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P. vivax Dogma

• Limited burden
• Benign infection
• Primaquine effective
• Chloroquine effective

Plasmodium vivax is a benign infection 
affecting relatively few people and is 
effectively treated with widely available 
& affordable drugs. = NEGLECT

This may be the largest obstacle of them all!



Neglect Barometer: Chemotherapeutics 

• First-line therapies fielded 60 years ago
• Failing for 20 years and today:

– We do not know how the therapies work
– We do not know how to detect resistance
– We do not know if therapies work
– We do not know replacement therapies

• No drug discovery for vivax malaria 
since WWII



What if?  

• The number of infections by P. vivax
were 5 times higher than we thought

• P. vivax threatened life with the same 
spectrum of severe disease syndromes 
historically considered domain of P. 
falciparum alone

• Resistance to chloroquine and to 
primaquine by P. vivax rendered these 
therapies no longer useful? 



Burden of Risk

P. vivax
2.9 billion at risk 
& 100-400 million/yr 

P. falciparum



Benign Tertian Malaria?
• 3 deaths “directly traceable to malaria” among 68 

patients treated with P. vivax in Washington, DC 
(Eldridge, JAMA 1925)

• Krauss (Southern Med J 1932) reviewed 8,354 inoculated 
with P. vivax in USA and found 448 deaths (5.4% 
case fatality).  

• 17 patients treated with P. vivax autopsied and 11 
found to be caused directly by malaria (Fong, Southern 
Med J 1937) 

• 62 of 807 Dutch syphilis patients treated with 
Madagascar strain P. vivax died (8% case fatality 
rate; with no deaths caused by a Dutch strain)
– Jan Peter Verhave, personal communication



Benign Tertian Malaria?

• Mississippi 1935: Antemortem microscopic diagnosis 
of malaria reported on approx. 1/3 of all deaths 
caused by malaria. 
– Among Caucasians: 33% P. falciparum; 15% P. vivax, 4% P. 

malariae
– Among African-Americans: 21% P. falciparum; 13% P. vivax, 

2% P. malariae

• Florida 1935: Deaths caused by P. falciparum was 
40% of reported total, 21% P. vivax, 2% P. malariae
(remainder not confirmed).  

Dauer & Faust, Southern Med J 1937; 30: 939-943





Vivax Reality Check

• Very many at risk and very many 
infections!

• Infection can lead to life-threatening 
severe illness

So how are our drugs for 
dealing with this threat doing? 



Courtesy of Prof. Wallace Peters. Art by Andrea Darlow



Treatment of Vivax Malaria

• Resolving acute disease 
requires blood schizontocide
(chloroquine)

• Preventing relapse requires 
a hypnozoitocide
(primaquine)

• These therapies together 
are called radical cure





Chloroquine-resistant P. vivax



Location Number Observed % Relapsing

Southeast Asia 342 63%

Southeast Asia 562 72%

Southwest Pacific 213 99%

Southwest Pacific 54 100%

India 264 19%

India 5528 9%

Korea 1021 32%

Korea 433 28%

Relapse Behaviors



War & Malaria

• Americans at Guadalcanal 1942 suffer 1.8 
attacks/man-year

• Vivax relapse attack rate is 3.7 cases /man-yr
• 5 of 6 malaria cases are vivax malaria
• Japanese occupation of Java makes quinine 

unavailable 
• Allies field quinacrine (also called atabrin or 

mepacrine) for use in radical cure of vivax
malaria with pamaquine



Classified US Army report, 1942



Primaquine Discovery

• US military launch desperate search for a 
solution to the pamaquine/quinacrine problem

• Only 8-aminoquinolines considered
• Screening of thousands of candidates based 

largely on safety data in rats & monkeys
• 22 candidates advanced to clinical trials
• Primaquine emerged as safer option
• Combined with newly discovered chloroquine, 

was safe & effective.





Companion Blood Schizontocide
• Quinine or chloroquine have no effect on 

hypnozoites
• Primaquine widely presumed active against 

hypnozoites independently of companion 
drug

• We conveniently segregate the blood and 
liver therapeutic compartments

• So, if CQ fails, we simply plug in another 
blood schizontocide



J Clin Invest. 1948 May;27(3 Pt1):34-45. 





Alving’s Experiment
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Implications 

• Primaquine requires an appropriate 
companion drug to kill hypnozoites

• Primaquine toxicity may be 
exacerbated by some companion drugs

Replacing chloroquine in radical cure will require 
re-establishing the safety & efficacy of 
primaquine when used with that new drug



Vivax Reality
• 2.9 billion people at risk
• >100 million clinical cases
• Risk of life-threatening syndromes
• Chloroquine failed in Indonesia & failing in 

Myanmar & Cambodia
• Limited ability to establish safety & efficacy of 

primaquine when combined with any given 
drug intended to replace chloroquine

• ACT + primaquine has unproven efficacy as 
radical cure



Obstacle to Elimination
• CQ resistance strongly emergent
• New partner to PQ may exacerbate its toxicity 

or fail to synergize its efficacy
• New radical cure means re-establishing safety 

& efficacy of primaquine with each new 
partner blood schizontocide.

We are losing our only proven  therapy for cure of 
vivax malaria & replacing it is far more complex and 
difficult than with P. falciparum.


