THE BIOLOGY AND VECTOR CAPABILITY OF‘TRiATOMA

-SANGUISUGA TEXANA USINGER AND TRIATOMA

GERSTAECKERI (STAL) COMPARED WITH

RHODNIUS PROLIXUS .(STAL)

(HEMIPTERA: TRIATOMINAE)

By

WARREN FLOYD'FIPPIN
/
Bachelor of Science
Colorado State -University
Fort Collins, Colorado
1941

Master of Science
Oklahoma State University
Stillwater, Oklahoma
1958

‘Submitted to the faculty of the Graduate College
of the Oklahoma State University
in partial fulfillment of the ‘requirements
for the degree of
DOCTOR OF PHILOSOPHY
May, 1968



Y OKLAHOMA
; STATE UNIVERSITY
LIBRARY

OCT 27 1968

THE BIOLOGY AND VECTOR CAPABILITY OF Eglézg&émumewww_.

SANGUISUGA TEXANA USINGER AND TRIATOMA

GERSTAECKERI (STAL) COMPARED WITH

RHODNIUS PROLIXUS (STAL)

(HEMIPTERA: TRIATOMINAE)

Thesis approved:

A c@/v/sz%w//

Thesis Adviser

TNk b
T R T et
A Mesrtner

Deaﬁ of the Graduate College

ii

N



PREFACE

The presence of Trypanosoma cruzi, the causative agent of Ameri-

can trypanosomiasis, has been confirmed and well documented in the United
States. The biology and vector effectiveness of many species of Triatoma
that transmit this organism are not well known. In particular, studies
that directly compare South American and United States species have been
limited; It was decided that a comparative study of two Texas sbecies with
that of a highly effective South American vector would be desirable, Data
were taken during the périod November, 1964 through November, 1967.

I should like to express my appreciation to Sgt. M. J. Gaylor,
USATF, and MSgt A. T. O'Neal, USAF, who directly assisted in all aspects
of the study and to Dr. R. L. Usinger, Chairman, Division of Entomology
and Acarology, University of California, Berkeley, California, who kindly
checked the initial identification of the triatome‘ bugs. Dr.‘ Paul F. Law,
Southwest Research Institute, San Antonio, Texas, gave valued assistance
in the collection of bugs. Dr. Irving G. Kagan and Miss Lois Norman,
Laboratory Branch, Communicable Disease Center, Atlanta, Georgia, pro-
vided serological support, furnished T. cruzi antigen, and offered valued
suggestions, It. Colonel Gregory Skafidas, USAF, BSC, provided certain
serological and parasitological support and for this I am vgrateful. Rosalie

Watkins, Hooper Foundation, University of California Medical School, San
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Francisco, Califbrnia, kindly furnished specimens of Rhodnius proli_xus for
colonization. Dr. D. E. Howell, Head, Department of Entomology, Oklahoma
State University, 'served as chairman of the writer's graduate committee and
gave valued assistance on the maﬁusdript preparation. I am indebted to the
members of the thesis committee, Dr. R.R. Walton and Professor Q, B,
Graves for their review of the manuscript, Lt. Colonel Wesley R, Nowell,
USAF, BSC, offefed valued suggestions on ,alll phases of the study. My
sincere acknowledgement is made to the United States Air Force and in par-
ticular to Colonel Elmer V. Dahl, USAF, MC, Commander, USAF Epidemio-
logical Laboratory (AFSC), Lackland Air Force Base, Texas, who made this

study possible,
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CHAPTER I

INTRODUCTION

- A parasitic hemoflagellate, Trypanosoma cruzi, Chagas, is the causative

agent _of Chagas' disease or Ameriéan trypanosomiasis. This parasite has been
recovered in nature from: several species of mammals ‘found in the south and |
southwestern United States. In addition, this same organism occurs naturally
in many species of indigehous blood sucking insects belonging to the order Hemip-
tera, subfamily Triatpminae. In 1909, Carlos Chagas, working in Brazil, some-
what clarified the epidemiology‘of the disease by tracing the life cycle of the try-
panosome from mammal reservoir to man through infected triatome bugs,
Despite this natural reservoir-vector relationship, and the relative pre-
valence of Chagas' disease throughout South and Central America and Mexico,
no infections were reported in the United States until 1955. In that year, two
indigenous cases were recorded from south Texas. Subsequent serological
studies in Texas have shdwn cpmplement fixing antibodies in the blood of nine
of 500 hunians tested, Itis not complétely known why this disease is not more
prevalent in humans-in the southwestern part of the United States, There is
considerable evidence that humans frequently contact blood sucking triatomid

bugs that harbor the protozoan Trypanosoma cruzi; One of several reasons

suggested for the comparatively low human incidence of Chagas' disease in the

United States is differences in the habits of the insect vectors.



It is essential to study and document the biology of suspected or known
vectors in order to understand the epidemiology of a vector-borne disease.

Triatoma sanguisuga texana Usinger and Triatoma gerstaeckeri (Stal) are two

of several species of triatomid bugs found in Texas. Both hemipterans occupy
the dwellings of woodrats and other mammals that may be a reservoir of Try-

panosoma cruzi. Both species have been found naturally infected with Trypano-

soma ¢ruzi, and there are recorded instances where each was a pest in human
habitations. The biology of neither of these two species of bugs is well known.
In particular, data comparing the vector capabilities of these two Species of

bugs are unavailable. For these reasons, it was decided to compare the bi-

ology and vector capabilities of Triatoma sanguisuga texana and Triatoma

rerstaeckeri with those of Rhodnius prolixus (Stal), an effective and well
studied vector of Chagas' disease in South America.

The objectives of this study, instituted in late 1964, were to (a) study
the biology of twa species of triatomid bugs found in Texas; (b) compare the
biology of the two Texas species with that of a South American species; and
(c) compare the ability of the three species of bugs to transmit both a Texan

and Brazilian strain of Trypanosoma cruzi.




CHAPTER II
REVIEW OF THE LITERATURE

The literature pertaining to American trypanosomiasis is voluminous
and no attempt has been made to review all aspects of the subject. Only those
areas that may be of general interest or that relate to the problem delineated

will be dealt with here.
Historical

Carlos Chagas (1909) reported a new disease of man in the State of
Minas Geraes, Brazil, The causative agent was a protozoan belonging to a
group known as the hemoflagellates. Chagas (1921) wrote that the discovery of
American trypanosomiasis was made under conditions which differ from the
usual course of events in pathology. In this case, knowledge of the parasite pre-
ceded that of the disease caused by it. Data pertaining to the biology of the trans-
mitting insect suggested investigations that resulted in the finding of a new noso-
| graphic entity.

Chagas was in Minas Geraes on an antimalarial campaign for the Oswaldo
Cruz Institute when he noted the presence of haemophagous insects in most of the
houses in that area. He examined specimens of these insects and found flagel-
lates in their digestive tract. Several of these insects were sent to Cruz in Rio

de Janeiro where he fed them on monkeys of the genus Callithrix. Fifteen or



twenty days after -coﬁtact with the insect, one of the monkeys showed signs of a
~disease in which an acute keratitis was prominént. Examination of the blood of
this animal demonstrated the presence of a trypanosome. Later experiments de-
monstrated this organism was transmitted by the species of the bug found in
human residences in Minas Geraes.

New investigations were conducted in Minas Geraes to find the normal
host of the parasite (Chagas 1921). First work on the subject resulted in find-
ing the parasite in the peripheral blood of a domestic cat. Subsequent exami-
nation of the blood of a three-month old child revealed a large number of try-
panosomes of a morphology -identical to those transmitted by infected insects to
monkeys.

There has been some confusion in the literature concerning the proper
nomenclature of the parasite causing American trypanosomiasis. Hoare (1934)

reported the paragite was originally named Trypanosoma cruzi Chagas, 1909.

Having discovered what he believed to be stages of schizogony of this flagellate

in the lungs of the mammalian host, Chagas renamed it Schizotrypanum cruzi

Chagas. It was later demonstrated that these stages belonged to a different
organism. Chagas then reverted to the original name, T, cruzi, however, the
name 8. cruzi is still found occasionally in South American literature.

Since the pioneer work of Chagas, the disease has been considered a
zoonosis. Deane (1963) reported that for sometime the ailment was thought to
be a domestic zoonosis, i.e,, a disease attacking only man and domestic mam-

mals, transmitted by a triatomid bug, Panstrongylus megistus (Burm). This

bug was then thought to be purely domestic. Deane further reports that Chagas



in 1912, found specimens of P, geniculatus (Latreille) from burrows of arma-
dillos harboured flagellates véry similar to those from P. megistus, Chagas
examined the blood of several armadilios and discovered similar trypanosomes
which were infective for guinea pigs. Chagas Qecided he had found a wild reser-
voir and wild vector of T. ¢ruzi, Since the mammalian host probably evolyed
before man and the bug was known to have wide distribution in South and Central
America, Chagas assumed that the digease was primitively sylvan, later a-

dapted to human dwellings and also widespread on the Continent,
Distribution and Incidence of the Disease

For many years Minas Geraes, Brazil appeared to be the only area where
human cases were common. Interest in the disease, coupled with improved com-~
plement fixation tests and xgnodiagnosis have demonstrated that T. cruzi is wide-
spread in humans and other mammals in the Western Hemisphere. The World
Health Organization (1960) estimated that 7,000,000 people were infected and
30,000,000 exposed to the disease, Most of the acute and chronic infections are
found in South America, The disease is known to range from Latitude 4 1° South
to 389 North (Wood and Wood 1941).

Woody and Woody (1961) state that detection of the parasite has followed
a stereotype pattern in each country where it has been isolated. First, the
animal reservoirs and their associated transmitting insects (the reduviid bugsy
were discovered. A few infections in man were then reéognized and reported.
The finding of disease in humans then stimulated surveys using laboratory diag-

nostic methods, When these unearth examples of unrecognized infection, clinical



interest was excited and increased numbers of cases were discovered in humans.
Woody and Woody (1955) reported the first indigenous case of American
trypanosomiasis in the United States in Corpus Christi, Texas. A second case
was reported by Greer (1955) near Houston, Texas. Serological tests indicate
that inapparent American trypanosomiasis might occur more frequently in the
United States than previously thought, In 1942, complement fixation tests were
performed on 1,909 serum samples from persons in different parts of Texas;
only one was postive (Davis, Sullivan, and deShazo 1946). A serological survey
of 500 patients admitted to Children's Hospital in Corpus Christi, Texas re-
vealed nine positive cases, a rate of 1.8% (Woody and Woody 1961). Farrar
et al. (1963) demonstrated that among 28 patients in the cardiac clinic at
Grady Memoria_l Hospital in Atlanta, Georgia with a diggnosis of "'diffuse' myo-
cardial disease, two (7.1%) had positive reactions to T. cruzi. Of 474 unselect-
ed sera obtained from the serology laboratory of the same hospital, only two
(0.4%) were positive. A similar number of positive reactions was found in a
series of 449 unselected sera obtained from various rural counties in northern
Georgia. Sera from 117 persons who had been bitten by triatome bugs in
Texas were tested for complement fixation with T, cruzi antigen; three (2.5%)
were positive (Woody, Hernandez, and Suchow 1965). Lathrop and Ominsky
(1965) reported one positive serum in 108 tested from an area near San Antonio,
Texas.
Excellent descriptions of the disease in man are given by Yorke (1937),

Woody and Woody (1961), and Winslow and Chaffee (1965).



Mammalian Reservoirs

The problem of animal reservoirs of T, cruzi has interested many
workers since Chagas isolated the organism from a domestic cat and arma-
dillos. As a result of that interest, Deane (1963) reported that trypanosomes
similar to T, cruzi have been found in over 100 species or sub-species of
mammals; 42 of these, eight domestic and 34 wild, in Brazil alone, Wood
and Wood (194 1) and Usinger (1944) listed known reservoir animals,

Wood (1934) reported the first known naturally infected mammal in the

United States; Neotoma fusc;pes macrotis from California. Since then the or-

ganism has been recovered from wild mammals in Texas, Arizona, Maryland,
Georgia, Florida, Louisiana, and Alabama.

Wild mammals found naturally infected with T, cruzi in Texas include

the nine-banded armadillo, Dasypus novencinctus texana; house mouse, Mus

musculus; opossum, Didelphis virginiana; and the wood rat, Neotoma rhicropus

micropus (Packchanian 1942). Lathrop (1964) isolated the organism from the

ring tajled cat, Bassariscu_s astutus, in an areg near San Antonio, Texas.
Vectors

The first reported vector of T. cruzi was P. megistqs in Brazil (Chagas
1909), Reviews by Wood and Wood (1941) and Usinger (1944) listed the species
groups that were vectors in South and Central America, and Mexico.

Kofoid and-McCulloch (1916) were the first to report a trypanosome from

a triatome bug in the United States. They first isolated the organism from



Triatqma protragta collected in California. The organism was believed to be a

new species and was namvedbl, triatomae. Kofoid and Donat (1933) later reported

that T, triatomae was in fact T. cruzi. In addition to California, naturally in-
fected hugs have been reported from Arizona, New Mexico, Texas, Utah, Louisi-
ana, and Alabama (Olsen 1964), Ryckman (1965) stated that the species groups of

Triatominae found infected in the United States were Triatoma protracta, T.

recurva (=longipes), T. sanguisuga, T, rubida, T. lecticularius, T. gerstaeckeri,

and T. neotomae,

In Texas, Packchanian (1939) was the first to report the natural infection

in a triatome bug, He isolated the organism from specimens of T. gerstaeckeri,
callected near the town of Three Rivers. The following year Packechanian (1940)
also reported T, heidemanni (=T. lecticularius) as naturally infected. Wood

(1941) added T. protracta woodi and T, rubida to the list. Davis et al. (1943),

in a survey of the potential problem of American trypanosomiasis in Texas, found

T. sanguisuga and T. ambigua (=T. sanguisuga ambigua of Usinger 1949) natural-

ly infected., The létter record is unusual in that ambigga is a Florida subspecies

of sanguisuga. Pippin, Law, and Gaylor (1968) were the first to report the

natural infection of T, ganguisuga texana and T. sanguisuga indictiva in Texas.
Infection Rate in Triatome Bugs

The infection rate in bugs found naturally infected varies considerably
with the geographical location. Olsen (1964) stated that the infection rate for over
3,500 western and southwestern Triatoma examined by various investigators is

about 25%. Yeager (1960) said that the overall rate of infected bugs collected in



this country had been approximately 20%, which is similar to the rate observed
in South America.

The ‘overal,l infection rate in Texas has been found to be higher than in
any other state where T, cruzi has been repdrted; probably because it has been
more intensively studied. Ninety-two percent of 10(5' live T. gerstaeckeri were
naturally infected with trypanosomes (Packchanian 1939), Wood (1941a) found
three (5.5%) of 54 T. gerstaeckeri infected but none of 10\3. -sang_g_isuga, Wood
(1941b) reports two infected 2 gerstaeckeri nymphs from a new locality in
Texas, Davis et al. (1943) e#ami’ned nine T. sanguisuga ’fro-m two counties in
Texas and fouﬁd four @4%) infected, In the most extensive survey in Texas,
Sullivan et al, (1949) collected 1,631 specimens of Triatominae in 40 counties;
of these, 859 were examined for T. gruzi and 226 (33.3%) were infected. Ninety
T. _sgng_q_isqga were examined and 23 (25.5%) were infected. Four hundred and
fifty T. gerstaeckeri were examined and 135 (29.9%) were infected. The infec-
tion rate in adults was higher than ih nymphs; species:and number of adults were
not mentioned. Elkins (1934) collected three species of Triatoma in north cen-
tral Texas. Sixteen T. g‘ erstaeckeri were examined and none found infected but
Of_ 167 ’;‘_ sanguisuga examined, four (2,4%) were infected, Eads, Trevino, and
Campos (1963), in a survey of South Texas wood rat dens, reported 50 (22%) of
226 T. sanguisuga were infe‘cted. In the same survey they found 84 (63%) of 133

T. gerstaeqkeri were infected.
Bionomics of Triatome Bugs

General.--The bionomics of South American species of the Triatominae
e
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have been well documented, especially Rhodnius prolixus (Uribe 1927, Buxton

1930, Gilliard 1935, Gomez~-Nunez 1963, 1964). The publications of Wiggles-
worth (1931~1938) on the physiology of R. Qrolixus are classics, The bionomics
of North American species are less well known. Usinger (1944) reviewed the
known aspects of the biology of several North American species, Ryckmén
(1962) published a comprehensive study of the T. protracta complex in North
America. Wood, in almost all of his many publications referred to limited
observations on the life history of several North American speeies.

T. sanguisuga. ~~Grundemann (1947) working in an area near Manhattan,
Kansas, reported the first extensive observations on the life history of T.
sanguisuga. On the basis of laboratory rearing and by measurement of the
head capsule of nymphs he concluded there were eight nymphal instars in this
species. The life cycle was deduced to be approxit:nately three years under
natural conditions in Kansas. Seventy~five percent of the nymphs reportedly
molted after a single engorgement. He repofted that humidity did not affect the
development of eggs.  Eggs were not deposited until feeding and fertilization had
taken place. One fertilization was apparently sufficient to fertilize all eggs laid
by a female in her lifetime. Grundemann concluded thet newly-molted adults mi-
grate from wood rat nests for fertilization. Olsen (1(9’64) in Alabama feund five
nymphal instars in T, sanguisuga. Under laboratory conditions he found that
females deposited an average of 711 eggs in fheir 1ifetime. A cyclic Variation with
time was observed in egg 1aying.A Egg development and hatching was inhibited by
low humidity., Nine adult females reared from fifth instar nymphs collected in the

field lived an average of 456 days and six males an average of 526 days. Olsen also
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reported that adulfs reared from nymphs collected in nature lived longer than
‘those regred from eggsj laid in the laboratory. Hays (1965) in a étudy in Alabama
presented the same data as Olsen on longevity and egg laying. Hays also re-
ported considerable difficulty in rearing T. sanguisug‘ a from eggs laid in the
l.aboratory. He stated these insects could not be reared past the third nymphal
instar in clean cages. Adults were reafed only in cages thét contained or had
conté.ined field collected insects,
1 gerstaeck_eri.-—Qbservatiqns pértaining to the life history of T.

aerstaeck,eri have been 5limi‘ced. Usinger (1944) reported that eggs hatched in

17 days, without mentioning temperature or humidity. He séid eggs were large,
oval, and white, and laid without adhevsive. | A single pair produced 64 eggs in
one week, ‘Wood (194 1) mepticg)ned tha,it one 1aborat6ry raised female lived 119
days on five feedings, a male 53 days on two feeding‘si, and another male 119
| days on five feedings. One female collected in the field lived 40 days in the
laboratory on one feeding. Thurman (1945) reported that in a seven month
period, females ir; a colony laid an average of 245 eggs iaer female. One female
iaid 502 eggs in 152 days. |

Feeding Habits, -~-The Triatominae habitually live on the blood of ver-

tebrate animals (Usinger 1944). However, observations made many times in-
dicate that various species of Triatominae will ogcasionally feed on their own or
other spedies and ingest‘bloovd or haemolymph (Brumpt 1914, Torres 1915, Dié.,z
1936, Wood 1941, Ryckman 1951, Phillips 1960b, Olsen 1964, Hays 1965, Marin-
kélle 1965). The nomenclature applied to this feeding process apbears to be open

to question. Brumpt (1914) called it cannibalism. Ryckman (1951) proposed the
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term "kleptohemodipnonism' to designate the 'act of stealing blood. ! Phillips
(1960b) proposed 'that Ryckman's term should be retained, not to replace "caﬁ-
nibalism' but in addition to it, although in a less unwieldy form such as '""hae-
matoklepty." Hé.ys (1965), unable to demonstrate the ingestion of blood by
various instars of T, sang__u’ ;suga from donor bugs, broposed the term intra-
specific parasitism to designaté the uptake of haemolymph and possibly other
fluids.

The feeding of Triatominae on their own kind in maintaining T. cruzi
in nature is in question. Results of transmission attempts in the laboratory
by this methéd have been variable. Torres (1915) was ynable to transmit T.
cruzi to nymphs of E, _sgz_cli_ia froin a donor bug. Diaz (1934) reported that
Chagas experimentally transferred T. cruzi between individuals of P. megis-
21.1_? by cannibalism, Diaz (1936) fouﬁd that 13 of‘44 nyrﬁphs of P. megi.stus‘ bé-
come: infected after feeding on infected bugs. Phillips (1960b) reported infer-—
vector transmission by cannibalism to all of 12 first instar R. prolixus from
donors of the same species, to eight of 10 first instaf T. infestans from donors
of the same species, and to two of five first instar T. infestans from R. pro-
lixus donors. Hays (1965) was unable to achieve transmission between various
instars of T. sanguisuga that ingested only haemolymph, Marinkelle (1965) de-
monstrated inter-vector transmission in 23 of 1,000 R. grolixus that fed on in-
fected donor bugs of the same species.

The possibility of triatome bugs ingesting their own or other bug feces
has been the subject of considerable controversy. Chagas (1909) quoted Lutz as

initially suggesting that transmission of T. cruzi may take place naturally be-
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tween individual bugs by me_aﬁs of coprophagy. Brumpt (1914) was apparently the
first to vreport this practice among'individuéls of R. prolixus. He suggested

this was 3 means of maintaining intestinal fauna common to all Triatominae.
Diaz (1934, 1986) was unable to infect fir’ét instar nymphs of_l:. megistus by
exposure to bug feces. Phillips (1960b) reported that five of abou;c 400 R. pro-
_l_J,_xig nymphs practiced coprophagy under vconditions of extreme starvation.
Marinkelle (1965) exposed 100 nymphs of 13 prolixus tq eosin stained feces and
found that two fed. 'He‘ also stated that the mechanism of traﬁsmission probably
includes ingestion of fecal deposits.

Size of Blood Meal, --The amount of blood consumed by various nymphal

ingtars and adults of triatomid bugs is important in thevlma.intenance of T. ¢ruzi
in nature, It would seem logical that the larger the améunt of blood ingesfed, the
greater the chance of thé bug becoming infected. This would be particularly true
when small numbers of organisms were circulating in the peripheral blood. The
literature is not extensive on thls subject. Wigglesworth studied the amount of
blood taken at successive meals by R. prolixus and the facts were included, by
permission, in Buxton (1930). The blood ihgested at one meal varied from ap-
proximately 6 mg in first instar nymphs to 284 mg in fifth instar nymphs. Adults
averaged 172 mg. Hays (1965) reported that adult female T. sanguisuga con-~
sumed an average of 61 mg of blpod per meal and males 43 mg. He also stated
that no information on the amount of food consumed by North American Triato-
minae was found in the literature. Thurman (1945a) found tl;at blood ingested
averaged from 3.9 mg in first nymphal instars of T. gerstgeckeri to 192,3 mg

‘in the fifth instar. Wood (1959a) reported the amount of blodd ingested by nymphs
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and adults of T. protracta and T. rubida.

Host Relatiopships .~=The Triatominae appear to have definite host pre-

ferences, although they may occasionally feed upon a wide variety of vertebrate

hosts. Some species such as R. prolixus have become so adapted to human habi-

tation that they might he considered as domesticated (Usinger 1944).
The most widely distributed and largest host complex in North America
appears to be wood rats of the genus Neotoma. However, other animals may be

primary hosts in certain localities. Packchanian (1939) reported that in Florida,

T. sanguisuga amb;gga colonized in the '"boots' of palmetto trees and fed on tree
toads of the genus, Hydra. Elkins (1951) collected several species of Triato-
minae in north central Texas, but found no wood rats. He was unable to find a

preferred host in this area, Olsen (1964) suggested that the opossum and racoon
have replaced wood rats as the preferred host of T. sanguisuga in the south-

eastern states.

Geographical Distribution.--Most of the 80-odd species of Triatominae

occur in the Western Hemishphere, but there is a monotypic genus in India, and
one small group Qf six gpecies in southeast Asia (Usinger, Wygodzinsky,
Ryckman 1966).

The reported geographical distribution of any species of insect is probably
directly proportional to the time and effort spent looking for it, R. prolixus is
considered‘to: rangé from northern South America, through Central America in-
to southern Mexico (Usinger 1944). T, gerstaeckeri' is said to occur over much
of the State of Texas (Eads 1963). This species is also found in northern Mexico

(Usixiger 1944) and southeastern New Mexico (Wood 1961a). The distribution of

T, sanguisuga texana is appa;r,ently limited to southwest Texas (Usinger 1944).
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| Diépe_rsal. --In general the dispersal of insects is accomplished by fly-
~ing, walking, swimming, drifting with air or water currents, or by clinging to
objects that move or are moved from place to place, Since most species of
Triatominae are capable of sustained flight, it would appear that this method of
dispersal would be important. However, Gomez-Nunez (1964) stated that R.
prolixus. is reluctant to fly and depends on other methods of transport for its
dispersal. He suggested that some ofi these methods are: as ectoparasites of
birds, on clothing, paper, cardboard containers, and construction materials.
Observations on the flight hébits of North American species of Triato-

minae have been limited. Sjogren and Ryckman (1966) reviewed the literature

and reported on the nocturnal flight habits of T, protracta protracta in Southern

California. They propose that when the interior of the wood rat lodge becomes
sufficiently warm, during periods of high temperature, the hungry adult bugs
are stimulated to leave the nest in search of food, They also found that 63% of
the bugs collected in their traps were taken within 30 minutes after zero foot-

candles of light intensity,

N

In Vitro Feeding

The ability of haemophagous arth:ropods to feed through a variety of
membranes is well documented (Tarshis 1956). Nicolle (1941) and Nicolle and
Mathis (1941) showed that it was possible to feed T. infestans on several dif-
ferent diets through a Durex rubber film. A simble aﬁgaratus fbr the artificial
feeding of R. prolixus was described by Harrington (1960). He obtained good

results by feeding through thin Durex rubber. Gomez-Nunez (1963) stated that
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mass feeding of R. Epoljxus through rubber membranes was attempted without
success. The unsuccessful feeding of T. infestans and R. prolixus through a
rubber membrane has been reported by Shimamune et al. (1965). They found
that fresh rat skin or guttapercha membranes gave the best results. Informa-
tion was unavailable in the literature concerning the ability of T. sanguisuga or

T. gerstaeckeri to feed through membranes.

Transmission and Vector Efficiency

Transmission.--Hoare (1934) in his review of the transmission of Ameri-
can trypanosomiasis stated there has been a long standing controversy between
the followers of Chagas, who contended that T. cruzi is transmitted through the
bite of an infected bug? and those of Brumpt who maintained that transmission is
by fecal contaminatidﬁ. Hoare further said that the work of Diaz largely con-
firms and amplifies Brumpt's observations, but Diaz was unable to substantiate
most of Chagas' statements. The mass of evidence accumulated in the litera-
ture to the present indicates that T. cruzi is not transmitted by the bite of infected
bugs.

The possibility of transmission by bther methods has been suggested.
Chandler (1949) commented that mammals may become infected by eating other
infected mammals. It has been demonstrated experimentally, in mice, that try-
panosomes could be passed from the mother to the offspring by the mammae
(Craig and Faust 1951). The possibility of mammal to mammal transfer by infec-
tive urine has been suggested (McKeever et al. 1958). Ryckman (1965) stated the

ingestion of kigsing bugs infected with T. cruzi is the principal means by which
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wood rats are infected, and that fecal contamination per se is of secondary im-
’portanc@

Some of the requiremenfs for effective transmission are that the vector
is infective to the host and that the host acquires and maintains a parasitemia
high enough to infect other vectors over a period of time. Generally, most
zoonoses produce characteristically mild or sub-clinical infections in their
wild host. Pizzi (1961) observed age differences in susceptibility fo T. cruzi
infections in rats. He concluded this was due primarily to an increased ability
to mobilize phagocytes of increased efficiency by older rats. Olsen (1964) states
that it was almost impossible to produce a detectable parasitemia in rats older
than 20-25 days, He also found that the parasitemia peaked at about 21 days
and almost completely disappeared after 33 days, With the passing of time there
is a progressive diminution in the possibility of infected wood rats to infect Tria-
tominae with T. eruzi (Ryckman 1965).

Vector Efficiency.~~Wheeler and Douglas (194 1) defined vector efficiency

as ""an experimentally determined numerical value which represents the average
numher of transmissions effected by a given individual of a particular species of
vector under precisely defined and controlled conditions.' Three factofs con-
tribute to ohtaining this numerical index: (1) infection potential, the percentage
of a vector species that become infected; (2) vector potential, the percentage of
infected vectors that become infective and (3) transmission potential, the mean
number of transmissions by a group of infected individuals (Phillips 1960a).

The abi,lity of T, cruzi to develop into an infective form in its vector is,

of course, important in the epidemiology of the diSease. Phillips and Bertram
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(1967) reviewed the literature and calculated the infection rates on several species
of Triatominae. They found that 14 or more days after ingesting trypanosomes,
infection rates for metacyclic or crithidia forms in bug feces were between 78%
and 92% for nymphal R. prolixus. The older nymphs were least susceptible.
Adults of 5 Qrolig‘cus were less susceptible (64—98% positive) than three other
species tested.

There is ample evidence that the suscepﬁbili.ty of triatome bugs to. in-
fection with T, cruzi varies with the species of bug, strain of the organism, and
geographical location (Diaz 1940a, b, Zeledon and Vieto 1957, Phillips 1960a,

Ryckman 1965, Little et al, 1966).



CHAPTER IIT
MATERIALS AND METHODS
'Laboratory Procedures

Reari&g‘Bugs.-mStock cultures of all three species of Triatoma were
maintained in the l'aboratory and treated alike. Each species were kept in
separate circular bell jars. Jars of two different sizes were used; one
11~3/4 inches and the othexf 8 ‘in‘ches by 8 inches, A circular piece of paper
toweling or blotting paper was p_laced in the bottom of eagh jar to absorb mois-
ture. A two~inch thick pieée of styrofoam was cut to fit each jar. Four
grooveg 2-1/2 inches long and 1-1/2 inches wide were dut in the underside
of the styrofoam disc. Access to each groove, from the upper surface of the
disc, was provided by a hole one-inch squdare. A rectangular piece of styro-
foam 1 inch by 2 inches was glued to the sui‘fa,ce of the disc to provide a handle
(Figure 1). The above procedure allowed the bugs to hide in the grooves on the
underside of the styrofoam disc and emerge through the holes to feed. To pre-
vent escape, a two-ingh band of petrolatum was smeared around the inside of
each jar near the top. A piece of cloth was then placed over the jar opening and,
in the case of the larger jars, secured with a large rubber band. A stainless
steel animal jar top was placed over the cloth on the smaller jars, Hundreds of

specimens of all stages could be reared in the manner described without difficulty.

19
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Individual and paired bugs, for experimental purposes, were kept in six
and 10 dfam plastic vials with snap-on plastic caps. A circular hole 3/4 to 1
inch in diameter was cut in the top of each cap. A piece of circular nylon screen-
ing was then glued to the inner surface of the cap, Thirty-two mesh screening
was used to confine first instar nymphs and 20 mesh screening for all other
stages. A strip of styrofoam 3/16 inches thick and 1/2 inch wide was glued in-
side each vial to provide a resting place for the bugs. If desirved, bugs could be
reared from egg to adult without removing the snap cap.

Cultures were maintained at 80 F and 65% R.H. in an insectory, and
78 F and 50-60% R.H. in a Jamesway incubator. Bugs confined in vials were
maintained under the safne conditions as described, while others were kept in
a room where temperature and humidity fluctuated between 65-82 F and 15-65%
R.H. Temperature and humidity in the room was recorded with a Weksler hygro-
thermograph.

Feeding. ~-Colonies were fed once each week on laboratory white mice
and half grown or adult white rats, The mice and rats were confined in wire
cages and placed in a feeding jar. The animals were not anesthetized, but were
so confined in the cage that excessive movement was difficult. They were left in
the jars several hours or until exsanguinated. Bugs were fed on infected animals
in the same manner (Figure 3).

Bugs kept in Qials were generally fed once each week on specimens of the

southern plains wood rat, Neotoma micropus micropus Baird. The rat was re-

moved from its eage, placed in an 8 inch by 8 inch bell jar and a lid quickly

-placed on top. A wad of absorbent cotton, with approximately four ml of ether
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added, was then placed in'thé jar and the lid tightly closed, When the rat became
.anesthet‘i_zed, it was removed from the jar and inserted into a restraining cage.
Cotton was packed around the rat on one end and the cage sealed with masking
tape.
Restraining cages were circular, constructed of 1/4 inch mesh hardware

cloth, and made in several sizes to accommodate different sized rats. A hole

1/ z—ninéh by 1-1/2 inch was cut in the center of each restraining cage, Cages
containing rats were placed in styrofoam cage holders for feéding purposes. The
base of the holder was 5 inches long, 3-1/2 inches wide, and 2 inches thick. The
ends were 6 inches high, 3-1/2 inches wide and 2 inches thick, A slot 2 inches
deep, 2-3/4 inches wide and 1-3/4 inches deep was cut in both end pieces. A
wedge was cut in one end piece for the rat's tail. A hole 1-1/4 inch in diameter
and 1/2 inch deep was cut in the center of the base. Rats were positioned, in

the holder, so the square opening in the restraining cage was directly over the
hole in the base. A vial, containing bugs, was placed in the hole in the base;

the screened top resting directly against the rat's body (Figure 3). As many
restraining cages and holders as desired could be utilized.

Maintenance and Har}dlin&of T. cruzi Cultures.--Two strains of T.

cruzi were maintained in the laboratory. One a Brazilian strain of unknown
origin, designated Strain B, was obtained from the 4th U.S. Army Laboratory,
Fort Sam Houston, Texas. The other, designated Strain L, was isolated from

a wood rat, N. micropus micropus captured at Lackland Air Force Base, San

Antonio, Tekas in 1964,

Both strains have been grown successfully, in artificial media, for three
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years. The following procedures were used: 37 g of brain heart infusion and
>20 g of special Nobel agar were weighed out and added to 500 ml of distilled
water in a 2,000 ml Erlenmeyer flask. The mixture Was then heated slowly and
stirred until dissplved, An additional 500 ml of distilled water was added and the
stirring process continued until the solution was clear. Aliquots of 250 ml each
were placed in 500 vml Erlenmeyer flasks, The flasks were sealed with alumi-
ﬁum foil and autoclaved for 15 minutes at 17 1b pressure. The media were
allowed to solidify. It was then stored at a temperature of 38-42 F until used,
When required, the media were placed in a water bath at 168 F for 15-20 minutes
to melt, After the media had cooled, but while still warm to the touch, 50 ml of
defibrinated, whole sheep blood and 10 ml of 50% dextrose solution was added
to each 250 ml aliquaot, The solution was thoroughly mixed and while still warm,
was poured into sterile incubation flasks and vials as follows: (1) 100 ml to each
500 ml screw cap flask, (2) 25 ml to each 125 ml flask, (3) 10 ml to each large
screw cap vial and @) 6 ml to each small vial. The media were allowed to
solidify without agitation.

To inhibit the growth of mold, a streptomycin-penicillin solution was ad-
ded to each culture in the following amounts: (1) 15 ml to each 500 ml flask,
(2) 5 ml to each 125 ml flask, (3) 2 ml to each large vial and 4) 1 ml to each
small vial, The stock solution was prepared in quantity by reconstituting 10
vials of penicillin G (1 million units each) and 10 vials of streptomycin sulphate
U.S.P. (1 gr each) in 1,000 ml of NaCl injection solution,

Stock cultures of the trypanosomes wefe subcultured at four to six week

intervals. . New tubes or flasks of media to be inoculated were removed from the
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refrigerator and kept at room temperature, for at least one hour. The cloudy,
liguid material on the surface of the old media were pipetted to the new media.
The new culture media were then placed in a Jamesway incubator held at 78 F.
The old media were kept for approximately 30 days in case the new cultures

were contaminated, All procedures were carried out using sterile techniques.

Infection anﬁd_yInfectivvity of Experimental Anima71_s. --The infectivity of
both strains of T. cruzi to laboratory white mice, white rats, and wood rats
was investigated, .Trypanosomes grown in artificial media and those passed
in bug feces were used for transmission studies.

The age of experimental animals varied. However, 5-7 day old laboré.—
tory white mice and 11-28 day old white rats were normally used. Field
captured wood rats of undetermined age were also utilized. Occasionally wild
caught female rats delivered their young in the laboratory and these were used,

Before the wood rats were used in transmission experiments or for
feeding bugs, they were checked thoroughly for evidence of natural infection
with trypanosomes, The following procedures were used: rats were brought
into the laboratory and anesthetized as described. A drop of tail blood was
examined by phase microscopy (objective 43, ocular 10X) in cover glass pre-
parations. One hundred fields were examined and the results recorded. If
trypanosomes were seen, the rat was discarded for transmission studies. If
the results were negative, 2-1/2 ml of cardiac blood was taken from the rat.
One-half ml was added to culture media and incubated at 78 F for 30 days. The
media was then examined for trypanosomes. The remaining 2 ml of blood was

placed in a 13 x 100 mm vial and allowed to set at room temperature for two
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hours, The resulting clot was broken from the side of the tube and stored in the
refrigerator overnight. The next morning the blood was centrifuged at 1500 rpm
for 15 minutes, The sera. were removed and recentrifuged for 10 miﬁutes, The
remaining sera were placed in a 5 ml vial and delivered to the Serology Branch
for complement~fixation and hemagglutination-inhibition studies using T. cruzi
antigen, Laboratory reared T, gers’_caegkeri and R. prolixus were allowed to
feed on the rat five to 10 days after bleeding for culture and serology tests.

Each lot of insects included 10 first instar nymphs or adult bugs. Two weeks
after feeding the bugs were examined for trypanosomes. If any one of the above
tests for trypanosomes were positive, the rat was discarded. With one excep-~
tion, the above procedures were used throughout the study to determine the in-
fection of experimental animals with T. cruzi. To further identify T. cruzi
infections, animals were sacri\ficed and the heart fixed in formalin, dehydrated,
and embedded in paraffin. Sections were cut, stained with Giemsa, and examined
microscopically for evidence of Leishmania forms of T. cruzi in the muscle
fibers.

Attempts to infect animals were by methods that might possibly occur in
nature: (1) by bite of infected bugs, (2) contamination of skin and/or mucous
“membranes with infective bug feces, (3) feeding infected bugs to animals, @)
contamination of animals by direct contact, i.e., urine, sexual intercourse, and
(5) congenital, Other methods, not likely to occur in nature, such as intramus-
cular and intraperitoneal injections were used for comparison. Infected bug feces
from feeding vials were aspirated into a 0,1 ml pipette for inoculation, A 0.03

m] drop was then placed directly on the skin, eye, or mucous membrane of the



25

‘mouth, A similar amount of feces was inoculated intramuscularly and intraperi-
toneally using a tuberculin syringe and 0.2 ml of saline injection solution.

The number of trypanosomes, in material used for transmission studies,
roughly simulated the numbers naturally passed at one defecation by a single in-
fected adult bug. This number varied but was génerally between 55 and 2850
trypanosomes per 0,01 ml of inocylum. The presence of motile metacyclic or
crithidial forms of T, cruzi was evidence that the material was infective, An
approximation of the number of organisms in a given amount of infected culture
media were determined by haemocytometer, The level of parasitemia in animal
blood and bug feces was determined by phase microscopy. A small drop of blood
or feces was placed on a glass slide, diluted with saline and covered with a 12 mm
cover gslip, An examination was made of 100 fields and the parasitemia recorded
as a given number of trypanosomes per high dry field.

An attempt was made to determine if a single trypanosome could cause
infection in an experimental animal. The procedure was as follows: A small drop
of naturally pas-sed, infected bug feces was placed on a glass slide, The feces
was diluted with two or three drops Qf normal saline injection solution and
thoroughly mixed, A hollow ground slide was positioned under the low power
objective of a phase contrast microscope. A drop of the mixture, small enough
to be covered by the low power microscope field, was placed on the center of a
cover slip. The cover slip was quickly inverted and placed over the concave part
of the ground slide. The hanging drop was then examined for trypanosomes. If
more than one motile form wag observed the process was repeated until only one

trypanosome was observed in the drop. The hanging drop was then aspirated with
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“a tuberculin syringe containing 0.2 ml of saline injection solution. The material
was inoculated intramuscularly into 5-7 day old swiss albino mice.

Infection and Infectivity of Triatoma.--The comparative susceptibility

of the three species of bugs to infectioﬁ with both strains of T, cruzi was studied
Invadd,ition, the comparative effectiveness of the bugs in transmitting the infec-
tion was investigated,

Bugs were infected by allowing them to feed on animals with a pre-
determined circulating parasitemia. Animals previously infected, but with no
visible blood parasitemia at the time of feeding were also used for comparison.
Methods of restraining animals, feeding, and parasitemia evaluation have been
described. All bugs were kept in contact with infected animals for 24 hours,
Only those bugs that appeared to have fed to completion were kept. The bugs
were examined for trypanosomes at 7, 14, and 21 days.

The determination of inf_ection was by phase microscopy. Feces pas-
sed naturally was examined when possible, In addition, fecal samples were
obtained from bugs by rectal pressure. This consists of grasping the bug be-
tween thumb and forefinger and applying pressure. A drop of feces can gener-
ally be obtained without harm to the bug. The handling of first and second
instar nymphs in this manner is not feasible. It was generally necessary to
puncture the rectum with a fine dissecting needle to obtain feces from these
stages.

A method was devised for determining the comparative number of
trypangsomes passed in adult bug feces in a given perio& of time. A glass

rod 1/8 inch thick and seven inches long was heated two inches from one end
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and bent at an angle of 20 degrees, The angled tip of the rod was repeatedly
dipped in melted paraffin wax until a globular ball was formed. A bug was then
suspended from the rod by pressing its thorax into the melted wax. The head of
the bug was forward and the abdomen at a slight downward angle (Figure 4). A
base for the rod and suspended bug was formed by cutting a 1/8 inch hole through
the center of a No. 6~1/2 rubber cork. The glass rod was then inserted into the
hole in the cork. The bugs Were fed on a rat with a known parasitemia (Figure
5). The suspended bugs were then positioned over defecation containers. These
containers were a series of five 1 ml crucibles set flushin alinchx 1 inch x 8
inch styrofoagm holder (Figure 6). A solid wire or nail three inches long was
placed through each end of the holder. The protruding wire or nail was then
imbedded in a 2 inch x 2-1/2 inch x 10 inch styrofoam base. The holder could
be adjusted to the height of the bugs on the rods, One-half ml of media was
added to each container. The media was the same as that used for growing try-
panosomes without agar added. The bugs were maintained at 80 F and 7 0% R.H.
and fed every two weeks on non-infected rats,

Every 24 hours the media, in the defecation chambers, was examined for
trypanosomes that might have been passed in the bug feces. The media and feces, .
if any, were mixed thoroughly and three samples of 0.01 ml each aspirated to a
glass slide. Each of the three drops were covered with a 12 mm cover slip and
examined for trypanosomes, The trypanosomes were recorded as the number of
trypanosemes per 100 fields as previously described. it was determined,. prior
to the experiment, that multiplication of trypanosomes in the media during a 24 /

hour period was negligible.
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Membrane F_egding, ~-Studies on feeding behaviour and vector potential

often require standard techniques in the laboratory. There are many advaﬁ—
tages of feeding Triatoma through a membrane. The requirements for ex-
perimental animals would be reduced; infection rates in bugs could be deter-
mined more agcurately, and more specific data acquired concerning the
infectivity of various stages of T. cruzi grown in culture. A preliminary
investigation was made on the ability of the three species of bugs to feed

and ingest T, cruzi through natural and artificial membranes.

The feeder used was similar to that described by Rutledge, Ward,
and Gould (1964), The bottom of the feeder had a lip over which the. mem-
brane was secured by a strong rubber band. The membranes were not
stretched, but left slightly slack. A clamp and ringstand supported the feed-
er. The feeder was then attached, by rubber tubing, to a thermostatic con-
trolled, circulating water bath (Figure 7). Water in the bath was maintained |
at 96.8 F, Aftér the food in the feeder had warmed to the desired tempera-
ture, confined bugs were positioned against the surface of the membrane
(Figure 8).

Several membranes were tested. These were wbod rat skin (fresh
or frozen), natural lambskin, Baudruche membrane (Bovine intestine) and
parafilm "M",

Artificial membranes were washed in distilled water and dried with
filter paper before use.

The food material was outdated, citrated whole human blood used as

received,



Field Studies

Outdoor Cage.~--Life cycle studies in the laboratory can only provide

ideas on what may occur under natural conditions. To investigate the life

history of T. sanguisuga texana and T. gerstaeckeri under simulated field

conditions, a large outdoor cage was constructed. This cage was located on
Lackland Air Force Base, Texas, in an area where wood rats and Triatoma
were common and was actually built over a cactus patch where two infected

wood rats had heen captured.

The cage was of wood frame construction, 25 feet long, 15 feet wide
and 8 feet high, The frame was set on a concrete foundation 15 inches deep
and 5-1/2 inches thick. A double door entrance was provided, and the cage
was covered with 18-mesh aluminum screen. The lower three feet of the
cage were also covered with 1/4 inch mesh hardware cloth (Figure 9).

After construction, the cage was covered with plastic sheeting and

fumigated with methyl bromide for 24 hours at the rate of 1 1b/1000 ft3. The

effectiveness of the fumigant was tested by placing confined Triatoma through-

out the cage., All stages were killed at this concentration. A small mesquite
tree in the cage was severely damaged, but the cacti were not harmed.

Simulated wood rat nests were built in the cage. These were fiber
glass boxes 8 inches wide, 11 inches long and 6 inches deep; set flush with
the surface of the ground, Small holes were drilled in the boxes for drain-
age, Box covers were 1/2 inch plywood, 13 inches wide and 17 inches long,
A two-inch wood frame was attached to the top surface of each box cover.

The area inside the frame was then filled with dirt, This arrangement held

29
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the box covers in place and helped maintain a more even temperature inside the
box (Figure 10).

Bugs, confined in plastic vials, were kept in the simulated nests. Small
cages made of 1/2-inch plexiglass were also used as inserts in the nest boxes.
The lid of each cage had a 2-1/2 inch x 7 inch opening covered with 32-mesh
nylon screen. A strip of foam rubber 1/2-inch wide and 3/8-inch thick was glued
to the inside edges of the lid to prevent the bugs from escaping. The bugs were
fed once each wéek on wood rats.

A male and female wood rat, known to be infected with T. cruzi, were
introduced into the cage at the same time the bugs were placed in the boxes. The
rats fed on the cacti supplemented by lettuce and Purina laboratory chow.

Temperature and humidity, in the boxes and wood rat burrows? was re-
corded five days a week with a Bendix psychron fitted with a four foot exten-
sion, Temperature and humidity near ground level was recorded with a Weksler
hygro-thermograph.

Field Collection of Bugs and Wood Rats.--Specimens of bugs and wood

rats, for experimental purposes, were collected periodically, from wood rat
dwellings.

In the San Antonio area, the southern plains wood rat, N. micropus
micropus commonly constructs dwellings in clumps of prickly pear, Opuntia
Sp. (Figure 11).

The rat dwelling generally appears as a tangled mass of twigs, cactus
stems, and debris. Entrance and exit tunnels lead to and from the nest which

is generally three or four inches below the surface of the ground (Figure 12).
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Debris covering the nest in the area is seldom more than 18 inches high. In south
Texas the same species of rat builds dwellings up to four feet in height.

Collecting bugs from the habitat described is difficult. Equipment consists
of shovel, machete, 36-inch collecting scoop, trowel, forceps, pint ice cream
containers, heavy gloves, and boots. The cactus was first cleared away to faci-
litate examination of the nest area, then debris surrounding the nest was ex-
amined carefully for bugs. The dirt and material from any tunnel were removed
with the collecting scoop. This material was spread out thinly and examined
carefully. The main nest, consisting of dried grass, was then dug out and ex-
amined,

The bugs caollected, were placed in ice cream cartons and returned to
the lahoratory, The collecting sites were in walking distance of the labora-
tory and no difficulty was encountered in returning the bugs alive.

Rats were collected alive by placing traps near active rat dwellings.
Their activity was indicated by the presence of fresh fecal droppings and by
recent '"gnaw' marks on cacti. The traps used were 5 inch x 5 inch x 16 inch
"Havahart' type,

Peanut butter or one-inch squares of cheese were used as bait. Both
types were acceptable to the rats and no difficulty was encountered in trapping
the animals where they were active.

The traps were set in the late afternoon and checked early the following
morning, Two traps were generally set at each dwelling. Captured rodents.
were placed in small burlap sacks and returned to the laboratory for examina-

tion.
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‘Nocturnal Flight Habits,--The flight habits of T. sanguisuga texana

and T, gerstaeckeri were unknown. This phase of the study was designed to
sample the adult flying population of these two species, The objectives were:
(1) to d,vetermine- daily and seasonal variations in flight -activity., (2) to deter-
mine the sex ratio of the flying adults, and (3) to determine the infection of
flying adults with T, _9_1_‘35}_

Standard blacklight traps recommended by a committee of the Entomolo-
gical S_()CJ}ety of America (1964) were used in the study. As an attractant, these
fraps utilize one F 15T 8/ BL lamp (15 watt blacklight) mounted vertically (Figure
14). The‘ traps operate from a lldV source or they may be modified to operate
with a 12V battery. A 24~hour clock timer was used te turn the traps on and off
as desired,

During 1967 four traps were in operation. Two were located near a resi-
dence 16 miles northwest of San Antonio, Texas, at an altitude of approximately
850 ft. Both traps were Qpera.ted ﬁve nights per week, 150 ft from the house and
connected ’coi a 110V line by extension cords. The other two traps were in opera-
tion on Lackland.A.ir Force Base, Texas during the same period. These traps
were battery operated and located adjacent to the large outdoor cage at an altitude
of 740 feet. The traps were operated three to four nights per week and were timed
to operate at different periods to evaluate when the bugs were.mos’p active. One
trap was also operated.in 1966 at the residence northwest of San Antonio.

Bugs captured each night were placed in containers and returned to the
laboratory for determination of sex and infection with T. cruzi. When only females

were captured the\y were held in vials for determination of fertility and fecundity.



Twenty-four hour temperature and humidity recordings were made at

the Lackland site with a Weksler hygro-thermograph.
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CHAPTER IV
RESULTS

Laboratory Studies

w w-CopulatiQn, in all three species, took place with the male
grasping the female and assuming a right or left dorso-lateral position. After
the female became quiet, the male slowly moved caudad, rotated the genital
capsule and inserted the aedeagus. The pair maintained this position through-
out the copulatory period, ' Male bugs, when initially placed with the female,
generally attempted copulation within 2-15 minutes. Females were more
receptive when a blood meal was anticipated and copulation frequently took
place whijle the female was feeding. The female of R. Eroli;;us frequently
mated again with a new male within 10 minutes after copulation, One female
of this species mated with eight different males in a six-hour period. The

females of T. s. texana and T, gerstaeckeri were more selective. Within

a six-hour period a recently fertilized female of T. S. texana mated twice
and T. g erstaeckeri three times, with different male bugs. Over a period of
two years, a single pair of T. s. texana was observed in copulation 19 times.
In one year, a pair of T. gerstaeckeri was observed maﬁng 16 times. Copu-
lation may take place within 24 hours of ecdysis. The mean and range of
copulation time in minutes, for 10 pair of bugs, were R. prolixus, 39 and

15-72; T. s. texana, 19 and 9-37; and T. gerstaeckeri, 13 and 9-22.
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E_ggg.--The eggs of R, prolixus were a light pink when laid. After
several hours they turn a lobster red. If the egg is fertile, two eye spots
appear by the eighth day at 80 F and 65 percent relative humidity' (R.H.). The
mean size of 50 eggs was i.8 mmx0.9 inm. The weight ranged from 0.785 -
0.878 mg. The eggs of T. s. texana and T. gerstaeckeri were glistening
white when laid. As the embryos developed they turned a light pink and the
eye spots appeared by the 12th day. The mean size of 50 eggs was 1.3 mm x
0.7 mmb for T. s. texana and 1.8 mm x 1,1 mm for T. gerstaeckeri, The
weight ranges were 0.817 - 0,896 mg for T, s. texana and 0.832 - 1.125 mg
for T, gerstaeckeri.

Oviposition. ~~-Usually the eggs of R. prolixus were laid in batches
and were fastened together and attached, by a secretion, to the surface of the
styrofoam in the rearing chamber. For some unknown reason, eggs were
occasionally deposited singly and without adhesive material attached. The eggs
of T. s. texana and T, gerstaeckeri were deposited singly and fell to the bottom
of the rearing chamber. There was no adhesive material on the eggs.

The pre-oviposition period of 10 newly emerged females of each species
which had fed, mated once, and been held at 80 F and 65 percenf relative
humidity, was 8 - 14 days for R. prolixus, 12 - 23 days for T. s. texana, and
11 ~ 19 days for T. gerstaeckeri.

Fecundity and Longevity of Adults.--The fecundity and longevity of

adult bugs are important factors in the species reproductive potential. Egg
production and longevity were determined at both fluctuating and constant levels

of temperature and humidity.



36

Ten pairs of each species were placed in individual vials. Five pairs
of each species were held at 65 - 82 F and 15 - 65 percent relative humidity
and the other pairs were held at 80 F and 65 percent relative humidity. Only
eggs from which living nymphs emerged were considered as hatching. The
data are presented in 'i‘able I~1II,

There was considerable variation in the number of eggs laid by females
under any condition. Female T. s. texana and T. gerstaeckeri laid a higher
mean number of eggs at fluctuating than at constant temperatures while R.pro-
lixus was the opposite, The percent egg hatch, of all three species, was higher
at the constant temperature. In all three species, ]the percent egg hatch was
generally declined if the male bug died before the female. For example, T. s.
Ma female A (Table I) lived 813 days and laid 1066 eggs with a hatch of 521
49%) . Howevér, from ecdysis on 1 June, 1965 until 8 September, 1966, 505
eggs were lai(i and 356 (70%) hatched. On 28 September, 1966, the male died.
From 8 September, 1966 to 7 November, 1966, 161 eggs were laid and 102
(63%) hatched. From 7 November, 1966 to 12 March, 1967, no eggs were.laid.
From 12 Maréh, 1967 to 3 July, 1967, 282 eggs were laid and none hatched.
On 10 July, 1967, a new male was placed with the female. From 16 July to
20 August, 1967, 118 eggs were laid and 63 (53%) hatched. The female died
21 August, 1967. The same cycle occurred in individuals of T. gerstaeckeri
and R, prolixus, This would indicate that one fertilization is not sufficient for
the life of the female, especially if she lives for at least a year.' Most females
laid eggs throughout their lives. Egg production in I_ . 8. texana and T. gers-

taeckeri decreased in October and November and few eggs were laid until the
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following March, This correlated remarkably well with egg production under
natural conditions. In the laboratory, R. prolixus produced eggs throughout
the winter months,

The mean life of R. prolixus and T. s. texana females was greater at

the fluctuating temperature (Table I). Triatoma gerstaeckeri male and female

longevity was virtually the same. At a constant temperature (Table II), the
male of all three species lived longer than the female. This may indicate that
males are less hardy than females under variable conditiongs. The male and
female of T. s, texana lived almost twice as long as the other two species.

Egg Production of Virgin Females.~-Five virgin females of each

species were placed in individual vials and held at 80 F - 65 percent relative
humidity. All three spegies laid eggs that were normal in number and ap-
pearance, However, after a few days the eggs collapsed and none ever hatched.
One female R. prolixus in this group lived 882 days. This was the longest that
any bug survived. ’

Number of Eggs Laid After One Copulatipn‘, -~The ability of a female

bug to mate once and lay viable eggs for several months would be of great
value in the survival of the species. To test this, five virgin females of each
species Were- isolated in individual vials, mated once to virgin males and held
at 80 F ~ 65 percent relative huinidity.

There was considerable variation in the number of eggs laid by indivi-
dual females (Table III). The mean percent egg hatch and total number laid
were less than for male and female bugs kept together (Table I - II). As the

female aged there was a decrease in the percent egg hatch. For example,
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_T,s. texana females A-D (Table illy lived longer, but had a lower percent egg
‘hatch than the females who died much earlier. This was also true in T, gers-
laeckeri G-J, and R. prolixus N-O, The percent egg hatch in the first 90 days
was invariably higher than any thereafter, 1If tﬁe female survived for more than

a year, fertile eggs were not laid. This was comparable to the condition found

in females when the male died first.

Fecundity and Longevity of Unfed Adults.--The ability of bugs to lay
viable eggs without a blood meal would be a significan;c sﬁrvival factor in nature.
Five pair of newly emerged, virgin male ahd female bugs of each species, were
placed together in individual vials and held at 80 F ~ 65 percent relative humidity.
The proboscis of each pair was clipped to prevent the possibility of feeding on
each other,

It is evident (Table IV) that a few viable eggs were laid by females, of
each species, without a blood mebal. This may be due to nutritional elements
transferred from the fifth instar nymph to the adult at ecdysis. The viable
eggs were generally among the first laid, Unfed males survived longer than
unfed females.

Qevelopment’Period from Egg to Adult, ~-Twenty one day old eggs, of

each species, were isolated in individual vials and the emerging nymphs reared
to the adult stage. The eggs were held at 65 ~ 86 F and 18 -~ 68 percent relative
humidity, and at 80 F ~ 65 percent relative humidity. Eggs and nymphs were
examined daily except weekends. Table V indicates the minimum, maximum,
and mean time for incubation of eggs and development of each instar.

The developmental period varied greatly among individuals of T. s.
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texana and T, gvers”_caecke;'i at both temperatures. Rhodnius prolixus showed

much less variation, The mean developmental period for T. s. texana was
387.8 days at the ﬂlictuating temperature and 322.1 days at the constant tem-
perature, The mean developmental period for T. gerstaeckeri was 361,9 and
213.9 days, respectively, and that for R. prolixus was 126.1 and 112.8 days.
The first two adult T. 8. texana to emerge were males. The first four T.

gerstaeckeri were males and the first two R. prolixus were females.

Feeding Habits.--Observations were made on various feeding habits
that might contribute to the survival and vector effectiveness of the bugs.

When approaching the host, T. s. texana and T. gerstaeckeri were

more cautious than R. prolixus. Triatoma sanguisuga texana was especially

shy in the nymphal stages. Triatoma sanguisuga texana and T. gerstaeckeri

preferred to feed with at least the rear legs in contact with a solid surface.
They rarely crawled on the host animal except under crowded conditions.

Rhodnius prolixus, on the other hand, approached the host boldly and did not

hesitate to crawl over the host's body while feeding. This habit is undoubtedly
‘important in the transfer of T. cruzi by fecal contamination. Bugs, of all
stages, preferred to feed in subdued light or darkness. However, when hun-
gry they fed in bright light.

It was obsérved9 in other experiments, that T. s. texana was diffi-
cult to rear in individual vials, Heavy mortality generally occurred among
first instar nymphs. A series of tests were conducted to compare the feeding
of first instar nymphs on various host animals, and to determine if one feed-

ing was sufficient for molting,
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Twenty, unfed nymphs, one to two weeks old, were placed in a feeding
jar and held for 24 hours at 80 F and 65 percent relative humidity. A host
animal was placed in the jar and left for 24 hours or the host was confined and
the bugs placed in direct contact with the ani.mé.l,. Bugs that fed were held until
they molted or died, This procedure was repeated with each species of bug,
each host animal, and at 65 - 86 F and 25 - 60 percent relative humidity.

Rats, adult mice, and the squirrel were confined in restraining cages
in the jars. The armadillo was restrained and the bugs fed directly. The re-
maining host animals were placed free in the jar. Nymphs offered human blood
(my own) were confined in small ointment tins covered with nylon stocking and
secyred to the uﬁderside of the forearm by adhesive tape. Since the test re-
sults were similar at both conditions, the data for the 40 nymphs are presented
together in Table VI,

The bugs preferred mammalian blood but did feed on all the host animals

tested, Triatoma gerstaeckeri and R. prolixus fed better than T. s. texana on

all host animals except engorged bugs. The largest number of T. s. texana

nymphs fed on the adult white mouse. Triatoma gerstaeckeri nymphs fed best

on the armadillo and those of R. prolixus on human blood.

There was considerable variation in the number of nymphs that molted
(Table VI). Only two of the T. s. texana nymphs molted following one feeding.
InT, gerstaeclﬁeri and R. prolixus, fed on various mammals, the percent
molting was 62.5 - 87,5 and 84,3 ~ 95 respectively. For the same two species
fed on hosts other than mammals, the percent molt was 0 - 54 and 0 -~ 87. The

highest percent (83.8) of molting of T, gerstaeckeri nymphs occurred in those
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fed on the ground squirrels and the highest percent (95) of R. prolixus in those
fed on human blood, The only apparent refractory blood was that of the snake,
Thamnophis sp., to R. prolixus. Sixteen of 18 nymphs that fed, died within 48

hours and the two survivors molted to the second instar,

Feeding and Defecation Times, --The period of time a bug is in contact
with its host may be important in the chance contaminative transmission of
T, cruzi, This is particularly’true if the bug, while feeding, defecates on or
near the host. An experiment was conducted to gather data regarding feeding
and defecation times, The results are presented in Table VII,

It was observed many times that individuals of the three species,
quickly moved away from the host after feeding. It was arbitrarily decided
to record only defecations that occurred within a period of two minutes. Bugs
that defecated after that time would be less likely to contaminate their host.

~ The mean feeding times for T. s. texana ahd T. gerstaeckeri were

about the same in all stages, In general, these two species fed more than
twice as long as R. grqlixus. The mean feeding time for adult females was
longer than that of males in all three species. The percent defecations (56 -
88.8) in all stages of R. prolixus were considerably higher than in T. s.
texana (0 -=. 26.6) or T. gerstaeckeri (0 - 30). The adult males of T. s,
w and T, ger§ltaeckeri did not defecate within two minutes of feeding. In
R. prolixus males, the percent defecation (56.6) was less than for females
(77.5).

It is concluded that R. prolixus, in all stages, may contaminate its

host with feces to a much greater extent than T. s. texana or T. gerstaeckeri.



42

The fourth and fifth nymphal instars and adult females of T. s. texana and T.
gexfstaeckeri are potentially better fecal contaminators than the other stages
(Table VII).

Since first instar nymphs of T. s. texana did not molt after one feeding
an experiment was conducted to determine how many times they fed before
molting. Six unfed, first instar nymphs, were placed. in individual vials and
offered food daily until they molted or died. ‘Five molted to the second instar.
Of these, two fed four times, one fed five times, and two fed seven times.

This was not repeated for every instar, but many observations indicate this
species feeds several times in each instar. This would be an important factor
in the opportunity to transmit T. eruzi to susceptible hosts over a period of
time,

It has been shown (Table VI) that first instar nymphs of all three species
will feed on cold-blooded vertebrates. It was determined that bugs of all stages
will take at least one blood meal from é. toad Bufo sp. Tbads were selected be-
cause they frequently live in the same general habitat as the bugs and were
occasionally found hiberﬁating near wood rat dwellings. The question was,
would the bugs complete their life cycle feeding on the blood of a toad? An
attempt was made to answer that question. |

Five, unfed, first instar nymphs of each species were placed in three
separate vials é.nd fed weekly, Unfortunately, the toad died after 167 days
and since it was the beginning of the winter season an additional specimen could
not be located. When the toad died, one second and one third instar T. s. texana

and one fourth instar T. gerstaeckeri were alive. The last nymph of R. prolixus
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died in the fourth instar.

| Cogroghagy. ~-A series of experiments were conducted to determine
if bugs would be attracted to and feed on freshly voided bug feces. Twenty,
unfed, first instar nymphs of each species were placed in feeding jars and
held at room temperature for 24 hours. A concave cell slide was placed in the
jar and filled with bug feces. As the starved bugs moved about they would
occasionally pass the feces, extend their proboscis and probe. When feces,
warmed to 90 F was added, the bugs were more direct in theivr approach to
the possible food source. The slide and feces was left in ‘the jar for 24 hours.
At the end of that time the bugs were examined for any visible evidence of
feeding. The above procedure was repeated four times within a period of four

months. There was never indication that bugs of any stage fed on feces.

Amount of ‘Blood Iggestgd at One Feeding.--The amount of blood taken
at a single feeding was determined for bugs of all stages. Ten individuals of
each stage were weighed with a Model G Cahn Gram Elect;'obalance before
and after feeding. The mean weight of each stage was recorded to 0.01 mg
(Table VIII). The percent gain was obtained by dividing the amount of blood
ingested, by the weight of the unfed bug. First instar nymphs were fed and
weighed at one week of age and the other stages from one to two weeks after
ecdysis. It was difficult to obtain exact blood meal weights for R. prolixus,
as they defecate while feeding or shortly after, |

Rhodnius prolixus, in all stages, ingested more blood in relation to

their size, than the other two species. The adult females ingested more

blood than the adult males. One reason for this is that the female is generally
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larger than the male (Figure 4). The highest percent gain was found in first
instar nymphs of T. s. texana and T. gerstaeckeri and the third instar of R.
prolixus. The greatest volume of blood ingested was in fifth instar nymphs of

T. s. texana and R, prolixys and in the adult female of T. gerstaeckeri.

Infection of Experimental Animals.—-—The purpose of this phase of the

study was to: (1) find out if there was a difference in the virulence of our two
strains of T. cruzi to laboratory animals; (2) determine the parasitemia, if
any, produced by various routes of inoculation and, (3) determine the appear-
ance and persistence of the parasitemia in the circulating peripheral blood.

There was very little difference in the virulence of v“che two strains to
laboratory animals (Table IX), This was true of organisms grown in culture
or passed in bug feces, .Am'mals would occasionally show symptoms of in-
fection, such as roughening of th‘e fur, lethargy, and retarded growth, but
death in infected animals was not common. Not all animals became infected
though inoculation procedures were the same. Intramuscular inoculation pro-
duced a greater number éf infections th_a.n the oral rogte.

Table X indicates the results of infecting experimental animals by
various routes of inoculation. The inocﬁlgm was thé Lackland strain in bug
feces. It was evident that the bite of infected bugs did not produce infection.
Oral contamination and ingestion of bugs caused the largest number of infec-
tions among ‘_chose routes of inoculation that might ocecur in nature. Rats colld
become infected by eating one infected bug. Only one rat became infected by
placing the infected feces directly on the unbroken skin avnd a low parasitemia

developed. Application of feces directly into the eye also gave a low infection
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rate and parasitemia, Intramuscular and intraperitoneal inoculation produced
high infection ra,tés and relatively higher parasitemias. Inoculation of feces
directly into the stomach, by tube, produced infection in two wood rats that were
41 days old. No trypanosomes were observed in direct blood smears; however,
blood cultures were positive 122 days post inoculation. There was no obser-
vahle difference in the infectivity of feceé from the three species of bugs.

Uninfected laboratory animals kept in direct contact with infected litter
mates never became infected, This was also observed in wood rats reared in
the outdoor cage. In July 1965, an infected pair of rats was placed in the out-
door cage; at the end of nine months, 17 rats were recovered. Naone of the 15
offspring of Vthe original pair was infeéted., This would indicate that infection
by direct contact, i.e., urine, feces, and‘ Sexual inte_rcourse is rare in nature.

Eight i)regnant white mice were inoculated intramuscularly with culture
forms of T. _gl;}_l_gi . Two of the females became infected. None of their off-
spring was infected, Two infécted female wood rats gave birth to young in the
laboratory and these were:not infected. |

In animals less than 30 days old, the parasites were observed in the
blood 5 to 14 days following inoculation. The parasitemia developed more
rapidly in animals inoculated intramuscularly. The course of the infection was
characterized by a rise in parasitemia that reached a‘p'eak, at an average of
21.8 days in laboratoi‘y animals and 36 days in wood rats. The parasites
rapidly disappear from the blood within 10 days after reaching a beakq Ina
wood rat the maximum time that trypanosomes were detectable in the peripheral

blood was 47 days after they were first observed. The maximum number of
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vci_rc,ulating trypanosomes observed in any animal was 700/100 high dry fields.
It was extremely difficult to produce an observable parasitemia in animals
more than 40 days old. In fact, it was difficult to infect older animals at all.
Ten, five-day old white mice were inoculated intramuscularly with 0.2
ml of saline that originally contained one motile trypanosome. Thirteen days
later one mouse had a parasitemia of one trypanosome per 100 high dry fields.
The parasitemia never increased and disappeared after 21 days. This was the

only mouse that became infected.

Susceptibility fo Bugs to Infection. --A comparison was made of bug
susceptibility to the two strains of T. cruzi. The results are indicated in
Table XI.

The bugs were fed on wood rats with a circulating parasitemia of one
to five trypanosomes per high dry field. First and second instar nymphs were
examined for evidence of infection at 2] days and the other stages at 7, 14, and
21 days. Bugs found uninfected at 21 days were held for further examination.

There was little difference in the susceptibility of the three species to

the Brazilian strain of T. cruzi. Triatoma sanguisuga texana and T. gers-

taeckeri were more susceptible to the Lackland strain than R. prolixus. The
adult females were more susceptible to both strains than the édult males.
There was no definite pattern to nymphal susgeptibility. It was apparent that
not all bugs became infected after feeding on an infected host, Five adult
females, of each species, originally infected with the Brazilian strain, were
examined 90 days later for evidence of infection. All, except one R. prolixus,

remained infected. The same result was obtained with the Lacklan(gi strain,
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except two ;g Br»o}i;cus were negative. Ten, first instar nymphs of R. prolixus
were infected with the Brazilian strain and reared to adults. Of eight, that
reached the adult stage, five were still infected. With the Lackland strain, five
of nine were infected at the adult stage,

Table XII indicates the results of feeding bugs on wood rats with no
observable circulating parasitemia in the peripheral blood. The rats had been
infected with the Lackland strain, 180 days prior to the experiment. When
compared with Table XI, it is clear there was a decrease in the number of in-
fections in bugs fed on rats with no observable parasitemia. Again adult females
were more susceptible to infection than adult males.

Tﬁe relative number of trypanosomes passed daily in adult bug feces was
determined. The bugs were suspended on glass rods, fed on a white rat infected
with the Lackland strain and held at 80 F and 65 percent relative humidity. The
rat had a parasitemia of five trypanosomes per high dry field. Results are
given in Table XIII.

It was again apparent that R. prolixus defecated more often than T. s.

texana or T. gerstaeckeri. Trypanosomes appeared in the feces of R. prolixus

on the fifth day and in T, s. texana and T, gerstaeckeri on the eighth day. All
three species passed the largest number of trypanosomes and volume of feces
during the first 24 hours after feeding. There was considerable variation in

the number of trypanosomes passed in individual bug feces.

Membrane Feeding.--The comparative ability of the bugs to feed
through various membranes and to become infected with T, cruzi was investi-

-gated. The bugs were placed in plastic vials under the feeder and the feeder
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and bugs covered with a black cloth to reduce light. The bugs were in contact
with the membrane from onc;‘-, to two hours. Two ml of culture medium, con-
taining approximately 150 thousand trypanosomes per ml were mixed with the
food hefore placing it in the feeder. The food material was maintained at 97 F
and the ambient temperature was 70 - 76 F. Trypanosomes were still swarm-
ing in the food at the end of each feeding period.

The wood rat skin gave the best feeding results followed by the Baud-

ruche membrane (Table XIV). Rhodnj.qs prolixus fed better than T. s. texana

or T. gerstaeckeri.

Adult bugs appeared to feed better than nymphs. The low percent
feeding may ha\}e been caused by packing of blpod cells against the inner surface
of the membrane. For some unknown reason, the infeétion rate was very low
in bués that fed, For example only one nymph and one adult of T. 5. texana
became infected. The greatest number of infections were in R. Qrolixus. This
was just the opposite from what occurred when the bugs fed on natural hosts
(Table XI). Of the total infections obtained, 15 (78.8%) were in bugs that fed
through the wood rat skin. The remaining 21.2 percent fed through the Baud-

ruche membrane.
Field Studies

Developmental Perjod Egg to Adult. --Ten, newly emerged, first instar

nymphs of T. s, texana and T. gerstaeckeri were placed in individual vials in
the outdoor cage-in October, 1965 and March, 1966. Observations were made

on their development to the adult stage. The developmental period of the various
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instars varied considerably depending on the time of year they emerged (Table
XV).
First instar nymphs, that emerged in Ogctober, remained in that stage

until the following March or April. Triatoma sanguisuga texana reached the

fourth instar and T. gerstaeckeri the fifth in July or August. Both species re-

mained in this instar untjl the following spring. Triatoma gerstaeckeri then

emerged as adults in April and May and E s. texapa molted to the fifth instar.
One fifth instar T, s. texana emerged as an adult in September, approximately
715 days after hatching. Two other fifth instars are still in that stage after 289
days. They will probably overwinter and emerge in thé spring after approxi-
mately 2-1/2 years. First instar nymphs of both species that emerged in the
spring reached the fourth and fifth instars at virtually the same time as the
nymphs that emerged in the fall. One of 10 nymphs of T. gerstaeckeri that
emerged in July reached the fifth instar in Noverhber and emerged the fol-
lowing March, This was the shortest time (280 days) that any individual took
to complete its life cycle under field conditions, Numerous variations, de-
pending on temperature and availability of food, undoubtedly occur in the life
cycle of the bugs. It is suggested that, with readily available food, the life
cycle of T. ggrstaeokeri in southwest Texas‘-is 9 to 14 months and that of T.

8. texana 24 to 30 months.

Comparative Fecundity and Longevity of Adults.-~Three pair of T.
S. texana and T, gerstaeckeri were placed in vials in the outdoor cage and
observations made on their fecundity and longevity.

Triatoma sanguisuga texana laid fewer eggs in the field (Table XVI)
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than in the laboratory (Table I - II). The number laid by T. gerstaeckeri was
‘about the same. The largest number of eggs laid in one season was 803 by

T. gerstaeckeri and 465 by T. s. texana. The percent of eggs that hatched
was less under field than laboratory conditions. A comparison of monthly egg
production indicates considerable variation in both species (Table XVII). The
greatést number of eggs was laid in April, May, and early June. In both
species, the highest percent egg hatch was in May, when the average minimum
temperature in the boxes was 70,9 F and the maximum 84.7. Egg hatching
decreased in late June, July, and Aﬁgust when the average maximum tempera-
ture was over 90 F, During September the percent egg hatch increased when
the average maximum and minimum temperatures were similar to those in
May (Table XVII). In our study, humidity was not considered to be a factor

in the percent egg hatch. The daily outside fluctuation in relative humidity
was 20 - 60 percent in May; this was very close to the daily fluctuations in
July and August. The relative humidity in the boxes ranged from 30 ~ 90 per-
cent with reading rarely below 40 percent.

Triatoma sanguisuga texana did not survive as long in the field as in

the laboratory, Conversely, T. g erstaeckeri lived slightly longer in the field.

Rhodnius prolixus were not used in field experiments to any extent because of

the danger of their escaping. One experiment was conducted to determine if
this insect would survive the winter in this area . A male and female were
‘placed in separate vials in the outdoor cage in November and observations made
on their behavior. Both specimens survived the winter in good shape. During

periods of cold weather they fell to the bottom of the vial and appeared to be dead.
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However, when warm periods occurred they revived and moved about. No
eggs were laid from November to 30 April. The pair were mated in May and

produced viable eggs.

Survival with One Fgeding, ~-The ability of the bugs to survive the
winter on one feeding was determined, Individuals of all stages were fed once,
and placed in the outdoor cage on 1 November 1966.

Most individuals survived the winter on one feeding. The greatest
mortality occurred in first instar nymphs. As the temperature rose in the
spring the bugs began to die. Fifth instar nymphs survived the longest and one
T. _q_sp,. texana lived for 385 days. The males of T, s. texana lived longer than
the females but T. gerstaeckeri females lived longer than the males (Table
XVIII). |

Intraspecific Parasitism.-~A]l three species of bugs were observed

feeding on their own kind in laboratory colonies, This practice was more
common among T. s. texana thaﬁ in the other two species. First and second
instar nymphs were §bséwed to feed in this manner more readily than other
stages. It was never observed among adult insects when the bugs had free-
dom of movement.

The relative importance of this habit in the survival of first instar
nymphs in nature was determined. Fifty, first instar nymphs of T. 5. texana
and T. gerstaeckeri were placed in separate boxes in the field cage. Material
from rat nests was placed in the boxes tq provide shelter. At two to three week
intervals, five engorged fourth and fifth instar nymphs, infecte.d with T. cruzi,

were placed in the boxes and left until other bugs were added. At the end of



one year the material in the boxés was examined for surviving nymphs.

Eleven (22%) of the T. 8. texana nymphs were alive at the end of
one year; eight were in the second instar and three in the third. Eight (16%)
of the T. gerstaeckeri were alive; seven second instars and one third instar.
The surviving nymphs had apparently imbibed only haemolymph and none were
infected with T, cruzi.

The various stages of Triatoma are particularly vulnerable to being
fed upon during the progess of ecdysis. Figure 14 shows first instar nymphs
of T. gerstaeckeri feeding on an emerging adult of R. prolixus. In this case
the nymphs imbibed only haemolymph, However, it is possible that the mouth-
parts of larger nymphs or adults could penetrate the soft exoskeleton and in~
gest blood from the donor's gut.

Field Collections.--The primary purpose of collecting Triatoma and

wood rats was to obtain specimens for experimental purposes.

From Mafch, 1965 through October, 1967, 142 wood rat dwellings
were examined for nymphs and adults of T. s. texana and T. gerstaeckeri.
There was no apparent seasonal fluctuation in the nymphal population den~
sity and the summarized data and observations are presented here,

Eighty-five (68.5%) of the dwellings examined contained a total of 213
nymphs and 16 adults of the two species. One hundred twenty-three nymphs
and nine adults were T. s. texana. Ninety nymphs and seven adults were T.
gerstaeckeri. The mean nymber of bugs collected per infested dwelling was
2.5 with a range of 1 -~ 22. Nymphs of all instars, except the first, were col-

lected at every season of the year. TFirst instars were difficult to locate in the
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debris and were rarely found. Over the collecting period, four adults were col-
lected from dwellings in April, three in May, one in June, two in August, and
three in September.

The bugs were rarely found in the rats nests. The preferred habitat
appeared to be in cracks and crevices in tunnels and runways leading to the
nest or in debris covering the nest, Nymphs were occasionally found under
/logs and debris several hundred feet from the nest of any known host. The con-
dition of most of the bugs indicated they had not fed for sometime. This was
true even when the bugs were within a few feet of an occupied nest.

The 229 Triatoma collected were examined for infection with T. cruzi-
like organisms and 79 (30. 1%) were infected; 33 T. s. texana and 46 T, gers-
taeckeri. There was a marked différence in the ratio between infected nymphs
and adults. Twenty~eight (22.7%) of the 123 T, s. texana nymphs collected
were infected and five (56.5%) of nine adults; Forty-two 46,6%) of 90 T. gers-
taeckeri nymphs collected were infected and four (57.1%) of seven adults.

From 1 March, 1965 to 29 September, 1967, 56 wood rats were trapped.
Twelve (21%), five females and seven males, were infected with T. cruzi.
Three (25%) of the 12 infected rats had a demonstrable circulating parasitemia
by direc;t blood examination. The three rats with a circulating parasitemia were
estimated to be between four and six weeks old. It was obvious that any survey,
for T, cruzi, based on direct blood examinations alone would be highly inaccu-
rate.

fhe rats were active throughout the year. Young rats were observed

in Febmary and September. From observations in the field cage, there were
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probably three or four litters per year. The usual number of young is two.

Several rats may oceupy one large cactus patch (Figure 11).

Noc:t}l}v‘nal Flight Habits.~~During the period 1 June - 31 September,
1966, and 1 April - 31 September, 1967, 698 adult T. gerstaeckeri were col-
lected in blacklight traps at two different sites in Bexar County, Texas.
During the same period only 13 adult T. s. texana were collected. The data
presented apply to T, ge;'staeqkeri unless otherwise noted.

The first bugs weré collected at Lackland AFB, Texas:; a male on 24
April and a female on 11 May. Collections from the residence in northwest
Bexar County were recorded weekly, and the first bugs, all males, were
collected 1-7 May, The first females were collected 25 May- 1 June. The
last bugs were collected during the last week of September at both sites.
During 1967, the largest ﬂighﬁs occurred in May, June, and July (Table XIX).
Traps were not available during May, 1966, However, large flights occurred
in June, July, and August of that year (Table XX). Considerably more males
than females were collected at the residence than at Lackland AFB (Table
XX). In contrast, more females were taken at Lackland AFB (Table XIX). In
the spring males appeared approximately two weeks before the females. The
maximum number of bugs collected in a single trap in one night was 15 on 1
June, 1967, at Lackland AFB., The night was clear with a maximum tempera-
ture of 88 F and a minimum of 72 F during the collection period, Nine bugs
were collected on 4 May when the weather was cloudy with a light drizzle and
fog, The maximum flight activity occurred when the average minimum-maxi-

mum temperature was between 66.5~95 F (Table XXI), The maximum summer
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temperatures in southwest Texas, frequently exceed 100 F, From 8 May -

5 September, 1967, a hygro thermograph at the Lackland AFB site recorded

56 days when the temperature equaled or surpassed that figure. Evening tem-~
peratures frequently remain above 90 F, two or three hours after sunset. Flight
activity was determined for the periods 6:00 - 12:00 P.M. and 12:00 - 7:00
A.M, Forty-one (89.1%) of the bugs were taken after midnight and five (10.9%)
before midnight. The minimum-maximum temperature duriﬁg the 12:00 -

7:00 A.M, collection periods was 76.4 - 84 F (Table XXII). Unfortunately,
timers were not available for the traps in April or May so data for these months
are not available, However, observations of traps at 8:00 P, M. on eight oc~-
casions, in April and May indicated no bugs were captured to that time. There
was no observable relation between light intensity and flight of the bugs.

Many factors other than temperature, undoubtedly stimulate flight in
Triatoma, The general appearance of the captured bugs was similar to labora-
tory specimens that had not fed for approximately 14 - 21 days. Only two of
the 698 bugs captured had recently fed. Ten unfed females were taken from
traps and kept in individual vials until they died. The mean survival peribd
was 13 days with a range of 4 -~ 22, During this time four of the females laid
1 ~ 4 egg each. Fifteen females collected without males were fed and placed
in individual vials. Nine laid viable eggs indicating they had been fertilized.
Two died without laying eggs, and four laid eggs that were not fertile.

Of 698 bugs examined for T, cruzi-like organisms, 544 (77.9%) were
infected. There was considerable variation in the infection rate in male bugs

at the Lackland AFB and residence site, while the infection rate in females
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was similar (Table XIX), At the residence site, infection rates in male bugs
was slightly higher in 1967 than 1966, while that in females was about the same
(Table XX), The infection rate in male and female bugs was about the same at
the Lackland AFB site (Table XIX).

Wood rat dwellings were abundant near the Lackland AFB site, while
they were uncommon at the residence site, However, armadillos were abun-
dant near the residence in northwest Bexar County. Five armadillos wére
captured and examined for trypanosomes and 2 @40%) were infected. Both in-
fected animals had circulating parasitemias of approximately 200+ trypano~
somes per high dry field. This is in contrast to an infection rate of 21 per-
cent and maximum parasitemia of one trypanosome per high dry field in wood
rats at the Lackland AFB site. No specific data were kept on the number of
trypanosomes in bug feces from the two sites. However, the highest number
observed in a single bug from the Lackland AFB sife was 37 per high dry and
150+ from the residence site.

Samples of blood were taken from two adults, two children, two dogs,
one cat, and one pony at the residence site. The humans reportedly had beeﬁ
bitten many times by Triatoma bugs over a six year period. None of the blood
samples was positive for T. _g_r_xLz_l

The small nymber of T, s. texana collected in the survey is surprising

since this species occurs in wood rat dwellings in approximately the same pro-

portion as T. gerstaeckeri. The stimulus that produces flight activity in T. ger-
staeckeri may not affect T. s. texana or they are not readily attracted to black-

light,



CHAPTER V
SUMMARY AND CONCLUSIONS

The objective of the investigation reported here was to cdmpare the
biqlog-y and vector capability of twp Texas species of Triatoma with an ef-
fective South American vector of American trypanosomiasis, From this
study a clearer understanding of the ecology of th‘e vectors and the factors
that inay or ma;y not contribute to vector effectiveness was obtained.

The number of eggs laid by individual bugs varied considerably under

any condition, In the laboratory, the maximum number laid was 1,066 by

’{‘;ﬁia,tggnar sangu isggg ‘pexgng., 1,069 by TriatOmg gerstaegkeri, and 702 by

Rhodnius prolixus, In the field the maximum was 465 by T. s. texana

and 803 by T, gerst.aecker_i“. Rhodnius prolixus was not used in field studies

to any extent. In the field, egg production tapered off and ceased during
October and November and began again-in March and April. The largest
number of eggs were laid in April, May, and June. This same cycle oc-

curred in the laboratory with l 8. texana and to a lesser degree with T.

gerstaeckeri, Rhodnius prolixus laid eggs throughout the year in the labora-

tory, The percent egg hatch was less in the field than in the laboratory with

T. s. texana and T, gerstaeckeri. The greatest percent egg hatch, in the
—— e e——— — - -~ -

field, was in May when the average minimum temperature was 70,9 F and

the maximum temperature was 84.7 F. Egg hatchability decreased in late
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June, July, and August when the average maximum temperature was over 90 F.
In 'Sept.ember the egg hatch increased again when the temperatures were simi-
lar to those in May.

. There were fewer number and less viable eggs laid after only one copu-
lation than when male and female bugs were together céntinually. One copula-
tion was not sufficient to produce viable eggs for the life of the female. The
percent egg hatch was greater in the first 90 days after mating. Viable eggs
were occasiohally'laid without a blood meal. This may be due to nutritional
elements tranéfer-red from the fifth instar nymph to the adult at ecdysis.
Virgin females did not produce viable eggs.

As might be expected the developmental period from egg to adult
varied with thg temperature, At fluctuating temperatures, within 65 - 86 F,
the average incubation period was 388 days for T. s, texana, 362 for T.
g e_pgtgeckepi, and 126 for }3_ E,rp\lixqs. At a constant temperature of 80 F,
the average pefiods respectively, were 322, 214, and 112 days. In the.
field, developmental periods were related to temperature and the time of
year eggs were deposi£ed. It is believed that the life cycle of T. s. texana
in southwest Texas was 24-30 months and that of T. gerstaéckeri was 9-
14 mopths. Each species passed through five nymphal instars both in the
laboratory and in thé field.

The longevity of adult bugs varied greatly under the same environ-
mental conditions. In the laboratory the maximum longevity in days for
male and female respectively, were: T. s, texana 787 and 813; T. gers-

tagcker; 417 and 412; and R, prolixus 458 and 882. In the field the same
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data were; T. s. texana 680 and 585; and T. gerstaeckeri 398 and 378, The
mean suﬁival time of male and female T. s. texana was almost twice as
long as the‘ other two species, Most individuals of T. s. texana and T. gers-
tagckeri will suryive the winter in this area on one feeding, Among nymphs
the fifth instars survived the lohgest and one T. s. texana iived for 385 days.
A male and female R. B;'olixqs survived the winter, mated and produced
viable eggs. It is concluded that if _13_ prolixus is introduced into this area
of Texas, they will survive and reproduce,

Observations were Ihade on feeding habits Which might contribute to

the survival and vector potential of the bugs. Triatoma sanguisuga texana

and T, gerstaeckeri preferred to feed with at least the rear legs in contact

with a surface other than the animal and rarely crawled on the host animal.
Conversely, R, E_roli;ms did not, hesitaté to crawl on ’phe host's body in an
effort to jnitiate feeding. This habit, coupled with the fact that R. prolixus
defecates more frequently, and iri greater quantities, makes it a more effi-
cient contamipative tran.snvlitter.ofv T, cruzi than the other species.

All three species preferred to feed on mammalian blood but would
also feed on cold blogded vertebrates and birds, In the laboratory the pre-

ferred host of T, s. texana was adult white mice, Triatoma gers"t"aeckeri

fed best on the armadillo and R. prolixus on human blood. All three species
were fed as first instar nymphs on a toad; T, s. texana reached the third
instar and T, gerstaeckeri and R, prolixus the fourth. It is concluded that
in nature the bugs may survive for long periods of time by feeding on cold

blooded vertebrates.,
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Nymphs of all three species would occasionally feed on their own kind.
The practice was most common among individuals of T. s. texana. Inthe
field, first instar nymphs of T. s. texana and T. gerstaeckeri fed, molted,
and survived for one year on haemolymph from fourth and fifth instar bugs.
Since only haemolymph was ingested, no transfer of T. cruzi from infected
to non-infected bugs took place. The various stages of Triatoma are parti-
cularly vulnerable to being fed upon during the process of ecdysis, It is
possible that the mouth parts of large nymphs may penetrate the soft exo-
skeleton at this time and ingest blood from the dohor’s gut.

The practice of coprophagy was never observed and it is highly un-~
likely that it is of any epidemiological significance in the maintenance of
T. _(EFI_’_U_:Z_]._ in nature,

A high percentage of first instar nymphs of T. gerstaeckeri and R.

prolixus molted after one feeding. Triatoma sanguisuga texana nymphs

generally fed four to seven times before molting. If the number of times a
bug fed during its lifetime were a major criterion for T. cruzi transmission,
T. s. texana would be an excellent vector.

Triatoma sanguisuga texana and T. gerstaeckeri in all stages fed

almost twice as long as R. prolixus, The mean feeding time for females

was longer than males in all three species, Rhodpius prolixus, in all stages,

defecated on or near the host much more frequently than the other two species.
The adult males of T. s. texana and T. g erstaeckeri did not defecate while
feeding, The fourth and fifth nymphal instar and adult females are potentially

better fecal contaminators than the other stages.
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,R‘hodniu's proligcus, in all stages, ingested more blood in relation to

their size than the other two species. Adult females ingested more blood
than adult males, The greatést volume of blood actually ingested was by
fifth instar nymphs of T. s. texana and R. prolixus, and by adult females of

AN g‘eystaecqui .

The Brazilian and local strain of T. cruzi was of low virulence to ex-
perimental animals. Low parasitemias were produced regardless of the
method of inoculation and deaths in expexjimental animals rarely occurred.
Intramuscular inoculations produced the most infections and highest para-
sitemia in animals. Not all anjmals became infected by any route of inocu-
lation, though procedures were the same. Direct oral contamination and
ingestion of bugs, produced the greatest number of infections among those
routes of inoculation that might occur in nature. Infection by direct confact,
i.e,, urine, feées, and sexual intercourse, was never demonstrated and the
transmission of T, cruzi by these methods is probably rare in nature.
Transmission was not accomplished by the bite of infected bugs. It was de-
monstrated that a rat could become infected by feeding on one infected
Triatome bug. An infection was produced in a white mouse by the injection
of a single trypanosome.

Parasites were observed in the peripheral blood 5 to 14 days fol-
lowing inoculation-and peaked at an average of 21.8 days in laboratory animals,
and 36 days in wood rats. Parasites rapidly disappeared from the blood within
10 vday‘s after reaching a peak. The maximum time that trypanosomes were

detectable in the blood of a wood rat was 47 days. It was extremely difficult
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to produce an observable parasitemia in animals more than 40 days of age,
In the field, observable circulating parasites were found only in young wood
rats that were estimated to be between four and six weeks of age.

It is postulated that the wood rat Neotomag, micropﬁs micropus becomes

infected with T. gg;r_ggmi primarily by ingesting infected bugs. The infection is
most likely acquired when young, curious, newly weaned rats wander about
and feed on infected bugs found near the neSt. It was obvious that any surveys
for T. _g_x_‘_l_l_g._l_ hased only on the direct‘observation of Qix:culating parasites in
the peripheral blood would not he accurate.

There was little difference between the three species of bugs in their
susceptibility to infeotion with the Brazilian strain of T. cruzi, Conversely,

T. s. texana and T. gerstaeckeri were more susceptible to the Lackland

strain than R, prolixus. There wa.s no discernible pattern to nymphal sus-
ertibility. However, adult females were more suscebtible to both stré.ins
than males. Not all bugs became infected when they fed on an infected host.
The percent infection rate was higher in bugs which fed on rats with an obser-
vable parasitemia than in those without. The infection persisted for life in

T. s. texana and T. gerstaeckerj. Over a period of time a few individuals

of R. prolixus lost their intial infection. It is concluded that the effective use
of non-infected bugs, as a diagnostic tool for T. cruzi infections, as described
by Maekelt (1964), would be greatly influenced by the degree of parasitemia

in the host at the time the bugs fed and by the sex of adult bugs used. Since
first instar nymphs were as readily infected as any other stage, it is suggested

that they may be more practical for use in xenodiagnosis. Larger numbers can
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be utilized and they would not be so repugnant to the pérSon being bitten as
larger .adults and nymphs .' Species of bugs used for xenodiagnosis should be
from the same area as tﬁe T. oruzi strains, -

On an individual hasis, T, s, texana and T, gérstaé‘ckeri would be
as efficient as vectors of T. cruzi as R. p rolixus, if they were not reluctant
to crawl on the host and defecated to a g‘feater extent while feeding. These
two factors alone could é.ccount for the appai‘ent paucity of human cases of
American trypanosomiasis in Texas. It is not considered likely that Ameri-
can trypanosomiasis will become endemic in hgmans in the southwest. In
addition to the factors mentioned, humans in this area are not subjected to
repeated attacks by large numbers of bugs as those in rﬁore primitive areas
of South and Central America.

A few individuals of each species fed, on ou_tdated human blood,
through natural and artificial membranes, A small percent of these became
infected with T. cruzi organisms that had been added to the blood. Wood rat
skins and Baudruche membranes gave the best.reéults, Adults fed better than
nymphs and R. prglixus' fed better than the other two species.

In a two year period 142 wood rat dwellings were examined for bugs
85 (68,5%) contained a total of 213 nymphs and 16 adults of T. s. texana

-and T. gerstaeckeri. The mean number of bugé per infested dwelling was 2.5
with a range of ]-22. Bugs were collected during all seasons of the year and
were occasionally found several hundred feet from the nest of any known host.
The condition of most bugs collected indicated that they had not fed for some

time, Séventy-nine (30',' 1%) of the 229 bugs collected were positive for T.cruzi-
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like organisms, A higher percent of adult bggs were infected than nymphs.

During 1966 and 1967, 698 adult T. gerstaeckeri were collected in
blacklight traps, The first bugs were collected in April and the last in
September. Males appeared in .the spring approximately two weeks before
the females. The largest flights occurred in May, June, and July when the
average minimum-maximum temperature was within 66.5 - 95 F. In 15
trap nights, 89.1 percent of the bugs were collectéd between 12:00 - 7:00
A.M. when the average minimum-maximum temperature was 76.4 - 84 F,

It is concluded that optimum flight conditions exist when the temperature is
within 75 - 85 F, In summer this frequently does not occur until the hours
between 12:00 ~ 7;00 A.M. There was no observable correlation between
light intensity and catch of the bugs,

| Factors other than temperature must stimulate flight in Triatoma,
Only two of 698 bugs collected in traps appeared to have fed recently and the
mean survival time of female bugs was 13 days without feeding. Not all
female bugs collected laid fertile eggs. It is concluded that female bugs re-
quire a blood meal within a relatively short period of time after flight to sur-
vive, and nqt all females are fertilized prior to flight.

Of 698 bugs examined, 544‘ (77.9%) were infected with T. cruzi-like
organisms. Infection rates and parasitemias were higher in adult bugs col-
lected in traps located where armadillos were most common than where wood
rats were the predominant host animal. The high infection rate in trap. col-
lected bugs as compared with nymphs and adults collected in wood rat dwellings

is difficult to explain. Unfortunately, collections were not made from arma-
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dillo dens. It is felt that if extensive collections are made from armadillo
dens the infeetion rate in nymphé will be higher than in those bugs collected
from wood rat dwellings. The armadﬂ‘lo could be the primary host of T.
ggrstaeckeri in Texas and this bug may eventually be found throughout the
same range as this mammal,

Only 13 specimens of }‘_ s. texana were collected in light traps.
Apparently this species is not attracted to black light as frequenfly as T.

erstaeckeri, or they may not fly in great numbers.
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TABLE I

FECUNDITY AND LONGEVITY OF ADULT TRIATOMINAE
AT 65-82F and 20-65% R.H.

Species ' Longevity
and No, No. % in Days
Pair Eggs Hatch Hatch Male Female
T.s. texana
A 1066 521 49 483 813
B 697 495 71 623 670
C 340 236 69 425 423
D 809 497 60 582 665
E 651 525 80 521 375
- Average 712,6 454,8 65.8 527.4 589.2

T. g erstaeckeri

F 678 460 68 299 381
G 836 618 75 417 369
H 965 664 68 245 275
I 505 363 72 263 221
J 393 286 73 205 180
Average 675.4 478,2 71.2 285.4 285.0
B, prolixus
K 517 368 70 312 612
L 497 378 76 148 219
M 151 136 90 219 146
N 651 534 82 279 261
0 351 - 302 86 378 192

Average 433.5 343.6 80.8 267.2 286.0



TABLE II

FECUNDITY AND LONGEVITY OF ADULT TRIATOMINAE
AT 80F and 65% R. H.

Species Longevity
and No, No. % ___in Days
Pair Eggs ‘Hatch Hatch Male Female
T.s.texana
AA 297 239 81 n17 412
BB 742 586 79 692 614
CcC 468 398 83 413 298
DD 949 739 80 619 576
EE 639 549 86 787 682
Average 619.0 502.2 81.8 625.6 516.4

T, gerstaeckert

FF 10692 887 83 298 369
GG 262 197 82 314 211
HH 742 527 71 368 302
11 h78 497 86 342 269
JdJd 612 496 81 263 412
Average 652.6 520.8 80.6 317.4 312.6
R, prolixus
KK 702 611 87 297 247
LL - 362 333 92 312 241
MM 412 330 80 249 398
NN 519 431 83 459 416
00 469 399 85 279 187

Average 492.8 420.8 85.4 319.2 297.8



TABLE III

MAXIMUM NUMBER OF EGGS LAID AFTER ONE COPULATION

Species | Longevity
and Na. No. % in
Bug ‘Eggs Hatch Hatch Days

T.s.texana .
Al 666 373 56 542
Bl 572 361 63 419
cl 197 139 70 | 226
Dl 819 478 58 612
El 467 316 68 396
Average 544.2 333.4 63.0 439.0

:1‘_ g‘er‘staeckeri

Fl 397 289 73 198
Gl 712 432 61 401
Hl 516 408 79 212
I1 431 268 62 267
Jl1 479 246 51 319

Average 507.0 308.6 65.2 279.4

R, Eroligus

- K1 316 236 75 186
Ll 519 362 69 314
M1 420 265 70 239
N1 469 291 61 469

Ol 398 271 68 419

Average 424 .4 230.8 68.6 825.4



TABLE IV

REPRODUCTIVE CAPACITY AND LONGEVITY OF UNFED MALE AND
FEMALE TRIATOMINAE

Species Longevity
and No, No. % in Days
Pair Eggs Hatch Hatch Male Female
T.s.texana

A2 4 1 25.0 42 31

B2 3 0 0 31 17

C2 2 0 0 ’ 27 14

‘D2 13 6 46,1 16 48

E2 9 5 55.5 24 25
Average 6,2 2.4 38,6 28.0 27.4

T. gerétaeckeri

F2 2 0 0 23 14
G2 0 0 0 36 9
H2 14 4 28.5 22 37
I2 9 3 33.3 41 16
J2 6 1 16.6 7 24
Average 6.2 ' 1.6 25.8 25.8 20.0
R, prolixus
K2 3 1 33.3 21 17
L2 0 0 0 17 9
M2 4 0 0 19 28
N2 11 3 27.2 32 11
02 8 2 24.4 29 20

Average 5.2 1.2 23.0 23.6 17.0



TABLE V

DEVELOPMENTAL PERIOD, IN DAYS, AT DIFFERENT TEMPERATURES

Species 65-86 F 80 F

“and ' ' , ' ' v

Stage ‘Min Max Mean Min Max Mean

T, 5.texana
Egg 22 26 23.6 21 23 22.8
lst 45 77 53.4 23 36 28.6
2nd 27 . 60 46.1 47 41 37.8
3rd 39 131 72,8 51 75 61.8
4th 81 197 126.6 56 109 84.8
5th - 60 72 65.3 69 111 85,3
Total . 387.8 322.1

T, gers‘gaeckeri:

Egg 25 28 26.4 24 27 17.1
1st 38 61 53.2 21 29 14.8
2nd 22 31 27.4 19 25 15.7
Srd 38 94 68.2 27 33 17.3
4th 78 168 107.1 47 132 71.3
5th 63 91 79.6 59 96 7.7

Total ' 361.9 213.9

R. prolizus

‘Egg 18 22 20,7 15 19 18.1

1st : 11 21 16.7 12 20 14.8
2nd 14 24 20,2 13 23 15,7
3rd 18 20 19.7 15 25 17.3
4th 15 .27 21.8 11 26 20.5
5th 23 33 27,0 21 31 25.7

Total 126,1 112.1



TABLE VI

FEEDING AND MOLTING OF FIRST INSTAR NYMPHS FED ON VARIOUS HOST ANIMALS

T. s. texana T.gerstaeckeri R. prolixus

Host Fed ) Molt(%) Fed %) Molt@%)  Fed(%) Molt (%)
Baby White Mouse 15@37.5)  1(.06) 25(62.5) 16(64.0)  30(75.0)  27(90.0)
Adult White Mouse 26(65.0)  1(.04) 31(77.5) 21(67.7) 35{87.5)  32(90.0)
Adult Wood Rat 25(63. 0) 0 30(75.0)  18(60.0)  39(97.5)  36(90.2)
Toad (Bufo sp.) 7(17.5) 0 22(55.0) 12(54.9) 14(33.5) 11(78.5)
Skink (Eumeces sp.) 5(12. 5) 0 18(45.0) 7(38.8)  27(67.5) 14(51.8)
Snake (Thamnophis sp.) 5(12.5) 0 21(52.5) 5(23.8) 18(@5.0) 2(11. 1)
Baby Chick 14(35.0) 0 24(60.0) 11¢45.8) 16@40.0  13(81.2)
Ground Squirrel
(Spermophilus sp.) 24 (60. 0) 0 31(77.5) 26(83.8) 33(82.5) 29(87.8)
Armadillo (Dasypus sp.)  22(55.0) 0 35(87.5) 27(77.1) 32(80.0) 27(84.3)
Human 11(27.5) 0 27(67.5) 16(59.2)  40(100) 38(95.0)
Engorged Bugs 4(10.0) 0 3(17.5) 0 1(.02) 0
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TABLE VII

DEFECATION AND FEEDING TIMES OF TRIATOMINAE

Species No. & (%) Defecatihg

and No. Within 2 min. after Mean Feeding Time
Stage Bugs Feeding in Minutes

g‘_. S, texana

1st 10 0(0) 18
2nd 12 1( 8.8) 23
3rd 15 2(13.3) 29
4th 15 4(26.6) 25
5th 15 3(20.0) 31
Adult Male 16 0(0) 22
Adult Female 53 13(24.5) 27

T, gerstaeckeri

Ist 15 1( 6.6) 18
2nd 10 1(10.0) 19
3rd 12 2(16.6) 31
4th 16 3(18.7) 33
5th 20 6(30,0) 39
Adult Male 19 0(0) 20
Adult Female 68 18(26.4) 27
_13 Eroli;ms
1st 20 15(75.0) 7
2nd 20 14 (56.0) 10
3rd 16 13(81.2) 16
4th 18 16(88.8) 17
5th 25 20(80.0) 19
Adult Male 30 17(56.6) 12

Adult Female 40 31(77.5) 13



TABLE VI

MEAN WEIGHT AND AMOUNT OF BLOOD INGESTED BY TRIATOMINAE

Species Stage No. Wt. Before Wt. After Amt. Blood %
Bugs Feed In mg Feed In mg Taken In mg Gain
T. s. texana 1st 10 A7 1.62 1.25 265.95
2nd 10 1.89 6.10 4.21 222.75
3rd 16 5.64 17.28 11.64 206.38
*4th 10 24.26 70.45 46.19 190.39
5th 10 62.79 192.47 129.68 206.52
Adult Male 10 76.21 128.83 52.61 69.03
Adult Female 10 88.35 167.71 79.36 §9.82
T. gerstaeckeri 1st 10~ .75 4.76 4.01 534.66
2nd 10 2.36 9.81 7.45 315.87
3rd 10 9.76 37.22 27.46 281.35
4th 10 33.17 94,55 61.38 185.04
5th 10 89.51 275.72 186.21 208.03
Adult Male 10 152.31 284.90 132.59 87.05
Adult Female 10 183.80 401.48 217.68 118.43
R. prolixus 1st 10 .45 3.66 3.21 713.33
2nd 10 1.97 15.78 13.81 701.01
3rd 10 6.23 54.96 48.73 782.18
4th 10 21.96 148.99 127,03 578.46
5th 10 45.22 282,93 237.71 525,67
Adult Male 10 89.67 256.45 129.67 144.60

Adult Female 10 118.31 305.50 187.19 158. 21
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TABLE IX

VIRULENCE OF TWO STRAINS OF T. CRUZI TO LABORATORY ANIMALS

Strain and
Route of No. No. No. Tryps/Hi Dry
Inoculation Animals Trials Infected Field Deaths
Lackland
Oral 5 2 7 10/100 0
Intramuscular 5 2 8 14/100 0
Brazilian
Oral 5 2 6 6/100 0
Intramuscular 5 2 9 27/100 1
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TABLE X

INFECTION OF EXPERIMENTAL ANIMALS BY VARIOUS ROUTES OF INOCULATION

Route of ‘ Tryps/Hi Dry
Inoculation Animals Trials Infected Field Deaths
Bite of Infected Bug 15 1 | _ 0 0 0
Oral Contamination 3 2 5 50/100 0
Unbroken Skin 3 2 1 2/100 D
Eye Contamination 3 2 2 2/100 1
Ingestion of Infected Bugs . 10 1 7 200/100 1
Intramuscular 5 2 8 700/100 1
Intraperitoneal 5 2 7 400/100 2
Direct to Stomach ) 1 2 0 0
+by blood
culture
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THE SUSCEPTIBILITY OF TRIATOMINAE TO TWO STRAINS OF T. CRUZI

TABLE XI

Brazilian Strain

Lackland Strain

Species Stage No. No. % No. No. %
Fed Inf, Inf. Fed  Inf. Inf.
T. s. texana 1st 19 13 68.4 22 18 81.8
2nd 14 10 71.4 12 9 75.0
3rd 15 13 86.6 13 10 76.9
4th 12 8 66.6 9 7 7.7
5th 10 7 70.0 78 85.7
Adult Male 12 10 58.3 10 8 80.0
Adult Female 14 10 71.4 11 10 90.9
T. gerstaeckeri  lst 97 71 73.1 110 91 82.7
2nd 50 38 76.0 48 34 70.8
3rd 26 19 73.0 25 18 72.0
4th 19 15 78.9 16 13 81.2
5th 15 13 86.6 19 17 89.4
Adult Male 20 14 70.0 22 17 77.2
Adult Female 20 16 80.0 24 21 87.5
R. prolixus 1st 50 36 72.0 50 36 72.0
2nd 37 29 78.3 35 25 71.4
3rd 26 19 73.0 19 15 78.9
4th 18 13 72.2 22 15 68.1
5th 16 13 81.2 18 13 72.2
Adult Male 15 11 73.3 10 7 - 70.0
Adult Female 15 12 80.0 12 9 75.0

a8



TABLE XII

SUSCEPTIBILITY OF TRIATOMINAE FED ON INFECTED ANIMALS
WITH NO OBSERVABLE CIRCULATING PARASITEMIA

e T g —t —

. No. No, %
Species Stage Pod Inf. ot
T.s, texana lst 14 9 64.2
’ o 2nd 9 6 66.6

3rd 13 9 69,2

4th 10 7 70.0

5th 11 8 72.7

- Adult Male 8 5 62.8

Adult Female 10 7 70,0

Mean , ' 67.9

T, gerstaeckeri 1st - 42 32 78.5
| - 2nd 30 19 63,3
3rd 19 12 63.1

4th 15 11 73,3

5th 10 7 70,0

Adult Male 12 8 66.6

Adult Female 15 11 - 73,3

Mean 69.7

R, Eroli_xus 1st : 50 27 54,0
o 2nd 20 11 57.5

3rd 20 13 65.0

4dth 20 11 55,0

5th 15 10 66.6

Adult Male 15 9 60.0

Adult Female 19 13 68,4

Mean 60.9



"TABLE XIlI

RELATIVE NUMBER OF TRYPANOSOMES (PER 100 FIELDS) PASSED IN ADULT BUG FECES

Days Post T. s. texana T. gerstaeckeri R. prolixus
Infection A B C D E F G H 1 J 'K L M N ©
1 0 0 0 0 0 0 0 0 0 0 0 0 0 9 9
2 0 X 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 x X ‘X 0 0 0 x 0 0 0 9 0
4 "X 0 X X X X x X X X 0 b. 4 -0 6 0
5 0 X X X X X X ‘X X 0 X 0 0 X 0
6 X X 0 'x X 0 X X X X 1 p:4 2 ¢ x
7 X X ‘X X ‘X ‘X 0 X X X X X X ¢ x
Fed on Uninfected Host
8 10 1 1 3 70 9 17 14 160 40 18 7 44 9 20
9 2 1 X b 40 7 4 20 70 18 5 3 20 D 15
10 X X X 45 X X 7 55 14 19 B 17 ¢ 12
11 X 1 1 1 b4 s 9 X X X ‘X 2 6 x 10
12 0 X X X X X X X 17 X P-4 3 10 0 15
13 "X X X 1 5 1 X 1 X X 4 5 X X X
14 X ‘X ‘X X X X 3 X x 1 X X 9 0 7
Fed on Uninfected Host
15 21 50 5 30 300 20 550 100 600 150 25 50 100 0 45
16 4 X 'x 100 150 1 20 50 250 50 20 60 5 0 30
17 X 10 1 25 X X X 12 25 18 1 b:4 12 0 7
18 1 X X X 9 7 14 4 x 1 14 25 i X X
19 b. 2 X X X X ‘X X 1 x x 14 X 0 0
20 X X 'x 9 25 1 X 7 X X 9 X 1 0 x
21 X ‘X X X <X "X 6 X 3 X X 3 X ‘X 4

x - No defecation
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TABLE XIV

INFECTION AND FEEDING OF FIRST INSTAR NYMPHS AND ADULT TRIATOMINAE
' THROUGH MEMBRANES

. _Nymphs

Adults
, No. No. % No. No. No. % No.
Membrane
Bugs Fed Fed Inf, Bugs Fed Fed Inf,
T. s. texana
Wood Rat Skin 15 8 53.3 1 9 5 55.5 1
Naturalamb* 10 0 0 0 7 0 0 0
Baudruche™™ 10 2 20.0 0 5 1 20.0 0
Parafilm ""M"*** 12 0 0 0 5 0 0 0
T. gerstaeckeri
Wood Rat Skin 30 18 60.0 3 12 8 66.6 2
Naturalamb 45 B 13.3 0 97 2 28.5 it
Baudruche 28 7 28.5 1 10 3 30.0 i
Parafilm "M" 19 2 10.5 0 9 1 22.2 0
R. prolixus
Wood Rat Skin 25 18 72. 6 12 9 75.0 2
Naturalamb 16 5 v 31.2 0 15 5 33.3 0
Baudruche 20 14 70.0 1 14 8 57.1 1
Parafilm "M" 30 7 23.3 0 10 3 30.0 0

>k—Prophylactic skins, Youngs Rubber Corp., New York, N.Y.
**_Bovine Intestine, Long and Long Co., Belleville, N. J.

*

* ok . .
—-American Can Co., Menosha, Wis.
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TABLE XV

DEVELOPMENTAL PERICD, IN DAYS, UNDER FIELD CONDITIONS

T, s. texana X, gerstaeckeri

Stage Min Max Min -Max
Egg 14 41 12 42
Ist 40 151 22 122
2nd 37 45 . 26 42
3rd 41 81 27 36
4th 238 286 41 47
5th 165 289+ 178 237
TABLE XVI
COMPARATIVE FECUNDITY AND LONGEVITY OF TRIATOMA
UNDER FIELD CONDITION S
No. No. % Longevity in Days
Species Eggs . Hatch Hatch Male ‘Female
T. s. texana
A 167 96 57.4 680 585
B 465 279 60.0 329 476
C 242 152 62.8 419 388

T. gerstggclgeri

D 529 307 58.0 392 210
E 660 401 60.7 289 377
F 803 485 60.5 312 379




TABLE XVII

NUMBER AND VIABILITY OF TRIATOMA EGGS UNDER FIELD CONDITIONS

T. gerstaeckeri

Month - T. 8. texana ‘ Average

(1966) No. No. % Temperature F No. No. %
Eggs Hatch Hatch Max Min Eggs Hatch Hatch

March 5 3 60.0 73.8 53.7 10 7 70.0
-April 13 29 67.4 80.0 61.7 114 89 78.0
May 52 45 86.5 84.7 70.9 151 138 91.3
June 131 93 70.9 89.5 71.8 188 128 68.0
July 82 36 45.0 93.5 73.1 88 37 45.4
Aug 70 26 37.1 92.6 72.9 87 29 33.3
Sept 63 42 66.6 86.2 71.1 63 42 66.6
Oct 19 5 26.3 75.2 56.8 51 13 25.4
Nov 0 0 0 69.8 55.4 45 2 4.4
Dec 0 0 0 63.4 48.3 6 0 0
Total 465 279 60.0 803 485 60.3
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TABLE XVIII

SURVIVAL OF TRIATOMA UNDER FIELD CONDITIONS
WITH ONE FEEDING

Species
and No, | Survival in Days
Stage Bugs Max Min Mean

T——T

T. 5. texana

1st 10 -~ 156 12 118
2nd 10 196 48 132
3rd 8 198 44 141
4th 7 181 97 162
5th 3 385+ 119 168
Adult Male 4 238 92 126
Adult Female 5 195 78 119
£. gexrstaeckori
1st 10 149 33 119
2nd 10 270 97 123
3rd : 10 225 81 148
4th 8 189 49 151
5th 6 192 131 169
Adult Male 5 186 62 158
Adult Female 5 219 98 162



TABLE XIX

COMPARISON OF ADULT T. GERSTAECKERI COLLECTED IN LIGHT TRAPS
AT TWO DIFFERENT SITES

Lackland AFB Southwest Bexas County
Month
(1967) No. Bugs No. (%) Infected No. Bugs No. (%) Infected
$ @ 9 ¢ g ¥ 7 ?

April 9 0 2(22.2) 0 0 0 0 0
May 35 12 28(80. 0) 7(58.3) 40 19 34 (85.0) 15(78. 9)
June 27 | 56 19(70.3)  40(71.3) 70 47 58(82. 8) 36(76.5)
July 3 9 3(100) 5(55. 5) 85 29 75(88. 2) 23(79. 3)
Aug 0 5 0 5(100) 39 13 33(84.6) 3(23.0)
Sept 0 1 0 1(100) 10 8 6160.0) 8(62.5)

Total 74 83 52(70. 2) 58(69. 8) 244 116  206(84.4) 85(73. 2)
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TABLE XX

COMPARISON OF ADULT T. GERSTAECKERI COLLECTED DURING SUCCESSIVE
YEARS IN LIGHT TRAPS LOCATED IN THE SAME AREA

1966 . 1967

Month No. Bugs No. (%) Infected No. Bugs No. (%) Infected

E ¥ \ " $ % $ ?
May No Traps 40 19 34(85.0)  15(78.9)
June 36 20 28(77.7)  16(80.0) 70 47 58(82.8)  36(76.5)
July 44 12 36(81.8)  9{75.0) 85 29 75(88.2)  23(79.3)
August 51 4 44(86.2)  3{75.0) 39 13 33(84.6)  3(23.0)
September 12 2 7(8.3) 0 10 8 6(60.0) 8(62.5)
Total 143 38 115(73.4)  28(73.6) 244 116 206(84.4) 85(73.4)

€6
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TABLE XXI

TEMPERATURE AND LIGHT TRAP COLLECTION CORRELATIONS
FOR T. GERSTAECKERI ON LACKLAND AFB

T T PP e I M e

T e ‘

‘Month Average Teraperatures F Total No, Bugs

(1967) © Max Min Collected
April . 86,6 - B87.9 , 9
May 88,7 | 66.5 47
June ' 95,8 74.3 - 83
July 94.9 74,3 | 12
Aug 91,8 4.6 . 5
Sept 83.3 68.6 1

TABLE XXII

TIME AND TEMPERATURE CORRELATIONS FOR T. GERSTAECKERI
COLLECTED IN LIGHT TRAPS S ‘

Time
Period Trap Average Total No.
(1967) Nights Temperature F Bugs
Max Min Collected
19 June -
21 July 15
6:00~12:00 p,m, 96.9 83.4 5

12:00~7;00 a, m. 84.0 76,4 41




APPENDIX B
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Figure 1. Rearing Container for Bugs

Figure 2.

Rat Confined in Feeding Chamber

96



Figure 3, Cage Holder with Restrained Rat and
Feeding Bug

Figure 4. Bug Suspended on Glass Rod
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Figure 5. Suspended Bug Feeding on Restrained
Rat

Figure 6. Bugs Suspended Over Defecation
Chambers
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Figure 7.

Membrane-Feeding Apparatus

Figure 8. Bug Positioned Under Membrane
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Figure 10. Simulated Wood Rat Nest in Outdoor
Cage



Figure 11. Clump of Cactus Containing Several
Wood Rat Nests

Figure 12. Wood Rat Nest at Base of Cactus
Plant
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Figure 13. Standard Blacklight Trap Used in Survey
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Figure 14, Adults of T. gerstaeckeri (A), T.s, texana (B),
and R. prolixus (C). Females on the left.

Figure 15. First Instar Nymphs of T. gers-
taeckeri Feeding on Emerging
Adult of R. prolixus
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