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Thirty-five Trypanosoma cruatrains were isolated from chronic chagasic patients, triatomines and
opossums from different municipalities of the State of Rio Grande do Sul. Parasites were characterized
by means of mice infectivity, enzyme electrophoresis and randomly amplified polymorphic DNA (RAPD)
analysis. Twenty-nine strains were isolated from chagasic patients, 4 from triatomines Tédtoma
infestansand 2 fromPanstrongylus megistuand 2 from opossuniddelphis albiventrisThirty-threeT.
cruzistrains were of low and 2 strains of high virulence in mice. Both virulent strains were isolated from
P. megistuslsoenzyme analysis of the strains showed 3 different zymodemes. Eleven strains isolated
from chagasic patients and 2 frdin albiventriswere Z2. Eighteen strains from patients and 2 ffom
infestansvere ZB and 3. cruzistrains isolated frorP. megistusvere Z1. RAPD profiles obtained with
4 random primers showed a high genetic heterogeneity of.theuzi strains. Zymodeme 2 and ZB
strains were the more polymorphic. A band sharing analysis of the RAPD profiles of Z2 and ZB strains
using 3 primers, showed a very low percentage of shared bands, 20% among 13 ZB strains and 14%
among 13 Z2 strains. According to the isoenzyme resulis;rBizipopulations were present in State of
Rio Grande do Sul. Zymodeme 2 and ZB strains were found infecting man (domiciliar transmission
cycle) whereas Z1 strains were found infecting the sylvatic viectoegistus.

Key words: Chagas’ diseas@rypanosoma cruzirandomly amplified polymorphic DNA - isoenzyme
characterization - epidemiology

Trypanosoma cruzithe ethi0|ogica| agent of (zymo.demes) a.re _circulating in t_he domestic and
Chagas’ disease is a digenetic flagellate protozo&ylvatic transmission cycles (Miles et al. 1977,
transmitted to the mammal host by means of inl978). Therefore, isoenzyme provides a good
fected feces or urine of triatomine bugs (WHOMarker in epidemiological studies of Chagas’ dis-
1991). In Brazil the endemic area of Chagas’ disease. Recently, randomly amplified polymorphic
ease comprises more than 3 million%kmnd itis DNA (RAPD), has been used in studies of genetic
estimated that around 5 million people are infectedliversity of trypanosomes (Dirie et al. 1993,
by T. cruzi(Dias 1987). Intraspecific variations in Steindel et al. 1993, Tibayrenc et al. 1993). This
T. cruzihave been demonstrated at the biologicalechnique has been widely applied to the study of
immunological, biochemical and genetic leveldarasite populations because of its simplicity, the
(Brener 1977, Miles et al. 1977, Morel et al. 198dack of requirement of DNA sequence information
Andrade 1985, Tibayrenc & Ayala 1988, Steindefor primer design and its great power in mapping
et al. 1993). Enzyme electrophoresis studies ha@@nomes (Steindel et al. 1993). Studies of genetic
demonstrated that distindt cruzi popu|ations Varlabl'lty using molecular markers such as KDNA
(schizodemes) (Morel et al. 1980), DNA finger-
printing using multilocal probes (Macedo et al.
*Corresponding author. Fax: +55-31-295.3115 1992) and RAPD defined highly variable groups
Received 1 November 1996 of T. cruzi Recently, 2 independent nuclear mark-
Accepted 10 March 1997 ers, ribosomal RNA and mini-exon genes, allowed
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the division ofT. cruzistrains into 2 groups (Souto patent period, parasitemia level and mortality rate.
et al. 1996). Isoenzyme profile Parasites were grown in

In the Southern region of Brazil, the State oflasks containing 30 ml of LIT medium at 28
Rio Grande do Sul is the most important endemigarvested in the exponential phase and washed 3
area of human Chagas’ disease with infection ratésnes by centrifugation, 2,000 x @, 10 min in
varying from 17.6% to 19.6% in the south region oKRT (Krebs Ringer Tris, pH 7.4) buffer and the
the State (Baruffa & Alcantara Filho 1977, 1985)parasite pellet was stored at 2@0until use. The
Investigation of the triatomine fauna showed thagellet was thawed at room temperature and sub-
atleast, 7 triatomine species were presefettoma  mitted to osmotic lysis in an enzyme stabilizer (2.0
infestanswas the only domestic vector speciesnM dithiothreitol, 2.0 mMe-amino caproic acid,
found (Coutinho et al. 1952). According to the 198® 0 mm Ng EDTA, pH 7.4) at 4C at a volume
population census, it is estimated that around 7Q@tio 1:1. The lysate was centrifuged at 15,000 x g
thousand people are infected Bycruziin Rio  for 1 hr at #C, and the supernatant (enzymatic
Grande do Sul (Baruffa 1987). Although with suchextract) was collected and stored agillBeads in
a high prevalence, a few numbefTotruzistrains |iquid nitrogen. The following 6 enzymes were
have been studied and little is known about thgna|yzed: alanine aminotransferase (ALAT)
parasite populations that circulate in the differenic ¢ 2 6.1.2]; aspartate aminotransferase (ASAT)
transmission cycles there. In the present work, “F.C.Z.G.l.l]; glucose phosphate isomerase (GPI)

characterized by means of virulence in mice, isoe E.C.5.3.1.9]; phosphoglucomutase (PGM)

zyme electrophoresis and RAPD analysisl.35uzi ‘i'c'zjﬂl]; glucose-6-phosphate dehydrogenase

st.rains. isolatedd from chrc;nic ch.agasicdpaéient G6PD) [E.C.1.1.1.49] and malic enzyme (ME)
triatomines and opossums from Rio Grande do Suk= 1 7.1 40]. Electrophoretic separation and en-
MATERIALS AND METHODS zyme staining were done as described by Carneiro
Parasite isolation -Authoctonous chronic €t@l- (1990). Standaid cruzizymodemes 71, 22,

chagasic patients from Rio Grande do Sul witfB @nd ZC were used as reference.
positive immunofluorescence and/or hemaggluti- PNA preparationThe isolation, amplification
nation antibody test, were submitted to xenodiagid €lectrophoresis of the parasite DNA was es-
nosis with 30 fourth instar nymphs Bfinfestans Sentially the same as described by Steindel et al.
or hemoculture in liver infusion tryptose (LIT) me- (1993). Briefly, parasite pellet was resuspended in
dium for parasite isolation. Adults af infestans 20 MM Tris-HCI/ 50 mM EDTA/ 100 mM NaCl/
captured inside houses aPanstrongylus megistus 0-5% SDS, pH 8-(13 (extraction buffer) and incu-
collected in the peridomiciliar environment by perated with 2qug mr= proteinase K for 2 hr at 46.
sonnel of the National Foundation of Health (FNS)Following phenol/chloroform extraction and etha-
were examined by fresh feces smears and the podf! precipitation the DNA was resuspended in 10
tive insects were submitted to a xenoculture in LITAM Tris-HCI/' 1 mM EDTA pH 8.0 (TE buffer)
for parasite isolation (Bronfen et al. 1989). Oposand digested with 1 U riRNAse (Sigma Chemi-
sums Didelphis albiventris captured in cal Co., St. Louis, Mo, USA) for 2hr at 7. Fol-
peridomiciliar areas of Porto Alegre city by thelowing a new round of phenol/chloroform extrac-
Vector Control Division of the Health and Envi-tion and ethanol precipitation the DNA was resus-
ronment Secretary, were submitted to xenodiag¢ended in TE pH 8.0 and its concentration deter-
nosis for searching and isolation ©fcruzi The mined by comparison against known standard fol-
parasites isolated were maintained by weekly pakwing agarose gel electrophoresis stained with
sages in LIT medium at 28 or cryopreserved in ethidium bromide.
liquid nitrogen. RAPD -The amplification reaction was done
Parasitemia- Groups of 5 male albino mice in a termocycler (MJR Research Inc. - PTC 100),
weighting 15 to 18 g were inoculated with 510 in a final volume of 1Qul containing 0.8 units of
blood trypomastigotes by the intraperitoneal rout&agDNA polymerase (CENBIOT, RS, Brasil), 200
with differentT. cruzistrains. The parasitemia wasmM of each dNTP, 1.5 mM MgGl50 mM KCl,
followed every 2 days from the 6th to the 50th dag0 mM Tris-HCI, pH 8.5 together with 6ptol
of infection by fresh blood smears and the numbesf each primer and 1.0 ng of template DNA.
of parasites estimated as described by Brener The primers 3303 (5'- TCACGATGCA -3,
(1962). Curves were plotted using the mean parg307 (5'- AGTGCTACGC -3'Z\gtl11F (5- GGTG
sitemia of 5 mice for each day of study. MortalityGCGACGACTCCTGGAGCCCG -3 anajt11R
rate was expressed as percentage of accumulatgd TTGACACCAGACCAACTGGTAATG -3,
deaths at the 60 day of inoculation. The virulencgere arbitrarily selected from the laboratory stocks.
of the strains was determined according to prefhe reaction mixture was overlaid with R0 of
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mineral oil and, following an initial denaturation atxenodiagnosis.Three hundred and forty three
95°C for 5 min, it was subjected to 2 cycles throughriatomines (231T. infestansand 112P. megistus
the following temperature profile: 30 for 2 minfor and 11 opossums were captured and searched for
annealing, 72C for 1 min for extension and 30 secT. cruzi TenT. infestang4.3%), 4P. megistus
at 9%°C for denaturation followed by 33 cycles wherg3.6%) and 2 opossums (18.2%) were found in-
the annealing temperature was altered f&4tn  fected by T. cruzi Only 2 strains from
the final cycle the extension step was for 5 minT. infestansand 2 fromP. megistusvere isolated
After amplification, 3ul of each reaction was mixed by xenoculture. In addition, 2 strains were isolated
with 0.6l of 6x DNA sample buffer (0.25% bro- by xenodiagnosis from the infected opossubns (
mophenol blue, 0.25% xylene cyanol, 30% glycerolalbiventrig, captured in the peridomiciliar envi-
and subjected to electrophoresis through a 4% norenment at Porto Alegre city (Table 1).
denaturating polyacrylamide gel. Gels were fixed Parasitemia profile The 35T. cruzistrains iso-
with 10% ethanol/ 0.5% acetic acid for 20 min andiated produced patent parasitemia in experimentally
DNA bands revealed by staining with 0.2% silveinoculated albino mice and showed two distinct para-
nitrate for 30 min and reduction with 0.75 M NaOH/sitemia profiles (Fig. 2). Two strains (RS1land
0.1 M formaldehyde for 10 min as described byrRS21) isolated from the vectBr megistusvere of
Santos et al. (1993). The gels were analyzed Ihgh virulence for mice presenting a short prepatent
means of band sharing between all possible paiperiod ranging from 6 to 8 days, displaying a rapid
and the percentage of common bands was dete&isirr;g parasitemia reaching 13.1 X3 Jarasites/
mined. 5 mn? of blood and causing 100% mortality in 16
RESULTS days. The remaining 33 strains were all of low viru-
lence for mice with prepatent period of 12 to 18
T. cruzi isolation- From August 1992 to July days, and a peak of parasitemia of 900 parasites/
1993, xenodiagnosis and/or hemoculture were peB-mn? of blood around the 28th to 32nd day of in-
formed in 236 chronic chagasic patients from 4%ection and mortality rate varying from 0 to 10% at
municipalities of Rio Grande do Sul (Fig. 1). Fromthe 60th day of infection.
the 29T. cruzistrains isolated from chagasic pa- Isoenzyme profilesAnalysis of 6 enzymes of
tients, 18 were obtained by hemoculture an 11 b§5T. cruzistrains from Rio Grande do Sul revealed
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Fig. 1: map of the State of Rio Grande do Sul showing the location of municipalities Tvipamosoma cruzstrains were
obtained.
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TABLE |
Host, isolation methods and origin Bfypanosoma cruztrains from the State of Rio Grande do Sul
Strains Host Isolation/method Origin
RS2 Man Hemoculture Encruzilhada do Sul
RS8, RS12, RS13 Man Xenodiagnosis Encruzilhada do Sul
RS1, RS23 Man Hemoculture Sé&o Jerébnimo
RS4, RS17 Man Hemoculture Cacapava do Sul
RS5, RS20, RS25, RS35 Man Hemoculture Santo Angelo
RS6, RS24 Man Hemoculture Rio Pardo
RS26 Man Xenodiagnosis Rio Pardo
RS7, RS27 Man Xenodiagnosis Sao Gabriel
RS16 Man Hemoculture Séo Gabriel
RS14 Man Xenodiagnosis Sao Pedro do Sul
RS18 Man Hemoculture Estrela
RS15 Man Hemoculture Santiago
RS19 Man Hemoculture Santo Augusto
RS22 Man Hemoculture Séo Luiz
RS28 Man Xenodiagnosis S&o Borja
RS33 Man Hemoculture Santa Cruz do Sul
RS36 Man Hemoculture Tupancireta
RS30 Man Hemoculture Camaquéa
RS29 Man Xenodiagnosis Porto Alegre
RS31 Man Xenodiagnosis Cachoeira do Sul
RS32 Triatoma infestans Xenoculture Cachoeira do Sul
RS34 Triatoma infestans Xenoculture Dom Feliciano
RS11, RS21 Panstrongylus megistus Xenoculture Porto Alegre
RS9, RS10 Didelphis albiventris xenodiagnosis Porto Alegre
3 major zymodemes Z1, Z2 and ZB (Fig. 3, Table II). s -
In all zymodemes minor enzymatic variations were
present. From the 29 strains isolated from chronic
chagasic patients 11 were zymodeme 2 and 18
zymodeme B. Eight of the Z2 strains, represented
by RS 5 strain in Fig. 3, displayed a double instead
10 — —&-High Parasitemia (strain RS 21)

of a single band in the ASAT enzyme, and were
called Z2a (Table Il). Another Z2 strain (RS 7) pre-
sented an ASAT profile identical to the zymodemesz
C and was called Z2b. 2 strains from man (RS 4 ang
RS 36) and two frorD. albiventrist RS 9 and RS 10) &
presented a typical zymodeme Z2. Sixteen strains
from chagasic patients and 2 fr@ninfestangre-
sented a typical zymodeme ZB. The ZB strains RS
25 and RS 33 presented a faster migration on the
GPI's triplet bands. Additionally, RS 33 presented
double band on ASAT and was called ZBa whereas,
RS 25 presented a single band and was called ZBb.
The strains RS 11 and RS 21, isolated friem ° T T T T T 0T
megistuswere identical to the reference Z1 strain o 5 10 15 20 25 30 35 40 45 50
in 5 out of 6 enzymes. They differed on ALAT en-
zyme and were called Z1a.

RAPD profiles- The RAPD profiles obtained
with primer 3303 of 2. cruzistrains representa-
tive of each zymodeme found in Rio Grande do Siig- 2: representative parasitemia curves fitiypanosoma
together with Z1, Z2 and ZB reference zymodeme3uZ strains from the State of Rio Grande do Sul in albino

: . [ lated int it lly with 5x3Cbl
showed that the major groups defined by RAPIﬂ;ggmg;%%;;d ntraperitoneally with Sxi(blood

/A\-Low Parasitemia (strain RS 05)

(Trypomastigotes | 5mrn3 of blood x 10'3)

Days after infection
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Fig. 3: diagrammatic representation of the isoenzymatic profiles of six enzyme3rirpamosoma cruztrains from the State
of Rio Grande do Sul. For enzyme and strain abbreviations see Materials and Methods and Table II.

TABLE Il

Hosts and zymodemes Bfypanosoma cruatrains from the State of Rio Grande do Sul
Strains Host Zymodeme Variant enzymes
RS11, RS21 Panstrongylus megistus Z1a (02) ALAT
RS9, RS10 Didelphis albiventris Z2 (02)
RS4, RS36 Man Z2 (02)
RS5, RS6, RS26, RS27, RS28,
RS29, RS30, RS31 Man Z2a (08) ASAT
RS7 Man Z2b (01) ASAT

RS1, RS2, RS8, RS12, RS13,
RS14, RS15 ,RS16, RS17,
RS18, RS19, RS20, RS22,

RS23, RS24, RS35 Man ZB (16)
RS33 Man ZBa (01) GPI
RS25 Man ZBb (01) ASAT and GPI
RS32, RS34 Triatoma infestans ZB (02)

Total 35

In parenthesis the number of strains with that zymodeme

coincide with the same groups defined by isoerpolymorphic RAPD profiles with all primers used.
zyme (Fig. 4). A comparative study of RAPD band&igs 5 and 6 illustrate the RAPD profiles of Z2 and
of the 2 Z1 strains obtained with 3307 amd11R ZB strains with primers 3307 angjt11R respec-
primers shows that from the 39 bands consideretiyely. A band sharing analysis using only primer
74% were present in both strains (data not showr§gt11F shows that the percentage of bands shared
In contrast with the homogeneity of the Z1 strainshetween 13 ZB strains was of 10/23 (43.4%) and of
the Z2 and ZBT. cruzistrains presented highly 7/21 (33.3%) between 13 Z2 strains. However, when
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Fig. 4: a 4% polyacrylamide gel stained with silver shows the RAPD profilErypinosoma cruztrains from the State of Rio

Grande do Sul together with standdrdatruzizymodemes amplified with primer 3303. RS11 and RS 21 (Z1), RS 10 and RS 36
(Z2), RS 17 and RS 34 (ZB) are representative zymodemes from the State of Rio Grande do Sul. Z1, Z2 and ZB are the standard
T. cruzizymodemes.
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Fig. 5: a 4% polyacrylamide gel stained with silver shows the RAPD profiles of 13 zymodeffrgpaBosoma cruzstrains
from the State of Rio Grande do Sul amplified with primer 3307.
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Fig. 6: a 4% polyacrylamide gel stained with silver shows the RAPD profiles of 13 zymodefmgpafosoma cruztrains
from the State of Rio Grande do Sul amplified with pritkgt11R.

3 primers (3307Agt11R and\gt11F) were used for and vectors (Steindel 1993). Our results confirm the
a comparison of the RAPD profiles of the same z@redominance of. cruzistrains of low virulence to
and Z2 strains, the percentage of bands sharBHce in chronic chagasic patients.

within zymodeme ZB and Z2 strains was of 19/95 |soenzyme electrophoresis of BEruzistrains
(20%) and 12/87 (14%) respectively. from Rio Grande do Sul showed the presence of 3

major zymodemes Z1, Z2 and ZB.cruziZ1 was
DISCUSSION found associated with the sylvatic vecter
T. cruzipopulations have been characterized omegistuswhereas Z2 parasites came from chronic
the basis of biological behaviour in mice (Brenepatients and from opossums. Zymodeme ZB para-
1977, Andrade 1985). Parasitemia studies in albirgites were found in both chronic chagasic patients
mice of 35T. cruzistrains isolated from chronic and in the domestic vect®r infestansOur results
chagasic patients, and naturally infected vectbrs (show that in Rio Grande do Sul 2 independent
infestansand P. megistup and from opossums transmission cycles of. cruzioccur: a sylvatic
(D. albiventrig from Rio Grande do Sul, showedcycle comprising Z1 parasites and the vedtor
that 33 (94%) of the strains were of low and 2 (6%anegistusind possibly wild mammals and a domes-
of high virulence to mice. All 29 strains isolatedtic cycle comprising. cruziZ2 and ZB, the vector
from chronic chagasic patients as well as 2 strairis infestangnd manT. infestanss the main vec-
isolated fron. infestansnd 2 fronD. albiventris tor of Chagas’ disease and the only domiciliated
induced similar parasitemia levels amere of low triatomine species recorded in Rio Grande do Sul
virulence to mice. On the other hand, strains (RS1(Coutinho et al. 1952). Nowadays, due to the
and RS21) isolated frofd. megistusvere highly triatomine control campaign developed by the FNS,
virulent to miceT. cruziof high, medium and low house infestation By infestanss rare. On the other
virulence and strains that did not induce pateritand, human dwellings are sporadically invaded
parasitemia in mice have been isolated frondy adults of wide spread sylvatic triatomine spe-
chronic chagasic patients (Schlemper Jr et al. 1988gs asP. megistusindT. rubrovaria The role of
Carneiro et al. 1991) and from sylvatic reservoirghese triatomine speciesTncruzitransmission to
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man is still unknown. analysis ofT. cruzi strains belonging to distinct

In Brazil, 6 majofT. cruzizymodemes (Z1, Z2, zymodemes showed a close correlation between
Z3, ZB, ZC and ZD) have been recorded fronthe major groups defined by RAPD and
chagasic patients (Miles et al. 1977, 1978, Romanlzagmodemes (Steindel et al. 1993, Tibayrenc et al.
1982). In the central region of Brazil, zymodeme Z2993). We obtained similar results whéncruzi
parasites are the most frequently found in chroni€l, Z2 and ZB strains were compared using primer
chagasic patients, whereas both Z1 and zZ2303. In the present study a comparison of the
zymodemes were found in acute infection®APD profiles of 2 Z1 strains generated with 2
(Luquetti et al. 1986)T. cruziZ2 (59.4%) and ZB primers showed that 74% of the bands were shared.
(20.3%) were also the most frequent parasites isB- more extensive analysis @f cruziZl from a
lated from chronic chagasic patients from Bambukide geographical distribution showed that an av-
city, State of Minas Gerais (Romanha 1982). In therage of 55% of the RAPD bands were shared be-
present work, 38% of thE cruzistrains isolated tween the strains (Steindel et al. 1993). Using a
from chagasic patients were Z2 and 62% were ZBingle primer and a more limited number of strains
Our results show that in Rio Grande do Sul, at leagte authors found that the percentage of bands
2 distinctT. cruzizymodemes infect man. Isoen-shared within zymodeme was 73.6% for Z2 and
zyme data of. cruzistrains from human and non 70.1% for ZB. In the present study, where a more
human origin comprising a wide geographical dissignificant number of strains from zymodemes 22
tribution showed that this parasite presented and ZB, were compared using primers 3307,
clonal structure (Tibayrenc & Ayala 1988, AyalaAgtllR andAgtllF a higher intrazymodeme ge-
1993). On the other hand k-DNA and DNA finger-netic heterogeneity was evidenced. Using primer
printing analyses show that a singlecruzistrain  Agtl1lF the percentage of RAPD bands shared
may be composed by clones with different genetiwithin 13 ZB and 13 Z2 strains was respectively
characteristics (Morel et al. 1980, Macedo et a#3.3% and 33.3%. However, when 3 primers were
1992). The intrazymodeme heterogeneity found heresed, the bands shared decreased to 20% for ZB
in someT. cruzistrains from human and sylvatic and 14% for Z2. The heterogeneity found in dur
origin suggests that different sub populations afruzi ZB and Z2 strains from chronic patients
the parasite may be present in the same host. shows that these parasite populations are more

Opossums are the most important sylvatic regpolymorphic and demonstrates the analytical power
ervoirs of T. cruzi known and play an important of RAPD. It remains to be observed if there is a
role in the maintenance of the sylvaicruzitrans-  relationship between the high genetic heterogene-
mission cycle. Zymodeme Z1 parasites was thigy of T. cruzistrains and different clinical forms
only zymodeme found in a large numbefofruzi of human Chagas’ disease in Rio Grande do Sul.
strains isolated fror®. albiventrisfrom Bambui,
Minas Gerais and frord. marsupialisfrom the REFERENC.ES .
State of Santa Catarina, respectively, endemic af@drade SG 1985. Morphological and behavioural char-
non endemic areas of Chagas’ disease in Brazil acterization ofTrypanosorpa cruatrainsRev Soc
(Fernandes et al. 1991, Steindel 1993). In contra§\t,a?;aéJMlegggr$m8é§gpglk]);ngcﬁ_%. hmaniahave
T. cruzizymodeme Z2 was isolated from 2 natu- Y ~1ypanos 'S 1anav

- . . ) clonal population structures of epidemiological sig-
rally infectedD. albiventrisfrom Rio Grande do niﬁcange_%im Res 26: 47-63. P g g

Sul. Since the opossums were captured in theyruffa G 1987. Atualizacdo em doenca de Chagas.
peridomiciliar environment, they might have been  AMRIGS31: 220-223.

infected by domestic vectors. The sinantropi@aruffa G, Alcantara Filho A 1977. Prevaléncia
behaviour ofDidelphis sp., represents a relevant  sorolégica da doenca de Chagas na zona sul do Rio
epidemiological role in the link of the sylvaticand ~ Grande do Sul (BrasilRev Inst Med Trof&o Paulo
domesticT. cruzitransmission cycles. Recenfly, 19 117-123. _ N .
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