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Abstract

Background: As a tropical disease, malaria, which causes one death per minutes globally, is still
common in both tropical and subtropical regions around the world. From millions of reported cases,
one million cases would end in death each year.

Methods: Different databases, including PubMed and Google Scholar, were investigated to collect the
required data for the completion of the present review article. The following keywords were used for
searching in these databases: Malaria in Children, Plasmodium Falciparum in Children, Malaria in
Paediatrics, and Plasmodium Falciparum in Paediatrics.

Results: Children under five years of age make the majority of death reports; i.e. 90% of the whole
death statistics. Although malaria is mostly common in sub-Saharan Africa, it still occurs in other
tropical and subtropical countries. In other regions, malaria is the result of both immigration and
travel; regardless of the sources of the disease, it can be potentially severe and, sometimes, fatal.

Conclusions: It would be important to become familiar with the clinical presentation of malaria
among pedestrians and find approaches to prompt diagnosis, appropriate treatment and sufficient
prevention methods against it.
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1- INTRODUCTION

Malaria is considered as a one the most
infectious diseases in the world; every
country encounters malaria cases, some
due to travel and immigration and some as
a result of epidemic situations (1).
According to various reports and
estimates, 2.48 million malaria cases occur
annually in South Asia (2). According to
WHO report on 2011 of Switzerland the
total number of confirmed cases was 3031,
among whom 1847 were locally acquired
and 1184 were imported cases, in 2010 (3).
Almost half of the world’s population lives
in regions where malaria is epidemic (4).
Although malaria can be prevented, it
should be treated as soon as it happens.
The most common symptoms include
fever, weariness, chills, headache, sweats
and myalgia. Children more suffer by
Vomiting and nausea than in adults. More
than 90 percent of cases getting infected in
sub-Saharan are children under age 5;
because children are considered as the
main  vulnerable group who are
immunologically weak for malaria
parasite, the most potent of which is
Plasmodium falciparum (1, 5). Young
children in remote areas mainly succumb
to death, mainly because of the lack of
proper health services.

Cerebral malaria involves the most severe
neurological complication of infections
with plasmodium falciparum. It can
change mental status; even coma can be
resulted from. Malaria is an acute and vast
disease which can affect any organ. If the
person with malaria is not treated timely, it
could be fatal inl - 3 days (6). This paper
is aimed to declare the basic understanding
of the epidemiology of malaria and
approaches to diagnosis, treatment and
prevention of it in children.

There is a strong relationship between
poverty and challenges imposed on the
vulnerable and impoverished communities.
Malaria imposes heavy costs, such as more
than 12 billion $ annually in Africa, on the
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economy of regions. Studies in regions
such as Africa have shown that the spread
of malaria among children does have direct
and indirect impacts on poor communities
(6-8). Damages associated with severe and
chronic episodes of malaria disease have
impact on children’s social and cognitive
developments and they would stop
children  from normal education
circumstances. (9, 10)

Unnecessary treatments of malaria would
be  considerably  reduced  through
developing rapid and cost-effective antigen
tests. Prior to the inauguration of any
treatment for malaria, all required efforts
should be given to diagnose it as soon and
correctly as possible. Whatever, when a
malaria patient gets complicated and
worsen the additional treatment should
have started even before diagnostic tests.
In developed countries, the possibility of
malaria, regardless of other signs or
symptoms, should be checked out in any
potential traveler moved on from endemic
areas.

Plasmodium  falciparum  which is
responsible for the incidence of malaria, is
mostly common in Africa, Eastern Asia,
Middle East, Oceania, and countries in the
region of Amazon. Plasmodium vivax
rarely Kills, but it is the most common
form of malaria and can cause recurring
and debilitating infections. Plasmodium
vivax and plasmodium ovale can be
gathered in liver and cause relapse of
symptoms  several months later.
Plasmodium falciparum is more common
among communities. The present study
aimed to overview different types of
malaria, their clinical symptoms and
diagnosis in relation with children.

2- EVIDENCE ACQUISITION

Different databases, including PubMed
and Google Scholar, were investigated to
collect the required data for the completion
of the present review article. The
following keywords were used for search
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in these databases: Malaria in Children,
Plasmodium Falciparum in Children,
Malaria in Paediatrics, and Plasmodium
Falciparum in Paediatrics. 41 articles
were found, and included, in the present
review study. All selected articles were
published after 1990. Qualitative data is
presented in this review.

3- RESULTS
3-1. Clinical Presentation of Malaria

The symptoms of malaria, fever, chills,
headache, and myalgia in muscles, are
similar to the flu. In primary episodes,
periodic fevers are not so common, unless
the illness isn’t treated for several days.
Gastrointestinal and reparatory symptoms
can be observed in children with p.
falciparum malaria. These symptoms can
be mistaken with malaria symptoms in
patients with acute gastroenteritis (11).
Hypoglycemia has been  observed
frequently among children with p.
falciparum malaria (12).

Infections in patients with plasmodium
vivax and plasmodium ovale are not fatal
and parasitemia levels are below 2%;
however, fevers can be high. Patients with
chronic or recurrent disease caused by
plasmodium vivax show anaemia and
splenomegaly symptoms; these patients
may have different responses to treatment
(13). Chronic infection with plasmodium
malaria  associated  with  nephrotic
syndrome can’t be improved with
treatments such as chemotherapy (14).

Since Plasmodium falciparum shows a
high capacity for attacking red blood cells,
there would be a high tendency of
amplification for plasmodium falciparum.
Red blood cells infected with plasmodium
falciparum would sequester in the
capillaries and venules. The critical
organs, like kidneys and brain, will destroy
with insufficient oxygen and nutrient
feeding (15).
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3-2. Severe Malaria

Accrued and complicated plasmodium
falciparum result in severe malaria and
after that serious organ failures or
abnormalities will occur. It can usually be
observed in endemic area’s young
children. Plasmodium falciparum
virulence depends on several factors, such
as  multiplicative  Capacity of P.
falciparum, which give it the ability to
attack various human populations. This
ability comes from different surface
antigens, including plasmodium
falciparum erythrocyte membrane Protein-
| (PFEMP 1), that can bind into CD36 and
thrombospondin specifically. Other
factors, such as Parasitized RBCs
Membrane Modification, cyto-adherence,
sequestration of parasitized erythrocytes,
Rosetting and Agglutination, and RBC
Deformability contribute to the severity of
plasmodium falciparum. The genes coding
polymorphism in this infection in adhesion
molecules of human, endothelial selectin,
intercellular adhesion molecule, and CD36
are also important variables in propensity
to severe malaria.

3-3. Cerebral Malaria

Cerebral malaria is a common
complication of plasmodium falciparum’s
infection among children. It comes with
neurological complications, ranging from
soft depression in sensorium to extreme
coma; decerebrate and opisthotonic
posturing are also possible in cases with
cerebral malaria. Depending on treatment,
resources, and supportive cares, the
mortality rate can raise from 7 to 50
percent (16-18).

Cerebral malaria is one of the most serious
complications  known by abnormal
behaviour, decrease in consciousness,
seizures, coma or other metabolic acidosis
and neurological abnormalities in form of
respiratory  complication or  severe
anaemia. Pediatric groups suffer with
seizure more than adults (19, 20).
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Neurological complications and the way of
presentation are different and can leads to
die soon due to brain death. Renal failure
and pulmonary edema are rarely seen in
African children (21). Other symptoms
include severe hypoglycaemia, metabolic
acidosis, shock, and electrolyte
disturbances. Inability to stand or sit in
children is also seen in very severe
malaria. (Table 1).

In order to accurately identify and assess
the condition of patients, accurate
knowledge of cerebral malaria is very
important. In medicine, cerebral malaria is
often referred to as any CNS disorder in a
patient with malaria. Symptoms include
clinical manifestations of systemic malaria
falciparum disease and a range of mood
disorders to coma.(21). Hence, cerebral
malaria is an acute brain disease associated
with fever.

We can classify older children with
malaria as adults. For the young children,
mostly less than 10 years old, the Coma
Blantyre scale, a related diagnostic tool,
can be used to assess the responses. (22,
23) (Table 2). There is a lot of
disagreement between researchers and
doctors about scale evaluation. However, it
does not eliminate the scale of disability in
children with severe disease, which many
studies use a score of 2 summaries to
define CNS malaria. (22). The Blantyre
scoring system is very similar to the
Glasgow coma scale, but it also has
components to measure the baby's
alertness (24).

Unlike  other  species, Plasmodium
falciparum can be caused from large
numbers of infected red blood cells, which
is responsible for a large proportion of
deaths and global complications. The
overall mortality rate is between 1 and 5
percent, but in patients with severe or
complex malaria falciparum, it can reach
more than 20 percent (25). Severe
manifestations of falciparum disease are
the result of several factors, including red
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blood cell lysis, cytokine production, and
microvascular secretion. (26). Severe
Plasmodium falciparum shows it’s led,
most likely, as cerebral malaria in children,
with  seizures or a reduction of
consciousness, severe anaemia or acidosis.
Respiratory distress has been recognized
as a common symptom or indicator of
severe disease in infants and children;
however, there is no symptom of acute
respiratory distress syndrome, which is
seen in adults (27).

3-4. Diagnostic Tests

Currently, although microscopic
examination remains as the most used
clinical test, thick blood smear has
provided higher accuracy and sensitivity.
The highest smears belong to the Giemsa
stain. Giemsa stain’s smears have the
disadvantage of taking considerable time.
Thick smears may take between 6 to 8
hours and thin smears take just 30 minutes
(28). Field stain provides less sensitivity
but more pace in its application. Use of
blood smear suffers from inaccuracies,
inappropriate use of antimalarial occurs
commonly, and nonspecific symptoms of
Paediatric  malaria. ~ Non-microscopic
methods, such as  enzyme-linked
immunoassays (ELISAS), antigen-capture,
polymerase chain reaction (PCR), and
quantitative buffy coat (QBC) techniques
have been developed for the diagnosis of
malaria (29, 30). The most practical
method for diagnosis is the rapid antigen
tests. Rapid antigen test is inexpensive and
it  detects lactate dehydrogenase
isoenzymes and histidine-rich protein 2
(HRP-2), as the water-soluble antigen
specific for plasmodium falciparum (28,
31, 32).

3-5.  Management of Malaria in
Children

Oral quinine, atovaquone-proguanil and
coartem can all be used for the treatment
of uncomplicated malaria in children. Oral
quinine is usually tolerated by infants and
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can be a good drug to treat malaria
falciparum  without complications in
children. While there are concerns about
increasing the failure rate of anti-folate
drugs, pyrimamine-sulfadoxine appears to
be effective when combined with quinine
with low recurrence rates in infants and
children, and it is more difficult to use
alternative drugs such as doxycycline or
tetracyclines in children compared to

adults. For children under 12 years of age,
Tetracyclines should not be prescribed
because of the risk of discoloration of teeth
and dental hypoplasia. Clindamycin, in the
form of liquid, is not readily available, but
it can be used in the form of swallowing
capsules. There is limited experience
regarding the wuse of coartem and
atovaquone-proguanil in a non-endemic
paediatric population.

Table-1: Severe or complicated malaria in children

Decreased Level of conscious or epilepsy

acidosis (pH < 7.3) (Metabolic or Respiration)

Low level of Glucose

Severe anaemia (< 8 g/dL)

Severe weakness

More than 2% red blood cells parasitized

Table-2: Blantyre and Glasgow Coma Scales

Blantyre coma Scale Glasgow Coma scale
Verbal Verbal Response
2. Appropriate cry 5. Oriented
1. Inappropriate cry or moan 4. Confused
0. No cry 3. Inappropriate
2. Incomprehensible
1. None
Motor (Responses to pain) Motor Response
2. Localizing 6. Obeys
1. Withdraws 5. Localizes pain
0. Non-specific or no response 4. Withdraws
3. Flexion
2. Extension
1. None
Eye Movement Eye Opening
1. Directed 4. Spontaneous
0. Not directed 3. To voice
2. To pain
1. None

To check and manage the disease in
children in a timely manner, ABC
measures should be taken urgently,
including establishing a safe airway and
ensuring adequate blood supply. (33).
Children with severe malaria must be
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hospitalized and treated in well-equipped
centers for children. (34).

Hypoglycaemia as a sign of severe malaria
should be evaluated. Serial blood sugar
estimation should be performed and blood
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glucose should be corrected using 5-10%
glucose in the preservative fluid (35).
Because septic shock or meningitis is often
difficult to isolate or differentiate from
severe malaria at the same time, broad-
spectrum antibiotics should be given to
children with severe malaria to ensure
complete elimination of bacterial infection
(36, 37). Management of seizures should
be followed by means of any evidence-
based guidelines.  Although  blood
transfusions may be required for severe
anaemia, it has been found that routine
transfusion would not reduce mortality and
it would rather cause more adverse effects
(38).

There was a report of spreading malaria
throughout the country in India. Since
1978, directorate of National VVector Borne
Diseases Control Program has been
monitoring the response of antimalarial
drugs with falciparum malaria according to
the new WHO Protocol on “Therapeutic
efficacy of antimalarial drugs in
uncomplicated plasmodium falciparum
malaria (39). There were reports of
resistance against Sulfadoxine-
Pyrimethamine (SP) at various levels in
some districts of India (40). Five
therapeutic efficacy studies with SP were
undertaken in four districts of India and
three of them had reported treatment
failure in more than 10% of cases (40, 41).

4- CONCLUSION

Malaria still affects children’s health
around the world. In different regions,
such as sub-Saharan Africa, the mortality
rate is still high and it does have an effect
on the economy of such countries. There is
a demand for an effective, developed, and
widespread  distributed  vaccine. By
establishing ~ appropriate  treatments,
diagnosis methods, preventive strategies
and treatments in pregnant women and
infants, the risk of malaria disease would
be controlled.

Int J Pediatr, VVol.9, N.10, Serial N0.94, Oct. 2021

5- REFERENCES

1. Schneiderman JU, Leslie LK, Hurlburt
MS, Zhang J, Horwitz SM. Caregiver
reports of serious injuries in children who
remain at home after a child protective
services investigation. Matern Child
Health J. 2012;16(2):328-35.

2. Organization WH, editor Development
of South-Asia surveillance network for
malaria drug resistance: report of an
informal consultative meeting, New Delhi,
India, 9-10 January 2002. Development of
South-Asia  surveillance network  for
malaria drug resistance: report of an
informal consultative meeting, New Delhi,
India, 9-10 January 2002; 2002.

3. Rezai M, Enayati A, Heamingway J.
Malaria in Children, Prospects and
Challenges. J Pediatr Rev. 2013;1(1):19-
24.

4. Murray CJ, Rosenfeld LC, Lim SS,
Andrews KG, Foreman KJ, Haring D, et
al. Global malaria mortality between 1980
and 2010: a systematic analysis. Lancet.
2012;379(9814):413-31.

5. Krause P. Malaria (plasmodium).
Nelson Textbook of pediatrics.
2004;18:1477-85.

6. Shepard DS, Ettling MB, Brinkmann U,
Sauerborn R. The economic cost of
malaria in Africa. Tropical medicine and
parasitology: official organ of Deutsche
Tropenmedizinische Gesellschaft and of
Deutsche Gesellschaft fur Technische
Zusammenarbeit (GTZ). 1991;42(3):199-
203.

7. Ettling M, McFarland DA, Schultz LJ,
Chitsulo L. Economic impact of malaria in
Malawian households. Tropical medicine
and parasitology: official organ of
Deutsche Tropenmedizinische Gesellschaft
and of Deutsche Gesellschaft fur
Technische  Zusammenarbeit  (GTZ).
1994;45(1):74-9.

14537



Soleimani et al.

8. Asenso-Okyere WK, Dzator JA.
Household cost of seeking malaria care. A
retrospective study of two districts in
Ghana. Soc Sci Med. 1997;45(5):659-67.

9. Holding PA, Snow RW. Impact of
Plasmodium  falciparum malaria on
performance and learning: review of the
evidence. Am J Trop Med Hyg.
2001;64(1-2 Suppl):68-75.

10. Holding PA, Stevenson J, Peshu N,
Marsh K. Cognitive sequelae of severe
malaria with impaired consciousness.
Trans R Soc Trop Med Hyag.
1999;93(5):529-34.

11. Sowunmi A, Ogundahunsi OA, Falade
CO, Gbotosho GO, Oduola AM.
Gastrointestinal manifestations of acute
falciparum malaria in children. Acta Trop.
2000;74(1):73-6.

12. Summer AP, Stauffer WM, Fischer
PR. Pediatric malaria in the developing
world. Semin Pediatr Infect Dis.
2005;16(2):105-15.

13. Pukrittayakamee S, Imwong M,
Looareesuwan S, White NJ. Therapeutic
responses to antimalarial and antibacterial
drugs in vivax malaria. Acta Trop.
2004;89(3):351-6.

14. Hendrickse RG, Adeniyi A, Edington
GM, Glasgow EF, White RH, Houba V.
Quartan malarial nephrotic syndrome.
Collaborative clinicopathological study in
Nigerian children. Lancet.
1972;1(7761):1143-9.

15. Dondorp AM, Pongponratn E, White
NJ. Reduced microcirculatory flow in
severe falciparum malaria:
pathophysiology and electron-microscopic
pathology. Acta Trop. 2004;89(3):309-17.

16. Idro R, Karamagi C, Tumwine J.
Immediate outcome and prognostic factors
for cerebral malaria among children
admitted to Mulago Hospital, Uganda.
Ann Trop Paediatr. 2004;24(1):17-24.

Int J Pediatr, VVol.9, N.10, Serial N0.94, Oct. 2021

17. Mturi N, Musumba CO, Wamola BM,
Ogutu BR, Newton CR. Cerebral malaria:
optimising management. CNS Drugs.
2003;17(3):153-65.

18. Phillips RE, Solomon T. Cerebral
malaria in children. Lancet.
1990;336(8727):1355-60.

19. Wernsdorfer WH, Payne D. The
dynamics of drug resistance in
Plasmodium falciparum. Pharmacol Ther.
1991;50(1):95-121.

20. Amodu OK, Gbadegesin RA, Ralph
SA, Adeyemo AA, Brenchley PE, Ayoola
OO0, et al. Plasmodium falciparum malaria
in south-west Nigerian children: is the
polymorphism of ICAM-1 and E-selectin
genes contributing to the clinical severity
of malaria? Acta Trop. 2005;95(3):248-55.

21. Ozen M, Gungor S, Atambay M,
Daldal N. Cerebral malaria owing to
Plasmodium vivax: case report. Ann Trop
Paediatr. 2006;26(2):141-4.

22. Teasdale G, Jennett B. Assessment of
coma and impaired consciousness. A
practical scale. Lancet. 1974;2(7872):81-4.

23. Newton CR, Chokwe T, Schellenberg
JA, Winstanley PA, Forster D, Peshu N, et
al. Coma scales for children with severe
falciparum malaria. Trans R Soc Trop Med
Hyg. 1997;91(2):161-5.

24. Warrell D, Watkins W, Winstanley P.
Treatment and prevention of malaria. In:
Gilles H, Warrell D, editors. Bruce-
Chwatt’s Essential Malariology. 3rd ed.
London: Arnold; 1993. p. 164-95.

25. Murphy GS, Oldfield EC, 3rd.
Falciparum malaria. Infect Dis Clin North
Am. 1996;10(4):747-75. [PMID: 8958167]

26. Hunfeld KP, Hildebrandt A, Gray JS.
Babesiosis: recent insights into an ancient
disease. Int J Parasitol. 2008;38(11):1219-
37.

27. Maitland K, Marsh K. Pathophysiology
of severe malaria in children. Acta Trop.
2004;90(2):131-40.

14538



A Review of Malaria in Pediatrics

28. Murahwa FC, Mharakurwa S,
Mutambu SL, Rangarira R, Musana BJ.
Diagnostic performance of two antigen
capture tests for the diagnosis of
Plasmodium  falciparum  malaria in
Zimbabwe. Cent Afr ] Med.
1999;45(4):97-100.

29. Chiodini PL. Non-microscopic
methods for diagnosis of malaria. Lancet.
1998;351(9096):80-1.

30. Kumar BK, al Fadeel M, Sehgal SC.
Efficacy and limitations of QBC acridine
orange staining as a routine diagnostic
technique for malaria in developing
countries. J Trop Med Hyg.
1993;96(4):245-8.

31. Cooke AH, Chiodini PL, Doherty T,
Moody AH, Ries J, Pinder M. Comparison
of a parasite lactate dehydrogenase-based
immunochromatographic antigen detection
assay (OptiMAL) with microscopy for the
detection of malaria parasites in human
blood samples. Am J Trop Med Hyqg.
1999;60(2):173-6.

32. Pattanasin S, Proux S, Chompasuk D,
Luwiradaj K, Jacquier P, Looareesuwan S,
et al. Evaluation of a new Plasmodium
lactate dehydrogenase assay (OptiMAL-
IT) for the detection of malaria. Trans R
Soc Trop Med Hyg. 2003;97(6):672-4.

33. Maitland K, Nadel S, Pollard AJ,
Williams TN, Newton CR, Levin M.
Management of severe malaria in children:
proposed guidelines for the United
Kingdom. BMJ. 2005;331(7512):337-43.

34. Maitland K, Kiguli S, Opoka RO,
Engoru C, Olupot-Olupot P, Akech SO, et
al. Mortality after fluid bolus in African
children with severe infection. N Engl J
Med. 2011;364(26):2483-95.

35. White NJ, Miller KD, Marsh K, Berry
CD, Turner RC, Williamson DH, et al.
Hypoglycaemia in African children with
severe malaria. Lancet. 1987;1(8535):708-
11.

Int J Pediatr, VVol.9, N.10, Serial N0.94, Oct. 2021

36. Ladhani S, Shingadia D, Riordan FA.
Proposed guidelines for severe imported
malaria in children need more evidence.
BMJ. 2005;331(7523):1025.

37. Lumsden K. Advanced Paediatric Life
Support. Nurs Child Young People.
2011;23(8):12-3.

38. Meremikwu M, Smith H. Blood
transfusion for treating malarial anaemia.
The Cochrane Library. 1999.

39. Organization WH. Assessment of
therapeutic efficacy of antimalarial drugs:
for uncomplicated falciparum malaria in
areas with intense transmission. 1996.

40. Arora U, Sonal GS, Dhillon GP,
Thakor HG. Emergence of drug resistance
in India. J Indian Med Assoc.
2008;106(10):678-81, 83.

41. Mohapatra PK, Namchoom NS,
Prakash A, Bhattacharya DR, Goswami
BK, Mahanta J. Therapeutic efficacy of
anti-malarials in Plasmodium falciparum
malaria in an Indo-Myanmar border area
of Arunachal Pradesh. Indian J Med Res.
2003;118:71-6.

14539



