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Summary

Malaria disproportionately affects young children, with falciparum malaria responsible for more than
200 000 child deaths each year in Africa, and vivax malaria well-documented as a cause of severe
anaemia and excess mortality in children in Asia and the Pacific.

For the treatment of malaria in children, paediatric dosing recommendations for a number of agents,
including parenteral artesunate and dihydroartemisinin-piperaquine, have belatedly been shown to be
sub-optimal. Worsening antimalarial resistance in the Greater Mekong SubRegion threaten to
undermine global malaria control efforts. Triple-antimalarial combination therapies are being evaluated
in a bid to head off this threat.

For falciparum malaria prevention, the RTS,S/AS01 vaccine gives partial protection against falciparum
malaria and its role as a complementary tool to other treatment and preventive measures is being
evaluated in large-scale pilot studies in Ghana, Malawi and Kenya. Seasonal malaria chemoprevention in
West Africa has resulted in declines in malaria incidence and deaths and there is interest in scaling up
efforts by expanding the age-range of eligible recipients. Prevention of Plasmodium vivax malaria
relapse with primaquine remains challenging because of the risk of acute haemolytic anaemia in
children with glucose-6-phosphate dehydrogenase (G6PD) deficiency. The safety of adapted escalating
dose primaquine regimens is being studied as a way to mitigate this risk.
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Background

More than half of the estimated 405 000 deaths from malaria each year are in children below five years
of age and are caused by Plasmodium falciparum, with the vast majority taking place on the African
continent (Figure 1).! Repeated exposure to malaria leads to gradual acquisition of immunity in those
children who survive their infections.? The three countries shouldering the highest burden of falciparum
malaria cases are Nigeria (25%), Democratic Republic of Congo (12%) and Uganda (5%).* The two most
recent World Malaria Reports have struck a cautionary note, emphasising the slowing down of progress
in global malaria control. Recent evidence suggests that P.vivax is endemic throughout Africa, but is



underreported with the exception of the Horn of Africa and Madagascar. * In the Asia-Pacific region, P.
vivax is the predominant infection in infants and young children aged less than 5 years old and is
recognized as an important cause of morbidity and mortality in malaria endemic areas with multiple
Plasmodium species circulating.*® In Papua (Indonesia) 40-60% of malaria infections in infancy have
been shown to be due to P. vivax.®’ Similar findings were described in Papua New Guinea where P.vivax
infections were most prevalent in children aged 1-4 years old. 8° P.vivax malaria also predominates in
the Americas. Plasmodium ovale (wallikeri and curtisi) infections have a global distribution but most
occur in Africa. Plasmodium malariae also occurs in all regions at low incidence. Plasmodium knowlesi
malaria is found close to habitats where long-tailed and pig-tailed macaques reside, with the majority of
cases reported from Malaysia where it is the leading cause of malaria.'®

There is uncertainty around the true burden of malaria. The Global Burden of Disease 2017 study
estimated malaria mortality to be ~50% higher than the estimates of the World Health Organization
(WHO) for the same year at 618 700.>'! There has been good progress in some countries since 2000
with a drop in the total number of countries with endemic malaria from 106 to 86. The

recent Lancet Commission on Malaria Eradication concluded “... that malaria eradication by 2050 is a
bold but attainable goal”.* This will require substantial investment of an additional two billion dollars
per year. At the same time worsening antimalarial drug and insecticide resistance threaten to
undermine control and elimination efforts. **

This article is the second in a series on treatment and prevention of malaria in children. The first article
by Saito et al focuses on pregnancy and the pre-conception period and we review treatment and
prevention after birth. **

The main clinical presentations of malaria in children are uncomplicated malaria and severe malaria
(typically categorized as cerebral malaria or severe malarial anaemia). Congenital malaria (defined as
peripheral parasitaemia found in the first 28 days of life) is uncommon but important and the diagnosis
may be missed, particularly if the mother is asymptomatic.'* Depending on the level of maternal
antibody protection, initial non-specific symptoms could be delayed beyond the neonatal period. If they
occur in the early neonatal period, they may be confused with neonatal sepsis.

Signs and symptoms of malaria in young children (such as fever, poor feeding, respiratory insufficiency,
jaundice and diarrhoea) are similar to those of other systemic infections.”*® For this reason malaria
screening of all sick infants and children presenting to healthcare facilities in malaria endemic areas
should be carried out. The serious and sometimes fatal consequences of failing to make a prompt
diagnosis of malaria are well-described. At the same time overdiagnosis of malaria continues to occur in
some settings, usually if healthcare workers rely on clinical assessment. The most challenging patients to
diagnose are those who have an incidental peripheral parasitaemia but another cause for their
presenting symptoms.*®

As well as causing avoidable deaths in young children, malaria has other negative impacts on physical
and neurocognitive health, with anaemia, impaired school performance and behavioural problems all
associated with previous episodes of malaria.!” Anaemia is the most prominent adverse health outcome
of malaria in children. In Malawi, hospitalized infants with malaria living in high malaria transmission
area were twice as likely to have severe anaemia compared to those living in low transmission areas.*®
The WHO defines severe malarial anaemia in children <12 years of age as Hb<5g/dL, together with a
parasite count >10 000/uL.* In holoendemic areas in Africa, the risk of malaria-associated severe
anaemia is highest in the first 5 years of life and it is associated with an increased risk of dying,
particularly for those with Hb levels below 3 g/dL. %% Haemolysis of infected and uninfected red blood
cells and bone marrow dyserythropoiesis contribute to the anaemia observed in acute malaria, which



may be further compounded by inadequate parasite clearance due to ineffective treatment or
antimalarial drug resistance and parasite recurrence. *>?>23 The majority of descriptions of malarial
anaemia relate to falciparum malaria. However, the risk of severe anaemia in Papuan infants with P.
vivax infections was two fold higher than in those who had P. falciparum malaria.”?* Infants and children
with P. vivax malaria living in tropical endemic areas are at risk of having frequent relapses every 3-7
weeks leaving insufficient time to replace the haemolysed erythrocytes with a resulting severe
haematological impact.>

Asymptomatic infections

Asymptomatic malaria is well described and is associated with acquisition of immunity which is hard-
won during the first five years of life in high transmission areas. Whether it can be regarded as truly
asymptomatic is disputed since there is often evidence of inflammation such as platelet and endothelial
cell activation. 2’ Asymptomatic (afebrile) infections are more common in P. vivax than P. falciparum
malaria in both high and low malaria transmission areas.?®?° A household survey carried out in highly
malaria endemic areas in Papua (Indonesia) showed that only 5:6% of children aged less than 5 years old
with vivax malaria had a fever compared to 14-3% of those with falciparum malaria.?® Similar findings
were also observed in the Solomon Islands, an area of low malaria transmission.?® In Africa,
asymptomatic falciparum malaria infections are associated with the number of infections and the speed
of acquisition of immunity to malaria. While asymptomatic infection may occur early in life, it is more
common in children aged > 5 years.*°

Treatment of malaria in children

Early detection and prompt effective treatment is central to achieving a good outcome from malaria
caused by all species. The objective of vivax malaria treatment is to clear both blood and liver stage
infections (radical cure) by using effective schizontocidal and hypnozoitocidal agents (primaquine) to
prevent relapse. In low-transmission settings a single-low dose of primaquine is given in addition to
schizontocidal therapy for P.falciparum infections for its effect on stage V gametocytes. lvermectin is
under evaluation as an alternative transmission blocking agent.3'While not recommended for children
weighing less than 15kg, it has been used off-label to treat scabies and other parasitic infestations in this
group. More documented evidence of its safety in younger children is needed. Evidence-based
guidelines for the treatment of malaria are freely available, published by the WHO.?? It has come to light
belatedly that dosing of a number of antimalarials in children is sub-optimal. This is a consequence of
designing dosing regimens in a different population (adult) to the one most affected by the disease and
has led to revision of some dosing recommendations.

Antimalarial drug doses and regimens for treatment of uncomplicated and severe falciparum and non-
falciparum malaria are summarized in Table 1.

The initial treatment of choice for severe falciparum malaria is clear. Between 2005 and 2010 the
AQUAMAT study enrolled 5425 children in nine African countries with an inclusive severe malaria case
definition. There was a relative mortality reduction of 22:5% (95% Cl 8-1-36-9; p=0-0022) in artesunate-
treated compared to quinine-treated children (Figure 2). Although there has been no clinical trial
comparing mortality following intravenous artesunate and quinine for the treatment of severe vivax
malaria, the WHO recommends parenteral artesunate (preferably intravenous) as the first line
treatment for severe vivax malaria.?

Artemisinin-based combination therapy (ACT) has been recommended to treat uncomplicated
falciparum malaria since the mid-2000s. More recently ACTs have become the treatment of choice for



malaria caused by P.knowlesi since this parasite has a shorter 24h life cycle, and consequent increased
risk of high parasite densities and severe disease.*® Chloroquine is still the drug of choice for the
treatment of chloroquine-sensitive P. vivax malaria. The WHO-suggested regimen is a total dose of 25
mg base/kg given in three divided doses, once daily over 3 days. ACTs can be used for the treatment of
P. vivax infections, and are recommended in areas where P. vivax is highly resistant to chloroquine, such
as Indonesia, Colombia (Figure 3).32 343% |n vitro studies have shown that artesunate, lumefantrine,
piperaquine and mefloquine are all effective against P. vivax. *¢%” Options for treating uncomplicated
malaria caused by P.ovale and P.malariae include chloroquine and ACTs; however treatment efficacy has
not been well studied compared to falciparum and vivax malaria and more evidence to define optimal
treatment strategies is needed.3¥*°

Long half-life partner drugs in ACTs such as piperaquine (28-35 days) and lumefantrine (about 4 days)
delay time to first recurrence (reinfection or relapse).**** Several efficacy studies have shown that
treatment with dihydroartemisinin-piperaquine (DHA-Pip) alone is consistently associated with fewer
recurrences at day 42 compared with artemether-lumefantrine (AL).***¢ An analysis of reinfection data
from treatment studies of uncomplicated malaria in African children estimated that piperaquine and
lumefantrine prevent > 90% reinfections for a mean [range] of 26-2 [13-6 — 45-0] and 12-1 days (range
9-0-20-6 days) respectively.*’ For Plasmodium vivax malaria treatment, co-administration with
primaquine resulted in 92% reduction of recurrence on day 42 following treatment with DHA-Pip and
80% reduction of recurrence with AL.*®

Despite the overwhelming evidence for efficacy and safety of ACTs and parenteral artesunate the reality
is that they are still not being used everywhere.*® Where they are available they are not always being
implemented according to international guidelines.*®

Pharmacokinetics of antimalarials in children

Pharmacokinetics (PK) of several antimalarials are different in young children. Artesunate (and its main
metabolite dihydroartemisinin) exposure is lower related to larger apparent volume of distribution and
faster clearance in children <25 kg, hence an increased dose of 3mg/kg rather than 2-:4 mg/kg is
recommended for the treatment of severe malaria.>®>! Similarly treatment failure following DHA-
piperaquine treatment has been found to be higher in young children in a pooled analysis of individual
patient data and dosing recommendations have been revised for children in the <25kg weight band.>>>3
A similar pooled analysis looking at artemether-lumefantrine dosing found that median lumefantrine
doses received were lower in children aged 3 to 5 years compared to older children or adults.>* Younger
children have also been shown to be at higher risk of recrudescent infections. Prolonging the duration of
treatment has been proposed to increase treatment efficacy.>® A population pharmacokinetic nonlinear
mixed-effects modelling approach has been used to analyse data from four studies of sulfadoxine-
pyrimethamine (SP) treatment and concluded that SP bioavailability is lower in underweight children.>®
There are similar concerns that amodiaquine dosing in children may be too low based on simulations
derived from a population PK model.>’

For the treatment of vivax malaria, sub-therapeutic blood chloroquine concentrations on day 7 have
been found in children treated with 25 mg base/kg dose with a consequent increased risk of relapse.
Increasing the dose to 30mg base/kg in children has been proposed since, in an individual patient meta-
analysis, this dose reduced overall recurrence rate by day 42 (adjusted hazard ratio [AHR] 0-82, 95% ClI
0:69-0-97; p=0-021) and recurrence rate in children < 5 years (0-59, 0-41-0-86; p=0-0058). Adding
primaquine treatment further reduced recurrence by 90%.%° Differences in PK of drugs in children may
also relate to maturation e.g. of metabolic processes, particularly in the first two years’ of life. ¢
Pharmacogenomic factors affecting drug metabolism are under increasing study e.g. CYP2C8
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polymorphisms have been associated with adverse events following amodiaquine treatment.®? The
efficacy of primaquine to prevent vivax malaria relapse depends on its metabolism by cytochrome P450
2D6. Polymorphisms in CYP2D6 are associated with different primaquine metaboliser phenotypes with
resulting differing efficacies for radical cure.®

Relapse prevention for vivax malaria-

P. vivax forms hypnozoites that can stay dormant in hepatocytes before causing a malaria relapse at a
later date. These liver stage parasites are treated with primaquine (PQ), an 8-aminoquinoline
antimalarial drug which may trigger acute hemolysis in G6PD deficient individuals.5*¢ In tropical
regions, P. vivax strains can relapse every 3-7 weeks (and are less susceptible to PQ), whereas in
temperate regions hypnozoites may remain dormant for about 9 months (and are more effectively
treated with PQ).%”®® Infants and young children are at higher risk of frequent relapses associated with
lower acquired immunity, and poor treatment adherence, leading to severe anaemia.”?>% In view of this
the WHO recommends use of low dose (0-25 mg/kg) primaquine for 14 days in infants starting at age 6
months, after G6PD testing, as follow on treatment for malaria caused by P.vivax (and P.ovale).
Unfortunately, point of care G6PD testing is not available in the majority of malaria endemic areas and
in this situation, the decision to give primaquine must be based on a risk-benefit assessment with close
monitoring for primaquine-associated acute intravascular hemolysis.®®’? A trial is ongoing to assess the
safety and tolerability of an escalating dose primaquine regimen in healthy volunteers with G6PD
deficiency in Thailand as a possible way to administer primaquine safely in the future without G6PD
testing.”* This relates to the observation that younger erythrocytes are relatively resistant to oxidant
haemolysis so that after an initial moderate drop in haemoglobin following a small dose of primaquine
there is a reticulocytosis and repeated primaquine dosing does not lead to severe haemolytic anaemia.

Shortening the duration of primaquine treatment has been proposed to improve adherence. A recent
multicentre clinical trial that included infants aged 26 months with normal G6PD status, showed that 7
days of high dose primaquine (1 mg/kg/day) led to similar rates of symptomatic P. vivax infections
within the first 12 months as 14 days supervised primaquine (0-5 mg/kg/day), with slightly higher rates
of gastrointestinal symptoms reported in the 7 day group.”?

One of the most common complications of falciparum malaria in southeast Asia is a vivax malaria
relapse, occurring in almost 30% of patients by day 63 of follow up.”®> Multiple infections within a 2
month interval would have a significant haematological and clinical impact on infants and young
children. Treatment with long half-life antimalarial drugs is one strategy to delay recurrence,*®’?
however it has been proposed that applying radical cure treatment for P. falciparum malaria might
benefit children living in such settings.

Repeated infections and treatment failure-

In high transmission areas repeated infections are common and associated with early and late
mortality.” In addition, a proportion of children will always fail therapy. Reasons for this include poor
drug absorption, high parasite densities, non-adherence to therapy and antimalarial drug resistance.
Drug resistance is highly likely when repeat malaria episodes occur within 14 days of the primary
episode but recrudescence is possible for six to nine weeks and, in the cases of vivax and ovale malaria,
relapses may present much later. Repeating the same treatment is a reasonable approach in the event
of another episode of malaria unless drug resistance is strongly suspected.”® The exception to this is
artesunate-mefloquine retreatment, which should not be given more frequently than at two-monthly
intervals due to the risk of neurotoxicity.



There is some evidence that comorbidities may impact on treatment response. Higher numbers of
treatment failures were observed in HIV infected adults with P. falciparum malaria with CD4 count < 300
cells/uL following SP and AL. ”> However, there was no increased risk of malaria treatment failure found
in HIV infected children living in malaria endemic area in Uganda. ®

Dose presentations and delivery-

Paediatric dosage forms are available for most of the oral fixed-dose combination antimalarials. Most
antimalarials are dosed according to body weight. Age-based dosing regimens have been proposed e.g.
for artesunate-amodiaquine and single low dose primaquine.’”””® To improve access to treatment
different models of treatment delivery have been evaluated including community-, school-, and home-
based management.”® A Cochrane systematic review of home- or community-based programmes
concluded they improve access to treatment and may reduce mortality from malaria. However the risk
of overtreatment when clinical case-definitions of malaria are used was highlighted.® Other
formulations of non-injectable antimalarials have been developed over the years to facilitate early
treatment of severe malaria in children in remote areas e.g. rectal artesunate and sub-lingual
artemether. &

Supportive treatment of children with severe malaria-

Children with severe malaria, are frequently acidotic and anaemic and may be unconscious.'® Avoidance
of hypoglycemia, treatment of seizures, careful fluid management and judicious blood transfusion are
key parts of supportive management. Routine seizure prophylaxis fell out favour after a trial found
excess mortality in children with cerebral malaria given phenobarbitone.®? The relationship between
anaemia and severe malaria is complex.? Findings of a recent retrospective analysis suggest that
moderate anaemia may protect against in-hospital mortality in severe falciparum malaria (OR 0-87 for a
10% decrease in haematocrit [95% Cl 0-80-0-95]).8% Results of the Transfusion and Treatment of Severe
Anemia in African Children Trial (TRACT) which included children regardless of malaria status (62% had
malaria) showed no clinical benefit from immediate blood transfusion for all children with
uncomplicated severe anaemia compared to the standard approach of transfusing based on clinical
severity or a haemoglobin level of less than 4 g per deciliter, and no advantage to transfusing 30 ml/kg
body weight compared to 20 ml/kg.2*®° Regarding fluid resuscitation in severe malaria, another large
study (FEAST) by the same group found excess mortality at 48 hours in severely ill children (57% of
whom had malaria) with impaired perfusion (relative risk for any bolus vs. control, 1-45; 95% Cl, 1-13 to
1-86; P = 0-003).8° Concomitant bacterial infection is well-described in children with severe malaria. Non-
Typhoidal Salmonella bacteraemia is particularly common and empiric antibiotics are often prescribed
initially.®”

Antimalarial drug resistance-

Loss of antimalarial drug efficacy due to emergence of drug resistance in the parasite has happened
repeatedly since the 1950s. Of major concern at present is the emergence and spread of Plasmodium
falciparum resistant to artemisinin, piperaquine and mefloquine in the Greater Mekong SubRegion
(GMS) (Figure 3).2888 The clinical phenotype of artemisinin resistance is delayed parasite clearance that,
in Asia and Latin America, is related to various mutations in the kelch propeller gene on chromosome 13
of the parasite (Table 2). The most well-known mutation is C580Y, which is reaching fixation in some
parts of the eastern GMS. The risk of global spread presents a serious threat to child health in sub-
Saharan Africa. Only 20 years ago rising malaria mortality in Africa was associated with increasing
chloroquine resistance.® Different strategies under evaluation in Southeast Asia to replace failing



treatments include extended treatment courses, reintroducing drugs previously lost to resistance and
triple antimalarial combinations.?%%2

Delayed parasite clearance in P. vivax infections has not been reported; however it has not been looked
for extensively. In Papua (Indonesia), where chloroquine resistance is widespread and ACTs are first line
for the treatment of vivax malaria, after nine years of DHA-Pip use (2006 to 2015), P. vivax malaria
remains sensitive to DHA-Pip with 100% of patients parasite free on day 3 in one study. %3

Newer antimalarials

Newer antimalarial combinations that are ready for use are artesunate-pyronaridine and arterolane
maleate-piperaquine.’** Following signals of hepatotoxicity in earlier trials the safety and efficacy of
retreatment with artesunate-pyronaridine was assessed in a sub-study of a large efficacy trial in West
African children with reassuring results.’®*” In a separate pharmacokinetic study pyronaridine exposure
was similar across paediatric weight ranges.?® Arterolane maleate is a synthetic trioxolane drug with an
elimination half-life of 2-4 hours. In vitro experiments have suggested cross resistance with
artemisinin.® This fact, combined with the recent emergence and spread of piperaquine resistance,
limits the options for deployment of the combination. Tafenoquine is a long-acting 8-aminoquinoline
that has been approved by the European Medicines Agency, US Food and Drug Administration and the
Australian Therapeutics Good Administration recently for vivax malaria relapse prevention in adults.
There is a lot of interest in this drug which is given as a single-dose, since it could overcome the
challenge of adhering to longer courses of primaquine, however, like primaquine, it causes acute
haemolytic anaemia in individuals with G6PD deficiency and currently it is not recommended for use in
children. An efficacy, safety and pharmacokinetic study in children is due to complete recruitment in
2020 (Trial registration: NCT02563496).

Artefenomel, cipargamin, and ganaplacide are three promising newer antimalarials in clinical
development, the latter two being completely unrelated to artemisinin. Experience of their use to treat
children is limited. Artefemonel exposure was demonstrated to be lower in children aged between 6
months and 2 years in a pharmacokinetic study, in which the drug was given with piperaquine.’® A
Phase 2 dose-finding safety and efficacy multicentre study (NCT03167242) of ganaplacide combined
with lumefantrine solid dispersion formulation is enrolling children 2 to 12 years with uncomplicated
falciparum malaria and is due to complete in 2020.

Safety of antimalarials in children-

The antimalarials in use are generally well-tolerated and safe and have been studied in very large
numbers of children. SP treatment is associated with skin reactions or rarely Stevens-Johnson syndrome.
When used as prophylaxis in the past, amodiaquine was associated with liver injury and
agranulocytosis.® In a systematic review of studies assessing intermittent preventive treatment in
children below five years of age no cases of Stevens Johnson syndrome were reported among 32,757
children who received SP and no cases of serious blood dyscrasias or hepatotoxicity were reported
among 31,327 children who received amodiaquine. !> Mefloquine causes dose-related early vomiting,
particularly in young children, In a pooled analysis of 19,850 patients treated with mefloquine, the
frequency of early vomiting was 14% (106/735) for children younger than 5 years old, compared to 3-8%
(108/2,834) in children aged 5-14 years and 2-5% (81/3,310) in older children and adults (p<0.001).2%
Post-artesunate delayed haemolytic anaemia has been observed in returned travelers treated for severe
malaria but this appears to be an uncommon occurrence in children in endemic areas.'®



There are some important drug-drug interactions between antimalarials and other drug classes such as
antiretrovirals and antituberculous therapy (see Table 3).

Prevention

The negative impacts of malaria infection lead to the unavoidable conclusion that the only acceptable
goal is to prevent all episodes of malaria. Ultimately this means eradicating the disease, the feasibility of
which has been debated recently.®® In the meantime, minimizing the harm caused by malaria in
children is achieved through infection prevention with antimalarials, vaccines, insecticide-treated
bednets and other vector control interventions.

The two main chemopreventive strategies in endemic countries are seasonal malaria chemoprevention
(SMC) and intermittent preventive therapy in infants (IPTi). SMC is recommended for children aged
below five years in countries in the Sahel with intense seasonal malaria transmission. A full treatment
course of SP+amodiaquine is given monthly up to four times.

SMC has been shown to be highly effective in reducing malaria incidence and there have been calls to
expand the target group to older children. %1% |n a cluster-randomised trial in Senegal in 2011 that
enrolled 2,301 children under 10 years of age in 24 villages, SMC (in addition to community case
management) was well-tolerated and associated with 270 malaria cases confirmed by rapid test
compared to 1,472 episodes in control villages.!°® There are different models for delivering SMC such as
from a fixed point in the village versus door-to-door versus school-based methods.'®® Due to concerns
that the life-span of SP+amodiaquine will be limited by resistance, DHA-pip has been evaluated as an
alternative agent for SMC. Protection from malaria was associated with piperaquine exposure, and
results of PK-PD modelling suggest that younger children should receive the revised higher DHA-pip dose
given for routine treatment.?'! Using a weekly rather than monthly dosing interval for DHA-pip has
also been put forward as a way to maximize protective efficacy.!*! Mass Drug Administration (MDA) with
DHA-pip has also been deployed in some countries as part of a targeted malaria elimination strategy. *2.

Addition of azithromycin (shown to reduce all-cause mortality in children following mass drug
administration for trachoma) to standard SMC was evaluated in a large placebo controlled trial including
19,578 children in Burkina Faso and Mali in 2014. Children who received azithromycin were less likely to
go on to experience gastrointestinal infections (incidence rate ratio, 0-85; 95% Cl, 0-79 to 0-91)
compared to placebo, upper respiratory tract infections (incidence rate ratio, 0-85; 95% Cl, 0-81 to 0-90),
and non-malarial febrile ilinesses (1122 vs. 1424 episodes; incidence rate ratio, 0-79; 95% Cl, 0-73 to
0-87); however there was no difference in incidence of death or hospital admission. **3

IPTi

In falciparum malaria-endemic areas with moderate to high transmission, where SMC is not
implemented, IPTi with SP is recommended by WHO, provided SP resistance is not established (<50%
prevalence Pfdhps 540 mutation). IPTi is linked to EPIl and given at 10 weeks, 14 weeks and 9 months of
age. Despite encouraging results from studies, uptake by countries has been low with Sierra Leone the
only country implementing IPTi in 201711

Delivering IPT to older children in schools has been evaluated in Uganda in a cluster-randomised trial.*'®
Schoolchildren in the 42 clusters allocated to the intervention received monthly DHA-piperaquine for up



to six rounds. Community-level parasite prevalence estimated during the final survey (~10 months after
the baseline survey) was lower than in the control clusters (19% vs 23%, adjusted risk ratio 0-85, 95% ClI
0-73-1-00, p=0-05).

Malaria in adolescence is an important health issue with particular implications for young woman of
reproductive age. Interventions to treat asymptomatic malaria of any species or latent forms of P.vivax
pre-conception may reduce the risks of malaria to mother and foetus during pregnancy.

SP should not be given to children with HIV on trimethoprim-sulfamethoxazole prophylaxis. In a
randomized controlled trial comparing different chemoprophylactic regimens in young HIV-exposed
children in Uganda (subsequently confirmed to be uninfected), DHA-piperaquine showed superior
protective efficacy for malaria prevention compared to daily trimethoprim-sulfamethoxazole or monthly
SP.1® Malaria chemoprevention in children with sickle-cell anaemia is recommended, however there is
conflicting evidence regarding benefit in preventing sickle cell crises and associated complications. 117118
The risk of malaria rebound in the seasons following mass chemoprophylaxis has been studied in a
number of countries with inconsistent results. There is some evidence for an increase in malaria
episodes after cessation of prophylaxis in higher transmission areas, however not with more severe
outcomes, 9121

Prevention of vivax malaria-

Little information is available on vivax malaria prevention in infants. One study from Papua New Guinea
showed that infants are relatively protected from P. vivax malaria when given routine intermittent
preventive treatment with single dose sulfadoxine-pyrimethamine and 3 day amodiaquine at age 3,6,9
and 12 months old, although the effect was more pronounced in preventing P. falciparum infections.*?

Prevention in travelers-

If travel to malaria-endemic countries is unavoidable, measures to avoid getting bitten by mosquitoes
and chemoprevention with a medicine appropriate to the destination are recommended. Atovaquone-
proguanil has been prescribed off licence to children weighing more than 5kg. Alternatives include
weekly mefloquine, although this is associated with higher vomiting rates in young children,'?® or
doxycycline, which is only recommended in children older than 8 years despite the fact that evidence
that it causes the same teeth-staining as tetracycline is lacking.'®* Primaquine is not recommended for
prophylaxis in children. Parents and guardians should be warned of signs and symptoms of malaria to
look out for and advised to seek testing early. Substandard and falsified antimalarial drugs have been
described in many countries. Buying well-known brands may reduce the risk of the former. The best
known topical mosquito repellent is N,N-diethyl-m-toluamide (DEET). DEET is generally considered safe
for use in children aged two months and over.

Vaccines-

RTS,S/AS01 is a pre-erythrocytic vaccine that has been shown to give partial protection against
falciparum malaria in a large multicentre trial and has received a favourable opinion from the European
Medicines Agency.*?®> The WHO has not recommended its routine introduction into national
immunization programmes as yet and three large pilot implementation evaluations are underway in
Ghana, Kenya and Malawi that should help to define its use in the future. There are a number of other



single and multi-stage vaccines in clinical development.*?® Vaccines against Plasmodium vivax malaria
are at a much earlier stage of development with very few human studies to date. '’

Vector control measures-

Insecticide treated nets (ITNs) have been shown to reduce malaria incidence and child mortality and are
a key malaria control intervention.'?® Increasing pyrethroid resistance in Anopheles mosquitoes is a
concern and in response to this pyrethroids have been combined with piperonyl butoxide (PBO) in ITNs,
a synergist selected for its inhibitory effect on certain mosquito metabolic enzymes.'? In a cluster
randomized trial in Tanzania, malaria prevalence assessed by rapid diagnostic tests was lower in children
who received PBO containing nets after nine months compared to those who received ITNs without PBO
(531 [29%)] of 1852 children vs 767 [42%)] of 1809; odds ratio [OR] 0-37, 95% CI 0-21-0-65; p=0-0011).*3°

Indoor residual spraying (IRS) with insecticides is another malaria preventive strategy but household
coverage needs to be high (280%) to maximize its potential. The duration of protection is approximately
three to six months. Results of trials evaluating the impact of adding IRS to ITNs using both pyrethroid
and non-pyrethroid insecticides on malaria incidence have been mixed making policy recommendations
to national programmes with finite resources difficult.!*!

Research continues on transgenic mosquitoes with the leading approach being genetic engineering and
release of sterile male mosquitoes.’®? Another novel approach to mosquito control that has been piloted
in a contained study in Burkina Faso with encouraging results is introduction of transgenic Metarhizium
pingshaense carrying toxins that are lethal to mosquitoes. **3

Conclusion

The childhood burden of malaria has been high for so long that the annual malaria statistics no longer
provoke the outrage and action they deserve. Failure to control malaria will inevitably lead to an
increase in the number of child deaths, added to the >3 million estimated to have occurred already since
2010. Stagnation of progress to reduce malaria in several countries suggests that action is needed now:
increased investment in malaria control efforts using existing tools, continued development of new
insecticides, vaccines and drugs for treatment of uncomplicated and severe malaria, as well as new
drugs for malaria prevention, including safer agents for vivax malaria relapse prevention (Table 4).
Resistance-proofing strategies need to be prioritized at the development stage and in deciding how
many and which drugs to incorporate into new combinations. Antimalarial dosing in children ideally
needs to be evaluated earlier in the clinical development process to avoid launching new treatments at
sub-optimal doses in this vulnerable group.
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Key-points

e Most malaria-related deaths are in children

e Paediatric dosing regimens for several antimalarials have been found to be sub-optimal post
registration

e Resistance to most of the antimalarials in use is increasing, particularly in southeast Asia

e Uptake of radical curative treatments for vivax malaria in children is low related to safety
concerns with administering 8-aminoquinolines without G6PD testing

e Seasonal malaria chemoprevention is effective at preventing malaria episodes in the Sahel
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Figure 1 Estimated deaths from malaria in children aged 1-59 months, 2000-2017

Footnote

Figure shows the trend in estimated under 5 malaria mortality since 2000. An estimated 8.7 million
children aged 1-59 months died of malaria between 2000 and 2017, of whom 98% were in the African
region (WHO Global Health Observatory 2019).
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Figure 2 Reduced mortality from severe malaria after artesunate treatment compared to quinine.

Table footnote: Between 2005 and 2010 the AQUAMAT study enrolled 5425 children in nine African
countries with severe malaria. There was a relative mortality reduction of 22:5% (95% Cl 8-1-36-9;
p=0-0022) in artesunate-treated compared to quinine-treated children. *3*

Y axis legend: Mortality proportion
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Figure 3 Maps of distribution of drug-resistant malaria caused by Plasmodium falciparum (A) and
Plasmodium vivax (B).

Footnote: Countries are depicted as having evidence of chloroquine resistant P.vivax if trials have shown

> 10% recurrence by day 28 (with a lower 95% Cl of >5%), irrespective of confirmation of adequate
blood chloroquine concentration.?*
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Table 1. Malaria Treatment in Children

Species & presentation

Antimalarial drug options

Comments

Uncomplicated P. falciparum
and P. vivax (areas with high
grade chloroquine resistant P.
vivax infections)

Dihydroartemisinin +

piperaquine (DHA-Pip)

Formulation: FDC 20 mg+160

mg (paediatric) and 40

mg+320 mg

Dosage [target dose (range)]:

once daily for 3 days

e BW>25kg: 4 (2-10) mg/kg
bw of DHA and 18 (16-27)
mg/kg bw of Pip

e BW<25 kg: minimum dose
2.5 mg/kg bw of DHA and
20 mg/kg bw of Pip.

e BW<5 kg: give similar
dose as for 5 kg infants.

Preferred option in endemic
areas without evidence of
piperaquine resistance:

Consistent high efficacy
profile against P.
falciparum and P. vivax
malaria **°

Compared to AL: better
post treatment
prophylactic effect in P.
vivax infections *

Dose adjustment has been
defined in children 3
Dispersible tablet was
similarly effective
compared to crushed
tablet in a phase Il trial 3

Artesunate + mefloquine

(AMQ)

Formulation: FDC 25 mg+55

mg mefloquine hydrochloride

(paediatric), 100 mg+220

mefloquine hydrochloride

Dosage [target dose (range)l:

once daily for 3 days

e 4(2-10) mg/kg bw of
artesunate and 8.3 (7-11)
mg/kg of mefloquine

Preferred option in endemic
areas without evidence of
mefloquine resistance:

Similarly effective with AL
for P. falciparum malaria in
children under-five in
Africa; *” or DHA-Pip in
Asia’®

Comparable efficacy with
DHA-Pip against recurrent
P. vivax malaria ¥

No dose adjustment in
children is required

Artemether + lumefantrine

(AL)

Formulation: FDC 20

mg+120mg (paediatric) and 40

mg+240 mg

Dosage (total dose): twice

daily for 3 days

e 5-24 mg/kg bw of
artemether and 29-144
mg/kg bw of lumefantrine

Alternative option for P.
falciparum malaria:

Similar efficacy profile with
DHA-Pip against P.
falciparum infections %
Dose adjustment in
children aged <3 years old
may be required >*

Twice daily dose might
affect treatment
adherence in young
children
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e Flavoured paediatric
dispersible tablet is
available.

e Lumefantrine absorption is
augmented by
coadministration with fat

Artesunate + amodiaquine

(AAQ)

Formulation: FDC 25

mg+67.5mg, 50 mg+135 mg,

100 mg+270 mg

Dosage [target dose (range)]:

once daily for 3 days

e 4(2-10) mg/kg bw of
artesunate, and 10 (7.5-
15) mg/kg bw of
amodiaquine

e BW<50 kg: amodiaquine
dose range 11-19.8 mg/kg
bw

Option for P. falciparum

infections treatment in Africa:

e Africa: similar efficacy
profile with DHA-Pip
against P. falciparum
malaria in children 38

e Asia-Pacific: lower efficacy
profile compared to DHA-
Pip against P. falciparum
and P. vivax malaria *

e Dose adjustment in
patients weighing < 50kg is
recommended *’

Artesunate + sulfadoxine-
pyrimethamine (ASP):
Formulation: 50 mg artesunate
and FDC 500mg sulfadoxine
+25 mg pyrimethamine (SP)
Dosage [target dose (range)]:
Once daily artesunate for 3
days and single dose SP

e 4(2-10) mg/kg bw of
artesunate.

e SP number of tablets (500
mg/25 mg) according to
BW: <8 kg: 0.5 tab; 8-13
kg: 1 tab; 14-24 kg: 1.5
tab; 25-38 kg: 2 tab, 39-49
kg: 2.5 tab; 50-68 kg: 3 tab,
> 69kg: 4 tab.

Least recommended ACT:

o Lower efficacy against P.
falciparum malaria
compared to AL ¥

o Lower efficacy against P.
vivax compared to DHA-Pip
39,135

e Dose adjustment in
children older than 1 year
old is recommended °¢

Uncomplicated P. vivax (area
with chloroquine sensitive P.
vivax infections)

Chloroquine

Dosage: 10 mg base/kg bw day
1and 2, 5 mg base/kg bw day
3. Children: total dose 30
mg/kg BW over 3 days.

e More effective with an
increased dose®

e Required a skilled
microscopist to
differentiate species. If in
doubt, treat with ACTs.

Uncomplicated P. malariae, P.
ovale and P. knowlesi

As for uncomplicated P.
falciparum and P. vivax
malaria treatment

e Limited evidence is
available on the efficacy

profile of ACTs in children
39
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e ACTs preferred for
P.knowlesi *

Children aged > 6 months with
P. vivax and P. ovale infections

Anti-relapse treatment
(hypnozoitocidal agents):
Primaquine 0.25-0.5 mg/kg bw
for 14 days (maximum dose 30
mg daily)

e Co-administration with
chloroquine and ACTs
provide lower risk of
relapses/recurrences.

e Should be given to G6PD
normal individuals; if G6PD
test is not available,
consider the risk and
benefit of adding
primaquine

46,60

Children aged > 6 months with
P. falciparum infections

Anti-gametocyte treatment:
Primaquine 0.25 mg/kg bw
single dose (maximum dose 15
mg)

e Co-administration with
ACTs 140

e G6PD testingis not
required *2

Severe malaria caused by any
Plasmodium species

Intravenous or intramuscular

artesunate:

e BW>20kg: 2.4 mg/kg bw
on hours 0,12 and 24

e BW<20kg: 3 mg/kg bw on
hours 0,12 and 24

After at least 24 hours and oral

medication is possible: switch

to 3 day oral ACTs for follow

on treatment

Preferred option for any severe

malaria:

e Highly effective for the
treatment of severe P.
falciparum malaria in
children.'3*

e |tsusein severe non-
falciparum malaria is highly
recommended to prevent
mortality.®

e Avoid mefloquine
containing ACTs because of
increased risk of post-
malaria neurological
syndrome

e If parenteral artesunate is
not available, quinine can
be used as an alternative.

Congenital malaria
Severe falciparum and vivax
infections

Uncomplicated vivax and
ovale malaria

Intravenous or intramuscular
artesunate dose as for BW<20
kg at least the first dose and
continue with follow on 3 day
oral ACTs.

Follow treatment options
according to P. vivax sensitivity
to chloroquine.

Congenital malaria is defined
as peripheral parasitaemia
found in the first 28 days of life
(cross ref companion Saito

paper)

Radical cure is not indicated as
blood stage infections occur
directly from the mother; thus
there are no dormant
hypnozoites in the liver.

Notes: FDC: fixed dose combination; BW/bw: body weight. Recommendations are in line with the 3™
edition of the WHO Malaria Treatment Guidelines 32
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Table 2 Important drug-drug interactions with antimalarials

Antimalarial Other drug(s) Description of interaction

Amodiaquine Efavirenz Hepatotoxicity*?
Zidovudine Neutropenia

Artemether-lumefantrine Rifampicin Rifampicin decreases lumefantrine (and
Efavirenz artemether) exposure (CYP3A4 induction).
Nevirapine Efavirenz and nevirapine reduce

Lopinavir-ritonavir
Darunavir-ritonavir
Etravirine
Mefloquine

artemether, and dihydroartemisinin
exposure, 14314
Lopinavir-ritonavir and darunavir-ritonavir
increase lumefantrine exposure. 146147
Etravirine reduces artemether, DHA and
lumefantrine exposure.'*” Concomitant
mefloquine results in lower lumefantrine

concentrations.*®

Atovaquone-proguanil

Efavirenz
Lopinavir/ritonavir
Atazanavir/ritonavir

Atovaquone exposure is reduced 4

Dihydroartemisinin- Efavirenz Decreased piperaquine exposure
piperaquine
Primaquine Chloroquine Coadministration increases primaquine
DHA-piperaquine exposure, 120152
Artesunate
pyronaridine
Quinine Rifampicin Rifampicin increases metabolic clearance of

quinine

Sulfadoxine-pyrimethamine

Other antifols e.g.
trimethoprim

Increased risk of toxicity
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Table 3 Molecular markers associated with antimalarial drug resistance

Antimalarial Resistance Notes Geographical
marker distribution
Amodiaquine pfert SVMNT haplotype East Africa, Southeast
pfmdrl including Asia
K76T
N86Y
Artemisinin kelch13 Single mutations — Southeast (C580Y) and
F446l, P553L, N458Y, South Asia, Guyana,
R561H, M476l, YA93H, Rwanda
R539T, 1543T
C580Y dominates in areas
of high level resistance
Atovaquone CytB Y268S/C/N Cambodia (emerged
rapidly after
deployment of
atovaquone-proguanil
in 2014)
Chloroquine pfert ‘CVIET’ haplotype Worldwide
pfmdrl including K76T
pvcrt-0 N86Y (augments
pvmdr-1 resistance)
Lumefantrine pfmdrl Gene amplification High failure rates of
(associated with low artemether-
grade resistance in lumefantrine
Southeast Asia). Selection documented in
of pfmdrl Cambodia (2000-2005).
86N allele after treatment
observed in Africa
Mefloquine pfmdrl Gene amplification Thailand, Myanmar
Piperaquine plasmepsin2 Gene amplification Cambodia, Thailand,

Laos, Vietnam. Recently
described in Africa®®?
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Pyrimethamine dhfr N51I, C59R, S108N, 1164L Worldwide?
pfgchl Gene amplification

Sulfadoxine dhps S436A/F, A437G, K540E, Worldwide?
A581G, A613S/T

®The pfdhfr N511/C59R/S108N/pfdhps A437G/K540E quintuple mutant is associated with high grade SP-

resistance

Table 4 Recommendations for Malaria Treatment and Prevention in Children




National malaria control programmes
e Allsick children should have immediate access to early diagnosis and prompt effective
treatment:
o Microscopy or Rapid Diagnostic Tests (RDT)
o ACTs for uncomplicated malaria
o Parenteral artesunate for severe malaria
o Radical cure for P. vivax malaria with primaquine in G6PD normal children (if
G6PD status unknown, consider the risks and benefits of treatment with close
monitoring of urine colour in the first 3 days for signs of acute hemolysis-dark
urine)
e Drug resistance monitoring and surveillance should be carried out regularly
e Unified treatment policy with ACTs could be considered in ACT sensitive areas
e Uptake of P. falciparum malaria chemoprevention in SP/amodiaquine sensitive areas in
Africa should be increased:
o Infants (1-12 months): IPTi with SP
o Children <5 years: SMC with SP+amodiaquine
e DHA-Pip could be used as alternative for IPTi and SMC in areas of high grade SP resistance
e |PT for school aged children (>5-12 years) using DHA-Pip could be considered
e All children living in high malaria transmission areas should sleep under Insecticide
Treated Nets

Research

Treatment:

e Develop new safe and effective agents for radical cure of children infected with P.vivax

e Develop a primaquine treatment adherence and safety package for health workers and
the community in resource limited settings, including point of care G6PD testing

e Evaluate the safety and efficacy of triple antimalarial combinations for deployment in
areas of drug-resistant malaria

e Develop new antimalarials for treatment and evaluate in children earlier in development
process

Prevention:
e More research to define optimum agents for prevention and dosing strategies, and long
term impacts e.g.

o Evaluate the efficacy and effectiveness of IPTi and SMC using DHA-Pip for P.
falciparum and P. vivax malaria prevention in infants, under-five years old and
school aged children

o Evaluate the efficacy and effectiveness of SMC expanded to other age groups

e Develop new antimalarials for prevention

Health Systems:

e Study linkage with national EPI or other national campaigns to increase IPTi uptake

e Strengthen integrated community case management with other causes of childhood
illness
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