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Palaearctic Origin of Leishmania

Sara F Kerr
Biology Department, University of the Incarnate Word, 4301 Broadway, San Antonio, Texas 78209, USA

The hypothesis of a Palaearctic originlodishmanian the early Cenozoic, dispersal to the Nearctic
in the late Eocene and to the Neotropical in the Pliocene is presented. It is further hypothesized that
murid rodents and their immediate ancestors have been important mammalian reservoirs since the
origination of Leishmania Biochemical, molecular, biogeographical, entomological, mammalalogical
and ecological support for these hypotheses are reviewed.
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The genus eishmanids monophyletic accord- Endotrypanunas a result of adaptation to porcu-
ing to Thomaz-Soccol et al. (1993), but inferenc@ines (Rodentia: Erethizontidae) during the
of its origin and evolution is complicated by itsEocene, and thateishmaniawas introduced into
disjunct geographic distribution (WHO 1990). Thethe Nearctic in a porcupine host and carried across
subgenus/ianniais restricted to the Neotropical the Bering Land Bridge to the Palaearctic during
region, while the subgenlgishmaniaoccurs in the Miocene in an unspecified mammalian reser-
both the New World (Neotropical and southerrvoir. Noyes (1998) also hypothesized that
Nearctic) and the Old World (Palaearctic, AfricarSauroleishmani&volved later in the Miocene, ei-
and Oriental). Killick-Kendrick (1985) suggestedther in the Nearctic or Palaearctic, as a result of
thatL. (L.) chagasj a member of thé. (L.) adaptation to reptiles. For a number of reasons,
donovanicomplex (WHO 1990), may have beenthese hypotheses are unfounded. First, although
imported from the Old World into the New World porcupines did move from the Neotropical to the
by humans during historic times, a view that hablearctic, the fossil record indicates that this did
received support from studies by Beverley et ahot occur until after the formation of the Panama-
(1987), Momen et al. (1987), Rioux et al. (1990)nian Land Bridge in the late Pliocene (Marshall et
Schonian et al. (1996) and Travi et al. (1998). Thal. 1982, Nowak 1991). Second, the porcupines
distribution of the remaining species in the subgedid not move across the Bering Land Bridge. Third,
nusLeishmaniais not as easy to explain, and itswhile great weight is given to the importance of
understanding is important to the understanding @fdaptation ofL. hertigi to the porcupine as a
the geographic origin of the entire genus. Did themechanism isolating the genus from
genus originate in the Palaearctic as hypothesiz&shdotrypanumit is not explained why sloths con-
by Lysenko (1971) or the Nearctic as hypothesizetihue to be important reservoirs béishmania
by Noyes (1998)? Fourth, the hypothesis requires thatishmania

Noyes (1998) presented a hypothesis for thedapted to murid rodents separately in the Neotro-
Neotropical origin of theLeishmania/Endo- pical, the Nearctic and the Palaearctic. Fifth, fos-
trypanumclade during the Palaeocene, suggestingl evidence indicates that phlebotomine sand flies
that sloths (Xenarthra) served as the first vertebrateewis 1982), the only vectors, and murid rodents
reservoirs of the clade, tHathertigidiverged from (Nowak 1991), the most important zoonotic reser-

voirs, both originated in the Palaearctic, making it
improbable thatteishmaniariginated in the Neo-
tropical. Noyes (1998) himself acknowledged that
his hypothesis of a Neotropical originlefishma-
nia is inconsistent with the position 8auroleish-
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Lainson and Shaw (1987) characterized perprobably been the most important reservoirs since
pylarian development ib. (Viannia) as the primi- the origin of the genus.
tive character state, but the validity of this concept Biochemical and molecular evidene&eish-
has been disputed by Anez et al. (1989) and Croamaniawas subdivided into two subgenera based
and Ellis (1996). The greater diversitylafish- on the pattern of development in the sand fly gut:
maniain the New World than the Old World hasLeishmania (suprapylorian) andViannia
been given as evidence of a Nearctic origiffperipylorian) (Lainson & Shaw 1987), a classifi-
(Lainson & Shaw 1987, Croan et al. 1997); this isation which is supported by numerous biochemi-
based on the erroneous assumption that new sped and molecular studies (Kreutzer et al. 1987,
cies appear at a constant rate, and, therefore, a laRjeux 1990, Thomaz-Soccol et al. 1993, Schonian
number of species indicates a long residence tingt al. 1996, Croan et al. 1997, Noyes et al. 1997,
for a taxa (Cox & Moore 1993). The diversity of Cupolillo et al. 1998). The phylogenetic trees of
New WorldLeishmaniamay instead reflect accel- Thomaz-Soccol et al. (1993), Noyes et al. (1998)
erated evolution in the Neotropical due to climatand Croan et al. (1997), which indicate that
change and isolation of populations due to extren®iannia) and Endotrypanumare ancestral ta.
topographic relief (Vrba 1992). (Leishmania, are un-rooted; conceivably they
Biochemical, molecular, biogeographical, encould be reversed, wittSauroleishmaniandL.
tomological, mammalogical and ecological stud{Leishmania at the base ant. (Viannia) and
ies support a simpler scenario, consistent witBndotrypanunat the crown, without changing the
Lysenko’s hypothesis (1971) tHagishmaniarigi- taxonomic groupings these studies support, dis-
nated in the Palaearctic. Evidence also strongtances between species groups, or parsimony.
supports dispersal from the Palaearctic across tlmnclusions about the relative antiquity of these
Bering Land Bridge to the Nearctic during the Oli-taxa, based on assumptions of constant rates of
gocene, dispersal across the Panamanian laadolution, may have underestimated the antiquity
bridge during the Pliocene, and very rapid radiaaf Sauroleishmaniaand L. (Leishmania and
tion after arrival in the Neotropical (Figure). Fur-greatly overestimated the antiquitylof(Viannia)
thermore, murid rodents and their ancestors haamd Endotrypanum
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Geological periods showing the approximate dates of the appearance of mammal and insect groups important for the understanding
of the evolution ot eishmania Numbers indicate millions of years before the present. Dates of origination of mammal taxa are
from Nowak (1991) and dates of origination of sand flies are from Lewis (1982). The phylogen8atitbieishmanideishma-
nia/Endotrypanunclade is based on biogeography, the fossil records of mammals and sand flies, and ecology. Calibration is based
on the fossil record and the dates for the existence of the Bering and Panamanian Land Bridges (Kurtén 1972), as illustrated.
Zoogeographical regions of origination of each species complex are underlined.
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Molecular evidence of Noyes et al. (1997), in- Molecular support for the placement bf
cluding restriction fragment length polymorphismgViannia) at the crown of a tree of theishmania
and sequences of small ribosomal RNA genes, afthdotrypanuntlade may be found in a study by
hybridization studies of kinetoplast DNA, supportdMcMahon-Pratt et al. (1992), which concluded that
the close relationship df. hertigi and Endo- the absence of the GP46/M-2 gene in the subge-
trypanum as well as the close relationshipish- nusL. (Viannia), in contrast to its presencelin
mania and Sauroleishmania However, conclu- (Leishmanid, Sauroleishmanigarentolaeand
sions about the order of evolution are based prErithidia fasciculatamay be related to peripylarian
marily on an incorrect interpretation of the biogeodevelopment of the promastigote in the sand fly
graphical data. gut. McMahon-Pratt et al. (1992) concluded that

Thomaz-Soccol et al. (1993) presented a clahe most parsimonious explanation is that a loss of
dogram including New and Old World species othe GP46A gene family occurred following sepa-
Leishmaniawhich retained the two main branchesration of thel. braziliensiscomplex, prior to spe-
Viannia andLeishmara. Leishmania hertigwas ciation within the complex. Alternatively, they
placed in theLeishmaniasubgenus based onsuggested GP46/M-2 has undergone rapid evolu-
suprapylorian development in the sand fly, but it wason in theL. braziliensiscomplex. Either of these
determined that an equally parsimonious tree coulkplanations is consistent with the placement of
place it in the subgen¥&annia They hypothesized (Viannig) at the crown of a phylogenetic tree of
thatLeishmanieoriginated in the Mesozoic prior to Leishmania
the separation of Gondwana, with divisionLof Biogeographical evidenceThe earth experi-
(Leishmaniq andL. (Vianni@ occurring after the enced a period of net cooling and drying 2.5-1.5
separation of Africa and South America. They sugmillion years ago; grassland biomes required by
gested that New World specieslof(Leishmaniq  the earliest murid rodents shifted towards the equa-
might have become separated from Old World spéer, and tropical forest biomes receded (Vrba 1992).
cies in the early Cenozoic, by the movement fromMlong with their required biome, the distribution
East to West of rodent reservoirs such as ancestafssigmodontine rodents (Rodentia: Muridae:
of Caviomorphs.The phylogeny béishmaniavas Sigmodontinae) moved across the Panamanian land
inferred from a comparison of DNA and RNA genébridge into South America. A warming trend fol-
sequences (Croan & Ellis 1996, Croan et al.1997pwed 900-600 thousand years ago, when tropical
results supported grouping species into complexésrests expanded and grassland islands were iso-
as presented by the World Health Organizatiotated at high elevations. Climate change, combined
(1990), but indicate@®auroleishmaniashould be with the extreme topographic diversity of Central
included within the genus. They developed a phyl@nd South America, resulted in vicariance of the
genetic tree, based on an algorithm with an assumsigimodontine rodents and a greatly accelerated rate
molecular clock, that placel. herreri and of speciation. Itis not far-fetched to speculate that
Endotrypanumat the base of the tree, followed byboth Leishmaniaand their vectorsl.utzomyia,
theL. hertigicomplexSauroleishmanid_. (Viannig) ~ which were closely associated with the rodents,
andL. (Leishmaniq Their placement df. herreri  underwent similarly accelerated radiations, result-
andL. hertigi at the base of the tree contradicts theg in the present high species diversity in the Neo-
idea that peripylarian development is a primitive evaropical.
lutionary characteristic. Croan etal. (1997) suggested Entomological evidenceThe close evolution-
that the greater diversity dkishmanian the New ary fit between species dfeishmaniaand their
World than the Old World is evidence of originationsand fly vectors, presumably due to coevolution,
in the New World. was demonstrated by Killick-Kendrick (1985); the

Fernandes et al. (1993) estimated divergenatronger restriction of vectors of dermotrophic spe-
rates folLeishmanidased on metazoans, for whichcies of Leishmaniathan vectors of either the
fossil evidence of divergence times were availablejsceralizingdonovaniinfantum group (Killick-
assuming that the rate was the same for kinet&endrick 1985) oL. (Viannia) (Lainson & Shaw
plasts. They estimated that New and Old World987) supports the hypothesis that dermotrophic
Leishmaniadiverged 90 million years ago, whenspecies evolved first. The vector $auroleish-
South America and Africa separated. This approaghaniais Sergentomyiawhich is restricted to the
fails to consider that divergence rates may occ®ld World (Lane 1993). Two genera of
sionally speed up due to factors such as climafhlebotomine sand flies are vectors f@ishma-
change and vicariance of populations. Because nfa among mammalsPhlebotomusn the Old
this, a lineage that evolved rapidly due to chandAlorld andLutzomyiain the New World. Ento-
ing environmental conditions and isolation mighimologists such as Lewis (1982) and Williams
be assumed to be much older than it actually is. (1993) assumed that these genera evolved in iso-
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lation for 120 million years; more likely, the sepa-within approximately 2.5 million years. Studies
ration occurred less than 36 million years ago, duby Wirth and McMahon-Pratt (1982) demonstrate
ing the Oligocene. The fossil record indicates that similarly rapid rate of evolution in New World
a phlebotomine sand fly, ancestraPtaebotomus Leishmania
SergentomyigandLutzomyia existed 120 million Ecological evidence The ecological similar-
year ago in what is now LebanoRhlebotomus ity of the USA population dfeishmania mexicana
from 30 million years ago was preserved in Baltido L. major suggests that they may be closely re-
amber; and_utzomyiafrom 26 million years ago lated. The reservoirs of both are burrowing ro-
was preserved in Mexican amber (Lewis 1982)ents that inhabit grasslands. Oddly, the ecology
In summary, evidence indicates that thef L. mexicanan the USA is more similar to the
phlebotomine ancestor 8ergentomyiandPhle- ecology ofL. majorin central Asia than it is to the
botomusevolved in the Palaearctic Region duringecology of conspecifics in Mexico and Central
the CretaceousPhlebotomusevolved in the America, where the rodent burrow nidus is replaced
Palaearctic by the late Eocene, dmtizomyiadi- by a forest cycle. This is attributable to the fact
verged fromPhlebotomusduring the Oligocene that more humid conditions, with warm weather
after the break in the Bering land bridge. The claghroughout the year, have released sand flies to
sification of phlebotomine sand flies by Williamsoccupy the forest canopy, rather than be confined
(1993) is consistent with this interpretation. to burrows. This could have led to arboreal mam-
Mammalogical evidenceAlthoughLeishma- mals, including murid rats, echimyid rats and por-
nia species are much more specialized physiologéupines (Rodentia), sloths (Xenartha), and opos-
cally for sand fly vectors than mammalian hostssums (Marsupialia), replacing burrowing mammals
ecological factors have limited the number of mamas hosts fokeishmanian the Neotropics.
malian species fulfilling WHO (1990) criteria for ~ Conclusion -The following scenario for the
the implication of reservoirs. For example, thesvolution ofLeishmaniais proposedSauroleish-
much higher prevalence bf mexicanan Neotoma mania originated in Cretaceous reptiles in the
micropusthan in other mammals is attributable taPalaearctic region. The earth cooled, reptiles de-
the fact that its burrows provide favorable habitatlined, and during the Cenozoic, mammals radi-
for the vectorLu. anthophoraKerr et al. 1995). ated. A phlebotomine species ancestrihteboto-
In addition, because infected mammals may livenusandLutzomyiaadapted to feeding on rodents
for several years, while infected vectors live onlyather than reptiles; rodent burrows provided high
a few weeks, the mammals play a very importaritumidity and shelter from cold for both rodents
role in the persistence of infection in an area, anand sand flies. Leishmania along with its
introduction into new localities (Kerr et al. 1997).phlebotomine vector and a rodent reservoir, could
Most reservoirs of zoonotic cutaneous leishmanidiave evolved in the Palaearctic and dispersed to
sis, in both the Old World and the New World, aréhe Nearctic at the end of the Eocene, at which time
murid rodents. Old World reservoirs include memthe land bridge between the Palaearctic and Ne-
bers of the subfamily Gerbillina®lhombomys arctic was intact, and the climate was sufficiently
opimusin central Asia (Kozevnikov 1963) and Iranwarm to allow the dispersal of sand flies (Kurtén
(Nadim & Faghigh 1968), arflsammomys obesus1972). The fossil record of sand flies, scanty
and Meriones crassu#n Israel (Schlein et al. though it may be, provides a calibration point for
1984). Nearctic reservoirs of zoonotic cutaneouthe separation d?hlebotomusindLutzomyiadur-
leishmaniasis belong to the subfamily Siging the Oligocene, coinciding with a break in the
modontinae:N. micropus(Kerr et al. 1995, land connection of the Palaearctic with the Nearc-
McHugh et al. 1990) ani. albigulain the USA tic, a continued cooling trend, and the radiation of
(Kerr et al. 1999) an@®totylomys phyllotisand murid rodents in both the Palaearctic and Nearctic
Nyctomys sumichrastin Belize (Lainson & regions.
Strangways-Dixon 1964). Murid rodents origi-  After the formation of the Panamanian Land
nated in the Palaearctic in the Oligocene and diBridge 3 million years ago, the radiation of
persed across the Bering Land Bridge to the Naigmodontine rodentsgishmaniaandLutzomyia
arctic. New World Rats and Mice (Rodentia:accelerated rapidly. ~ When the climate reverted
Muridae: Sigmodontinae) evolved in the Nearctitco warm and humid, sand flies may have been re-
region, dispersed across the Panamanian Lafehsed from confinement to burrows and inhabited
Bridge to the Neotropical during the Pliocene, thethe forest canopy. A variety of arboreal mammals
underwent very rapid radiation (Eisenberg 1989nay then have replaced burrowing animals as hosts
Vrba 1992). According to Vrba (1992) Southfor Leishmania Mammals of South American ori-
American cricetids (= sigmodontines) multipliedgin, such as echimyid rodents, porcupines, sloths,
to about 40 genera and more than 200 speciasd opossums, lacking prior exposure, may have
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been particularly susceptible. Operating in conkurtén B 1972The Age of Mammal$he Trinity Press,
cert with climatic change and vicariance, adapta- Worcester, London, 250 pp.
tion to new mammalian hosts might have greaﬂyainson R, Shaw JJ 1987. Evolution, classification and

accelerated the rate of speciatiorLefshmania geographical distribution. In W Peters & R Killick-
P Kendrick (eds);The Leishmaniases in Biology and
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