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Source of the human malaria parasite
Plasmodium falciparum

The origin of Plasmodium falciparum, the cause of malignant
malaria in humans, has been the subject of much debate since
closely related parasites were found in (mostly captive) chim-
panzees, bonobos, and gorillas (reviewed in 1). However, anal-
yses of nearly 3,000 fecal samples from wild-living African apes
identified P. falciparum-like parasites only in western gorillas
(Gorilla gorilla), thus pointing to this species as the original
source of human infections (2). Prugnolle et al. (3) have now
reported the amplification of P. falciparum-like sequences
from the blood of a pet monkey. They propose that this
“finding challenges the gorilla origin of the human strains of
P. falciparum,” but this conclusion is not justified by the

data presented.

Prugnolle et al. (3) examined blood samples from 338 African
monkeys representing 10 different species but were able to am-
plify P. falciparum-like mtDNA sequences only from one spec-
imen from a greater spot-nosed monkey (Cercopithecus
nictitans). Thus, although the title of their paper states that
“African monkeys are infected by Plasmodium falciparum non-
human primate-specific strains” (3), in fact, only a single
P. falciparum-like strain was identified in a single monkey from
a single species. Moreover, the newly identified monkey parasite
provided no evidence for their main conclusion that human
P. falciparum was as likely derived from monkeys as from gorillas
(3). Prugnolle et al. (3) found only 1 of 29 greater spot-nosed
monkeys to be Plasmodium-positive. In contrast, western gorillas
are infected at high prevalence rates with three Plasmodium
species of the Laverania subgenus, one of which is nearly iden-
tical to human P. falciparum (2); this species has been shown
to infect wild gorillas at 11 different field sites up to 750 km apart
(2). Thus, it is clear that western gorillas represent a natural
reservoir of this parasite, whereas similar evidence for greater
spot-nosed monkeys (or any other monkey species) is lacking.
Finally, phylogenetic analyses of over 1,100 mitochondrial, api-
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coplast, and nuclear gene sequences have shown that all avail-
able human P. falciparum sequences are nested within the
radiation of gorilla-derived sequences (2), providing compelling
evidence for a gorilla origin of human P. falciparum. Inclusion
of the new monkey-derived sequence (MO454) does not affect
these relationships in any way but, instead, identifies MO454 as
a gorilla parasite in a pet monkey (Fig. 1). Thus, the finding

of this single infected pet monkey has no bearing on the origin
of human P. falciparum.

Although infections with Laverania parasites appear to be
host-specific in the wild (2), human-derived P. falciparum has
been detected in captive bonobos (4) and chimpanzees (5), and
an apparently gorilla-derived parasite has now been found in
a captive monkey (3). Thus, certain ape and human parasites
seem capable of infecting new host species when given the op-
portunity. Further surveys of African primates for Plasmodium
infections are clearly warranted, and it will be important to de-
termine the factors that restrict or permit productive trans-
missions of Plasmodium among different primate species to
gauge the prospect of future zoonoses.

Paul M. Sharpa’l, Weimin Liu®, Gerald H. Learn® Julian C.
Rayner, Martine PeetersS, and Beatrice H. Hahn®

Anstitute of Evolutionary Biology, University of Edinburgh, Edin-
burgh EH9 3JT, United Kingdom; "Departments of Medicine and
Microbiology, University of Pennsylvania, Philadelphia, PA 19104;
‘Wellcome Trust Sanger Institute, Hinxton, Cambridge CBI0 154,
United Kingdom; and “Institut de Recherche pour le Développe-
ment and University of Montpellier, 34394 Montpellier, France

1. Rayner JC, Liu W, Peeters M, Sharp PM, Hahn BH (2011) A plethora of Plasmodium
species in wild apes: A source of human infection? Trends Parasitol 27:222-229.
2. Liu W, et al. (2010) Origin of the human malaria parasite Plasmodium falciparum in
gorillas. Nature 467:420-425.
. Prugnolle F, et al. (2011) African monkeys are infected by Plasmodium falciparum
nonhuman primate-specific strains. Proc Nat/ Acad Sci USA 108:11948-11953.
4. Krief S, et al. (2010) On the diversity of malaria parasites in African apes and the origin
of Plasmodium falciparum from Bonobos. PLoS Pathog 6:€1000765.
5. Duval L, et al. (2010) African apes as reservoirs of Plasmodium falciparum and the
origin and diversification of the Laverania subgenus. Proc Natl Acad Sci USA 107:
10561-10566.

w

Author contributions: P.M.S., W.L., G.H.L,, J.C.R,, M.P., and B.H.H. wrote the paper.
The authors declare no conflict of interest.

To whom correspondence should be addressed. E-mail: paul.sharp@ed.ac.uk.

www.pnas.org/cgi/doi/10.1073/pnas.1112134108


mailto:paul.sharp@ed.ac.uk

DGptt540
GTptt23
LBptt176
WEpte440
BBptt234
GTptt722
LBptt208
WEpted40
BQptt480
GTptt23 ]
WEpte440
DPptt294
———— _S3
BApts1402
————BFpts1172
93 | BApts1409
BApts1370
BFpts1171
KApts382
BFpts1172
GTgor84
—|Wgor3203
2 GTgorto
gor’
GTgor10
———— BBgor228
LBgor177
BQgor60
BBgor228
LBgor314
NDgor3203
NKgor736
Human (n=1)
Human (n=1
%9 Human (n=1
DDgorste
gor.
DSgor86
GTgor118 MOEB
MO454
DDgor27
100 |BQgor61
| BQgor58
GTgor34
1aa

Fig. 1.

100

BFpts1170
BFpts1171
DRC_S3
BFpts1171
BQgor60
LBgor185
LBgor314
NDgor3203
NDgor3203
—NKgor735
Human (n=74)
—Human (n=3)
—Human (n=2)
—Human (n=1)
—Human (n=1)
Human (n=1)
92

100

H
1nt

— Human (n=2)
_|_[Human (n=1)
Human (n=16)
—Human (n=1)
—Human (n=1)
—Human (n=1)
—Human (n=1)
GTgor118
GTgor118
GTgor84
GTgor10
DDgor3656
DSgor86
DDgor3656
MOEB

99

97 l—GTgor34
GTgor84

MO454

Evolutionary relationships among P. falciparum-related parasites from apes, humans, and a monkey. Phylogenetic trees of mitochondrial protein (980

aa; Left) and nonoverlapping nucleotide (2,502 bp; Right) sequences are shown. Only the closest relatives of human P. falciparum (black, numbers indicate
sequences per haplotype) from gorillas (green) and chimpanzees (Plasmodium reichenowi, brown) are included; the Plasmodium sequence from a pet monkey
(MO454) described by Prugnolle et al. (3) is shown in magenta. The trees were inferred using maximum likelihood methods [as in the study by Liu et al. (2)].
Numbers on branches indicate percentage bootstrap values (only values above 70% are shown). [Scale bars: Left, 1 amino acid (aa) substitution per site; Right,

1 nucleotide (nt) substitution pe

r site.]
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