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Integrated Genetic Epidemiology of Infectious Diseases:
The Chagas Model

Michel Tibayrenc
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Genetic typing of pathogenic agents and of vectors has known impressive developments in the last 1
years, thanks to the progresses of molecular biology, and to the contribution of the concepts of evolu-
tionary genetics. Moreover, we know more and more on the genetic susceptibility of man to infectious
diseases. | propose here to settle a new, synthetic field of research, which | call ‘integrated genetic
epidemiology of infectious diseases’ (IGEID). | aim at evaluating, by an evolutionary genetic approach,
the respective impact, on the transmission and pathogenicity of infectious diseases, of the host’s, the
pathogen’s and the vector’s genetic diversity, and their possible interactions (co-evolution phenomena).
Chagas’ disease constitutes a fine model to develop the IGEID methodology, by both field and experi-
mental studies.
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Genetic studies dealing with infectious agentsyHAT ABOUT THE GENETIC DIVERSITY OF
vectors and hosts (for example: genetic suscepfiRYPANOSOMA CRUZP
bility of man to infectious diseases) have devel- If we consider the putative impact of the host’s,
oped until now separately, in a compartmentalizethe pathogen’s and the vectors’ genetic diversity
manner. Nevertheless, in an evolutionary point ajn the transmission and pathogenicity of Chagas’
view, the three actors of infectious disease tranglisease, there is little doubt that the best known
mission (the pathogen, the host, and in the case @fement isT. cruzigenetic variability. Many stud-
vector-borne diseases, the vector) have evolved tigs have been published on this theme, and it is
gether, and should be considered as the three linkgdssible thal. cruziis one of the pathogenic agents
components of a unique phenomenon of co-evavhich evolutionary genetics is the best explored.
lution. When the host evolves (for example, deMain results can be briefly summarized as follows:
velops specific immune defenses to escape from cruzi natural populations show considerable
the damage caused by the pathogen), it shapesgignetic polymorphism, as revealed by isoenzyme
return the evolution and the genetic diversity oélectrophoresis (Miles et al. 1978), KDNA RFLP
the pathogen. It is therefore distressing to analyzgalysis (Morel et al. 1980) and RAPD (Tibayrenc
separately these three components. | have proposgdil. 1993). The most parsimonious hypothesis to
(Tibayrenc 1998a, b) to settle a new, synthetic fieldccount for this huge genetic polymorphism is that
of research, the ‘integrated genetic epidemiology is the result of long-term clonal evolution with
of infectious diseases’ (IGEID), that will take intopossible occasional bouts of genetic exchange
account simultaneously the impact, on the trangTibayrenc et al. 1986, Tibayrenc & Ayala 1988).
mission and pathogenicity of infectious diseaseRecently, these suspected recombinant genotypes
of the host’s, the pathogen’s and the vector’s gérave been more precisely characterized as stable
netic diversity, as well as the interactions (phenomhybrid lines, that would propagate clonally after
ena of co-evolution) of these three parametersithe hybridization event (Bogliolo et al. 1996,
will advocate here that Chagas’ disease constitut€arrasco et al. 1996, Brisse et al. 1998). Among
a fine model for throwing the first bases of thighe natural clones df. cruzi some are widespread
ambitious approach. and more frequently sampled. They have been
given the name of ‘major clones’ (Tibayrenc &
Ayala 1988), since it can be suspected that their
epidemiological and pathogenic relevance is con-
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posed (Tibayrenc & Ayala 1991) the term 0f1998). Macedo and Pena (1998) have recently pro-
‘clonet’ to refer to sets of stocks that appear iderposed a ‘clonal-hystotropic model’, which states
tical for a given set of genetic markers in a clonahat T. cruziclonal genotypes infecting the same
speciesT. cruziclonets are distributed into two host have each a specific tropism for given organs.
main phylogenetic lineages within each of whichThese proposals as well as our results dealing with
genetic diversity remains considerable (Tibayrengteractions of clonal genotypes lead to consider
1995, Souto et al. 1996). The second main phylghat the idea: ‘one strain, one pathology’ is possi-
genetic lineage of. cruziappears as structuredply too simplistic. Still the fact remains that con-
into five lesser subdivisions (Brisse et al. 1998)yergent lines of results suggest a profound impact
of which some correspond to either hybrid lines 0gf the phylogenetic diversity df. cruzinatural

to formerly identified ‘major clones’ (Tibayrenc ¢jones on their relevant biomedical properties.

& Ayala 1988) or both. By comparison with other  For studies dealing with the integrated genetic
pathogens[. cruzipopulation structure can be gpidemiologyT. cruzi onstitutes an ideal model,
defined as follows: it is a clonal species (Tibayreng, it s clearly subdivided into clear-cut discrete
subdivisions (‘discrete typing units’ or DTUS_'@nUUes. upper and lesser DTUs, and at a lower level

, ..~ of phylogenetic divergence, the natural clones. The
Tibayrenc 1998a, b). The whole spediesruziis A[?P% tgchnique is gn abundant source of mark-
Giisione. All hese DTUS tan be charattonzed by 1or designing probes and PCR diagnoses spe-

e : . e ific of either DTUs or natural clones. These spe-
specific genetic markers or ‘tags’ (Tibayrenc_... ; .
1998a, b). To some exteit,cruziDTUs and tags fgzccgr?:gcy:)?r.;?glsreﬁgg bgncgncvgn!ggm/‘ol:?d 'Or]l
can be equated respectively to monophyletic lin= H é( integ 9 IC ept l0logy
eages (clades) and synapomorphic characters, Ghagas’ disease.
though a strict cladistic approach is difficult hereTHE VECTOR

. e .diversity, triatomine bugs have been the material
intraspecific phylogeny appears as robust, consid-

ering the strong agreement between  the specie°§ various evolutionary genetic analyses. These

phylogenies generated by independent sets of g%tydles were based mainly on multilocus enzyme

netic markers: isoenzymes and RAPDs (Tibayren ectroph.o_re5|s, and have. focused .elther on _the
et al. 1993), and microsatellites (Macedo & Pen ntraspecific level (population genetics analysis;

pers. comm.). This striking concordance betweefiP@yrenc et al. 1981a, b, Dujardin & Tibayrenc

three different kinds of genetic markers is clear evit98°, Dujardin et al. 1998) or on between-species

dence that the strong genetic distances recordg@mMparisons (phylogenetic analysis; Pereira et al.
within T. cruzi are due to a real evolutionary di-1996, Solano et al. 1996). These data provide a

vergence rather than to individual genetic diverfine starting basis to include the study of the vec-
sity within a hypothetical, recent ancestral sexudP! in the integrated genetic epidemiology of
species, as formerly envisaged (Tibayrenc et aq;hagas’dlseasg. Nevertheless, it W!|| be necessary
1984). It is reasonable to expect that the evol(fo complement isoenzyme typing with more mod-
tionary divergence accumulated betwdercruzi €rn molecular tools such as RAPDs or
clonal lineages involves also those genes that gofpicrosatellites, in order to increase the resolution
ern relevant medical properties such as virulenggower of triatomine bug genetic characterization.
or re_sistang:e to dru_gs. A possible Iink betwﬁe'n.THE HOST

cruzigenetic variability and Chagas’disease clini- . . i

cal diversity has been suspected by Miles et al. From the genetic point of view, of the three links
(1981). Montanat et al. (1996) have recently co@f Chagas transmission chain, man is the less
roborated this hypothesis. Long-term experimenténown. As a matter of fact, contrary to other para-
performed in our laboratory show a clear correlasitic diseases such as malaria or schistosomiasis
tion between evolutionary divergence amdng (Abel & Dessein 1997), nothing is known about
cruziclonal lineages and amount of differences fopossible human genetic susceptibility to
relevant biological properties such as pathogenié-hagas’disease and its different clinical forms.
ity in mice, in vitro drug sensitivity or culture Now the genetic variability of the human species
growth speed (Laurent etal. 1997, Pinto et al. 199Bas been widely explored (HLA and microsatellite
Revollo et al. 1998, De Lana et al. 1998). Certaityping, gene mapping), which should make easier
experiments suggest an interaction between clon@ explore the parameter of host genetic suscepti-
genotypes in artificial mixtures (De Lana et albility in the specific case of Chagas’ disease.
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INTEGRATED GENETIC EPIDEMIOLOGY OF ers will have to be used. This makes it possible,
CHAGAS’ DISEASE: EXPERIMENTAL APPROACH through the study of families and control, Chagas-
Chagas’ disease constitutes a very fine modéiee, populations, to look for possible associations
for experimental studies, since it is possible to edetween given parts of the human genome and
tablish a complete artificial cycle in the laboratorysusceptibility to Chagas’ disease and its various
The parasite is relatively easy to culture, undetglinical forms, through a statistical analysis of link-
epimastigote, trypomastigote and amastigotage disequilibrium. In the same time, isolation of
forms. Rearing the vector is easy too, including. cruzistocks from the same populations of pa-
through artificial feeding devices, which makes itients gives the opportunity to explore possible
easier to monitor the experimental paramete@ssociations betwedncruziclonal genotypes and
(Pinto et al. 1998). Lastly, many mammiferouglinical forms of Chagas’ disease. Lastly, the joint
models (mainly mice) can be used as vertebra@nalysis of the genetic variability of triatomine bug
hosts. The principle of an experimental approacpopulations and of the cruzistocks isolated from
of integrated genetic epidemiology is to have onl$hem could make it possible to increase by far the
one parameter vary at the same time, while the twevel of resolution of genetic epidemiological track-
other ones are kept as constant as possible. Fog. As a matter of fact, genetic evolution of the
example, if the impact on Chagas’ diseasd.of vector and of the parasite do not have the same
cruziis to be explored (either with pure clonal genopatterns and the same speed, although they are
types or artificial mixtures of genotypes), homoglinked. They can give therefore non-redundant,
enous triatomine bug and mice strains will be use¢éomplementary indications on the spread of
When the influence of the vector is explored (botlChagas'disease epidemics.
at the level of subspecific and interspecific variconcLuSION: PERSPECTIVES
ability), this will be done, in a given experiment,

with only oneT. cruziclonal genotype and with a 2 .
unique mouse strain. Lastly, when the host is coffle€d the joint efforts of many different teams hav-

sidered, various populations of a given strain anl9 complementary expertises. These various

various strains (males and females) will be usegPmpPetences are difficult to find in only one coun-

with the samd. cruziclonal genotype and the same"y- FOr these reasons, it is a typical field of re-

triatomine bug strain. Apart from the empiricalS€arch that should be launched in the recently-pro-
iposed project of ‘European Centre for Control of

IGEID is a very ambitious endeavor, that will

observation of the respective impact of the host's; ; : X T
the vector’s and the pathogen’s genetic diversi fectious Diseases’ (ECCID; Tibayrenc 1997a, b).

i i, a0t e Chagas model gives the opportunity to launch
h h [
on Chagas transmission and pathogenicity, it W|H1e first bases of this approach, with the advan-

be possible to identify the genes that are implie .
in the infectious process, and to analyze gene reg@J€s Of easy-to-master experimental protocols, and
oundant amount of knowldege on the genetic

lation phenomena through the analysis of MRNAS; )
with the RNA AP-PCR technique (Welsh et al. iversity of the pathogen, and, to a Iesser extent,
1992). For example, it will be possible to analys@f the vector. The general methodologies devel-
gene expression of givahcruziclonal genotypes 0Ped for Chagas'disease will be applicable to a
(amastigote, epimastigote and trypomastigot@rge extent to other infectious models, especially

forms) before and after passage through given velQ the ones that involve related parasitesigh-
tor and host populations, or before and after infedi@niaand African trypanosomes). The compara-
tion of cell cultures, or to compare infected vs nondVe approach advocated for in the case of evolu-
infected cardiac or digestive cells of dissecte§Onary genetics of pathogens (Tibayrenc 1995,
mice. Again in these RNA AP-PCR analyses, only-296) should be retained for IGEID. Indeed, only
one parameter will be allowed to vary at a give comparative IGEID approach will permit to draw
time, while the other ones are kept as constant 5 9eneral laws that govern pathogen/host/vector
coevolution, and in the same time, to enlighten the

ossible. o
P specificities of each model.
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