
Daniel Alcides Carrión García (August 12, 1857 – October 5, 1885)
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Human self experimentation 1800-1999

N= 465



Nobel prizes awarded to self experimenters

Drank solution containing radioactive sodium

Inhaled different gases to investigate anaesthetic effects

Injected himself with spirochaetes

Drank heavy water to study elimination

Injected unproven yellow fever vaccine to study side effects

http://upload.wikimedia.org/wikipedia/en/c/c2/NobelPrize.JPG


Death from self experimentation 1800-1999



September 17 –May 30 = 8.5 months





1928 1946



1.Required is the voluntary, well-informed, understanding consent of the human subject in a full legal capacity.
2.The experiment should aim at positive results for society that cannot be procured in some other way.
3.It should be based on previous knowledge (e.g., an expectation derived from animal experiments) that justifies 
the experiment.
4.The experiment should be set up in a way that avoids unnecessary physical and mental suffering and injuries.
5.It should not be conducted when there is any reason to believe that it implies a risk of death or disabling injury.
6.The risks of the experiment should be in proportion to (that is, not exceed) the expected humanitarian benefits.
7.Preparations and facilities must be provided that adequately protect the subjects against the experiment’s risks.
8.The staff who conduct or take part in the experiment must be fully trained and scientifically qualified.
9.The human subjects must be free to immediately quit the experiment at any point when they feel physically or 
mentally unable to go on.
10.Likewise, the medical staff must stop the experiment at any point when they observe that continuation would 
be dangerous

The Nuremberg Code (1947)

The Declaration of Helsinki (1964-2013)





Malariatherapy



1902.  Ronald Ross
1905.  Robert Koch
1906.  Camillo Golgi, Santiago Ramón y Cajal
1907.  Alphonse Laveran
1908.  Ilya Mechnikov, Paul Ehrlich
1927. Julius Wagner-Jauregg
2015.  Tu Youyou

Nobel laureates who 
studied malaria

http://upload.wikimedia.org/wikipedia/en/c/c2/NobelPrize.JPG


6 months

P. falciparum

Trophozoites

Male gametocytes

Female gametocytes

Ciuca et al 1936





Pijper & Russell 1924



1931



Blood inoculation:
4-18 months follow up following quinine treatment 
1/61 recrudescence
(XXX grains/day 2-4 days)

Mosquito inoculation
2-6 months follow up following quinine treatment
4/31 relapsed; Intervals (days)

1. 24, 19
2. 24,31
3. 11,18, 33, 40
4. 25, 42 1924



Blood inoculation
18-24 months follow up following quinine treatment 
2/100 recrudescence
(XXX grains/day 2-4 days)

Mosquito inoculation
21/34 relapsed!  : median 168 (range)20-331 days

1925

Long latency P. vivax





Korteweg
N=30



P.falciparum

P.vivax
(Madagascar)



Total number of mosquitoes infected  24,361
Total number of patients infected           1,739

1925-1933



Whorton et al 1947 JID; 80: 237-249

The Chesson Strain



Whorton et al 1947 JID; 80: 237-249 The Chesson Strain

50 100 150 200 250 days



Coatney GR et al  J Nat Mal Soc 1948

397 days



P. falciparum from Europe required 
ten times more quinine for cure than 
P. falciparum from India







P. vivax P. falciparum





“Intermediate stage in man-little known”



1945-1947









Malariatherapy

1. A major therapeutic advance in a common, previously incurable and devastating disease.

2. Tens of thousands of patients treated –over half benefited.

3. Revealed the complex biology of malaria in quantitative detail.

4. Facilitated safe human challenge studies in volunteers

5. First detailed PK-PD and dose finding studies 
(quinine, mepacrine, chloroquine, primaquine, proguanil, pyrimethamine)

6.   Detailed safety assessment of primaquine in G6PD A- variant

Human volunteer studies (pre 1980s)
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Human malaria challenge studies







Why is controlled human malaria infection “coming back”?

1. Accelerates malaria vaccine assessment

2. Accelerates antimalarial drug development

3. uPCR allows all information to be obtained “sub-clinically”

4. Minimal risk 

Pyrogenic density =  50,000 parasites/mL
Limit of quantitation   ̴̴  20 parasites/mL

Therefore there are   ̴  3 asexual cycles 
between LOQ and illness







Engwerde et al TiP 2012

Induced blood stage malaria infection 
Sporozoite induced malaria infection 





2017



Conclusion:
1. Controlled human malaria infections (CHMI) can be 

performed safely and reliably in hospitalized volunteers 
with little or no symptomatology provided there is close 
monitoring and real-time quantitative uPCR is available.

2. CHMI can accelerate both vaccine and drug development.

3. It may be particularly useful in the evaluation of new 
treatments for artemisinin resistant falciparum malaria and 
for assessment of radical cure in vivax malaria.
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