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Trypanosoma rangel a hemoflagelate parasite that infects domestic and sylvatic animals, as well
as man, in Central and South Amerida.rangelihas an overlapping distribution with cruzi the
etiological agent of Chagas disease, sharing several animal reservoirs and triatomine vectors. We have
isolatedT. rangelistrains in the State of Santa Catarina, in southern Brazil, which dramatically in-
creased the distribution area of this parasite. This brief review summarizes several studies comparing
rangelistrains isolated in Santa Catarina with others isolated in Colombia, Honduras and Venezuela.
The different methods used include indirect immunofluorescence and western blot assays, lectin agglu-
tination, isoenzyme electrophoresis and random amplified polymorphic DNA analysis, triatomine sus-
ceptibility, in vitro cell infection assays, and mini-exon gene analysis.
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Trypanosoma rangel(Tejera, 1920) is a levels. The cross-reactivity with cruziin serologi-
hemoflagellate parasite that infects humans as welhl assays is due to the similarity of their surface
as domestic and wild animals in Central and Soutéintigens, and is a serious problem for the diagnosis
America. This parasite has an overlapping distrief Chagas disease since false-positive results can
bution withT. cruzj the causative agent of Chagade expected (D’'Alessandro & Saravia 1992).
disease, allowing the occurrence of single and/or The great pleomorphism presentedbsangeli
mixed infections in both vertebrate and invertein the invertebrate host, turns difficult to distin-
brate hosts in a same geographical region. FurtheishT. rangelifrom T. cruzibased only on mor-
more, both parasites share a large number of amhology (Urdaneta-Morales & Tejero 1992).
mal reservoirs and triatomine bug vectofs. Detection ofT. rangeliinfection in the mam-
rangeli can be detected in more than twenty animalian host is usually based on the same serologi-
mal genera distributed in five different animal or-cal (indirect immunofluorescence and Elisa) and
ders (D’'Alessandro & Saravia 1992). parasitological techniques (hemoculture and xeno-

More than 2,600 human caseslofangeliin-  diagnosis) used for Chagas disease, allowing the
fection have been described, with the first Braziloccurrence of false-positive results of human
ian cases detected in 1996 in the Amazon regid@hagas disease diagnosis.

(D’Alessandro & Saravia 1992, Coura et al. 1996). AlthoughT. rangelican be distinguished from
Despite its non-pathogenic characteristics fof. cruziusing several biological, immunological,
vertebrate hostq,. rangeliinfection induces a hu- biochemical and molecular methods, the charac-
moral immune response resulting in high antibodseristic biological behavior in the invertebrate host

is the best tool for distinguishing between th@m.
rangelihas the ability to invade and develop in the
hemolymph and salivary glands of triatomine bugs,
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Fig. 1: schematic representationfofpanosoma rangelife cycle in the invertebrate host. (1) Infection of the triatomine is due to

the ingestion of non-dividing blood trypomastigotes during probing. (2) After ingestion, the predominant forms in the enidgut ar
epimastigotes and trypomastigotes. (3) Epimastigote forms escape the slender midgut and reach the hemocoel (5). Parasite forms
can be usually detected in the feces (4). Once in the hemolymph, epimastigotes can invade and multiply within hemocytes (6) or
divide as free parasites in the hemolymph (7). It is not clear if parasites derived from intra-hemocyte division areathetbein

salivary glands (8) or even re-invade hemocytes (9). Extracellular dividing parasites are able to directly invade andithiritiply

the salivary glands (10). It is also not clear if parasites derived from extracellular development can infect hemocygtadidi)c M
trypomastigotes (12) produced within the salivary glands are injected together with saliva during the feeding processifadapted
permission from D’Alessandro & Saravia 1992).

or naturally-infected triatomine feces. Posterioin Venezuela was grouped within tbrizi-clade,
transmission, however, can occur, but it is not theagether with the bat trypanosoniesnarinkellej
usual transmission mechanismlofrangelito the T. dionisii, T. vespertilionisthat are not transmit-
vertebrate host (D’Alessandro & Saravia 1998). ted by triatomine bugs, and with cruzithat is
Being within the SubgenuderpetosomaT. transmitted through feces (Stevens et al. 1998).
rangeli shares many characteristics of both While differences are observed among differ-
Salivaria (transmitted through saliva) andent strains and/or vectors, the life cycld@ afangeli
Stercoraria, however it is clear that the principah the invertebrate hosts is well known (Fig. 1).
mechanism off. rangelito the vertebrate host is However, the life cycle of this parasite in the ver-
by the bite of infected triatomines, mainly fromtebrate host(s) remains unclear due to conflicting
the genu®khodniusT. rangeliproduces pathogenic observations (D’Alessandro 1976, Urdaneta-Mo-
effects to the invertebrate hosts only, such as diffrales & Tejero 1985, Scorza et al. 1986,
culty in the molt and retarded development oD’Alessandro & Saravia 1998).
nymphs (D’Alessandro & Saravia 1992, 1998). The finding ofT. rangeliin Floriandpolis, Santa
Different methods have been used to characteGatarina, dramatically increased the reported distri-
ize T. rangelistrains and to differentiate this para-bution area of this parasite (Steindel et al. 1991).
site fromT. cruzi T. rangelistrains isolated in the Thereafter, it was also found in other Brazilian states
State of Santa Catarina are genetically distinct froifDiotaiuti et al. 1992, Coura et al. 1996, Ramirez et
strains isolated from different geographical regional. 1998) (Fig. 2). Our aim has been to characterize
by kDNA analysis and DNA fingerprinting (Macedothe T. rangelistrains isolated in Santa Catarina, as
et al. 1993, Vallejo et al. 1996). In both studies, well as to compare these strains with others isolated
cruzi strains formed a quite distinct group. from different hosts, vectors and geographical re-
Recently, another group used the 18S rRNA agions. This brief review resumes the results of com-
a genetic marker to build an evolutionary tree foparisons made with. rangelistrains isolated from
human and primate trypanosomes and observé&hnta Catarina, Colombia, Honduras and Venezu-
that the singld. rangelistrain isolated from a dog ela using a variety of methods.
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¢ MATERIALS AND METHODS

r’r Parasites and strains The parasites used in
this work, as well as their geographic origins and
original hosts, are presented in Table and Fig. 2.

Indirect immunofluorescence (IFA) and west-
ern blot assaysIn order to differentiat&. rangeli
from T. cruzion the basis of their antigenic vari-
ability, these assays were performed with four anti-
T. cruzi (C27F, C44D3, CB2 and C2C3D3) and
ten antiT. rangeli(1B3, 2C7, E9, 5B8, 5H8, 4B9,
4A12, 4F4, 2B12 and 3A1) monoclonal antibod-
ies (Mab) as described by Anthony et al. (1981).

Western blot assays were done using these same
antibodies, following the method described in
Towbin et al. (1979).

Lectin agglutination assaysThis assay was
used to compare the antigenic variability améng
rangeli strains isolated from different geographi-
cal regions. Lectin agglutination assays were per-
formed with WGA lectin fromTriticum vulgaris
known asT. cruziagglutinant, and VVA lectin from
Vicia villosaas described by Schottelius and Muller
(1984).

Isoenzyme and random amplified polymorphic
DNA analysis (RAPD) assayslsoenzyme and
RAPD profiles were carried out in order to com-
Fig. 2: map of Central and South America showing the ovepare theT. rangelistrains’ phenotypic and geno-
lapping distribution of human Chagas disease in 1992 (graypic characteristics, as well as to differentiate this

background) and the existing reportsTefpanosoma rangeli parasite fronil. cruzi (Steindel et al. 1994). Five
presence in humans, triatomines or wild animals(adapted

from WHO Technical report series # 811 - Control of Chagagiﬁerent enzymes were analyzed: glucose phosphate

Atlantic Ocean

Pacific Ocean

Z o>

P
2,000 Km

Disease). isomerase (E.C. 5.3.1.9), alanine aminotransferase
TABLE
Parasites and strains used in this study, their geographic origins and hosts
Parasite Strain Zymodeme  Origin Host Reference
Trypanosoma rangeli SC-58 - Brazil Echimys dasytrhix Steindel et al. 1991
SC-66 - Brazil Echimys dasytrhix Steindel et al. 1991
H-9 - Honduras  Human Acosta et al. 1991
H-14 - Honduras  Human Acosta et al. 1991
H8GS - Honduras  Human Acosta et al. 1991
Palma-2 - Venezuela Rhodnius prolixus Steindel et al. 1994
P-19 - Colombia Rhodnius prolixus Schottelius 1987
Choachi - Colombia Rhodnius prolixus Schottelius 1987
San Agustin - Colombia  Human Tibayrenc et al. 1993
Macias - Venezuela  Human Steindel et al. 1994
Trypanosoma cruzi SC-3 Z1 Brazil Panstrongylus megistusSteindel et al. 1994
SC-51 z2 Brazil Panstrongylus megistusSteindel et al. 1994
CL ZB Brazil Triatoma infestans Brener & Chiari 1963

254 ZC Brazil Human Carneiro et al. 1990
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(E.C. 2.6.1.2), malic enzyme (E.C. 1.1.1.40), phoghe mini-exon gene repeat of SC-58 (Santa
phoglucomutase (E.C. 2.7.5.1) and aspartate an@atarina) and H8GS (Honduras) strains were am-
notransferase (E.C. 2.6.1.1) as previously describg@tified by PCR performed with oligonucleotides
(Carneiro et al. 1990). This method is able to maki®lE-L and ME-R described by Murthy et al. (1992)
correlations between. cruzistrains and the envi- using conditions described by Fernandes et al.
ronment from which it was isolated, i.e., sylvatic,(1997), then cloned and sequenced.

peri-domestic or _domestic (Carneiro. et al. 1990). RESULTS AND DISCUSSION
RAPD analysis was used to obtain an overview . ]
of the genomic variability among the rangeli Indirect immunofluorescence (IFA) and west-

strains. Six different oligonucleotides were use@m blot assaysin IFA, all anti-T. cruziMabs tested
(Steindel et al. 1994), and the data obtained weftd not react with any of the rangelistrains. All
analyzed by Dice similarity coefficient, the resultsanti-T. rangeliMabs reacted strongly with the cen-
of which were used in unweighted pair grougral and northern South Amerld'arangel|_stra|ns.;
method analysis (UPGMA) in order to producéhowever, only four out of these ten aftirangeli
phenetic trees that quantitate the genetic distanbabs tested gave a weak reaction withangeli
between these strains. strains isolated in Santa Catarina (Steindel 1993).

Triatomine susceptibilityWe have studied the These results clearly show thatrangelistrains
susceptibility of different triatomine speciesTto isolated in Santa Catarina have differences in their
rangeliSC-58, SC-61, Choachi and Macias straingurface antigenic constitution when compared to
This study was carried out because correlatiorf§her strains isolated from more northerly geo-
between parasites and local triatomine vectors hagéaphical regions. _
been shown for other triatomines species &nd Problematically, when we carried out western
rangeli strains (Grewal 1956, Tobie 1964, Cubdlot assays witfi. rangeliSC-58 strain using one
Cuba 1973). Adults and fifth instar nymphs ofanti-T. rangeliMab (2C7) and one anfi- cruzi
Rhodnius domesticus, R. prolix&s neglectusnd ~ Mab (C27F), the strain was only recognized by the
R. nasutusvere fed withT. rangeliculture forms C27F Mab (Steindel 1993). More studies must be
and the feces, the hemolymph, or saliva wererformed to better understand teangelianti-
screened by light microscopy for the presence @fenic variation among strains isolated from differ-
flagellates at different time points. Theseent geographical regions, sin€erangeli andT.
triatomines were maintained at 28€2and humid- cruzi share 60% of their soluble antigenic coat
ity 75+5%. (Afchain et al. 1979)

Cell infection assaysDue to controversial ob-  Lectin agglutination assays Agglutination
servations about th&. rangelilife cycle within ~assays performed with WGA lectin frofiticum
the vertebrate host, allied to the fact that this parjulgaris were negative with th&. rangelistrains
site is transmitted by triatomine bugs that are cagested (SC-58 and H-14). Using very high concen-
illary feeders, we investigated the interaction trations (>625 pg/ml) of this lectin, some aggluti-
vitro of T. rangeliwith different mammalian cell nation was observed. As expected;ruziY strain
lines. T. rangeli SC-58, SC-58 clone B1 and epimastigotes showed strong agglutination at lower
Choachi strains were compared. Infection assag@ncentrations of this lectin (25 pg/ml).
were performed with mouse peritoneal macroph- Using the VVA lectin fronVicia villosa known
ages, VERO, L-929 and murine promonocyte (X0 agglutinate otheF. rangelistrains, we did not
774-G) cell lines. These assays were performed 88serve any agglutination with strains isolated in
described by Toma (1994). Santa Catarina (Steindel 1993). In agreement with

Mini-exon gene comparison assays rangeli  the immunofluorescence assays, lectin agglutina-
San Agustin, Choachi, Palma-2, H8GS, Maciation differences also revealed a variation in anti-
and SC-58 strains, as well as two clones of thi@enic constitution for Santa Catarina strains.
strain (26 and cl32) where compared at the mini- Isoenzyme and RAPD assaygoth techniques
exon gene level. Four PCR oligonucleotidegevealed thal. rangelistrain SC-58 was similar,
(TrINT-1, 2, 3 and 4) designed to anneal withirPut genetically distinct from those isolated from the
the variable intergenic region of this tandemly-Other geographical regions (H-9, H-14, Choachi, P-
repeated nuclear gene and to the 5S rRNA genkd, San Agustin, Macias, Palma-2), and quite dif-
which is contained in the same repeats, were usé&fent fromT. cruzistrains (Steindel et al. 1994).
(Grisard & Romanha 1997). The isoenzyme profiles obtained with the five

To search for sequence polymorphisms withignzymes revealed thatrangelistrains isolated in
these amplified fragments, we used the low strinSanta Catarina shared the migration pattern of the
gency single specific primer-PCR (LSSP-PCRYptherT. rangehs_tra'lns only for the malic enzyme,
technique as described by Pena et al. (1993). Alsaid was quite distinct for the otheFscruzistrain
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(SC-66) and standard zymodemes (Z1, Z2, ZB arfdr R. domesticusnfected with SC-58 strain
ZC) patterns were quite distinct from those obtaine@Guarneri et al. 1997).
for T. rangelistrains. Cell infection assaysWe have studied the in-
At the DNA level, the RAPD profiles obtained teraction ofT. rangeliwith mouse peritoneal mac-
with six different PCR oligonucleotides revealedophages. After 24 hr we observed less than 10%
a polymorphic pattern among these strains. Aftesf the cells containing the characteristic, but non-
data analysis through unweighted pair groupedividing, “amastigote-like” form. After 48 hr of
method analysis - UPGMA (Sneath & Sokal 1962)interaction, these parasite forms completely dis-
two different groups were formed according to thappear and no free swimming parasites were seen
Dice similarity coefficient (Dice 1945): one with (Eger et al. 1996).
T. rangelistrains isolated in central and northern Results obtained with the other cell lines tested
areas of South America (Choachi, Macias, Sashowed the same intracellular non-dividing forms
Agustin, H8GS, H9, H14, P19, Palma-2), and anEger et al. 1997). These cell lines sustained the
other formed byl. rangelistrains isolated in Santa infection for longer periods than those observed
Catarina (SC-58 and SC-61). for mouse peritoneal macrophages, but they could
In conclusion, the isoenzyme analysis is capableot sustain the infection for more than five days
of differentiatingT. rangelifrom T. cruzi RAPD under our experimental conditions. Using a histio-
profiles analysis is also able to differentiate theseytic cell line (U937) and a differerit. rangeli
parasites, providing sufficient data to make phylostrain proven to be not contaminated witteruzj
genetic inferences. Osorio et al. (1995) observed intracellular divid-
Triatomine susceptibility A high correlation ing amastigotes which were able to infdtt
between the strain and the local vector was olprolixus per os.
served as described in the literature (Cuba Cuba et Because triatomines are capillary feeddis,
al. 1972, D'Alessandro 1972, Rosa et al. 1995yangeli is transmitted through direct inoculation
The SC-58 strain isolated in Santa Catarina was ttgether with saliva into vertebrate host blood-
least ten times more infective for the presumptivetream during the feeding process. Some of the
local vectorR. domesticushan forR. prolixus tested cell lines are the first non-specific immune
Strains isolated from Central America were lesgefense barrier on the vertebrate organism, thus it
infective for R. domesticushan forR. prolixus seems that. rangeliinfectivity and development
(Steindel & Guarneri 1996). within these cells, at least vitro, seems to be a
BecauseR. domesticuss the only triatomine strain-dependent phenomen. Different cell lines as
species of this genus that can be found iwell asin vivo studies are being pursued in the
Florianépolis, we hypothesize that it is the naturaihouse model to better adress this question.
vector forT. rangeliin this area. Another occuring  Mini-exon gene assaysAlthough the TrINT
species, such &anstrongylus megistudo not al-  oligonucleotides can specifically detdctrangel
low T. rangelito escape the gut and develop in th®NA in feces of experimentally infected triatomines,
hemolymph and within the salivary glands. Naturatheir capacity of detection decreases in the presence
mixed infections withTl. rangeliandT. cruziwere of excess of host DNA (Grisard et al. 1997).
only detected in feces Bf megistubugs at the same In LSSP-PCR assays, highly conserved patterns
locality, however, we have never observed naturaimong strains isolated in central and northern ar-
T. rangeliinfection in R. domesticudugs in eas of South America were observed by gel elec-
Floriandpolis (Steindel et al. 1994). trophoresis. This assay also revealed the existence
Experimental infection oR. neglectus, R. of sequence polymorphism at the mini-exon gene
prolixusandR. nasutusvith T. rangeliSC-58, SC- level between thesk rangelistrains and SC-58
61, Choachi and Macias strains revealed that thedtrain, as well as in the two clones of this strain
infection rate and ability to transniitrangeliiso-  obtained by limitant dilution.
lated from Santa Catarina were significantly lower Comparative analysis of the sequences obtained
when compared with Choachi and Macias strain®r SC-58 (GenBank acession # AF083350) and
(Rosa et al. 1995). This geographical correlatioRl8GS (GenBank acession # AF083351) mini-exon
between vectors and strains are in agreement wiiene with othefl. rangeliandT. cruzisequences
the results obtained by RAPD profile analysis, conin the GenBank revealed a conservation within the
firming the genetic variability between these paraexon, the intron, and the 5S rRNA portions of the
site populations. In addition, the pathogenic effeaepeat. In contrast, homologous recombination and
of T. rangeliinfection for triatomines described in microsatellite variability occur in the non-tran-
the literature (Tobie 1964, Cuba Cuba et al. 1972¢ribed regions (EC Grisard et al., in press).
D’Alessandro 1972), i.e. retarded developmentand As observed fofl. cruzi different degrees of
difficulty in blood feeding and molting, were found polymorphism among. rangeli strains isolated
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from different geographical regions, hosts and vec- observadas em diferentes amostrafrgipanosoma
tors were detected using different methods. Despite cruzi. Rev Inst Med Trop Séo PauloZ20-224.
these differences, all rangelistrains used in this Carneiro M, Chiari E, Goncalves AM, Silva Pereira AA,
study maintained their capacity to invade and mul- - Morel CM, Romanha AJ 1990. Changes in the isoen-
tiply in hemolymph and salivary glands of the ~ZYMe and kinetoplast DNA patternsiaypanosoma
triatomine bugs. Attempts to infect mice with %gz' 4s?tr§|5n_s4gnduced by maintenance in miseta
rangelistrains isolated in Santa Catarina with parg~ b :

X ; . h ura JR, Fernandes O, Arboleda M, Barret TV, Carrara
site forms derived from experimentally infected Degrave W, Campbell DA 1996. Human infec-

triatomine feces was never achieved. tion by Trypanosoma rangein the Brazilian Ama-
Modern biochemical, immunological and mo-  zon.Trans R Soc Trop Med Hyg 9978-279.
lecular methods have been used for trypanosomatiiba Cuba, CA 1973volugéo de uma Cepa Peruana
characterization and taxonomy. Results derived de Trypanosoma rangeli em Rhodnius ecuadoriensis
from these analyses must always be compared with € Panstrongylus herrerMSc, Thesis, Universidade
biological features. The number of strains analyzed, Federal de Minas Gerais, Belo Horizonte, MG.
their biological behavior in both invertebrate and-uba Cuba C, Morales N, Fernandez E, Fernandez W
vertebrate hosts, their geographical origin, the iso- 1972 Hallazgo d&hodnius equatoriensisent &
lation and methods of maintenance and known Ledn, 1958 infectado naturalmente por trypanoso-

lvmorphisms observed amona different strain mas semejanteslaypanosoma rangeliejera, 1920
poy. orphis .S observed a .0 g erent strains - o, caserios del districto de Cascas, Contumaza,
can interfere in these analysis.

. . A > Depto. de Cajamarca, PeRev Inst Med Trop S&o
Our biological, immunological and molecular  paio 14 191-202.

studies have shown that rangelistrains isolated pAlessandro A 1972. New exprimental vectors of Co-
from Santa Catarina, in the south of Brazil, are ge- lombian Trypanosoma rangeliJ Med Entomol 9
netically variant from those isolated from centraland  187-195.
northern South America. In all assal;ruzistrains D’Alessandro A 1976. Biology offrypanosoma
used as controls formed distinct groups. (Herpetosoma) rangeliejera, 1920, p. 187-195. In

We believe that future taxonomic or phyloge- Biology of Kinetoplastidavol. 1, Academic Press,
netic data obtained from these well-characterized, -ondon .
strains will be a powerful tool to better understan Alessalndrol /;1 Slr?;a"'a. _Ng 1992{%’%”35(1;“'3
the epidemiology of. rangeliin Central and South rzarjfcea'ag'mi'c P.ressaré'—,\;lr?cmerotozoa naed., Vol

. ; , : go.

America, as well as the evolutionary pathways ofy

: ) 'Alessandro A, Saravia NG 1998rypanosoma
this trypanosome. Furthermore, these studies warn' yangeli. In Hanbook of Protozoal Infectioin press.

that the presence dt rangelican be expected in pice LR 1945. Measures of the amount of ecological

the same distribution area &scruzj which con- associations between speciésology 26297-302.
stitutes a complication for the Chagas disease dbiotaiuti L, Silveira AC, Elias M, Steindel M 1992. The
agnosis and epidemiology. possibility of occurrence @frypanosoma rangei
the State of Tocantins, BrazNMem Inst Oswaldo
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