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Abstract
The burden of neonatal malaria was thought rare in the past because of presence of protective factors such as
maternal antimalarial antibodies, lactoferrin, secretary IgA in human milk and HbF. In endemic areas for malaria, this
group (neonates) needs to be more focused for such infection, as due to difficulty in diagnosis it may be representing only the tip of iceberg. In addition there is little information on the use of artimisinin-based combination therapy in
neonates. This review aims to discuss all these aspects, focusing mainly on diagnosis and management of neonatal
malaria. The final objective is to emphasize the need to establish management guideline of malaria in this neglected
age group.
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Introduction
This review analyzes the issues regarding diagnosis and
management of neonatal malaria with an aim to provide physicians,
clear and concise information about the diagnosis and to emphasize
the need to establish management guideline of neonatal malaria in the
clinical practice. Malaria contributes significantly to perinatal disease
burden in terms of pregnancy loss, prematurity and intra-uterine
growth retardation (IUGR) [1-3]. Despite these well-documented
indirect effects of malaria to the fetus and newborn, the direct burden
of neonatal malaria infection in terms of prevalence and outcome is
not well described in malaria endemic areas. Studies published so far
have documented contradictory levels of this burden [4-7]. Most of
these studies were conducted in large referral or teaching hospitals,
and the results are difficult to generalize [4-6,8,9]. Furthermore,
many studies lack details of internal and external laboratory quality
control procedures, parasite densities and examine a small sample
size of neonates with malaria [6-11] and thus these limitations further
complicate the interpretation and application of the findings. Neonates
have different clinical manifestations [12,13] and lower parasite
densities [14] than older children. Nevertheless, even low density (1500 parasites/ micro ml) in infants can result in anemia if left untreated
[15], and may rapidly progress to become life threatening [16].
Neonatal malaria is considered a rare occurrence due to
the protective effect of maternal immunity after birth. Maternal
immunoglobulin G (Ig G) antibodies are acquired by the fetus via
the placenta in utero [17]. Although there is only limited evidence
suggesting a protective role of these passively acquired antibodies
against malaria parasites [18]. Ig G levels are thought to decrease
variably during the first year of life [19]. Neonates may also be protected
through factors that inhibit parasite growth, such as lactoferrin [which
binds iron] and secretory IgA found in breast milk and in maternal
and infant sera [20]. Parasite replication depends on the metabolic
substrate para-aminobenzoic acid (PABA), which is present only in
low levels in breast milk [17]. Fetal hemoglobin (Hb F), present in
high concentration at birth [17] can inhibit parasite development [21]
and can protect infant in the first few months of life. The P. falciparum
Erythrocyte Membrane Protein-1 (PfEMP-1) mediates cytoadhearence
of infected red blood cells to the endothelial cells lining the blood
vessels. HbF and maternal IgG act in coordination to impair the
cytoadherence of parasitized erythrocytes in the first few months of life
by altering PfEMP-1 display on HbF RBCs, and by binding PfEMP-1
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and preventing sequestration of parasitized RBCs, respectively [22]. Hb
F levels decline after a peak level at 6 weeks of age [17], and as both IgG
and HbF disappear from circulation, making infants more susceptible
to malaria infection [22]. In countries with high malarial burden, the
presentation of congenital malaria is relatively early (Mozambique and
Benin from South Africa) [23,24]. The reasons are unclear however
it can be related to prenatal fetal priming [25]. As clinical signs of
neonatal malaria may be indistinguishable from that of neonatal sepsis,
it has been suggested that screening of malaria parasite be included as
a part of routine investigation in a neonate with fever [26]. Sometimes
lack of high index of suspicion for neonatal malaria has unwittingly
increased the duration of hospital stay of neonates and has also
contributed to high morbidity and mortality. The burden of malaria in
nonendemic countries had led to a suggestion by workers that neonatal
malaria should be considered in all newborns born to mothers who
had travelled to endemic areas [27]. Some reduction in malaria risks in
neonates can probably be achieved by improving malaria control in late
pregnancy and reduction in morbidity and mortality may be achieved
by effective management of malaria in neonates.

Burden of Neonatal Malaria
Malaria in neonates is classified according to the time of acquiring
infection. Congenital malaria, defined as asexual parasites detected in
cord blood or peripheral blood during the first week of life [5], is due to
transmission from the mother through placenta just before or during
delivery [28]. While acquired neonatal malaria, which can occur
within first 28 days of life, is due to an infective mosquito bite after
birth [28]. Differentiating between congenital and acquired malaria
can be difficult, especially in areas of intense malaria transmission
[29].Various studies across Africa have demonstrated that 7-10% of
newborns may have malaria parasites in their cord blood [15].
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Most literature on pediatric malaria originates from Africa, a
hyperendemic region where it is the single largest killer of children
between the 28 days to 4 years of age [30]. Although India is the largest
contributor to the disease in the Southeast Asia Region, it is a low risk
nation for mortality due to malaria [31]. Being a low endemic region,
the median age of presentation tends to be later (8 years) in contrast to
the mean age at 26 months reported from Africa [32]. In recent year,
workers from endemic areas reported the incidence of neonatal malaria
to be 58.5% [4,33]. Studies examining the incidence of parasitemia in
infant born in endemic region have shown rates varying from 0-33%
[34,35]. A study from central India has shown a lower incidence
[29/1000 live births] of congenital malaria. Low incidence of congenital
malaria in this study could be because they may not have performed
histopathological examination of placenta, which is a more reliable
method of assessing placental infection than obtaining blood smear
alone [36]. A study from Nigeria had identified a prevalence of 24.8%
of acquired neonatal malaria and 17.4% of congenital malaria [37].
The occurrence of infection in utero is also reflected by the prevalence
of splenomegaly at one month of age, which can be as high as 80%,
indicating an early development of a splenic response to the infection
[14,38]. The marked difference in prevalence of acquired neonatal or
congenital parasitemia is difficult to explain. Plausible explanations
include statistical epidemiological differences and operational factors.
In several recent studies, the routine slide reading for malaria was
shown to have very poor positive predictive value when compared
to expert microscopy [39,40]. In one centre, only 13% of adults with
diagnosis of cerebral malaria actually had parasitemia on their blood
film [41]. These data suggests that over-diagnosis of clinical malaria may
be widespread in India and therefore may lead to under-treatment of
other life threatening conditions. However differences in transmission
dynamics, small sample sizes and lack of details on quality control and
sample selection procedures make the interpretation of these findings
difficult [5,42]. In countries with high malaria burden like South Africa
it is usual to find some degree of parasitaemia in newborn with sepsis.
So it becomes difficult to assign parasitaemia as a cause of ill health in
these newborns. In addition one study suggests that septic neonates
and those with suspected sepsis are likely to have parasitaemia [4].

Clinical Sign and Symptoms and Malaria Diagnosis in
Newborns
In endemic areas it is often difficult to distinguish congenital
from acquired malaria that develops 3 to 4 weeks after birth [43].
Normally symptoms of congenital malaria occurs 10 to 30 days
post-partum, [44] which is the estimated half-life of maternal
antimalarial IgG in the infant [45]. Malaria in the first few months
of life can simulate infants presenting with intrauterine infections
such as toxoplasmosis, rubella, syphilis, neonatal hepatitis and also
those with septicemia. All of which have an important symptom
complex of fever, jaundice, hepatosplenomegaly and anemia. Fever
is the characteristic manifestation of neonatal malaria [46]. Several
Indian studies [47-49] on neonatal malaria have reported fever (90100%), hepatosplenomegaly (70-80%), refusal to feed (40-70%), loose
motions (23-40%) and respiratory distress (20%) [47-50]. BR Thapa
et al also reported intravascular hemolysis as a rare manifestation
in one case of neonatal malaria [51]. Hence any baby in the first few
months of life presenting from endemic areas with fever, anemia, and
hepatosplenomegaly or other features like bronchopneumonia or
septicemia should always be investigated for malaria.
Some antenatal and perinatal factors also play role in occurrence
of congenital malaria. A study from Nigeria suggested that all febrile
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neonates should be evaluated for malaria especially if there is history
of prolonged labor or prolonged length of rupture of membrane
[52]. Malaria infection is more frequent and serious during the first
pregnancy, as is the occurrence of congenital malaria but reasons are
unclear [53] M. Singh et al mentioned blood film of patient’s mother is
usually negative for parasite in congenital malaria [54] In some cases
there was no evidence of an active maternal infection or the parasite
genotype was different to those found in the newborn. This may be
explained on the basis that malaria parasite was transferred to the
newborn followed by its clearance from maternal and placental blood
[15,55,56]. In a study from South Africa, maternal malarial infection
was associated with a low birth weight of baby [57]. However in a
study from central India, no significant correlation was found between
maternal malarial infection and its effect on either gestational weight or
maturity [36].The plausible explanation of these contradictions could
be explained on the basis of species of malaria parasite. In the former
study it refers mostly to P. falciparum causing mostly severe malaria
while in the later study it refers mainly to P. vivax causing malaria with
milder forms usually.
In India cases of neonatal malaria was detected accidentally which
are routinely investigated for other illnesses because they were not
suspected having malaria [58]. So the dilemma of distinguishing the
neonate with neonatal malaria alone versus neonatal sepsis or both
existing does not seem to be easily resolved by the use of clinical
features alone .The laboratory diagnosis of parasitemia in neonates
require special attention in the preparation of Giemsa stain and buffer
solution used, as well as in the technical skill involved in malaria
microscopy because parasite densities are low. The sensitivity of
detection of neonatal parasitemia may be better enhanced by more
modern techniques of assay utilizing Polymerase Chain Reaction
(PCR) for malaria nucleotide protein [e.g. MSP1 or MSP2] detection
[59]. In many resources-poor countries like India (in malaria endemic
zones) these latter techniques are not routinely feasible. The need to
build capacity in malaria microscopy in these areas is therefore crucial.
In areas with limited resources, the capacity to diagnose malaria in
newborn may be limited [60,61] and any issues with quality or accuracy
of diagnostic technique may result in the diagnosis of malaria being
missed [57]. Rapid diagnostic test may have significant diagnostic
utility in neonatal malaria in which low parasetemia causes diagnostic
difficulty through microscopy by non-experienced person. Emphasis
should be placed on developing the capacity for rapid and reliable
laboratory services with adequate quality control. Neonatal mortality
contributes about forty percent to all child death in malaria endemic
areas [62] and most of these death and deliveries occur outside health
facilities so the proportion of these deaths that are malaria related
remains undetermined and unrecorded [23,63,64].

Pharmacokinetics of Anti-Malarials in Newborns
Due to immaturity and dynamic developmental changes
experienced by newborns, the pharmacokinetic profiles of anti-malarial
drugs may be different than in older children, and age dependent dose
adjustment may be necessary, for example gastric emptying is slower
in neonates and only comparable with adults after six month of age.
Absorption of drugs is also affected by intestinal motor activity and
villous formation, both of which mature by week 20 [65]. Activity
of such metabolizing enzymes is typically low at birth and rapidly
develops over the first 1-2 years of life [66,67].

Current Recommendations for Treating Newborns
Neonatal age group was excluded from clinical trials and WHO
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treatment guideline is not formulated for malarial infection in this
age group. Thus, anti-malarials recommended are frequently used
off-label, based on the recommended mg/kg dosing schedule for older
children [7].

Issues with Currently Available Anti-Malarials
There is little information on the use of artemisinin based
combination therapy [ACT] in newborns, to the extent that many of
them carry label restrictions for this age group [66]. Newborn with
malaria should receive appropriate treatment with proper dosing
schedule. Among the recommended ACT, excluding the combinations
containing sulphadoxin-pyramethamine that is not recommended
during the first 6 weeks of life [68], there is no evidence of specific
serious toxicity [66]. However additional efforts should be made to
establish their safety profile.
ACT offers greater efficacy and tolerability compared with quinine,
which is often used in neonate with clinical malaria. In one study from
Nigeria they used amodiaquine successfully in neonates [33]. In another
study from Nigeria they treated uncomplicated neonatal malaria with
chloroquine and sulphadoxin-pyramethamine as a first and second line
respectively [69]. Furthermore, the use of a unified first-line therapy
could offer benefits for healthcare providers with similar antimalarial
use for the whole population, as well as logistical benefits in terms of
procurement and distribution. The safety profile of these combination
therapies in newborn is yet to be established

Prevention of Neonatal Malaria
More emphasis should be placed on interventions to reduce the
burden of malaria in pregnancy. WHO has developed guidelines
for control of malaria in pregnancy for Sub Saharan Africa which
consists of prompt and effective case management of malaria illnesses
combining with prevention of infection with insecticide treated nets
and intermittent preventive treatment in pregnancy [70]. Following
these broad guidelines, Nigeria has recently developed its own
guideline policy for treatment of malaria in pregnancy with the use of
intermittent preventive therapy using sulphadoxin-pyramethamine
and insecticide treated bed nets [71]. However the implementation of
these interventions will require concerted efforts to achieve effective
control of maternal parasetemia and placental malaria in other
endemic countries. The candidate malaria vaccine RTS, S/AS01 is of
no use because it is ineffective in neonatal period because of presence
of maternal antibodies and recommended to administer at 6-12 weeks
of age.

Future Clinical Studies

paucity of information currently available and the lack of evidence
based treatment guidelines in this population. Many children are dying
before malaria is diagnosed. In resource-constrained settings, diagnostic
techniques may not be available, or malaria may not be recognized due
to overlapping symptoms with other neonatal illnesses such as sepsis.
Malaria in newborns is not a rare occurrence in endemic areas and its
burden may be underestimated. Therefore, it is necessary to collect
reliable data on the malaria burden in this population. Awareness by
health professionals should increase so that any newborn brought to
a health facility in a malaria-endemic area with an unexplained fever
or suspected sepsis should be systematically screened for malaria.
Current policy for malaria diagnosis dictates that all fevers in all age
groups and settings should be tested for malaria before treatment is
initiated especially in endemic areas. ACT is being used off-label in this
vulnerable patient group. A clear recommendation on the use of ACT
could be difficult, due to a lack of data in infants with a body weight
of less than 5 kg. A more accurate estimate of the disease burden and
parasite prevalence risk factors for infection including iron status, as
well as the pharmacokinetic profile, safety and efficacy of currently
available ACT in neonates from data provided by clinical trials
underway will contribute to the development of the evidence-based
treatment guidelines for this population, as well as aid the research
and development of new drugs. It is definitely worth providing malaria
control strategies that are aimed directly to this vulnerable age group,
which will thereby to reduce neonatal morbidity and mortality
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