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ABSTRACT Blood meal sources of 1,964 Triatoma infestans Klug collected in bedrooms in
3 rural villages in northwest Argentina were identified by agar double-diffusion tests. Bugs
were collected in September (1988, end of winter), October (1992), December (1988, spring),
and March (1989, 1992, summer), and tested for human, dog, cat, chicken—duck, and goat-
sheep serum antigens. From late winter to late summer, the percentage of domiciliary T.
infestans that fed on humans decreased from 81 to 50-51%, whereas the percentage of bugs
that fed on dogs rose from 39 to 45-57%, on chickens from 8 to 40-54%, and on cats from
7 to 12-23%. Bugs that fed on goat-sheep (2%) were collected mostly from 1 house. In winter,
most bugs fed on humans only (48%), followed by dogs only (13%), cats only, or chickens
only (=1%). In spring-summer, the percentages of bugs that fed exclusively on humans (19%),
dogs (16%), or chickens (17%) were similar. The seasonal shift was associated closely with
changes in the sleeping places of people from indoors in winter to verandahs in summer, and
with the presence of brooding hens or ducks in or close to bedrooms in spring-summer. In
spring-summer, at each instar, bugs had more identified blood meals, switched hosts from
earlier instars, fed on a larger number of different host types, and took mixed meals more
frequently than in winter. Bugs collected from walls, roofs and household goods showed similar
blood-feeding patterns, whereas bugs from beds showed the highest frequency of human
meals. The increased anthropophagy of domiciliary T. infestans populations at the end of
winter and during spring precedes or coincides with the spring peak incidence of acute cases
of Chagas disease in the region. This is the 1st report documenting seasonal variation in host
selection of any triatomine species.
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TRIATOMA INFESTANS KLUG is probably the most
important and widespread domiciliary vector of
Trypanosoma cruzi, the cause of Chagas’ disease.
Available data indicate that >95% of T. infestans
collected in bedrooms blood fed on either humans,
dogs, cats, poultry, or bovids (Table 1); blood meals
from peridomestic or sylvatic mammals and rep-
tiles were rare (Minter 1976, Wisnivesky-Colli
1987).

Triatoma infestans populations reared in exper-
imental chicken houses under natural climatic con-
ditions in central Argentina have =2 generations
per year (Gorla and Schofield 1989); indirect es-
timates of feeding frequency increased with tem-
perature and were highly variable (every 2-10 d)
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during the warm season (Catald 1991). In the lab-
oratory, a single full blood meal usually is sufficient
for molting to the next instar (Perlowagora-Szum-
lewics 1976), but in the field, more meals per in-
star may be frequent. Host blood antigens may re-
main detectable in the bug stomach for up to 4
mo (several references in Minter 1976). The du-
ration of antigen detection increases with nymphal
instar and may depend on bloodmeal size (Zirate
and Tempelis 1981).

In mathematical models of vector-borne diseases
transmitted to humans, the degree of anthropoph-
agy of the vector is related closely to the risk of
parasite transmission (Anderson and May 1991).
The percentage of domiciliary T. infestans that fed
on humans in 3 rural villages in northwestern Ar-
gentina varied from 15 to 67% (Wisnivesky-Colli
1987), although the prevalence of T. cruzi in each
of the human populations was =50%. Why the
percentage of bugs that fed on humans tended to
be lower and more variable than recorded else-
where (Table 1) remains unexplained.
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Co&parison of published feeding patterns of T. infestans collected in human sleeping areas of different

Table 1.
countries
No. % bugs fed on :
Country No. l?ugs antisera g % m;]xed Reference
reactive? used Humans Dogs Cats  Chickensp meals®
Argentina 438 4 79.5 237 15.1 26.7 36 Mayer and Alcaraz 1955
Argentina 175 |} 15.4 63.4 2.3 45.1 27 Wisnivesky-Colli et al. 1982
Argentina 132 11 7.4 439 22.0 34.1 19 Wisnivesky-Colli et al. 1987
Argentina 418 11 409 63.2 148 17.7 31 Wisnivesky-Colli 1987
Brazil 226 6 44.1 NR NR NR NR Andrade et al. 1979
Brazil 489 2 7.3 NR NR 52.1 NR Corréa and Aguiar 1952
Brazil 631 4 57.2 35.7 15.1 33.8 35 Corréa and Aguiar 1952
Brazl 42 11 76.2 0 119 14.3 10 Freitas et al. 1960
Brazil 3714 12 356 218 113 27.0 7 Barretto 1968
Brazil 1,241 10? 703 1.9 0 24.2 1 Marsden et al. 1979
Brazil 432¢ 10? 63.0 0.7 0 24.8 NR Schofield 1980
Brazil 604 6 91.7 L7 233 8.3 43 Forattini et al. 1981
Brazil 3604 6 708 42 5.1 34.4 40 Forattini et al. 1982
Chile 87 13 86.2 1.1 8.0 115 23 Knierim et al. 1976
Chile 76 19? 68.4 32 6.1 6.6 NR Schenone et al. 1985

NR, not recorded or not reported.
4 Giving at least 1 positive host identification.

b Several authors employ antisera produced against chicken serum but report their findings either as chicken, poultry, bird, or avian.

€ Mixed meals are those with 22 different sources.
4 Pools of bugs collécted in domestic and peridomestic sites.

¢ Includes 2 inhabited dwellings, and excludes 1 uninhabited dwelling.

Most studies on the bloodmeal hosts of triatom-
ines have pooled results across villages, months,
instar, or collection sites within houses (see For-
attini et al. 1982). As a consequence of such ag-
gregated data, many relevant features of triatomine
biology remain unt{ocumented or unexplored. Pre-
liminary results for T. infestans in northwestern Ar-
gentina showed that host-feeding patterns varied
across seasons {Giirtler et al. 1983, Solarz et al.
1986) and among instars (Wisnivesky-Colli et al.
1982). To our knowledge, no study has described
seasonal variation in the feeding pattern of tria-
tomine bugs adequately or searched for differ-
ences among instars in different seasons.

Mixed blood meals may result from feeding on
2 different host species (patent) or on the same
host species (cryptic) (Boreham and Garrett-Jones
1973). Patent mixed blood meals are common in
T. infestans (Table 1) but not in other domestic
triatomine species (Minter 1976). The proportion
of mixed meals was first used as an index of feeding
mobility by Barretto (1968). A low proportion of
mixed meals could indicate that many bugs may
have fed from the same host species (but not nec-
essarily on the same individual) on consecutive oc-
casions. Variation of mixed and unmixed blood
meals by instar and season, not studied previously,
may give clues to the degree of association of bugs
with particular types of hosts during the year.

The current study describes seasonal and devel-
opmental changes in blood feeding by T. infestans
collected from bedrooms because this is the place
where transmission of T. cruzi to humans occurs.
Our host-feeding data, spread over 4 yr, are com-
pared with previous estimates made in the same
area. This time series of host-feeding patterns con-
stitutes the first for any triatomine bug.

Materials and Methods

Study Sites. Studies were carried out in 3 sim-
ilar rural villages described by Giirtler et al. (1992):
Trinidad, Mercedes, and Amami4, Province of San-
tiago del Estero, Argentina. The villages were
situated within 9 km of each other in semiarid,
hardwood thorny forest habitat at 27° 12’ S, 63°
02' W. Trinidad and Mercedes were never sprayed
with insecticides by official control services. Ama-
mi was treated once with deltamethrin in 1983,
but house reinfestation increased steadily after
1987 and returned to baseline levels by 1992 (Giir-
tler et al. 1994). In 1988, the population of Amam4
consisted of 204 people, 121 dogs, and =25 cats in
41 houses; in Trinidad and Mercedes we censused
128 people, 86 dogs, and 31 cats in 31 houses. In
Amamd, the prevalence of seroreactivity to T. cruzi
in children <16 yr of age was 29.6% and in dogs
was 39.8% (Giirtler et al. 1991). In Trinidad and
Mercedes, 64.4% of dogs were seroreactive to T.
cruzi, and 39.3% of cats had T. cruzi detected by
xenodiagnosis (Giirtler et al. 1993a).

Houses typically had mud and brick or mud and
stick walls, thatched roofs, floors of beaten earth,
and an unfenced verandah at the front. Peridomes-
tic structures included kitchens, storerooms, and
goatpens and were separated 440 m from human
sleeping quarters. Dogs, cats, and brooding hens
(which had no special chicken coops and roosted
on trees when not brooding) frequently rested in-
side or around bedroom areas. Ducks were less
abundant than chickens, and turkeys or geese were
rare. Goats, sheep, and pigs and fewer horses,
mules, and cows wandered freely during the day
but usually were housed at night in peridomestic
corrals. Rats, mice, and cavies were seen or re-
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ported rarely by housedwellers in domestic or per-
idomestic habitats.

Triatomine Collections. Collection procedures
and results have been described previously (Giir-
tler et al. 1991, 1992, 1993b). Briefly, bug collec-
tions were made by a 2-person team by “flushing-
out” or insecticidal knockdown or both in 19
houses in Trinidad {(September 1988), in 12 houses
in Mercedes and in 41 houses in Amamd (Decem-
ber 1988), in 40 houses in Amama (March 1989),
and in all 3 villages (47 houses in Amama. 18 hous-
es in Trinidad, and 5 houses in Mercedes) in
March and October 1992. Mean monthly temper-
atures corresponding to the survey months were
18.3, 28.9, 24.1, 25.6, and 22.3 °C, respectively, at
the closest meteorological station located at 27° 46’
S, 64° 18’ W. In most of the surveys and in May
1993, we recorded the nightly sleeping places of
housedwellers and the type and number of their
domestic animals.

In the flushing-out method, bug collectors first
searched all bedroom areas for bugs, then sprayed
walls and roofs repeatedly with a dislodging agent
(0.2% tetramethrin) (Icona, Argentina) and cap-
tured triatomines as they emerged during 2 h (4
person-hour per house) in 1988, or 30 min (1 per-
son-hour per house) in March 1992. In Trinidad in
1988, beé)rooms were divided into quadrats and
bugs were collected separately from each quadrat.
In the 3 villages in 1992, bugs were collected sep-
arately from beds, household goods, walls, and
roofs, and in Amam4 from inside sensor boxes
tacked to walls for vector surveillance. Sensor box-
es were made of cardboard (41 cm wide, 22 em
high) with pleated pink paper inside and perma-
nent entries for bugs at the bottom and both sides.

For knockdown collections, 1 yHCH (yBHC)
fumigant tablet (Gammexane, Duperial, Argenti-
na) per bedroom was used 3-5 d after flushing-out
in 16 houses in Trinidad in September 1988 and
in 3 houses in Mercedes in December 1988; both
types of collection at each house were pooled to
increase the sample size. Knockdown collections
were made in 40 houses in Amama. in March 1989.
To further reduce the densest bug infestations and
help housedwellers in their control measures
against bugs, insecticide fumigant canisters (Agu-
vac, Argentina) were used in 1988-1989 and 1992,
but the bugs were not tested for blood meals. All
domiciliary and peridomestic structures in the 3
villages were sprayed with deltamethrin (2.5% sus-
pension concentrate at 25 mg [AI)/m? of sprayed
surface) by staff of the National Chagas Control
Service in October 1992. Collections of the
knocked-down triatomines were made at each
house =5-7 h after treatment.

Processing of Triatomines. Bugs were identi-
fied by instar, counted, and dissected or frozen
within 10 d of capture. The thorax was cut at the
level of the 3rd pair of legs, and the blood meal
was expressed from the abdomen with the aid of
tweezers into individual vials that contained 0.2 ml
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of buffered 0.85% saline (pH 7.2) with gentian vi-

olet added to a final concentration of 0.025%. For

bugs with small blood meals, the promesenteron

was transferred to the vial, even when possibly in- .
sufficient remnants of blood for host identification

were observed. Each dissected bug was given a

serial number to record its source house, place of
capture, and instar. Bloodmeal vials were stored in

a refrigerator in the field, and then frozen at

—20°C until they were tested.

Preparation of Antisera. All antisera were pre-
pared by injecting whole-serum antigens into New
Zealand white rabbits according to standard pro-
cedures (Wisnivesky-Colli et al. 1982). Animals
were treated according to standard practice (Anon-
ymous 1980). Each antiserum was titrated against
serial double dilutions of the homologous serum
and each heterologous serum by agar double-dif-
fusion tests. Antisera that cross-reacted with het-
erologous sera were adsorbed with undiluted sera
(50:1) from the cross-reacting species with the
highest titer, then retested to assure that cross-
reactivity was eliminated. The cat antiserum, which
still cross-reacted with dog serum diluted 1:4, was
accepted as specific under our testing conditions
(see below). The antigoat serum also detected
sheep and cow serum antigens, so it was consid-
ered an antigoat-sheep. The antichicken serum
was not adsorbed; it also detected serum antigens
from columbiforms (pigeons and doves) and an-
seriforms (ducks and geese) and possibly served as
a general anti-avian test. Blood meals that were
positive against the antichicken serum were con-
sidered to be from chickens, although some of the
bugs may have fed on ducks, the only other bird
nesting indoors. Final homologous antisera titers
ranged from 1:1,600 (chicken) to 1:4,000 (the oth-
er 4 antisera). In our test system, antisera titers in
the range of 1:1,600 to 1:4,000 detected full blood
meals taken as long as 3 mo previously in bugs
stored at =20°C (Wisnivesky-Colli et al. 1980).

Testing of Blood Meals. Double-diffusion tests
were carried out using 3.5 ml per slide of 1.3%
purified agar (I. D. Oxoid Agar) in veronal-hydro-
chloric acid buffer (pH 8.6). The standard proce-
dures of Wisnivesky-Colli et al. (1982) were mod-
ified for mass testing of samples and for
verification of mixed feeds. Slides were composed
of 5 linked sets of wells, each consisting of 1 cen-
tral basin filled with =20 ul of an individual blood
meal and 6 peripheral wells loaded with the 5 an-
tisera (human, dog, cat, chicken, and goat-sheep)
and normal rabbit serum. Cat and dog antisera
were loaded in adjacent positions to check for par-
tial and complete identity of precipitin bands
through the presence of “spurs” (Ouchterlony and
Nilsson 1986). Slides were kept for 48 h inside a
humid chamber at room temperature. Readings
were made at 24 and 48 h after loading the wells
and after staining with 0.1% amido black. Dubious
precipitin bands or unspecific arcs of unknown or-
igin (both occurring in <5% of total blood meals)
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Table 2. Temporal changes in host-selection patterns of domiciliary T. infestans

No. (%) bugs Blood source, no. (%) All
Survey date
Tested Reactive Humans Dogs Chickens Cats Coat-sheep ~ SOurces
Winter
September 1983 997 885 720 342 68 64 33 1.227
(89) (81 (39) (8) (D CY
Spring
October 1992 135 120 82 75 33 17 2 209
(89) (68) (63) (28) (14) @)
December 1988 170 147 93 75 82 23 0 273
(86) (63) (51) (56) (16) (0)
Summer
March 1989 179 135 79 89 84 36 1 289
(87) (51) (57) (54) (23) (<1)
March 1992 705 657 326 295 265 9 4 969
(93) (50) (45) (40) (12) (<1)
Overall 2,186 1.964 1.300 876 532 219 40 2967
(90) (66) (45) 27 (1D (2)

Comparisons among proportions of bugs that fed on different hosts among surveys (all df = 4): humans (¥ = 188.1, P < 0.001);
dogs ()2 = 34.6, P < 0.001); chickens (,\2 = 346.0, P < 0.001); cats (3® = 40.8, P < 0.001).

were disregarded. Mixed blood meals (those in
which =2 types of blood were identified) were re-
peated with the reacting antisera loaded in adja-
cent positions to check for specificity of reactions
and to exclude potential cross-reactivity of the an-
tisera with partially degraded proteins stored in the
stomach (Perassi and Segura 1976). Unmixed
blood meals are those in which only 1 type of
blood is recognized, although the bug may have
fed several times on the same type of host. For
triatomine bugs, however, unmixed and mixed
blood meals were termed single and multiple
meals, respectively (Minter 1976, Wisnivesky-Colli
1987).

Data Analysis. To describe how bugs use the
available hosts, we report the proportion of reac-
tive bugs that contain each type of host blood. For
example, the proportion of human-fed bugs is the
number of bugs positive against human antiserum
(whether or not the bugs were also positive against
any other antiserum), divided by the number of
reactive bugs (those positive against any antise-
rum). Because some bugs fed on as many as 4

s of host, the sum of the proportions of bugs
that fed on each type of host category usually ex-
ceeded 1. The proportion of bugs that fed on each
host can take values from 0 to 1 within the same
survey because each bug may show several blood
sources; thus these proportions are logically inde-
pendent.

The relation between the percentages of bugs
that fed on different host tvpes among seasons or
instars was analyzed by R X 2 contingency tables
using x* tests; comparison of unmixed or mixed
blood meals by instar between seasons was done
by Mantel-Haenszel x2 (Fleiss 1981). For example,
to analyze the percentage of bugs that fed on hu-
mans by season (rows), one column of the table
represented the frequency of bugs fed on humans
and the other the bugs that had not fed on hu-

mans. Another way of analyzing the data would
treat each identified source of blood in each bug
as a separate entity (Wisnivesky-Colli et al. 1982).
This procedure assumes implicitly that bugs feed
each time independently; in addition, it inflates the
actual sample size of reactive bugs. For example,
a bug positive against a human antiserum but not
positive against any other antiserum would count
as 1 human blood meal (although the bug may
have fed on humans on several occasions), whereas
a bug positive against a human antiserum and a
dog antiserum would count as 1 human meal and
1 dog meal. Because many bugs had taken mixed
blood meals, the proportion of human blood meals
among all blood meals is necessarily lower than the
proportion of human-fed bugs among all reactive
bugs, and depends upon the number of blood
meals detected on other hosts. The proportion of
human-fed bugs among all reactive bugs may be
interpreted as the proportion of bugs that fed at
least once on humans, and possibly as an index of
the probability of feeding on humans.

We attributed differences in samples from dif-
ferent. months to seasonality on the assumption
that the seasonal cvcle was the same in different
years. We tested this assumption by comparing
samples taken in March 1989 and March 1992.

Results

Distribution of Blood Meals by Season. In to-
tal, 4,793 T. infestans were collected in bedrooms
and dissected. Of these, 2,186 (46%) were judged
to contain some blood, 90% of which gave at least
1 positive result. :

The distribution of 1,964 domiciliary T. infestans
by source of blood meals and date of survey are
shown in Table 2. Overall, most bugs fed on hu-
mans (66%) and dogs (45%). Bugs fed less fre-
quently on chickens (27%), cats (11%), and goat—
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Table 3. Host availability in Amamé and Trinidad in 1988 and 1993

Median density of hosts per house (interquartile range)

Proportion (%) of

Village, yr No. households with

' houses , . hick ks chickens—ducks

.Humans Dogs Cats Chickens~due b ing indoors
Trinidad, 1988 19 5(3-7) 2(1.5-3) 1(0-1) 8 (420 5/19 (26
Amami, 1988 41 4(3-7) 2(2-3.5) 1(1-1.5) NR 9/27 (3318
Trinidad, 1993 19 5 (4-6.3) 2(1-3) 1(0-1) 18.5 (10-30) 919 (47¥
Amamd, 1993 46 5(3-6.7) 2(13) 0(0-1) 27 (13-43) 23/44 (52

NR, not recorded.
¢ Direct observations during vector collections.
b Reported by house-dwellers.

sheep (2%). This pattern, however, showed a
marked seasonal progression from late winter to
late summer. As the mean monthly temperature
increased, the percentage of bugs t%at fed on hu-
mans showed a slightly decreasing trend from 81
to 50-51% (r = —0.66, n = 6, P > 0.1), whereas
the percentage that fed on chickens increased
from 8 to 40-534% (r = 0.897, n = 6, P < 0.05).
Few bugs fed on goat—sheep; 2/3 of positives came
from 1 house in Trinidad and included 4th and 5th
instars. The mean number of identified blood
meals per reactive bug increased from 1.39 in win-
ter to 1.68 and 1.86 in spring and to 1.47 and 1.86
in summer. When each single host was compared
with- all remaining hosts, the percentages of bugs
that fed on humans, dogs, chickens, and cats dif-
fered significantly among each and every survey,
“except for the percentage of bugs that fed on hu-
mans in March 1989 and in March 1992 (Table 2).
Results differed somewhat for the distribution
of blood meals for all hosts jointly. Analyzing Table
2 as frequencies of blood meals, there were signif-
icant differences in the frequencies of blood meals
on humans, dogs, chickens, and others combined
among all survevs ()® = 314.4, df = 12, P < 0.001),
or among October, December, and March ()2 =
225, df = 9, P = 0.007). No statistically significant
differences occurred between December and
March ()2 = 89, df = 6, P = 0.179) or March
1989 and March 1992 (2 = 72, df = 3, P =
0.066). This finding supported our assumption that
feeding patterns were similar in the same season
during different vears.
. Host Availability. Table 3 compares the fre-
quency distribution of hosts per house in Amama
and Trinidad in September 1988 and May 1993.
Both villages had similar host densities in both
vears, with slightly lower numbers of chickens and
ducks in Trinidad in 1988. Nearly all households
owned chickens an important food resource) and
dogs, and =~50% owned a cat. The proportion of
households that kept brooding hens indoors was
similar in both villages and years. The median den-
sity per household was 5 people, =3 dogs, <1 cat,
and 8-27 chickens and ducks.
Sources of Blood Meals by Instar. Because the
stage composition of the bug population changed
seasonally, it was necessary to examine whether the

seasonal differences in host-feeding patterns could
be the result of changes in the stage composition
of the bug populations. In winter, the percentage
of bugs that fed on humans (32 = 4.7, df = 5, P
> 0.4) or dogs (}® = 5.5, df = 5, P > 0.3) did not
differ significantly among instars or sex (Fig. 1). In
spring—summer, the percentage of bugs that fed on
chickens steadily increased from 22% in 1st and
2nd instars to 45-50% in adult bugs (x® = 11.5, df
= 5, P = 0.041). Significant differences among in-
stars and sex also were detected for proportions of
bugs that fed on humans (32 = 16.2,dt =5, P =
0.006), or cats (32 = 11.9, df = 5, P = 0.036), but
not on dogs ()® = 7.3,df = 5, P > 0.2). The sample
sizes of reactive bugs for each instar and season
are shown in Table 5.

A different way of anal_\zin% these data statisti-
cally was as proportions of blood meals on each
type of host among all the blood meals identified
by instar within each season. No significant differ-
ences among instars were detected in winter
(chicken, cat, and goat-sheep combined; x* =
10.1, df = 10, P > 0.4) or spring~summer collec-
tions (cat and goat-sheep combined; x® = 20.1, df
= 13, P = 0.167).

Unmixed Blood Meals. Fig. 2 shows the distri-
bution of domiciliary T. infestans with unmixed
blood meals by instar in winter versus spring-sum-
mer. In winter collections, more bugs fed on hu-
mans only (48%) than on dogs only (13%) or on
each of the other sources only (=1%). In contrast,
in spring-summer collections. the percentage of
bugs that fed exclusively on humans (19%), dogs
(16%), and chickens (17%) was similar and higher
than on cats only (1%). The percentage of domi-
ciliary T. infestans that fed on humans only strati-
fied by instar was significantly higher in winter
(48%) than in spring-summer (19%; Mantel-
Haenszel ¥ = 173.5, df = 1, P < 0.001), and the
reverse occurred with bugs that fed on chickens
only (1% versus 17%; Mantel-Haenszel y* = 128.3,
df = 1, P < 0.001). The percentage of bugs that
fed on dogs only did not differ significantly be-
tween seasons (Mantel-Haenszel y* = 0.5, df = 1,
P > 0.5). v

Host Fidelity. To represent host fidelity during
the life cvcle of the bug, from instar-specific data
shown in Figs. 1 and 2, we calculated the per-
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Fig. 1. Distribution by instar of the percentage of domiciliary T. infestans that fed on each host type. (A) Winter
collections; Trinidad, September 1988. (B) Spring-summer collections; Amama, Trinidad, and Mercedes, October—
March 1988-1992. Numbers on top of each histogram bar represent the number of bugs with blood meals (mixed

and unmixed) on each host type and instar.

centage of bugs that fed on each host type and had
unmixed meals in winter versus spring-summer.
For example, from a total of 10 human-fed 1st-
2nd instars in winter (Fig. 1A, 1st bar), 10 had fed
on humans only (Fig. 2A, first bar); thus the per-
centage of human-fed bugs with unmixed meals on
humans for 1st and 2nd instars in winter was
100%. For large samples, this percentage repre-
sents the conditional probability of having fed on
humans only among bugs that had fed on humans
(the host fidelity index for humans).

In winter (Table 4). the fidelity index for humans
was highest (59%). followed by dogs (35%), chick-
ens (13%), and cats (13%). In spring-summer, fi-
delity indices for humans (35%). dogs (33%), and
chickens (39%) were similar. For humans and
dogs. the decreasing trend with instar started ear-
lier and was sharper in spring—summer than in
winter. The percentage of human-fed bugs that
had unmixed human meals was significantly higher
in winter (39%) than during spring—summer (35%;
X2 = 732, df = 1, P < 0.001), but those on dogs

did not differ between seasons (2 = 0.3, df = 1,
P > 0.5).

Mixed Blood Meals. Significantly more domi-
ciliary T. infestans had patent mixed blood meals
in spring—summer (46%) than in winter (35%) (Ta-
ble 5). In winter, the percentage of bugs with
mixed meals increased significantly from 0% in
1st-2nd instars to 37—40% among adult bugs. In
spring-summer. the frequency of bugs with mixed
meals also differed significantly among instars, but
the pattern was less distinct than in winter.

Most bugs with mixed blood meals had fed on
2 and a few on 3 host species in winter, but 3 and
4 hosts were common in spring-summer (Table 5).
More double and triple feeds appeared in earlier
instars in spring—summer than in winter. Feeds on
4 hosts were detected only in spring—summer.

Site-Specific Feeding Patterns. The host-feed-
ing patterns of domiciliary T. infestans were strat-
ified according to site of capture (Table 6). Among
bugs caught by flushing-out, the percentages that
fed on humans in beds, household goods (includ-
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Fig. 2. Distribution by instar of the percentage of domiciliary T infestans that fed only on humans, dogs, chickens,
or cats (unmixed blood meals). (A) Winter collections; Trinidad, September 1988. (B) Spring-summer collections;
Amam4, Trinidad, and Mercedes, October—-March 1988-1992, Numbers on top of each histogram bar represent the
number of bugs with unmixed blood meals on each host type and instar.

ing other furniture or clothes), walls, and roofs
were not homogeneous (Table 6). Bugs collected
from beds showed the highest percentage (90%)
of human meals. The percentage of bugs that fed
on humans did not differ significantly among walls,
roofs, and household goods ()2 =15 df =2, P >
0.4), and the same occurred with the bugs that fed
on other hosts. Sensor boxes showed the highest
frequency of bugs that fed on cats (37%), but most
of these bugs came from 1 house.

In a house in Trinidad in September 1988, we
obtained 254 reactive bugs captured from 10 dif-
ferent sites within bedrooms. We found no signif-
icant differences among sites in the proportion of
bugs that fed on humans (mean, 82%; range, 68—
91%) or dogs (mean, 28%:; range, 10-48%) (not
shown). Similar results were obtained in 4 other
houses with >70 reactive bugs each.

Discussion

Study Design. Because our observations were
spread over 4 yr and mainly 2 villages, potential

confounding between time (months, years) and
place (villages) would limit the interpretation of
results in terms of seasonal variations if, for ex-
ample, Trinidad differed in some essential respect
from Amams (for instance, no chickens in the for-
mer), or March 1989 differed from March 1992
(annual trends). However, the 3 villages were com-
parable with respect to patterns of house construc-
tion and cultural practices, host density, and the
habit of keeping brooding hens or ducks indoors
(M.C.C., unpublished data). Although the num-
bers of chickens or ducks showed some variation
among and within villages from year to year, the
habits of breeding poultry were consistent ‘over
years as reported by housedwellers or observed by
us during collections. In addition, the host-feeding
patterns observed in March 1989 and March 1992
in Amamd were similar, indicating homogeneity
over time.

Seasonal Variation. The shift in host-feeding
patterns from a predominance of human blood
sources and almost no chickens in winter to a more
balanced feeding on chickens, dogs, and humans



22

JOURNAL OF MEDICAL ENTOMOLOGY

Vol. 33, no. 1

Table 4. Percentage of domiciliary T. infestans that fed on each host and had unmixed blood meals (host fidelity

index)
Host fidelity index (range)
Season
Humans Dogs Chickens Cats
Winter® 59 (100-36) 35 {100-32) 15 (0-16) 13 (50-12)
Spring-summerd 35 (80-36) 35 (100-27) 39 (67-38) 10 (0-7)

@ Percentage of bugs that fed on each host that had unmixed blood meals.

b Range of host fidelity index from 1st-2nd instars to adult bugs.
¢ Trinidad, September 1988.
d Amnamé, Trinidad, and Mercedes, October-March 1988-1992.

in spring-summer was associated closely with (1)
changes in nightly sleeping places of most people
(indoors during cold weather from April-May to
September—October, outdoors in the verandah
during the rest of the year), and (2) the presence
of brooding hens (or ducks) in or close to gedroom
areas (to protect eggs and chicks from predators).
During cold weather, people sleeping indoors very
probably had an increased risk and frequency of
triatomine bites, whereas probably dogs and cats
more often were restricted to outdoor sites (ac-
cording to family customs) and hens were not al-
lowed to brood indoors. In contrast, during the hot
season, people moved beds to sleep in the open
verandas, with dogs lying beside or Eelow them at
night, and 1 or 2 hens (sometimes a duck) entered
or were placed inside empty bedrooms to sit on
eggs. Our data confirm preliminary evidence of
seasonal variation in the feeding patterns of dom-
iciliary T. infestans either at the house (Giirtler et
al. 1983} or at the community level (Solarz et al.
1986).

Because of the 3-mo period of serum antigen
detection, blood meals from mid-September may
correspond to the winter period (June to Septem-
ber), whereas those in December may represent

spring and those in March, summer feeds. The rate
of digestion of blood meals increases with temper-
ature, therefore it is likely that more old feeds
would be detected during or after the cool season
than during the warm season. The 10% of bugs
not reacting with any antisera in our study is
among the lowest reported for T. infestans tested
with as many as 13 antisera (Table 1) and may be
attributed to the testing of bugs with almost empty
stomachs rather than to an important blood source
being missed by the antisera used.

It is noteworthy that one of the highest propor-
tions of domiciliary T. infestans that fed on humans
in northwestern Argentina (67%) corresponds to
bug collections made in September, whereas the
lowest (15%) corresponds to December (Table 1).
No date was given for collections corresponding to
the highest figure (79%) for Argentina (Mayer and
Alcaraz 1955). Therefore, seasonal variation in the
host-feeding patterns of T. infestans may, in part,
explain the wide variability in the degree of an-
thropophagy observed in this area. Data showing
that the availability of animal hosts explains the
variation in host-feeding patterns among houses
within each survey will be reported separately:

Table 5. Distribution of mixed blood meals of domiciliary T. infestans according to instar; Trinidad, September
(winter) 1988, and Mercedes-Amama, October-March (spring-summer) 1988-1992

No. blood sources in mixed meals

Instar Season No. b}xgs Total %
reactive Double Triple Quadruple

First-second Winter 11 0 0 0 0 0

Spring-summer 13 1 o] 0 1 S

Third Winter 34 6 0 0 6 18

Spring-summer 67 22 14 1 37 33

Fourth Winter 61 13 i 0 14 23

Spring-summer 214 31 19 6 7 36

Fifth Winter 97 30 2 0 32 33

Spring-summer 332 129 33 5 167 30

9 Winter 327 118 12 0 130 40

Spring-summer 208 T 28 7 112 34

33d Winter 333 118 13 0 131 37

Spring-summer 244 78 21 3 104 43

Total Winter 8834 285 28 0 313 35

(%) — (32) (3) (0) — —

Spring-summer 10782 338 115 24 497 16

—_ (33) (11) (2) — —

Differences between spring-summer and winter: Mantel-Haenszel ¥* =

winter, y¥ = 17.1, df = 4, P < 0.002): in spring-summier. ¥ =183, df = 4 P = 0.00L.
¢ Excluded 2 bugs in winter and 1 in spring-summer with instar not recorded.

277.df = 1, P < 0.001. Differences among instars: in
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Table 6. Host-feeding patterns of domiciliary 7. infest by site of capture in Amama, Trinidad, and Mercedes
during March (summer) 1992

No. bugs Blood source (% bugs fed ony®
Collection site ‘
Tested Reactive Human Dog Chicken Cat Coat/sheep

Beds 4 40 90.0 225 75 7.5 00 -
Goods 8 6 40.8 38.2 50.0 11.8 0.0
Walls 303 286 48.6 43.0 44.1 12.9 0.7
Roofs 172 156 474 49.4 48.7 7.1 1.3
Sensor boxes 33 27 55.6 40.7 33.3 370 0.0

@ Categories are not mutually exclusive and sum to >100% because of mixed blood meals.
b Differences among beds, household goods, walls and roofs: x2 = 28.8, df = 3, P < 0.001.

Feeds on dogs showed the least variation among
seasons and villages, whereas the proportion of
bugs that fed on cats was highly variable. Despite
their low density and well-known nocturnal activity
(which might decrease their exposure to triatomi-
nes), cats were fed upon frequently by T. infestans
in this and other areas (Table 1).

The few goat-sheep meals came mostly from 1
house in Trinidad, with some of them occurring as
nymphal instars (presumably less mobile than
adults); the remainder came from individual adult
bugs in several houses. Blood meals from goat-
sheep in domiciliary triatomines usually are re-
garded as markers of dispersal from peridomestic
corrals. However, we observed in 2 houses that
people kept goat kids in or near their bedrooms
for protection or to feed them. Thus, although a
direct interpretation of goat-sheep feeds may not
be assured, data from other houses indicated that
some bugs moved from goat corrals into dwellings.

Comparative Time Series in Amama. In Ama-
mé and adjacent villages in December 1982, most
domiciliary T. infestans had fed on dogs (63%), hu-
mans (41%), or chickens (18%) (Table 1). A strik-
ingly similar host-feeding pattern again was found
in this area in November 1984 (674 bugs tested)
(Solarz et al. 1986). In contrast, our October and
December data show that more bugs fed on hu-
mans (63—-68%) or chickens (28-56%) and a similar
proportion fed on dogs (51-63%) than in 1982—
1984, despite comparable methods of bug collec-
tion and identification of blood meals.

The higher frequency of bugs that fed on hu-
mans and chickens in 1988-1992 than in 1982-
1984 cannot be attributed to any effect of the 1985
deltamethrin spraying because (1) house reinfes-
tation after spraying most likely originated from
unsprayed peridomestic foci of T. infestans (Giir-
tler et al. 1994), (a local vector strain reinfested
houses); (2) the host-feeding pattern in March
1989 (when house reinfestation was expanding rap-
idly) was very similar to that observed in March
1992 (when =90% of houses were infested); (3)
there is no known mechanism by which the insec-
ticide could affect selectively the host-selection be-
havior of the bugs after =3 vr (6 or more T. infes-
tans generations). In addition, the size and resting
habits of the human population appeared to be sta-
ble across years. We believe that the observed dif-

ferences in host-feeding patterns across years in
Amamd may reflect the flexible host selection be-
havior of T. infestans, a highly opportunistic species
feeding readily on humans throughout its distri-
bution range (see Table 1).

Instar and Site-Specific Feeding Patterns.
Minter (1976) concluded that “there appeared to
be no striking difference between the feeding pat-
tern of adults and younger instars of triatomine
bugs,” whereas Wisnivesky-Colli (1987) identified
3 cases in which significant differences existed. In
our study, although the host-feeding patterns of T.
infestans showed statistically significant differences
among instars in spring—summer (but not in win-
ter), L%e differences were variable and likely of mi-
nor biological relevance. The percentage of bugs
that fed on chickens in spring-summer was the
ontl}; one that showed a clear (increasing) trend
with instar, similar to that reported by Wisnivesky-
Colli et al. (1982). Contrary to the latter survey, we
did not detect a decreasing trend in the percentage
of bugs that fed on dogs with instar.

The increasing frequency of bugs feeding on
chickens among instars in spring-summer may be
explained by the increased opportunities of older
(larger) bugs to ever have fed on chickens (part of
such meal remaining detectable), concurrently
with more brooding hens and young chickens with-
in bedrooms as the warm season progressed. In-
terestingly, higher frequencies of chicken blood
meals in adults than in nymphs appeared in the 3
data sets identified by Wisnivesky-Colli (1987),
who attributed this shift to differential location and
mobility of nymphs and adult bugs. In addition, in
our study =40% of 4th and older instars that fed
on chickens had unmixed meals. This indicates re-
peated feedings and increasing reliance on the
chicken blood source for those instars that have
larger requirements of blood and higher reproduc-
tive value. This may have important consequences
for the populations dynamics of T. infestans.

The host-feeding pattern of bugs collected from
walls, roofs. and household goods were similar. The
small mymphs collected from people’s beds. how-
ever, showed an expected higher frequency of hu-
man meals than did other sites, as reported by Ra-
binovich et al. (1990). Bias in sampling some sites,
in which easily catchable instars may be associated
closely with 1 host (as in beds), may artificially pro-



. duce a pattern of host preference for such instars.
With this exception, and within the limitations of
the sampling methods used, our data support the
existence of homogeneous host-feeding patterns
among collection sites and instars within the house.

Unmixed Blood Meals and Host Fidelity. Min-
ter (1976) suggested that 1-host identifications may
often represent several successive feedings from
the same host type. Developing this idea, we pro-
pose that the percentage of bugs that fed on a sin-
gle type of host among any bugs fed on that host
(mixed or unmixed) can be used as an index of host
fidelity or of repeated feedings on that host, mea-
suring the strength of the feeding link. Another
possible indicator of host fidelity, the percentage
of all reactive bugs that fed on a given host on%y,
is not as helpful as the host fidelity index because
it is affected by other host choices of the bugs that
are not relevant to the host at issue.

The high percentage of human-fed bugs with
only human blood in September (59%) indicates
that bugs fed only on people during the previous
period (a strong host fidelity). Assuming that blood
antigens remained detectable in the stomach of the
bug for 3 mo and that domiciliary T. infestans fed
about as frequently as T. infestans in experimental
chicken houses from a similar rural area of Argen-
tina (Catald 1991), we estimated that bugs may
have fed an average of 3 times during June-Sep-
tember and that most of these feedings were on
humans. In addition, the host fidelity index for hu-
mans in winter implicitly indicates that 41% of
bugs had fed on humans and another source,
which in this case was dogs, the main reservoir of
T. cruzi. Fidelity for humans or dogs declined with
instar in both seasons, but in spring-summer, host
switches from earlier instars were more frequent.

Mixed Blood Meals. Four or 5 different host
sources were identified in the same domiciliary T.
infestans (Corréa and Aguiar 1952, Wisnivesky-
Colli 1987) and up to 6 different host types in oth-
er domiciliary species (Zeledén et al. 1973, Zdrate
et al. 1980). The following 3 factors may explain
this phenomenon: (1) large bloodmeal size in T
infestans (Perlowagora-Szumlewicz 1976); (2) re-
peated feedings during a prolonged life-span; and
(3) extended detection of blood meals, even
through 2 molting periods. Therefore, the older
the bug, the greater the number of previous blood
meals. However, among the few studies that re-
ported separately the host-feeding patterns of
nymphs and adults of any triatomine species (Cor-
réa and Aguiar 1952, Mayer and Alcaraz 1953, Ze-
ledén et al. 1973, Zirate et al. 1980, Wisnivesky-
Colli et al. 1982). none detected higher
frequencies of mixed blood meals in adult bugs,
possibly because of lumping of nymphal instars.
We reanalyzed data from domestic Triatoma dim-
idiata Latreille (Zeled6n et al. 1973) separating all
instars and found that older instars had signifi-
cantly more mixed meals than younger ones (32 =
12.6, df = 5, P = 0.028).
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Our study showed a high percentage of mixed
blood meals in domiciliary T. infestans (35-46%)
that could not be attributed to nonspecific reac-
tions; these percentages were within the range pre-
viously reported (Table 1). Considering that our
blood meal identification tests could not determine
successive blood meals taken from different indi-
viduals of the same host group, the actual degree
of multiple feedings (or effective host change)
would be higher than the 3546% we estimated.
T infestans is a highly mobile species in both
nymphal and adult stages when several alternative
blood sources are available.

Mixed feeding habits of bugs in winter and
spring-summer differed in 4 important respects.
In spring-summer at each instar, bugs had more
identified blood meals, fed on a larger number of
different host types, took mixed meals more fre-
quently, and switched hosts in earlier instars.
These changes occurred in parallel with increasing
temperature and bug populgﬁon density, and pos-
sibly may have resulted from increased bug mo-
bility during warmer periods and increased host
availability. High feeding mobility from early in-
stars onward also is indicated by 26% of T. cruzi-
infected 4th instars fed only on chickens (which
are refractory to T. cruzi infection) (unpublished
data). This indicates that bugs had fed on some
undetectable infective source at an earlier instar.

Feeding Patterns and Incidence of Chagas’
Acute Cases. The frequency of symptomatic acute
cases of Chagas’ disease in northwestern Argentina
increases steeply in September—-October from a
{non-0) minimum during June-August (Romafia
1963). In September—October in this region, how-
ever, the domiciliary density of T. infestans, the
percentage infected with T. ¢cruzi, and the density
of infective trypomastigotes in the infected bugs
were close to the minimum values recorded across
seasons (Giojalas et al. 1990). In addition, the feed-
ing frequency of T infestans located in a similar
area was well. below its annual peak (Catald 1991).
The increased anthropophagy of domiciliary T. in-
festans populations during late winter and early
spring would (1) likely compensate for marked re-
ductions in parameters affecting the vectorial ca-
pacity of T. infestans, and (2) precede or coincide
with the spring peak in incidence of acute cases of
Chagas disease.

Consequences for Modeling and Control.
Mathematical models of the domiciliary transmis-
sion of T. cruzi in northwestern Argentina (see Ra-
binovich et al. 1990) should allow for seasonal vari-
ation in contact among T. infestans, people, and
domestic animals. The high degree of feeding mo-
bility of domiciliary T. infestans from early instars
onward has 2 consequences: (1) the host-feeding
patterns are less likely to differ among instars or
collection sites within the house; hence the bug
population can be considered homogeneous in
these respects, and (2) bugs have an increased
probability of finding an infected host and then



transmitting the infection, thus increasing the
chance of T. cruzi infection and superinfection of
vectors and hosts. Bugs likely acquire the infection
mainly from infected dogs (and secondarily from
cats) all year round but more frequently during
spring and summer, when both the feeding fre-
quency of bugs and the percentage of bugs feeding
from these animals are maximal. Bugs then have a
higher probability of transmitting these infections
to humans at the end of winter and during spring.
.Because of the timing of the events, we tentatively
would recommend that vector control precede the
expected spring and summer rise in gug density
and the occurrence of acute cases of Chagas’ dis-
case.

Acknowledgments

We are grateful to Abel Hurvitz and his staff at the
Servicio Nacional de Chagas (Argentina), and Nicolds
Schweigmann, Diana Rubel, and Rodrigo De Marco (De-
partamento de Ciencias Biolégicas, Universidad de Bue-
nos Aires) for field assistance. Juan Fl6 (Departamento
de Quimica Biolégica, Universidad de Buenos Aires)
kindly produced all the antisera. Marfa Moyano and
Omar Sitatti kindly provided field accommodation. We
thank anonymous reviewers for helpful comments that
improved the original manuscript. J.E.C. thanks Mr. and
Mrs. William T. Golden for hospitality during this work.
This study was supported by grants from the University
of Buenos Aires, and in part by a grant from the Rocke-
feller Foundation. New York, to Rockefeller University,
New York, for a collaborative research project on mod-
eling transmission dynamics and control of Chagas’ dis-
case in Argentina (Joel E. Cohen, Roberto Chuit, and
Ricardo Giirtler, prinkipal investigators). The participa-
tion of J.E.C. was also supported, in part, by U. S. Na-
tional Science Foundation Grant BSR 92-07293.

References Cited

Anderson, R. M., and R. M. May. 1991. Infectious
diseases of humans. Dynamics and control. Oxford
University Press, Oxford.

Andrade, J.C.R., E.O.R. Silva, J. Noda, and J.M.P.
Souza. 1979. Preferencia alimentar dos Trigtoma
infestans encontrados nas casas habitadas da Regido
de Sorocaba; S.P.; Brasil. p. 85, Proceedings. IV Con-
gresso da Sociedade Brasileira de Parasitologia, 1979,
Campinas.

Anonymous. 1980. Guide to the care and use of ex-
perimental animals, vols. 1 and 2. Canadian Council
of Animal Care, Toronto.

Barretto, M. P. 1968. Estudos sobre reservatérios e
vectores silvestres do “Trypanosoma cruzi’. XXX
Observagdes sébre a associagiio entre reservatérios e
vectores, com especial referéncia a regido nordeste do
Estado de Sio Paulo. Rev. Bras. Biol. 28: 481—94.

Borcham, P.F.L.. and C. Garrett-Jones. 1973. Prev-
alence of mixed blood meals and double feeding in a
malaria vector (Anopheles sacharovi Favre). Bull.
W.H.O. 48: 605-614.

Catala, S. 1991. The biting rate of Triatoma infestans
in Argentina. Med. Vet. Entomol. 5: 325-333.

Corréa, R. R., and A. A. Aguiar. 1952. O teste de
precipitina na identificagio da fonte alimentar do

GURTLER ET AL.: HOST-FEEDING PATTERNS OF T. infestans 25

Triatoma infestans (Hemiptera, Reduviidae). Arq.
Hig. Saude Publica (Sdo Paulo) 17: 3-8.

Fleiss, J. L. 1981. Statistical methods for rates and
proportions, 2nd ed. Wiley, New York.

Forattini, O. P., J.M.S. Barata, J.L.F. Santos, and A.
C. Silveira. 1981. Hibitos alimentares, infecgio.
natural e distribuigio de triatomineos domiciliados na
regiio nordeste do Brasil. Rev. Saude Publica 15: 113~
164.

1982. Hibitos alimentares, infecgio natural e distri-
buigdo de triatomineos domiciliados na regiio central
do Brasil. Rev. Saude Publica 16: 171-204.

Freitas, J.L.P., A. F. Siqueira, and O. A. Ferreira.
1960. Investigagdes epidemioldgicas sobre triatomi-
neos de habitos domésticos e silvestres com auxilio da
reagio de precipitina. Rev. Inst. Med. Trop. S3o Paulo
2: 90-99.

Giojalas, L. C., S. S. Catald, S. N. Asin, and D. E.
Gorla. 1990. Seasonal changes in infectivity of do-
mestic populations of Triatoma infestans. Trans. R.
Soc. Trop. Med. Hyg. 84: 439442.

Gorla, D. E., and C. J. Schofield. 1989. Population
dynamics of Triatoma infestans under natural climatic
conditions in the Argentine Chaco. Med. Vet. Ento-
mol. 3: 179-194.

Giirtler, R. E., N. D. Solarz, D. Lépez, R. Viez, and
C. Wisnivesky-Colli. 1983. Variaciones estacionales
del perfil alimentario de Triatoma infestans. p. 123,
Proceedings Sesta Reunién de Investigadores de la
Enfermedad de Chagas, October 1983. Secretarfa de
Estado de Ciencia y Técnica, Buenos Aires.

Giirtler, R. E., M. C. Cécere, D. N. Rubel, R. M.
Petersen, N. J. Schweigmann, M. A. Lauricella, M.
A. Bujas, E. L. Segura, and C. Wisnivesky-Colli.
1991. Chagas disease in north-west Argentina: in-
fected dogs as a risk factor for the domestic transmis-
sion of Trypanosoma cruzi. Trans. R. Soc. Trop. Med.
Hyg. 85: 741-745.

Giirtler, R. E., M. C. Cécere, D. N. Rubel, and N. J.
Schweigmann. 1992. Determinants of the domicil-
iary density of Triatoma infestans, vector of Chagas
disease. Med. Vet. Entoinol. 6: 75-83.

Giirtler, R. E., M. C. Cécere, R. M. Petersen, D. N.
Rubel, and N. J. Schweigmann. 1993a. Chagas
disease in north-west Argentina: association between
Trypanosoma cruzi parasitaemia in dogs and cats and
infection rates in domestic Triatoma infestans. Trans.
R. Soc. Trop. Med. Hyg. 87: 12-15.

Giirtler, R. E., N. J. Schweigmann, M. C. Cécere, R.
Chait, and C. Wisnivesky-Colli. 1993b. Compari-
son of two sampling methods for domestic popula-
tions of Triatoma infestans in north-west Argentina.
Med. Vet. Entomol. 7: 235-242.

Giirtler, R. E., R. M. Petersen, N. J. Schweigmann,
M. C. Cécere, R. Chuit, J. M. Gualtieri, and C.
Wisnivesky-Colli. 1994. Chagas disease in north-
west Argentina: risk of domestic reinfestation by Tria-
toma infestans after a single community-wide
application of deltamethrin. Trans. R. Soc. Trop. Med.
Hyg. 87: 12-15.

Knierim, F., M. Castro, F. Villarroel, and H. Schen-
one. 1976. Estudio preliminar sobre la fuente de
alimentacién de Triatoma infestans y Triatoma spi-
nolai mediante la reaccién de doble difusién en gel.
Bol. Chil. Parasitol. 31: 34-36.

Marsden, P. D., N. J. Alvarenga, C. C. Cuba, A. J.
Shelley, C. H. Costa, and P.F.L. Borcham. 1979.
Studies on the domestic ecology of Triatoma infestans



26 JOURNAL OF MEDICAL ENTOMOLOGY

by means of house demolition. Rev. Inst. Med. Trop.
Sdo Paulo 21: 13-25.

Mayer, H. F., and L. L. Alcaraz. 1955. Estudios re-
lacionados con las fuentes alimentarias de Triatoma
infestans (Hemiptera, Reduviidae). An. Inst. Med.
Reg. Tucuman (Argentina) 4: 195-201.

Minter, D. M. 1976. Feeding patterns of some triatom-
ine vectors, pp. 33—47. In New approaches in Amer-
ican trypanosomiasis research. Pan American Health
Organization Scientific Publication 318, Washington,
DC.

Ouchterlony, O., and L.-A. Nilsson. 1986. Immuno-
diffusion and immunoelectrophoresis, pp. 32.1-32.49.
In D.M. Weir [ed.], Handbook of experimental im-
munology, vol. 1. Immunochemistry, 4th ed. Black-
well, Oxford.

Perassi, R., and E. L. Segura. 1976. Degradation of
serum proteins in Triatoma infestans. Exp. Parasitol.
40: 1-4.

Perlowagora-Szumlewicz, A. P. 1976. Laboratory col-
onies of Triatominae, biology and population dynam-
ics, pp. 63-82. In New approaches in American try-
panosomiasis research. Pan American Health
Organization Scientific Publication 318, Washington,
DC.

Rabinovich, J. E., C. Wisnivesky-Colli, N. D. Solarz,
and R. E. Giirtler. 1990. Probability of transmis-
sion of Chagas disease by Triatoma infestans (Hemip-
tera: Reduviidae) in an endemic area of Santiago del
Estero, Argentina. Bull. WH.O. 68: 737-746.

Romaiia, C. 1963. Enfermedad de Chagas. Lépez,
Buenos Aires.

Schenone, H., H. A. Christensecn, A. M. Vasquez, C.
Gonzilez, E. Méndez, A. Rojas, and F. Villarroel.
1985. Fuentes de alimentacién de triatomas domés-
ticos y su implicancia epidemiolégica en relacién a
enfermedad de Chagas en 4reas rurales de siete re-
giones de Chile. Bol. Chil. Parasitol. 40: 34-38.

Schofield, C. J. 1980. Nutritional status of domestic
populations of Tristoma infestans. Trans. R. Soc. Trop.
Med. Hyg. 74: 770-778.

Solarz, N. D., R. E. Giirtler, S. Pietrokowsky, and C.
Wisnivesky-Colli. 1986. Perfil alimentario estacion-
al en T. infestans capturados en Amamd (Provincia de

Vol. 33, no. 1

Santiago del Estero) durante 1984 y 1985. p. 19, Pro-
ceedings, Sexta Reunién Anual de la Sociejad Argen-
tina de Protozoologia, May 1986, Termas de Rfo Hon-
do.

Wisnivesky-Colli, C. 1987. Feeding patterns of Tria-
tominae in relation to transmission of American try-
panosomiasis, pp. 99~117. In R. R. Brenner and A.
M. Stoka [eds.]. Chagas disease vectors, vol. 1. CRC,
Boca Raton, FL.

Wisnivesky-Colli, C., N. D. Solarz, and C. Frey.
1980. Deteccién de proteinas del hospedador en el
intestino de Triatoma infestans hasta tres meses des-
pués de la ingesta. Medicina (Buenos Aires) 40 (suppl.
1): 171-177.

Wisnivesky-Colli, C., R. E. Giirtler, N. D. Solarz, D,
O. Salomén, and A. M. Ruiz. 1982. Feeding pat-
terns of Triatoma infestans (Hemiptera, Reduviidae)
in relation to transmission of American Trypanoso-
miasis in Argentina. J. Med. Entomol. 19: 645-654.

Wisnivesky-Colli, C., A. M. Ruiz, O. Ledesma, R. E.
Giirtler, M. A. Lauricella, D. Q. Salomén, N. D.
Solarz, and E. L. Segura. 1987. Ecologia domés-
tica de la tripanosomiasis americana: perfil alimentario
de Trigtoma infestans en un 4rea rural de la Provincia
de Santiago del Estero, Argentina. Rev. Soc. Bras.
Med. Trop. 20: 31-39.

Zirate, L. G., and C. H. Tempelis. 1981. The biology
and behavior of Triatoma barberi (Hemiptera: Re-
duviidae) in Mexico. IL. Influence of a single versus a
double feeding on the time that blood meal antigens
remain serologically detectable. J. Med. Entomol. 18:
99-106.

Zirate, L. G., R. ). Zirate, C. H. Tempelis, and R. S.
Goldsmith. 1980. The biology and behavior of Tria-
tomna barberi (Hemiptera: Reduviidae) in Mexico. L.
Blood meal sources and infection with Trypanosoma
cruzi. J. Med. Entomol. 17: 103-116.

Zeled6n, R., G. Solano, A. Ziiiga, and J. C. Swar-
tzwelder. 1973. Biology and ethology of Triatoma
dimidiata (Latreille, 1811). II1. Habitat and blood
sources. J. Med. Entomol. 10: 363-370.

Received for publication 22 August 1994; accepted 19
June 1995.



