falciparum; RDTs based on this antigen are the most
commonly used ones. In case of placental malaria, these RDTs can detect circulating antigen.
A disadvantage of the HRP-2 tests is the prozone effect, i.e. false negative results with
extremely high parasite densities (61).

Other RDTs detect P. falciparum-specific parasite lactate dehydrogenase (Pf~-pLDH). In
contrast with HRP-2, Pf~pLDH is more rapidly cleared from the bloodstream and is not
affected by the prozone effect. However, these tests also have some limitations (61,62).
Indeed, pLDH is also produced by gametocytes which are not affected by many antimalarial
drugs and may thus persist after clearance of asexual forms (63,64). Other commercial tests
carry both an assay for genus specific aldolase enzyme and an HRP-2 assay, thus making
them capable of distinguishing between falciparum and non-falciparum infections.

In a meta-analysis comparing RDT and PCR vs placental blood microscopy, PCR and RDT

show higher sensitivity compared to placental microscopy (60). Moreover, taking peripheral
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microscopy as “reference standard”, the sensitivity and specificity of RDTs on peripheral
blood were 81% [51-95 CI] and 94% [76-99 CI] respectively. RDTs seem to miss positive
patients by microscopy, and this is not very reassuring for the value of RDTs to diagnose
malaria in pregnancy.

The number of studies comparing RDT to histology is scarce, so firm recommendations
cannot be made. Only one study on the performance of RDT was found. Brahmbhatt et al
(65), assessed malaria and HIV mother-to-child transmission and evaluated the performance
of RDT (HRP2-Aldolase) on peripheral blood vs histology. They reported a sensitivity of

57.5% [41-73 CI] and specificity of 89.5% [80-96 CI].

1.5.4 Molecular diagnostics tests

Recent developments in molecular biological technologies, e.g. polymerase chain reaction
(PCR), loop-mediated isothermal amplification (LAMP), and nucleic acid sequence-based
amplification (NASBA), have led to new strategies for malaria diagnosis.

Polymerase chain reaction (PCR)

Polymerase chain reaction, or PCR, is a laboratory technique used to make multiple copies of
a DNA segment. PCR-based techniques have proven to be the most specific and sensitive
diagnostic methods, particularly for malaria cases with low parasitemia or mixed infection
(66). The PCR technique is used to confirm malaria infection, follow-up therapeutic response,
and identify drug resistant parasites (67). Currently, PCR is the most commonly used
molecular diagnostic for malaria with a detection limit of ~1 parasite/ pul depending on the
assay type (66,67). PCR is more sensitive compared to microscopy and RDT, and therefore
able to detect asymptomatic malaria carriers who may be targeted for treatment (68).

Moreover, PCR can help to detect drug-resistant parasites, mixed infections, and can be
automated to process large numbers of samples (68,69). PCR provides high sensitivity and

specificity in detecting low density of parasites. For this, PCR could have been a good
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technique for the diagnosis of MiP (70). Although not yet routinely used as a diagnostic, PCR
is increasingly being used for confirmatory diagnosis of returning travelers or migrants
suspected of malaria in Western laboratories, and in some (reference) laboratories in endemic
countries (71). However, its implementation in resource-limited endemic settings remains a
challenge for malaria diagnosis or even routine clinical diagnostic usage, mainly due to the
expensive consumables (72). Nowadays, differentiation between sexual and asexual forms in
malaria, is possible using RNA amplification (73).

Other molecular tools

In order to combine the advantages of the PCR with the ability to use in field settings, new
molecular diagnostic tools are under development. Nowadays, two main groups can be
distinguished:

1. Isothermal amplification technologies and the PCR-nucleic acid lateral flow
immunoassay (PCR-NALFIA).

2. Isothermal amplification technologies consist of two promising technologies: the
nucleic acid sequence based amplification (NASBA) and the loop-mediated
isothermal amplification (LAMP). These technologies do not require a thermocycler
for amplification nor a gel imaging system for result reading (74).

LAMP is a novel semi-isothermal amplification technique that requires two temperatures for
amplification. It is considered field-applicable because only a UV light source is required for
a visual fluorescence based read-out and no PCR machine is required (74). However, there is
still the need for DNA extraction. A major drawback of LAMP is that it cannot be performed
in a multiplex format so 6 separate tests on a single blood sample are needed to do species
differentiation (1 pan plasmodium and 5 species-specific reactions, depending on the setting).
The reagent cost for LAMP is $0.40—$0.70 per test, making LAMP less cost-effective than

PCR (75,76).
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NASBA is a semi-quantitative isothermal amplification technique with a fluorescent read-out.
As POC technique it is prone to contamination and false-positive results, and requires more
extensive sample preparation compared to LAMP. The cost of NASBA reagents is
approximately $5-20 per test, making them at present too expensive for malaria diagnosis
(77). However, because it is the most sensitive to low-level infections, NASBA has the
potential to be especially useful as a screening tool despite a relatively high cost. NASBA will
be really helpful to detect submicroscopic infections.

PCR-nucleic acid lateral flow immunoassay (PCR-NALFIA) is a rapid immuno-
chromatographic test to detect labelled amplicon products on a nitrocellulose stick coated
with specific antibodies (70). They use simple and cheap lateral flow read-out systems. To
simplify the technique, a direct-on-blood system was developed to circumvent
preamplification handling such as DNA extraction (74,78). In a recent review and compared
to PCR, Roth et al reported sensitivity ranging from 87% (95% CI: 79-93) to 95% (95% CI:
89-98), and specificity from 82% (95% CI: 76-88) to 95% (95% CI: 93-97) (71). This good
internal validity figures may constitute a real progress for MiP management as most infected
pregnant women have low parasite densities. However, there are two major drawbacks.
Firstly, the need for an electricity source to perform the PCR amplification and to maintain
the cold chain for reagents storage makes this technique not suitable for field use and limits its
utilization only to laboratories with key equipment (76,77). The same applies to microscopy
which also needs an electricity source. Secondly, as for other molecular tools, a differentiation
between asexual (disease) and sexual (transmission) stage of the parasite cannot be made (79).
Using the test in combination with clinical presentation of the disease would have been a
solution but malaria in pregnancy is mostly asymptomatic (38,49). PCR-NALFIA could be

considered as a good option if solar energy system would be available.
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1.6 Strategies to control malaria in pregnancy

Malaria control aims at reducing the disease burden to a level at which it is no longer a public
health problem (80). The strategic approaches to malaria control in general, and which are
also true for pregnant women are (81) vector control, i.e. long-lasting insecticidal nets (LLIN)

and/or indoor residual spraying (IRS), chemoprevention, and case management.

1.6.1 Malaria prevention by vector control

LLINs and IRS are the most efficient and promoted applied interventions. Insecticide-treated
nets (ITNs) are mosquito nets that have been treated by dipping in a pyrethroid insecticide
solution, while LLINs refers to factory-treated mosquito nets made with a netting material
that has insecticide incorporated into the fibers, or as a coating on the fibers. By reducing the
contact human-vector and the lifespan of female mosquitoes, these interventions can have a
substantial impact on transmission. Indeed, ITNs are estimated to reduce malaria mortality
rates by 55% in children under 5 years of age in sub-Saharan Africa (82) and have been
shown to reduce the incidence of malaria cases by 50% in a variety of settings (83). When
ITNs are used by pregnant women, they are also efficacious in reducing maternal anemia,
placental infection and low birth weight (84). That is why, since 2007, the WHO has
recommended universal coverage with LLINs, rather than a predetermined number per
household. IRS consists of the application of residual insecticides to the inner surfaces of
dwellings, where many vector species of anopheline mosquitoes tend to rest after taking a
blood meal (85). IRS is one of the primary vector control interventions for reducing and

interrupting malaria transmission (85).
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1.6.2 Chemoprevention and case management
Chemoprevention in pregnancy

The objective of this strategy is to prevent malarial illness by maintaining therapeutic
antimalarial drug concentrations in the blood throughout the period of greatest malarial risk.
Chemoprevention is particularly effective in pregnant women and young children. In
pregnancy, preventive treatment is achieved by administering sulfadoxine-pyrimethamine at
regular intervals. The antifolate combination sulfadoxine-pyrimethamine (SP) has been used
widely to treat falciparum malaria for nearly half a century. Because of its low cost, safety,
and prolonged post-treatment prophylactic effects (86), SP is currently being used as

preventive therapy in vulnerable populations.

In pregnant women, evidence from four trials demonstrated the benefit of intermittent
preventive treatment with SP. Based on these evidences, the WHO currently recommends
IPTp with SP during the second and the third trimester, at least a month apart and any time
women attend an antenatal clinic (87). These doses are given systematically without a
diagnosis and are called intermittent preventive treatment during pregnancy (SP-IPTp). A
recent meta-analysis by Radeva-Petrova shows that [PTp can reduce severe maternal anemia
by 40%, the incidence of low birth weight by 27 %, and neonatal mortality by 38 %, although
the evidence on neonatal mortality is less conclusive (88). Resistance to SP first appeared in
Southeast Asia and South America in the 1970s (89), and soon followed in Africa, reaching
Tanzania in 1982 (86,87) and West Africa by the late 1980s (88,89). This rapid evolution of
resistance to antifolates is attributed to specific point mutations combined with the fact that
these mutations may have already been present at a lower level. In addition, the use of
antibacterial antifolate combination trimethoprim—sulfamethoxazole may have played a role

in selecting resistant parasites. Due to the high SP and chloroquine resistance, most countries
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have abandoned SP as first-line therapy in favor of artemisinin-based combination therapies
(ACTs). Nevertheless, in these high-resistance areas, IPTp-SP is still associated with
increases in birth weight and maternal haemoglobin (90-92). Indeed, ter Kuile et al (90)
reviewed the effect of SP resistance on the efficacy of IPT-SP and concluded that 2 doses of
SP as IPTp maintains its efficacy. Similar findings were reported by Coulibaly et al (91)
during a multi-centre study in Burkina Faso and Mali. In this study, triple mutation
(Ile51+Arg59+Asn108) was present in about half of infections while less than 2% of the
samples recrudesced at day 42. More recently, a review by Desai et al (92) was conducted in
6 sites with different level of SP resistance (high, medium or low). They found that IPT-SP
was associated with a 22% reduction in the risk of LBW, a lower risk of placental infection
(23%) by impression smear, even in areas of high SP resistance. Possible explanations for
maintained efficacy are acquired immunity contributing importantly to parasite clearance,
which in turn influences the association of treatment outcome with different dhfr and dhps
alleles (91). Secondly, SP may have some antibacterial and antifungical effects that may
improve fetal growth and maternal health (93). Consequently, the relationship between SP
level of resistance and its effectiveness in preventing LBW can be affected by the prevalence

of others risk factors.

Case management artemisinin-based combination treatment (ACT)

Effective case management is one strategy recommended by the WHO to control MiP, in
addition to insecticide-treated nets, indoor residual spraying (IRS) of insecticides, and
intermittent preventive treatment (94). Prompt diagnosis and efficient treatment are
paramount, although P falciparum drug resistance has narrowed the treatment options.

For the treatment of malaria in pregnancy during the second and third trimesters, the WHO

recommends the use of ACTs. These combinations associate a fast-acting artemisinin
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derivative that rapidly reduces the parasite biomass and gametocyte carriage (95,96), and
slower-acting partner drug that clears the remaining parasites and provides post-treatment
prophylaxis whose duration depends on its pharmacokinetic properties (96—98). The rationale
for combining antimalarials with different mechanisms of action, such as in the ACTs, is to
prevent the development of resistance or at least slow down its onset (99). In this section we
will focus on the efficacy and safety of ACTs used in our main study for the treatment of

uncomplicated malaria in pregnancy.

First trimester of pregnancy

The WHO recommends quinine plus clindamycin to be given for 7 days for uncomplicated P.
falciparum malaria or artesunate plus clindamycin for 7 days if this treatment fails (99).
Pre-studies in animals have highlighted the teratogenicity of ACTs during the first trimester
(100-102); however, the same phenomenon has not been observed in humans. Nowadays,
there is an increasing body of evidence of ACTs’ safety during the first trimester of
pregnancy. Manyando et al conducted a systematic review of the safety and efficacy of AL
during pregnancy (103). In total, 1,103 reports of AL use in pregnant women, of which 212
during the first trimester. In line with these findings, others studies also confirmed the safety
of ACTs use in the first trimester (104—109). The latest Malaria Policy Advisory Committee
to the WHO, on the basis of >1,000 first trimester exposures to artemisinins have
recommended to review the current guidelines (110).

Second and third trimester
Artemether-lumefantrine (AL)

AL is a fixed-dose combination of 20 mg of artemether and 120 mg of lumefantrine. AL is the
most widely used ACT as first-line or second-line treatment for uncomplicated malaria

worldwide (111). AL needs to be administered twice daily (the first doses given 8 hours apart)
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for 3 days. In addition, the absorption of AL is enhanced by fatty foods (112,113) but the
recommendation of taking it with food is not usually respected during pregnancy due to
frequent anorexia, nausea, or vomiting (114). The complexity of the treatment together with
the need of fatty foods is associated with poor adherence and compliance (115-117). This
could lead to treatment failure and selection of resistant parasites. There are few studies
assessing the efficacy and safety of AL in pregnancy given the fact that pregnant women are
generally excluded from trials and also because ACTs is not recommended in the first
trimester. Kaye et al in 2008, compared the safety and the clinical and the parasitological
response of AL to chlorproguanil-dapsone in a randomized control trial (118). A high cure
rate of 100% was found after 28-day of follow up. AL also show very good cure rate at a long
follow up period. Indeed, Piola et al, randomly assigned 152 pregnant women in AL and
quinine groups in a non-inferiority trial (119). At day 42, 99.3% of the AL group and 97.6%
of the quinine group were cured. In addition, the number of adverse events was about half in
the AL than in the quinine group. In contrast, lower cure rates of AL at day 42 were observed
in a similar study in northern Thailand; 89.2% (82.3-96.1%) for artesunate alone and 82.0%
(74.8-89.3%) for AL (120). Such difference was attributed to a lower immunity in women in
Thailand compare to those of Uganda or to the multidrug resistance profile in Thailand.

Artesunate-amodiaquine (ASAQ)

ASAQ is presented as a fixed-dose combination of 100 mg of artesunate and 270 mg of
amodiaquine base for three days treatment (121—-124). The combination ASAQ has been
extensively studied in children and adults, but there is few data on its use on pregnancy. So
far, two studies investigated the efficacy of ASAQ for uncomplicated malaria in pregnancy
(except PregACT study). Mutabingwa et al first compared the efficacy and safety of the
combination ASAQ, SP+AQ, Chlorproguanil-Dapsone and SP (125). From a total of 1433

women screened, 272 met the inclusion criteria and were randomized to one of the four
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regimens. The adjusted parasitological failure rate at day 28 was 18% for CD, 1% for SP+AQ
and 4.5% for AQ+AS. More recently, Ukah et al conducted a trial comparing the efficacy of
ASAQ vs AL for uncomplicated malaria during pregnancy (126). The day-28 cure rate was
98.5% for ASAQ and 94.4% for AL. There was no difference between the two regimens
(p=0.138). In contrast, adverse events were more frequent in the ASAQ arm.

Artesunate-mefloquine (MQAS)

MQAS is a co-formulated tablet containing 100 mg of AS and 220 mg of MQ hydrochloride.
Studies on the efficacy and safety of MQAS are surprisingly scarce. The only efficacy study
was conducted in 1995-1997, a randomized trial comparing MQAS vs quinine for multidrug-
resistant falciparum in pregnancy (127). MQAS regimen performed well compared to the 7-
day quinine treatment. The overall efficacy of MQAS was 98.2% (95% CI 0-11) and that of
quinine 67.0% (95% CI 43.3-90.8). In addition, the combination MQAS was associated with
lower gametocytes carriage. Others studies on MQAS investigated the treatment’s
pharmacokinetic properties. A study conducted in Nanoro investigated whether MQ dosage
should be adjusted for pregnant women. Twenty four pregnant and 24 non-pregnant women
with P falciparum were recruited and followed until day-63 (128). This study shows that no
dose adjustment is required in pregnancy. The efficacy rate at day 63 was 95.8% in pregnant
women and 100% for the non-pregnant women. MQ taken alone is generally associated with
adverse events (nausea, vomiting, dizziness, dysphoria...) (129-133).

Dihydroartemisinin-piperaquine (DHAPQ)

DHAPQ is presented as co-formulated tablet containing 40 mg dihydroartemisinin and 320
mg piperaquine. Increase piperaquine absorption can lead to QT prolongation and cardiac
arrhythmias and thus treatment should be taken with an empty stomach (134). Studies on the

efficacy of DHAPQ during pregnancy are rare. Apart of the pharmacokinetics (135-137),
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which found DHAPQ to be effective during pregnancy, only one study documented the
exposure of pregnant women with malaria to DHAPQ. The objective was to assess their
safety in both mother and baby and impact on pregnancy outcome (138). During a six-year
period, pregnant women were treated with one of the following antimalarial: DHAPQ,
chloroquine plus sulfadoxine-pyrimethamine (CQSP) and quinine alone. This was in
accordance with the local guidelines of malaria treatment recommending quinine plus
clindamycin for patients with falciparum malaria and CQSP for women with non- falciparum
malaria. In 2006, Papua Indonesia changed his policy with DHAPQ for uncomplicated
malaria of any species while quinine + clindamycin was reserved for the first trimester. In
those presenting with a febrile illness, DHAPQ resulted in a 2.5 fold greater likelihood of
being discharged from hospital with an ongoing pregnancy compared to women receiving oral
quinine. Data on the temporal analysis of adverse outcomes in pregnancy and early life
following the policy change was published in 2015 in a separate article (139). Overall, the
increased use of DHAPQ was associated with a 54% fall in the proportion of maternal malaria
at delivery and a 98% decrease in congenital malaria (from 7.1% prior to 0.1% after policy
change). Recently, DHAPQ was tested as antimalarial drug in the intermittent screening and

treatment strategy (140-142).
1.7 Monitoring antimalarial drug resistance

As described above, the treatments used for IPTp and those used for case management are
threatened by the emergence of drug resistance. It is therefore essential to monitor treatment
efficacy. This can be done with in vivo tests, in vitro/ex vivo assays and molecular markers

for drug resistance (143).
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1.7.1 In vivo tests

In vivo tests remain the gold standard for monitoring antimalarial drug efficacy. They are also
the primary source of information used by policy makers to shape recommendations for
malaria chemotherapy and prophylaxis. In vivo methods can be used to measure therapeutic
efficacy following standardized WHO protocols (144). Treatment outcomes can be classified

as follows:

Early treatment failure (ETF): The development of danger signs for severe malaria on days
1, 2, or 3 in the presence of parasitaemia; parasitaemia on day 2 higher than the day 0 count
regardless of axillary temperature; parasitaemia on day 3 with axillary temperature >37.5°C;

parasitaemia on day 3 similar or greater than on day 0.

Late clinical failure (LCF): The development of danger signs for severe malaria after day 3
in the presence of parasitaemia, without previously meeting any of the criteria of ETF;
presence of parasitaemia and axillary temperature >37.5°C or history of fever on any day
from day 4 until the end of the follow up, without previously meeting any of the criteria of

ETF.

Late parasitological failure (LPF): The presence of parasitaemia after day 3 at any day of
the follow up and axillary temperature <37.5°C, without previously meeting any of the

criteria for ETF or LCF.

Adequate Clinical and Parasitological Response (ACPR) is characterized by the absence
of parasitaemia at the end of follow up day, regardless of axillary temperature without

previously meeting any of the criteria for ETF, LTF, or LPF.
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1.7.2 Ex vivo tests

Ex vivo assays measure the intrinsic susceptibility of malaria parasites to anti-malarial drugs,
and establish baseline susceptibility of local parasite isolates to newly introduced drugs.
Several techniques for ex vivo tests have been developed. These techniques include the WHO
microtest, the isotopic based tests, the enzyme-linked immunosorbent assay (ELISA) and
more recently the SYBR green-based tests and the cytometric tests (145,146). However, the
availability of these techniques is limited in low-income countries due to financial cost, time
consumption and sometimes problems related to the management of radioactive waste.
Moreover, the lack of standardization of the non-radioactive methods is another problem
(147). Recently, a rapid, reproducible and cheap alternative to radioisotopes was developed
and tested successfully in West Africa in Ghanaian isolates (148). Though the SYBR Green I
ex vivo assay offers advantages compared to the previous method, it still requires specific

material and expertise commonly not available in field laboratories.

1.7.3 Molecular markers

The limitations of in vivo and ex vivo methods for measuring drug-resistant malaria and the
elucidation of molecular mechanisms of resistance to some antimalarial drugs have led to
considerable research on molecular markers for resistance. Polymorphisms in parasite genes
that are associated with changes in drug responses have been used as molecular markers of
resistance to some antimalarials and as a complement to ex vivo and clinical measures of
resistance. For example, some markers such as the K76T alleles of the P. falciparum
chloroquine-resistance transporter (pfert) (149-150), dhfr, dhps for SP (151-153) and
increased copy number of the P. falciparum multi-drug-resistance-1 gene (Pfmdrl) (154)
have all been associated with resistance to antimalarial drugs (155). Although molecular

markers for resistance to the artemisinins and some of their newer partners are not well
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defined yet, for the ‘old’ drugs, trends in prevalence of these resistance markers are useful

predictors of treatment responses and can help guiding treatment policy (156).

1.8 Aim and outline of this thesis

This thesis studies three important aspects of MiP management: early recognition of malaria
through a detailed study on the clinical presentation of malaria, ex vivo drug sensitivity
profiles of different antimalarials used in MiP, and specific drug resistance to SP in Burkina

Faso as an important parameter of the IPTp-SP intervention strategy.

Early diagnosis is extremely important to manage malaria cases among pregnant women. In
areas of stable transmission, it is believed that infected pregnant women are usually
asymptomatic. However, this is based on a few studies carried out among women attending
antenatal clinics (ANCs) for routine examination and on cross-sectional community-based
studies, which tend to underestimate the actual frequency of malaria-related symptoms (38).
Therefore chapter 3 reports a study on the clinical signs and symptoms of malaria in a cohort

of pregnant women.

IPTp reduces the prevalence of placental malaria, severe anemia among primigravidae, pre-
term delivery (157,158), low birth-weight and improves neonatal survival (157-159). It is
considered to be safe, efficacious and easy to administer at antenatal clinics (ANC) (160).
IPTp with SP was introduced in Burkina Faso in 2005, and since then there have been few
studies on the efficacy of IPTp. Chapter 4 reports the prevalence of the molecular markers of

SP resistance.

Safe and efficient drugs are needed for the treatment of MiP. Malaria-infected pregnant
women, who represent an important group at risk, are usually excluded from clinical trials.

Consequently, there is limited data on the ex vivo efficacy of ACT used for the treatment of
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malaria in pregnant women. Chapter 5 reports the ex vivo efficacy of antimalarial drugs
recommended by the NMCP in Burkina Faso while in chapter 6 and 7, efficacy and safety of
ACTs in Africa are investigated. The chapter 8 presents the general discussion of the thesis

and chapter 9 the conclusions and recommendations.

All these studies were carried out in Burkina Faso. The country profile and important aspects

of malaria in pregnancy in Burkina Faso are described in chapter 3.

1.9 Study Objectives

1.9.1 General objective
The general objective of this thesis is to provide information to decrease the burden of malaria

among pregnant women in Burkina Faso.

1.9.2 Specific objectives

The specific objectives of this thesis are the following:

1. To evaluate the usefulness of clinical signs and symptoms for the diagnosis of malaria in
pregnant women;

2. To determine the prevalence of molecular markers of SP resistance in asymptomatic and
symptomatic malaria-infected pregnant women;

3. To determine ‘ex vivo’ the current efficacy of antimalarial drugs recommended by the
NMCP in Burkina Faso;

4. To determine the safety and efficacy of three ACT for the treatment of malaria in pregnant
women in Burkina Faso.
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1.10 Overview of the thesis chapters

Chapter 1 provides a general description of malaria epidemiology, globally and in Sub
Saharan Africa. We also present a review of studies on the clinical features of malaria, and

treatment options of uncomplicated malaria.

Chapter 2 provides a description of the ‘malaria in pregnancy’ burden in Burkina Faso.

Chapter 3 presents the results of a prospective study documenting the clinical presentation of

malaria among pregnant women and assesses their predictive value.

Chapter 4 discusses the efficacy of SP as IPTp through the assessment of the prevalence of

molecular markers of SP resistance.

Chapter 5 presents the ex vivo sensitivity profile of isolates collected from pregnant women,

an important group at risk.

Chapter 6 presents the result of a multi-centre study on the safety and efficacy of four
artemisinin-based combination treatments in African pregnant women with malaria: Case of

Burkina Faso

Chapter 7 discusses the site-specific results of PREGACT (Burkina Faso data)

Chapter 8 presents the general discussion

Chapter 9 presents the conclusions and further perspectives in malaria in pregnancy
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Chapter 2: Burden of Malaria and malaria control in

Burkina Faso

2.1 Country characteristics

Burkina Faso (formerly Upper Volta; French: Haute Volta), the land of the upright/honest
people, is a landlocked country located in the middle of West Africa's "hump." It is
geographically in the Sahel zone, the transition zone between the Sahara Desert in the North
and the tropical savanna in the south. The country is bordered by Mali in the North- West, by
Niger in the East, by Benin in the South-East and by Ivory Coast, Ghana and Togo in the
South. With an area of 274,222 km?, Burkina Faso is about three times the size of Austria, or
slightly larger than the U.S. state of Colorado. Burkina Faso has a population of 17.4 million

people (est. 2013).

With an estimated gross national income of US$1,215 per inhabitant and per year, Burkina
Faso is among the world’s least developed countries. Approximately 77% of the population
lives in rural areas, and 44% of the population lives below the poverty line. In 2011, the life

expectancy at birth was 54 years for men and 57 years for women (1).

Burkina Faso has two very distinct seasons, rainy season and dry season. During the rainy
season the country receives between 600 and 1300 millimeters (mm) of rainfall; in the dry
season, the harmattan, a hot dry wind from the Sahara, blows. The rainy season lasts
approximately four months, from May / June to September, and is shorter in the north of the

country (2).
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The climate is generally sunny, hot, and dry and Burkina Faso can be divided into 3 different

climatic regions:

e The North belongs to the Sahel zone. This area typically sees less than 600 mm of

rainfall and the dry season can last between 8 and 10 months.

o The largest climatic zone is the Sudan-Sahel zone, which covers central Burkina Faso.

Rainfall is superior to that in the North but rarely goes over 1000 mm.

o Southern Burkina Faso is covered by the Sudan zone, which is by far the most humid

of the regions. Its rainy season lasts 6 months with rainfall up to 1300 mm.
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Figure 1: Map of Burkina Faso with the climatic zones

The three main rivers in Burkina Faso, namely Black Volta, White Volta, and Red Volta, lent
the country its original name, Upper Volta. These rivers are also known as Mouhoun,

Nakambe, and Nazinon, respectively. There are also several tributaries to the Niger that flow
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through Burkina Faso, including the Gorouol and the Goudebo. Significant lakes in Burkina

Faso are Tingrela, Bam, and Dem (cf figure 2).
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Figure 2: Burkina Faso showing rivers and lakes

The humidity, which increases as one moves south, ranges from winter lows of 12% to 45%
to rainy season highs of 68% to 96%. The harmattan, a dry east wind, brings considerable
heat from March to May, when maximum temperatures range from 40° C to 48° C (104° to
119° F); from May to October, the climate is hot and wet, and from November to March,

comfortable and dry (3).

2.2 Health system organization

Burkina Faso has one physician per 25,696 inhabitants, which is low compared to the
recommended WHO standard of one doctor per 10,000 inhabitants. The country has one nurse
for every 2,817 inhabitants. The share of the state budget allocated to the Department of
Health increased from 9.1% in 2011 to 12.5% in 2012. Burkina Faso is divided into 13
administrative regions, 45 provinces, 63 health districts and 351 wurban and rural

municipalities.
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In accordance with the recommendations of the Bamako Initiative, the public health system is
organized into a three-level pyramid: central, intermediary, and peripheral.

The central level is composed of the Health Minister’s office, its central services, different
programs and projects, affiliated services, and public administrative establishments (2
national hospitals, the National Blood Transfusion Centre, etc.).

The intermediary level is composed of the 13 Regional Health Directorates (DRSs), in charge
of coordination and support to districts.

The peripheral level is currently composed of health districts, which constitute the operational
level of the MoH and are administrated by district executive teams (ECDs) headed by district
chief medical officers.

To meet the country’s needs, there are three university hospitals and a national hospital, nine
regional hospitals, 47 district hospitals and 1,643 health centers (4). Health services for the
rural population are limited to primary care centers that typically employ two nurses and a
midwife.

At the operational level, public health structures are also organized into three levels.

CHU s : University hospitals
CHRs : Regional Hospitals
CMAs: Medical Centers with
Surgical Services

CMs: Medical Centers

CSPSs: Health and Social

Promotion Centers

Figure 3: Structure of the Health System in Burkina Faso
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According to the WHO, however, we note that “hospitals and health districts located in urban
areas or around a CHR are poorly functional”. In addition to this, district teams and regional
directorates lack management capacity, the Support Unit for Health System Decentralization
lacks operational capacity, there is no coordination of the healthcare system at the communal
level, and the mechanism to address disasters’ health components is inappropriate (5).

The private sector includes about 450 for-profit institutions, 45 non-governmental
organizations (NGOs) and faith-based health centers and 140 biomedical laboratories.

Malaria Control in Burkina Faso is managed through the National Malaria Control
Programme (NMCP). The NMCP is part of the Disease Control department, with three
doctors, a pharmacist and 17 employees, and is within the MoH (5).

The Family and Health Direction (FHD) is a technical branch of the MoH, responsible for the
design, planning and coordination of all activities relating to family members health (the
mother, wife, man, children, adolescents and the elderly). Maternal and child health is
managed through the family and health direction.

NMCP and FHD are both housed departments within the MoH. In the past this separation
impeded collaboration and resulted in policy duplication or confusion. From now, the NMCP
working in synergy with the FHD is responsible of the control and management of malaria in
Burkina Faso. The NMCP is also involved in international initiatives such as Roll Back
Malaria (RBM), Abuja initiative and the Millennium Development Goals (MDG), specifically
the target number 8 and the objective 6.

Four (4) research centres are engaged in malaria research: the Research Institute of Health
Science, the National Centre for Research and Training on Malaria, the Muraz Centre and the
Nouna Centre for Health Research. These research centres are guiding and giving evidence to
the NMCP trough their studies (interventional studies, clinical studies...). They are also

monitoring the efficacy of the antimalarial drugs proposed for the two lines treatment.
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2.3 Epidemiological stratification of malaria in Burkina Faso

Malaria transmission is holoendemic, with perennial transmission and a very strong seasonal
component (6—8). Three malaria transmission zones which largely overlap with the climate
zones are defined: the northern-most Sahelian region, with short seasonal transmission (2 — 3
months), the central Sudano-Sahelian region with a long seasonal transmissions period (4-6

months), and the Sudan-Guinea region with permanent transmission (1).

Malaria in Burkina Faso is mainly caused by P. falciparum infection (>90%). P. malariae and
P. ovale are observed in 3-8% and 0.5-2% of malaria cases, respectively, most of them co-
infections with P. falciparum (6). Malaria transmission is high with the entomological
inoculation rate (EIR) in 2009 estimated at 50-60 infective bites/person/year in Nanoro
(Diabate, pers comm). The more common vectors are Anopheles gambiae sensu stricto,
Anopheles funestus and Anopheles arabiensis.

The epidemiology of MiP in Burkina Faso is governed by a large number of factors:

2.3.1 Socio-demographic factors (age, parity, education level and ethnicity)
Malaria infection is strongly associated with age, with women <20 years old more at risk than
those >35 years old (7,9). Parity is also a risk factor as demonstrated by several studies.
Indeed, primigravidae and to a lesser extent secundigravidae, are at greater risk of peripheral
and placental parasitemia, and LBW (9,10).

One of the most important determinants of human behavior and knowledge is the formal
educational level. It has been recognized that the education level is playing an important role
in malaria transmission (8).

In the same area some differences in malaria clinical episode were less marked in the Fulani
group compared to the Mossi one (11). These differences could be explained by genetic
factors between these groups.
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2.3.2 Cultural and socio-economic factors
Cultural and socio-economic factors are different between populations. These differences
contribute to marked differences in malaria risk, e.g. through differences in exposure or

through differences in health seeking behavior (12).

2.3.3 Climatic and geographic parameters

The climatic parameters affect malaria distribution, seasonality and the transmission intensity
(13). Malaria transmission is seasonal, during the months of August-December, and overlaps
with the rainy season (July-October). The peak for malaria cases usually occurs in September-
October. A longitudinal study on all causes and malaria mortality concluded to a seasonal
pattern of mortality (14). Other studies have confirmed this seasonality (12,15).

Geographic parameters are also playing an important role in MiP epidemiology. Malaria
prevalence among pregnant women is higher in remote rural areas than urban areas,
regardless of climatic zones. In rural areas, prevalence by microscopy varies between 19.4%

to 50.8% (13, 23-27) while in urban areas it is around 25% (16).
2.4 Malaria trends in Burkina Faso

In 2013, 6,900,203 cases of malaria were recorded in Burkina Faso, including 406,103 cases
of severe malaria. The cumulative incidence was 398 cases per 1,000 inhabitants, a decrease
from the 2012 level of 415 cases per 1,000 inhabitants. This slight decrease has to be
interpreted with caution as there is insufficiently consistent data to assess malaria trends in
Burkina Faso (17). Nevertheless, malaria remains the primary reason for medical consultation
and hospitalization with respectively 46.5% and 61.5% of the hospitalizations and for 30.5%

of deaths (18).
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2.5 Evolution of malaria control and intervention in Burkina Faso

Malaria infection during pregnancy poses substantial risk to the mother, her fetus, and the
neonate. In areas of stable malaria transmission such as Burkina Faso, where adult women
have considerable acquired immunity, P. falciparum infection during pregnancy typically
does not cause symptomatic malaria, but may lead to maternal anemia and placental malaria
infection, especially among primigravidae and secundigravidae (19,20). Historically,
chloroquine (CQ) has been used as the first line drug for treatment of the general population,
including pregnant women, and SP was used as second-line treatment. CQ was used for
weekly chemoprophylaxis in pregnancy (21,22).

According to the WHO guidelines available at that time, a policy change was recommended
when clinical failures were above 25% (23). After three (3) consecutive year of CQ resistance
monitoring, the results were above the recommended threshold and CQ was removed as first
line treatment and weekly chemoprophylaxis regimen (21,24). A new malaria treatment
policy was formulated in February 2005, whereby CQ was replaced by artemether-
lumefantrine (AL) and amodiaquine-artesunate (ASAQ) as first-line treatments for
uncomplicated malaria. In the meantime, IPTp with SP was introduced to replace CQ
prophylaxis in pregnancy. The main recommended strategies of the NMCP to control malaria

arc:

2.5.1 Earlier detection and treatment of all malaria cases in health services

and in the community

According to the NMCP, malaria is defined at the health service level as: an axillary
temperature > 37.5°C or history of fever during the last 72 hours, and diagnosis of P.
falciparum by microscopy or RDT. At the community level, malaria is defined: as fever or

history of fever during the last 72 hours with a positive RDT (18). In all hospitals (university,
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national and regional) where electricity is available, malaria must be confirmed by

microscopy and for the dispensaries at the peripheral level by RDT.

At the community level, the case management of malaria is provided by community-based
health workers (CBHW). These are individuals reside in villages more than five kilometers
from the local health centre. To enable them to properly treat uncomplicated malaria, the
CBHW have been trained, endowed with recommended drugs and monitored regularly by
health workers in dispensaries to which they belong. This strategy was tested in only three
districts: Kaya, Nouna and Saponé. The first line ACTs are used and sold at highly subsidized
prices. In 2013, a census showed that 62% of the treatments needed have been distributed and
received at the community level (25). It was then decided to generalize the community case

management to the whole country.

In health facilities, the management of uncomplicated or severe malaria cases occurs at all
levels of the health pyramid. However, it is recommended that the peripheral level (health
centres and dispensaries) remains the place for treating uncomplicated cases and referral
centres (medical centre with surgical unit, regional hospital / university hospital) for severe

cases, after confirmation by microscopy or RDT.

2.5.2 Intermittent preventive treatment during pregnancy with SP

Since 2005, SP is reserved for IPTp, with two recommended doses during pregnancy.
Antenatal Care (ANC) sessions are national platforms for malaria in pregnancy prevention
and control. Despite a good initial ANC registration rate (95%), the 2010 Demographic and
Health Survey showed that over 56% of pregnant women in rural areas did not register until
their second or third trimester (26,27). Consequently, they may have missed the full regimen
of ANC services, including LLIN and IPTp. Despite significant progress, the coverage of

IPTp in Burkina Faso (10-19% in 2009-2011) was still under the Roll Back Malaria (RBM)
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target of 80% (28,29). Nowadays, the WHO recommends more doses of IPTp, one each time
the woman attend the ANC if at least one month apart. The new guideline was incorporated
into the update of Burkina Faso’s malaria strategy and has been disseminated since September
2014 (18). In Burkina Faso, the malaria control program recommends at least three doses of
SP during pregnancy and the uptake under supervision of a qualified agent. This new strategy
poses challenges and needs greater investment as the Ministry of Health (MoH) also
experienced SP stock-outs. Many projects jointly with the NMCP are examining new ways
for investing in stronger antenatal malaria prevention, capacity building of ANC staff and

provision of IPTp using the existing network of volunteer community health workers.

2.5.3 The use of long lasting insecticide treated nets (LLIN), indoor residual

spraying (IRS)

The initial strategy of targeting high risks groups (children under five years and pregnant
women) was shifted to universal coverage. It is defined as: ‘every household should own one
ITN for two people living in the household’ (30). Therefore, a national distribution campaign
was carried out between July 2010 and January 2011. More than 8 million LLINs were made
available for the campaign (Ministry of Health, Republic of Burkina Faso, unpublished
report). Studies on the coverage of ITNs are rare. In Burkina Faso, Zollner et al (31),
investigated the coverage of ITNs before and after the massive distribution campaign. They
concluded that the campaign was a success when considering ‘ownership of at least one ITN’
as indicator, but failed to achieve its own set target of securing one ITN for every two people

per household (31).

2.5.4 For treatment, artemether-lumefantrine (AL) and artesunate-

Amodiquine (ASAQ) both as first line
For pregnant women, malaria is treated with oral quinine in the first trimester or ACT the

second and third trimester. Quinine is also used for the management of complicated and
73| Page



Malaria in Pregnancy: Case management and control in Burkina Faso. MC Tahita

severe malaria in both children and adults, including pregnant women. The new treatment of
choice is IV artesunate (AS), which reduced mortality compared with quinine (32). Free
treatment kits are made available to vulnerable groups (children under five and pregnant

women).

2.6 Study sites profile

The studies in the framework of this thesis have been carried out in the rural district of
Nanoro. Two sites were involved in the recruitment of the patients: Nanoro and Nazoanga.
The health district of Nanoro covers an area with 150,000 inhabitants and comprises 18
dispensaries, all with maternity, general clinic and immunization programmes (EPI) (33). All
the trials described in this thesis were conducted at the Clinical Research Unit of Nanoro
(CRUN), which is located within the district hospital. The CRUN has setup the Nanoro
Health and Demographic Surveillance System (HDSS) in 2009. The demographic
surveillance area (DSA) covers 24 villages belonging to two departments (Nanoro and Soaw),
located in the Boulkiemde province. In this DSA, health care is provided by seven peripheral
health centres and one referral hospital (CMA). The clinical research facility is located in this
hospital, which is run by an Italian religious order (Camillian). It consists of a medical centre
with eight departments: surgery, maternity, pediatrics, dentistry, laboratory services, nutrition,
pharmacy and internal medicine, and an outpatient service. The staff consists of 45 personnel
and includes three physicians. A total of 54,781 inhabitants were recorded at the initial

census, of which 56.1% were female.

Nanoro population is characterized by a high birth rate, typical of rural low and middle-
income countries. The total fertility rate is 5.6. Therefore, the population is growing rapidly
and is young, with a low proportion of older residents. Migration is especially high for adult

men who move to urban areas (Ouagadougou, Bobo-Dioulasso, Koudougou) or abroad (Ivory
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Coast and Ghana) looking for a job. The main ethnic groups are the Mossi (90%), the
Gourounsi (7.9%) and the Fulani (1.7%). The majority of them are Animists (37.4%),
Muslims (29.5%) and Catholics (26.6%), with a few Protestants (6.3%). More than half are
married, with polygamy predominating. The majority (75%) of the population has little
education. The DSA is populated mostly by subsistence farmers and cattle-keepers (50.6%),
housewives (31.2%), scholars (9.6%) and civil servants (2.5%). Nanoro belongs to the Sudan-
Sahel zone, with an estimate of 58,868 recorded malaria cases in 2015. The number of

pregnancies was estimated at 8,696 per year (34).
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Chapter 3: Clinical signs and symptoms cannot reliably
predict P. falciparum malaria infection in pregnant women

living in an area of high seasonal transmission

Tahita MC, Tinto H, Menten J, Ouedraogo JB, Guiguemde RT, van Geertruyden JP, Erhart
A, D'Alessandro U. Clinical signs and symptoms cannot reliably predict P. falciparum
malaria infection in pregnant women living in an area of high seasonal transmission. Malaria
Journal. 2013;12:464.

3.1 Abstract

Background

Malaria in pregnancy is a major public health problem in endemic countries. Though the signs
and symptoms of malaria among pregnant women have been already described, clinical
presentation may vary according to intensity of transmission and local perceptions. Therefore,
determining common signs and symptoms among pregnant women with a malaria infection
may be extremely useful to identify those in need of further investigation by rapid diagnostic

test or microscopy.

Methods

Six hundred pregnant women attending the maternity clinic of Nanoro District Hospital,
Burkina Faso were recruited, 200 with suspected clinical malaria and 400 as controls. Cases
were matched with controls by gestational age and parity. Signs and symptoms were collected
and a blood sample taken for rapid diagnostic test, microscopy and haemoglobin
measurement. A multivariate model was used to assess the predictive value of signs and

symptoms for malaria infection.
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Results

The overall prevalence of malaria was 42.6% (256/600) while anemia was found in 60.8%
(365/600) of the women. Nearly half (49%) of the cases and 39.5% of the controls had a
malaria infection (p = 0.03). The most common signs and symptoms among the cases were
fever (36%,72/200), history of fever (29%,58/200) and headache (52%,104/200). The positive
predictive value for fever was 53% (95%CI:41-64), history of fever 58% (95%CI:37-63) and

headache 51% (95%CI:41-61).

Conclusion

Signs and symptoms suggestive of malaria are frequent among pregnant women living in
areas of intense transmission. Common malaria symptoms are not strong predictors of
infection. For a better management of malaria in pregnancy, active screening to detect and
treat malaria infection early should be performed on all pregnant women attending a health

facility.

Keywords

Malaria, pregnancy, signs, and symptoms.

3.2 Background

Malaria in pregnancy (MiP) is a major public health problem in endemic countries where 31
million pregnancies occur annually, resulting in approximately 23 million live births (1).
Where malaria transmission is moderate to high and stable, the most common parasite species
is P. falciparum and MiP is predominantly asymptomatic and yet a major cause of maternal
anemia and low birth weight (LBW), the latter increasing the risk of infant death. Successful
control of MiP may prevent 75,000-200,000 infant deaths every year (2). In areas of low
transmission, women by the time they become pregnant have acquired little immunity to

malaria and so infections are often symptomatic and more likely to become severe, resulting
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in maternal and fetal deaths (2,3). To prevent the consequences of MiP, the World Health
Organization (WHO) recommends intermittent preventive treatment during pregnancy (IPTp),
adequate management of clinical malaria, administering of supplements such as iron and folic

acid, and the use of insecticide-treated nets (4).

The current strategy for clinical case management of malaria in pregnant women is based on
the result of rapid diagnostic tests (RDT) or microscopy if available. Though the signs and
symptoms of malaria among pregnant women have been already described in few settings,
clinical presentation may vary according to intensity of transmission and local perceptions.
Therefore, determining common signs and symptoms among pregnant women with a malaria
infection may be extremely useful to identify those in need of further investigation by rapid
diagnostic test or microscopy (5-7). Furthermore, there is little information on the association
between peripheral parasitaemia and the presence of signs and symptoms of malaria during
pregnancy. This study aimed to document the clinical presentation of malaria among pregnant

women and assess their predictive value.

3.3 Methods

Study area

The study was carried out at the Clinical Research Unit of Nanoro (CRUN), situated in the
centre of Burkina Faso, 85 km from Ouagadougou, the capital city. Nanoro district is one of
the five districts of the Centre-West health region. The main local language is Moor¢, though
French is the official language. The literacy rate is low for both men and women (about 23%)
and there is a high migration flux among the youngsters toward the capital city and/or the

border countries.
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Malaria transmission is high with the entomological inoculation rate (EIR) in 2009 estimated
at 50-60 infective bites/person/year (Diabate, pers comm). The more common vectors are
Anopheles gambiae sensu stricto, Anopheles funestus and Anopheles arabiensis, and malaria
is one of the most common reasons for attending a health facility (8). P. falciparum is the
predominant malaria parasite. Malaria transmission is seasonal, during the months of August-
December, and overlaps with the rainy season (July-October). The peak for malaria cases

usually occurs in September-October.

Since February 2009, the CRUN has implemented a demographic surveillance system (DSS)
involving about 54,000 individuals. Some important information such as socio-economic
status, e g, characteristics of households, living conditions, health conditions, are collected

through the DSS on a regular basis.

The national anti-malarial drug policy was changed in 2005 from chloroquine to either
amodiaquine-artesunate (AQ-AS) or artemether-lumefantrine (AL) as first-line treatments.
Pregnant women received an insecticide-treated net (ITN) free of charge as soon as they
complete two prenatal consultations or after delivery, while children receive theirs at each
vaccination campaign. Nevertheless, a campaign for the promotion of insecticide-treated
materials (ITM) targeting pregnant women and children under five years has been
implemented since 2010 and nowadays an ITN is given to any pregnant woman attending for

the first time during pregnancy a health facility.

Study design and procedures

The study protocol was approved by the Institutional Ethic Committee of Centre Muraz
(registration no. 005-2010/CE-CM). All pregnant women attending either the routine
antenatal care (ANC) or the outpatient clinics were asked to participate in the study. During

the visit and after having obtained a written informed consent, women were divided in cases
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or controls. Cases had at least one of the following signs and symptoms: temperature >37.5°C
(measured by electronic thermometer) or history of fever in the previous 48 hours, headache,
pallor, arthromyalgia, convulsions, vomiting, dizziness, malaise, fatigue, enlarged liver or
enlarged spleen. Controls had none of them. For each case, two controls, matched by parity
(0, 1-3, >4), gestational age (measured by fundal height) and seasonality (recruited within one
month from the corresponding case). In order to capture possible seasonal variations in the
clinical presentation, the study was conducted during both the low and high malaria

transmission season.

Capillary blood was collected for an HRP-2 RDT, haemoglobin and blood slide. Women with
a positive RDT were treated with AQ-AS (standard adult dose) if they were in the second and
third trimester of pregnancy while quinine was given for seven days to those in the first
trimester (8 mg quinine base/kg every eight hours). Severe malaria cases were hospitalized
and treated with parenteral quinine. Anemia was treated according to the national guidelines
with oral ferrous sulphate (200 mg) and folic acid (0.25 mg) daily for one month. All patients
with malaria parasites and anemia were promptly and adequately treated free of charge.
Project staff was available 24 hours a day to identify women and to ensure adequate

documentation and clinical management.

Laboratory methods

RDTs were carried out and results read according to the manufacturer’s procedures. All slides
were read twice by two independent readers. Parasite density was estimated by counting the
number of asexual parasites per 200 leukocytes in the thick blood film and assuming white
blood cells (WBC) count of 8,000 parasites/pl. In case of discrepancy between the two
readers (positive/negative, more than two-fold difference for parasite densities >400/ul, or

more than the log;o for those <400/ul) (9), a third independent reading was done. The latter

84 |Page



Malaria in Pregnancy: Case management and control in Burkina Faso. MC Tahita

was taken as the final result. Haemoglobin was measured using a portable spectrophotometer
(Hemocue®, Angelholm, Sweden) and controls were run daily to ensure the quality of the

results.

Sample size calculation

The sample size was calculated using the power calculation module for a two-sample
comparison in order to detect with a two-sided significance level of 5% and 90% power
important predictors of malaria infection in pregnant women. As there are no data available
for the study area, the estimation was based on a study conducted in Mozambique (5). It was
assumed that 67% women would report history of fever and that among them 33% would be
infected with malaria, while the prevalence of infection among the other women would be
20%. Following these parameters, six hundred pregnant women (200 cases and 400 controls)
were needed. With an expected malaria prevalence of 27%, i e, 162 infected women, 16
possible predictors could be assessed, on the assumption that each of them would need at least

ten events.

Statistical methods and definitions

Double data entry, validation and cleaning were done using Epidata 3.1, and statistical
analysis was performed with STATA.10 (STATA Corporation, College Station, TX, USA).
Participants were categorized first as (i) cases and (ii) controls. The frequencies of signs and
symptoms were compared between these groups. Odds ratio (OR) estimates and their
confidence intervals (CI) were estimated in log binomial regression analyses. A P-value of
<0.05 was considered statistically significant. The anemia was classified as mild (Hb <11
g/dl), moderate (Hb 7-9 g/dl) and severe (Hb <7 g/dl). Parasite density was log transformed

for the comparisons of mean parasite densities between cases and controls.
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3.4 Results

Most recruited women were either in the second (34.5%, 207/600) or third (60.5%, 363/600)

trimester of pregnancy, and the mean age was 27.6 years (95% CI:27.1-28.0). More than half

of them had already had one to three pregnancies and most of them were married (Table 1).

The large majority of them worked at home (99%, 593/600) and could not read (92.1%,

553/600). Most women slept under a bed net (86.5%%). Baseline characteristics were similar

between cases and controls (Table 1).

Table 1: Baseline characteristics of the recruited pregnant women by study group (%)

Cases Controls Total
N =200 N =400 N =600
Age group <20 years 18 (9.0) 23 (5.8) 41 (6.8)
20-34 years 160 (80.0) 328 (82.0) 488 (81.3)
>35 years 22 (11.0) 49 (12.2) 71 (11.8)
Trimester 1 10 (5.00 20 (5.0) 30 (5.0)
2 84 (42.0) 123 (30.8) 207 (34.5)
31 106 (53.00 257 (64.2) 363 (60.5)
Parity 0 17 (8.5) 34 (8.5) 51 (8.5)
1-3 118 (59.0) 237 (59.3) 355(59.2)
>4 65 (32.5) 129 (32.2) 194 (32.3)
Transmission season © No 47 (23.5) 8(2.0) 55(9.2)
Yes 153 (76.5) 392 (98.0) 545 (90.8)
Sleep under bed net 155 (77.5) 364 (91.0) 519 (86.5)
Malaria infection 98 (49.0) 158 (39.5) 256 (42.7)

+ 1% trimester: 0—12 weeks; 2™ trimester: 13-24 weeks; 3" trimester: >25.

@ Transmission season: i) Yes (high transmission season): August to December; ii) No (low transmission

season): June to July.
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The prevalence of malaria infection using the RDT was 60% among the cases and 47.8%
among the controls. When using microscopy, the prevalence of malaria infection was 49.0%
among cases and 39.5% among controls (p = 0.03). The latter would not have been treated in
case of clinical diagnosis. The mean (geometric) parasite density among infected women was
not significantly different among cases (3.0/ul, 95% CI: 2.9-3.2) and controls (2.8/ul, 95% CI:
2.7-3.0) (p = 0.06). This is clearly illustrated by the Receiver Operating Characteristics (ROC)
curve, with only 56% under the curve and no clear-cut off point distinguishing a case from a
control (Figure 1). More than half of infected women (56.3%, 144/256) had a parasite density
<1,000/ul. Malaria infection was strongly associated with anemia (OR:1.96, 95% CI:1.40-
2.74; p < 0.01), with more than half of all malaria-infected women (68.7%,176/256) being
anemic. Among symptomatic cases, age was significantly related to malaria infection, with
women <20 years more at risk than those >35 years old (Table 2). Conversely, neither season
gestational age or bed net use were significantly associated with malaria, though there was the
tendency of having a lower risk of malaria with bed nets, in multigravidae and before the

transmission season (Table 2).
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Figure 1: ROC curve assessing the parasite density discriminating a case from a control
(case threshold).
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Table 2: P. falciparum infection by risk factors among symptomatic pregnant women

Risk factors n/N (%) OR (95%CI) P-value
Age <20 years 11/16 (69.0) Ref --
20-34 years 79/158 (50.0) 0.45 (0.15-1.37) 0.16
>35 years 8/26 (31.0) 0.20 (0.05-0.78) 0.02
Transmission season No 16/47 (34.0) Ref -
Yes 82/153 (53.0) 1.59 (0.88-2.86) 0.12
Parity Nulliparous 10/17 (59.0) Ref --
1-3 59/100 (50.0) 0.70 (0.25-1.95) 0.49
>4 29/65 (45.0) 0.56 (0.19-1.66) 0.30
Gestational age Ist 3/10 (30.0) Ref -
2nd 48/84 (57.1) 3.31(0.75-12.86) 0.11
3rd 47/106 (44.3) 1.85 (0.45-7.58) 0.38
Bed net use Yes 20/50 (40.0) Ref -
No 76/147(51.7) 1.60 (0.83-3.08) 0.15

Fever, history of fever, headache, and dizziness each had a positive predictive value (PPV)

around 50%, while for all the others the PPV was well below (Table 3). The highest PPV

were found when combining fever and dizziness (61.5%, 95%CI:35-82), and fever and

vomiting (66.7%, 95%CI1:20-93). If fever had been used to diagnose malaria, 47.2% of the

febrile women would have been unnecessarily treated. Also 46.8% of the non-febrile women

would have missed treatment for their malaria infection. When considering only fever as

symptom, the ROC curve was flat, indicating that no fever “threshold” could be determined

(Figure 2).
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Table 3: Positive predictive value (PPV) of clinical signs and symptom for P. falciparum

infection among the 200 pregnant women recruited as cases

Signs/Symptoms n % PPV (%) (95%CI)
Fever 38 19.0 53 (41-64)
History of fever 29 145 58 (37-63)
Pain in the joints 6 3.0 25 (6 -44)
Headache 57 285 51 (41 -61)
Dizziness 3 1.5 47 (41-64)
Vomiting 3 1.5 38 (37-63)
Convulsions 1 0.5 33 (6-79)
Malaise 7 3.5 30 (41 -61)
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Figure 2: ROC curve assessing the parasite density discriminating women with or
without fever (fever threshold).
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The occurrence of signs and symptoms was associated with higher parasite densities; in
women complaining of headache, parasite density was significantly higher than in those
without (6.4/ul vs 1.8/ul) (p = 0.003). Moreover, the mean (geometric) parasite density tended
to be higher in women with vomiting (14,617.8/ul vs 2.7/ul; p = 0.05), fever (5.7/ul vs 2.2/ul)

(p =0.07), and complaining of malaise (53.5 vs 2.7; p = 0.07).

In the univariate analysis, presence of symptoms (OR = 1.47, 95%CI:1.05-2.07; p = 0.03),
fever (OR = 1.76, 95%CI:0.99-3.11; p = 0.05) and headache (OR = 1.53, 95% CI: 0.96-2.46;
p = 0.07) were or tended to be associated with malaria infection. In the multivariate model,
fever and history of fever (OR = 1.83, 95%CI:1.16-2.88; p = 0.009) also fever and history of
fever and headache infection (OR = 1.63, 95%CI:1.13-2.37; p = 0.01) were significantly

associated with malaria infection (Table 4).
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Table 4: Comparison of the association between signs/symptoms and malaria infection

in symptomatic pregnant women and their matched controls

(Number of OR (95% CI) P value
Malaria infection
/Total number with the
symptoms) (%)
Any symptom Controls  158/400 (40) Ref. -
Cases 95/200 (49) 1.47 (1.05-2.07)  0.03
Fever Controls 56/144 (39) Ref. ---
Cases 38/72 (53) 1.76 (0.99-3.11)  0.05
History of fever Controls 39/110 (35) Ref.
Cases 27/55 (49) 1.76 (0.91-3.39)  0.09
Joint pain Controls 14/48 (29) 1.23(0.40-3.76) 0.71
Cases 6/24 (25) ref -
Headache Controls 84/208 (40) Ref.
Cases 53/104 (51) 1.53(0.96-2.46)  0.08
Dizziness Controls 39/76 (51) 1.17 (0.53-2.55)  0.69
Cases 18/38 (47) Ref -
Vomiting Controls 9/16 (56) 2.14 (0.37-12.19) 0.39
Cases 3/8(37) ref
Convulsions Controls 0 (0) -
Cases 1/3 (33) -
Malaise Controls 17/48 (35) 1.33(0.46-3.84)  0.60
Cases 7/24 (29) ref
Fever and Controls 84/230 (37) Ref.
history of fever Cases 59/115 (51) 1.83 (1.16,2.88) 0.01
Fever and Controls 131/340 (39) Ref.
history of fever and headache Cases 86/170 (51) 1.63 (1.13,2.37) 0.01
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3.5 Discussion

In this study, malaria infection was extremely common among pregnant women, regardless of
signs and symptoms. Signs and symptoms were not discriminative for malaria infections. In
peripheral health facilities without access to parasitological diagnosis by either RDT or
microscopy, health staff may have unnecessarily treated half of the women with signs and
symptoms suggestive of malaria, while a substantial proportion of infected pregnant women
would have gone undetected. Assuming diagnostic tests were available, the recommendation
of performing them only on suspected cases would have still missed several infected women.
This is particularly worrying for those in the first trimester of pregnancy as they do not
receive the sulphadoxine-pyrimethamine (SP) for IPTp. Moreover, it has been repeatedly
reported that coverage of IPTp with at least two administered doses of SP is still relatively

low, despite women attending antenatal clinics several times during their pregnancy (10,11).

In endemic countries, assuming that any pregnant woman attending an antenatal clinic is
infected with malaria, regardless of symptoms, seems to be the right approach. This means
that pregnant women should be either systematically screened for malaria infection and
treated if positive or given SP at any time they visit a health centre, provided this is done at
least one month apart. The latter has been recently recommended by the WHO Malaria Policy
Advisory Committee and Secretariat (12) though it has not been implemented widely yet. For
women in the first trimester of pregnancy systematic screening is probably the best approach
as they cannot be given SP as IPTp. Active detection of malaria infection among pregnant
women can have a major impact on miscarriage and pre-term delivery (13,14) and maternal
mortality. Indeed, at the north-western border of Thailand this strategy was associated with a

six-fold decline in the overall maternal mortality ratio (MMR), with P. falciparum malaria
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related MMR falling from an estimated 1,000/100,000 live births prior to weekly screening to

zero in 2005 (15).

The prevalence of malaria infection was significantly higher in women with symptoms
suggestive of malaria but none of them or no combination of any of them had a very high
PPV. This is confirmed by the weak association between malaria infection and any of the
signs and symptoms, underlying the importance of parasitological diagnosis for any suspected
case. The parasite density in pregnancy is not related to being a symptomatic patient and does

not increase the probability that fever is related to malaria.

In places where transmission is high, malaria infection during pregnancy is often
asymptomatic (16,17). In Mozambique, signs and symptoms suggestive of malaria were
extremely common in pregnant women but malaria infection was confirmed in only a
minority of them (5). The large majority of infections detected in pregnant women was
asymptomatic in Benin (6). Nevertheless, in Ghana malaria-infected pregnant women were
often symptomatic, with history of fever, headache, vomiting, malaise, and dizziness
occurring significantly more frequently than in uninfected women (7). This is surprising when
considering that the study was carried out in an area of stable and intense transmission.
Indeed, in most of the previous reports from areas of intense transmission, malaria infection in
pregnancy was often asymptomatic and this is also confirmed by this study. All common
signs and symptoms, taken alone or in combination, had low PPV, with the only exception of
two combinations, i e, fever and dizziness, and fever and vomiting. Nevertheless, even though
the PPV for these two combinations was above 60%, about 30-40% of women with these
complaints would have been unnecessarily treated for malaria. Pregnant women displaying
signs and symptoms suggestive of malaria but without confirmed malaria should also be
screened for others infectious diseases.
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Several known risk factors such as maternal age (18,19) and parity (20) were confirmed to be
associated with malaria infection during pregnancy, although in some instances the difference
was not statistically significant, probably due to the need for a larger sample size. A limited
number of patients had symptoms like vomiting, joint pain or malaise. Therefore, these results
should be interpreted with caution as the power to find true differences is lacking or
significant differences may have been found by chance. In addition, the risk of malaria
infection did not vary significantly by gestational age, though the prevalence was the highest
in the second trimester, an observation reported in other studies in which the peak prevalence

during pregnancy was at 13—16 weeks of gestation (21,22).

3.6 Conclusion

Malaria-related signs and symptoms, e.g. fever or headache, although more frequent in
pregnant women with a malaria infection, cannot be used to identify those in need of
treatment as a large proportion of asymptomatic women can be infected. Any pregnant
women attending a health facility should be tested regardless of symptoms for malaria
infection, either by microscopy or RDT. This would be particularly useful for women in the

first trimester of pregnancy as they cannot be administered SP as IPTp.
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Chapter 4: Prevalence of the dhfr and dhps mutations
among pregnant women in rural Burkina Faso five years
after the introduction of Intermittent Preventive Treatment

with Sulfadoxine-Pyrimethamine

Tahita MC, Tinto H, Erhart A, Kazienga A, Fitzhenry R, et al. Prevalence of the dhfr and
dhps Mutations among Pregnant Women in Rural Burkina Faso Five Years after the

Introduction of Intermittent Preventive Treatment with Sulfadoxine-Pyrimethamine. PLoS
ONE. 2015;10:e0137440.

4.1 Abstract

Background

The emergence and spread of drug resistance represents one of the biggest challenges for
malaria control in endemic regions. Sulfadoxine-pyrimethamine (SP) is currently deployed as
intermittent preventive treatment in pregnancy (IPTp) to prevent the adverse effects of
malaria on the mother and her offspring. Nevertheless, its efficacy is threatened by SP
resistance which can be estimated by the prevalence of dihydropteroate synthase (dhps) and
dihydrofolate reductase (dhfr) mutations. This was measured among pregnant women in the

health district of Nanoro, Burkina Faso.

Methods

From June to December 2010, two hundred and fifty six pregnant women in the second and
third trimester, attending antenatal care with microscopically confirmed malaria infection
were invited to participate, regardless of malaria symptoms. A blood sample was collected on
filter paper and analyzed by PCR-RFLP for the alleles 51, 59, 108, 164 in the pfdhfr gene and

437, 540 in the pfdhps gene.
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Results

The genes were successfully genotyped in all but one sample (99.6%; 255/256) for dhfr and in
90.2% (231/256) for dhps. The dhfr C59R and S108N mutations were the most common, with
a prevalence of 61.2% (156/255) and 55.7% (142/255), respectively; 12.2% (31/255) samples
had also the dhfr N511 mutation while the 1164L mutation was absent. The dhps A437G
mutation was found in 34.2% (79/231) isolates, but none of them carried the codon K540E.
The prevalence of the dhfir double mutations NRNI and the triple mutations IRNI was 35.7%

(91/255) and 11.4% (29/255), respectively.

Conclusion
Though the mutations in the pfdhfir and pfdhps genes were relatively common, the prevalence
of the triple pfdhfr mutation was very low, indicating that SP as IPTp is still efficacious in

Burkina Faso.

Keywords
Malaria, pregnancy, IPTp, dhfr, dhps, mutations, resistance, sulfadoxine pyrimethamine, and

Burkina Faso.

4.2 Background

In Burkina Faso, malaria remains a major cause of morbidity and mortality as it accounts for
60.6% of all hospitalizations and 40.4% of all deaths (1). P. falciparum is the dominant
species, whose transmission is intense and highly seasonal, due mainly to the vector
Anopheles gambiae (2). Until 2005, chloroquine (CQ) and sulfadoxine-pyrimethamine (SP)
were the first and second line treatment for uncomplicated malaria, respectively. Following
reports of CQ and SP treatment failures, the first line treatment was changed to artemether-

lumefantrine (AL), with amodiaquine-artesunate (ASAQ) as an alternative (3). Nevertheless,
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SP is still recommended for intermittent preventive treatment during pregnancy (IPTp) in
Burkina Faso.

IPTp reduces the prevalence of placental malaria, severe anemia among primigravidae, pre-
term delivery (4;5), low birth-weight and improves neonatal survival (4-6). It is considered to
be safe, efficacious and easy to administer at antenatal clinics (ANC) (7). However, in East
Africa, resistance to SP administered as IPTp has been associated with an increased risk of
fetal anemia and severe malaria in the offspring (8).

Pyrimethamine selectively inhibits dihydrofolate reductase (dhfr), a part of the folate pathway
in the malaria parasites, and P. falciparum resistance, both in vivo and in vitro, has been
associated with specific point mutations (A16V, N511, C59R, S108N/T and 1164L) in the dhfr
gene (9;10). Sulfadoxine selectively inhibits dihydropteroate synthetase (dhps) earlier in the
parasite folate pathway; five point mutations (S436A/F, A437G, K540E, A581G and
A613S/T) have been associated with in vitro resistance under low or no folate conditions
(11;12). Increasing SP resistance is associated with an increasing number of mutations in both
the pfdhfr and pfdhps genes; in Africa, the combined pfdhfr triple mutant (511-59R-108N) and
the pfdhps double mutant (437G-540E), the so called dhfi7dhps quintuple mutation, are
predictive of SP treatment failure (13). Therefore, determining the prevalence of these
mutations and their evolution over time can provide reasonably good information on temporal
trends in SP efficacy. The prevalence of molecular SP resistance markers was determined in
asymptomatic and symptomatic malaria-infected pregnant women five years after the

introduction of IPTp with SP in Burkina Faso.
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4.3 Methods

Study area, subjects and sample collection

The study was carried out at the Clinical Research Unit in Nanoro (CRUN), situated about 85
km north-west of Ouagadougou. The literacy rate in this area is low for both men and women
(about 23%) and there is a high migration flow towards the capital city and/or the neighboring
countries (14). Malaria transmission is high and seasonal, mainly occurring during the months
of August-December, with an entomological inoculation rate (EIR) estimated at 50-60
infective bites/person/year in 2009. The most common vectors are Anopheles gambiae sensu
stricto, Anopheles funestus and Anopheles arabiensis (Diabate A., personal communication).
Malaria is one of the most common reasons for attending health facilities while P. falciparum
is the predominant malaria species (15).

Blood samples were collected as part of a study on the clinical presentation of malaria during
pregnancy whose results have been reported elsewhere (16). Briefly, all pregnant women
attending the routine ANC at Nanoro district (Nanoro and Nazoanga health centers) were
invited to participate in the study. A finger prick blood sample for slide and dried spots on
filter paper (Whatmann grade 3) were collected. Molecular genotyping was performed only
on samples from women with a positive blood slide (Fig. 1). All molecular tests were
performed at the Institute of Tropical Medicine (ITM), Antwerp, Belgium.

Laboratory procedures
DNA extraction

DNA extraction from bloodspots was carried out according to the manufacturer’s instructions
using a QIAamp® DNA Micro Kit 50 (Qiagen, Hilden, Germany). Eluted DNA was
immediately ready for use in amplification reactions or was stored at —20°C until further

processing.
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Nested PCR

The desired molecular products within the dhfr and dhps genes were amplified by nested PCR
following a standardized protocol described elsewhere (17;18). The primary dhfr amplicon
was produced by amplifying sample DNA with primer pairs AMP1 and AMP2 (18). This
PCR product was used in a mutation-specific second PCR reaction to determine the presence
of mutations at sites 51, 59, 108 and 164 in the dhfr gene. Two separate sets of PCRs were
carried out for each codon, one for the wild-type allele and one for the mutant allele.

The HotStarTaq DNA polymerase (Qiagen, Hilden, Germany) was used with the
manufacturer’s buffer containing 1.5 mM MgCI2. The primers were used at a concentration
of 0.2 mM, and other reaction conditions were as described previously [18] with the following
cycling parameters: initial denaturation at 95°C for 5 minutes, followed by 35 cycles of
denaturation at 92°C for 1 minute, annealing at 52°C for 45 seconds, extension at 72°C for 45
seconds, and a final extension at 72°C for 10 minutes. Screening for dhps mutations was
carried out as for dhfr screening with the following modifications. DNA was amplified using
primers DPHS-R1 and DHPS-R2. This primary amplification product was subjected to a
second round diagnostic PCR as part of a nested PCR, with the primers DHPS-K and DHPS-
K1, followed by restriction enzyme digestion (17). Digestion products were analyzed on a 2%
agarose gel with ethidium bromide.

Mutation-specific restriction enzyme digests analysis. For all dhfr codons, the P. falciparum
strain 3D7 was used as wild-type control and V1S as mutant control. For the detection of dhps
mutations, PS-Mali-clone DNA and PS-Peru-clone DNA were used as wild-type and mutant
control for positions 437 and 540, respectively. The presence of dhps mutations A437G was
evaluated by digestion with Avall, and of dhps K540E mutation by digestion with Fokl, both

enzymes cleaving the mutated sequences.
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Statistical methods

Data were entered in Excel version 2007 and analyzed using STATA v10 (STATA
Corporation, College Station, TX, USA). In this analysis, mixed genotypes were considered
as mutants, and the prevalence of each type of allele (wild or mutant) were calculated together
with their respective confidence intervals. Participants were categorized as symptomatic and
asymptomatic. Symptomatic women were defined as women having at least one of the
following signs and symptoms: temperature >37.5°C (measured by electronic thermometer)
and/or history of fever in the previous 48 hours, headache, pallor, arthro-myalgia,
convulsions, vomiting, dizziness, malaise, fatigue, enlarged liver or enlarged spleen.
Asymptomatic women had none of the above mentioned symptoms.

The frequencies of the mutations were compared between these groups, parasite density, and
age using chi-square test, and a p-value <0.05 was considered as statistically significant.

Ethical considerations

After reviewing the study protocol, the Institutional Ethics Committee of the Centre Muraz,
Bobo-Dioulasso, Burkina Faso (registration no. 005-2010/CE-CM) approved the study.

Participants were only included after obtaining their written informed consent.
4.4 Results

Six hundred pregnant women were included in the study, of whom two hundred and fifty six
(42.7%) had a microscopically-confirmed malaria infection (Fig. 1). Most of them (81%)
were aged 20-34 years old and had already one to three children (85%). Parasite density was

not associated with the occurrence of symptoms (Table 1).
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600 pregnant women

200 suspected
malaria cases

98 malaria +

400 controls (no
suspected)

158 malaria +

Screening for DHFR/DHPS points mutations

DHFR codons 108, 51, 59, 164

255 isolates

DHPS codons 437, 540

231 isolates

Figure 1: Study profile

Table 1: Baseline characteristics by presence or not of symptoms

Asymptomatic Symptomatic p-value
n=157 n=198
Age group (years)
<20 13(8.3%) 11(11.2%) 0.66
20-34 128(81.5% 79(80.6%)
>35 16(10.2%) 8(8.2%)
Parasite density 710.61(541.45 - 932.62) 1107.46(747.48 - 640.82) 0.08
Parity
Nulliparous 13(8.3%) 10(10.2%) 0.77
1to3 101(64.3%) 59(60.2%)
>4 43(27.3%) 29(29.6%)
Anemia 95(60.5%) 75(76.5%) 0.01
IPTp(doses received)
0 47(30%) 28(28.6%) 077
1 90(57.3%) 60(61.2%)
2 20(12.7%) 10(10.2%)
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Most samples could be successfully genotyped, 99.6% (255/256) for the dhfr gene and 90.2%
(231/256) for the dhps gene (Fig. 8). More than half of the samples had the dhfr C59R
(61.2%, 156/255) and/or the S108N (55.7%, 142/255) mutations while only 12.2% (31/255)

had the N511 mutation, and no 1164L mutation was found (Table 2).

Table 2: Prevalence of the dhfrr and dhps point mutations associated with SP resistance.

dhfr (N=255) dhps (N=231)
Codon 51 59 108 164 437 540
Mutant, n(%) | 31(12.2) 156(61.2) | 142(55.7) |0 79(34.2) 0
[95% Cl] [8.7-16.7] | [55.1-67.0] | [49.5-61.7] 28.4 - 40.5]

There were 6 different dhfi alleles; the prevalence of the sequence NCSI (wild type) was
30.2% (77/255). Among the mutant alleles, the double mutation NRNI was the most frequent

(35.7%, 91/255), followed by the triple mutation IRNI (11.4%, 29/255) (Table 3).

Table 3: Dhfr mutations among isolates

NCSI ICSI | NRSI NCNI | NRNI IRSI | ICNI | IRNI
51

59

108

164

n 77 0 34 22 91 2 0 29
%(x/255) | 30.2 0 133 8.6 35.7 0.8 0 11.4
95%CI | 24.8-36.2 | - 9.7-18.1 |5.7-12.7 | 30.1-41.7 |02-238 |- 8.1-15.9

More than a third of the samples (34.2%, 79/231) carried the dhps mutations A437G but none

of them had the mutation K540E.

The occurrence of the mutations N511 and A437G were significantly associated with higher
parasite density (Table 4). No other factor (age, parity, and number of SP doses taken) was

found to be associated with the risk of double or triple mutation.
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Table 4: Trends of the molecular markers according to the parasite density

Parasite density(geometric mean) P-value

Symptomatic Asymptomatic

dhfr 51 12558.38 3970.26 0.02
(5078.04 - 31057.85) (2391.12 - 6592.31)

dhfr 59 1419.81 1076.25 0.37
(841.74 - 2394.88) (754.03 - 1536.17)

dhfr 108 1576.97 1454.58 0.80
(890.82 - 2791.60) (1024.57 - 2065.06)

dhps 437 1873.07 708.17 0.01
(989.73 - 3544.78) (443.41 - 1131.01)

4.5 Discussion

Despite several studies on the association between genetic polymorphisms and response to SP
treatment, the role of certain dhfrr and dhps mutations in treatment outcome is still poorly
understood. SP resistance increases with the increasing number of point mutations in the dhfr
and dhps genes (19). In Nanoro, among pregnant women, the most prevalent dhfr allele’s
mutations were 59R and the 108N, as more than half of the isolates carried one of them.
However, the prevalence of the double mutation 59R and 108N was much lower, about 36%,
and the triple mutation 108N-511-59R had an even lower prevalence, around 11%. Though
single or double mutations in the dhfr gene have been associated with pyrimethamine
resistance (20-23), the dhfr triple mutation is known to confer intense pyrimethamine
resistance in vitro (24) and is associated with an approximate 1,000-fold reduction in
pyrimethamine susceptibility (25). Nevertheless, SP is systematically administered to all
pregnant women in the second and third trimester attending ANC, while only a proportion of
them would carry a malaria infection, often of low density. For other non-infected pregnant
women at the time of treatment, SP would have a prophylactic effect as it would clear
emerging malaria infections for a given period of time. The low prevalence of the triple dhfr
mutations indicates that in Nanoro SP should be able to clear malaria infections present at the

time of its administration, particularly when considering that their density would be generally
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low. The effect of the dhfir double or triple mutation on the duration of the protection period is
unknown but its duration may be shorter and parasites carrying the double or triple mutation

may be able to emerge earlier than the wild ones.

No isolate had the dhps double mutation, at position 437 and 540, commonly associates with
sulfadoxine resistance (26;27). Indeed, in more than a third of all isolates it was possible to
identify only the 437 mutation, which usually occurs first in the progressive selection of
resistant parasites (28). Such mutation, alone or combined with the K540E, has been
associated with treatment failure with SP (27;29;30). Nevertheless, in Nanoro, the A437G
prevalence was low compared to that found in north western Burkina Faso where in the year

2000 the prevalence was already above 50% and had increased to almost 80% in 2009 (31).

The low prevalence of the triple dhfir mutation is surprising when considering that SP was
extensively used as first line treatment in Burkina Faso and that in other areas of Burkina Faso
it was significantly higher (32), with suggestion of its increase over time (31). Such
discrepancy may be due to differences in drug pressure and differing access to ACT
treatment. Indeed, before 2005, SP was used as second line treatment and after 2005 as first
line treatment, before the large scale implementation of ACT. The remaining high prevalence
of dhfr triple mutants could indicate a less than optimal access to ACT in Ziniare (32) and
Nouna (31), while in Nanoro the ready access to ACT could have resulted in a decreased
prevalence of the triple mutants. Such phenomenon has already been observed in South
America where a significant decline of the prevalence of dhfr triple mutants coincided with
the change of the treatment policy from SP to ACT (33;34), suggesting a lower fitness of SP-
resistant parasites in the absence of a significant drug pressure. Nevertheless, in Malawi the

prevalence of mutant parasites did not decrease after five years without SP as first line
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treatment, indicating no fitness cost of the dhfr triple and dhps double mutant haplotypes in

the absence of strong SP pressure (35).

None of the isolates carried the dhps K540E mutation while more than one third had the
A437G mutation. This is not surprising when considering that none of the recent studies
carried out in Burkina Faso found isolates with the K540E mutation (31;32). Nevertheless,
these same studies reported a much higher prevalence of the A437G mutation in other parts of

the country, over 70%, possibly indicating a much higher drug pressure compared to Nanoro.

Infections carrying one or more of the dhfr mutations were associated to higher parasite
density together with the presence of symptoms. This was true for the dhfr 51 and dhps 437
mutations. This could have major implications for the severity of the disease and for selection

pressure as these mutations do not seem to confer a survival disadvantage for the parasite.

4.6 Conclusion

Mutations in the Pfdhfr and Pfdhps genes associated with SP resistance were relatively
common among pregnant women in the study area. Nevertheless, the prevalence of the triple
dhfr mutations was very low suggesting that SP may still be efficacious when used as IPTp.

Nevertheless, molecular markers linked to SP resistance should continue to be monitored.
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Chapter 5: Ex vivo anti-malarial drug susceptibility of P.
falciparum isolates from pregnant women in an area of

highly seasonal transmission in Burkina Faso

Tahita MC, Tinto H, Yarga S, Kazienga A, Traore Coulibaly M, Valea I, Van Overmeir C,
Rosanas-Urgell A, Ouedraogo JB, Guiguemde RT, van Geertruyden JP, Erhart A,
D'Alessandro U. Ex vivo anti-malarial drug susceptibility of P. falciparum isolates from

pregnant women in an area of highly seasonal transmission in Burkina Faso. Malaria J.
2015;14:251.

5.1 Abstract

Background

Ex vivo assays are usually carried out on parasite isolates collected from patients with
uncomplicated P. falciparum malaria, from which pregnant women are usually excluded as
they are often asymptomatic and with relatively low parasite densities. Nevertheless, P.
falciparum parasites infecting pregnant women selectively sequester in the placenta and may
have a different drug sensitivity profile compared to those infecting other patients. The drug
sensitivity profile of P. falciparum isolates from infected pregnant women recruited in a

treatment efficacy trial conducted in Burkina Faso was determined in an ex vivo study.

Methods

The study was conducted between October 2010 and December 2012. P. falciparum isolates
were collected before treatment and at the time of any recurrent infection whose parasite
density was at least 100/ul. A histidine-rich protein-2 assay was used to assess their
susceptibility to a panel of seven anti-malarial drugs. The concentration of anti-malarial drug
inhibiting 50% of the parasite maturation to schizonts (ICs) for each drug was determined

with the IC Estimator version 1.2.

114 |Page



Malaria in Pregnancy: Case management and control in Burkina Faso. MC Tahita

Results

The prevalence of resistant isolates was 23.5% for chloroquine, 9.2% for mefloquine, 8.0%
for monodesethylamodiaquine, and 4.4% for quinine. Dihydroartemisinin, mefloquine,
lumefantrine, and monodesethylamodiaquine had the lowest mean ICsy ranging between 1.1
nM and 1.5 nM respectively. The geometric mean ICsy of the tested drugs did not differ
between chloroquine- sensitive and resistant parasites, with the exception of quinine, for
which the ICsp was higher for chloroquine-resistant isolates. The pairwise comparison
between the 1Csy of the tested drugs showed a positive and significant correlation between
dihydroartemisinin and both mefloquine and chloroquine, between chloroquine and

lumefantrine and between monodesethylamodiaquine and mefloquine.

Conclusion
These ex vivo results suggest that the currently available artemisinin-based combination
treatments are efficacious for the treatment of malaria in pregnancy in Burkina Faso.

ClinicalTrials.gov ID: NCT00852423
5.2 Background

Artemisinin-based combination treatment (ACT) is recommended by the World Health
Organization (WHO) for the treatment of uncomplicated falciparum malaria (1). They
comprise a fast-acting artemisinin derivative that rapidly reduces the parasite biomass and
gametocyte carriage (2;3), and slower-acting partner drugs that clear the remaining parasites
and provide post-treatment prophylaxis whose duration depends on its pharmacokinetic
properties (4-6). The rationale for combining antimalarials with different mechanisms is to
prevent the development of resistance or at least slow down its onset (1). Nevertheless,
artemisinin-resistant P. falciparum malaria has emerged in western Cambodia and the

bordering regions with Thailand, the hotspot of multidrug-resistant parasites (7-10), and is
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now reported in five countries of the Greater Mekong Subregion, i.e., Cambodia, Thailand,
Myanmar, Vietnam, and Laos (11). Artemisinin-resistant parasites could either spread to other
regions and continents or emerge independently in areas of extensive artemisinin use (12).
Therefore, it is important to monitor ACT efficacy and P. falciparum sensitivity to different
antimalarials in endemic countries in order to timely update treatment guidelines (13). This
can be done by using different methods, including ex vivo assays that can provide useful
information on the susceptibility of the local parasite population to different anti-malarial
drugs.

Burkina Faso changed its treatment policy in 2005, from chloroquine monotherapy to ACT
with either artemether-lumefantrine (AL) or amodiaquine-artesunate (ASAQ). Since the
implementation of the new policy in 2006, several trials have shown high efficacy of the
recommended treatments (14-16), while only one ex vivo assay has been carried out (17) . Ex
vivo assays are usually done on parasite isolates from patients with uncomplicated falciparum
malaria, mostly children in sub-Saharan Africa. Malaria-infected pregnant women, who
represent an important group at risk, are usually not included in these assays as they are often
asymptomatic and with relatively low parasite densities (18;19). However, P. falciparum
parasites infecting pregnant women can selectively accumulate in the placenta and represent a
distinct sub-set of parasites expressing a unique P. falciparum erythrocyte membrane protein
1 (PfEMPI) that binds to the host-receptor chondroitin sulphate A (CSA). These PfEMP1s
are structurally, antigenically and functionally distinct from those expressed by parasites that
infect children and non-pregnant women (20). In addition, some studies concluded that
parasites seen on the blood smear of a pregnant woman may be CSA-binding parasites
derived from the placenta, may be CD36-binding parasites circulating outside the placenta, or
may be a mixture of the two subpopulations (21). It was then hypothesized that such parasites

harvested intravenously could have a different sensitivity profile compared to those from
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children and non-pregnant women. Therefore, ex vivo assays were carried out on isolates
collected from pregnant women attending antenatal clinics and diagnosed with malaria in the

Burkina Faso study site of a larger multi-centre trial.
5.3 Methods

Study area

The study was carried out at the Clinical Research Unit of Nanoro (CRUN), located at about
85 km from the capital city of Ouagadougou. Malaria is hyperendemic and highly seasonal,
occurring between July and December, corresponding to the rainy season. The entomological
inoculation rate (EIR) is estimated at 50-60 infective bites/person/year (Diabate A, pers
comm). Malaria is the major reason for attending health facilities, with P. falciparum being
responsible for more than 90% of the infections (22).

Study design

This study was part of a multi-centre (Burkina Faso, Ghana, Malawi, and Zambia) trial
(ClinicalTrials.gov ID: NCT00852423) (23) investigating the efficacy and safety of four anti-
malarial treatments, namely dihydroartemisinin-piperaquine (DHAPQ), mefloquine-
artesunate (MQAS), ASAQ and AL in falciparum malaria-infected pregnant women. In
Burkina Faso, an ex vivo study on the drug sensitivity of isolates from pregnant women was
nested into the trial. Pregnant women were included in the trial if they fulfilled the following
inclusion criteria: gestation >16 weeks, P. falciparum mono-infection at any density with or
without symptoms, haemoglobin >7 g/dL, residence within the health facility catchment’s
area, and willingness to deliver at the health facility. For the ex vivo study the inclusion was
limited to women with a parasite density of at least 100/ul. The study protocol was approved

by the respective ethical review boards (the Ethics Committee of the University Hospital of
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Antwerp, Institutional Ethic Committee of Centre Muraz and the National Ethic Committee)
and written informed consent was obtained from all study participants.

Collection of field isolates

P. falciparum field isolates were collected at day O (before treatment) and at any day of
recurrent infection during a 63-day in vivo drug efficacy follow-up. A volume of 3-4 ml of
venous blood was collected in heparinized tubes and transferred within 24 hrs to the
laboratory for testing. Blood was centrifuged, plasma and buffy coat were removed, and
parasitized erythrocytes were washed three times with RPMI 1640 medium (Sigma-Aldrich,
St Louis, USA) at 37°C. Field parasite samples with more than 1% parasitemia were diluted
with uninfected erythrocytes (human blood type O+) to avoid any influence of an inoculum
effect on assay results. Prior to the study start, successful experiments were conducted with
initial parasite densities as low as 0.002%.

Drug sensitivity testing

Monodesethylamodiaquine (MDAQ), chloroquine diphosphate (CQ), quinine hydrochloride
(QN) and mefloquine (MQ) were purchased from Sigma-Aldrich (St Louis, USA).
Dihydroartemisinin (DHA) and piperaquine phosphate (PQ) were donated by Sigma-Tau
(Rome, Italy) and lumefantrine (LM) by Novartis Pharma (Basel, Switzerland).

The drugs stock solutions were prepared at a concentration of 1 mg/ml in the following
solvents: MDAQ and CQ in distilled water, MQ and PQ in lactic acid, LM in ethanol, QN and
DHA in methanol. Multiple wells of a 96-well culture plate were predosed with two-fold
serial dilutions of each drug at final concentrations that ranged from 12.5 nM to 3.200 nM for
CQ, 6.25 nM to 400 nM for MDAQ, 13 nM to 3.333 nM for QN, 0.2 nM to 64 nM for DHA,
1.2 nM to 300.2 nM for LM, 1.6 nM to 100 nM for PQ and 3.2 nM to 206.3 nM for MQ. For

each sample, 200ul aliquots of cultured parasites, prepared as described above, were added to
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each well and incubated at 37°C at 5% CO2 for 72 hrs. The culture plates were then frozen
and stored at -20°C for up to four weeks.

Parasite growth inhibition was quantified using an enzyme-linked immunosorbent assay
(ELISA) that quantifies parasite histidine-rich protein-2 (HRP-2) (24). Two commercially
available monoclonal antibodies (Immunology Consultants Laboratory, Inc., Newberg, OR,
USA) directed against P. falciparum-specific HRP2, i.e., MPFM-55A and MPFG-55P, were
used for the ELISA. Plates were pre-coated with the first monoclonal antibody MPFM-55A
(original concentration from the manufacturer was 7,200 pg/ml) diluted at a concentration of
1.0 pg/ml. In order to obtain complete haemolysis before starting the ELISA, cultured
samples were diluted 1:2 in distilled water. One-hundred pl of each haemolysed samples were
added to the ELISA plate for 1 hr. then washed three times with the washing solution (PBS +
0.05% Tween 20, Sigma-Aldrich). The second antibody (MPFG-55P) was diluted at a
concentration of 0.05 pg/ml and then added (100 pl) for 1 hr. at room temperature, washed
again three times, and incubated with 100 pl of TMB (3,3' ,5,5' - tetramethylbenzidine)
chromogen (Sigma-Aldrich, St Louis, USA) in the dark for 5-10 minutes. After incubation the
reaction was stopped with 50 pl of 1 M sulphuric acid. Spectrophotometric analysis was
performed with an ELISA plate reader (Multiskan FC, plate reader) at 450 nm.

Statistical analysis

Inhibitory concentrations (ICsos) for antimalarials were calculated using IC50 Estimator
Versionl.2 available online (25).

Data were entered in Excel version 97 and analyzed with Stata version 10.0. Results were
expressed as geometric mean ICsy (concentration at which 50% of parasite growth was
inhibited) with 95% confidence intervals. Pairwise comparisons were done and the Spearman
rank-order correlation test used to determine the correlation between ICso values. For all

statistical tests, the significance level was set at p <0.05. The threshold ICsy for ex vivo
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resistance was defined as >100 nM for CQ, >60 nM for MDAQ, =800 nM for QN (26), and

>30 nM for MQ (27;28).
5.4 Results

A total of 108 P. falciparum isolates were tested and 90 (83.3%) had interpretable results for
at least one of the study drugs (Table 1). The overall culture success rate was around 80% and
varied little between study drugs (from 76.8 and 83.3%). Missing results were due to poor ex
vivo growth or failure to achieve adequate fit on a log dose-response curve.

CQ (geometric mean ICsy = 40.7 nM; 95% CI: 28.6-57.9) had the highest rate of resistant
isolates (23.5%), followed by MQ (geometric mean ICso = 1.1 nM; 95% CI: 0.8-1.7) with
9.2%, MDAQ (geometric mean ICsy =1.5; 95% CI: 1.0-2.2) with 8.0%, and then QN
(geometric mean ICsy =34.2; 95% CI: 24.1-48.5) with 4.4%. DHA, LM and MDAQ had a low
ICsg that ranged between 1.1 nM and 1.5 nM (Table 1).

Table 1: Ex vivo susceptibility of P. falciparum isolates by drug tested

Culture success Geometric Mean Range Resistant
rate 1C50 (nM) isolates
% (n/N) [95%CI] n (%)
MDAQ  80.6 (87/108) 1.5[1.0-2.2] 0.1 158.5 7 (8.0)
MQ 80.6 (87/108) 1.1[0.8-1.7] 0.02 103.7 8(9.2)
DHA 79.6 (86/108) 1.2 [0.9-1.6] 0.1 10.2 NA*
CQ 78.7 (85/108) 40.1[28.6-58] 1.2 1060.1 20 (23.5)
LM 78.7 (85/108) 1.4[1.0-2.1] 0.1 97.7 NA
QN 83.3 (90/108) 34.2 [24.1-48.5] 1.9 995.5 4 (4.4)
PQ 76.8 (83/108) 5.0 [4.1-6.3] 0.5 47.9 NA

Resistance threshold defined for CQ at 100 nM, QN at 800 nM, MQ at 30 nM and MDAQ at 60 nM;

NA*: not applicable as the threshold is not defined yet.
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The geometric mean and the resistance cutoff (where available) are shown in Additional file
1: Figure S1. Most drugs were equally active against the CQ-sensitive and CQ-resistant
isolates except for QN where the ICsy for CQ-resistant isolates was higher than that for CQ-

sensitive ones, although the difference did not reach statistical significance (Table 2).

Table 2: Geometric mean ICs, of the different drug tested by chloroquine sensitivity

Drug Chloroquine-resistant isolates  Chloroquine-sensitive isolates  p-value®

ICs0 (95% CI) I1Cs0 (95% CI)

N=20 N=65

MDAQ 1.2 (0.6-2.7) 1.4 (0.9-2.2) 0.98
MQ 0.9 (0.4-1.9) 1.2 (0.8-2.0) 0.317
DHA 1.8 (0.9-3.4) 1.1 (0.8-1.5) 0.23
CQ 487.2 (334.9-708.9) 18.9 (15.2-23.7) <0.001
LM 2.1(0.7-5.9) 1.3 (0.8-2.0) 0.18
QN 64.4 (29.1-142.1) 28.8 (19.4-42.7) 0.06
PQ 6.6 (4.3-10.1) 4.7 (3.6-6.1) 0.29

There was a positive significant correlation between the sensitivity of DHA and both MQ and

CQ, between CQ and LM and between MDAQ and MQ (Table 3).
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Table 3: Pairwise comparison between the 1Cs of tested drugs

§

Drug pairs r p value
MDAQ-MQ 0.36 <0.001*
MDAQ-DHA 0.13 0.22
MDAQ-CQ 0.13 0.21
MDAQ-LM 0.14 0.20
MDAQ-QN 0.13 0.20
MDAQ-PQ -0.037 0.74
MQ-DHA 0.23 0.02*
MQ-CQ -0.03 0.78
MQ-LM 0.10 0.35
MQ-QN 0.08 0.43
MQ-PQ -0.05 0.60
DHA-CQ 0.21 0.04*
DHA-LM 0.19 0.07
DHA-QN 0.07 0.48
DHAPQ 0.14 0.20
CQ-LM 0.21 0.05
CQ-QN 0.27 0.001*
CQ-PQ 0.21 0.05
LM-QN 0.01 0.90
LM-PQ 0.17 0.11
QN -PQ -0.09 0.41

¥ Spearman’s rank-order correlation coefficient (r)
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5.5 Discussion

As expected, a substantial proportion of isolates were resistant to CQ while for the other drugs
whose sensitivity threshold is known, the prevalence of resistant isolates was <10%. The
prevalence of CQ-resistant (CQ-R) isolates in Bobo Dioulasso, a town situated at several
hundreds of kilometers to the southwest of Nanoro, was 50% in 2006 (Lea Bonkian, pers
comm) and 42.1% in 2008-2010 (17), a slight decrease that coincided with the change in the
national treatment policy. As the latter was implemented in 2006, it may be too early to detect
a substantial decrease of CQ-R isolates, although this may happen. Indeed, such a decrease
has been observed in other African countries after withdrawing CQ as first-line treatment and
hence decreasing the selective pressure on the local parasite population (29-31). In Nanoro,
the prevalence of CQ-R isolates as well as the CQ mean ICsy were lower than in Bobo
Dioulasso. However, these may have already been lower in the past and probably reflect the
higher drug pressure usually found in urban (Bobo Dioulasso) compared to rural (Nanoro)
areas. To make any conclusion on the trend of CQ resistance, it is necessary to carry out serial
ex vivo studies at regular intervals and in the same sites.

The persistence of CQ-R P. falciparum isolates may be due to the continued use of CQ by the
local population (32), maintaining the drug selective pressure, and/or the cross-resistance to
other drugs with similar chemical structure. Indeed, the use of ASAQ as one of the first-line
treatments may contribute to maintain the drug pressure on CQ-R parasites and could explain
the high prevalence found in this study. Nevertheless, MDAQ seems to have a good activity
on the local parasites, with only seven (8.0%) isolates with ICsy above the accepted threshold
of resistance, indicating that ASAQ should still have a reasonable efficacy in pregnant women
with malaria. LM, MQ and PQ are partner drugs in ACT and all of them had a relatively low

mean ICs, the first two around 1 nM and the latter at 5.0 nM. In addition, DHA’s mean ICs
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was also low, confirming earlier reports from other parts of Burkina Faso as well as other sub-
Saharan African countries (17;33-35). This suggests that the efficacy of both AL and ASAQ
should be good as most parasite isolates were sensitive to both components of the two ACT.
The prevalence of MQ-resistant isolates was slightly higher than that of MDAQ, indicating
that MQAS efficacy in vivo would probably be similar to that of ASAQ. It is important to
point out that the prevalence of P. falciparum isolates resistant to MQ was higher in other
West African countries where ex vivo studies were carried out (27;36).

PQ had a higher mean ICs than the other partner drugs in currently available ACT, namely
MDAQ, MQ and LM. Nevertheless, the upper value of its range was lower and the PQ ICsg in
CQ-R and CQ-S isolates was not significantly different, indicating that although belonging to
the same class as CQ and AQ, PQ may be much more efficacious. Therefore, the combination
DHAPQ, although not recommended yet for the treatment of malaria in pregnancy, may be
the most promising among currently available ACT. In addition, given PQ’s long elimination
half-life, it would have the advantage of providing a long post-treatment prophylaxis period in
which the patient could be protected from emerging infections.

QN, together with CQ, had one of the highest mean ICso. Oral QN was recommended until
recently (2014) in Burkina Faso for the management of uncomplicated malaria during
pregnancy, including during the first trimester (37), and it is used as rescue treatment in case
of ACT failure. Although just a few isolates were above the resistance threshold, QN ICsy was
strongly associated to that of CQ and was much higher in CQ-R than CQ sensitive (CQ-S)
isolates, indicating some cross-resistance. A similar association was observed in a previous ex
vivo study carried out in Burkina Faso in an urban area, although the mean ICsy was higher,
possibly indicating a higher drug selective pressure (17). The relative good efficacy of most
of the drugs tested in our study is encouraging, as these drugs will rapidly clear the circulating

parasites. This is particularly important as peripheral infection confers a five-fold increased
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risk of placental malaria (38) and can therefore have a markedly negative impact on mothers

and babies (39;40).
5.6 Conclusion

P. falciparum parasites isolated from pregnant women show a drug sensitivity profile
comparable to that recently reported from Bobo Dioulasso, Burkina Faso (17). The mean ICsy
values and the prevalence of isolates resistant to drugs for which the threshold is known were
generally lower in Nanoro than in Bobo Dioulasso, possibly due to the lower drug pressure in
this rural area. Indeed, it is not possible to ascribe the observed differences to the type of
patients from which the isolates were collected, namely pregnant women in Nanoro and
children in Bobo Dioulasso. Ex vivo results indicate that all currently available ACT would
probably have good efficacy among pregnant women with malaria. Nonetheless, the
therapeutic response is not only dependent on the parasite susceptibility but also on the dose
given, the drug disposition and metabolism. Pregnancy is associated with physiological
changes that may alter the pharmacokinetic of treatments administered and hence influence
the therapeutic response (41). In vivo treatment efficacy will be provided by the trial in which
this ex vivo study is nested. The drug sensitivity profile of the parasite population circulating
in Nanoro represents the baseline on which to monitor the evolution of the drug sensitivity
profile of the local parasite population.
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Figure S1 : Scatter of the IC50 values with geometric mean and the resistance cutoff (where available) of each drug
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In order to better visualize and understand the data, a figure showing the scatter of the IC50 values with geometric mean and the resistance cutoff

(where available) of each drug is proposed.
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Chapter 6: The safety and efficacy of four artemisinin-
based combination treatments in African pregnant women

with malaria

The Pregnancy and Artemisinin-based Combination Treatments (PREGACT) study
group. Four Artemisinin-Based Treatments in African Pregnant Women with Malaria. N Engl
J Med 2016;374:913-27.

6.1 Abstract

Background
There is limited information on the safety and efficacy of artemisinin-combination treatments

in pregnancy, particularly in sub-Saharan Africa.

Methods

A non-inferiority multicenter, randomized, open-label trial on the treatment of malaria in
pregnancy was carried out in four African countries. A total of 3,428 pregnant women in the
second and third trimester with falciparum malaria (any density and regardless of symptoms)
were treated with either artemether-lumefantrine (AL), amodiaquine-artesunate (ASAQ),
mefloquine-artesunate (MQAS) or dihydroartemisinin-piperaquine (DHAPQ). The primary

endpoints of the study were the PCR-adjusted cure rates at day 63 and the safety outcomes.

Results

The PCR adjusted cure rates were 94.8% for AL, 98.5% for ASAQ, 99.2% for DHAPQ and
96.8% for MQAS. There was no significant difference between ASAQ, DHAPQ and MQAS.
The cure rate for AL was significantly lower, although the difference was within the 5% non-
inferiority margin. The unadjusted cure rates were significantly lower for AL (52.5%) than for
ASAQ (82.3%), DHAPQ (86.9%) and MQAS (73.8%). No significant difference in serious

adverse events and birth outcomes was found between treatment arms. Drug-related adverse
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events such as asthenia, poor appetite, dizziness, nausea, and vomiting were significantly
more frequent in the MQAS (50.6%) and ASAQ (48.5%) than in the DHAPQ (20.6%) and

AL (11.5%) arms (P<0.001).

Conclusions
AL had the best tolerability profile, acceptable cure rates but the shortest post-treatment
prophylaxis. Based on safety and efficacy, DHAPQ seems the most suitable treatment for

uncomplicated malaria in pregnancy.

6.2 Introduction

Malaria in pregnancy is a major public health problem in endemic countries (1). Where
transmission is stable, most malaria infections during pregnancy remain asymptomatic but
increase the risk of maternal anemia and low birth weight, the latter associated with increased
infant mortality (2). In areas with unstable malaria transmission, pregnant women can develop
symptomatic malaria and severe disease, with an increased risk of fetal loss and maternal
death (2). Considering its harmful effects during pregnancy, it is extremely important to
adequately treat malaria with efficacious medicines. However, often little information is
available of the pharmacokinetics, safety and efficacy of new antimalarials in pregnancy (3-5)
as pregnant women are systematically excluded from regulatory trials because of concerns of
harming the unborn baby.

In the second and third trimester of pregnancy, WHO guidelines recommend a 3-day course
with artemisinin-based combination therapy (ACT) known to be effective in the
country/region, or clindamycin with either 7 days of artesunate or quinine (6). Though the
experience on the use of ACTs in pregnancy is increasing (6), this information is still limited,

particularly in sub-Saharan Africa (sSA).
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6.3 Material and methods

The trial was conducted as a randomized, open-label study between June 2010 and August
2013 in seven sites in four SSA countries, namely Burkina Faso, Ghana, Malawi and Zambia.
The study protocol has been described in detail elsewhere (7). Briefly, pregnant women in the
second and third trimester with a P. falciparum mono-infection of any density, regardless of
symptoms, an Hb>7g/dl and without other serious illnesses were recruited into the trial and
randomized to one of the following treatments: artemether-lumefantrine (AL), amodiaquine-
artesunate (ASAQ), mefloquine-artesunate (MQAS) and dihydroartemisinin-piperaquine
(DHAPQ). The trial was set up in a pragmatic approach with 3 arms per country using a
balanced incomplete block design (Table 1). All doses of the study drugs were given under
direct observation at day 0, 1 and 2, and according to manufacturer’s recommendations (Table
2). At recruitment, gestational age was estimated by symphysio-fundal height and the fetal
viability assessed by pocket ultrasonography. After completing the 3-day treatment, patients
were asked to return to the clinic (visited at home in Ghana) for follow-up visits on day 3, 7
and then once every week until day 63. At each visit, a medical history, and current signs and
symptoms were collected, including information on any adverse events (AE), a blood sample
taken for malaria smears and dried blood spots for later genotyping, for full blood counts
(days 7, 14, 28 and 63 only) and for total bilirubin, ALAT and creatinine (days 7 and 14
only). Rescue treatment for recurrent infections was given according to local national
guidelines. At the end of the active follow-up period, women were asked to attend the
antenatal clinic monthly or when they felt unhealthy until delivery. The new-born was
examined for congenital malformations, weighed and the gestational age estimated by the

total Ballard score (8).
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Giemsa-stained thick and thin blood films were read independently by two readers, followed
by a third reader in case of discrepancy. Parasite density was estimated by counting the
number of asexual parasites per 200 white blood cells (WBCs) assuming a WBC counts of
8000/ul. Total bilirubin, ALAT and creatinine were measured using Flexor Junior
biochemistry analyzer. Full blood count was obtained using the Sysmex XT-20001
haematology analyzer. Haemoglobin was measured using Haemocue (Angelholm, Sweden).
For PCR analysis, blood samples were collected on filter paper (Whatman 3MM) that were
subsequently transported to the Institute of Tropical Medicine, Antwerp, Belgium, where
centralized genotyping (GluRP, MSP2 and MSP1) was conducted (9). Samples that failed to
produce a result were classified as indeterminate.

The primary endpoints of the study were the PCR-adjusted cure rates at day 63 and the safety
outcomes (7) (Supplemental Table S1). AEs and serious adverse events (SAEs) were recorded
and monitored throughout the study by an independent Data and Safety Monitoring Board
(DSMB). The relationship between treatment and AE/SAE was done by the local investigator
on the basis of clinical judgment, existence of alternative causes, e.g. concomitant therapy,
time of occurrence relative to and available information on the study treatment. The DSMB
reviewed SAE listings regularly. Secondary endpoints were PCR-unadjusted cure rates at day
63, time to treatment failure (PCR adjusted and unadjusted), asexual parasite clearance (10),
gametocytemia (prevalence and density) and hemoglobin changes during follow-up. The
study was designed to show that all 4 treatments have similar (PCR adjusted) cure rates
(within 5%), with 95% power for each of the 6 pair-wise comparisons and 80% power for the
combined hypothesis that all treatments were non-inferior (7).

Data were captured into an electronic CRF developed in MACRO (Infermed©). A statistical
analysis plan was produced before the database lock. For the primary outcome, three analysis

populations were used: (1) per-protocol (PP), (2) intention-to-treat (ITT) that excluded
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LTFU/withdrawals and missing/indeterminate PCR results, and (3) ITT with multiple
imputations of LTFU/withdrawals and missing/indeterminate PCR results. The PP analysis
was considered as primary analysis approach. Major protocol violators, defined as violation of
the inclusion or exclusion criteria, having received a treatment different to the randomly
allocated one, missing at least a full day of treatment, intake of other drugs with anti-malarial
activity and missing day 63 slides, were excluded from the PP analysis. All secondary
outcomes were analyzed using an available data approach.

The primary hypothesis was tested by calculating the 95% confidence interval for the
difference in cure rates. If the difference in true (PCR adjusted) cure rates was less than 5%,
treatments were considered therapeutically non-inferior. The confidence interval was
calculated from a generalized linear model adjusting for differences between the 4 countries.
A number of sensitivity analyses were performed and included: (1) multiple imputation of
missing outcomes, (2) pairwise comparison limited to study sites where head-to-head
comparison of treatments was done, (3) adjusting the analysis for parasite density, gestational
age and gravidity at study entry, (4) analysis of time to treatment failure using Cox-regression
models. For safety, all individuals having received at least one treatment dose were included.
Details for subgroup analyses can be found in Supplemental Material.

Authors’ contributions are listed in Supplemental Table S2. The study was approved by the
Ethical Committee of the Antwerp University Hospital, by the relevant national/local ethics
committee and by the national drug regulatory authority. The trial was registered at

clinicaltrials.gov (NCT00852423).
6.4 Results

A total of 3,428 pregnant women with P. falciparum infection were randomized: 881 to AL,

843 to ASAQ, 855 to DHAPQ and 849 to MQAS (Figure 1). The study sites in Burkina Faso
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recruited 870 women, in Ghana 788, in Malawi 870 and in Zambia 900. Five women were
withdrawn immediately after starting the treatment due to protocol deviations (three did not
have malaria, one was not pregnant and one had been enrolled previously) though they were
included in the safety analysis. The ITT analysis included 3,150 women (830 in the AL, 791
in the ASAQ, 759 in the DHAPQ and 770 in the MQAS arms). The PP analysis included
3,000 women (810 in the AL, 742 in the ASAQ, 720 in the DHAPQ and 728 in the MQAS
arms) (Figure 1). About half of the exclusions from the PP analysis (53.6%, 227/423) were
due to loss to follow-up, withdrawal or death.

Baseline characteristics were comparable between treatment arms (Table 3). Most women
were included in the second trimester of pregnancy and primigravidae represented about half
of the study population. Parasite density was >2,000/ul in about a third of women, and only
few of them (6.1%) had fever at time of recruitment. Use of malaria preventive measures was
low at recruitment (Table 3).

By PP analysis, the overall day 63 PCR adjusted cure rate was 94.8% (748/789)(95% CI:
93.0-96.1) for AL, 98.5% (718/729)(95%CI: 97.3-99.2) for ASAQ, 99.2% (701/707)(95%CI
98.2-99.6) for DHAPQ and 96.8% (693/716)(95%CI: 95.2-97.9) for MQAS (Table 4 and
Supplemental Figure S1). There was no significant difference between ASAQ, DHAPQ and
MQAS. The cure rate for AL was significantly lower (p<0.001), although the difference was
within the non-inferiority margin of 5% (Figure 2). The unadjusted cure rates were
significantly lower (p<0.001) for AL (52.5%, 425/810) than for ASAQ (82.3%, 611/742),
DHAPQ (86.9%, 626/720) and MQAS (73.8%, 537/728) (Table 4). Country specific results
are in Supplemental Table S3. The ITT analyses and adjustment with covariates further
supported the efficacy results. Results from the primary and sensitivity analyses were

generally consistent.
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At day two after initiation of treatment, nearly all women (>99.5%) had a negative blood
slide. However, parasite clearance was slower in those treated with AL as at day one after
start of treatment 24.8% (217/875) still had detectable parasitaemia as compared to 6.9%
(57/828) for ASAQ, 8.0% (67/837) for DHAPQ , and 13.5% (113/837) for MQAS (P<0.001).
Gametocyte prevalence at enrolment was low (Table 3), with a median density between 11
and 40/ul. Gametocyte carriage remained low throughout the follow-up with no difference
between study arms. Similarly, haemoglobin changes throughout the follow-up did not differ
between treatment arms (Supplemental Figure S2).

Placental malaria infection was similar between the treatment groups (p=0.47). Mean birth
weight of the babies, after adjusting by country, was similar between treatment groups [AL:
2854gr (SD 449); ASAQ: 2880gr (SD 452); DHAPQ: 2901gr (SD: 454); MQAS: 2875gr (SD
433), p=0.40)]. Similarly, the proportion of babies with low birth weight did not vary
significantly between treatment groups (AL: 17.2%, ASAQ: 15.5%, DHAPQ : 14.1%,
MQAS: 15.2%) (p=0.32).

A total of 72 SAEs occurred during the 63-day follow-up, including one death in the MQAS
arm, approximately one month after treatment and probably due to meningitis. There were 10
treatment-related SAEs, 5 in the ASAQ arm (2 with anaemia, one with upper abdominal pain
and 2 with malaise), 4 in the MQAS arm (one with abdominal pain, 2 with vomiting and one
with malaise), and 1 in the DHAPQ arm (a possible adverse drug reaction with headache and
general weakness 2 days after the completion of treatment who recovered completely). No
significant difference in the occurrence of SAEs was found between treatment arms.

Women treated with MQAS (84.9%, 722/850) or ASAQ (79.0%, 665/842) had a significantly
higher incidence of any AE than those in the AL (72.8%, 641/881) and DHAPQ (70.4%,
602/855) arms (P<0.001) (Table 5). Drug-related AEs were significantly more frequent in the

MQAS (50.6%, 430/850) and ASAQ (48.5%, 408/842) arms than in the DHAPQ (20.6%,
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176/855) and AL (11.5%, 101/881) arms (P<0.001). This was mainly due to the higher
occurrence of asthenia, poor appetite, dizziness, nausea, and vomiting among women treated
with MQAS or ASAQ (Table 5). Behavioral changes were observed in four women, two (at
day 2 and 3 post- treatment) in the ASAQ, one in the MQAS (at day 2 post-treatment) and
one in the AL group (day 60 post-treatment); two in the ASAQ group were considered as
possibly related to treatment. All of them recovered completely. A woman treated with ASAQ
complained of hallucinations at day 3 post-treatment, possibly related to treatment, but she
recovered completely. Women treated with ASAQ complained more significantly of insomnia
(4.0%, 34/842) than those treated with MQAS (2.5%, 21/850), DHAPQ (1.6%, 14/855) and
AL (0.3%, 3/881) (P=0.04). Pulse rate and blood pressure tended to be lower in women
treated with ASAQ (Supplemental FigureS3 and S4). Women with a diastolic blood pressure
<50mmHg and a systolic blood pressure <90mmHg were more frequent in the ASAQ group
(P<0.001). Similarly, the percentage of women with a pulse rate <60BPM appeared to be
higher in the ASAQ group, but this difference was not statistically significant (P=0.4).
Hypotension/low diastolic blood pressure as an AE was more frequent in the ASAQ group
(1.5%) than in the other treatment groups (0.6-0.8%). There were no differences in the
laboratory safety values between treatment arms.

There were 13 miscarriages (1 in the AL arm and 4 in each of the other groups) and 78
stillbirths [16 (1.9%) for AL, 17 (2.1%) for ASAQ, 22 (2.7%) for DHAPQ, and 23 (2.8%) for
MQAS. The proportion of live births, was not significantly different between treatment
groups (p=0.85). The proportion of preterm babies as determined by the total Ballard score
was 10.2% in the Al arm, 3.4% in the ASAQ arm, 9.5% in the DHAPQ and 7.7% in the
MQAS arm (P=0.64). Forty four congenital malformations were observed, 17 (2.0%) for AL,

8 (1%) for ASAQ, 6 (0.8%) for DHAPQ and 13 (1.7%) for MQAS.
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6.5 Discussion

PCR-adjusted cure rates were high (94.8% to 99.2%) for all four ACTs and differences
between them were within the pre-defined non-inferiority margin of 5%. The high success
rates are remarkable given the long follow-up period, i.e. 3 weeks longer than the 6 weeks
recommended by WHO. Nevertheless, AL cure rates were significantly lower than those for
the other three ACTs, which had similar high efficacy, with very few true failures detected
during the follow-up. In a previous trial in Uganda, AL efficacy (until day 42) during
pregnancy was 99.3% (11). The longer follow-up until day 63 in our study cannot explain the
lower AL cure rates as most failures occurred between day 28 and day 42 (Supplemental
Figure S1). AL efficacy was low (82%) in pregnant women at the Thai-Burmese border (12),
a finding attributed to low drug concentrations and low antimalarial immunity (13, 14).
Indeed, in Uganda, lumefantrine plasma concentration was 27% lower in pregnant than in
non-pregnant women (15), suggesting that the high AL efficacy was probably due to the
higher background immunity. In our trial, AL was tested in 3 countries with intense malaria
transmission so that background immunity among recruited pregnant women was probably
high.

Patients treated with AL had the highest reinfection rates and the shortest time to reinfection,
while non-inferiority could not be shown on pairwise comparisons for the other treatments.
The duration of post-treatment prophylaxis is an important factor in the choice of antimalarial
drugs, especially in high transmission areas. Lumefantrine has the shortest elimination half-
life (16), followed by mefloquine (17), amodiaquine (18), and then piperaquine (19).

AL efficacy was relatively low in Burkina Faso (93.2%). This was the same study site where
AL efficacy in children with malaria was the lowest (90.2%) compared to the other sSA study

sites (20). For the current trial, the Burkinabe site had also the highest intensity of
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transmission as suggested by high rates of reinfection observed in all study arms
(Supplemental Table S3). This may influence the genotyping, with the risk of misclassifying
new infections as recrudescences (21). In our trial, capillary electrophoresis, a technique that
can minimize misclassification (22), was used for MSP2. In addition, transmission intensity
may influence the individual treatment cure rates but not the risk difference between
treatments (22).

There was no difference in birth outcomes between treatment arms; mean birth weight as well
as proportion of miscarriages, stillbirths, preterm deliveries and congenital malformations
were similar.

AL and DHAPQ were well tolerated (14, 19, 23). About half of the AEs in the ASAQ and
MQAS groups were considered treatment-related. Asthenia was the most common in the
ASAQ group, followed by dizziness, both possibly related to low blood pressure and pulse
rate. Nausea and vomiting were also relatively common. General weakness, vomiting,
dizziness, and nausea were the most commonly reported AEs in Ghanaian pregnant women
treated with AQ (24, 25). Dizziness was the most frequent treatment-related AE in the MQAS
group, followed by vomiting, nausea and asthenia. The association between MQ and dizziness
has already been reported; more than 30% of pregnant women treated with 15 mg/kg MQ
monotherapy complained of dizziness whose occurrence decreased after subsequent doses
(26). As this was an open-label trial, the AE causal allocation may have been influenced by
the knowledge of the treatment given (27).

Three women had behavior change within the first few days after onset of treatment, 1 in the
MQAS arm and 2 in the ASAQ arm. MQ use has been associated with neuropsychiatric AE
(28), a phenomenon described also for 4-aminoquinolines (6). In addition, insomnia occurred

more frequently in the ASAQ and MQAS groups than with AL.
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In conclusion, AL had the best tolerability profile and acceptable cure rates but provided the
shortest post-treatment prophylaxis. Considering the higher occurrence of AEs in both the
ASAQ and MQAS groups, DHAPQ seems the most suitable treatment for uncomplicated
malaria in pregnancy as its PCR-adjusted cure rate was close to 100% and it prevented new
infections for about 35 days. In terms of pregnancy outcomes, no difference was found
between study arms. ASAQ, and possibly MQAS, which were not as well tolerated, but

highly effective, may be good options for women with treatment failure after AL or DHAPQ.
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Table 1: Treatment arms per country/ site (planned number of patients)

West Africa: comparator ASAQ

Burkina (870) AL (290) ASAQ (290) MQAS (290)
Ghana (870) ASAQ (290) MQAS (290) DHAPQ (290)
Eastern-Southern Africa: comparator AL

Malawi (870) DHAPQ (290) AL (290) ASAQ (290)
Zambia (870) MQAS (290) DHAPQ (290) AL (290)

ASAQ: artesunate-amodiaquine-; DHAPQ: dihydroartemisinin-piperaquine; AL: artemether-lumefantrine;

MQAS: mefloquine-artesunate;

Table 2: Study treatments and daily dose

Treatment Manufacturer Tablets
per day
Eurartesim®: 40mg of dihydroartemisinin and Sigma-Tau Industrie 3

320mg of piperaquine phosphate per tablet

Mefloquine-artesunate: 100mg artesunate and
220mg mefloquine per tablet

Artesunate-amodiaquine: 100mg artesunate and
270mg amodiaquine per tablet
Coartem®: 20mg artemether and
lumefantrine per tablet

120mg

Farmaceutiche Riunite S.p.A.

Far-Manguinhos, Ministério da 3
Saude - Fundagao Oswaldo Cruz

Winthrop, Sanofi Aventis

Novartis Pharma AG 4x 2%

*with the second dose given 8 hours after the first dose
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Table 3: Baseline Characteristics

AL (N=880) ASAQ (N=842) DHAPQ MQAS
(N=853) (N=848)
Country
Burkina Faso: N 290 291 288
Ghana: N 261 265 260
Malawi: N 290 290 288
Zambia: N 300 300 300
Age (years): mean (SD) 22.6 (5.6) 23.4(5.9) 22.3(5.4) 23.5
(5.9
Symptomatic Malaria*: % 37.2 34.9 37.4 43.8
Fever (temperature > 37.5°C) : % 6.5 6.8 3.2 8.0
Parasite density >2000/uL: % 30.6 253 29.1 321
At least 3 symptoms': % 7.2 9.3 11.8 143
Gametocytes present: % 2.4 2.9 2.5 0.7
Parasite density (/uL): median (IQR) 800 (213,2880 569 (165,2025) 680 (200,2760) 840 (218,
3040)
Haemoglobin (g/dL): median (IQR) 10.2 (9.2,11.0) 10.1 (9.1,11.0) 10.1 (9.1,11.0) 10.1
(9.1,10.9
)
Gravidity:
Ist pregnancy: % 53.4 52.9 65.3 49.2
2nd pregnancy: % 15.7 16.5 15.1 18.4
3rd pregnancy or more: % 30.9 30.6 19.6 324
Gestational Age:
2nd trimester: % 71.8 75.0% 68.5 65.8
3rd timester: % 28.2 24.9 31.5 34.2
Bednet used before study entry: % 344 34.6 279 37.5
ITN used before study entry*: % 24.8 23.9 17.1 279
IPT use (before day 0): % 9.9 10.9 13.7 16.4

* Symptomatic malaria is defined as any of the following: (i) fever (temperature >37.5°C) at baseline with
parasitaemia (any density), (ii) parasite count > 2,000/pl, regardless of symptoms; (iii) at least 3 or more of the
following symptoms: fever in the past 24h, weakness/fatigue; muscle and/or joint aches, headache, convulsion,

with parasitaemia of any density.

1 Of the following: fever in the past 24h, weakness/fatigue; muscle and/or joint aches, headache.
1 One woman was included during the first trimester of pregnancy.
¥ Women were provided with ITN at study start.

ITN= Insecticide treated net

IPT= Intermittent preventive treatment

IQR= Inter quartile range
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Table 4: Summary of efficacy outcomes and treatment success rates

AL ASAQ DHAPQ MQAS (N=848)
(N=880) (N=842) (N=853)
Summary of Efficacy Outcomes: n (%)
Early Treatment Failure 0 2(0.2) 1(0.1) 0
Development danger signs/severe malaria 0 0 1(0.1) 0
Rescue treatment day 0-3 0 1 (0.1) 0 0
Parasitaemia day 3 > day 0 0 1 (0.1) 0 0
Late Clinical Failure 26 (3.0) 13 (1.5) 6 (0.7) 28 (3.3)
Recrudescence 4(0.5) 2(0.2) 1(0.1) 8(0.9)
New Infection 21 (2.4) 10 (1.2) 5(0.6) 18 (2.1)
Indeterminate/Sample Unavailable 1(0.1) 1(0.1) 0 2(0.2)
Late Parasitological Failure 362 (41.1) 123 (14.6) 91 (10.7) 176 (20.8)
Recrudescence 37 (4.2) 9(1.1) 5(0.6) 17 (2.0)
New Infection 303 (34.4) 100(11.9) 71(8.3) 144 (17.0)
Indeterminate/Sample Unavailable 22 (2.5) 14 (1.7) 15 (1.8) 15 (1.8)
Adequate Clinical and Parasitological 436 (49.6) 642(76.3) 653 (76.6) 557 (65.7)
Response
Cannot be Determined 56 (6.4) 62 (7.4) 102 (12.0) 87 (10.3)
Rescue treatment and no infection 6 (0.7) 11 (1.3) 8(0.9) 9(1.1)
Died: not related to malaria or treatment 0 0 0 1(0.1)
LTFU/Withdrawn 50 (5.7) 51(6.1) 94 (11.0) 77 (9.1)
Treatment Success Rates: % (95% Confidence interval)
. . 94.8 (93.0, 98.5 (97.3, 99.2 (98.2, 96.8(95.2,97.9)
PP-Analysis: PCR-adjusted 96.1) 99.2) 99.6)
. . . 52.5 (49.0, 82.3 (79.4, 869 (84.3, 73.8(70.4,76.8)
PP-Analysis: PCR-unadjusted 55.9) 84.9) 89.2)
.. . 92.9 (90.7, 96.1 (94.2, 973 (954, 94.6(92.2,96.3)
ITT-Analysist: PCR-adjusted 94.6) 97.4) 98.4
... . 52.6 (49.1, 79.5 (76.5, 82.1 (76.2, 69.8(65.8,73.5)
ITT-Analysist: PCR-unadjusted 56.0) 822 86.8)

LTFU: Lost to follow-up; PP: per-protocol; ITT: intention-to-treat.
1 Intention to treat analysis using multiple imputations of unavailable outcomes.
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Table S: Summary of safety outcomes

AL ASAQ DHAPQ  MOQAS
(N=881)  (N=842)  (N=855)  (N=850)

Adverse Events, % of patients with:

Any Serious AE during 63 day follow-up 0.7 2.6 2.2 2.9
e Blood disorders (anaemia, sickle cell, ...) - 0.7 0.3 0.1
e  Abdominal pain - 0.3 - 0.1
e Diarrhoea 0.1 - - -
e  Vomiting - - - 0.2
e Malaise - 0.2 - 0.1
e Adverse drug reaction - - 0.1 -
e Infections 0.5 1.0 1.1 L.5
e Complications of pregnancy and delivery 0.2 0.6 0.6 0.8
e Asthma - - - 0.1
Any Adverse Event during 63 day follow-up 72.8 79.0 70.4 84.9
Any Adverse Event during first 7 days 243 59.5 34.2 60.7
Any Drug-Related Adverse Event 11.5 48.5 20.6 50.6
Specific Drug-Related Adverse Events (occurring in >5% of patients in any treatment arm)
Abdominal Pain 2.7 7.1 2.1 53
Asthenia 1.8 26.6 6.8 14.2
Decreased Appetite 0.3 8.2 2.1 7.7
Dizziness 1.2 23.5 1.6 30.6
Musculoskeletal Pain 0.8 7.2 2.6 4.4
Nausea 0.9 11.5 4.0 13.9
Vomiting 0.9 15.9 5.7 18.9

Vital Signs Abnormalities during Treatment, % of patients with any day (day 1, 2 or 3):

Pulse Rate < 60 BPM 1.1 2.1 1.6 1.5
Diastolic Blood Pressure < 50 mmHg 8.4 15.1 7.7 4.7
Systolic Blood Pressure < 90 mmHg 5.1 12.2 6.3 4.1
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Chapter 7: Key Results and discussion of the Burkina Faso

specific dataset

7.1 Results

7.1.1 Baseline characteristics

Out of the 1178 pregnant women screened, 869 fulfilled initial inclusion criteria and were
randomized in the 3 treatment groups. The repartition in the different arm was as follow: 290
in the AL group, 291 in the ASAQ group and 288 in the MQAS one. The intention-to-treat
analysis (ITT) included 814 pregnant women distributed as follow: 268 in the AL group, 275
in the ASAQ group and 271 in the MQAS group. At enrolment, there was no significant
difference between treatment groups with respect to age, haemoglobin level, and parasite
density. Most of the pregnant women were recruited during the third trimester of pregnancy

and multigravidae represented half of the study group (Table 1).

7.1.2 Treatment efficacy

Efficacy outcomes were assigned on the basis of time to early treatment failure or recurrent
parasitaemia, according to Pregact protocol (1). Outcomes were assessed after day-28, day-42
and day-63 considered with and without genotyping to distinguish recrudescence from new

infection.

There were no ETFs. Almost 90% of the clinical failures were late parasitological failure.
Considering outcomes adjusted by genotyping both in ITT and PPA, ASAQ was superior to
both AL and MQAS regimens at day-63 (Table 2). According to per-protocol analysis, the
overall PCR-adjusted cure rate at day 63 was 96.7% (93.8-98.2) in ASAQ group, 93.2%
(89.5-95.6) in AL group, and 92.5% (88.8-95.1) for MQAS group. Similar differences were
seen when the day-63 risk of treatment failure was 8.1% for MQAS, compared with 7.7% for

AL and 3.6% for ASAQ.
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Risk difference 95% CIs were 1.1%-9.2% for AL vs ASAQ, -6.4%-5.5% for AL vs MQAS
and -9.2%-0.3% for ASAQ vs MQAS. Most treatment failures were seen on or after day-27 in
AL group, day-35 in the ASAQ and MQAQ group (Figure 2). Almost 50% of the LTFs

randomized to AL were classified as reinfections.

7.1.3 Secondary outcomes
Haemoglobin level did not differ significantly among the treatment groups throughout the
follow-up period. All participants in both cohorts cleared their infection by day 2 following

treatment (Figure 3).

7.1.4 Adverse events
AL was generally associated with fewer adverse events than ASAQ and MQAS. The most
frequent adverse events in the ASAQ and MQAS groups were dizziness, followed by nausea

and abdominal pain.

7.2 Discussion of Burkina Faso set of data

This study describes the day 63 in vivo efficacy of 3 antimalarial regimens tested in Burkina
Faso. Although the therapeutic efficacy remains good (over 90%) giving this long follow up,
the combination ASAQ performed better than the other two (AL and MQAS). Our study is in
line with previous results that found ASAQ to be more effective compared to AL and MQAS
(2-4). We observed higher PCR-uncorrected cure rate for AS-AQ (65.6%) than for AL
(43.7%) and MQAS (58.4%). Similar patterns were observed in the same site (5) and in others
regions of the country (6-8). This is explained by the longer half-life of AQ (6-18 days) as
compared to LUM (3-6 days) and the low level of AQ resistance in West Africa, which
maintain the post-treatment prophylactic effect of ASAQ (9—11). In area of high transmission

like Burkina Faso, the duration of the length of the post-treatment prophylactic period should
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be used to guide the National Malaria Control Program (NMCP) for the choice of first line

treatments.

Abuaku et al, recently demonstrated high cure rate of ASAQ and AL in Ghana (12). Owing to
the fact that the two studies were conducted in high transmission area, such difference can be
explained by the length of the follow up period. In the Ghanaian study, children were
followed up for 28 days compared to 63 days in our study. Nevertheless, an effectiveness
study conducted in 2014 by Tinto et al (2) in the same site found low cure rate for both ASAQ
and AL. This difference could be explained by to the low compliance to the treatment. Indeed
in this effectiveness study, medical staff did not directly observe the treatment and thus

difference in term of treatment adherence may have happened.

In our study, all pregnant women received an ITN. Therefore, the substantial proportion of
women who experience a new infection could be explained by either the low use of ITN

and/or by an extremely intense transmission.

The therapeutic efficacy of the two first line treatments of malaria in Burkina, AL and ASAQ
remains over 90%. This is encouraging when considering the long follow up in our study (3
weeks more than the recommended). The tree regimens (AL, ASAQ and MQ) were effective
in clearing parasites by day-2, with AL associated with few adverse events. Studies like this
should be conducted at regular interval in order to monitor the efficacy of the recommended

drugs and to timely detect any sign of declining efficacy.
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Tables and Figures
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/308 patients excluded during screening \
40 patients with gestational age < 16 or >37 weeks
148 patients with no Pf mono infection
7 patients with Hemoglobin value <7 P
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25 patients with others

N /
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Figure 1 : Trial Profile of Pregact study (Burkina
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Table 1: Baseline characteristics

Artemether- Amodiaquine- Mefloquine-
lumefantrine Artesunate Artesunate
(N=290) (N=290 ) (N=288 )

Age 24.74(5.81) 24.01(5.73) 24.32(5.90)
Symptomatic malaria (%) 113(38.97) 117(40.21) 112(38.89)
Fever > 37.5 °C (%) 33(11.38) 25(8.59) 36(12.50)
Parasite density >2000/mm’ 86(29.66) 92(31.62) 83(28.82)
> 3 symptoms (%)
Gametocytes carriage (%) 11(3.79) 16(5.50) 3(1.04)
Parasite density (geometric 685.14 667.86 646.50
mean) (543.13 - 864.27) (532.20 - 838.10) (515.28 - 811.15)
Hemoglobin (g/dl) 10.20(1.23) 10.07(1.21) 10.06(1.22)
Gravidity (%)

1 75(25.86) 91(31.38) 82(28.47)

2 53(18.28) 57(19.66) 61(21.18)

>3 162(55.86) 142(48.97) 145(50.35)
Trimester of gestation

Second 112(38.62) 122(41.92) 117(40.63)

Third 178(61.38) 169(59.08) 171(59.38)
Bed net used before trial entry 146(50.34) 143(49.14) 148(51.39)
(%)
ITNs used before trial entry 121(82.88) 121(84.62) 126(85.14)
(%)
Use of IPT before day 0 46(15.86) 27(9.28) 42(14.58)
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Table 2: Treatment efficacy outcome

Risk of treatment failure, Risk difference, % (95%CI)
Risk %(95% CI)

category

28 Day
Risk

adjusted by 2.92 0.36 - 2.56 0.0173 - -
genotyping  (1.47-  (0.05 - 0.4 -
5.75) 2.51) 4.68)

Unadjusted ~ 34.28 12.30 10.66 21.98  <0.00001  23.62  <0.00001 1.64 0.5551
by (29.07 (8.99-  (7.58- (14.44- (16.23 - (-3.80;
genotyping - 16.71) 14.89) 29.51) 31) 7.08)

40.12)

63 Day
Risk

adjusted by 7.69 3.64 8.11 4.05 0.1037 -0.42 0.8908 -4.47 0.0624
genotyping  (4.87- (191-  (5.29- (1.11- (-6.39 - (-9.22;
12.02) 6.91) 12.35) 9.21) 5.55) 0.28)
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Chapter 8: General discussion

Although malaria mortality has fallen, additional efforts are needed (1). Several studies
conducted in the last decade have shown that MiP represents a major public health concern
due to its significant adverse health effects on both mother and foetus (2). These effects
include intrauterine growth retardation (3,4), preterm birth (5,6), low birthweight (LBW) (7,8)
and maternal anaemia (9,10). The management of MiP relies first in the early diagnosis and
treatment with safe and efficacious ACT along with preventive methods (LLINs and IPTp-
SP) in the second and third trimesters (11). In this section, we will discuss our findings in

relation to more recent data and current evolutions in policy.

8.1 Key findings

The presence of signs and symptoms suggestive of malaria were frequent among pregnant
women but not discriminative for malaria infection. Cases and controls were not significantly
different in term of parasite density and malaria infection was strongly associated with
anaemia as showed in chapter 3. The absence of dhfr 164L and dhps 540E and the low
prevalence of the dhfr triple mutation suggest IPTp-SP is still useful in pregnant women
(Chapter 4). Results of chapter 5, 6 and 7 demonstrated t most ACTs recommended currently
for malaria treatment are efficacious for the treatment of uncomplicated malaria, with
DHAPQ as the most promising combination. In addition, our results were not different to

those of others studies carried out in children and non-pregnant women in the same country.

8.2 Limitations of these findings

A limitation of the study on clinical presentation of malaria in pregnant women (Chapter 3)

and the prevalence of molecular markers related to SP resistance (Chapter 4) was the
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relatively short recruitment period during the time of low transmission. Indeed, we
experienced a delay in the approval of the protocol by the ethics committee, which influenced
the time the study started, at the end of the low transmission period. Therefore, few patients
were recruited during this period compared to the majority of participants recruited during the
high malaria transmission season. In addition, the one-month period delay to recruit the
matched controls did not allow the recruitment of these controls during the same transmission
season. Consequently, the time of recruitment of controls did not necessary matched that of
the cases. Therefore, the impact of the seasonality on the differential occurrence of signs and
symptoms has to be interpreted with caution. For the estimation of the ex vivo susceptibility
of isolates collected from pregnant women (Chapter 5), adding SP to the panel of drug tested
would have been desirable, and this is a major limitation of this study. This ex vivo study was
already designed and approved before the SP study proposal draft so it was difficult thereafter
to include SP. Nevertheless, SP efficacy may be estimated also by determining the prevalence
of molecular markers related to drug resistance. The ex-vivo study (Chapter 5) included only a
proportion of isolates among the total number of women recruited in the main trial. This was
due to a delay in the onset of this ex vivo component that impacted the number of pregnant
women included. Also, an initial parasite density of 4,000 P/ul was required but with the high
sensitivity of the HRP2 method this was decrease to at least 100P/ pl at the end of the study.
Consequently, a number of women were not included for a parasite density lower than
4,000P/ul. Finally, culture samples with insufficient blood volume for culture (less than 3-4

ml) or samples reaching the laboratory after 24H were rejected.
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8.3 Overall interpretation

8.3.1 Is malaria clinical diagnosis relevant?

We showed in Chapter 4 that the clinical signs and symptoms suggestive of malaria although
frequent, were not good predictors. When we use the microscopy as recommended by the
NMCP, the prevalence of malaria infection was 40% meaning that if we consider only the
symptoms most of these cases would not have been treated while infected. Malaria infections
were often asymptomatic and confirm the reports from other areas of intense malaria
transmission (8,12—18). However, our finding was in contrast with that reported from Ghana,
a neighbouring country (19), where malaria infection in pregnant women was more
symptomatic. The possible reason explaining this difference could be the study design. In
Ghana, pregnant women knew already their infection status, namely if they were RDT
negative, and this may have influenced their propensity to report clinical symptoms. In
Burkina Faso, the NMCP recommends to confirm malaria infection (TDR or microscopy)
only in women presenting signs and symptoms suggestive of malaria. Screening and
treatment with SP could have been a good approach. However, its main limitation would be
the sensitivity of the diagnostic test used. This strategy called Intermittent Screening and
Treatment (IST) was evaluated by several studies in Africa (both East and West Africa) with
different drugs (20-23). The impact of this new strategy was investigated in West Africa.
Tagbor et al in Ghana (21) demonstrated that in area of moderate malaria transmission,
marked seasonality with moderate SP resistance, IST-SP or IST-ASAQ could be as effective
as IPT-SP. They showed that IST-SP or IST-ASAQ was not inferior to IPTp-SP in terms of
preventing maternal anaemia and low birth weight. In 2015, a large multicentre study
conducted in Burkina Faso, Mali, Ghana and The Gambia investigated the impact of IST-AL
vs IPTp in preventing LBW, maternal anaemia and placental malaria (22). This study showed

that IST-AL was not inferior to IPTp-SP but the incidence of visits with symptoms and
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parasitaemia outside ANC schedule was higher in IST-AL group (22). This higher incidence
of malaria parasitemia and clinical malaria associated with ISTp in both East and West Africa
may reflect the inability of ISTp to detect low parasitemia, or occult placental infection. Such
infections should be cleared by SP, but may become patent between ANC visits. From the
above, IPTp-SP remains highly cost-effective in preventing the adverse consequences of MiP
on mother and in the offsprings (24). This should therefore be actively scaled up in line with
the recommendations of Malaria Policy Advisory Committee that did not recommend ISTp as

an alternative to IPTp-SP (25).

In our study it was also noticed that few pregnant women attended ANCs during the first
trimester while this is the period at greater risk of malaria (26-28). Moreover, much pregnant
women first attend ANC relatively late in pregnancy (at or after20 weeks’ gestation), so a
substantial part of pregnancy may not be protected by IPTp (29). Community sensitization for
earlier attendance of ANCs should be encouraged and would likely be efficient in preventing
any adverse consequences of malaria infection. In addition, the Burkinabe government
implemented recently a free health care scheme for pregnant women and children under five

years old, which can improve ANCs attendance.

8.3.2 SP for the prevention of malaria in pregnancy?

In Chapter 4, the study concluded to the absence of the dhfir 164L and the dhps 540E.
Consequently, the quintuple mutation was absent among Burkina samples and the prevalence
of the dhfr triple mutation was very low. This is re-ensuring and clearly indicates that SP can
still be used for IPT in Burkina Faso to prevent MiP. However, a spatial heterogeneity of the
mutations was seen when comparing our results with those reported by other studies in
Burkina Faso (30,31). These differences may be due to different access to treatment in

different regions, which may result in higher use of SP because of ACTs unavailability
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(32,33). It is then important for the NMCP to ensure the availability of recommended drugs in
all health centres at the same time. Our results are in line with that of other studies carried out
in West Africa (30,34,35). In contrast, many studies highlighted a decreasing IPTp-SP
efficacy in Central and East Africa (36—40). Moreover, in East Africa, SP resistance was
associated with an increased risk of foetal anaemia and severe malaria in the offspring (41—
43). ISTp was evaluated as alternative approach in different part of Africa (11,44,45). The
recent results of the multicentre study in West Africa (22), showed that although IST-AL was
not inferior to IPTp-SP, it was associated with high incidence of malaria parasitaemia outside
ANC:s schedule. Furthermore, as the current available best options (MQ, DHAPQ) will be
certainly much more expensive than SP, it is important to explore the feasibility of
implementing any of these strategies where SP is no longer effective (46). In our context and
more generally in Africa, we recommend the continuous use of SP as IPTp because SP
remains effective even in areas where quintuple-mutant haplotypes of P falciparum to SP are

highly prevalent (25).

Pregnant women attend ANCs but only few of them receive the minimum of three doses of
SP as recommended (47). Menendez et al, described many factors such as recurrent stock outs
of SP, incapacity to determine exactly the gestational age, and misinformation on the
conditions of SP that can have an impact on IPT-SP coverage rate (48). These factors need to
be evaluated by the NMCP to ensure a very high coverage rate. A Global Call to Action was
launched in 2015 and this may help to improve IPTp-SP coverage (49). Moreover, continuous

monitoring of IPTp-SP effectiveness (ex vivo and in vitro) is essential(44).

8.3.3 in vivo and ex vivo antimalarial drug’s efficacy
Our study showed that resistance to CQ is highest among the drugs tested on P. falciparum

isolates from Burkina Faso. We may have expected a decrease of CQ resistance, as CQ has
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been withdrawn since 2005. Theoretically, in the absence of drug pressure, resistant isolates
would disappear and sensitive isolates emerge, with an increased efficacy of the treatment.
The persistence of this chloroquino-resistance is probably due to cross-resistance with similar
drugs such as Amodiaquine and possibly the persistent use of CQ in the private sectors (50).
Some isolates were found ex vivo to be resistant to MQ in Burkina and this confirms the high
percentage of resistant isolates previously reported in West African regions (51,52). The latter
implies that the NMCP should be cautious regarding the introduction of the combination
MQAS in Burkina Faso. There is then the need to develop new compounds that have varied

mechanisms of action (53).

PQ was active against both CQ-R and CQ-S isolates while DHA had the lowest IC50. This
indicates that the combination DHAPQ is a very promising drug for the management of
uncomplicated malaria in pregnant women. In vitro assays of a single fixed-dose combination
are difficult to interpret since sensitivities are measured against individual drugs. However,

analysing the ex vivo results together with the in vivo data can accurately guide the NMCP.

In the PregACT study, the combination DHAPQ was not tested in Burkina Faso arm but
appears to be treatment with good safety and excellent efficacy. DHAPQ had the highest
efficacy rate in addition to a long post-treatment prophylaxis period. In the context of Burkina
Faso with high transmission, we would recommend the introduction of DHAPQ for the

treatment of uncomplicated malaria as alternative treatment to ASAQ and AL.

However, in our context and before a possible change of the malaria treatment policy, the

NMCP should:

- Conduct in vivo studies on the efficacy and safety of DHAPQ
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- Ensure that all health staff member is well trained on this new policy and that

sufficient stock of DHAPQ is available to avoid stock-out.

8.3.4 Conclusions

In this thesis, we demonstrated that the current recommendation of the NMCP to use ASAQ
and AL as first line treatments is still a good choice. The introduction of the combination
DHAPQ as alternative to ASAQ and AL needs to be evaluated. IPT-SP remains efficient but
high coverage is needed. Continuous monitoring of the efficacy and safety of these drugs and

the implementation of protective methods are essential.

8.3.5 Challenges
Although suitable strategies are available for the management of MiP, we are still facing

several challenges:

- IPTp coverage: even if IPTp-SP is efficacious at clearing residual parasitaemia, his coverage
remains far below national and global targets. Andrews et al reviewed data from 58
Demographic and Health Surveys (DHS) and concluded that IPTp coverage was not optimal
despite high attendance to ANCs (54). Since 2014, the NMCP updated its malaria control
strategy and now recommends IPTp at every ANC visit from the 13th week of pregnancy
onward leading to the possibility of 3 or more doses per woman. Annual data from the Health
Management and information System (HMIS) found that 73.2% and 18.8% received two and
three doses of SP, respectively. In the meantime, 17.7% of the health centres have not started
the implementation of this new recommendations of the NMCP (47). Based on this slow
implementation and uptake of 3 doses of IPTp, we propose that the NMCP speed-up the
translation of this recommendation into a policy by a nationwide campaign promotion. Other
ways for the improvement of [PTp coverage such as the use of community health workers

(CHWs) need to be explored.
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- The evaluation of high IPTp coverage impact in Burkina Faso: we expect a decrease of MiP
adverse events when high coverage is reached. Data on IPTp coverage in Burkina Faso are
centralized by the NMCP based on health centre reports. A review of health management
information system (HMIS) registers, interviews with health-care workers (HWs) in Tanzania
indicated that IPTp doses administered to women were inadequate and partly inconsistent.
HMIS registers were not adapted (lack of space for IPT records) forcing health staff to
manipulate their record-keeping (55). A rigorous system should be set up to accurately and
timely collect any information’s related to pregnant women (trimester of pregnancy, date of
first IPTp-SP dose, date of next dosing, malaria infections, localisation....). By using this

channel, those who missed their [PTp-SP dose could be actively sought.

- Sustainability of drugs and RDT provision: early detection of malaria infection requires
sufficient stocks of RDTs for pregnant women attending ANC. Stock-outs of SP are
experienced in Burkina Faso (47) and this is not reassuring as SP is corner stone of the MiP
prevention. This combined to the abatement of international help (World Bank, Global Funds,

NGOs) condemns the government to explore others sources of funding.

- Adherence to recommended protocols: almost 20% of health centres have not started
applying of the new recommendation of the NMCP for MiP prevention in Burkina Faso (47).
Training and continuous monitoring of the health staff are needed to ensure that all

prescribers apply current recommendations.

- Community engagement: This includes patient education to protect themselves against

malaria, compliance to complete all doses correctly, encouragement of early ANC visits, etc.
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- Routine monitoring of drug: the NMCP should conduct at regular intervals ex vivo and in

vivo studies on the efficacy of the first line treatments drugs of malaria. The conduct of these

studies will be expensive but this is the only way to timely detect the apparition of resistance.
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Chapter 9: Conclusions and perspectives

In April 2000, at the Abuja meeting, African heads of state agreed to halve malaria mortality
by 2015. This would have been made possible by ensuring appropriate methods of protection
and case-management for at least 60% of the continent’s at-risk population. Fifteen years
later, this objective has not been attained, though there has been substantial progress.
Successful malaria control programs should include a combination of prevention and control
strategies. Starting from the use of ITNs or LLINs, IRSs and IPTs associated with a prompt

and accurate diagnostic, followed by an effective treatment.

In this thesis, we had the opportunity to investigate the possibility of early recognition of
clinical malaria among pregnant women in chapter 4, and SP resistance in Burkina Faso as an
important parameter of the IPTp-SP intervention strategy in chapter 5. We also examined the
ex vivo sensitivity profiles of various antimalarials used in MiP in chapter 6, and finally in
chapter 7 and 8, the efficacy and safety of ACTs for uncomplicated malaria in several African

countries.

The main results reported in chapters 3, 4, 5, 6, and 7 will all contribute to inform policy

makers involved in malaria control in Burkina Faso.

9.1 Detection of malaria infections during pregnancy: is clinical diagnosis

(screening based on signs and symptoms) relevant?

Signs and symptoms usually associated with clinical malaria were common among pregnant
women but non-specific. Therefore, when considering its low PPV, clinical diagnosis of
malaria in pregnant women is not useful. All this indicates that malaria infection should be

confirmed by a laboratory test, either microscopy or RDT. It is also important to mention that,
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given the potential risks of harming the fetus, there is the need when treating pregnant women

to balance the benefits against the potential risks.

9.2 Prevention of malaria in pregnancy: efficacy of SP in Burkina Faso (West

Africa)

Our study was able to recruit pregnant women of any parity attending ANCs, and throughout
the pregnancy. The prevalence of the triple mutation associated with pyrimethamine
resistance in vitro and responsible for a 1,000-fold reduction in pyrimethamine susceptibility
was low. Moreover, the mutations 1164L and K540E were not found in Burkina isolates.
Therefore, SP can still be used as IPTp and it is likely to have a substantial impact on

maternal health and pregnancy outcomes.

The WHO recommends four ANC visits during which IPTp with SP should be implemented
(updated WHO Policy 2012), with the first dose administered as early as possible during the
second trimester. The relatively long half-life of SP will help suppress any new emerging

infection during this period.

In our context, to ensure the efficacy of this policy some efforts should be made to break

barriers that can negatively impact on SP use.

- Firstly, all pregnant women should attend as early as possible ANCs. This can be
improved by using the community health workers to promote early attendance.

- Secondly, SP should be available in health centres at any time of the year during the
ANCs. During our study we observed SP stock outs that may lead to a delay in its

uptake.
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- Thirdly, SP should be used only for IPTp and, together with amodiaquine for the
seasonal malaria chemoprevention in children <5 years of age, at least in target
countries. The availability of SP outside health centres should be restricted.

- Finally, a longitudinal monitoring of SP efficacy through molecular and efficacy
studies in pregnant women should be done.

- Alternative drugs to SP should be tested for IPTp.

9.3 Antimalarial drugs: ex vivo efficacy of antimalarials in pregnancy

We assessed the sensitivity profile to 8 different drugs of malaria isolates collected from
pregnant women included in an efficacy trial in Burkina Faso. More generally, the drugs
performed well with the exception of chloroquine. This is an indication of the good efficacy

of the first line treatments drugs.

Our ex vivo results also confirmed the efficacy of DHA and his partner drug, PQ. Therefore,
the combination DHAPQ may be a promising drug for treating MiP. Another advantage of
this combination is the long half-life of piperaquine, with can provide a relatively long period

of post-treatment prophylaxis.
9.4 Efficacy and safety of ACTs use in pregnant women in Africa

Artemisinin-based combination therapies are generally efficacious for the treatment of
uncomplicated malaria in pregnant women. In Burkina Faso, the recommended first line
treatments are ASAQ and AL. Regarding the results of this multi-centre study, AL (one of the
first line treatments in Burkina Faso) and DHAPQ had the best efficacy and safety profile.
The capacity of the drug to ensure a long post-treatment prophylactic period must be taken in
account when comparing treatment regimens. Although effective, AL had the shortest post-

treatment prophylactic effect, which may be a disadvantage where transmission is intense as

178 |Page



Malaria in Pregnancy: Case management and control in Burkina Faso. MC Tahita

the pregnant women could be re-infected often. In addition, the twice-per-day dosing could

negatively impact on its effectiveness.

DHAPQ was not tested in Burkina Faso but had the highest PCR-adjusted cure rate at day 63
compared to the 3 others combinations and the best safety profile. The two other treatments
tested in Burkina Faso, ASAQ and ASMQ, were associated with a higher occurrence of
adverse events. Therefore, the combination DHAPQ is the most promising treatment when
considering its efficacy and safety profile. The introduction of this combination in the

Burkinabe malaria program could be considered.

9.5 Rationale and pertinence of the National malaria guidelines in Burkina

Faso

ASAQ had the best efficacy profile in Burkina Faso; however, it was less well tolerated than
AL. In contrast, AL had a better safety profile with a higher risk of re-infection. DHAPQ with
its good efficacy profile and long post treatment prophylaxis period is a good candidate for
the first line treatment. Finally, the recommendation of IPTp-SP is still a valid option as

resistance to SP is still very low in our region.

9.6 Futures perspectives

- Clinical diagnosis based on signs and symptoms should be completely removed by the
NMCP for malaria case management

- RDT and microscopy are useful tools for diagnosis but quality control and quality
assurance systems must be in place. Also the logistics of supplies (RDTs,
antimalarials) must be ensured.

- The combination DHAPQ is the suitable candidate for the malaria first line treatment

- Continuous in vivo monitoring of the first line treatments should be performed to

timely detect emergence of resistance.
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9.7 Conclusions

In this thesis, we have reported that:

1.

Clinical signs and symptoms alone are poor predictors of malaria infections and then
should be removed.

IPT-SP can still be used to prevent the adverse effects of MiP. The low prevalence of the
triple mutation combined with the absence of the quadruple mutation confirms that IPTp-
SP is still a useful intervention to prevent malaria in pregnancy. However regular
monitoring of the level of SP resistance marker should be performed.

The four artemisinin-based combination therapies are effective in pregnant women with
malaria in Africa, with relatively mild adverse events.

DHAPQ is a promising ACTs and should be considered for the treatment of

uncomplicated malaria in pregnant women.
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