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Effects of Non-Susceptible Hosts on the Infection with
Trypanosoma cruzi of the Vector Triatoma infestans: an
Experimental Model

Diego P Vazquez/*, Delmi Canale*, Ricardo E Giirtler

Laboratorio de Ecologia General, Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires,
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We tested experimentally the effects of the presence of non-susceptible hosts on the infection witt
Trypanosoma cruzf the vectoifriatoma infestansThe experiment consisted in two treatments: with
chickens, including two chickens (non-susceptible hosts) and two infected guinea pigs (susceptible hosts)
and without chickens, including only two infected guinea pigs. The hosts were held unrestrained in
individual metal cages inside a closed tulle chamber. A total of 200 uninfedtddstanghird instar
nymphs were liberated in each replica, collected on day 14, and examined for infection and blood meal
sources on day 32-36. The additional presence of chickens relative to infected guinea pigs: (a) signifi-
cantly modified the spatial distribution of bugs; (b) increased significantly the likelihoods of having a
detectable blood meal on any host and molting to the next instar; (c) did not affect the bugs’ probability
of death by predation; and (d) decreased significantly the overall percentageimfiestansnfected
with T. cruzi The bugs collected from inside or close to the guinea pigs’ cages showed a higher infection
rate (71-88%) than those collected from the chickens’ cages (22-32%). Mixed blood meals on chickens
and guinea pigs were detected in 12-21% of bugs. Although the presence of chickens would decrease th
overall percentage of infected bugs in short term experiments, the high rate of host chnigfesfans
would make this difference fade out if longer exposure times had been provided.

Key words:Trypanosoma cruz Triatoma infestans Triatominae - Chagas disease - infection - transmission -
zooprophylaxis - host-feeding patterns

The transmission ofrypanosoma cruzithe Argentina, the proportion of domiciliary.
etiologic agent of Chagas disease, is usually assonifestandgnfected withT. cruziincreased with the
ated with impoverished rural areas in which housesumber or proportion of infected dogs or cats in
built with local materials favor the developmentthe house (Girtler et al. 1998).
of vector populations. In Argentina and in other Chickens are also important blood sources of
six countries in South America, the main vector islomiciliary T. infestangWisnivesky-Colli 1987,
Triatoma infestan&lug (Hemiptera: Reduviidae) Gurtler et al. 1996), but they are not susceptible to
(Schofield 1985). T. cruziinfection (Minter-Goedbloed & Croon

Dogs and cats are important host blood sourcd981). As stated by Minter (1976), the effect of
for domiciliary T. infestans(Wisnivesky-Colli the presence of chickens on transmission is not
1987, Gurtler et al. 1996) and the main domesticlear; it could be (1) beneficial, reducing the over-
reservoirs ofl. cruzi(Minter 1976). In some areas all percentage of infected vectors (i. e. zoopro-
of Bolivia and Perq, the domestic guinea figyia phylaxis), or (2) detrimental, favoring the exist-
porcellug is also an important reservoirbfcruzi  ence of high vector densities. Recently, Cecere et
(Herrer 1955). In rural areas from northwesterral. (1997), using multiple regression analysis,

showed that the domiciliary density Bfinfestans
significantly increased both with the proportion of
bugs that fed on chickens and with the household-
ers’ habit of letting hens nest in bedroom areas.
*Corresponding author. Present address: Departmentigflthermore, the moré. infestansbugs fed on
Ecology and Evolutionary Biology, University of Ten- chickens or dogs the less they fed on humans

nessee, Knoxville, TN 37996-1610, USA. (Gdirtler et al. 1997).
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of non-susceptible hosts resulted in a reduced parguinea pigs were in the chronic stage of infection,
site transmission, while in other cases their presnd had acquired. cruziinfection (COB strain)
ence led to an increased transmission rate (reviewgt@ough vectorial transmission four months before
by Service 1991). To the best of our knowledgeat the experimental field post of the Laboratory of
no zooprophylaxis experiments have been pulixperimental Pathology (Universidad Nacional de
lished in relation with the transmissionTofcruzi  Salta, Argentina). The same individuals were used
In this study, we look into the transmission pathin both replicas. Guinea pigs were chosen as sus-
way that goes from infected hosts to susceptibleeptible hosts because (1) they are suitable hosts
bugs, and present evidence of a reduced probalibr T. infestans(2) they have persistent parasitemia
ity of infection of T. infestanswith T. cruzicaused during the chronic stage of infection, and (3) they
by the additional presence of chickens. are easy to handle. Adult creole hens weighing
MATERIALS AND METHODS approximately 1,800 g were used as non-suscep-
tible hosts. Different hens were used in January

Experimental design Two matched replicas and March.
of the experiment were carried out at the Vector Third instarT. infestansnymphs descending
Reference Center of the Chagas National Servige1) from adultT. infestansrought from natural
at Santa Maria de Punilla (Cordoba, Argentinapopulations were used for the experiments and
The mean daily temperature recorded during thgenodiagnoses. Nymphs were fed on chickens and
experiments in January (22.7°C) did not differ sigreared at 27°C and 70% relative humidity. The
nificantly from that recorded in March (21.6°C)nymphs’ last feeding was as second instar nymphs,
(t=1.289, N=14, P>0.05). The experimental sys30 days before starting the experiments or xenodi-
tem was under the natural cycle of light-darknesggnosis.

The experiment was carried out in two cham- | aboratory methods Fecal drops obtained by
bers, each one Consisting of a closed tulle tent gbdomina| Compression from each bug were di-
2.8x2.8mand 1.4 min height (~ 4%with an  |yted with 30m of saline solution (NaCl 0.9%),
entrance in one of the corners. Each chamber wagvered with 22 x 22 mm coverslips and thoroughly
placed in a closed room to avoid direct exposur@xamined for active trypanosomes at 400X. The
to rain or sun. Each host was placed alone in a metaimber of microscopic fields necessary to find the
cage on opposing corners. A pile of 32 adobe brickfst T. cruziwas taken as an index of the intensity
provided refuge to the triatomines in the center aff infection, assuming that the lower the density
each chamber, on the assumption that the bugsT. cruzithe higher the number of fields needed
would hide there and not in the metal cages. Eagh find at least one parasite.
chamber was randomly assigned to one of two treat- Al nymphs were dissected and the blood meals
ments: (1) with chickens, including two chickensprepared and tested by agar double-diffusion as
and two guinea pigs infected withcruzj and (2) described by Girtler et al. (1996). The antiserum
without chickens, including only two guinea pigsagainst guinea pig serum was prepared in rabbits,
infected withT. cruzi The experiment was repli- as described by Gill (1984); it had a homologous
cated twice, in January and March 1995. titer of 1:4,000 and no cross-reactivity with chicken

A total of 200 uninfected. infestanshird in-  serum. The antiserum against chicken serum had a
star nymphs was liberated on the adobe refuge fbmologous titer of 1:1,600 and did not cross-re-
each replica. The nymphs were collected 14 daygt with guinea pig serum. Readings were made
later, and stored in plastic vials at 27°C and 70%4 and 48 hr after filling the wells. A final reading
relative humidity for 18-22 days to allow thewas made after staining the dried agar plates with
development of. cruziinfection. The guinea pigs 0.1% amido black.
were moved every four days among their respec-~ Although nymphs had been fasted for 30 days
tive cages in both treatments to minimize the ebefore the experiments, previous feeds on chick-
fect of potential differences among subjects in thelgns were still detected in some cases. These pre-
infectivity to bugs. In February, the guinea pigsipitin bands, however, were much weaker and
were tested by xenodiagnosis to estimate their idhorter than those from feeds made during the ex-
fectivity to the vector. A total of 10 uninfected third periments. We therefore discarded short and weakly
instar nymphs of.. infestansvas applied on each colored bands as evidence of a blood meal during
guinea pig during 30 min and then inspected tthe experiments.
verify that they had fully engorged. The bugs were  Data analysis- The effects of the additional
individually examined for infection 30 and 60 dayspresence of chickens on attributes of the bugs (in-
later as described below. _ . ~fection, molting, mortality, etc.) were described by

Animals- Ten-month old guinea pig€avia  a summary odds ratio (OR) and tested by the Man-
porcellug weighing about 700 g were used. Theel|-Haenszet? test taking replicas carried out in
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January and March, or the bugs’ collection site, asantly between January and March<11.8,d=2,
separate strata (Kahn & Sempos 1989). The ho$<0.05). More bugs were collected from inside or
feeding preference of bugs for chickens and guinedose to the guinea pigs’ cages than from inside or
pigs was tested by the McNemet test because close to the chickens’ cages in January, but bug
the bugs were exposed simultaneously to both hosteunts were similar in March. The additional pres-
(i. e. dependent events) within each replica witlkence of chickens significantly decreased the like-
chickens. lihood of collecting nymphs from the guinea pigs’
cages as compared to other sites when stratified
RESULTS by month (OR=0.33; Mantel-Haenszei=41.7,
Survival and molting Of the 200 nymphs lib- df=1, P<0.001).
erated at the beginning of each replica, from 70% Regarding host-feeding patterns (Table II), the
to 76% were collected alive at the end of the eXgresence of chickens significantly increased the
periments (Table I). The missing bugs were takegdds of having a detectable blood meal on any host
to have been preyed upon by the hosts. The praseyond that attributable to the guinea pigs
ence of chickens exerted no significant effects ofprR=2.25; Mantel-Haenszel?=16.7, df=1,
the probability of bug death beyond that attributP<0.001). In the presence of chickens, the propor-
able to the guinea pigs (OR=0.87; Mantel-Haenszgbn of bugs that fed exclusively on each host type
c2=0.8,df=1, P>0.3), but significantly increaseddid not differ significantly in January (McNemar
the likelihood of molting to the next instar¢2=0.4,df=1, P>0.1), but significantly more bugs
(OR=2.00; Mantel-Haensze&l?>=17.5,df=1, fed on chickens than on guinea pigs in March
P<0.001). (McNemarc2=7.5, df=1, P<0.01). Mixed blood
Host selectiort Host selection by. infestans meals were detected in 12%-21% of nymphs. In
was studied in two different ways: analysis of spahe absence of chickens, 5 (4%) bugs in January
tial distribution and analysis of host-feeding patand 15 (10%) bugs in March had blood meals on
terns. When the bugs from each hosts’ cages wegRickens, which indicates feeds prior to the experi-
pooled - thereby forming three collection sites -ments that were not eliminated by the selection
the spatial distribution of the bugs collected at thgrocedure.
end of both experiments (Table |) differed S|gn|f|- Bug infection- The percentage af cruzkin-
fected nymphs was significantly lower in the pres-
TABLE | ence (range, 43-57%) than in the absence of chick-

Number collected, spatial distribution and percentage ns (range, 68-92%) when the effects due to month

of Triatoma infestanshat moulted to fourth instar at (January and March) and collection place (the
the end of each experiment guinea pigs’ cages and elsewhere) were adjusted

: . i . for by stratification using 4 2x2 tables (OR=0.32;
With chickens - Without chickens yjantel Haenszet?=31.5,df=1, P<0.001) (Table
Collection place  January March  January Marchll). Both replicas showed similar qualitative ef-

Guinea pig's cage 1 26 18 43 ge fects of chickens on bug infection rates. Signifi-
Guinea pig's cage 2 30 38 58 29 cantly more infected nymphs were detected in Janu-
Chicken’s cage 1 11 33 — — ary (74%, 224/301) than in March (56%, 163/292)
Chicken’s cage 2 17 18 — — when stratified by the presence of chickens
Adobe refuge 47 33 49 37 (OR=2.63, Mantel Haenszel?=26.8, df=1,
Total 151 140 150 152 P<0.001). When each replica was considered as a

(75)  (70) (75) (76) separate sampli_ng unit, .the number of bugs that
Percentage moulted 44 66 39 36 Vere infected withT. cruziafter 30 days was lin-

early related to the number of bugs that fed on
a: number (%) of insects collected. guinea pigs (Fig. 1).
TABLE Il

Host-feeding sources dfiatoma infestang January and March

No. (%) of insects that fed on

Replica Treatment Guinea pigs Chickens Both None Total

January With chickens 41 (27) 48 (32) 32 (21) 30 (20) 151
Without chickens 103 (69) 1(1) 4(3) 42 (28) 150

March With chickens 38 (27) 67 (48) 17 (12) 18 (13) 140

Without chickens 86 (57) 7 (5) 8 (5) 51 (34) 152
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TABLE I
Proportion ofTriatoma infestansiymphs infected witfirypanosoma crun each treatment
January March
Collection place With chickens Without chickens With chickens Without chickens
Guinea pig's cages 67/7638) 99/101 (98) 40/56 (71) 88/115 (77)
Chicken’s cages 9/28 (32) — 11/51 (22) —
Adobe refuge 10/47 (21) 39/49 (80) 9/33 (27) 15/37 (41)
Total 86/151 (57) 138/150 (92) 60/140 (43) 103/152 (68)

a: number of infected/number of examined inseat@ercentage of infection.
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Fig. 1: linear regression of the number of infected nymphs by rostblood source

the number offriatoma infestansiymphs with detected feeds Fig. 2: proportion offriatoma infestansiymphs infected with
on guinea pigs (including both those with detected feeds ofrypanosoma cruzn relation to host-feeding sources in the
guinea pig only and on guinea pig and chicken; P<(?68,95).  treatment with chickens.

Within the treatment with chickens, infectiongpsence of chickens (z=3.05, P<0.01) (data not
rates were compared in relation to the bugs’ coghown)_ On the average, the guinea pigs infected
lection place and host-blood source. The percenggo of the xenodiagnosis nymphs. For each indi-
age of infected nymphs collected from the guinegigual guinea pig, infectivity values were 60% (6/

pigs’ cages was significantly greater than amongo), 70% (7/10), 90% (9/10) and 100% (10/10).
those collected from the chickens’ cages or the DISCUSSION

adobe refuge in both replicas (OR=12.62, Mantel
Haenszelc<=89.6, df=1, P<0.01) (Table III). Our study shows that the presence of chickens
Nymphs that fed on guinea pigs only or on guinem addition to infected guinea pigs (a) modified the
pigs and chickens (range, 53-95%) had a signifspatial distribution of bugs; (b) increased signifi-
cantly greater infection rate than bugs that fed ogantly the likelihood of having a detectable blood
chickens only (range, 13-15%) when adjusted bgneal on any host and molting to the next instar; (c)
month (OR=2.63; Mantel Haensz&#=26.8,df=1,  did not affect the bugs’ probability of death by pre-
P<0.001) (Fig. 2). Bugs with non-detectable bloodiation; and (d) decreased significantly the overall
meals showed high percentages of infection bothercentage of. infestansnfected withT. cruzi
in the presence (range, 37-39%, Fig. 2) and in the Contrary to expectations supporting the use of
absence of chickens (range, 30-79%, not shownhud bricks as a suitable refuge, most of the bugs
The intensity ofT. cruziinfection in the chose to hide within or below the hosts’ metal
nymphs’ feces did not differ significantly betweencages. This was a somewhat surprising finding in
treatments in both months by the Mann-Whitneyiew of the substrate preferencesTofinfestans
test (January: z=0.72, P>0.05; March: z=0.8§Wiesinger 1956), in which metal ranked far be-
P<0.05). However, a significantly higher intensityhind mud, and the very short distance between hosts
of infection was recorded in January than in Marclhnd the adobe refuge. Our tentative conclusion is
either in the presence (z=2.26, P<0.05) or in thgat host proximity dominated over substrate pref-
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erences under our experimental conditions. Hosimong dogs, chickens and opossums, but did not
proximity has also been considered more impoifeed on toadsT. infestanshowever, showed some
tant than host preference for triatomine buggreference for dogs in short day-time experiments,
(Minter 1976). and for chickens in all-night trials (Jirén & Zeleddn
Host availability affects the spatial distribution1982). The marked preference for warm-blooded
and nutritional status oF. infestangpopulations, hosts may be explained by the well known ther-
and may therefore provide a density-dependemtiotropism of triatomine bugs (Nufiez 1982).
mechanism that leads to the regulation of populay’hether thermotropism would explain the ob-
tion size (Schofield 1985). In accord with this genserved relative preferencebfinfestangor chick-
eral'theory, our study shows that the likelihood oéns, which have a slightly higher body tempera-
having a detectable blood meal on any host (a Sif(ire than guinea pigs, remains to be determined.
rogate of bug nutritional status) and molting to the=or a thorough understanding of triatomine host

nextinstar in a specified time period increased sighoices, host tolerance to bites and attractiveness
nificantly when two infected guinea pigs and twoyguld have to be considered.

chickens hosts were available as compared with The spatial distribution of bugs at the end of

only two infected guinea pigs. Such differenceghe experiments did not agree entirely with their

most likely arose from an increase in bug feedingsst-feeding results, possibly because the spatial
success and/or blood meal size per bug related §Qtibution results were an instantaneous repre-
the availability of more hosts, or chickens, or bothsaniation of the system dynamics. As indicated by

The probability of bug disapearance was not Signe proportion of mixed blood meals and the spa-
tial distribution of the nymphs, there was a high

nificantly modified by host numbers or the addi
tional presence of chickens. The additional pregze of host change in both replicas. Furthermore,
%ecause our blood meal detection method does not

ence of chickens most likely would boost up bu
population size to a new carrying capacity. allow distinguishing between blood meals on dif-

The bugs preferred to feed on chickens rath‘?%rent individuals of the same host type, the effec-

than on the equally available guinea pigs, at Ieaﬁve rate of individual host change may have been

in one of the replicas. Although the chickens’ bio?s-ven greater. This high rate of host change is char-

mass was approximately 2.6 higher than the guin teristic of domiciliaryT. infestangWisnivesky-

pigs’, the excess number of bugs that fed on chic olli 1987, Giirtler et al. 1996), although reasons

ens relative to guinea pigs was well below any OIIf'or it remain unclear. In our system, host-feedin
rect proportionality to host biomass. In other he- | y ' 9

matophagous insects, host density, size, attractiBatterns provided a closer estimate of the host-vec-
ness and tolerance to bites determined vector holjf cONtacts that determine bug infection with
feeding patterns (Edman et al. 1974, Edman &2 than the uItlmate'spatlaI cﬁstnbuuon of bugs.
Webber 1975, Lehane 1991). However, when dif- The presence of chlpkens S|gn|f|cgntly reduced
ferent host species differed in their tolerance to bitd@€ Infection withT. cruziof the vectof. infestans
and attractiveness, those relationships were le{ @greement with computer simulations
clear (Edman et al. 1974). In our study, both ho {-Ilmschopt 1993) and field resullts (Gurtler et al.
species were initially equally accessible to bugst998)- This effect cannot be attributed to uncon-
but we have not assessed if they were equally dfo!léd factors, such as differences in the actual
tractive and tolerant to bites. As different chicken§€gree of bug feeding between and within treat-
of similar size were used in January and Marchnents. The proportions of nymphs that fed and
the observed differences in host-feeding profilegiolted in the presence of chickens were either simi-
between months may have been due to differenc Or even greater than in the absence of chickens.
in the tolerance of individual chickens to bites, aBoth in the insectary and the xenodiagnosis, over
observed by Rossel Reyes (1984). 95% of nymphs with a similar fasting period as in
Most of our current knowledge of triatominethis study would normally feed when exposed to a
host-feeding patterns come from blood meal iderfestrained host for a few hours. In addition, the
tification studies of field samples (Minter 1976,infectivity to bugs varied little among individual
Wisnivesky-Colli 1987, Giirtler et al. 1997), butguinea pigs and most likely had no effect on the
this is not equivalent to host-feeding preferencegrobability of bug infection as the guinea pigs were
(Washino & Tempelis 1983). The host-feedingnterchanged among cages regularly. It is notewor-
preferences of triatomine bugs have been studidbly that 37-39% of bugs without a detectable feed-
experimentally only by Jirén and Zeledén (1982)ing 18-22 days after finishing the trials were in-
In a simultaneous exposure of different vertebratiected withT. cruzi, indicating that a very small
hosts toRhodnius prolixusT. dimidataandT. blood meal on the infected guinea pigs was suffi-
infestansthe bugs had no clear feeding preferencesent to produce a detectable infection.
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Chickens are insusceptible 1o cruzi due to on the number of domiciliary bugs (Cecere et al.
the action of complement-mediated lysis (Minter1997) and the number @t cruztinfected bugs
Goedbloed & Croon 1981). Urdaneta-Moralesollected per person-hour (Gurtler et al. 1998). This
(1973) reported that additional feedings of infectetssue, however, is beyond the scope of our experi-
R. prolixuson chickens, reptiles (also insusceptiblenental model. In a more real scenario, increased
to T. cruzi), mice or rabbits did not modify the pro- bug densities or infected bug densities would likely
portion of T. cruzi infected bugs or its intensity of result in an overall increase of parasite transmis-
infection. The absence of effects of chicken bloodion rates to susceptible hosts, thereby excluding
on bugs withT. cruzi infection was also reported the use of chickens for zooprophilaxis.
by several other authors (e.g., Minter 1976, p. 46).
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