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Trypanosoma cruzi — The Vector-parasite Paradox
CJ Schofield

London School of Hygiene and Tropical Medicine, London WC1 E7HT, UK

Trypanosoma cruzand the majority of its insect vectors (Hemiptera, Reduviidae, Triatominae) are
confined to the Americas. But while recent molecular studies indicate a relatively ancient origin for the
parasite (~65 million years ago) there is increasing evidence that the blood-sucking triatomine vectors
have evolved comparatively recently (<5 mya). This review examines the evidence for these ideas, anc
attempts to reconcile the apparent paradox by suggesting that marsupial opossums (Didelphidae) may
have played a role, not just as original reservoir hosts, but also as original vectors of the parasite.
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Trypanosoma cruztausative agent of Chagastransplacental transmission from infected mothers,
disease, occurs exclusively in the Americas (excephd oral route transmission by eating infected ma-
for occasional human infections that have travelletérial (for review see Pipkin 1969). But even for
elsewhere). Similarly, the majority of its insect vectransmission via infected triatomine faeces, there
tors — blood-sucking Reduviidae of the subfamilys still doubt about the frequency of parasite pas-
Triatominae — also occur primarily in the Americasage across intact human skin. Many authorities
(except for the aberrant Indian gerirsshcosteus consider that transmission most commonly occurs
and the tropicopolitafiriatoma rubrofasciatand when the infected faecal deposits are inadvertently
its Asian relatives). Parasite and vector are asspassed to the mucosa of eye, nose or mouth, across
ciated, but a paradox arises from evidence That which the parasite can pass quite readily. Similarly,
cruziis a relatively ancient parasite, whereas thegansmission to small mammals would seem most
Triatominae appear to have evolved comparativelikely to occur when the mammal eats an infected
recently (Stevens et al. 2000). Such interpretationmig, or licks triatomine faecal deposits while groom-
may be erroneous, or they may be reconcilable. Thigg the haircoat (Diotaiut et al. 1995). Oral route
review seeks to analyse the available evidence. transmission would seem to be the primitive state.
EVIDENCE FOR THE ANTIQUITY OF TRYPANOSOMA I_f the first Iine of evidencg for.the r_ela_tive. an-
CRUZI tiquity of T. cruzicomes from its wide distribution

in the Americas, the second comes from compara-

T. cruziis widespread in the Americas, from thet- ‘o ; : .
' ive clinical studies. Human infections are often
Great Lakes of the USA to the southern Patagon{ﬂrulent, with some mortality during the acute

fr‘:.Afgef‘““?t (roughly 42°N to 46.tS). fThroTlghOUtparasitaemic phase of infection, and severe tissue
IS Tegion 1t Is a common parasite of small mamy,q;, ¢ qeveloping in up to 30% of chronic human

mals, especially nest-building species of rodentxeo ions  Similar pathology can be seen in do-

and opossums which are commonly associated wi estic animals such as cats and dogs, and also in

silvatic species of Triatominae. Human infection : : : ; N
are rare inthe USA, but regrettably frequent in Lati%i)me strains of sinanthropic murid rodents (espe

America where rural houses are often infested wi ially laboratory rats and mice). In contrast, severe
; : - : . athology has not been recorded in commonly in-
domestic species of Triatominae. It is clear th

o ) A cted wild hosts such as opossums, armadillos,
most transmission af. cruzito humans is via fae-

truzi,compared to those mammals imported more
recently from the Old World, allowing time for some
degree of co-evolution leading to attenuated viru-
lence.

The third line of evidence comes from genetic
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endorsed by studies based on the GAPDH geities, and seems primitively associated with rodents.
(Wiemer et al. 1995, Alvarez et al. 1996, Hannaert &t cruzi2 in human infections is also associated
al. 1998), and on 9S and 12S mitochondrial rRNAvith chronic intestinal lesions (eg. megaoesopha-
genes (Lake et al. 1988), elongation factar 1 gus, megacolon) as well as the cardiopathy that
(Hashimoto et al. 1995), trypanothione reductasgharacterisesruzil infections.T. cruziZ3 of Miles
anda-tubulin (Alvarez et al. 1996) and phospho{1979) is also heterogeneous, and seems by analy-
glycerate kinase (Adjé et al. 1998). All trypanosis of miniexon gene sequences to have affinity
somes are parasitic, so the idea of of a monophylth cruzil, although it can generally be recognised
etic origin suggests an ancestral parasitic form thas a sub-clade characterised by a ~50bp insertion
gave rise to the mammalian trypanosomes of Afn the non-transcribed spacer region of the
rica, America, and Australasia, as well as the variminiexon (Fernandes et al. 1998). It is almost invari-
ous forms that parasitise fish. The implied conne@bly silvatic, with current evidence suggesting a
tion between these groups is offered by plate teprimitive association with armadillosT. cruzi
tonic theory, suggesting that the original parasitimarinkellei(sometimes referred to @scruziZ4)
forms developed prior to splitting up the continentss strongly associated with bats.
during the mezozoic era (~230 mya). However, the Other parasites grouped within the cruzi clade
ssu rRNA data also indicate monophyly for theof Stevens et al. (2000) afle dionisiiandT.
‘cruzi clade’, where this group includes the variousespertilionisof bats, T. conorhiniof rats,T.
forms of T. cruzj together withr. rangelj various rangeli which can transiently infect a wide range
trypanosomes of bats, and an unamed species isd-mammals but seems primarily associated with
lated from an australian kangaroo (Stevens et &hodniusspecies,T. leeuwenhoekand T.
2000). Development of the cruzi clade is thus sugninasensavhich seem similar td@. rangelj and
gested to have initiated prior to splitting up thehe unamed trypanosome species from an Austra-
southern supercontinent (Gondwanaland) in thi&n kangaroo. Their data incompletely resolve the
cenozoic era. The earliest formscofiziitself are  position of the flea-transmitted rodent trypano-
deduced to have been associated with marsupsdmesT. lewisi T. musculi andT. microtis but
opossums at the time of separation of Southlace them close to the cruzi clade.
America from Gondwanaland about 40 mya. EVIDENCE FOR THE ANTIQUITY OF TRIATOMINAE
Within T. cruzi there is strong evidence for at . ) i .
least two main lineages, originally denoted as z1 1he Triatominae are defined as Reduviidae
and Z2 on the basis of their isoenzyme prof"eg-lemmtera, Heteroptera) that sgck vertebra'te blood
(Miles 1979), subsequently denoted as lineage (#eannel 1919, Lent & Wygodzinsky 1979) in con-
and lineage 1, repectively, on the basis of molecfst to the other 30 or so reduviid subfamflies
lar markers: RAPDs (Tibayrenc et al. 1993, Souto &pat prey on invertebrates. The Reduviidae them-
al. 1996, Brisse et al. 1998), miniexon gene séelves are cIea_rIy an ancient fqmlly, with the fossil
quences and 24S Isu rRNA sequences (Souto etHgcord suggesting that the earliest predatory.forms
1996, Zingales et al. 1998, Fernandes et al. 1998yay have derived from phytophagous Hemiptera
cytochrome-b sequences (Brisse 1997) and t ring the Permian/Triassic periods some 230 mya
topoisomerase locus (Dos Santos & Buck 1999§Evans 1956, Wootton 1981). Such forms would
These two lineages are now denotedragi 1 (= clearly predate .haematophagy since the e_arllest
Z1of Miles 1979, and lineage 2 of Souto et al. 199g@mmals and birds seem to have arisen during the
andcruzi 2 (= Z2 of Miles 1979, and lineage 1 ofJurassic pgrlod some 50 million years !ate_r. I?reda—
Souto et al. 1996Memorias1999). Of theseruzil tory reduviids are now of'worIdW|d¢ distribution,
seems the more homogenous and, from studi®4th well over 6,000 described species (Maldonado
throughout the Americas, seems primitively assd—apriles 1990). AI_I reduviid sqbfamllles now seem
ciated with opossumD{delphisspp.). By con- O be rep_resented inthe Americas, and at least three
trast,cruzi2 shows a number of well-characterisegubfamilies of predatory reduviid are represented
natural clones found mainly in southern cone cour? Oligocene and Eocene amber (25-65 mya) from
Mexico and the Caribbean — Apiomerinae (Capriles
etal. 1993a), Emesinae (Thomas 1992, Capriles et al.
1993b) and Holoptilinae (Poinar 1991). In contrast,

1 At the time of writing, there is no universal agreemen here appears to be no evidence of fossilised
g g aematophagous forms.

on the number of subfamilies within the Reduviidae. O . . . —_
the 32 named subfamilies, 22 are accepted by Davis 1 Ne evolution of feeding habits within the
(1969), 24 by Putshkov and Putschkov (1985), 25 blieteroptera has been subject to considerable dis-
Maldonado Capriles (1990), and 23 by Schuh and Slatétission (see: Cobben 1978, 1979, Sweet 1979, Schuh
(1995). 1986,). Blood-sucking most probably derived from
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a predaceous habit, with the intermediate stages TABLE |

perhaps being predation on guilds of nest-dwell- Blood-sucking Hemiptera

ing invertebrates followed by facultative blood, . itati Obligat

feeding from the vertebrates occupying the nes{'sIneage Faculative gate
blood-suckers blood-suckers

(Schofield 1988, Schofield & Dolling 1993). Within : —

the heteropteran Hemiptera, there are many spe/gaeidae Cleradini

cies that suck vertebrate blood to a greater or lessduviidae Emesinae

degree (Table I). Even some phytophagous spe- Harpactorinae

cies will probe vertebrates and may imbibe blood Peiratinae

on occasion. The frequency of haematophagous Reduviinae S

behaviour suggests that facultative blood-sucking Triatominae Triatominae

is a relatively simple step within the Heteropteraanthocoridae Doufouriellini

and seems to be particularly frequent amongst Xylocorini

predatory groups of Reduviidae and Lygaeidae, and Cimicidae

also amongst the Anthocoridae which are believed Polyctenidae

to have given rise to the obligate haematophagous
families of Cimicidae and Polyctenidae (see:
Southwood & Leston 1959, Schuh & Slater 1995).
In the converse sense, the predatory state is re- .
flected in many species of Triatominae. Examplegredatory forms of Reduviidae are not apparent.
include T. rubrofasciata which was considered Even characters that can be helpful in determina-
beneficial in some huts in SE Asia because of pre§ion, such as the laterally inserted antennae, ab-
ing on caterpillars that would otherwise damagéence of dorsal abdominal scent glands, and fea-
the palm thatch roofs (Kalshoven 197@), tures of the external genitalia and wing venation,
rubrovaria which can be fed on spiders and silk-are all shared with one or more of the predatory
worm larvae in the laboratory (Abalos & reduviid groups. Indeed, the morphological simi-
Wygodzinsky 1951, Lent & Wygodzinsky 1979) andarities between some predatory Reduviidae and
along withT. circummaculatahas been shown to blood-sucking Triatominae are so striking that at
complete its entire life cycle on a diet of either verleast one predator has been erroneously described
tebrate blood or cockroach haemolymph (Lorosa@s @ new species of Triatominae (see Lent 1982).
etal. 2000). Young nymphsBfatyrus mucronatus Carcavallo etal. (1999) offer several other examples
seem preferentially to feed on invertebrates, whilef these similarities — predatory reduviids that are
older nymphs and adults preferentially feed on vemorphologically almost indistinguishable from one
tebrate blood (Miles et al. 1981). A further transior other group of blood-sucking Triatominae, and
tional stage between predator and blood-sucker @ten occur in the same type of habitat. We must
indicated by cannibalistic behaviour (‘cleptohemoconclude that the blood-sucking Triatominae are
deipnonism’ of Ryckman 1951) where, undegenerally poorly differentiated from predatory redu-
crowded laboratory conditions, triatomine nymph#iids, both in body form and habitat, which is again
that cannot reach the vertebrate host will penetrafélggestive that they have evolved the blood-suck-
feeding nymphs and take blood through thening habit relatively recently.
Some triatomine species seem to have predomi- In contrast to the Triatominae however, both
nantly cleptohaematophagic behaviour, for exampke Cimicidae and Polyctenidae are highly evolved
Belminus herrerithat preferentially takes as blood-suckers, with an almost ectoparasitic habit
bloodmeals by feeding from recently engorge@nd highly specialised morphology (see Schofield
RhodniugSandoval et al. 2000). These observa& Dolling 1993). Most of the 93 species of
tions not only suggest that Triatominae hav&imicidae occur in the Mlddle_z East and .Afrlca
evolved the blood-sucking habit relatively recently(Table 1) and those that occur in the Americas are
but could be interpreted to indicate that some a@enerally species associated with humans and/or
still in the process of doing so. domesticated or sinanthropic animals — suggest-
Morphological features used to distinguishng that they have been exported to the Americas
Triatominae from other Reduviidae, such as th# recent, postcolombian times. In Africa, the niche
straight rostrum adpressed to the gula, and tigcupation of Cimicidae is very similar to that of
ability of the third rostral segment to flex upwardsthe Triatominae in the Americas, suggesting that
seem to have been derived in association with adapoth have followed a similar evolutionary route.
tations for feeding on vertebrate hosts (CobbeRut the complete absence of Triatominae from Af-
1978, Schofield & Dolling 1993), and more strin-ica [except foff. rubrofasciataexported in sailing
gent differences between the haematophagous a#fiPs to some African ports (see Gorla etal. 1997)]
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tempts the idea that evolution of blood-suckindnost and becoming physiologically capable of in-
reduviids in Africa was inhibited by prior evolu- gesting and digesting vertebrate blood. To avoid
tion of those blood-sucking anthocorids, nowhost predation requires behavioural adaptations —
known as Cimicids, that had already occupied theryptic behaviour and inverse activity patterns,
niches available for that type of evolutionary profeeding when the host is asleep — and also physi-
gression. The high degree of morphologicablogical adaptions of biting and salivary function
specialisation of the Cimicidae suggests that thetlp avoid undue host disturbance when feeding. For
evolved earlier than the Triatominae, so that it woulcthammals, the bite of predatory reduviids tends to
appear that the Triatominae evolved independenthe extremely painful, and at least one species of
in the Americas, after separation of the AtlantidApiomerinae is knownApiomerus lanipésthat
divide, rather than having arisen also in Africa buwill readily feed on laboratory mice, but generally
subsequently becoming locally extinct. Bloodkills them by anaphylactic shock within a few min-
sucking reduviids have also evolved independentlytes of beginning to feed (MH Pereira & L Diotaiuti,

in the Indian subcontinent (a biogeographic islanders. commun.). But the bite of many blood-suck-
for most of its existence) to give the aberraning Triatominae is also very painful (Ryckman &
triatomine genu&inshcosteus However, neither Bentley 1979). Bites dPanstrongylus geniculatus
Cimicidae nor Triatominae appear to have arisean pigs and humans in the Amazon region leave
elsewhere in Asia, which may relate to the prolifpainful lesions that resemble cutaneous leishma-
eration of the Polyctenidae in the Asia-Pacific reniasis (Valente et al. 1998) and there is at least one
gion (Table II) and may also explain wAy record of a person succumbing to anaphylactic
rubrofasciatawas able to differentiate quite rap-shock after being bitten By rubrofasciatgTeo &

idly on arrival in east Asia during the 17-18th cenCheah 1973). We must conclude that many

turies (Gorla et al. 1997). Triatominae remain imperfectly adapted for feed-
ing on vertebrates — another indication of recent
TABLE Il evolution as blood-suckers.

At the physiological level also, there is strong
evidence for imperfect adaptation to a diet of verte-
brate blood. All obligate blood-sucking insects
seem to require symbionts, which are believed to

Biogeographical diversity of blood-sucking Hemiptera.
Number of genera and species in Africa,
Asia and the Americas

Africa Asia  Americas  provide vitamins such as folate that may be scarce

Cimicidae in vertebrate blood (see Nyirady 1973). But whereas

Genera 1 8 14  all other obligate blood-suckers carefully store spe-

Species 76 11 20 cific symbionts either intracellularly or in a special
Polyctenidae organ, the mycetome, the Triatominae invariably

Genera 3 4 1 have awide range of bacteria (not all of which may

Species 7 10 16  be important) living freely in the gut lumen (Table
Triatominae ). T_hls would.suggest yhem to be at an early

Genera 1 > 14 Stage in adaptation to obligate haematophagy.

Species 1 13 116

TABLE 11l

Within the Americas, it is clear that the Location of intestinal symbionts of obligate blood-
Triatominae could not have followed the proposed sucking insects (excluding facultative blood-sucking
evolutionary route from predator to nest-dwellinggroups, and those that make use of other fluids as well

blood-sucker prior to extensive development of as vertebrate blood)
nest-dwelling vertebrates. Adaptation to vertebratg specialised Intracellular  Freein

nests would only be warranted if these represent@tlcetome inestinal lumen
a reasonably abundant resource, but would offer Glossinidae Triatominae
important advantages in terms of protection from Streblidae

climatic extremes (allowing reproduction to proceeqycteribiidae Nycteribiidae

with less dependence on seasonal climate) and M@gpoboscidae Hippoboscidae
abundant proteinaceous food sources. HoweveTimicidae

exploitation of vertebrate blood requires importanPolyctenidae

physiological and behavioural changes, especiallnoplura

in terms of avoiding predation by the vertebratéthynchophthirina Mallophaga
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There is also evidence for rapid evolutionanjhaematophagy could not have arisen in some ear-
change within the Triatominae. For example, comiier groups that have since become extinct.
pari_son_of derived populatio_ns thodniu_s RECONCILING THE PARADOX
prolixus in Central America, with their putative ) )
ancestral populations in Venezuela and Colombia, N contrast to infection of a tsetse fly with
shows them to morphometrically distinguishabldrucei which leads to a very complex system of
and also to have a reduced genome as indicated §§fénce and counter-defence mechanisms by fly
far fewer RAPD bands. And yet historical recon@nd parasite (see Welburn & Maudlin 1999), infec-
struction indicates separation of the Central Amerfion of & triatomine withl. cruzileads to an ex- -
can and South American forms to be due to acditemely modest interaction (see Brener 1979). This
dental human intervention a mere 85 years a j§ reflected in the resulting infection rates, which
(Dujardin et al. 1998a). Similarly, comparison ofténd to be extremely low in Glossinidae, but can
domesticT. infestandrom Uruguay, with their origi- Often exceed 50% in Triatominae —simply mirroring
nal silvatic populations in Bolivia, again shows cleaf® cumulative probability of taking an infected
morphometric and genetic differentiation over a tim@!00d meal (Schofield 1994). Indeddgruziseems
scale that appears to be little more than 100 yegidelatively non-specific parasite, able to develop,
(Dujardin et al. 1998a,b). A further well-studiedat least partially, in a wide range of invertebrates
example is that 6F. rubrofasciataexported from a including leeches, ticks, bedbugs, and even experi-
New World origin on sailing ships to port areagnentally-infected caterpillars (eg. Brumpt 1912,
throughout the tropics, but speciating in eastefiflazzotti & Osorio 1943, Goldman 1950, Marsden
Asia — to give seven species defined by morphé Pettit 1969) (none of these acts as vector how-
logical characteristics — over a period that cann@Ver, since there is no adaptation for subsequent
have been much more than about 200 years (Goff@nhsmission). We can infer that association be-
etal. 1997, Patterson 1999). Even in the space of¥een glossinids and. bruceiseems to be rela-
few generations in laboratory colony, morphologiively ancient, while the association between
cal changes leading to apparent differentiation calfiatominae and'. cruzimay be be relatively re-

be demonstrated (eg. Dujardin et al. 1999, Galinde$€nt. But as we have seen, there is evidencd that
Giron et al. 2000). cruziitself may be relatively ancient, arising in as-

Al the evidence presented above points in thdociation with marsupials when South America was
same direction. As blood-suckers, Triatomina8till connected to Antartica and Australia over 65

seem Capab'e of evo'ving rapid|y, and appear t@ya Here is the apparent paradOX— ancient para-
have done so quite recently. And their current geité and recent vector.

graphical distribution accords fully with this idea, A study by Deane et al. (1984) offers a way by
since the distribution of species and species groupdich these divergent evolutionary scenarios might
matches modern American geography, rather th reconciled. These authors demonstrated the
ancient scenarios. In almost all cases so far exaifgctorial part ofT. cruzidevelopment within the
ined, species groups, complexes, and the smalf@pal glands of opossunmiBiflelphis marsupialis
genera, occupy discrete geographic areas cohbeir 0r|g|nal findings were not serendipitous.
strained by post-pleistocene geographic featurdd'ey had infected the opossums by subcutane-
(Schofield 1988, Schofield & Dujardin 1999). TheOUS inoculation, but then failed to recover the para-
only exceptions are discontinuities in the distribuSites from any tissues, except until careful section-
tion of R. prolixus T. infestansandT. rubrofasciata N9 revealed the parasites in the. anal glands (Lenzi
which are consistent with human intervention, angt al- 1984).  Subsequent studies also sholved

in the distribution off. maculataVenezuela) and Ccruziin the anal glands of naturally infected

T. pseudomaculata\lortheastern BraZ”) Wh|Ch iS marsuplal!S(Nalff et al. 1987, Ste|nde| et al. 1988)
consistent with their association with migrating2ndD. albiventris(Fernandes 1989, Fernandes et
birds. However, there is strong evidence to sug& 1987, 1989, 1991) and in experimentally infected
gest that the Triatominae represent a polyphylet treolina crassicaudatéSteindel & Pinto 1988).
grouping, with the smaller genera and many of th&he bloodstream and anal glands of some of these
species groups dfiatomaassumed to have arisen0POSSUMS were also infected hyfreitasi(Deane
from different predatory ancestors (Schofield & Jansen 1986, 1990, Fernandes et al. 1987).
Dujardin 1999, Dujardin et al. 2000). Thus, althougffeitasi is a larger trypanosome (subgenus
the evidence presented here suggests recent ey#egatrypanum) which is considered by Hoare
lution of haematophagy in the Reduviidae to givé1972) to be similar t@. binneyiof Australian platy-

the various forms now grouped as the Triatomina@US — again reflecting the proposed evolutionary
there is no reason to suggest that such adapttik between Australian and New World trypano-
tions were simultaneous, nor that some form ctfomes. However, neitheinneyinor freitasi are
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known to develop in insects, and it may be thafKierszenbaum et al. 1976). Butin rodents, armadil-
freitasiis transmitted directly between opossumdps, and bats, it would not only survive, but en-
for example via their anal gland secretions. Morezounter profound selection pressures leading to
over, subsequent studies of naturally infected opottie development of new forms distinguishable to-
sums appeared to reveal not jdstcruziandT. day by a range of genetic markers.
freitasi but also other flagellates in the anal glands This theory predicts that the opossum form of
(MP Deane, pers. commun. 1985, Deane & Jans@ncruzi(known ascruzi 1) represents the original
1988, Jansen et al. 1988). Opossums are omnivgiem, from which the diverse rodent forms (collec-
rous, readily feeding on a wide range of vegetabkively known asruzi2) and their variants in arma-
and animal tissues, so the finding of trypanosomaetillos (zymodeme Z3) and the bat forns §ruzi
and other flagellates in their anal glands suggestsarinkelle) have been derived at various times
that these organisms were able to penetrate thg being vectored by Triatominae from the opos-
oral mucosa and pass in the bloodstream to tlseim to the alternative hosts. But there is no reason
glands. In other words, the capacity for mucosdb suppose that such changes occurred at the same
penetration and subsequent survival in the bloaime. The Triatominae are clearly polyphyletic
would seem to be shared innately by a number ¢Bchofield 1988, Schofield & Dujardin 1999) and
protozoan flagellates. The monophyletic origin othe different groupings of Triatominae currently
extant Trypanosomatidae may have been a flagekcognised may well have arisen at different times.
late of plants or primitive insects, that first enteredt the tribal level for example, there is clear mor-
mammals by being eaten by an omnivorous marsphometric evidence that the Cavernicolini are the
pial and migrating to the anal glands. Subsequentost divergent and may be amongst the earliest
adaptation to a further bloodstream form would theffiriatominae (Dujardin et al. 2000). The Cavernicolini
make the adapting parasite available for transmisre strongly associated with bats, and it may be
sion by blood-sucking insects. that the bat-associated relativesTodruzi were

So far in this hypothesis, we have a primitiveamongst the earliest of the divergent lines — which
trypanosomatid associated with didelphids in thes consistent with their enzymatic and ssu rRNA
southern supercontinent (Gondwanaland) duringequence differences. And the theory can go fur-
the early tertiary period about 65 mya. Then, arourttier by suggesting that conorhiniis simply an-
40 mya, South America becomes separated froather form derived from the originaluzi stem,
Antartica, and the fore-runners of modern Amerivectored into murid rodents by species of The
can didelphids commence their northerly spreadecticularia complex includingT. rubrofasciata
We can propose that during this time, thevith which it has remained associated as this spe-
trypanosomatid is being transmitted directly beeies has been spread into the Old World ports. The
tween opossums via their anal gland secretions (ather rodent forms such as lewisi T. microtis
demonstrated by Jansen & Deane 1985) and/andT. muscul(=T. dutton) may be further deriva-
urine (as demonstrated by McKeever et al. 1958ives fromconorhini through the selection pres-
and Olsen et al. 1964). But by the late tertiary asure of subsequent adaptation to their flea vec-
early pleistocene, some 2-5 mya, opossums wouldrs, although there is no genetic evidence to sug-
be common throughout South America, along witlyest a particularly close relationship between
other nest-building vertebrates such as furnariidonorhiniand the other rodent forms (see Stevens
and psittacid birds, armadillos, and various formst al. 1999b). Similarly, the bat trypanosomes such
of cricetid rodent. We can imagine that the habias T. dioniisiandT. vespertilioniscan be envis-
tats offered, and their associated guilds of nes&ged as derivatives afuzi 1, via or parallel to
dwelling invertebrates, would be attractive to aruzi marinkellej that have been spread to the
wide range of reduviid predators — many of whictOld World by the bats themselves and then under-
would develop as facultative blood-suckers, cagone further differentiation through the interven-
pable of imbibing opossum blood infected with theion of their Old World cimicid vectorsT. rangeli
primitive trypanosome. may also be seen as a derivative from the original

But a feature of opossum lodges is that thegruzistem (Stevens et al. 1999b) representing a form
also offer refuges to other vertebrates, just as opdsat seeks to improve its transmission efficiency
sums themselves may utilise abandonned neststof attempting the anterior route via the salivary
birds or rodents, or even armadillo burrows. So thglands of its vectors. That such a step is evolu-
advent of blood-sucking Reduviidae, today classtionarily difficult is suggested by the high mortal-
fied as Triatominae, would have provided the preity often provoked by parasite invasion of the bugs’
cise vehicle for spreading the trypanosome to nesalivary glands, and also by the fact that only the
hosts. In birds it would not survive — killed by aspecialised nitrophorin-containing glands of
form of complement-mediated lysis in bird bloodRhodniuscan permit this type of anterior develop-
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ment [observations that heavily infected salivarghe assumption of strict homology between 18S
glands ofRhodniugend to loose their characteris-sequences, whereas at least two divergent 18S types
tic red colouration (eg. Afiez 1983) suggest that tHeave been demonstrated in ttrazi genome (see
parasites may be utilising the red nitrophorinsStothard 2000), and the assumption of a relatively
which could explain both their predilection forlow rate of sequence divergence (Briones et al.
Rhodniusspecies, as well as contributing to vec1999) together with the idea that molecular clocks
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