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Reply to Sharp et al.: Host species
sampling bias and Plasmodium
falciparum origin paradigm shifts

We thank Sharp et al. (1) for their comments, but we disagree.
The results of Prugnolle et al. (2) did not disprove that human
Plasmodium falciparum has a gorilla origin but brought that
conclusion into question, which is what we asserted (and yes,

a single isolate in a single monkey species is enough to
question it).

Current data can be accounted for by the hypothesis of a go-
rilla origin of human P. falciparum, but there are alternatives
(reviewed in ref. 3). These alternative hypotheses need to be
considered and tested. The available data could be biased or
incomplete. Liu et al.’s sample [reference 2 in the Sharp et al.
letter (1)] was large, but it concerned only three great ape spe-
cies. It remains to be explored whether P. falciparum-related
strains circulate in other primate species. Samples that include
only great apes may not yield the complete picture.

Consider how hypotheses concerning the origin of P. falcipa-
rum have changed. Up to 1994, only avian and rodent, in addi-
tion to human, Plasmodium isolates had been genetically
characterized. The hypothesis favored was that P. falciparum
originated from a transfer from birds or rodents. In 1994,
Plasmodium reichenowi, isolated from a chimpanzee, was
characterized. The new evidence favored the hypothesis that
P. falciparum and P. reichenowi diverged in association with the
divergence of their respective hosts, humans and chimpanzees.
In 2009, analysis of Plasmodium isolates circulating in chim-
panzees in Africa demonstrated that the diversity of the Plas-
modium lineages circulating in this host species was larger than
previously reported (4). The results favored the hypothesis
that human P. falciparum resulted from a horizontal transfer of
parasites from chimpanzees to humans. In 2010, new isolates
from bonobos favored the hypothesis that human P. falciparum
originated from a horizontal transfer from bonobos (5). How-
ever, in the same year, P. falciparum isolates discovered in
wild gorillas indicated that transfers may occur between humans
and gorillas, although the small size of the genetic samples did
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not allow conclusions to be drawn regarding the direction of the
transfers (6). Analysis of many additional isolates from gorillas
and larger genetic sequences, however, favored the hypothesis
that human P. falciparum originated from a single cross-species
transfer from gorillas [reference 2 in the Sharp et al. letter (1)].
This brief history shows that the study of new host species
(and thus new Plasmodium isolates) has repeatedly favored
changes in the paradigm regarding the origin of P. falciparum.
There is a need for additional investigations to ascertain
whether P. falciparum-related strains are present in other pri-
mate species. The parasite observed in a monkey (2) may or
may not have originated by a transfer from gorilla to monkey,
but it remains to be ascertained how frequently related trans-
fers occur in nature and whether they will favor the origin of
human falciparum from gorillas or from other primates. In-
deed, the discovery of a new primate species infected by a re-
lated primate-specific strain of P. falciparum (2) questions the
gorilla origin hypothesis.
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