
    

 

Update on management of 
Malaria 

Dr Owen Tsang 
23 August 2022 

IC forum 



2002 



2015 



2017 



August 2022 



    

   

How many human strains of Plasmodium? 

Hang JW, et al. Pathogens. 2021 Jul 13;10(7):889. 



Difficult to make a 
diagnosis of malaria? 

Yes or No 



   

    

  

 

History and physical examination 

• Typical clinical features: chill, headache, 

malaise… 

• Typical fever pattern: tertian, Quantan 

• Typical signs: splenomegaly, anemia ✓ 
• Typical incubation period 





  

Because  of the  
development of host  
immunity and  

asynchrony of  the 
parasites invading RBC,  
typical fever  patterns are  

seldom  seen 

Greenwood BM, et al. Lancet 2005; 365: 1487–98 





      

        

Difficult to predict malaria from the incubation period 

Wattel C et al. Med Clin N Am 2012:96;1225–1255 



  

Places of  
travel over the   
last 1  month 

Spira AM. Lancet 2003;361:1459-69 
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The message 

Malaria can kill! Everybody must
know! 

Travel history to
endemic areas 
should be alert! 

Symptoms can
be vague! 



Clinical 
Uncomplicated Complicated  

Species Any Falciparum mostly 

Symptoms Non-specific Organs specific symptoms 

ARDS, circulatory collapse, renal  
Mild anemia, failure, liver failure, metabolic  P/E Mild splenomegaly acidosis, hypoglycemia, DIC, 

severe anemia 

Hyperparasitemia: 
≥ 1000 parasites/ml < 5 parasites/ml of blood Parasitemia ≥ 5-10% parasitized RBC < 0.1% parasitized RBC 
In Low transmission region: 5% 
In high transmission region: 10% 

Cytoadherence No Yes 

Cerebral malaria Low risk High risk 

Severe anemia: 1% 
Mortality Low Metabolic acidosis: 15% 

Coma: 18% 



 Severe Falciparum malaria 
≥ 1 of the following, in the presence of P.  falciparum asexual parasitaemia & after excluding other causes 

Impaired 
GCS < 11 in adults or a Blantyre coma score < 3 in children consciousness 

Prostration unable to sit, stand or walk without  assistance  

Convulsions > 2 episodes within 24 h 

Acidosis BE > 8 mEq/L, bicarbonate < 15 mmol/L or venous l actate ≥ 5 mmol/L.  

Hypoglycaemia Blood or plasma glucose < 2.2 mmol/L (< 40 mg/dL)  

Severe anaemia Hb ≤ 5 g/dL  or a HCT ≤ 15% in children < 12 years of age (< 7 g/dL  and < 20%, 
respectively, in adults) with a parasite count  > 10 000/μL  

Renal impairment Cr > 265 μmol/L (3 mg/dL) or blood urea > 20 mmol/L 

Jaundice bilirubin > 50 μmol/L (3 mg/dL) with a parasite count  > 100 000/ μL  

Pulmonary oedema Radiologically confirmed or SaO2 < 92% on RA with RR > 30/min 

Significant  bleeding Recurrent  or prolonged bleeding 

Shock Compensated shock: capillary refill ≥ 3 s or temperature gradient  on leg (mid to proximal  
limb), but  no  hypotension.  
Decompensated shock: systolic BP < 70 mm Hg in children or < 80 mm Hg in adults, with 
evidence of impaired perfusion (cool peripheries or prolonged capillary refill).  

Hyperparasitaemia P.  falciparum pa rasitaemia > 10% 

WHO.  Guideline for treatment of malaria 



  
  

    
      

Pathogenesis of 
severe falciparum 

malaria 

Milner DA Jr, et al. Front Cell Infect Microbiol. 2014. 
Rowe JA, et al. Expert Rev Mol Med. 2009. 



Treatment 



            
   

        

   

        

    

         

     

      

Management 

• Objectives: to cure the infection as rapidly as possible and to prevent 
progression to severe disease 

• Antimalarials ASAP even before the diagnosis if highly suspicious 

• Supportive: Fluid, O2, monitoring of vital, GCS 

• Consider LP for patients with impaired sensorium to R/O CNS infections 

• Call ICU Dr Yung early for deterioration 

• Watch out for hypoglycemia and clotting profile, especially in severe cases 

• Monitor major organs: Liver, kidney, CNS, Resp and cardiac 

• Empirical antibiotics for septic cases, especially in children 



  WHO guideline 2022 



 History of Artemisinin 

340 AD 

Emergency medicine 
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 2015 Nobel Prize winner Tu You You屠呦呦

詩經 : 小雅 ·鹿鳴 

● 呦呦鹿鸣，食野之苹。 
..... 青蒿

● 呦呦鹿鸣，食野之蒿。 
..... 

● 呦呦鹿鸣，食野之芩。



  Discovery of Artemisinin 
1954-1975 

23 – 5 - 1967 



 Extraction of Artemisinin 



    Wang Y, et al. Pharmacol Res. 2020 Jul;157:104829. 



  

 

  
 

  

Mechanism of actions of anti-malarials 

• Blood schizonticide: 
– Chloroquine, 
– Quinine, 
– Pyrimethamine/sulfadoxine, 
– Artemisinin, 
– Doxycycline 
– Mefloquine 
– Proguanil 
– Halofantrine 
– Lumefantrine 

• Tissue schizonticide: 
– Primaquine 
– Proguanil 

• Gametocytocide: 
– All species: Artemisinin, Primaquine 
– PV: Chloroquine, Quinine 

Baird JK. N Engl J Med 2005;352:1565-77. 



Quinine 



  

 
    

      
       

      

    
  
  

 
  

 
   

WHO recommendation June 2022 

Uncomplicated malaria: 
(Strong recommendation, High certainty evidence) 
Treat children and adults with P. falciparum 
malaria (except pregnant women in their first 
trimester) with one of the following ACTs: 

● artemether + lumefantrine (Coartem) 
● artesunate + amodiaquine 
● artesunate + mefloquine 
● dihydroartemisinin + piperaquine 
● artesunate + sulfadoxine– 

pyrimethamine (SP) 
● artesunate + pyronaridine 



 

     

    
  

  
   

       

 

    
  

 

               
  

WHO recommendation 2022 
Condition Treatment 

Artemisinin-based combination therapies (ACT) x 3d + 1 dose of Uncomplicated PF primaquine 

1st trimester: Quinine + clindamycin x 7d Uncomplicated PF in Pregnancy 2nd or 3rd trimester: ACT 

Uncomplicated hyperparasitaemia IV or IM Artesunate then ACT x 3d; longer course used before 
(≥ 4% but no severe signs) 

Uncomplicated PV, PO, PM, PK 

Chloroquine sensitive: ACT or Chloroquine 
Chloroquine resistant: ACT 
+ Primaquine: 
● 0.25 – 0.5mg/kg x 14d or 
● 0.75mg/kg QW x 8w (G6PD deficiency) 

Severe malaria (including 1st IV or IM Artesunate x at least 24h until PO is tolerated, then oral 
trimester pregnant women) Rx x 3d 



    
   

 
     

  
 

    
   

  

    

Duration of therapy 

Rationale: 
● A 3-day course of the artemisinin 
component of ACTs covers two 
asexual cycles, 

● ensuring that only a small fraction of 
parasites remain for clearance by the 
partner drug, 

● thus, reducing the potential 
development of resistance to the 
partner drug. 

WHO guidelines for malaria 2022 



    

       
    

   
  

  

 
 

 
   
    
    

Surge of malaria cases in HK in 6/2022 

• Used to stock 2 patient courses of 
antimalarial drugs per cluster in HK 

• HAHO liaised with China: 
– 3000 vials of artesunate 
– 400 tab of Artequick 

(Artemisinin/piperaquine) 
• Preparation: one tab: 

– 62.5mg Artemisinin 
– 375mg Piperaquine 

• Original Dosage: 2 tab daily for 2 days 
• WHO worried about underdose 
• HAHO recommendation after consideration 

of the safety and dose range: 



        

     

ACT 

Activity of Dihydroartemisinin > artesunate > artemether 

Eastman RD & Fidock DA. Nat Rev Microbiol 2009;7:864-74 



    

  

Mechanisms of action of antimalarials 

Antimalarials Classes Mechanisms of action 

Hypnozoiticidal interferes with the  electron  transport  in  
Primaquine 

Gametocytocidal the parasite  during respiration process 

accumulate in  the acidic food vacuoles of 
Chloroquine Blood schizontocides intraerythrocytic trophozoites and thereby  

prevent  haemoglobin degradation 

heme-mediated decomposition of the  
Blood Schizontocides 

Artemisinin peroxide bridge to produce carbon-centred  
Gametocytocidal 

free radicals 

Inhibits nucleic and formation of hematin 
Lumefantrine Blood schizontocides 

by forming a complex with hemin 

Piperaquine Blood schizontocides disrupting the  detoxification of host heme 

Mhlwatika Z, Aderibigbe BA. Molecules. 2018 Oct 2;23(10):2527. 



      

          
 

          

 

       
 

      
 

        

  

 

     

Piperaquine 

• Piperaquine is a bis-quinoline 1st synthesized in the 1960s 

• Used extensively in China and Indochina as prophylaxis and treatment during 
1960s to 1980s 

• As effective as, and better tolerated than, chloroquine vs falciparum & vivax 

• As ACT (Dihydroartemisinin or Artemisinin) 

• Excellent efficacy of piperaquine-DHA combinations (28-day cure rates 
>95%) 

• Good safety profile: not associated with significant cardiotoxicity or other 
adverse effects. 

• Highly lipid-soluble drug with a large volume of distribution 

• Long elimination half-life (20-30d) 

• Low cost 

Davis TME, et al. Drugs 2005; 65 (1): 75-87 



 

   

     

     

    

  

        

Atovaquone-Proguanil (Malarone) 

• Fixed-dose combination for uncomplicated malaria only, including chloroquine-
resistant malaria 

• Atovaquone works by interfering with the function of mitochondria in malaria while  
proguanil by blocking  dihydrofolate reductase 

• Use as prophylaxis and treatment 

• Approved for use in the US in 2000 

• Common side effects: abdominal pain, vomiting, diarrhea, cough, and itchiness 

• Serious side effects: anaphylaxis, Stevens–Johnson syndrome, hallucinations, and liver 
problems 

• Long elimination half-life of  50–84 h. 

• Elimination primarily via liver 

• Not recommended in pregnancy except when benefit outweigh risk 

https://en.wikipedia.org/wiki/Dihydrofolate_reductase


 Anti-malarial resistance 



 

  
  

 
 

  

Antimalarials resistance 

AM: Artemisinin + Mefloquine 
QT: Quinine + tetracycline 
M15: Mefloquine 15mg/kg 
M25: Mefloquine 25mg/kg 
PSD: Pyrimethamine + Sulfadoxine 
CQ: Chloroquine 

https://www.researchgate.net/figure/Drug-supply-timeline-for-antimalarials-and-anitbiotics-This-gives-the-time-of-drug_fig1_236456011 

https://www.researchgate.net/figure/Drug-supply-timeline-for-antimalarials-and-anitbiotics-This-gives-the-time-of-drug_fig1_236456011


  Roberts L. Science 21 April 2016 



  

 

    

Malaria resistance 

PF 

Chloroquine resistant PV 
Wongsrichanalai C, et al. Lancet Infect Dis 2002; 2: 209–18 



      

  

  

Artemisinin-Resistant PF in Western Cambodia in 2008 

(Inadequate drug level) 

Noedl H, et al. N Eng J Med 2008;359:2619-20 



   

             

Artemisinin-Resistant in West Cambodia 

Dondorp AM, et al. N Engl J Med 2009;361:455-67. Noedl H, et al. N Eng J Med 2009;361:540-1 



    
    

      

Artemisinin resistance has spread in Mekong regions, 
but not yet in Africa in 2014 

Note: 
● Mutations in the  kelch 13 Propeller gene  

confers  resistance to artemisinin 
● The most common mutation is C580Y in  

Mekong region 

Ashley EA, et al. N Engl J Med 2014;371:411-23. 



   New medications for malaria 

Wells TNC, et al. Nat Rev Drug Discov. 2015 Jun;14(6):424-42 



    
  

    
       

      
     

  
     

  
     

• Inhibit PfATP4, ie parasite membrane 
NA-ATPase that regulate Na & 
osmotic homeostasis 

• Vs both sexual & asexual forms 
• Parasite clearance t1/2 for both Pf & 
Pv within an hour, only < 1% of Pf 
treated with artesunate can achieve 
that within an hour 

• Reliable absorption and T1/2 of 
20.8h, allowing QD dose 

• Main S/E: nausea & vomiting, but 
not leading to discontinuation 



  
    

  
  

 

      

Cipargamin (KAE609) 
Phase II Study in Adults 
in Sub-Saharan Africa 
With Uncomplicated 
falciparumMalaria 

Coartem 

Schmitt EK, et al. Clin Infect Dis. 2022;74(10):1831–9 



  

   
    

   
 

    
 

    
   

  

      

         
    

Cipargamin (KAE609) Phase II Study in Adults in Sub-Saharan 
Africa With Uncomplicated falciparumMalaria 

Cipargamin: 

• medium risk for resistance 

• All patients with recrudescence, 
including those with the G358S 
mutation, were successfully treated 
with Coartem. 

• Lack of cross-resistance with 
artemisinins 

• Resistance could be prevented by 
combining with a long-acting 
partner compound 

Schmitt EK, et al. Clin Infect Dis. 2022;74(10):1831–9 



    
       

        
 

   
            

     
         
     

Summary 
• No of cases locally is small but the severity is high 
• Symptoms and signs are not specific 
• Typical fever patterns are usually absent 
• Incubation period variable and has to R/O other infections 
• Place of travel is the most important consideration 
• Artemisinin based combination therapy (ACT) is the recommended 

treatment in general 
• 3 days treatment is recommended 
• Dose of Artequick locally should be based on the body weight and 

the duration should be 3 days 
• Resistance to Artemisinin is rising in Greater Mekong Subregion 

(GMS), but is still rare in Africa 
• New drugs including Cipargamin are under investigation 



Thanks 
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	Cipargamin: 

	• 
	• 
	• 
	• 
	medium riskfor resistance 


	• 
	• 
	Allpatientswithrecrudescence, includingthosewiththe G358S mutation, weresuccessfullytreated withCoartem. 

	• 
	• 
	• 
	Lackofcross-resistance with artemisinins 



	• Resistancecouldbepreventedby combiningwitha long-acting partner compound 
	SchmittEK, etal.ClinInfectDis. 2022;74(10):1831–9 
	Summary 
	Summary 

	• 
	• 
	• 
	No of cases locally is small but the severity is high 

	• 
	• 
	Symptoms and signs are not specific 

	• 
	• 
	Typical fever patterns are usually absent 

	• 
	• 
	Incubation period variable and hastoR/Oother infections 

	• 
	• 
	Placeoftravelisthemostimportantconsideration 

	• 
	• 
	Artemisininbasedcombinationtherapy(ACT)istherecommended treatment ingeneral 

	• 
	• 
	3 daystreatmentisrecommended 

	• 
	• 
	DoseofArtequicklocallyshouldbebasedonthebodyweightand thedurationshouldbe3days 

	• 
	• 
	ResistancetoArtemisininisrisinginGreaterMekongSubregion (GMS), butisstillrareinAfrica 

	• 
	• 
	New drugs including Cipargamin are under investigation 
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