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Severe malaria chz)
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Of all the four malarial parasites that infect %r)@(%lasmodium
falciparum is the cause of severe malaria® 2V )
9
O
— Pvivax rarely associated with sgy%r(g&cerebral malaria
O
S
Severe falciparum malaria cau,sQe;\? &Q\ﬁ?lion deaths each year
O
- &
70% of these occur in chilgén ,gL%ub—Saharan Africa
SN
“Cerebral malaria” is\‘ﬁ’rQe)@@\st severe complication; associated with
mortality of 15-20%@
Xe) O
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S
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Definition of severe falciparum malaria

World Health Organization, \(gcl-‘rézooo
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Impaired consciousness L o
ial abnormalities
0)

— cerebral malaria and other ne%ﬁ%g
Severe anemia, Hgb <5gm/dl, Hgt<2
Respiratory distress (acidoti\%ﬁfg@%ing),

Pulmonary edema, ARDS:©O" ¢©
- L
Circulatory collapse \(‘\\ o
Haemostatic abnor&@&jg@g thrombocytopenia
Hyperbiluribinae{gﬁaQ’}(‘\
Haemoglobir}&l@ﬁé,@l’ackwater fever
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Outline classification of severe malaria in

children (WHO 200) < \Q

‘\‘Z’ D
Group 1

Children at immediate risk of dying, who require par@trgkgﬁjmalarlal drugs and
supportive therapy

— Prostrated; unable to sit upright, or to d@
— Prostrated but fully conscious
— Prostrate with impaired c:onSC|ou3|r\e§>\:~ <<®

— Coma o
Y 2
— Respiratory distress; Ml|d/8%®’ S
N
Group 2 OQ
* Children able to be treatid‘\%t%@ antimalarial drugs under supervision
— Hgb<5gm/dI
— Two or more c&@%ls@s
Group 3 &(\ v

« Children tfx\‘p tent vomiting (require parentral therapy) but lack any of
features of g s1or2
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Pathogenesis of cerebral m@Iarla

@ 2S
The pathogenesis of neurological manlfestet){&}g% multifactorial
g ,\ﬂ/
« Sequestration of erythrocytes in c al%aplllarleslvenules

— Parasite growth is promoted@%%@latlvely hypoxic
environment

— Parasite evades destru\c%&on 69 the reticular endothelial system
O
Q \
O
* This results in crltlcil%g’(wﬁon in supply of metabolic substrates to
the brain

— Aggravated~b9 a@@mla hypoglycemia, seizures, increased

metabolls@ ?‘

Trends in Paras@ggy 2009; 25: 7



Pathogenesis of cerebral malalga contd.

Mechanisms of sequestration of eryy)uf‘\qgi}?es
« Cytoadherence

— Adhesion of infected er thro@?eﬂ’o endothelium of
capillaries/venules IR

— Mediated by proteins e@‘o&l@@ by the highly variable,
var, genes of the par%s &

» Parasite Ilgand ?parum erythrocyte
membrane p PfEMP-1

. EndothellaLY\e \tors CD36, E-selectin,
Chondratifi sylphate

S

Rowe JA et al E@ﬂert‘oR%T/ Mol Med, 2009,26;11
O 66\
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Pathogenesis of cerebral malalga contd.

Mechanisms of sequestration of eryy)ﬁﬁgi}?es
 Rosetting
— Binding of infected erythrocxgje% {\Q%hon infected
eryth rocytes @’b

« Blood group O protects ; evere malaria through
reduced rosetting oo a@a?(%%
$\

- Platelet mediated (\;;Qm@‘?ng

— Platelet micro ﬁ‘&%@es attaching to infected
eryth rocytes((b
© P
Cell 1995, 82 & o
FASEBJ. 2@8’ 28@0



Pathogenesis of cerebral malalga contd.
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« Impaired blood-brain barrier [1] C)O v

— Brain swelling on neuroimaging fl/
— Increased intracranial pressure fo q/,\
* Increased levels pro inflam oﬁ cytokines
— Increased levels of TNF correlate wit erity/mortality [2]
— Several polymorphisms in the 'KN Q@ne promoter are associated with

increased risk of cerebral rlaQ
— Decreased levels of IL-1

* Increased produc &?l gﬁ?rlc oxide

— up regulation of N(X§y e in brain
— NO may reduce eI ofconsciousness rapidly and reversibly

1 Int. J parasitology,2006, 36;5
2. Krishna et al. Trans Ro Trc@ed Hyg 1994, 88; 67

3. Ho et al 1998, JID, 1758\'
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Figure 2 FLAIR, fluid attenuated inversion recovery, ima@ of the brain of a

patient with cerebral malaria g,
TN

o
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Permission obta;@mm@@American Society of Neuroradiology © Cordoliani YS et al. (1998)
Q> ™ AINR Am J Neuroradiol 19: 871-874

Mishra SK a@ewt\ajza\lc (2009) Diagnosis and management of the neurological complications of

falciparum malaria
?g Nat Rev Neurol doi:10.1038/nrneurol.2009.23
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Neurological manlfestatlons of

falciparum malaria Q)o o
@ Q)
Clinical manifestations are different in childrer&ﬁ\e%r%nt women
compared to non immune adults Vv

/\'
(11 .
Cerebral malaria 6

— Unrousable coma, and the pr%Qng\@(‘Bf asexual p.falciparum
in blood film; WHO 2000* X <<®

 Glascow coma scale<§)
 Blantyre coma sca@% ,bﬂ

— exclude other %@E Iopathles
» Post-ictal, h mia, meningitis, encephalitis
 However, patlent@Qv ny degree of impaired consciousness

should be trei@ aé‘zberebral malaria

*Trans Roy So?.@g@ed 94; 2000



Neurological manifestations gontd
«@ Q'\Q

Seizures, QO(\

— Usually generalized, but may l@é fq/&al

— Single or recurrent Q\% \)@6

— >50% in children, 20%.] @a&@ S

‘\Q’ o

Other neurological n@‘ﬁlfggtatlons

— psychosis, haLIﬁc@’é?mns delusions

— may occur\a%{g&sentlng symptoms or during
recovegp(b W
¥ @

Nature Reviews,?%urology 5, 2009



Neurological manifestations cgcptd.

Malarial retinopathy CS
A set of retinal abnormalities that is unique to ”%9%?{‘}

Common in children with cerebral malaria \%Q’ ’06
Correlates with severity and outcome of gere malaria

— Retinal hemorrhages c’;\SO «¢

— Cotton wool spots . \(‘\\Q’(boo
. oS W
— Papilledema Q}}& ‘OQ\

— Retinal whitening/no Sion

— Retinal vessel abe)o??nq}ity
S
S

. o v
White VA, PLoS Or{g&"oog (1)
Beare NA, Am J T%pg@ﬁ}d Hyg. 2006, 75 (5)

Richard JM, Trans R Soc Trop Med Hyg 2009, 103;661
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Mishra SK a@ewt\aj RJC (2009) Diagnosis and management of the neurological complications of

falciparum malaria
?g Nat Rev Neurol doi:10.1038/nrneurol.2009.23
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Neurological manifestations coentd.
KQ’(\\Q
SN
Neurological sequelae SV

— 3% of adults and 10-23% of children have iocg)ﬁeurological deficit
on discharge; hemiparesis, cortical blind sa?u’anial nerve palsies
S

— Subtle neurocognitive sequelae are rng?e severe and frequent in
children than in adults, W

— At 2-year follow- up of Ugandan Q&Idr@ﬁ%ith cerebral malaria
cognitive impairment wasx s@ﬁ’t in 25% of survivors vs. 7.5%
of community childreqg3.6fold increase *

Post malarial neurological syndromes
« Acute confusi%@bsteg‘.@/psychosis, generalized convulsions
» Cerebellar a

Y
Q> O
John CC, PediaticS, 2008, 122; 92
o
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Neurological manifestations of
falciparum malaria cor&t&fQ
s\Q)

» Neurological examination OO(:]C/bfL

— Symmetric upper motor gzy’sgnctlon
— Increased tendon erl\gs Q«\‘f

— Bilateral extensor, g’!‘amfér reflexes
— Decortlcate/de\g@r@@rate posturing
— Gaze abnoygﬁ
— Hypotonzgé”

\® \6
Trans Roy 8§9Trop Med hyg, 2000; 94



Malaria and Human Immunodeﬁmency

Virus Interactions Q,o

@ D

%aharan Africa

kq/ 4 log

High prevalence of HIV and P. falciparum mala
Malaria increases HIV viral load S|gn|f|cantly, g‘b
— may persist as long as 8 weeks
Acute malaria reduces CD4 count 6
Malaria incidence rises with declining C@
— Odds ratio for clinical malaria 66\{3 é@sons W|th CD4<200 Vs CD4>
500[1] é)
— Odds ratio for fatal malarlas'@(d I-t@‘ infection was 7.5 compared to on
infected[2]
Patients with HIV may be aﬁrls%RQ\I‘ malarla treatment failure

Anti retroviral agent s uture role in malaria prevention and

treatment ({b
o ’0”
&

Arch Intern Med 2007; {% 1

1. Whitworth et al. L§@ Lt 356 1051
2.Girmawade et aI ID 4 18:547



Diagnosis of malarla @
«@ Q'\Q

Parasitological diagnosis OO(\
Thick film/Thin films g ,\ﬂ/
Parasite density correlates with disease s%&a

However, there might be a dlscrequ}%y between peripheral
parasitemia and severity 2 Q\

Parasite density and prognosa@Q/a Qé, with background level of
Immunity \Q)

Rapid tests & O
PfHRP2, plasmodiu \? %m histidine-rich protein-2
PfLDH, plasmodlu@\ arum Lactate dehydrogenase
O
QO ‘Q

Patients with hig\{&l aI suspicion of severe malaria and repeated films
are neg&@v%\sy uld be treated with parentral anti malarial drugs
N\

S



Management of cerebral m@d,arla
,\Q
 Patients with suspected cerebral ma@?nq)s(,hould be
treated in the ICU /\'

« In addition to parentral anhm@v@;ﬂrugs early
recognition and managemegb cQﬁ?mon complications:

— Hypoglycemia X

ypoglycemi &
— Convulsions NP

: © N

— anemia o N
— Acidosis \é (é@
— Fluid and ele@?blggés imbalance
— Renal fallhq@ ?‘

— Resp@t%’r)@fallure



Management of cerebral malar@ contd.
,\Q
Initial management of patients with cer@p?aéﬂﬁalarla
« Clear and maintain airways v
‘1/
« Position semi-prone 0\6 &
« Weigh the patient, calculateoeios@‘@e

« Take blood for dlagnosug}én%é%r parasite count, HCT,
RBS, BUN.. \0

* Measure urine out \OQ
» Exclude/treat hypog glycemia
* Rule out mem@%@;@ other infections

o Start mmg&atéoantl malarial chemotherapy
§>\
v






Antimalarial drugs in cerebralomalarla
KQ’ r\Q

« Artesunate 2.4mg/kg IV; followed by 2.4mg/6g%&)ﬁv 24 hours; then
daily if necessary /\
% /

* Arthmether 3.2 mg/kg IM, followed by 1. 6
» Artmesinin suppository 20mg/kg at 0 anQ\ho en daily

* Quinine 20mg salt /kg infused %vﬁi%urs maintenance 10mg salt
/kg infused over 2-8 hours, %2}52' interval

— Quinidine 10mg base/kg infu o(\éepl -2 hours, followed by 1.2 mg base/kg per
hour

« Quinidine is used in p@&en@% quinine in the US

Oral treatment should staSt» as%on as patient can swallow

— A full course ofa@e ifdA’ combination treatment should be given
e.g. Arthmetepgg‘n faptrine 1.5/9mg/kg twice daily for three day

N

@
WHO 2006 \6

Lancet 2005; 3 Q’I? ﬁ
Jones KIl, 2009; the% ne Collaboration



Supportive and ancillary treagments

Q
'\
In addition to specific anti malarial ther@ﬁyﬁggﬁents may
require:
« Antipyretics Q\% 6

Transfusion of whole bloodéé%géd cells
— Exchange transfusm@, O(\
Renal replacement @@r@
Positive pressur@%@@‘étlon in patients with ARDS
Fluids, |sotom@,° >
Manageme@?o@&onvulsmns
\ &2

R



Adjunct therapy

©

N\
<
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A number of agents have been tested in pa@fht% th severe
falciparum malaria:

% /
» Corticosteroids .%Q(bQ\Q’
. SONIR.
- Iron chelating therapy RN
« Pentoxyfilline C,;&\oé(@

« Antibody against TNFO\° @«O

e Osmotic dluretlcsée) \OQ

.+ Fluids @ ,b?’

. Prophylactlg&n@onvulsants

. Erythro;@%tg@



Adjunct therapy, Contd @
,\s

Many adjuvant therapies have been sug@e@’r%d based on
the prevailing pathophysiology (b q//\

Q\%«\\

However, none has shown ef?@ehce of improvement in

O
clinical outcomes s\Q)o (\

‘ O
Therefore, none of tQ&e@gents are recommended as

part of standard r@ag@?nent strategy
> C
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