Darwin and gametocytes
Malaria transmission is an interplay between host and parasite. And in vitro trials can hardly elucidate
this Darwinian fight for fitness.
The lack of data on genetic variation, virulence, transmission rate and clearance rate of Plasmodium
parasites and gametocytes is surprising, given that these traits determine the population-level burden of
disease. In fact, the aim of control programs (e.g. drugs and vaccines) should be to reduce the burden by
acting directly on these traits. The success of such programs will depend on what parasite and host
factors influence these traits and how they are biologically related to each other. Importantly, if these
traits really are the prime determinants of parasite fitness, then drugs and vaccines which do no more
than just reduce disease will bring about evolutionary change in the parasite population with dramatic
long-term consequences. Parasite populations are expected to generate genetic variation and evolve
new levels of virulence (damage to host).
A benefit of Darwinian fitness possibly is slower parasite clearance rate and hence a longer infection
from which to transmit.

Mature gametocytes of Plasmodium falciparum first appear in the bloodstream about 10 days after the
asexual parasites. Current malaria drugs want to eliminate asexual parasites. ACTs for example are taken
during the first 3 days when fever and virulence caused by the asexual parasites show up. The drugs have
been completely metabolized after a few hours or days, long before mature gametocytes show up in the
peripheral blood. Published evidence indicates that a reduction in parasitemia may cause an increase in
infectivity of gametocytes to the mosquito vector. Therefore, the impact of strategies aiming to control
asexual parasites needs to be re-examined. Inefficient strategies might be predicted to increase and not
suppress malaria transmission.
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Factors which could influence the success of experimental infections of Anopheles gambiae with
Plasmodium falciparum were investigated in Cameroon. 139 experimental infections with different
gametocyte carriers were performed. Only gametocyte density was identified as a factor which
determined the success and the level of mosquito infection. No significant influence was found for sex
and age of the gametocyte carrier, body-temperature, presence of asexual erythrocyte stages, rhesus
factor, blood group and use of antimalarial drugs (chloroquine and amodiaquine). Artemisinin and
chloroquine even increase transmission.
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Sulfadoxine-pyrimethamine (SP) is currently the drug of choice for intermittent preventive treatment of
Plasmodium falciparum both in pregnancy and infancy. A prolonged parasite clearance time is believed
to be responsible for increased gametocyte prevalence and mosquito infection.
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In a trial, mosquitoes were fed at all stages of infection on 88 cases of Plasmodium falciparum.
Observations were made on the relations of gametocyte densities and length of patency to infectivity.
Mosquitoes were infected as late as day 321 of parasite patency in a South Carolina strain and 410 in the
Panama strain. It is concluded that the long enduring parasitemias of these strains of P. falciparum are of
considerable epidemiological importance and may be responsible for a large part of the transmission of
this species in certain endemic areas.
Geoffrey M. Jeffery, Don E. Eyles. Infectivity to Mosquitoes of Plasmodium falciparum as Related
to Gametocyte Density and Duration. The American Journal of Tropical Medicine and Hygiene, 1955, 4,
781 - 789
A study from Scotland showed that vaccines designed to reduce pathogen growth rate and/or toxicity
diminish selection against virulent pathogens. The subsequent evolution leads to higher levels of intrinsic
virulence and hence to more severe disease in unvaccinated individuals. This evolution can erode any
population-wide benefits such that overall mortality rates are unaffected, or even increase, with the
level of vaccination coverage. By suppressing asexual parasites and thus lowering levels of crisis serom
factors gametocyte carriage will become higher. All this will evidently occur on timescales longer than
those of clinical trials
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If pharmaceutical drugs fail to inhibit transmission, Artemisia plants may do it. Drugs are monotherapies,
herbal medicine is a true polytherapy. A large randomized, double-blind clinical trial in Maniema RDC
showed that Artemisia afra completely eliminates gametocytes in peripheral blood up to day 28.
Jerome Munyangi, Lucile Cornet-Vernet, Michel Idumbo, Chen Lu, Pierre Lutgen, et al., Artemisia
annua and Artemisia afra tea infusions vs. artesunate-amodiaquine (ASAQ) in treating Plasmodium

falciparum malaria in a large scale, double blind, randomized clinical trial. Phytomedicine 57 (2019) 49–
56
This is a tremendous hope for Africa. Already in 1980, a study showed that only patients with at least 300
gametocytes/mm3 are likely to produce a high infection in mosquitoes. 45 feeds were carried out on
blood donated by P. falciparum gametocyte carriers. The immune system of Anopheles may be able to
cope with a few intruding gametocytes, but not with thousands.
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This is confirmed by a Belgian study from 1989 in Burkina-Faso. Below a carriage of 100
gametocytes/mm3 the infection of mosquitoes is very low.
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It is a shame that these findings, mostly 20 years old have been ignored, that research has neglected
prevention and transmission of malaria, and was uniquely focused on therapy, mostly by ACTs. That’s
where the money came from to finance the laboratories.

