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MEDICINE IN THE TROPICS

Malaria in Children

H. M. GILLES,* B.SC., M.D., M.R.C.P., D.T.M.&H.

Malaria is a serious disease of childhood, and it is estimated that
in endemic areas 5-15 % of deaths in children are due to

malaria. Four species of malaria parasites infect man. In order
of importance these are: Plasmodium falciparum (malignant
tertian malaria), P. vivax (benign tertian malaria), P. malariae
(quartan malaria), and P. ovale (ovale tertian malaria). Mixed
infections occur.

There is no doubt that all forms of malaria may be transmitted
congenitally. The frequency of transplacental infections of
newborn babies is greater in infants born of non-immune than
in those born of immune mothers; thus, though massive infec-
tions of the placenta are frequent among indigenous women of
malarious regions, the incidence of congenital malaria is very
low.

In highly endemic areas of malaria the first infection, if it
occurs in the early months of life, is often mild, with few if
any clinical symptoms and a low-grade parasitaemia. This
attenuation of the primary attack is the result of inherited
maternal immunity and possibly other factors. An untreated
primary attack may be lethal in infants born of non-immune
mothers.

I. Malignant Tertian Malaria (Falciparum Malaria)
This is the most serious form of malaria. Attacks may be

uncomplicated or associated with serious and fatal complica-
tions. Indigenous children who do not take regular chemo-
prophylaxis and who live in highly endemic malarious areas
are particularly susceptible to severe attacks of falciparum
malaria from the age of 6 months to about 5 years. During
this period their growth and development are appreciably
impaired. If they survive this critical phase they acquire a
relative immunity to the infection. Attacks of malaria become
very much modified and relatively mild. In these circumstances
it is not unusual in village surveys to find children with enlarged
livers and spleens and malaria parasites in their blood playing
about in apparently "good health." On the other hand all
children who are protected from malaria by chemoprophylactic
drugs are liable to severe attacks throughout life if prophylaxis
is discontinued or forgotten.

Clinical Course

The time between the infection and the first appearance of
clinical signs is usually 8 to 15 days. There are often no

distinctive clinical signs. The child appears listless, restless, or
drowsy; he refuses food and if old enough may complain of
headache and nausea. Fever is a frequent sign. It is variable
in degree, often irregular, and periodicity is uncommon. Vomit-
ing may occur. A not unusual presentation in endemic areas
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is for the mother to complain that the child has an unproductive
cough or diarrhoea.
The spleen enlarges and may be tender, and after repeated

attacks it may become enormous. Splenic infarction, peri-
splenitis, and sudden rupture may occur. The liver is often
enlarged and it may be tender; jaundice may appear in severe
cases. Physical signs in the chest may vary from a few scattered
crepitations to frank pulmonary oedema. Disturbances of renal
function may occur with oliguria, sometimes proceeding to
anuria. Anaemia is variable (see later), so is leucopenia. Herpes
labialis is present in some children.

Blood film examination will reveal mainly the younger grow-
ing forms (rings) of the parasites. There may also be gameto-
cytes and in severe cases-usually associated with complications
-schizonts are also seen. In these instances erythrocyte
infection rates may be as high as 20%. Sexual forms (gameto-
cytes) appear within about a week of the onset of the clinical
attack and may persist for months after cure.

Relapse

Spontaneous clinical cure can take place, though it is
less common than in other forms of malaria infection, and
relapses can occur after a period of quiescence. It is unusual
in falciparum malaria for relapses to occur more than two years
after the child has left the endemic area.

Complications

Severe attacks are complicated by any one of the following
syndromes. These syndromes, other than anaemia, are usually
associated with very heavy parasitaemia.

ANAEMIA

This is a very common and serious complication in endemic
areas. It is usually the result of repeated untreated attacks of
severe falciparum malaria and is seen most frequently in
indigenous children. The anaemia is normocytic. By the time
that severe anaemia (haemoglobin 5 g./100 ml. or less) has
become the presenting symptom, parasitaemia has not infre-
quently become light. In these instances malaria should be
suspected as the most likely causative factor as a result of the
finding of haemozoin pigment in the polymorphs and
monocytes.
Treatment is by antimalarial drugs (see later) and the trans-

fusion of packed red cells.

CEREBRAL MALARIA

This is another common complication, which usually mani-
fests itself by convulsions or coma. There are few if any
localizing signs in the nervous system and the cerebrospinal
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fluid is normal in many cases. Whether children who survive
cerebral malaria show neurological and mental sequelae is still
uncertain. Bacterial and viral infections of the central nervous

system are extremely common in the tropics, and these should be
excluded in every child suspected of having cerebral malaria in
whom blood film examination reveals only a few or no parasites.
Treatment is by antimalarial drugs, anticonvulsive drugs if

these are necessary, and other measures for the general manage-

ment of comatose patients.

HYPERPYREXIA

Hyperpyrexia can develop at the onset or during the course

of an attack. It not infrequently occurs in association with
cerebral malaria, and coma may supervene.

Treatment is by antimalarial drugs. The child should be
covered with a wet sheet and fanned vigorously until the rectal
temperature has been lowered to 38° C. (102° F.).

GASTROINTESTINAL SYNDROMES

These are very variable. The child presents with fever,
persistent vomiting, an enlarged and tender liver, and progres-

sive jaundice which may terminate in hepatic failure-a clinical
picture not dissimilar to severe infectious hepatitis. Alterna-
tively the most striking feature may be severe diarrhoea, clinically
indistinguishable from acute bacillary dysentery or cholera.
Occasionally the presentation mimics that of acute appendicitis.
Treatment is by antimalarial drugs, measures to combat liver

insufficiency, the parenteral replacement of body fluids and
electrolytes, and chlorpromazine to control vomiting.

ALGID MALARIA

In this condition the child passes rapidly into medical shock,
often associated with coma. The pulse is thin and fast and
the diastolic pressure frequently unrecordable. The clinical
picture resembles that of acute adrenal insufficiency. This is
the most awkward complication to treat, since the most effective
schizonticides when given parenterally tend to lower the blood
pressure, which is already at a precarious level.

Treatment is by rapid expansion of the circulating blood
volume with dextran, plasma, or glucose/saline. Cortico-
steroids-e.g., hydrocortisone sodium succinate 50 mg. intra-
venously eight hourly-should be given during the crisis. The
dose should be reduced later. If no response occurs it is worth
trying noradrenaline or mephentermine. Antimalarial drugs
should be given by intragastric tube, to be followed by
parenteral therapy as soon as medical shock is rectified.

Diagnosis

The certain diagnosis of malaria-with or without complica-
tions-depends upon the identification of the parasites in the
peripheral blood in thick or thin blood films or both. Clinically
malaria can simulate so many conditions that the cardinal rule
must be to suspect malaria in any sick child who has been
exposed to the infection irrespective of whether or not he is
alleged to have taken prophylactic antimalarial drugs.

Specific Antimalarial Therapy

It is important to remember that in addition to antimalarial
therapy it is equally essential to treat the complications as they
arise.

DRUG TREATMENT OF ACUTE UNCOMPLICATED ATTACKS

The first group of drugs will effect a clinical cure of human
malaria. They will produce a radical cure in the case of falci-
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parum malaria only-i.e., no relapses will occur after adequate
treatment. The most commonly used are chloroquine, amodia-
quine, and quinine. (See Table below.)

Dosage of Antimalarial Drugs for Treatment of Uncomplicated Attacks
of Malaria

Drug 0-2 yrs. 2-6 yrs. 6-10 yrs. Remarks

Chloroquine* 100 mg. b.d. 150 mg. b.d. 150 mg. t.d.s. 1st. day
75 75 ,, 150 ,, Once daily for

the next 4
days

Amodiaquine* 100 mg. b.d. 150 mg. b.d. 150 mg. t.d.s. 1st. day
100 ,, 100 ,, 150 ,, Once daily for

the next 4
days

Quinine .. 15 mg./kg. 15 mg./kg. 15 mg./kg. For 10 days
t.d.s. t.d.s. t.d.s.

* Drug dosage given as base. Children tolerate oral doses of the synthetic anti-
malarial drugs well, but allowance must be made for size and weight as well as age.
If vomiting occurs within an hour of ingestion of the drug, the same dose must be
repeated.

DISPENSARY TREATMENT OF UNCOMPLICATED ATTACKS

In circumstances where follow-up examination of all children
is impossible the single-dose treatment at the time of the visit
is the only feasible line to follow. Chloroquine is the most
useful drug for this purpose and is widely used in children's
outpatient clinics 'in the tropics. The recommended single
dosage of chloroquine base is as follows: 0-2 years, 150 mg.
2-6 years, 300 mg.; 6-10 years, 450 mg.

PARENTERAL ANTIMALARIAL THERAPY

This should be used only in severe and complicated attacks
of malaria. For all practical purposes this means only falci-
parum infections. Oral administration of antimalarial drugs
should replace parenteral therapy as soon as possible.

Intravenous Therapy.-Chloroquine is best given by slow
infusion in very dilute solution. The dose should not exceed
5 mg./kg. body weight diluted in 150 ml. of glucose-saline;
this can be repeated 12 hours later if necessary. As a guide,
it is usually safe to run the drip at the number of drops per
minute that the child weighs in pounds.

Quinine dihydrochloride is given in a similar way. The dose
is 10 mg./kg. body weight and can be repeated 12 hours later.
The total daily dose should not exceed 20 mg./kg. body weight.
Quinine is the drug of choice in areas where resistance to
chloroquine occurs.

Intramuscular Therapy.-The dose of chloroquine by this
route should not exceed 5 mg./kg. body weight. Quinine
dihydrochloride is apt to cause deep abscesses unless scrupulous
care is taken with the intramuscular technique. The doses is
similar to that given above. Mepacrine is contraindicated in
children under the age of 2 years. The dose is 5 mg./kg. body
weight. Mepacrine is rarely used nowadays.

Drug Resistance and Toxicity

Parasites have been reported from various parts of the world
as resistant to all the antimalarial drugs except quinine. This
has led to a renewed interest in the potentiating effect of various
combinations of sulphonamide derivatives with the synthetic
antimalarials.
With the exception of primaquine, all the other synthetic

antimalarial drugs-even when taken regularly for several years
-are relatively non-toxic in therapeutic doses. Severe toxic
symptoms are usually only seen after overdosage or when the
drugs are given parenterally. Vomiting can be troublesome, and
this must be borne in mind whenever oral therapy is given.
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Malaria in Children-Gilles

II. Benign Tertian Malaria (Vivax Malaria)

Clinical Course

The incubation period is usually 10 to 15 days. It may,

however, be considerably longer (weeks or months), especially
in children who had been receiving suppressive chemotherapy
during exposure.

Fever is the most constant sign. After a brief period of
remitttent fever the pattern of intermittent regularly recurring
fever every second day becomes established. The classical
features of the attack-cold stage, hot stage, sweating stage-
are uncommon in infants and children. General symptoms
similar to those described for P. falciparum infection may occur

but are usually milder. The spleen enlarges early in the disease,
some degree of anaemia may be present, and there is often mild
leucopenia. Pernicious complications are rare, but if fever is
high convulsions may occur. Vivax malaria per se is rarely
lethal.
Blood film examination will usually reveal representatives of

all forms of the asexual parasite from the early ring to the
mature schizont. Usually less than 2% of red cells are infected.

Relapse

Though spontaneous clinical cure takes place, relapses may
occur after a period of clinical quiescence which may last weeks
or months. It is unusual in vivax malaria for relapse to occur
more than five years after the child has left the endemic area.

Treatment

OVERT ATTACK

Clinical cure can be produced by any of the courses of treat-
ment listed in the Table (p. 1375).

RELAPSING VIVAX MALARIA

It is unsound to attempt radical cure while a child remains
in the endemic area. Treatment of the overt attack when it
occurs must, however, be carried out. Radical cure should be
deferred until the child leaves the endemic area, and is brought
about by combined therapy with (1) chloroquine, amodiaquine,
or quinine (as stated in the Table) and (2) primaquine 7.5 mg.
of base-i.e., one tablet-daily for 10-14 days.

Children on a regimen of primaquine should be under
medical supervision for early detection of toxic symptoms.
These are methaemoglobinaemia, haemolytic anaemia with or

without haemoglobinuria-especially in children with glucose-
6-phosphate dehydrogenase deficiency-neutropenia, colicky
abdominal pains, and renal obstruction from crystallization. It
is rarely necessary to attempt radical cure in children under 4
years of age. Mepacrine and primaquine should not be given
simultaneously.

mI. Quartan Malaria (Malariae Malaria)

The incubation period is between 10 and 30 days, but, as

with vivax malaria, may be considerably longer. The clinical
course is similar to that described for vivax malaria with two
notable exceptions: the pattern of fever when established recurs

every third day, and an association with the nephrotic syndrome
has been noted.

Blood film examination will reveal representatives of all forms
of the asexual parasite. Usually less than 1% of red cells are

infected.
Spontaneous clinical cure occurs, but blood infection may

persist for many years after the primary infection-e.g., 30 years
later.

BRITISH
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Nephrotic Syndrome
A remarkable association has been demonstrated between the

nephrotic syndrome in children living in endemic areas and
P. malariae. The children present classically with gross oedema,
massive proteinuria, and severe hypoproteinaemia. Renal biopsy
shows lesions in the glomeruli which vary from thickening of
the basement membrane to sclerosis with associated tubular
degenerative changes. The peak incidence occurs at 5 years of
age in both sexes. The prognosis appears to be poor.

Management takes the form of advice on a low-salt, high-
protein diet, diuretics, and potassium supplements if indicated.
A protein supplement of " Casilan," if the serum albumin level
is below 1 g./100 ml., and antibiotics should be given when
needed. Steroids seem to have a very poor therapeutic effect
and should not be used.

Treatment of the overt attack and relapsing quartan malaria
is the same as for vivax malaria.

IV. Ovale Malaria
The clinical features of ovale malaria are similar to those of

vivax malaria. It is a milder and rarer disease and less prone
to relapses.

Chemosuppression
Suppression of all forms of malaria is nowadays usually

achieved by the use of proguanil, pyrimethamine, chloroquine,
and amodiaquine. In advising a particular drug due con-

sideration must be given to the likelihood of parasite drug
resistance. Chloroquine and amodiaquine should not be given
priority as suppressives, unless strains of parasites resistant to
paludrine or pyrimethamine are so commonly encountered as

to make these drugs virtually useless.

PROGUANIL

This is taken daily, it is safe, and its slightly bitter taste can

be disguised in a variety of ways. Under ordinary circum-

stances it is possibly the drug of choice. The recommended
dosage is as follows: 0-2 years, 25-50 mg. (*4 tablet); 2-6
years, 50-75 mg. (i-4 tablet); 6-10 years, 100 mg. (1 tablet).

PYRIMETHAMINE
This is taken weekly and is tasteless, which is a great advan-

tage with children.- Although the bother of daily administra-
tion is reduced, the chances of irregular drug-taking are

increased. Provided that the local malaria parasite has not
become resistant this is an excellent suppressive drug. Undue
attention has been given to the accidental cases of poisoning
that have occurred. The new strip-pack greatly reduces this
drawback and in any case the golden rule with " tablet happy"
children is to place drugs safely away from them irrespective
of palatability. The recommended dosage is as follows: 0-2

years, 6.25-12.5 mg. (*4 tablet); 2-10 years, 12.5-25 mg.

(i-1 tablet).

CHLOROQUINE AND AMODIAQUINE
These are usually taken weekly. They are very bitter and

not easy to administer to children even in syrup form. They
are, however, excellent suppressives and should be used in areas

where proguanil and pyrimethamine resistance render these
drugs useless. The dosages for both drugs in base are as
follows: 0-2 years, 50-100 mg.; 2-10 years, 100-200 mg.

Numerous combinations of the above chemosuppressive drugs
have been introduced and they all have their advocates. In
my opinion they have few advantages over the above-mentioned
and are appreciably more expensive. Chemosuppression should
be continued for four weeks after leaving an endemic area.
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