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Abstract: Aim: In Nigeria,
proguanil is the recommended
drug for malaria chemoprophy-
laxis in persons with sickle cell
anaemia (SCA); however, over
the years, studies have given con-
troversial reports on the effective-
ness of proguanil as chemopro-
phylaxis. This paper highlights
the controversies and the prob-
lems of continuous chemoprophy-
laxis with proguanil; and the need
to explore more effective malarial
chemoprevention method: Inter-
mittent Preventive Treatment
(IPT). This is a narrative review
of studies on the efficacy of ma-
laria chemoprophylaxis in persons
with SCA focusing on proguanil
and IPT.
Method: A total of seven (7) stud-
ies on the efficacy of IPT and
malaria chemoprophylaxis using
proguanil in SCA were found
using the following search en-
gines: Google Scholar, Pub Med,
MEDLINE, Med Scape and
Cochrane review databases.
Result: Malaria chemoprophylaxis
seems to be more useful in young

children than in adults. Proguanil
is less efficacious in reducing ma-
laria induced morbidity and mor-
tality in SCA, compared to IPT
using sulphadoxine/pyrimethamine
(SP) or mefloquine/artesunate
(MQAS).
Conclusion: Age may bean impor-
tant determinant of efficacyof ma-
laria chemoprophylaxis in the re-
duction of malaria induced mor-
bidity (parasite density, clinical
malaria, severe anaemia, and vaso-
occlusive crises) in persons with
SCA; being more useful in young
children than in adults.  There may
be a need to set separate policies
on malaria chemoprevention for
adults and children. It is para-
mount to consider a change of the
current policy on malaria chemo-
prophylaxis in children with SCA
from proguanil to IPT using SP,
MQAS or other efficacious drugs
for the present and the future.

Keywords: Intermittent preventive
therapy, malaria, chemoprophy-
laxis, proguanil, Sickle cell anae-
mia, sulphadoxine/pyrimethamine.
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Introduction

Sickle Cell Anaemia (SCA) is the most common and
severe form of sickle cell disease, accounting for about
70% of cases.1 SCA is a genetic disorder characterized
by mutation of the two β-globin gene of the haemoglo-
bin molecule, resulting in homozygous haemoglobin S
(HbSS), which polymerizes in the deoxygenated state
and sickles the Red blood cells (RBCs).1 Sickled RBCs
cause vaso-occlusive crises and recurrent haemolysis
leading to anaemia.1

Malaria is caused by plasmodium species and transmit-
ted by the female anopheles mosquito.2 In Nigeria, the
most common species is the Plasmodium falciparum.
Nigeria currently has the highest burden of malaria in
the world, with 24% of global malaria deaths occurring
in Nigeria.3 Children aged under 5 years are the most

vulnerable group affected by malaria.3 Africa has the
highest burden of SCA, with more than 200,000 cases
each year. Nigeria has the highest burden of SCA glob-
ally, with more than 150,000 Nigerian children born
each year with the disorder.4

The burden of malaria in children with SCA is reflected
mainly by its impact on childhood morbidity and mortal-
ity.5-6 A Kenyan study by McAuley et al in 2010,
showed that although malaria is no more common in
SCA children than in controls, the mortality of SCA
children who had malaria was about 10 times higher
than in children without SCA.7 Following parasitaemia,
accelerated sickling of red blood cells (RBCs) occurs,
triggering vaso-occlusive, hemolytic and/or a sequestra-
tion crisis.8-9 In addition to haemolysis of parasitized
RBCs, malaria can also cause dyserythropoiesis, and
splenic sequestration of unparasitized RBCs. Recurrent



Proguanil as malaria chemoprophylaxis in sickle cell anaemia: the controversies, problems and the future.
A narrative of literature Enato Izehiuwa G et al

haemolysis can produce folate-deficiency anaemia wors-
ening the baseline anaemia, leading to severe anaemia.9

Thus, malaria induces morbidity and mortality in SCA
by triggering vaso-occlusive crisisand severe anaemia,
leading to hospital admissions and sometimes deaths.10

Long-term malaria prophylaxis has been shown to lower
the incidence of malaria-induced severe anaemia, the
number of hospital admissions and crises as well as
mortality in SCA.11-15 The efficacy of malarial chemo-
prophylaxis has been documented in SCA patients, espe-
cially in infants and young children living in moderate
to high malaria transmission zone since 1956.11-17

Malaria Continuous Chemoprophylaxis and SCA

Malaria chemoprophylaxis can be defined as the use of
anti-malaria medication to prevent the occurrence of the
symptoms of malaria by inhibiting parasite growth at the
pre-erythrocytic or erythrocytic stage of the parasite’s
life cycle, for the duration of the period at risk.11-13

Drugs which act on the parasite in the liver tissue are
termed "causal prophylactics", for example, doxycy-
cline, atovaquone and proguanil, primaquine.
"Suppressive prophylactics" or blood schizontocidal
drugs act in the bloodstream when parasites invade the
erythrocyctes. Most anti-malarial drugs fall into this
category, for example, chloroquine, pyrimethamine,
mefloquine.11 In SCA, malaria presents with worsening
of baseline anaemia and sickle cell crises; thus, based on
the definition of malarial chemoprophylaxis, an effica-
cious drug will reduce the occurrence of malaria induced
severe anaemia and sickle cell crises in children with
SCA.8-9

A Cochrane review by Oniyangi and Omari in 2009
assessed the effects of malaria chemoprophylaxis in
people with SCA;14 and concluded that chemoprophy-
laxis is beneficial in people especially children with
SCA, reducing morbidity and mortality with improved
clinical outcome and reduction in hospitalization rate in
them.14 Thus, supporting policies recommending the
practice of malarial chemoprophylaxis in people with
SCA.

Over the years, antimalaria drugs that have been used
for continuous chemoprophylaxis in children with SCA
include chloroquine, pyrimethamine, proguanil, ma-
larone and mefloquine, either as a single drug or as com-
bination drugs.18-21 Some of these drugs – chloroquine,
mefloquine and pyrimethamine, are currently less
widely used for chemoprophylaxis either due to drug
resistance, intolerable side effects, and unavailability or
high cost of purchase.

Proguanil as malaria continuous chemoprophylaxis in
SCA

Proguanil was recommended as the drug of choice for
malaria chemoprophylaxis in Nigeria in 1990.22 How-
ever, in 2011, the Federal Ministry of Health stated that:
“Recent evidences have shown that proguanil no longer

protects individuals with SCA against malaria; hence
this drug can no longer be recommended.”23 Though the
specific reasons why proguanil was no longer protective
against malaria in individuals with SCA was not stated,
efficacy studies involving proguanil as malaria chemo-
prophylaxis in SCA done between 1990 and 2011,
showed controversial results. However, proguanil was re
-introduced in 2014 as the drug of choice for chemopro-
phylaxis in persons with SCA.24 The reason for the re-
introduction was not stated.

IPT as antimalarial chemoprevention in SCA

IPT is a form of chemoprevention characterized by the
administration of the therapeutic dose of an anti-malarial
drug at defined intervals whether or not the individuals
have malaria. They are provided with anti-malaria pro-
phylactic protection for the duration the anti-malaria
drug is present in the blood.25-29 This strategy was first
used among pregnant women in whom it was found to
be very effective and drug compliance was adequate. It
has been successfully used in Tanzania, Ghana and Mo-
zambique among children.28,30-31

Sulphadoxine/pyrimethamine (SP) is an antifolate exist-
ing as a fixed drug combination. The mechanism of ac-
tion of SP involves the synergistic action of
pyrimethamine and sulphadoxine in inhibiting two
enzymes important in the parasite's folate biosynthetic
pathway - Dihydrofolate reductase (dhfr), and 7,8-
Dihydropteroate synthetase (dhps).[32-35]The mechanism
of action of SP is to inhibit the multiplication of P. falci-
parum after infection.30 Intermittent preventive treatment
using SP (IPT-SP) offers a personal protection against
clinical malaria for a period of approximately 35 days
following the administration of each dose.30 The concept
of IPT-SP is to combine both therapeutic and prophylac-
tic effects of SP.30

The aim of this review is to highlight: the controversies
arising from studies on the efficacy of proguanil as ma-
laria chemoprophylaxis; the problems of continuous
chemoprophylaxis; and the need to change from the use
of continuous chemoprophylaxis(using proguanil) to
more effective malaria chemoprevention method, such
as IPT using antimalaria drugs with long half life in chil-
dren with SCA to aid effective malaria chemoprophy-
laxis.

Methods

Extensive literature search for studies on efficacy of
proguanil as malaria continuous chemoprophylaxis in
SCA, conducted up until 2014 was done using the fol-
lowing search engines: Google Scholar, Pub Med,
MEDLINE, Med Scape, and Cochrane review databases.
Keywords used for searching for publications include:
proguanil, malaria chemoprophylaxis in SCA. All publi-
cations, including observational studies were included in
the review. The same search engines were used to search
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for studies on problems/factors affecting the effective-
ness of proguanil as continuous chemoprophylaxis in
SCA and studies comparing the efficacy of continuous
malaria chemoprophylaxis using proguanil and IPT us-
ing drugs (such as SP and others) with long half life.
Studies not assessing the efficacy of proguanil or IPT
based on the prevalence of parasitaemia/malaria or any
other secondary outcome of malaria in sickle cell anae-
mia were excluded from the review.

Results
Proguanil as malaria chemoprophylaxis in SCA

A total of three (3) studies on the efficacy of proguanil
as malaria continuous chemoprophylaxis in persons with
SCA, conducted between 1990 and 2014 were found;
two were randomized controlled trials (Table 1),20,36

while one was an observational study.18

The first study was a non-blind, prospective multicentre
study in Nigeria, by Nwokolo et al in 1997; involving
113 adults and children older than five years with SCA.
The efficacy of proguanil and mefloquine in malarial
chemoprophylaxis was compared.36 Efficacy was evalu-
ated by the absence of parasitaemia during the course of
the study (six months). They found a baseline parasite
prevalence of 23.9% (which was cleared prior to study
onset) in the study population, who were already on ac-
tive proguanil prophylaxis. After the course of the study,
there was no significant difference in the occurrence of
parasite growth between the two groups.36 (Table 1)
The second study was by Eke and Anochie in 2003. The
authors conducted a 9-month randomized, placebo-
controlled, open-label study comparing the effects of
proguanil and pyrimethamine as malarial chemoprophy-
laxis in 101 children aged 1-16 years with sickle cell
disease, at the University of Port Harcourt Teaching
Hospital, Nigeria.20 Prevalence of parasitaemia was
similar in the proguanil, pyrimethamine and placebo
groups. The use of proguanil was more efficacious than
pyrimethamine and placebo in reducing parasite density
and preventing clinical malaria, severe anaemia, bone
crisis, blood transfusion and death in the presence of
parasitaemia.20 Table 1.

The third was an observational study by Awodu et al
conducted in Benin City, Nigeria in 2008. Thirty seven
(37) adults with SCA were involved; twelve (12) of
them were on proguanil, seventeen on pyrimethamine
and eight not any prophylaxis.18 The prevalence of para-
sitaemia was similar in all study participants, there was
no statistically significant difference in prevalence of
parasitaemia in those on chemoprophylaxis and those
not on chemoprophylaxis. The efficacy of chemopro-
phylaxis in reducing malaria induced morbidities in par-
ticipants was not assessed.

Intermittent preventive treatment (IPT) in malarial che-
moprevention in SCA

A total of four studies on the efficacy of IPT for malaria
chemoprevention in SCA werefound.37-40 Two (2)of the
studies comparedthe efficacy of continuous chemopro-
phylaxis using proguanil and Intermittent Preventive
Therapy (Table 2);39-40 both studies concluded that IPT
was more efficacious in reducing clinical malaria com-
pared to proguanil.39-40

In Uganda, Nakibuuka et al, in2009 conducted a double-
blinded randomized controlled trial comparing the effi-
cacy of monthly sulphadoxine/pyrimethamine (SP) pre-
ventive treatment, versus weekly chloroquine (CQ) for
malaria prophylaxis in children.37(Table 2). The preva-
lence of malaria related admissions, and bone crises
were higher in the CQ group compared to the SP group.
The effect on anaemia (haemoglobin concentration) was
not measured.

Diop et al, in a double-blind randomized controlled trial
conducted in 2011, compared the impact of monthly
sulphadoxine-pyrimethamine (SP) during the high-
transmission season (September-February) versus pla-
cebo on malaria incidence and morbidity of SCA in
Senegal.38 Overall prevalence of parasitaemia was 6.6%
and all cases were found in the placebo group; none in
the SP group had parasitaemia.38 The need for blood
transfusion and patients’ complaints was significantly
reduced (p = 0.001 and p = 0.002 respectively) in the SP
group; whereas, no impact was observed on vaso-
occlusive crisis and hospitalization (Table 2).

In Nigeria, a Randomized trial was done in Ilorin by
Olaosebikan et al in 2015, comparing the safety, effec-
tiveness and tolerability of daily proguanil, bimonthly
Mefloquine/Artesunate (MQAS), and bimonthly Sul-
phadoxine/pyrimethamine/Amodiaquine (SPAQ) in
children and adults with SCD.49 (Table 2). Clinical ma-
laria was lower in the MQAS group, with a relative pro-
tective efficacy of 61% compared with the proguanil
group; while the relative efficacy of SPAQ versus that
of proguanil was 36%.39 There was no significant differ-
ence in the mean haemoglobin concentration seen in all
groups. The rate of occurrence of severe illnesses
(including vaso-occlusive crises) requiring hospital ad-
mission was the same in all groups.

In a randomised study done in Jos, involving 154 pa-
tients (including adults) with SCA, the prevalence of
malaria parasitaemia was significantly reduced in the SP
group compared to the proguanil group (p = 0.01).40 The
prevalence of malaria attacks in the SP group was sig-
nificantly lower than that in the group on prophylaxis
with proguanil (p< 0.0003) Table 2. The prevalence of
bone crises was significantly higher in the group receiv-
ing proguanil compared to those receiving SP
(p<0.0001).40
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Author Study
Duration

Location Sample Size/Age Study Design Parasitaemia Secondary Outcome Limitation of Study

Nwoko-
loet al,
1997

6 months Eastern
Nigeria

113 participants
included children
> 5 years and
adults. Partici-
pants had base-
line parasites
prevalence of
23.9%

Non prospective
randomized
comparative
study between
weekly meflo-
quine and daily
proguanil

Mefloquine:
10.8%
Proguanil:
18.2%
p>0.05

None -No secondary out-
come measured
-Involved both adult
and children > 5
years, thus result
cannot be applied in
children under 5
years

Eke and
Anochie,
2003

9 months South -
South,
Nigeria

97 participants
aged 1-16 years

Randomized
placebo-
controlled, open-
label study com-
paring efficacy
of proguanil,
pyrimetha-
mine and pla-
cebo.
Participants had
baseline parasita-
mia

P = 19.4%
PR = 15.6%
PL = !7.2%

MPD
P= 909.4/µl
PR= 22.1/µl
PL=1538.6/µl
p<0.05
Proguanil versus pla-
cebo
p=0.045
Pyrimethamine versus
placebo

Bone crisis:
P= 5.6%
PR 0.0%
PL = 17.2%
p>0.05

Haemolytic crisis:
P = 0.0%
PR = 9.4%
PL = 24.1%
p>0.05

Blood transfusion:
P = 0.0%
PR = 9.4%
PL = 27.6%
p<0.05

Clinical malaria:
P = 38.9%
PR = 15.6%
PL = 31.0%
p>0.05

Hospital admission:
P = 5.6%
PR = 15.6%
PL = 37.9%
p>0.05

-Parasite clearance
was not ensured at
the beginning of the
study
-Proguanil is not a
drug for the treatment
of malaria but for
prophylaxis

Table 1: Summary of Randomized Controlled Trials involving efficacy of proguanil as malaria chemoprophylaxis in Sickle Cell
Anaemia between 1990 and 2014

Proguanil as malaria chemoprophylaxis in sickle cell anaemia: the controversies, problems and the future.
A narrative of literature Enato Izehiuwa G et al

P=Pyrimethamine, PR=Proguanil, PL=Placebo, MPD=Mean Parasite Density
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Table 2: Summary of Randomized controlled trials on the efficacy of Intermitted Preventive Therapy for malaria chemoprevention
in Sickle Cell Anaemia
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Author Duration Location Sample Size/
Age

Study Design Parasitaemia/
Parasite den-
sity

Secondary Out-
come

Limitation of
Study

Nakibuuka
et al (2009)

4 months Uganda 242 children.
6 months –
12 years

Double-blind
randomized con-
trolled trial com-
paring efficacy of
SP and CQ

SP: 14%
CQ: 26%

Hospital admis-
sions
SP: 2.5%
CQ: 5.7%

Bone crises
SP: 0.0%
CQ: 2.5%

-Short study
duration

Diop et al
(2011)

6 months Senegal 60 partici-
pants with
mean age 24
months

Open randomized
controlled trial.
Compared the
impact of
monthly SP and
placebo.

SP: 0.0%
PL: 13.3%

Bone crises
SP: 16.7%
PL: 16.7%

Hospital admis-
sion
SP: 16.7%
PL: 16.7%

Blood transfusion
SP: 0.3%
PL: 13.3%

-Small sample
size
-Short study
duration/follow
up period
-Parasite clear-
ance of study
participant prior
to study not
stated.

Olasebikan
et al (2015)

8 months Western
Nigeria

270
≥6months
and ≥5kg of
age.

Open randomized
trial comparing
the safety, effec-
tiveness and tol-
erability of daily
proguanil bi-
monthly MQAS
and bimonthly
SPAQ in children
and adults with
SCD.

P: 5.9%
SPAQ: 6.6%
MQAS: 2.9%

Clinical malaria:
P: 21.1%
SPAQ:23.3%
MQAS:7.7%

Mortality
P:0.0%
SPAQ:3.3%
MQAS:4.4%

Hospital admis-
sion
P:65.6%
SPAQ:66.7%
MQAS:
62.2%

-Parasite clear-
ance of study
participant prior
to study not
stated
-The interval
between doses
of SPAQ was
too long consid-
ering the half-
life of SP

Dawamet al
(2016)

3 months North-
Central
Nigeria

154 partici-
pants
(114 chil-
dren and 40
adults).

Randomized
control compar-
ing monthly sul-
phadoxine/
Pyrimetha-mine
versus daily
proguanil.

P: 30%
SP: 14%

Clinical malaria
P: 57%
SP: 16%
p<0.0003

Bone crises
P: 69%
SP: 33%
p<0.0001

-Short study
duration/follow
up period.

SP=Sulphadoxine/Pyrimethamine, P=Proguanil, CQ=Chloroquine, PL=Placebo,
SPAQ=Sulphadoxine/Pyrimethamine/Amodiaquine, MQAS=Mefloquine/Artesunate
SCD=Sickle Cell Disease

Discussion
Proguanil as malaria chemoprophylaxis in SCA: The
Controversy

In the study by Nwokolo et al, due to the occurrence of
parasitaemia in the study group that received proguanil,
the authors noted that there was a high failure rate with
proguanil as malaria chemoprophylaxis in persons with
SCA. This high failure rate with proguanil may be due
to drug resistance or non compliance with the daily dose

of proguanil. This study did not assess the effect of
proguanil on clinical outcomes such as: severe anaemia,
VOC, the need for blood transfusion and hospitalization;
this is important because malaria chemoprophylactic
effect involves the prevention of malaria and its sequel
and not only the prevention of parasitaemia.11-13 Also, it
involved adults and children older than 5 years, thus the
results from this study may not be applicable to infants
and young children. This study was non-blinded, thus
bias may not have been eliminated from the outcome.
In the study by Eke et al in 2003, persistence of parasi-
taemia was seen in both the proguanil and



pyrimethamine groups. This could be due to the fact that
parasite clearance was not ensured prior to commence-
ment of the study. Thus, the study design used was that
for antimalaria therapeutic efficacy (in which one of the
study outcomes is parasite clearance) and not prophylac-
tic efficacy. Proguanil and pyrimethamine are drugs
used for chemoprophylaxis and not treatment of malaria.
Despite this limitation in this study, the use of proguanil
was more efficacious than pyrimethamine in reducing
parasite density and preventing clinical malaria, severe
anaemia, bone crisis, blood transfusion and death in the
presence of parasitaemia.20

The study byAwodu et al concluded that antimalaria
chemoprophylaxis was not necessary in SCA.18 This
study was underpowered to evaluate the efficacy of
proguanil as chemoprophylaxis, due to small sample
size and the study design, which was an observational
study instead of a randomized case control study. Also,
the only outcome of the study was the presence of para-
sitaemia; the effect of proguanil on other outcome of
malaria was not evaluated.
Based on the effect of proguanil on preventing occur-
rence and persistence of parasitaemia, all threestudies
(Nwokolo et al, Awodu et al, and Eke and Anochie),
concluded that proguanil had ahigh failure rate in pre-
venting parasitaemia. This may explain why proguanil
was discontinued as malaria chemoprophylaxis in per-
sons with SCA. However, Ekeet al went further to show
that proguanil was efficacious in reducing malaria in-
duced anaemia and sickle cell crises, such as VOC, even
in the presence of parasitaemia. This may explain why
proguanil was re-introduced as malaria chemoprophy-
laxis in 2014.

Due to the fact that Nwokolo et al, and Awodu et al
studies involved adults and children older than 5 years,
and showed high failure rate of proguanil in preventing
or reducing parasitaemia; while Eke and Anochie in-
volved young children and infants with SCA, and con-
cluded that proguanil was effective in reducing malaria
induced morbidity in children with SCA, can it be in-
ferred that proguanil is of little or no benefit in adults
with SCA compared to children with SCA? Should
separate policies on use of malarial chemoprophylaxis
for infants/young children, and for adults with SCA be
made in the country? Age has some meaningful impact
on the effectiveness of malaria chemoprophylaxis in
preventing malaria induced morbidity in children with
SCA. This can be explained by the fact that the level of
antibodies (IgM and IgG) against parasite antigens is
low in infants and young children, but antibody produc-
tion increases with age.10 Thus, development of acquired
immunity against malaria in children generally is imma-
ture, especially in children less than five years, com-
pared to older children and adults. Also children with
SCA, have less antigenic stimulation and also autosple-
nectomy, which further impairs and slows down the
development of acquired malaria immunity in them.10

Therefore, young children with SCA benefit more from
protection against malaria than adults with SCA.

Despite the re-introduction of proguanil as chemopro-
phylaxis in persons with SCA, its use has been associ-
ated with some problems that have continually ques-
tioned its effectiveness in the population at risk. These
include:

Problems associated with proguanil as chemoprophy-
laxis

Poor drug compliance: Geerligs et al, in 2003 stated that
“compliance is poor when drugs are administered as
daily or weekly doses, without an established workable
and effective delivery system such as routine immuniza-
tion clinics”.41 In a study by Olasebikan et al, in 2015,
adherence to daily proguanil doses, by patients attending
sickle cell clinic was poor, with 57% of patients using
<75% of daily doses. Thus, due to problems of delivery
and compliance to the daily regimen, the effectiveness
of continuous chemoprophylaxis using proguanil was
reduced.39

Cost-effectiveness: Goodmann et al in 1999, showed
that childhood continuous chemoprophylaxis with a
drug that costs approximately 0.1 US dollars, per ad-
ministration is highly cost effective.42 This may not be
the case in poor resource settings, like Nigeria, if the
drug is administered daily (like proguanil). Also, in Ni-
geria, 50% of the population live below the poverty line
of 1.90 US dollars.43 Dawaam et al in 2016, estimated
that in Nigeria, the average cost of daily proguanil for a
month is approximately N450 (approximately 1.0 US
dollars), compared to the average cost of N58 (0.1 US
dollars) for monthly SP.40

Drug resistance: In Kenya, the deployment of
pyrimethamine for mass drug administration (MDA) for
chemoprophylaxis lead to the development of
pyrimethamine resistance.44 This is due to the fact that
development of drug resistance occurs due to drug pres-
sure, which facilitates the propagation of resistant para-
site strains that have escaped the drug.45 Cross resistance
between proguanil and pyrimethamine has been estab-
lished.46 This may explain the inefficacy of proguanil in
significantly reducing parasitaemia.18,36 Resistance to
pyrimethamine and proguanil is mediated by the pres-
ence of mutations on the dihydrofolate reductase(dhfr)
gene at codons 51, 59, and 108.47-48 The prevalence of
these mutations in isolates from Africa, has been shown
to be high, upto 51%.[49]Additional mutation at codons
16 and 164 leads to significant resistance to proguanil.45

Advantages of Intermittent preventive therapy

Ensuring drug compliance with the weekly or daily regi-
men of continuous chemoprophylaxis such as proguanil
and establishing an acceptable delivery system at a
cheap and affordable cost, are major challenges to the
protective effectiveness of continuous chemoprophy-
laxis such as proguanil. The use of Intermittent Preven-
tive Treatment (IPT) is a method that has been used to

Proguanil as malaria chemoprophylaxis in sickle cell anaemia: the controversies, problems and the future.
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overcome these challenges.

Drug compliance and Good delivery system: IPT in-
volves the administrationof effective antimalaria drug
monthly or bimonthly through an efficient delivery sys-
tem, such as immunization schedule, or during monthly
or bimonthly follow up visits in sickle cell clinics.31,39,40

Thereby encouraging drug compliance, unlike daily ad-
ministration of daily proguanil, which is associated with
high rate of poor compliance.39

Cost-effectiveness: IPT using SP is cheap and readily
available. Thus it is highly cost-effective when delivered
via an established and good delivery system, such as
during routine SCA clinic; the cost per dose for pur-
chase of SP (including wastage) is 0.0136 US dollars,
which is more cost effective than continuous chemopro-
phylaxis, even at a cost of 0.1 US dollars per dose of
chemoprophylaxis.42 SP is about 8 times cheaper than
proguanil.40 In addition, in a study in Nigeria, IPT was
found to reduce health system costs and showed signifi-
cant savings to households from malaria cases averted.39

Drug resistance: Another advantage of IPT-SP is that it
remains efficacious in the presence of SP resistance,
unlike other drugs used for continuous chemoprophy-
laxis such as pyrimethamine and chloroquine.27 SP resis-
tance is mediated by the presence ofthe quintuple mutant
haplotype (dhfr N51I+C59R+S108N and dhps
A437G+K540E). However, Gosling et al, reported that
with a high prevalence of the quintuple molecular muta-
tion, IPT-SP in infants and young children is unlikely to
be efficacious, but where the prevalence of the quintuple
mutation is less than 56%, IPT-SP remains efficacious.50

Effect of IPT on the development of naturally-
acquired immunity to malaria: Unlike continuous
chemoprophylaxis, IPT involves the administration of a
drug at intervals short enough (usually monthly or bi-
monthly) to produce drug concentrations preventing the
onset of disease, but long enough to enable the develop-
ment of protective immunity. Thus, IPT is less likely to
interfere with development of acquired immunity and
cause rebound effect.27,28,31 It is hypothesized that IPT
using SP, which has long serum half-life could result in
the generation of low dose blood stage inoculate and
attenuated infections that may contribute to acquisition
of protective immunity by the induction of higher IgG
responses.27,28 Thus, the use of IPT in children with SCA
may enhance and not delay their acquisition of protec-
tive immunity, which is naturally delayed in them.

The efficacy of IPT compared to continuous chemopro-
phylaxis: proguanil

In the study by Nakibuuka et al, in 2009, SP was more
efficacious than CQ as malaria chemoprevention.[37]

This can be explained by the presence of higher preva-
lence of chloroquine resistance compared to SP resis-
tance. Although the effect on anaemia (haemoglobin
concentration) was not measured, the authors concluded
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that: malaria chemoprevention by monthly intake of SP
during the high transmission period of the parasite re-
duced the prevalence of malaria and painful crises, hos-
pital admission; and also was safe in SCA patients living
in malaria endemic area.
Diop et al, in 2011, concluded that: malaria chemopre-
vention by monthly intake of SP reduced the prevalence
of parasitaemia and was safe in patients with SCA living
in malaria endemic area.[38] This study had some limita-
tions: the study had a small sample size and the study
was not done during the peak transmission period of
malaria. This may explain the low prevalence of parasi-
taemia in the study. Unlike that found in the study by
Nakibuuka et al, there was no impact on VOC and hos-
pitalization. This difference may be due to the different
study design: while the Senegal study involved adults,
the study in Uganda included only children. Like
proguanil, can it be inferred that IPT may indeed be
more beneficial in children compared to adults?

The study by Olaosebikan et al showed that the inci-
dence of clinical malaria was lower in the MQAS group,
compared with the proguanil and the SPAQ groups. This
lower efficacy in the SPAQ group compared to the
MQAS group may be due to the long interval (2 months)
between doses, as SP offers a personal protection
against clinical malaria for a period of approximately 35
days following administration.30,32 There was no signifi-
cant difference in the mean haemoglobin concentration
seen in all groups. The rate of occurrence of severe ill-
nesses (including vaso-occlusive crises) requiring hospi-
tal admission was the same in all groups. This may be
because hospitalization was due to sepsis and not ma-
laria, as the prevalence of malaria was low in the study
population.40 Although this study could not include a
placebo group, the similar effect of all 3 drugs on hospi-
talization due to vaso-occlusive crises; and on the hae-
moglobin concentration may mean that all 3 drugs have
equal efficacy in reducing severe anaemia and vaso-
occlusive crises in children with SCA. However, based
on the higher relative efficacy and effectiveness (safer
and increased drug compliance) of MQAS and SPAQ
compared to proguanil in reducing clinical malaria, the
authors concluded that there is need to explore the use of
other regimens that are more effective than daily
proguanil.
Similarly, in the study done in Jos, the authors con-
cluded that monthly chemoprophylaxis with SP was
more efficacious than daily proguanil in reducing the
prevalence of asymptomatic malaria parasitaemia, clini-
cal malaria attack and sickle cell crises in patients (adult
and children) with sickle cell disease.40

Conclusion

Although, proguanil has a high failure rate in signifi-
cantly preventing or reducing parasitaemia in persons
(including children) with SCA, proguanil is efficacious
in reducing parasite density, sickle cell crises and clini-
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cal malaria in young children. Proguanil seems to be
more efficacious in children than adults. Continuous
chemoprophylaxis using proguanil is less efficacious
and less effective in preventing or reducing parasitae-
mia, compared to monthly IPT using SP, or MQAS. The
higher efficacy of IPT in reducing clinical malaria,
sickle cell crises and hospitalization compared to
proguanil may be dose dependent, being more effica-
cious when doses are given monthly instead of bi-
monthly. In addition, based on the higher relative effi-
cacy and effectiveness (safer, more cost effective and
increased drug compliance) of SP, MQAS and SPAQ
compared to proguanil in reducing clinical malaria,
changing the current policy on malaria chemoprevention
in children with SCA from proguanil to IPT using SP, or
other efficacious drugs needs to be explored and adopted
for the present and the future.

Recommendation

Future studies on efficacy of proguanil in SCA, should
study children and adults as separate study groups.
Future studies involving efficacy and safety of malaria

chemoprophylaxis, such as proguanil should use a study
design focused not only on prophylactic efficacy of
proguanil in preventing parasitaemia, but also on pre-
venting or reducing specific study outcomes (secondary
outcomes), such as clinical malaria, parasitaemia, VOC,
blood transfusion or severe anaemia, hospital admis-
sions and mortality.
There may be a need to set separate policies on malaria
chemoprevention for adults and children; considering
the increased vulnerability of young children with SCA
to malaria and the fact that chemoprevention is more
beneficial in them.

Limitation of study

This review involved an observational study, and only
few studies were involved in the review as randomized
controlled trials on efficacy of malaria chemoprophy-
laxis in SCA are few.
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