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The hypothesis of a Neotropical origin of the Leishmania/Endotrypanum clade is reviewed.
The position of the L. (Sauroleishmania) external to the subgenus L. (Leishmania) is not
consistent with the Neotropical origin of the latter subgenus. It is suggested that this may
be a consequence of a faster evolutionary rate in the L. (Sauroleishmania). The
implications for the classsification of the phlebotomine sandflies of the hypothesis for a
Neotropical origin of the Leishmania is also considered. The classification of Galati (1995)
is proposed to be most consistent with the hypothesis of a Neotropical origin of the
Leishmania, whilst classifications which place the New and Old World species in separate
taxa are inconsistent with this hypothesis. Key words: Endotrypanum - Leishmania
(Sauroleishmania) - Leishmania hertigi - Phytomonas - porcupines - sloths - Phlebotominae
- biogeography
FULL TEXT
In recent years DNA sequence based phylogenies have transformed our understanding of
the evolutionary relationships amongst a wide range of protozoa. The growing number of
taxa examined and the increasing range of molecules used now makes it possible to
consider how host parasite systems have coevolved with more confidence.
The family Trypanosomatidae consists of nine genera of parasitic flagellated protozoa. Five
of these genera are parasites of arthropods only and are transmitted contaminatively
(Wallace 1979). Three genera have digenetic lifecycles in vertebrates and invertebrates
and one genus the Phytomonas is parasitic in plants and insects. Phylogenies of the
ribosomal RNA genes of members of the Trypanosomatidae indicate that vertebrate
parasitism has arisen on at least two separate occasions within this family, once in the
Trypanosoma and once in the Leishmania/Endotrypanum clade (Fernandes et al. 1993,
Hollar & Maslov 1997, Lukes et al. 1997, Noyes 1998). The increasing number of taxa used
in these phylogenies makes it possible to calibrate these phylogenies against specific
events in the evolution of the hosts of these parasites and hence to consider how host
parasite systems may have coevolved through time.
The genus Trypanosoma is a cosmopolitan parasite of almost all classes of vertebrates and
may have very ancient origins in the Palaeozoic. The Trypanosoma that are infective to
humans may be of much more recent origin in the continents in which they are now found
(Stevens et al. 1998). The genus Phytomonas is parasitic in flowering plants to which it is
transmitted by a range of Hemiptera and Diptera. Since the first flowering plants appeared
in the fossil record in the early Cretaceous (130 million years ago - MYA) and began to
dominate the terrestrial flora during the second half of the Cretaceous it is possible that
the genus Phytomonas made the transition from monogenetic parasites of plant feeding

insects to digenetic parasites of plants and insects during the Cretaceous. The remaining
two genera of digenetic parasites the Endotrypanum and the Leishmania are the two most
closely related genera in the rRNA phylogenies of the Trypanosomatidae and their common
ancestor may have made a transition to digenetic parasitism around the time of the
mammalian radiation in the late Cretaceous or early Cenozoic (Fernandes et al. 1993).
Leishmania and Endotrypanum are both transmitted by phlebotomine sandflies but the
genus Endotrypanum only infects sloths in the Neotropics whilst the genus Leishmania
infects at least nine orders of mammals and reptiles and is found in the tropics and
subtropics worldwide. Recent phylogenies of the Leishmania/Endotrypanum clade have
shown that the parasites which are endemic in the New World are closer to the root of this
clade than the Old World parasites (Fig. 1). Consequently it has been proposed that this
clade made the switch from monogenetic parasites of phlebotomine sandflies to digenetic
parasites of sandflies and vertebrates in the Neotropics (Croan et al. 1997, Noyes et al.
1997). This switch is believed to have occurred at the time of the mammalian radiation at
the end of the Cretaceous when the Neotropics were becoming isolated from the rest of
the world (Fig. 2). At this time only four groups of mammals are known to have been
established in the Neotropics: the monotremes, the marsupials, the notoungulates and the
xenarthrans (Fig. 1). The monotremes and notoungulates became extinct in the Neotropics
during the Cenozoic leaving the marsupials and xenarthrans as the only indigenous
mammals to survive in the Neotropics to the present day (Patterson & Pascual 1972).
The Xenarthra consists of the sloths, the armadillos and the anteaters. The two genera of
modern sloths Bradypus and Choloepus belong to two different families which diverged at
the end of the Cretaceous over 70 MYA (Höss et al. 1996). The modern genera are the
remnants of a much more diverse group of terrestrial, arboreal and even aquatic sloths
that flourished during most of the Cenozoic (Patterson & Pascual 1972, Engelmann 1985,
de Muizon & McDonald 1995). Since the two modern genera of sloths are hosts to both
genera within the Leishmania/Endotrypanum clade it is possible that sloths were the first
vertebrate hosts of the common ancestor of these parasites. Monogenetic trypanosomatid
parasites of sandflies are not uncommon, although they are rarely described. These
trypanosomatids may have become preadapted to development in the blood of vertebrates
by frequent exposure to blood in the gut of their sandfly hosts. The relatively low body
temperature of modern sloths, and presumably extinct sloths as well, may have facilitated
the switch from sandfly to vertebrate hosts. Alternatively it has been suggested that since
a number of genera of monogenetic and digenetic trypanosomatids can flourish in the anal
scent glands of marsupials, that this organ provided a transitional stage in the acquisition
of vertebrate parasitism and that consequently marsupials were the primary hosts of the
Leishmania/Endotrypanum clade (Deane & Jansen 1988, Jansen et al. 1988). However the
sandfly gut is an environment in which the parasite is more likely to be routinely exposed
to vertebrate blood over many generations, than in the marsupial anal gland where the
parasites have a lower chance of onward transmission. It may be difficult to resolve this
question until more is known of the lifecycle and host specificity of the monoxenous
trypanosomatids of sandflies.

The phylogenies of the Leishmania/Endotrypanum clade show that the L. hertigi complex is
more closely related to the genus Endotrypanum than to the Leishmania (Fig 1 .) (Croan et
al. 1997, Noyes et al. 1997). Since parasites of the L. hertigi complex have only been
found in Neotropical porcupines (Rodentia: Hystri-chomorpha: Erethizontidae) it is possible
that these parasites did not diverge from the Endotrypanum line until the hystricomorph
rodents arrived in the New World during the Eocene. This provides a calibration point for
dating the remaining nodes in the Endotrypanum/Leishmania tree (Fig.1 ). This suggests
that the Endotrypanum and Leishmania genera diverged during the Palaeocene 53-65MYA,
the Neotropical subgenus L. (Viannia) branched off during the early Miocene and the L.
(Leishmania) and L. (Sauroleishmania) diverged during the second half of the Miocene.
The tree used to estimate these dates was prepared from RFLPs of the small subunit rRNA
gene (Noyes et al. 1997). Further trees including more taxa and data from more genes
should increase the reliability of these estimates.
Since the subgenus L. (Leishmania) is found in both the Old and New Worlds a member of
this subgenus may have migrated to the Old World across the Bering straits region before
this region became too cool for the sandfly vectors in the late Miocene (Wolfe 1994). The
subgenus L. (Sauroleishmania) may then have diverged from the L. (Leishmania) in the
Old World as a consequence of its adaption to reptiles. Although this hypothesis for the
origin of the L. (Sauroleishma-nia) in the Old World requires the minimum number of
migrations and extinctions it is not consistent with the phylogenies. If the L.
(Sauroleishma-nia) had evolved in the Old World from L. (Leishmania) parasites that had
migrated from the New World then the RNA and DNA polymerase phylogeny of Croan et
al. (1997) would be expected to show the L. (Sauroleishmania) branching off between the
L. (L.) mexicana complex which is restricted to the New World and the L. (L.) major, L. (L.)
tropica and L. (L.) donovani complexes which are restricted to the Old World. Instead it
shows that L. (Sauroleishmania) branched off before any of the L. (Leishmania) subgenus.
It is possible that either the L. (Sauroleishmania) first evolved in the New World and then
also migrated to the Old World independently of the L. (Leishmania) before becoming
extinct in the New World, or that the common ancestor of both subgenera migrated to the
Old World and that the ancestors of L. mexicana migrated back after the L.
(Sauroleishmania) had diverged. However it seems more likely that the position of the L.
(Sauroleish-mania) external to all the L. (Leishmania) in the RNA and DNA polymerase
phylogeny is an artefact of a faster evolutionary rate in the L. (Sauroleishmania). The long
length of the branch leading to the L. (Sauroleishmania) is suggestive of a faster
evolutionary rate a possibility that was also indicated by a rate test (Croan et al. 1997).
Faster evolving groups are known to be pulled towards the outgroup, a phenomenon
known as long branch attraction, which could have generated the observed phylogeny
(Felsenstein 1988). It is conceivable that the changes that were necessary for the L.
(Sauroleishmania) to adapt from mammalian hosts to reptile hosts may have forced a
temporarily accelerated rate of evolution. It may be possible to test this hypothesis more
rigorously by the inclusion of additional taxa in this phylogeny.
It is still not known whether the L. (Sauroleish-mania) are transmitted by the bite of the
sandfly or by contamination when the reptile eats the sandfly (Telford 1995). Since it now

appears that the L. (Sauroleishmania) have evolved from parasites that are transmitted by
the bite of the fly this is perhaps the most likely method for transmission of L.
(Sauroleishmania) to reptiles as well.
Most Leishmania parasites are more restricted in their range of sandfly vectors than in
their range of mammalian hosts, implying a much closer coevolutionary relationship with
the sandfly than the mammal. However the proposed Neotropical origin of the Leishmania
is not consistent with the existing classification of the sandflies. Nevertheless relationships
between the subgenera and species complexes of sandflies are still controversial and the
existing nomenclature may not reflect the true relationships within this group (Lane 1993).
If the hypothesis for a Neotropical origin is correct then it will be possible to make some
predictions for the classification of the sandflies that could be tested by molecular
methods. In the Old World mammalian Leishmania are transmitted by sandflies of the
genus Phlebotomus and lizard parasites are transmitted by sandflies of the genus
Sergentomyia. In the New World Leishmania and Endotrypanum are transmitted by
sandflies of the genus Lutzomyia (Fig. 3). If Leishmania migrated across the Bering region
during the Miocene there must have been a resident population of sandfly vectors
throughout this area which may have left descendants in both the Old and New Worlds.
Consequently the modern sandfly vectors in both the Old and New World may be more
closely related to each other than they are to sympatric non-vector genera.
One recent phylogeny of the sandflies does suggest that this is the case. Galati (1995)
places the Old World genus Sergentomyia in a new subtribe, the Sergentomyiina, with
some reptile biting species that are at present in the New World genus Lutzomyia. In this
classification the Sergentomyiina is clustered in a group of New World subtribes which
suggests that the Sergentomyiina may also have evolved in the New World and that the
modern Sergentomyia are descendants of Sergentomyiina that migrated from the New
World to the Old World. This implies that sandflies could have crossed through Beringia at
some time. The Sergentomyiina are primarily reptile biters, but members of the Lutzomyia
vexator series, which Galati places within this subtribe, have been implicated as the vectors
of L. mexicana in Texas (Kerr et al. 1995). Consequently it is possible that ancestors of the
widespread Lu. vexator series or of a closely related group may have carried the
mammalian Leishmania to the Old World. No molecular phylogenies of the Phlebotominae
have been published, but they will provide a valuable test of the hypothesis for a
Neotropical origin of the Leishmania.
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