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SUMMARY . circulating parasite/mL), very limited tissue
Introduction. Trypanosoma cruainfects a large invasion, and 92% of infected mice survived.
variety of hosts, and produces variable clinicdbiscussion. We conclude that these strains show
manifestations in humans. The differences ia virulence comparable to strains from other
pathogenicity are thought to be directly related tegions, but that their biological behaviour failed
the genetic heterogeneity of the parasite, whid¢b directly correlate with known genetic markers.
implies that strains from distinct regional area@Rev Biomed 2001; 12:224-230)

should be characterised to understand the

epidemiology and clinical outcome of the infectionKey words: Trypanosoma cruzivirulence,
The in vivo behaviour of three strains frombiological diversity, Chagas' disease, Mexico.
Yucatan, Mexico (H4, H5, H10), is thus reported

here for the first time.

Material and Methods. Strains H4 and H5 were RESUMEN.

isolated from patients with severe pathologie§omportamiento bioldégico de tres cepas de
whereas strain H10 was avirulent Trypanosoma cruzde Yucatan, México.

Results. Experimental infection of NIH mice with Introduccion. El protozoaridlrypanosoma cruzi
strain H4 resulted in high parasitemia (1.04 X 1Onfecta gran variedad de huéspedes, y produce una
circulating parasite/mL) and tissue invasion, leadirgjta variabilidad en las manifestaciones clinicas en
to a 50% survival. Strains H5 and H10 produceel humano. Las diferencias en la patogenicidad,
lower parasitemia (6.10 x 1@nd 1.29 x 1® estan directamente relacionadas con la
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heterogenicadad genética de los parasitos, lo ceabnomical factors that may influence the risks and
implica que cepas de diferentes areas deben #er response to infection (7). However, the main
caracterizadas para entender el comportamietidgator involved in the variable pathology of Chagas'
epidemiolégico y clinico de la infeccion. En estdisease is thought to be the extensive genetic
trabajo se reporta el comportamiento en vivo deeterogeneity withiff. cruzispecies.
tres cepas de Yucatan, México ( H4, H5, y H10). A large number of distinct strains ©f cruzi
Material y Métodos. Las cepas H4 y H5, fueronhave been isolated from various hosts, vectors and
aisladas de pacientes con patologia severa, ygkographical regions, and their genetic
H10, de un paciente asintomatico. Se infectardreterogeneity has been well documented by
ratones NIH, con las diferentes cepas dsoenzymes (8-14), RFLP analysis of kinetoplast
Trypanosoma cruzi DNA (15,16) or of rRNA gene spacers (16,17),
ResultadosLa infeccion experimental de ratonefRAPD profiles (11,13), and typing assays of mini-
NIH con la cepa H4, resultoé con alta parasitem&xon and rRNA sequences (18). These genetic
(1.04 x 10 parasitos circulantes/mL e invasiormarkers allowed the classificationTofcruzistrains
tisular, con 50% de sobrevivencia. Las cepas Hanto distinct zymodemes, schizodemes, or lineages,
10 produjeron baja parasitemia (6.10 Xdfd 1.29 respectively. In addition, imivoandin vitro studies
x 10 parasitos circulantes/mL) y muy limitadgpointed out a similarly extensive variability in
invasion tisular y 92% de los ratones infectaddsological behaviour between these strains, ranging
sobrevivieron. from strains of very low virulence that are quickly
Discusién.Nosotros concluimos que estas cepasliminated from their vertebrate host to highly
tienen una virulencia comparable con cepas de otv@silent ones with high parasitemias, high tissue
regiones, pero que su comportamiento biolégiéovasion and high mortality (9,19-25). Although
falta relacionarlo directamente con sus marcadonearious studies examined the relationship between
genéticos.(Rev Biomed 2001; 12:224-230) biological behaviour and genetic markers from
given zymodemes or schizodemes, a direct
Palabras clave: Trypanosoma cruzvirulencia, correlation has been difficult to establish
diversidad bioldogica, Enfermedad de Chaga,9,20,25,26), even though a few authors observed
México. that some zymodemes had a higher proportion of
virulent or avirulent strains (10,12,27,28).
Taken together, these studies underlined the
INTRODUCTION. need for a detailed characterisation of Idca&kuzi
Chagas' disease represents an important pulgtcains (29,30) so that we may gain a better
health problem in large part of Latin America witunderstanding of the relationship between
an estimated 16 million people infected (1), anaholecular markers and pathogenicityTofcruzi
the Yucatan peninsula is considered as an endemsii@ins. Genetic analysis of strains isolated from
region (2-5). The disease is caused by tlehagasic patients in the Yucatan peninsula, Mexico,
protozoan parasit@drypanosoma cruziwhich by RFLP (16) and isoenzyme (14) showed that
infects a large variety of mammalian reservoirs artdese strains clustered together, appart from other
triatomine vector species, and produces highstrains from Central and South America. In the
variable clinical manifestations in humans. Thipresent work, we thus investigated the in vivo
variability in pathogenicity may be due to vectorhiological behaviour of three strainslofcruzifrom
which may modulate parasite virulence anthe Yucatan peninsula, Mexico, to complete their
behaviour (6), and human host characteristics, witharacterisation.
immunological, genetic, nutritional, socio-
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MATERIALS AND METHODS. and the typical Romaiia sign. From these clinical
T. cruziparasites were isolated from patientdata, the strains H4 and H5 may be classified as

from the state of Yucatan, Mexico, and a completerulent, whereas the strain H10 was clearly

clinical study of the patients was performed tdistinct, and almost avirulent.

characterise the clinical characteristics of the

isolates. These isolates were maintained in the Table 1

laboratory by successive passages in native NIH Clinical evalgation of patier_1ts in_fected with the

. . . . different T. cruzi strains.
mice, and no significant variation of their virulence

in mice has been observed since their isolation. T cruzstrain

Molecular analysis of these isolates by k-DNA and H4 H5 H10
total DNA RFLP analysis (16) as well as by

isoenzymes (14) has been reported previously, apgjient sex Female Female Female

showed that these isolates represented distirg%:ﬁgét??j bears) 43 2 N
strains, that were labelled H4, H5 and H1Gqer + +
respectively. Adenomegaly + + +
Biological behaviour was determined byCephalea - +
experimental infection in mice. Eight week old=*antema i )
+
+

female NIH mice were divided into groups of 1é;'epat°mega'y

i i ; . achycardy

and inoculated intraperitoneally with 5 X*bbod g ¢ G ajterations
trypomastigotes of the strains H4, H5 and H10, ®yocarditis + i
saline solution, respectively. Blood samples wefgsnea - " i
collected weekly and the parasitemia monitoréy'a'lgx i - "
with a Neubauer cell, until the disappearance B on ™ 30thdays  40thdays  15th days
circulating parasites. Spontaneous mortality Was,e 4l severity Severe Sovere Sonin

recorded. Tissue tropism and damage was assessed
for each strain by sacrifying mice at 20, 60 and 90 Biological behaviour was studied in more

days post-infection. The heart, spleen, liVefgsis by experimental infection in NIH mice. As
oesophagus, intestine and muscle were sized alih\vn in figure 1, a detectable parasitemia
weighed, then fixed in formaldehyde 10%, includeghitiated between days 8 and 12 post-infection for
in paraffin, and sectioned. all threeT. cruzistrains, and lasted 48 days for
the strains H4 and H10 and 76 days for the strain
H5. Strain H4 gave the highest parasitemia, with
RESULTS. two maximums of 1.04 x TfOand 6.10 x 19

Clinical examination of each patientindicate@ircmating parasite/mL at days 20 and 28
that each. cruzistrain induced a different type egpectively. Mice infected with strain H5 had a

and severity of pathology (table I). The patierg,,ch |ower parasitemia, with at least two

infected with the strain H4 showed a severg ,vimums of 3.61 x fand 1.52 x 19circulating

pathology that included adenomegalyyarasites/mL, at days 20-24 and 40, respectively.
hepatomegaly, and myocarditis. Infection with th&,2in H10 induced an even lower parasitemia

strain H5 also led to a severe pathology thgt,n poth other strains, withonly a single

affected the heart and the central nervous systefl.vimum parasitemia of 1.29 x 6irculating
ECG alterations were observed with both Strainﬁarasites/mL at day 20.

T. cruzistrain H10 on the other hand was of little Examination of various organs of the infected

virulence and the infected patient only had fevepice indicated that all three strains induced a small
Vol. 12/No. 4/Octubre-Diciembre, 2001
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Fig. 1.-Circulating parasites in infected mice as a functiofig. 2.-Organ weight in mice infected with strains H4, H5

of time. Mice were infected intraperitoneally with 5 10 and H10. Heart, spleen and liver were removed from mice

blood trypomastigotes of the strains H®4, H5, (3-),  inoculated with salinel@ ), or strains H4RR), H5 (=),

and H10 (-O-). Each data point represents the mean + 3fq 1410 @ ), and weighted. Data are presented as mean

of the parasitemia. + SE, and* indicates a significant difference € 0.001)
with control mice (saline).

but not significant (F = 0.143,= 0.87) increase
in heart weight (fig. 2). Strain H4 induced a
significant increase in spleen and liver weight (F mfected with the stains H4, H5, and H10,
17.49, p < 0.001, and F = 17.30,< 0.001, respectively. Mice infected with all three strains
respectively), whereas strains H5 and H10 did nptesented disseminated inflammatory infiltration,
cause significant changes in the weight of thes@d rabdomyolysis. In skeletal muscle, 54 £ 22, 9
organs (fig. 2). No changes were observed 5, and 1 + 1 amastigotes nests in mice infected
oesophagus and intestine weight (data not showwjth the strains H4, H5, and H10, respectively (fig.
Histopathological study of these organs reveal&), with also disseminated inflammatory infiltration,
strain-specific variations in tissue invasion andnd rabdomyolysis. In the oesophagus, we
damage (fig. 3). In cardiac tissue, we observed 2dbserved 2 + 1 amastigote nests only in 3/12 mice
+ 54, 6 £ 4 and 4 + 2 amastigote nest in micemfected with the strain H4, with limited
lymphocytic infiltrates.
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Fig. 3.- Amastigote nest number in mice infected witfig 4 - Syrvival to infection as a function of time. Mice
strains H4, H5 and H10. The number of nests Waggre infected with strains H44-), H5, (J-), and H10

determined in heart, skeletal muscle and esophagus. D(":l_@_) and data are presented as percentage of surviving
are presented as mean + SE. mice.
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Mortality also showed differences between thimduced a low parasitemia, and very limited tissue
strains, as shown in figure 4. In mice infected witimvasion and damage in mice, in agreement with
the strain H4, 6/12 (50%) died spontaneoushtpe benign clinical manifestations in the infected
between days 24 and 30 post-infection, wherepatient. Strain H5, that induced a relatively severe
only 1/12 (8.33%) died on day 28 and day 25 idisease in the human patient, appeared of weak
mice infected by the strain H5 and H21O0yirulence in the mouse model. It had an acute phase
respectively. somewhat longer than strains H4 or H10, but with

a very low parasitemia, suggesting that it may be
best adapted for natural transmission by remaining
DISCUSSION. for long periods in its natural reservoir.

We report here the first data on timevivo Interestingly, this strain is closely related to three
biological behaviour ofl. cruzistrains from the other strains isolated from opossums, the main
Yucatan state, Mexico, considered an endemic areservoir ofT. cruzij as determined by RFLP of
for Chagas' disease. Genetic analysis of Mexicaibosomal RNA gene spacer and kDNA (16).
T. cruzistrains by isoenzyme (14) and RFPL ofimited invasion of skeletal and cardiac muscle was
ribposomal RNA gene spacer and KDNA (16pbserved with this strain, in contrast to the tropism
showed a clustering of the strains according to theind severe alterations observed in cardiac and
geographical origin and apart from South Americarentral nervous system of the patient. This
strains, with a general agreement between tdescrepancy between clinical and experimental
different methods. Both studies found that strainefection data for strain H5 may be due to
H4 and H5 were genetically closely related, arglgnificant differences between mouse models and
that strain H10 was clearly distinct from them. human disease. However, further discrepancies in

Clinical manifestations of both strains H4 anthe relationships between genetic markers and
H5 appeared rather severe, and compared wilological behaviour of these strains can be found
disease descriptions from other endemic regions,their in vitrobehaviour (14) which indicated that
could be classified as strains of medium virulencgrowth and transformation was identical for the
Strain H10 gave almost no pathology, and couktrains H4 and H10, and significantly different for
be classified as avirulent. Further analysis of thtee strain H5. Thus, taken together, these data
biological behaviour of the strains by experimentaluggest that neithar vitro behaviour, noin vivo
infection in NIH mice confirmed that the straingathogenicity of the strains H4, H5 and H10 may
H4 and H10 were virulent and weakly virulentpe associated to known genetic markers. This isin
respectively. The high parasitemia caused by stragreement with several studies of strains from other
H4 suggests that this strain has higheyeographical areas (8,9,20,25), suggesting that
differentiation and invasion capacities than thadditional genetic markers need to be identified.
other strains. The virulence of this strain wakhterestingly, a recent study of Mexican strains
confirmed by the high number of amastigote neshowed the first direct association between genetic
observed and the significant mortality it inducednarkers from RFLP of rRNA gene and the ability
It had a strong tropism for cardiac muscle, but als the strains to kill infected mice (31), and another
showed capacity for invading skeletal and smootiroup reported a correlation between genotypes
muscle. Invasion of the digestive system has beand the vectorial transmissibility ©f cruzistrains,
reported for some other virulent strains in Mexicaneasured by its multiplication and development in
and South America, but an important observatiansect vectors (32).
is that the most virulent strains are usually isolated In conclusion, we described here thevivo
from vectors rather than patients (13). Strain Hlflological behaviour in mice of three strains from
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the Yucatan peninsula, Mexico. Experimentad2:277-292.

pathogenicity of the strains H4, H5, and ng c o M. R ha AJ. Chiari E. Biological
. . o - - arneiro s omanha s lari . 10l0gICca

showed a similar variability as the one descrlbeC aracterization offrypanosoma cruzstrains from

in other geo_graphical are_as fo'j Oth_er strains, EV&Herent zymodemes and schizodemes. Mem Inst Oswaldo

though a direct comparison is difficult due tacruz 1991; 86: 387-93.

important differences in methodologies between o

laboratories. (9’13,20_22’31) 10.- de Luca D'Oro G M Gardenal C N, Perret B, Crls_C| J
V Montamat EE. Genetic structure Bfypanosoma cruzi
populations from Argentina estimated from enzyme
polymorphism. Parasitol 1993; 107:405-10.

REFERENCES.

1.- WHO. Chagas' disease. In: Progress 1995-19961 . Carrasco HJ, Frame IA, Valente SA, Miles MA.

Thirteenth programme report of the UNDP/World Bank&enetic exchange as a possible source of genomic diversity

WHO Speciel Programme for Research and Training i sylvatic populations ofrypanosoma cruziAm J Trop
Tropical Disease, WHO; 1997. p. 112-23. Med Hyg 1996; 54:4184-24.

2.- Barrera-Pérez MA, Rodriguez-Félix ME, Guzmani2 - Andrade SG, Magalhdes JB. Biodemes and zymodemes
Marin E, Zavala-Velazquez JE. La enfermedad de ChaggsTrypanosoma cruzstrains: correlations with clinical data

en el estado de Yucatan. Revision de casos clinicos en faa@ experimental pathology. Rev Soc Bras Med Trop 1997;
aguda de 1970-1989. Rev Biomed 1990; 1: 185-95. 30:27-35.

3.- Barrera-Pérez MA, Rodriguez-Félix ME, Guzmani3 . puarte-Fernandes C, Fonseca-Murta SM, Penna-
Marin E, Zavala-Velazquez JE. Prevalencia de lgeravolo I, Percival-Krug L, Vidigal P G, Steindel M, et
enfermedad de Chagas en el estado de Yucatan. Rev Biomeharacterization 6frypanosoma cruztrains isolated
1997; 3: 133-9. from chronic chagasic patients, triatomines and opossums
naturally infected from the State of Rio Grande do Sul,
4.- Velasco-Castrejon O, Valdespino J L, Tapia-Conyer Brazil. Mem Inst Oswaldo Cruz 19992:343-351.
Salvatierra B, Guzman-Bracho C, Magos C, Llausas A,
Gutiérrez G, Sepulveda J. Seroepidemiologia de g -  opez-Olmos V, Pérez-Nasser N, Pinero D, Ortega E,
enfermedad de Chagas en México. Salud Publica Meternandez R, Espinoza B. Biological characterization and
1992; 34:186-96. genetic diversity of Mexican isolatesBfypanosoma cruzi

Acta Trop 1998; 69:239-254.
5.- Rodriguez-Félix ME, Zavala-Velazquez J, Barrera-Pérez

MA, Guzman-Marin E, Ramirez-Sierra MJ, Alvarez-15 . Morel C, Chiari E, Plessmann CE, Mattei DM,

Moguel R. Riesgo de transmision de la enfermedad g¢&manha AJ, Simpson L. Strains and clonégygpansoma

Chagas por donantes de sangre. Rev Biomed 1999; 6: ¢azi can be characterized by pattern of restriction

5. endonuclease products of kinetoplast DNA minicircle. Proc
Natl Acad Sci USA 1980; 77:6810-6814.

6.- Perlowagora-Szumlewicz A, Carvalho-Moreira CJ. In

vivo differentiation offrypanosoma cruzil. Experimental 16 - zavala-Castro JE, Velasco-Castrejon O, Hernandez R.

evidence of the influence of vector species oRWjolecular characterization of Mexican stocks of

metacyclogenesis. Mem Inst Oswaldo Cruz 1994; 89: 608rypanosoma cruazising total DNA. Am J Trop Med Hyg

18. 1992; 47:201-9.

7.- Williams-Blangero S, Vandeberg JL, Blangero Ji7.. Dietrich P, Dussan M, Floeter-Winter L M, Affonso

Teixeira AR. Genetic epidemiology of seropositivity formMHT, Camargo EP, Soares MB. restriction fragment length

Trypanosoma cruzinfection in rural Goias, Brazil. Am J polymorphisms in the robosomal gene spacers of

Trop Med Hyg 1997; 57: 538-43. Trypanosoma cruzand Trypanosoma conorhiniol
Biochem Parasitol 199@t2:13-20.

8.- Tibayrenc M, Ayala F J. Isozyme variability in

Trypanosoma cruzthe agent of Chagas' disease: geneticalg.. Fernandes O, Souto RP, Castro JA, Pereira JB,

taxonomical, and epidemiological significance. Evol 1988;ernandes NC, Junqueira ACV, Naiff RD, Barrett TV,

Revista Biomédica



230

Comportamiento biolégico de cepas dérypanosoma cruzi.

Degrave W, Zingales B, Campbell DA, Coura JR. BraziliaiO.

isolates offrypanosoma cruZrom humans and triatomines

classified into two lineages using mini-exon and ribosom&l9.- Ortega-Pierres G, Lopez-Antunano FJ. Taller

RNA sequences. Am J Trop Med Hyg 1998; 58:807-11. internacional sobre epidemiologia molecular. Propuestas
del grupo interdisciplinario sobre Trypanosomiasis

19.- Murfin DJ, Choromanski L, Kuhn RE. RelationshipAmericana y Leishmaniosis. Gac Med Méx 1997; 133

of route of infection to susceptibility and immune responsSuppl 1):49-62.

of inbred mice to Y straiffrypanosoma cruziAm J Trop

Med Hyg 1989; 41:41-9. 30.- Dumonteil E. Update on Chagas' disease in Mexico.
Salud Publica Mex 199%1:322-7.

20.- Acosta N, Maldonado M, Sanabria L, Yaluff G, Fuentes

S, Torres Set al. Characterization of Paraguayar1.- Espinoza B, Vera-Cruz JM, Gonzalez H, Ortega E

Trypanosoma cruztrains isolated from acute patients oHernandez R. Genotype and virulence correlation within

Chagas disease. Trop Med Parasitol 1295195-200. Mexican stocks offrypanosoma cruzisolated from
patients. Acta Trop 199&;0:63-72.

21.- Rowland E, Luo H, McCormick T. Infection

characteristics of an Ecuadori@irypanosoma cruztrain  32.- de Lana M, da Silveira-Pinto A, Barnabe C, Quesney

with reduced virulence. J Parasitol 198%;123-6. V, Noel S, Tibayrenc MTrypanosoma cruzicompared
vectorial transmissibility of three major clonal genotypes

22.- Lauria-Pires L, Teixeira ARL. Virulence andby Triatoma infestans. Exp Parasitol 1998;20-5.

pathogenicity associated with diversity dfypanosoma

cruzi stocks and clones derived from Chagas' disease

patients. Am J Trop Med Hyg 19965:304-10.

23.- Penin P, Gamallo C, de Diego JA. Biological
comparison between three clonedigfpanosoma cruand
the strain of origin (Bolivia) with reference to clonal
evolution studies. Mem Inst Oswaldo Cruz 1996;285-
91.

24.- Oliveira EC, Stefani MM, Campos DE, Andrade AL,
Silva SA, Rassi Aet al Trypanosoma cruztocks isolated
from acute Chagas disease patients lead to lethal murine
infection. Trans Roy Soc Trop Med Hyg 1992;:25-27.

25.- Solari A, Wallace A, Ortiz S, Venegas J, Sanchez G.
Biological characterization ofrypanosoma cruzstocks
from Chilean insect vectors. Exp Parasitol 1988;312-

22.

26.- Breniere SF, Carrasco R, Revollo S, Aparicio G,
Desjeux P, Tibayrenc M. Chagas' disease in Bolivia: clinical
and epidemiological features and zymodeme variability of
Trypanosoma cruzi strains isolated from patients. Am J
Trop Med Hyg 1989; 41:521-9.

27.- Montamat EE, De Luca d'Oro GM, Gallerano RH,
Sosa R, Blanco A. CharacterizationTofpanosoma cruzi
populations by zymodemes: correlation with clinical
picture. Am J Trop Med Hyg 1996; 55:625-8.

28.- Blanco A, Montamat EE. Genetic variation among
Trypanosoma cruziopulations. J Exp Zool 199882:62-

Vol. 12/No. 4/Octubre-Diciembre, 2001



