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PREFACE 

The presence of Trypanosoma ~. the causative agent of Ameri­

can trypanosomiasis, has been co:n.firmed and well documented in the United 

States. '1,'he biolo~y and vector effectiveness of many species of Triatoma 

that transmit this organism are not well known. In particular, studies 

that directly compare South American an.d United States species have been 

limited. It was decided that a comparative study of two Texas species with 

th.at of a h,ighly effec;tive South American vector would be desirable. Data 

were taken during the period November, 1964 through November, 1967. 

I should like to express my appreciation to Sgt. M. J. Gaylor, 

USAF, and MSgt A, T. O'Neal, USAJ!\ who directly assisted in all aspects 

of the stuo.y an<;i 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 bugfl. Dr. Irving G. Kagan and Miss Lois Norman, 

Laboratory Branch, Communicable Disease Center, Atlanta, Georgia, pro­

vided serological support, furnished !· cruzi antigen, and offered valued 

suggestions, Lt. Colonel Gregory Skafidas, USAF, BSC, provided certain 

serological and parasitological support and for this I am grateful. Rosalie 

Watkins, Hooper Foundatic;m, University of California Medical School, San 
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Francisco, California, ldndly furnished specimens of Rhodnius prolixus for 

colonization. Pr. D. E. Howell, Head, Depi:J.rtment of Entomology, Oklahoma 

State University, served as chairman of the writer's graduate committee and 

gave valued assistl;lnce on the manuscript preparation. I am indebted to the 

members of the thesis committee, Dr. R.R. Walton and Professor Q, B, 

Graves fQr their review of the manusqript. Lt. Colonel Wesley R. Nowell, 

USAF, BSC, · pffe;ed valued suggestions on all phases of the study. My 

since;re acknowledgement is made to the United States Air Force and in par ... 

ticular to Colonel Elmer V. D;:ihl, USAF, MC, Commander, USAF Epidemio­

logical Laboratory (AFSC), Lacldand Air Force Base, Texas, who made this 

study possible, 
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CHAPTER I 

INTRODUCTION 

. A parasitic hemoflagellate, Tr,manosoma cruzi, Chagas, is the causative 

agent of Ch,aga~' disease or Ap.1.erican trypanosomiasis. Thi.s :parasite has been 

recovered in nature frolt'l ~evera1 species of mammals found in the south and ' . . . 

southwestern United States. In addition, this same organism occurs naturally 

in m~ny speoies of indigenous blood sucking insects belonging to the order Hemip-

te;t;"a 1 subfamily Tria.tominae. In 1909 1 Carlo~ Chagas, working in Brazil, some..:. 

what clarified the epidemiology o~ the disease by tracing the life cycle of the try-

p~oso;rne from mammal reservoir to man through infected triatome bugs. 

Despite this natural reservoir-vector relationship, and the relative pre-

valep.ce of Chagas' disease throq.gJ:iout South and Central America and Mexico, 

no infections were reported in the United States until 1955. In that year, two 

indi~nous cases were re9orded from south Texas. Subsequent serological 

studies in Texas have shown complement fixing antibodies in the blood of nine 

of 500 huma:r;is tested. It is not c;:ompletely kn.own why: this disease is not more 

prevalen{ 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 Qomparatively· low human incidence of Chagas' disease in the 

United States is difforences. in the ~bits of the ini;Ject vectors . 

. 1 



lt is essential to study and document the bjology of suspected or known 

vectors in order to understand the epidemiology of a vector-borne disease. 

Triatoma sanggisuga 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 ma:rp.mals that may be a reservoir of Try-

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

soma ~ruzi, and there are recorded instances where each was a pest in human 
~ _...,,.._ 

habi;t;1tions. The biology of neither of these two species of bugs is well known. 

In particular, d,ata comparing the vector capabilities of these two species of 

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

ology and vectqr oapabjlities of Triatoma sanID,!isuga texana and Triatoma 
. . ' . ' . . . . . . 

&'~:rstaeckeri "7ith those of Rhodnius QroUxus (Stal), an effective an~ well 

etudied vector of Chagas' .disease in South America. 

The objeatives of this study, instituted in late l964, were to (a) study 

the biology of two 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) cqmpare the ability of the three species of bugs to transmit both a Texan 

and Brazilian strain of Trypanosoma c:ruzi. 
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CHAPTER II 

:REVIEW OF THE LITERATURE 

The Uterature pertaining to American trypanosomiasis is voluminous 

and np attempt hae been made to. review all aspects of the subjec;:t. Only those 

areas tllat may be of general interest or that relate to the problem delineated 

will be dei:i.lt w!th. here. 

Historical 

Carlos Chagas (1909) reported a new disease of man in the State of 

Mjnas Oera~s. BrazU. The causative agent was a protozoan belonging to a 

gro',19 :kJiown. as the hemoflagellates. Chagas (1921) wrote that the discovery of 

American trypanosomiasis was made under conditions which differ from the 

usual cours(:;l 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 investigati,ons that resulted in tlie finding of a new noso­

graphic eptity. 

Chagas was in Minas Gerl:l,es 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 th(;lse insects were sent to Cruz in Rio 

de Janeiro where he fed them on monkeys of the genus Callithrix. Fifteen or 
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twenty days after contact with the fr.I.sect, one of tl;le µionkeys showed signs of a 

. d\sei:l,S~ i:q. wbi,ch t;1.n acute keratitiE!i was prominent. Examination of the blood of 

this aµimal demonstrated the ;presence of a trypanosome. Later experiments de-

mol!lstrated this orgi;tnism 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 (Cha.gas 1921). First work on the subject resulted in find-

ing the para'3ite in the peripheral blood of a domestic cat. Subsequent exami-

nation of the blood of a th;ree.,,month old child revealed a large n,umber of try-

panosomes of a morphology identical to those transmitted by infected insects to 

monkeys. 

There has 'been i;;ome confusio:n in the literature concerning the proper 

nomenclature ot t~e parasite causing American trypanosomiasis. Hoare (1934) 

reported the parasite was originally named Try:panosoma 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, I, cruzi, however, the 

name S. cruz.i is still found occasionally in South American literature. 
'!"""I'·~ 

Since the pioneer work of Chagas, tl).e disease has been considered a 

zoonosis, Deane (1963) reported that for sometime the ailment was thought to 

be a domestic zoonosis, Le,, a disease attacking only man and domestic mam-

mals, transmitted by a triatomid bug, Panstrongylus me&"istus (Burm). This 

bug was then thought to l;>e pu.rely domestic. Deane further reports that Chagas 



in 1912, found specimens of .F~ geniculatus (Latreille) from burrows of arma-
. I I . · ' 

dillos harl;>o1,1red flagellates very similar to those from .E. megi~tus, Chagas 

examined the blood of several armadi,llos and discovered similar trypanosomes 

5 

which, were infective for guinea pigs. Chagas ~ecided he had found a wild reser-

voir and wild vector 9f !. .. cru.zi. Since the mammalian host probably evolved 

before man and the bug was knewn to have wide distribution in South and Central 

Amer,ipa, Chaps ~ssu;m.ed that the disease waE;l primitively sylvan, later a-

dal)>ted t9 J;lu:mi;in dwellings and alEilo widespread on the Continent. 

Distribution and Incidence of the Disease 

For m.~y years Minas Ger::i.es 1 Brazil appeared to pe the only area where 

human cases were co:r:nmon. Interest in t4e disease, coupled with improved com-

plem.~:qt fixation t~sts and x~nodiagp.osis have dem~mstrated that I· cruzi is wide-

sp;read. in humans and other mammals jn the Western Hemisphere. The World 

Health Org. altizatio:n (l960) estimated that 7, 000, 000 people were infected and . . 

30 1 000, OOQ e~osed to the disease, Most of the acute and chronic infections are 

foun,d iµ. South America. The disease is known to ra:p.ge from Latitude 41 ° South 

to S8o North (Wood aud Wood 1941). 

Woody and Woody (1961) state that detection.of the parasite has followed 

a stereot;YPe p1;1.ttern in ~::i.ch, country where it has been isolated. First, the 

animal re~ervoirs and their associated traJl.Eilmitting insects (the reduviid bugsr 

were discovered. A, few infections in man, were then recognj.zed and reported. 

The finding of di,sea13e in humans th~n sttmulated surveys using laboratory diag-

nostic methods. When these un,earth examples of unrecognized infection, olinical 
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int(;:lre~t was exctted and increased numbers of cases were discovered in humans. 

Woody and Woodr (1955) reported the :urst indigenous case of American 

trypanosomiasis in the Uniteg. States in Corpus Christi, Texas. A second case 

was reported by Greer (1955) near Houston, Texas. Serological tests indicate 

that inapparent A,merican trypanosomiasi1;:1 might occur more frequently in the 

United States than previously thought, In 1942, complement fixation tests were 

:pE;lrforme9 on l 1 909 serum samples from persons in different parts of Texas; 

o:n,ly o:n.e was postive (Davis, Sullivan, and deShazo 1946). A serological survey 

of 500 patients admitted to Children's Hospital in Corpus Christi, Texas re­

ve~led mne p~sitive cases, a rate of 1. 8% (Woody and Woody 1961). Farrar 

et al. (1963) demoil.strated that among 28 patients in the cardiac clinic at 

Grady ;Memorial Uospital in Atlanta, 0,(;:lorgia with a diagnosis of "diffuse" myo­

cardial disease, two (7. 1%) had positive reactions to !· cruzi. Of 474 unselect­

ec;l sera obtai:r;ted 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 44 9 unselected S(;)ra obta.i.ned 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 !, cruzi antigen; three (2. 5%) 

were positi,ve (Woody, Hernandez, and Suchow 1965). Lathrop and Ominsky 

(1965) reported one positive serum in 108 tested from an area near San Antonio, 

Texas. 

Excellent de1;3criptions of the disease in man are given by Yorke (1937), 

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



Mammalian Reservoirs 

Tb.e problem 9f an.hnal reservoirs of!, cruzi has intere1;1ted many 

workers since Chagas isolated the organism from a dornestio cat and arma-

dillos. As a result of that interest, De~ne (1963) reported that trypanosomes 

similar to lr ~ have been fou.nd in over 100 species or sub-species of 

:,nammals; 42 of these, eight domestic and 34 wild, in Brazil alone, Wood 

and Wood (1941) and Usinger (1944) listed known reservoir animals, 

Wpod a9S4;) reported the first known naturally infected mammal in the 

United ~tates; Neotom! fusc~pes macrotis from California. Sip.ce then the or-

gaP.iSlll ha1::1 been recovered from wild mammals in Texas, Arizona, Maryland, 

Wild ma;mmals found n,aturally infected with T, cruzi in Te~a.s include -,-
the Prine-banded armadillo, Da$ypus novencjnctus texana; house mouse, Mus 

'. . . . . . . __.,... 

mu.scu.l1Js; opossum, Didelphis virginiana; and the wood rat, Neotoma micropus 
· · I I I , · , 

micropus (Packchan,lan 1942). Lathro~ (1964) isolated the organism from the 
. I 

;ring tailed cat, Baesarism,1.s astutus, in an area near San Antonio, Texas. 

Vectors 

7 

The first repol;'ted vector of T. cruzi wa1;1 P. megistus in Brazil (Chagas 
- -.-- ~ I 

1909), Reviews by Wood anc;l Wood (1941) and Usinger (1944) listed the species 

,groups that were vectors in ~outh and Central America, and Mexico. 

Kofoid and MpCulloch (1~16) were tp.e first to report a trypanosome from 

a triatome bug ip. the United States. They first isolated the organism from 
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Triatoma.e1;otra.~ta collected inCallfornia~ The organism was believed to be a 

new species and wa~ ~med_!.. _triatomae. Kofoid and Donat (1933) later reported 

that T. triatoma~ was in fact T. cruzi. In addition to California, naturally in-
!'1"1- . .,,..... _,....._..,... 

fected Q\lgs have been reported from Arizona, New Mexico, Texas, Utah, Louisi-

ana 1 an,d Alabama (Olsen 19(;4). Ryckman (1965) stated that the species groups of 

Triatominae found infected. in tbe United States were Triatoma protracta, T. 
I -

r~~1,1rva (:;:;longipes), !· ~allf!;isuga,, '!, rubida, 't, lectioularius, !;. gerstaeckeri, 

anq T. neotonu1e, ...... 

In Texas, Packohanian (1939) was the :f,irst to report the natural infection 

in, a triatome bug, He isolated the orPianism from specimens of'.!.· gerstaeckeri, 

coUected nea,r the town of 'rhree Iµvers. The following year Packchanian (1940) 

a,l!;lo reRorted T, heidemanni (=T. lectioularius) as naturally infected. Wood 
. - . . - . 

(1941) added I· ;e,:t"otracta woodi and!, rubida to the list. Davis et al. (19~3), 

in a survey of the potential problem of American trypal).osomiasis in Texas, found 

!· sangy.!suga and'.!.· ambigµa (;::;'.!,, sanggisuga ambiSU;! of Usinger 1949) natural­

ly infected. The lattel;' record is unusual in that ambi_gy.a is a Florida subspecies 

of sanSl.!isuga. Pippin, Law, !Uld Gaylor (1968) were the first to report the 

natural infeotioJ;J. of '.!> sang,uisuga texana and !..- sangpisuga indictlva in Texas. 

Infection Rate in Triatome Bugs 

The infection rate in bugs found naturally infected varies considerably 

with the geograpbical location. Olsen (1964) stated that the infection rate for over 

3, 500 western and southwestern Triatoma examined by various investigators is 

a.l;>11n~t 25%, YeageJ;" (1960) said that the overall rate of infected bugs collected in 
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thi~ col.\n.try had b~en appro~mately 20%, which is similar to the rate observed 

i:p South America; 

The overall i:nfecti,on rate in Texa~ has been found tp be higher than in 

a:t;\y other state where!, ~ ha.is been reported; probably because it has been 

more intensively studied, Ninety-;two percent of 100 live '!· gerstaeckerl were 

:naturally infected witll trypanosomes (Packchanian 1939). Wood (194 la) found 

tp.ree (5. q%) of 54 I· gerstaefker~ infected but none of 10 !· · san~i,suga. Wood 

(194 l~) report~ two infected l\ geri:!taeckeri nymphs from a :new locality in 
T I 

Te~as. D~vis et al. (1943) examined nine '!· sangqisuga from two counties in 

Texas and found four (44%) infected, In the most e~teµ.sive survey in Texas, 

SUllivan, et al. (194.9) oollec;:ted l,63l 1;1peci~ens of Triatomi:,;iae in40 counties; 

of these,. 859 were e;xamined for T. oruzi and 226 (33. 3%) were infected. Ninety - ............... 

,!.:, .~~ng~Js'1;glit were ~a:mined and 23 (26. 5%) were infected. Four hundred and 

fifty I, ger~taeckeri were ~amined and 135 (29. 9%) were infecteq. The infec-

tion rate in l:J.dults was higher than in nymphs; species and number of adults were 

not mentioned. Elkins (1954) collected three species of Tria~oma in north cen--

tral Texas, Sixteen '!· gerstaeokeri were e~amined and none found infected but 

of 167 I· S!!:!WiY)suga examined, four (2.4%) were infected, Eads, Trevino, and 

Campos (l963), in a Sl.\fvey of Soqth Texas wood rat de:ns, reported 50 (22%) of 

226 I· sans:2i~u~a were infected, In the same survey they found 84 (63%) of 133 

!· gerstaeokeri were infected. 

BfonomiQs of Triatome Bugs 

Qe~eral.-... The bionom.ics of South American species of the Triatominae 
p I I 
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llave been well documented, eeipecially Rho~us erolixus (Uribe 1927, Buxton 

1930, GUliard 1935, Go:mez..;Nunez 1963, 1964). The publications of Wiggles­

worth (1931 ... 1936) on the physiology of g. ~rolixus are classics, The bionomics 

of North American species are less well lmown. Usinger (1944) reviewed the 

~o"'n aspects of the biology of several North American species, Ryckman 

(1962) published a compreh~sive study of the I· protracta comple~ in North 

Amerj9a. Wood, in almost all of his many publications referred to limited 

obse:rvat{o;ns on t.q.e life hili!tory of several No:r:th American species. 

!.· sang9.i~u~~· .-.-Grundemann (1947) working in an area near Manhattan, 

Kans~s. report~ the fi,rst ~tensive observations on .the life history of!, 

SQ.ni9lsuga. On tbe ba~is of laboratory rearing and by measurement of the 

head capsule of :p.ymphs he concluded there were eight nympba.l instars in this 

speci~s, The life cycle was dedqc;:ed to be approximately three years under 

:natural c~mditions in Kansas~ Seventy-five percent of the nymphs reportedly 

molted after a single engorgement. He reported that humidity did not affect the 

development of eggs .. Egge were :pot deposited untilfee:ding and fertilization had 

taken place. One fertilization was apparently sufficient to fertilize aU eggs laid 

by a female in he:r: lifetime. Grundemann concluded that newly-molted adults mi­

irate from wood rat nests for fertilization. Olsen (19'64) in Alabama found five 

~ymphal instars in'!,. sa:q~uisuga. Under laboratory conditio:p.s he found that 

{elllales deposited an aver~ge of 711 eggs in their lifetime. A cyclic variation with 

time was c;>pserved in egg laying. E.gg development and hatching was inhibited by 

low humidity, Nine !idult females reared from :fifth instar nymphs collected in the 

tield Uved a:p average of 456 days and six males. an average of 526 days. Olsen also 
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repol'ted that adults reared from. nypiphs collecte!f in nature lived longer than 
' 

those reared f;rom eg~s laid in tb.e laboratory. Hays (1965) in a study in Alabama 

presented thE;J same data as Olsen on longevity and egg laying. Hays also re-

ported oonsid~rable pifficult~ in re1;1.ring ! . sanguisug11 from eggs laid in the 

laboratory. He stated these insects could not be reared past the third nymphal 

instar in clean ca.ges. Adults were reared only· in cages that contained or had 

containe~ field collected insects • 

. T. g:erstaeckeri • ..:. ... opserv~ti<ms pertaining to the life history of T . 
..,..- ,·. • ' . i : -

~i:;sta~ckeri have been. limited. Usinger (1944) reported that eggs hatched in 

17 days, without mentiqajng temperature or.humidity. He said eggs were large, 

oval, and wll,i.te, fl,nd laid without adhesive. A single pair produced 64 eggs in 

<me week. Wood (1941) mentiqned t~t one laboratory raised female lived 119 

days o:q. five feedings, a ma.le 53 d::!.ys on two feedings, and another male 119 

da.ytil 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 

per~od, fema.les in a colo;ny laid an average of 245 eggs per female. One female 

laid 502 eggs tn 152 days. 

]fe~q.in.g Habits, --The +riatomJ11ae habitually live on the blood of ver-

tebrate ani:mals (Usinger 1944). llowever, observations made many times in­

dic~te tpat various species of Triatominae wUl · oc,lCasipnally feed on their own or 

ot4er species and ingest.blood or haemolymph (Brumpt 1914, Torres 1915, Diaz 

1936, Wood 1~41, Ryckman 1951, Phil~ips 1960b, Oleen 1964, Hays 1965, Marin-

kelle 1965). The nomenclature applied to this feeding process appears to be open 

to q,ueE1t,iop,. Brumpt (1914) called it cannibali,.sm. Ryckman (1951) proposed the 
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term. "kleptohemodipnonism" to designate the "act of stealing blood." Phillips 

(1960b) proposecl that Ryckman's term should be retained, not to replace "can-

niQt;ilism" but in addition to it, although in a less unwieldy form such as 11hae-

matoklepty. 11 Hays (1965), unable to demonstrate the ingestion of blood by 

various instars of ! , sangp.isuga from donor bugs, proposed the term intra-

specific parasitism to designate the uptake of haemolymph and possibly other 

flui~s. 

The feeding of Triatominae on their own kind in maintaining!· cruzi 

in ~tur€) is in question. Results of transmission attempts in the laboratory 

by this method have been variable. Torres (1915) was unable to trani;,mit !· 

cruzi tp nymphs of E. sord,ida from a donor bug. Diaz (1934) reported that 
~ ,, -
Chagas experimentally tr1;1.nsferred ! . cruzi between individuals of_!). megis-

tus by ca:µnipalism, D.j.az (1936) found that 13 of 44 nymphs of P. meglstus be-
~ - ' 

come infected after feeding on, infected 1:>ugs. Phillips ( l 960b) reported inter-

vector transmissiol'\ by cannibalism to all of 12 first instar !!· prolixus from 

donors of the same species, to eight of 10 first instar !· infestans from donors 

of the same species, and to two of five first instar T. infestans from R. pro-
, ' ' . . .__,.. ' - -

li~us donors. Hays (1965) was unable to achieve transmission between various 

instars of!· san~-uisu~a that ingested only haemolymph. Marinkelle (1965) de-

monstrated i:p.ter-vector trartsmission in 23 of 1, 000 R. prolixus that fed on in-

fected donor bugs of the same species. 

The pos13ibility 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 ip,d,ividu.al bugs by 1nean1;J of cQpr0-phagy. _ Brumpt (l914) was 1;1.pparently the 

first to report this pr~ctice among individuals ofj_t. erolixus. He suggested 

thls 'Vas lilr means of maintajning intestin~J fauna oornmon to all Triatominae. 

Diai (1934, 1986) was unable. to infect first instar n~phs of P. megistus by 
. . - . I . 

e~posure to bug feoe,;i. Phillips (1960b) reported that five o_f about 400 :g. pro-

lµws nympbf:;1 .. l}l'.a.ct.i,ced _cop_rp,phagy under conditions of extr~:me starvat.t~m. 
~ ' . . 

Mlilt"inkelle (1965) e,cposed 100 nymphs. of!!, prolixus t~ eosin stained feces and 

foup.d that two fed, ae also stated that the mechanism of transmission probably 

includeE:1 ingestio:Q. of fecal deposits. 

Size of Blood Meal. .... The amount of blood consumed.by various nymphal 

in~tar·s and adults of triatomid bugs is important in the ~aintenance of!· ~ 
. . . 

in ~ture, It would seem logical that the· larger th~ amount of blood ingested, the 

greater the chance of the bu~ becoming infected. This would be particularly true 

when small numbers of organisms were circulating in the peripheral blood. The 

literature is not extensive on tltj.s subject. Wigglesworth studied the amount of 

blood taken at successive meals by g., :prolixus and the facts were included, by 

permission, in Buxton (H)30). The bloodingested at one meal varied from ap-

prQ?d,mately 6 mg in first instar nymphs to 284 mg in fifth instar nymphs. Adults 

averaged 172 m~. Hay1:1 (196l1) reported that adult female !.· sanguisuga con-

sumed an average of 61 mg of bl~od per meal and 1I1ales 43 µig. Jie also stated 

that no information on the amount of food con~'1med by North Ameriqan Triato-

m.inae was fou:nd jn the literature. Thurman (1945a) found that blood ingested 

averaged from 3, 9 mg in first nymphal instars of!· ~erst~eckeri to 192. 3 mg 

·i;n the fifth instar. Wood (1959a) reported the amount of blood ingested by nymphs 
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and. ad1.µts of T. protracta and T. rubida ~ 
. - . I -

Host· RelatJ.on~hies, ...... The Triatominae appear to have definite host pre-
' I . I . . . 

ferences, although they lll;aY occasionally feed upon a. wide variety of vertebrate 

hos\s. Some species such !:!.S _B,. eroHxus have become so adapted to human habi­

tation that t,hey might be considered as domesticated (Usinger 1944). 

The mo1:1t widely d.istril:>1,1.ted and largest host complex in North America 

appeari:; to l;>e wood ra,ts of the genus Neotoni~. Jiowever, other animals may be 

primal'y hosts in certain loc1;1.lities. Paokohanian (19~9) reported that in Florida, 

L sanfli~uga a~b~~~ co~onized in the "boots" of palmetto trees ai;i,d fed on tree 

to~d,1;1 of the ge:o.us, l:I~dra. Elkins (1951) collected several species of Triato-

mi~e in north Q.entral Texas, but. found no wood rats. He was unable to find a 

p~eferred host in th,is area, Olsen (1964) su~gested that the opossum and racoon 

rn:ive replaced wood 'rats as the preferred host of ! . sanguisuga in the south­

e~stern states . 

. Geographical Distribution. - ... l\1:ost of the 80-odd species of Triatominae 
I I 

occur in the Western Hemishpliere, but there is a monotypic genus in India, and 

O:Q,e i;;mall group of six species in southeast Asia (Usinger, Wygodzinsky, 

Ryckman 1966). 

The reported geographical d.istribution of any species of insect is probably 

directly· proportional to the time and effort spent looking for it, !!· prolixus is 

considered to range from northern South America, through Central America in-

to sc;)uthern Mexico (Usinge,; 194,4). T, gerstaeckerfis said to occur over much - ' .. 

of the State o.f Texas (Eads 1963). This species is also found in northern Mexico 

(Usinger 1944) and southeastern New Mexico (Wood 196la). The distribution of 

.!.,, ~an&W:suga te;x:~na is apparently limited to southwest Tex:as (Usinger 1944). 



15 

Dispersal. --In general the dispersal of insects is accomplished by fly-

i:ng, 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 fli~ht, it would appear that this method of 

dispersal would be important. l:lowever, Gomez-Nunez (1964) stated that R. 

prolixus is reluctant to fly and depends on otl}er methods of transport for its 

dispersal. He suggested that some of these methods are: as ectoparasites of 

birds, on clothtng, p:;1.per, cardboard containers, and construction materials. 

Observations on the flight habits of North American species of Tri,ato-

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

and repo;rtect on the noctul:'nal flight habits of !, . protracta protraota in Southern 

California. They propose t,hat when the interior of the wood rat lodge becomes 

suffi9iently 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 bug!=! collecte<,l in their traps were taken within 30 minutes after zero foot-

candles of light intensity, 

In Vitro Feeding 

The ability of haemophagous arthrQpods 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 I· ip.festans on several dif-
. . i 

ferent Qiets through a Durex rubber film. A simple apparatus for the artificial 

feedi:ng of :g. erolixus 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 fe~d.ing of R. pi;-olixus through rubber membranes was attempted without 
. ~•I.; 

success. The unsuccessful feeding of'!.· i:rifestans and g. 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-

ti01;1 was unava.Uable in the Uterature concerning the ability of'.!.· sangp.i_suga or 

L &:ersta~ckeri to feed through membranes. 

Transmission and Vector Efficiency 

Transmission. --Hoare (1934) in his review of the transmission of Ameri-

01;1.n trypanqsomiasis stated there has been, a long standing controversy between 

the followers of Cha.gas, who contended that!· ~ is transmitted through the 

bite of an infected bug, and those of Brumpt who maintained that transmission is 

by fecal contamination. H;oare further said that the work of Diaz largely con-

firms and amplifies Bnm1pt's observations, b~t Diaz was unable to substantiate 

most of ChagaE;J I 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 possfbility of transmission by other methods has been suggested. 

Chandler (1949) commented that mammals may become infected by eating other 

infected mammals. It has been demonstrated experir,nentally, in mice, that try-

pfl,nosomes could be passed from tl:i.e mother to the offspring by the mammae 

(Crai~ and Faust W5 l). The possibility of mammal to mammal transfer by infec-

tive uri:ne has been suggested (McKeever et al. 1958). Ryckman (1965) stated the 

ingestion of kissing l;>UgS infected with '.£_, ~ is the principal means by which 
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woolf :rats 11re infected, and that fec:;:al contamination per se is of secondary im-

Some of the requirements 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 

z.oonoses produce characteristically mHd or sub-cllnical infec'tions in their 

wUd host. Pizzi (l96 l) observed age differences in susceptibility to T, cruzi 

infectiop.s in rats. ae concluded this was due primarily to an increased ability 

to ~obili.ze phagocytes of increased efficiency by older rats. Olsen (1964) states 

that it was almost iro.possible to produce a detectable parasitemia in rats older 

than 20.-25 days, He also found that the parasitemia peaked. at about 21 days 

~nd 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. cruzi (Ryckman 1965). - -
Vector Efficiencx;. --Wheeler and Douglas (1941) defined vector efficiency 
I· · · I I · 

· as "an experimentally determined numerical value which represents the average 

number of transmissions effected by a given individual of a particular species of 

vec:;:tor under ~recisely d.efined and controlled conditions. 11 Three factors con-

tribute to oQtaining 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 abUity of J> oruzi to develop into an infectiv(;! form in its vector is 1 

of course, importap.t in the epidemiology of the disease. Phillips and Bertram 
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(1967) revtewed the li~eratu:re and calculated the infection rates on several species 

of Triatominae. They fo~nd t~t 14; or more days after ingesting trypanosomes, 

in,feotion rates fo~ metacyqUc or crithidia forms in bug feces were between 78% 

and 92% for nymphal R. proUxus. The older nymphs were least susceptible. 
- · I I 

Adult~ of R. pr0Uxu1:1 were less suscepijble (64-98% positive) than three other 
..,.,. · · I I] • 

species tested. 

There fl:l ample evidence that the susceptibility of triatome bugs to in ... 

fection with T. oru.zi varies with the species 9f bug, strain of the organism, and .,.... ,, 

geogra:phical location (Diaz 1940a, b, 2;eledon and Vieto 1957, Phillips 1960a, 

Ryckman 19ij5, J.iittle et al. 1966). 
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lVlA TERIALS AND METHODS 

Laboratory Procedures 

.~ea~~~ Bu~,~~ - ... mock cultures of all three species of Triatoma were 

mai:pt~neq in the laboratory and treated alike. Each species were kept in 

~eparate e~roular bell jars. Jars of two different sizes were used; one 

l 1"1"3/4 lnqq.es and, ~he othel,' 8 inches by 8 inches. A circular piece of paper 

toweling or blottil}g paper w;;i.s placed in the bottom of each jar to absorb mois-

ture, A, µvo .... in.cb t~Qk :piece of styrofoam was cut to fit each jar. Four 

groove~ 2 ... V 2 inches long and 1-V 2 inches wide were cut in the underside 
I 

of tl,le sty,:,ofoa~ disc. Access to each grc;,ove, from the upper surface of the 

disc, wa1;3c p;vovided by a. hole one-inch square. A rectj!ngqlar piece of styro-

fo~m 1 inch by 2 inches was glued to the surfape of the disc to provide a handle 

(Figqre 1) • The above procedure allowed the bugs to hide in the grooves on the 

under~ide of the styr9foam disc and emerge through the holes to feed. To pre-

ve:nt eioape, a two ... ip.Qh ba:pd of petrolatum was smeared around the inside of 

each jar near the top. A piece of clot)l was then placed over the jar opening and, 

in the case of the lavger jars, sepured with a large rubber band. A stainless 

steel anim.al jar top was placed over the cloth on the smaller jars. Hundreds of 

$peciroens of an 13ta~~s could be reared in the manner described without difficulty. 

19 
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Individ1,1al all-d paired b~~' for e:,q;,erimental purposes, we:re kept in six 

· an<l 10 d;ram plastic> vili!.ls with sna,p ... on plastic caps. A circular hole 3/4 to 1 

inch in diameter was c1,1t in the top of each cap. A piece of circular nylon screen­

ing w,s then glued to the im,,er surface of the cap, Thirty-two mesh screening 

was used tQ con,tin.e first instar nymphs a,nd 20 mesh screening for all other 

sta.,ges. A strip of styrofoam 3/16 inches thick ~d 1/2 inch wide was glued in­

~dde each vial to provide a restin.g. place for the bugs, If desired, bugs could be 

reared fron1 egg to adult without removing the snap cap. 

Cultul;'es were maintained at 80 F and 65% R.H. in an insectory, and 

78 F and 50.,..,60% ;a.~- in a Jamesway incubator. Bugs confined in vials were 

maJ.ptained. under the same conditions as described, while others were kept in 

a roow. where temperature an.d humidity fluctuated between 65-82 F and 15-65% 

:a.. H~ 'l'emperat\lre an.c;l b,qmidity in the room was recorded with a Weksler hygro­

therrnograph. 

Feeding .... -Colonies were fed once each week on. laboratory white mice 

and half grown or adult white rats. The mloe and rats were confined in wire 

cages and placed in a feedirw jar. The animals were not anesthetized, but were 

so c<,>:qfined in the cage that excessive movement was difficult. They were left in 

the jars several hou,rs or until exsangu:i:nated. Bugs were fed on infected animals 

in ~he same mann.e:r: (Figure 2) • 

B\lgS kept in vials were generally fed on.ce each week on specimens of the 

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

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

placed on top. A wad of absorb~nt cotton, with approxlmately four ml of ether 
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adqed, was then plaGed in the jar and the lid tightly closed. When the rat became 

anestbetized, it was re:inoved from the jar and inserted into a restraining c;age. 

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, a11d made in several si~es to accommodate different sized rats. A hole 

l/i ... inch by 1~ 1/2 inch was cut i:p. the cel'l.ter of each restraining cage, Cages 

containing rats were placed in styrofoam cage holders for fe~ding purposes. The 

baE;ie 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 i:nches wide and 2 inches thick. A E;ilot 2 inches 

deep, 2..,..3/4 inches wide and 1-3/4 inches deep was cut in both end pieces. A 

wed~e was cut in one end piece ~or tfte rat's tail. A hole 1-1/4 inch in diameter 

and l/~ inch deep was cut i~ the cep.ter 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 placedi;n the hole in the base; 

the screened top resting directly against the rat's body .(Figure 3). As many 

restrain,ing cages and holders as desired could be utilized. 

Maintenance and Haudlin~ of T. cruzi Cultures. -.-Two strains of..!.:. 

cruzi were maintained in the laboratory. Ope a Brazilian strain of unknown -
origin, desig:p,ated Strain B, was obtained from the 4th U.S.Army Laboratory, 

Fort Sam l{ouston, Texas. The other, designated Strain L, was isolated from 

a wood rat, N. micropus mi.cro;eus captured at Lackland Air Force Base, San 

Antonio, ':['exas in 1964, 

Both stl:'ains have been grown successfully, in artificial media, for three 
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years. The foilowing procedures were used: 37 g of brain heart infusion and 

. 2Q g Qf sp,eial No°Qel aga,r were weighed out and added to ~00 ml of distilled 

water in a 2, 000 ml Erlenmeyer flask;, The mixture was then heated slowly and 

stirred until dissplyed, An additional 500 ml of distilled water was added and the 

stirring procesE1 continued. until the solution was clear, Aliquots of 250 ml each 

were placed in 500 ml Erlenmeyer nasks, The flasks were sealed with alumi­

num foll and autocla,ved for 15 minutes at 17 lb pressure. The media were 

allowed to sol!qify. lt was then stored at a temperature of a.s .. 42 F until used. 

When required., the zp.edia were placed in a water bath at 168 F for 15-.20 minutes 

to melt, After the media had cooled, bl,lt while still warm to the touch, 50 ml of 

(lefibrinated, whole sheep 'blood. and, 10 ml <,>f 50% dextrose solution was added 

to each 250 ml allquot, The solution was thoroughly mixed and while still warm, 

wa,s poured into sterile incubation flasks and vials as follows: (1) 100 ml to each 

500 roJ screw cap fl.as~. (2) 25 ml to each 125 ml flask, (3) 10 ml to each large 

screw cap vial and (4) 6 ml to each small vi.al. The media were allowed to 

solidify without agitation. 

1,"o in.hibit the growth of mold, a streptomycin-penicillin solution was ad­

ded to each culture in the following amounts: (1) 16 ml to each 500 ml flask, 

(2). 5 ml t,o each 125 ml flask, (3) ~ ml to each large vial anct(4) 1 ml to each 

small vial. The stock solution was prepared in quantity by reconstituting 10 

vials o:fl penieilli:Q G (1 million units each) and 10 vials of streptomycin sulphate 

U. S, J? 1 (l gr each) \n 1, 000 ml of NaCl inject.ton solution, 

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

intervals .. New tu~es or :flasks of media to be inoculated were removed from the 
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refriserator ap,d ~ept at roo;m. tE;lmperature, for at least one hour. The cloudy, 

liquid materi~l on the surface of the old media were pipetted to the new media, 

'l'he 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. A.II proc(;ldures were carried out using sterile techniques. 

Infection. and Infectivity of EeJ>erirnental Animals. --The infectivity of 
", -. . . -, ... , . . .. , " ' -., . . -, . . I 

both strains of T. cruzi to laboratory white mice, white rats, and wood rats 

w;:i.s investig1;1.ted, Trypanosqmes grow:n in artificial media and those passed 
I 

in bug feces wer~ usE;id for transmil;!sion studies. 

Th,e age of experimental ~nimals varied. However, 5-7 clay old labora-

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 

fee<;ling bugs, they were checked thoroughly for evidence of natural infection 

witll trypan<;>somes, The following procedures were used: rats were brought 

into tile laboratory and anesthetized as described. A drop of tail blood was 

examip.ed by phase microscopy (objective 43, ocular !OX) in cover glass pre-

paragons. One hund:,;-Eild field1;1 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 

mewa was tl:).en examined for trypanosomes. The remaining 2 ml of blood was 

placeo. 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 

refriger~tor overnight, The :Qext morning the blood was centrifuged at 1500 rpm 

for 15 minutes, The sera were removed and recentrifuged for 10 minutes, The 

remainl:ng sera were placedin a 5 rnl vial and delivered to the Serology Branch 

for complement"'Tfixa.tion and hema,ggluti:nation-inhibition studies using T. cruzi - -
antigen. Labora,tory reared !, . ge:r;stae?keri and fl· erolixus were allowed to 

feed on th~ rat five to 10 days after bleeding for culture and serology tests. 

~aoh lot of inl:!eQts included 10 first instar nymphs or adult bugs. Two weeks 

after ~eeding the bugs were examined for trypanosomes. If any one of the above 

tests for trypanosomes were positive, tbe rat was discarded, With one excep-

tion, the above ,;:>roceq.ures were used throughout the study to determine the in-

fe<;ition of e,merbnental anb:nals with T. crqzi. To further identify T. cruzi 
~. . . -

infections, am,mals were sacrificed 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 L cruzi in the muscle 

fihers. 

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 infec;:tive bug feces, (3) feeding infected bugs to animals, (4) 

contamination of anim~ls by direct contact, i.e., urine, sexual intercourse, and 

(5) con.genital. Other methods, not likely to occur in nature, such as intramus-

cular andintraperitoneal inj~ctions were used for comparison, Infected bug feces 

from feeding vials were aspirated into a O. 1 ml pipette for inoculation. A O. 03 

m~ drop was t~en placed directly on the skin, eye, or rn.qcous membrane of the 
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mouth. A si-inil,r amount of feces was inoculated i:ntramuscularly and intraperi-

to;neally using a tu.bercuUp. syringe and O. i 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 ad,ult bug. This number varied but was generally between 55 and 2850 

trypanosom.es per 0, 01 ml of inoculum. The presence of motUe metacyclic or 

crithidial forms pf T, cruzi was evidence that the material was infective, An .,.... ' 

MPro,cimation ~f the :number of organi.sms in a given amount of infected culture 

nwdia were determined by )laemocytometer, The level of parasitemia in animal 

blood and bug feoes was lletermined by phase microscopy. A small drop of blood 

or feces was placed on, a glass slid~, diluted with saline and covered with a 12. mm 

Qover slip. A:n, e~amination. was made of 100 fields and the parasitemia recorded 

as a given number of trypanosomes per high dry field, 

An attempt was made to d,eterxnine if a single trypanosome could cause 

i:n,fectio;n. in an e~e;rimental animal. The procedure was as follows: A small drop 

of :naturally passed, infected bug feces was placed on a glass slide. The feces 

was diluted with tw9 or t.p.ree drops of normal saline injection solution and 

thoro1,1ghly mi~ed, A holl9w 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 

cov~r slip. The cover slip was quickly inverted and placed over the concave part 

of the grou~d sllqe, The hanging drop was then examined for trypanosomes. If 

more than one motjJe form was ob1:1erved the process was repeated until only one 

trypanosome was observed i,n the drop, The hanging drop was then aspirated with 
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a tubercu,lin, syringe containing O. 2 ml of saline injection solution. The material 

was inoculated intram1,1scularly into 5-7 day <;>ld swiss albino mice. 

lp.fection and Infectivity of Triatoma. --The comparative susceptibility 
, ·· · I·" \ · · · I· -· 9' 

of the three species of bugs to infection with both strains of T. cruzi was studied 
--, 

In adqition, the comparative effectiveness of the bugs in transmitting the infec-

tion was investigated. 

Bq.gs were infeqted by allowing them to feed on animals with a pre-

Qetermined circulating parasitemia. Animals previously infected, but with no 

visible blood parasitemia at the time of feeding were also used for comparison. 

Methods of re~training animals, feecijng, and parasitemia evaluation have been 

described. All b1,1gs were kept in contact with infected animals for 24 hours. 

Only those bugs tbat appeared tQ have fed to completion were kept. The bugs 

were examined for trypanosomes at 7, 14, and 21 days. 

The determination of infection was by phase microscopy. Feces pas-

sed naturally was examined when possible, In addition, fecal samples were 

obtainec;l 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 h,arm to the bug. The handling of first and second 

.i.nstar nymphs in th.is manner is not fellsible. It was generally necessary to 

punctqre the rectum with a fine dissecting needle to obtain feces from these 

stages. 

A method was devised for determining the comparative number of 

trypanosomes passed in adult bug feces in a given period of time. A glass 

rod l/8 inch thick and seven inches long was heated two foch~s from one end 
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and bent at an angle of 20 degrees, The angled ttp of the rod was repeatedly 

dippeq in melted paraffin w~ until a globular ball was formed. A bug was then 

susper!ided 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 

bai:rn 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 buglJ were fed on a rat with a known parasitemia (Figure 

5). The suspended bµgs were then positioned over defecation containers. These 

conta~ners were a series of five l ml crucibles set flush in a 1 inch x l inch x 8 

inch styrc;,fo9rro 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~ 2 inc;ih x 2 ... 1/2 inch x 10 inc4 styrofoam base~ The holder could 

be adjusted to the height of the b~gs on the rods, One-half ml of media was 

added to e1;1.ch containe:i;, The media was the same as that used for growing try­

panosomes without agar added. The bugs were maintained at 80 F and 70% R.H. 

and fed every two weeks on non ... infected rats, 

Every 24; hours the media, in the defecatj.on chambers, was examined for 

trypan9somes that might have been passed in the bug feoes. The media and feces, 

if any, were mixed thor9ughly and three samples of O. O l ml each aspirated to a 

glass slide, Each of the three drops were covered with a 12 mm cover slip and 

e~mined for trypanosomes. The trypanosomes were recorded as the number of 

trypanosorn(:H;i! per 100 ;fields aE;J previously described. It was determined,. prior 

to the experiment; that multiplication of trypanosomes in the media during a 24 

hour period wa, negligiple. 
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Membrane Fe~diN(, - ... Studies on feedin,g behaviour and vector potential 
. , i> I 

9ften :require stand?,rd techniques in the laboratory. There are many advan-

tages of feeding Triatom.il throu~h a membrane. The requirements for ex-

perimen.tal animals would be reduced; infection rates in bugs could be deter-

· mined more aqcurately, and more specific data acquired concerning the 

infectivity of various stages of T. cruzi grown, in culture. A preliminary 
. ._ -

inveetigation was made on th.e ability of the three species of bugs to feed 

and inge1:1t '!, cruzi through natural and artificial membranes. 

The feeder used was ~imilar to that described by Rutledge, Ward, 

and Gould (1964). The bottom of the feeder had a lip over which the mem-

brane was aecured l;)y a strong rubber qand. The membranes were not 

stretched, but left sU~htly slack. A clamp and ringstand supported the feed-

er. The feeder was the:p. attached, by rubber tubing, to a thermostatic con-

trolled, circulattn.g water bath (Figure 7). Water in the bath was maintained. 

at 96, 8 F. After the food in the feeder ha<;l warmed to the desired tempera-

ture, confined bug.s were positioned against the surface of the· membrane 

(Figure 8). 

Several membl'anes were tested. These were wood rat skin (fresh 

or frozen), natural lambskin, Baudruche membrane (Bovine intestine) and 

parafilm ''M". 

Artificial membranes were washed in dit?tilled water and dried with 

filter paper before use. 

The food materj,al was outdated, citrated whole human blood used as 

received, 



Field Studies 

Outd,oor Cage . ..,.-L~fe cycle studies in the laboratory can only provide 

ideas on what may occur under :Q,atural conditions. To investigate the life 

history of 'I. san~j.suia texiina and 'I. g-erstaeckeri under simulated field 

conditions, a lar{?;e outdoor cage was constr1,1,cted, This cage was located on 

Lacldand Air Fol.'ce Base, Texas, in an area where wood rats and Triatoma 

were common and was actually built over a cactus patch where two infected 

wool'.! r~.ts had been captured. 

The cage wa1;1 of wood frame construction, 2o feet long, 15 feet wide 

and 8 feet high. The frame was set on g concrete foundation 15 inches deep 

and p.-1/2 inches thick. A double door entrance was provided, and the cage 

was covered with 18-mesh 1;1.luminum 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 wit.h methyl bromide for 24 hours at the rate of 1 lb/ 1000 ft3 . The 

effectiveness of the fumigant was te.sted by placing confined Triatoma through­

out the cage, All stl;l.ges were killed at this concentration. A small mesquite 

tree in the cage was severely damaged, but the cacti were not harmed. 

Simulated wood x;at 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 fi;ame was then filled with dirt. This arrangement held 
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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 ple:,µgla:;;s were also used as inserts in the nest boxes. 

The lid Qf each cage brad, a 2,.,. V2 incbr :x 7 inch opening covered with 32-mesh 

nylon sqreen. 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 week 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 l;>y 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 Wooci Rats. ~-Specimens of bugs and wood 
I 

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

dwellings. 

In the Sa:q. Antonio area, the southern plains wood rat, B, micropus 

:rp.icropus commonly constructs dwellings in clumps of prickly pear, Opuntia 

~· (Figure 11). 

The rat dwelling generally appears as a tangled mass of twigs, cactus 

stems, and debrii;,. ~ntrance 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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Deoris covering the :r:iest 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. 

Collectiug bugs from the habitat described is difficult. Equipment consists 

of shovel, machete, 36;-"i:p.ch collecting scoop, trowel, forceps, pint ice cream 

containers 1 heavy gloves, and boots. The cactus was first cleared away to faci­

litate E;)xamination 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 collected, were placed in ice cream cartons and returned to 

the \aboratory, The oollecting sites were in walking distance of the labora­

tory and no difficulty was encountered i:t;1. returning the bugs alive. 

11ats were collected alive by placing traps near active rat dwellings. 

Their activity was indicated by the prE;Jsence 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, 

Pea~ut 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 thE;Jy were active. 

The traps were set in the late afternoon and checked early the following 

morning, Two traps were generally set at each dwellin~. Captured rodents 

were placed in small burlap sacks and returned to the laboratory for examina­

tion. 



· N<?oturnai Flight Ha~lt~. - .. The fligJit habits of !. . sanguisuga t~ 

and !· _ gersta;eclteri we:r~ unkll,own. This phase of the study was designed to 

saµiple the adult flying populatlon of these two species, The objectives were: 

(l) to determine dally and seasqnal variations in flig,ht activity, (2) to deter-

mine the sex ratio of the flying adults, and (3) to qetermine the infection of 

flying adults with Ti cruzi . ..,. . 

Stand.a+d blackUght trap::; recommended by a committee of the Entomolo-
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gical Soc~ety of Am:erica (1964) were m;;ed in the study. As an attractant, these 

traps 1,1tilize one F 15T 8/BL lamp (15 watt blacklight) mounte<t vertically (Figure 

14), The traps operate from a llOV source or they may be modified ~ operate 

with a 12V battery. A 24 .... hour clock timer was used to turn the traps on and off 

as q.esirec;l. 

During 19~7 four traps were i;n operation. · Two were locat~d near a resi-

denee 16 miles northwest of Sa:i;i Antonio, Texas, at an altitude of approximately 

850 ft, Both traps were 9pe:r;ated five nights per week, 150 ft from the house and 

co:q.nected t9 a llOV lin.e by extension cords. The other two traps were in opera-

ti.on on Lackland.Air 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 feeti The t:ma.ps were operated three to four nights per week and were timed 

to operate at different periods to evaluate when the bugs were most active. One 

trap was also operated-in 196~ at the residence northwest of San Antonio. 

Bugs captu1;ed eae,h night were placedin containers and returnedto the 

laboratory for determinatio:p. of sex and infection with T. cruzi. When only females . -~ . 

were captq.red thf;ly were held in vials for determination of fertility and fecundity. 



Twenty-four hour temperature and humidity recordings were made at 

the Lackla1'd site wHb a Weksl~r hygro-thermograph. 



CHAPTER IV 

RESULTS 

Laboratory Studies 

Mi;i.tin~ ...... c9pulation, in all three species, took place with the male 

(rasping the female and assuming a right or left dorso-lateral position. After 

the female be<rame quiet, the male slowly moved caudad, rotated the genital 

capsllle 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 whHe the female was feeding. The female of R. prolixus 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 

fem1;1les of..!· .~. texana and ! . gerstaeckeri were more selective. Within 

a six-hour period a recently fertilized female of!, ~· tex4na mated twice 

and T. gerf;!taeckeri three times, with different male bugs. Over a period of - ' ' 

two years, a single· pair of!.: ~. texana was observed in copulation 19 times . 

Jn one year, a pair of ! . gerstaeckeri was observed mating 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 .!!:.· prolixus, 39 and 

15 ... 72; !· ~· texana, 19 al').d 9-37; and '.!:· gerstaeckeri, 13 and 9~22. 
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!,m ... -The eJgs of!!,, p:rolixus were a light pink when laid. After 

sevetaJ hours they turn a lobster red. If the egg is fertile, two eye spots 

appear by tne eighth day at 80 F and 65 percent relative humidity (R.H.). The 

mean size of 50 eg~s was 1, 8 mm x O • 9 mm. The weight ranged from O. 7 85 -

0.878 mg. The eggs of!· !· texana and!· ~erstaeckeriwere 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 

O , 7 mm for T. s. te;xana and l . 8 mm x l , 1 mm for T. gerstaeckeri. The - - . -
weight ranges were O. 817 - O. 896 mg for T, s. texana and O. 832 - 1. 125 mg - ... 
for ! , gerstaeckeri. 

Ovi;pps.ition ..... -usually the e~gs of R. prolixus were laid in batches 

~d were fastened togethe:i;- and attacq.ed, by a secretion,. to the surface of the 
' . 

styl'ofoam in the rearing cJ:iamber. For some unknown reason, eggs were 

occasionally deposited ~i;ogly and without adhesive material attached. The eggs 

Qf 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, apd been held at 80 F and 65 percent relative 

hu:i;nic;lity, was 8 - 14 days for~· P-rolixus, 12 - 23 days for !· ~· texana, and 

11 .... 19 d~.ys for ! . ~erstaeokeri. 

Fecundi.t.y and Longevity of Adults. --The fecundity and longevity of 
' ' .: .. ' '' . 

adult bugs are important factors in the species reproductive potential. Egg 

production ::ind longevity were determined at both fluctuating and constant levels 

of temperature and humidity. 



Ten pairs of eaqh 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 Table I - II, 

The:re was considerable variation in the number of eggs laid by females 

qnder any conqition. Female '!.· !· te%ana and!: gerstaeckeri laid a higher 

1l').ean nu:r:nber of ~ggs at :fluctuating than at constant temperatures while B-· pro­

lixus was the opposite, The percent egg hatch, of all three species? was higher 
~ I 

at the constant temperature. In all three species, the percent egg hatch was 

g-enerally declined Uthe male bug died before the female. For example, '!.· ~-

teµ.na female A (Table I) lived 813 days and laid 1066 eggs with a hatch of 521 

(4;9%), :a:owever, from ecdysis on 1 June, 1965 until 8 September, 1966, 505 

eggs were laid and 356 (70%) hatched. On 28 September, 1966, the male died. 

From 8 Septemt::>er, 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. 

Fro:r:n 12 March, 1967 to 3 July, ~967, 282 eggs were laid and none hatched. 

On 10 July, 1967 1 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. Th!;:l same cycle occurred in individuals of!· gerstaeckeri 

and !,!~ :pro~ixus. This would indicate that one fel;'tilization 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 ! . .!?..· texana and .! . gers-

taec1'eri 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 condi~ions. In the laboratory, R. prolixus produced eggs throughout -· 
the winter months, 

Th.e mean life of~· prolixus and!.· .!! . tex;ana females was greater at 

tl}e fluctu.ati~ teJDperature (Table I), Triatoma gerstaeckeri male and female 

longevity was virtually the same. At a constap.t temperature (Table II), the 

ma.le Qf all three species Uved longer than the female. This may indicate that 

males are lei;s hardy thaQ. females under variable conditions. The male and 

~emale of T. s, texana lived almost twice as long as the other two species . .....,...,.. .,..... . . 

Egg P;11qduction of Vir~in F,elll;ales. T"':" Five virgin females of each 

speqies were placed in individual vials and held at 80 F - 65 percent relative 

humidity. ;\.11 three species laid eggs that were normal in number and ap .... 

peara:pce, However, after a few days the eggs collapsed and none ever hatched. 

One female '.!!· :p
1
rolixus in this group Uved; 882 days. This was the longest that 

any bug survived. 

Nuxp.ber of Eggs Laid After One Copulation. --The ability of a female 
.. I . ' ' , 

bug to mate once and lay viable eggs for several months would be of great 

value in the survival of the speciee. To test this, five virgin females of each 

species were isolated in individual vJ,als, mated once to virgin male.s and held 

at 80 F .... 65 perce:n.t relative humidity. 

· There was considerable variation in the ntimber of eggs laid by indivi ... 

dual females (Table Ill). 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, 



..!.i~ te~an~ females A-D (Table UI) lived longer, but had a lower percent egg 

batch than the females who died much earlier. This was also true in'.!:, gers-
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taeckeri G,.J, and R. prolixus N.-0, The percent egg hatch in the first 90 days 
' .. • . ""l"""'I" ·, 

was invariably higher than i;tny thereafter. · If the female survived for more than 

a year, fe;rtile eggs were IlPt laid. This was comparable to the condition found 

in females when the male died first. 

Fecundity and Lopgevity of Unfed Adults. - ... The ability of bugs to lay 

viable eggs without a blood meal would be a significant survival factor in nature. 

Five pair of newly emerged, virgin male and female bugs of each species, were 

placed together in inqividual vials and held at 80 F - 65 percent relative humidity. 

The proboscis of each pail' was clipped to prevent the possibiUty of feeding on 

each pther, 

It is evident (Table IV) that a few viable eggs were laid by females, of 

eacq. species, without a blood meal. This may be due to nutritional elements 

transferred from th.e fifth instar nymph to the adult at ecdysis. The viable 

eggs were generally among the first laid, Unfed males survived longer than 

u:qJed females. 

Development Period from Eggto Adult,-~Twenty one day old eggs, of 

eac;h 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 Vindicates the minimum, maximum, 

<1nd mean time for incubation of eggs and development of each instar. 

Tl).e developmental period varied greatly among individuals of '.!:, ~. 
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texana and!· ~e:t's,taecke,ri at both temperatures. Rhodnius prolixus showed 

mu.ch less variation. The mean developmental period for ! . t. texana was 

3~7. 8 days at tne fluctuating temperature and 322. 1 days at the constant tern-

perature. The mean developmental period for '!. gerstaeckeri was 361, 9 and 

213,9 days, respeotively, and that for R. prolixus was 126.1 and 112.8 days. 

The first two adult'!· ~· telfa~a to emerge were males. The first four'!_. 

gerstaeckeri were :i;nales and the first two R. prolixus were females . 
.. ;,, """"" 

Feeding liabits~ .... -observations were made on various feeding habits 
I " ' 

that might contribute to the survivl:1-1 and vector effectiveness of the bugs. 

Wilen approaching the host, !· ~· texana and T. gerstaeckeri were 

more cau.tious than !k_ proU.xus. Triatoma san~i~u~a texana was especially 

shy i~ the ny:mp,pal stages. Triatoma sanwsuga texana and '.!,.. gerstaeckeri 

preferred to feed with at least the rear legs in contact with a solid surface. 

They rarely crawle4 on the host animal except under crowded conditions. 

Rhodnius 1>rolixus, on the other hand, approached the host boldly and did not 
. ' 

hesi4:Lte to crawl over the host's body while feeding. This habit is undoubtedly 

important in the tra;nsfer of!.: ~ by fecal contamj.nation. Bugs, of all 

stages, preferred to feed in su,bdued light or darkness. However, when hun-

g~y they fed in bright light. 

It was observed, 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 2'll hours at 80 F and 65 percent relative humidity. A host 

aniip.al was placed in the jar and left for 24 hours or the host was confined and 

the bugs pbiced in direct contact with the anlmaL 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. 

Ratfil, adult mice, and the squlrrel were confined in restraining cages 

in the jars. The armadillo was restrained and the bugs fed directly. The re-

malnin~ ho~t animals were placed free in the jar. Nymphs offered human blood 

(my own) were c;ionfined in small oi:Q.tment tins covered with nylon stocking and 

i:;ecqred t<;> the underside of the forearm by adhesive tape. Since the test re-

sults were simHar 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. proli:xus fed better than T. s. texana on 
' . - . - -

a~l host animals except engorged bugs. The largest number of ! . ! . texana 

nymph~ fed on the adult white mouse, Triatoma gerstaeckeri nymphs fed best 

on the armadillo and those of.!!: prolixus on human blood. 

There was considerl;!.ble variation in the number of nymphs that molted 

(Table VI). Only two of the T. s. texana nymphs molted following one feeding . .,...,. ..,..,.. . 

In '.!:, ge~staec~eri and .!!., proUxus, fed on various mammals, the percent 

:moltini wai;i 62. 5 - 87, 1;i and 84. 3 ,... 99 respeotively. For the same two species 

fed Oll hosts other than mammals, the percent molt was O .... 54 and O - 87. The 

highest perQent (63, 8) of molting of'.!:· gerstaeckeri nymphs occurred in those 
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fed on tq.e 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, 

Thamnophi.s ~· , 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 

J. cruzi, Thii:;; is particulady 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 time:;; 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 lik;ely to contaminate their host. 

The mean feeding Umes for I· !· texana and'!· gerstaeckeri were 

abollt the same in all stages, In general, these two species fed more than 

twice as long as !!:· prolixus, The mean feeding time for adult females was 

lo;nge:r than that of males in all three species, The percent defecations (56 -

88. 8) in all stages of]:_. erolixus were considerably higher than in ! . ~. 

texana (0 - 26, 6) or '!· gerstaeckeri (0 - 30). The adult males of ! . ~, 

te:?mp.a and!, gers.taeck;eri did not defecate within two minutes of feeding. In 

&., prolixus males, the percept 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 ! . ~. texana or T. gerstaeckeri. 
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The fourth and fifth ny:p:1phal instars and adult females of T. s. texana and T. 
I - - -

gerstaeckeri are potentially qetter fecal contaminators than the other stages 

(Table VII) . 

Since fir13t in1:;1tar nymphs of T. s. texana did not molt after one feeding 
~ ~ 

an experiment wa13 conducted to determine how many times they fed before 

molting. Six unfed, first instar nymphs, were placed in individual vials and 

offered food d;iily 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, · put many observatiorn;i indicate this 

species feeds several times in each instar. This would be an important factor 

in the opportm:i.ity to transmit !· . cruzi 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 a toad Bufo ~· Toads were selected be-

cause they frequently live in the same general habitat as the bugs and were 

occasionally found hibernating 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 in.star nymphs of each species were placed in three 

separate vials and fed weekly, Unfortunately, the toad died after 167 days 

and since it was the beginning of the winter season an additional specimen could 

not l;>e located. When the toad died, one second and one third instar !, ~· texana 

and one fourth instal' !· gerstaeokeri were alive, The last nymph of R. prolixus 
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died in the fourth instar, 

Co;erop~gy ...... A series of experiments were cond,ucted to determine 

j.f pugs would, be i:lttracted 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 hou.rs. A concave cell slide was placed in the 

jar and fUled with bug feces, As the starved bugs moved about they would 

Qocasiona.lly pass the feces, extend their proboscis and probe. When feces, 
. ' 

warmed to 90 F was added, the bugs were more direct in their approach to 

~e possible food source. l'he slide and feces was left in the jar for· 24 hours. 

At the end of that time the bugs werf;) examined for any visible evidence of 

feeding. The above procedure was repeated four times withi,n a period of four 

month$, There wa1p Q.eve:r indication th,at bugs of any stage fed on feces. 

Amount of Bloo~ Ingested at One Feeding. --The amount of blood taken 
,. . ... I , · .I I ,· , 

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,robalance before 

and after feeding, l'he mean weight of each stage was recorded to O. O 1 mg 

(Table VIII). The petcent gain was obtained by dividing the amount of blood 

ingested, by tb.e 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 difficqlt to obtain exact blood meal weights for R. prolixus, 

as they defecat<;i wQ.i.le feeding or shortly after, 

Rhocb;u:u,s prolixus, in all stages, inge1;1ted more blood in relation to 

their size, than the othe;r two species. The adult females ingested more 

blood th,an the adult males. One reason for this is that the female is generally 
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larger tb,an the m1;J.le (Figure 4,), The highest percent gain was found in first 

instar nymphs of'.!;· !• texana and 1: gerstaeckeri and the third instar of _B,. 

eroU.:x.:us. The greatest volume of blood ingested was in fifth instar nymphs of 
, I I I 

T. s, texana and R. prolixus and in the adult female of T. gerstaeckeri. - ..., - ' -
Infection pf Experimental Animals. --The purpose of this phase of the 

study was to: (1) find out if the;re was a difference in the virulei:ice of our two 

strai:ns of T, cruzi to lal;)or~tory 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 circulatb1g peripheral blood. 

There was very little difference in the virulence of the two strains to 

laboratory animals (Table IX), This was true of organ.isms grown in culture 

or passed in bug feces, Animals would occasionally show symptoms of in-

fection, such as rougl;texµng of the fur, lethargy, and retarded growth, but 

delil.th in infected animals was not common. Not all animals became infected 

though inoculation procedures were the same. . Intramuscular inoculation pro-

duced a greater numl;>er Qf infections than the oral route. 

Table X indicates the results of infecting experi;rnental animals by 

v~rious routes of inoculation. The inoculum was the Lackland strain in bug 

feces. It was evident that the bite of infected bugs did not produce infection. 

Oral co:ntaminatioij and i:pgestion of bugs caused the largest number of infec-

tions among those routes of inoculation that might occtlr in nature. Rats could 

bec<m1e infected by eating one infected bug. Only one rat became infected by 

placing th,e i:,;ifeoted feces directly on the unbroken skin and a low parasitemia 

developed. Application of feces directly into the eye also gave a low infection 
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rate and ~a:rasitemia, Intramuscular and intraperitoneal inoculation produced 

W,gh, infection r~telil and relatively higher parasitemias. Inoculation of feces 

directly into the stoma.ch, by tube, produced infection in two wood rats that were 

4 l days old. No trypanosomes were observed ,in direct blood smears i however, 

blood c1,1ltures were positive 122 days post inoculation. There was no obser-

va.'qle difference in the !nfectivity of fec;ies from the three species of bugs. 

Unip.fected laboratory animals kept in direct contact with infected litter 

mates never bE;icame i:tifected, This was also observed in wood rats reared in 

the outdoor cage~ ln July 1965, an infected pair of rats was placed in the out"" 

door cagE;i; at the end of nine moJ1.ths, 17 rats were recovered, None of the 15 

offs~ring of the original :pair was infected. This would indicate that infection 

by direct con.tact, i.e., Urine, feces, a:p.d sexual interc;:our1:1e is rare in nature. 

Eight pregnant white mice were inoculated intramuscularly With culture 

forms of T. cruzi. Two of the females became infected. None of their off-
. - . 

sprip.g was ip.fected, Two !nf~cted female wood rats g11ve birth to young in the 

laboratory and these were not infected. 

Jn ll!W.im.als less than 30 days old, the parasites were observed in the 

blood 5 to 14 days following inoculation. The parasitemia developed more 

rapidly in an,i.mals inoculated lntra:muscularly. The course of the infection was 

characterized by a rise in parasitemia that reached a peak at an average of 

21. 8 days in laboratory aajmals and 36 days in wood rats. The parasites 

:rapidly disfitppear from the blood within 10 days after reaching a peak. In a 

woc:>d rat the maximum time that trypanosomes were detectable in the peripheral 

blood Wi3,S 47 days after they were first observed. The maximum number of 
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ciro1,1lating tr.Yl)anoeomes 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 O. 2 

ml of saUne that originally contained one motile trypanosome. Tbirteen days 

later one niouse h,ad a parasitemia of one trypanosome per 100 high dry fields. 

The parasitemia never increased and di.sappeared after 21 days. This was the 

only mouse that became infected. 

Susceptibility?~ Buis to Infec~ion. --A comparison was made of bug 

sµijqeptibility to tp.e 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 trypan<;>som.es per high dry field. first and second instar nymphs were 

exami:o.ed for evidence of infection at 2 l days and the other stages at 7, 14, and 

21 days. Bugs found uninfected at 21 days were held for further examination. 

T)lere was little difference in the susceptibility of the three species to 

the Brazilian strain of !, cru,zi. Triatoma si:in@isuga texana and '!. gers-.. . 

taeckeri were more susceptible to the Lackland strain than .!b. prolixus. The 

adult females w~re more susceptible to both strains than the adult males. 

There was no definite pattern to nymphal su.sceptibility. It was apparent that 

not all qugs became infected after feeding on an infected host, Five adult 

fema;les, of each species, originally infected with the Brazilian strain, were 

examined 90 days later for evidence of infection. All, except one g. prolixus, 

remained infected. The same result was obt;uned with the Lackland strain, 
0 
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except two .,!!.- . p~o~~us were negative. Ten, first instar nymphs of !!· prolixus 

we:re l:pfected with tq.e :Brazilian strain and reared to adults. Of eight, that 

:reached the adult stage, five were still infected, With the Lackland strain, five 

of ni,ne were infected at the adult stage, 

Table Xll indicates the results of feeding bugs on wood rats with no 

observable circl.llating parasitemia in the perJ.pheral blood. The rats had been 

tniected with the Lackland strain, 180 days prior to the experiment. When 

compa:red 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 m.ore sueceptible to infection than adult males. 

Tbe relative n,umber of trypanosomes passed daily in adult bug feces was 

deterµitned. The bl.lgs were suspended on glass rods, fed on a white rat infected 

with the Lack).and strain anq held at SQ F and 65 percent relative humidity. The 

rat liad. a parasitelµ.f.a of five trypanosomes per high dry field. Results are 

given in Table XIII. 

It was again apparent that ].. prolixus defecated more often than T. ! . 

te~na or!· gerstaeckeri. Trypanosomes appeared in the feces of R. prolixus 

on tb,e fi;fth c.lay ~d in '!., ! . texana and T. gerstaeckeri on the eighth day. All 

three species passed the largest number of trypanosomes and volume of feces 

durin~ the first 24 hours after feedipg. There was con1;:1iderable variation in 

the number of trypanosoll).es passed in individual bug feces. 

M~:m-brane Feedi:gg.- .... The comparative ability of the bugs to feed 

through v~rious membranes and to become infected with!, cruzi was investi­

gated. The 'bugs were plaQed in plastic vials under the feeder and the feeder 
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1;1.n<! bugs covered witb a black cloth to reduce light. The bugs were in contact 

with the membrane from one to two hours. Two ml of culture medium, con-

taining app:,:oximately 150 thousand trypanosomes per ml were mixed with the 

f9ocl before placing it in the feeder. The food material was maintained at 97 F 

an<;l the ambient temperature was 70 - 75 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-

r1,1.che membrane (Table XIV) • Rhodni.u.s ,I>rolixus fed better t;h.an !. . ! . texana 

o:r T •. gerstaeckeri . 
. ..,... I , I 

Adult bugs appeared to feed better than nymphs. The low percent 

feeding m~y .pave been caused by packing of bl9od cells against the inner surface 

of the membrane. l"or some unknown reason, the · infection rate was very low 

in bugs tbat fed, For example o:Ql.y one nymph and one adult of!· !· texana 

became infected, The greatest number of infections were in :g. prolixus. This 

was just the opposite from what occurred when the bugi:i fed on n;1tural hosts 

(Table XI). Of the total infections obtained, 15 (78. 8%) were in bugs that fed 

through the wood rat slp,n, The remaining 21. 2 percent fed through the Baud-

ruche· membrane. 

Field Studies 

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

nymphs of I.. ~· tex;ana and I, gerstaeckeri were placed in individual vials in 

the outdoor cage itt 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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insta.rs varied oonsideral:>ly depending on the time of year they emerged (Table 

XV), 

First insta.r nymphE:1 1 that emerged in October, remained in that stage 

µntil the followizw; March or April. Triatoma sanguisuga te:AAna reached the 

fourth ins~r and'.!:· gerstaeckeri the fifth in July or .August. Both species re-

mained in this insta;r un.til the following spring. Triatoma gerstaeckeri then 

emerged as adults iP. April and May ancl. J · ! . texana molted to the fifth instar. 

One fiftll instar T, s. texan.a emerged as an adult in September, approximately -, ~ . 

7 l5 days after hatchiqg. Two Qther fifth instars are still in that stage after 289 

cmy-s. They will probably qverwinter and emerge in the spring after approxi-

ll'l-ately 2 ... 1/2 years. First insta;,: nYlllphs of both species that emerged in the 

spring reached the fou,rth and fifth instars at virtually the s::ime time as the 

nyip.phs that emerged in the fall. One of 10 nymphs of '.!:. gerstaeckeri that 

emerged in July rE;iached the fifth instar in November and emerged the fol-

lowing March. This was the sh,ortest U.me (280 d,ays) that any individual took 

to complete its life cycle under field conditions, Numerous variations, de-

pending on temperature and availabiUty of food, undoubtedly occur in the life· 

cycle of the bugs. lt is sugge~ted that, with readily available food, the life 

cycle of ! . ~~r~ta~okeri i:p. southwest Texas is 9 to 14 months and that of ! . 

~. texana 24 to 30 months. 

Comparativ~ Fecundity ~nd Longevity of Adults. --Three pair of T. 

s. texa.na and '11. ger1;1taeckeri were placed in vials in the outdoor cage and _.,, . """""' ), 

observattons made on their fecundity and longevity. 

Triatoma san&Y;isuga texana laid fewer eggs in the field (Table XVI) 
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about the same. Th~ largest number of eggs laid in one season was 803 by 
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L ,F;e~staeckeri and 41;>5 l;>y !'.· f.· ,t£x,3:~a. 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 

greatest number of eggs was la,id in April, May, and early June. In both 

species, the highe$t percent egg hatch was in, May, when the average minimum 

tE;)mperature in the bo~es was 70, ~ F and the m~imum 84. 7. Egg hatching 

decrea~ed in late June, July, a.J:'!,d August when the average maximum tempera­

tun:i was over 90 F, During Septe:p:iber the percent egg hatch increased when 

the average maximum and minimum temperatures were similar to those in 

May (l'able XVII). In our stµdy, humidity was not considered to be a factor 

in the percent eg{?i hatch. The daily outside fluctuationin relative humidity 

waEi ZO - 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 4;0 percent. 

Tri.atoma san@isuga texana did not survive as long in the field as in 

the laboratoryr Conversely, '.!:· 9erstaeckeri lived slightly longer in the field. 

Rhodnius eroHxus 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 i.n good shape. During 

periods of cold weather they fell to the bottom of the vial and appeared to be dead. 
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flowever, when warm periods oc;curred 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 <;me F~e,,<llns .... -The ability of the bugs to survive the 

winter on one feeding was determined, Jp.dividuals of all stages were fed once, 

and placed in the outdoor cage on 1 November 1966. 

:Most individuals survived the wi;nter on one feeding. The greatest 

mortality occurred in first i:qijta;r nymphs. As the temperature rose in the 

apring the bugs began to die. Fifth instar nymphs survived tbe longest and one 

T. s, te~ana lived for 385 dayf:il. The males of T, s. texana lived longer than 
"""""'~ . ·- - .. 

the ~emaleS. bl.\t ! . gerstaeckeri females lived longer than the males (Table 

,CVIU), 

.Intra.specific Parasitism. - .... All three species of bugs were observed 
' •. I' ,' '. ', 

feeding on their own ltind i:p. laboratory colonies, This practice was more 

common among '.,!:. ! . te~ana than in the other two species. First and second 

insta:r nymphs were ol;>served to feed in this manner more readily than other 

stages. It was never observed among adult insects when the bugs had free-

dom pf movement, 

l'he relative importance of this habit in the survival of first instar 

nymphs in nature was determined. Fifty, first instar nymphs of!.· !· texana 

and I·. l?;erstaeckeri were placed in separate boxes in the field cage. Material 

from rat nests was placed in the boxes to provide shelter. At two to three week 

intervals, ffve engorged fourth and fifth instar nymphs, infected with !_. cruzi, 

were plaoedin the boxes and left until other bugs were added. At the end of 
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OJ;le year the material in the boxes waf; examined for surviying nymphs. 

Eleve:p. (22%) of the !· !· texana nymphs were alive at the end of 

one year; eight were i~ the second instar and three in the third. Eight (16%) 

of the I. ~erstaeckeri were alivei seven second instars and one t.b.ird instar. 
I 

The surviving nymphs had apparently imbibed only haemolymph and none were 

infected with T, cruzi. _,.... 

The various stages of Tria.toma are particularly vulnerable to being 

fed upon during the proc;iess pf ecdysis. Figure 14 shows first instar nymphs 

of T. ger1;1taeckeri feeding on an emerging adult of R. .prolixus. In this case 
"'="!'"' I 

tbe ;nymphs imbibed o:p,ly 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 qo;nor's gut, 

Field Collecti~ns .... -The primary purpose of collecti:og Triatoma and 

w~od ra~s was to obtain specimens for experimental purposes. 

From March, 1965 through October, 1967, 142 wood rat dwellings 

were examined for nyiµphs and adults of!_.!· ~and!_. gerstaeckeri. 

There was no appareq.t 13easonal fll,lctuation in tbe nymphal population den-

slty and the summarized data and observations are presented here. 

Eighty-ftve (6S. 5%) of the dwellings examined contained a total of 213 

nymphs and 16 adults of the two species, One hundred twenty-three nyinphs 

and mne adults were T, s, texana. Ninety nymphs and seven adults were T. - - . -
· gerstaecke:ri. The mean number of bl,lgs collected per infested dwelling was 

I I , 

2. 5 with a range of 1 ... 22. Nymphs of all instars, except the first, were col-

lected at every sea1;1on of the year. First 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 Septembe;r. 

1'he bugs were rarely found in the rats nests. The preferred habitat 

1;1.ppeared to be i:n cra9ks and crevices in tunnels and runways leading to the 

nest or .in debr;is 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 Triatorna qollected were examined for infection with !· cruzi-

like orga:rusms aud 79 (30, 1%) were infocted; 33 !· !· texana and 46..I: gers-

taeckeri, There was a m1:1,rked difference in the ratio between infected nymphs 

ap.d adults. 'l'wenty-e.ight (~2. 7%) of the 123 !, !· texana nymphs collected 

were infected and five (56. 5%) of :µlne adults. Forty-two (46, 6%) of 90 T. gers-

taeckeri nymphs coHected were infected and four (57. 1%) of seven adults, 

From 1 Ma;i;"ch, 1965 to 29 September, 1967, 56 wood rats were trapped. 

'l'welve (21%), five females and seven males, were infected with T. cruzL - ·--. 

Three (25%) of the 12 infected rats had a demonstrable circulating parasitemia 

by direct blood examination. The three rats with a circulating parasitemia were 

estimatE;Jd 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. 

The rats were active throughout the year, Young rats were observed 

i:n febrµary an,d September. From observations in the field cage, there were 



probably three o;r four littefa per year. The usq.al number of young is two. 

Several tats may occupy one large cactus patch (Figure 11) . 

. . ~octu~n~l ~li~ht, Habits ....... nuring the period 1 June - 31 September, 

1966, and 1 April - 31 September, 1967, 698 adult'.!'.· gerstaeckeri were col­

lected in bh1.cklight traps at two different sites· in Bexar County, Texas. 

During the same period only 13 adult '.!'.· !· texana were collected. The data 

pr~sented. ~pply to l, g~rstae9~eri unless otherwise noted. 

The first bug$ wel;'e collected at Lackland AF;B, Texas; a male on 24 

.Aptil and a female on 11 May. Collections from th.e residence in northwest 

. Be:xar County were recorded wee~ly, and the first bugs, all males, were 

colle9ted 1 ... 7 :May, The first females were collected 25: May- 1 June. The 

last bµgs were collected durtng the la~t week of September at both sites. 

Duriw; lij67, the 11;1,rgest Uights occurred in, May, June, and July (Table XIX). 

'fraps were not available during. May, 1966. However,. ll:l.rge flights occurred 

in Ju:ne~ July, and August of that year (Table XX). Considerably more males 

than females were uollected at the residence than, at Lackland AFB (Table 

54 

XX). In contrast,. more females were taken at Lackland AFJ:3 (Table XIX). In 

the spring males appeared approxlmat~ly two w(,':leks before the females. The 

ma.ximtJ.m. numQer of bugs collected in a single trap in one night was 15 on 1 

Jm:ie, 1967, at Laelda:od AFB. The :ni~ht was clear with a ma::idmum tempera­

ture of 88 F and a mini:mum of 72 F during the collection period, . Nine bugs 

were collected on,~. May when the weather was cloudy with a light drizzle and 

fo~. The·maximum flight activity occurred when the average minimum-.maxi­

muro temperature w~s between 66. 5 ... 95 F (Table XXI), The maximum summer 



te~pe:ratures in southwest Texas, frequently exceed 100 F. From 8 May -

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

55 

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 midnigQ.t. The minimum,-.maximum temperature during the 12:00 -

7:00 A.M. oollection 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 availal;)le. However, observations of traps at 8:00 P.M. on eight oc­

ca1:1io:n1:1, in Ap:r:il and May indiQated no bugs were captured to that time. There 

was no obeervable relati9n between light intensity and flight of the bugs. 

Many factors other than temp~rature, 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 untU they died. The mean survival period 

was is days with a range of i;I: - 22. During this. time four of the females laid 

l ... 4 egg ~ac}l,. F.i{teen females collected witl\out males were fed and placed 

U1, individual vials, Nine laid viable eggs indicating they had been fertilized. 

Two died with,out l!3,ying eggs, and four laid eggs that were not fertile. 

Of 698 bugs ~;xamined for I, cruzi ... like organisms, 544 (77. 9%) were 

inf~cted. 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 simUar (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 XlX) . 

Wood rat dwellings were abundant near the Lackland A'.fB site, while 

they were uncommon at the residence site, However, armadillos were abun-

dant near the residence in northwest Bexar County. Five armadillos were 

captured and e:Xantined for trypanosomes and 2 (40%) were infected. Both in-

fected animals had circulatiug parasitemias of approximately 200+ trypano-

13omes per high dry field. This is in contrast to an infection rate of 21 per-

cent an.g ma:x;imum parasitemia of one trypanosome per high dry field in wood 

rats 13,t the Lackland AFB site. No specific data were kept on the number of 

trypanosomes in b~ feces from the two sites. However, the highest number 

observed.in,~ single l>ug from the Laqkland AFB site 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 been 

bitten many times by Triatoma bugs over a six year period. None of the blood 

samples was positive for !. . Qruzi. 

The small number of !. , ~. t~ana collected in the survey is surprising 

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

portion as !·. gerstaeckeri. J?he stimulus that produces flight activity in !_. ~-

st:aeokeri may not affect T. s. texa;na or they are not readily attracted to black-
, .· . --,. - I 

ligbt. 



OHAPTER V 

SUMMARY AND CONCLUSIONS 

The objective of the investigation reported here was to compare the 

bi(l.lo~y a.pd vector capability of two T~as species of Trlatoma with an ef-

feottve Squth A~eriQa:p. vector of American tr.vpa:,;iosomiasis r From this 

~tudy J clearer understanding of the ecology of the vectors and the factors 

tb.a.t may .or mAY not contribute to vector effectiveness was obtained, 

T~e n.uml?er of eggs laid by individ1.tal bugs. varied considerably under 

any co:i;1<U'Uo:p, In the lJl;)oratory, tbe maximum number laid was 1, 066 by 

Jr~~t?fl;@r ,a~~ieuia t~~~· l, 069 by T:riatoma ierstaeckeri, and 702 by 

~e>dn.1;u111 ;prqli~s, In the field tJ:u~ maxhnum was 465 by ! . ! . texana 

and 803 by I; s;e:rstaeckeri. Rhodnius proU.xus was not used in field studies 

to any extent. tn ~he field, egg prol'.).u,otion tapered off and ceased during 

October and Nc;>vemp~r and 1:;,egan again 'in March and April. The largest 

nu.mber of eggs were laid in April, M:;ty 1 and June. This same cycle oc-

curre~ ip the laboratory wUh T. s, texana and to a lesser degree with T. 
_.., """"' . ' -

~~1;.s~~e?~~ri. . ;Rhodnius erolixus laid eggs throughout t4e year in the labora­

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

J:· ! . te:x:apa and ! , ~e.rs~aeckert. The greatest percent egg hatch, in the 

field, was in May when the average J;D.i:nimum tem.perature was 70, 9 F and 

the maximum. temperature was 84. 7 ;F', Egg hatchability decreased in late 
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Jun.e, Jq.ly, ap.d August when tlw average maximum temperature was over 90 F. 

Jn September the egg p.atch increased again when the temperatures were simi­

lar to those in May. 

There were fewer number and lesi:; viable eggs laid after only one copu­

lation than when male 1;1.nd female bugs were together continually. One copula­

tion wai, not sufficient to produce viable eggs for the life of the female. The 

percent eig hatch was grei:tter i:P. tp.e first 90 days after mating. Viable eggs 

were occasionally laid without a blood meal. This may be due to nutritional 

ele~ents t;ran.sferreq. from, the fifth ins tar nymph to the adult at ecdysis. 

Vitgi:n, fe:i;n~les did not pro(f.q.ce viable eggs. 

As ,;night be e~pected the developmental period from egg to adult 

va:ried with tb,e temperature, At fluptuating temperatures, within 65 - 86 F, 

tbe aVierage inoubation period wa~ 388 days for '!· !· texana, 362 for !· 

fl.~rst~ecferi, and 12() for~: eroH:xus. At a constant temperature of 80 F, 

the ~verage periods respectively, were 322, 214, and 112 days. In the 

field, develo~mental periods were related to temperature and the time of 

year eggs were deposited, It is believed that the life cycle of..!.: ~· texana 

in southwest Texas was 24.,.30 months and that of ! . gerstaeckeri was 9-

14 moµths. Each species passed through, five nymphal instars both in the 

laboratory and in the field. 

The longevity of adult bugs varied greatly under the same environ­

men,tal oonditio;ns. In the labor;1tory the maximum longevity in days for 

male ap,dfemale respectively, were: !· !· te:xana 787 and 813; !· gers~ 

taeckeri 417 anQ. 412i and !!, proHX\.\113 4;58 and 882. In the field the same 



dat3 were; !· !• ~~a~ Qeo aud 585; a~d :!:· ~rstaeck.eri 398 and 378, The 

m.ea.n su.rvival tj.m.e of m.aJ, a.pd ferns.le T; s. texana was almost twice as 
. . . . . ' 'I'- . ....,.. . 

long· as the other two species, Most individuals of !. . .!.· texana and !.: gers-

tae?ke3:i will ~uryive the winter in this area on one feeding, Among nymphs 

the fifth. i:nstars survived the longest and one T. s. texana lived for 385 days. - - . . 

A male and female!!:: ~7~µ":us survived the winter, mated and produced 

v.ianle eggs. U is co:Q.c;lu,ded that if !L :erolixus is intt"oquced into this area 
. I 

of 'l'e:K;as, th,ey wilt su.:rvive and reproduce, 

Ob1J;ervations wer~ made on feeding ~bits which might contribute to 

the surviva\ al).d v~ctor potential of tl).e bugs. Triatoma sanguisuga texana 

~d I· ~~r~~e2!£eri preferred to fe~d with at least the rear legs in contact 

with a ~u;rface ()ther thap. the animal a:Qd rarely crawled on the host animal. 

CoJ1versely, ~, ,proU,~s dtd not heeitate to crawl on the host's body in an 

effovt to iuitj.ate feeding. 'J,'bis babit, coupled with. the fact that.!!.: prollxus 

defecates more frequently, anq in greater quantities, makes it a more effi-

ci~1i1t cqu.tanu:p.ative transmitter of l.· ~i than the other species. 

All three species preferred to feed on mammalian blood but would 

alsQ feed on cold blooded vertebrates and birds, ln the laboratory the pre-

ferred p.oi;t of 'J', 1;1. te~ana was adult white mice. . Triatoma gers'taeckeri 
~~- .. 

fed be~t OJ} the ar:mfl,<Ullo and &· prqlixus on human blood. All three species 

were fed a.s first in.star nymphs on a toad; I, ! . texana reached the third 

i:n51tar and !.· gerst~~ckel'i a.nd ,!h :proUxus the fourth. It is concluded that 

in, natu:i;e the bugs may su:rvive for long periods of time by feeding on cold 

bloode<;l vertebrates. 
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. N~phs of all tb,ree speci~s would occasionally feed on their own kind. 

The lrractiee was most common, among individuals of..!.: !: texana. In the 

field, first in.star n,ym,phs of!, .!· texana and L gerstaeckeri fed, molted, 

and survived for one year on haemolymph from fourth and fifth i:ostar bugs. 

Since only haE;l:m.ol,yn:,.ph was ingested, no transfer of'.!:· cruzi from infected 

to non-infected bugs took place. The various stages of Triatoma are parti-

01.darly vulnerable to beirw; fed upon during the process of ecdysis, It is 

possible that the mouth parts of large nymphs may penetrate the soft exo-

skeleto;p. at this tlme a:p.d ingest blood from the donor's gut. 

Th.e practice of coprophagy was never pbserved and it is highly un-

Ukely that it is of any eptdem.lological sigru.ficance in the maintenance of 

T. cru:z;i in nature, 
~ ·1· 

A high percentage of first instar nymphs of'.!:· gerstaeokeri and!!· 

. pf.OUXl.ls molted after one feeding. T.riatoma s,anguisuga texana nymphs 

generally fed four to seven times before molting. If the number of times a 

bug fed du:i;-ing its lifetime were a major criterion for T, cruzi transmissipn, 

T. s. texana would be an excellent vector. 
,.....,.. -

.T:riatoma sa;9&1:isuga texana and .T. &~rstae~keri in all stages fed 

almost twice as long as g. erolixus, The mean feeding time for females 

was longer than males in all three species. Rhodnius prolixue, in all stages, 

ddecated on or near the host much more frequently than the other two species. 

The adult males of'.[. ~· te:x:ana and!· &;erstae<;:keri did not defecate while 

fee<ll:ng. The fourth and fifth nymphal instar and adult females are potentially 

better fecal contaminators than the other stagee. 
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Rhodnlus P-roli,ws, in !:!.11 stages, ingested mo;re blood in relation to 

th~:r size than the other two species. idult females ingested more blood 

than adµlt males , The greatest volume of blood actually ingested was by 

fittb insta;r ~ymphs of I· !· t':]'~a, and !3:, P!~lixus, and by adult females of 

'11. g:erstaeckeri . 
~ I· ; II 

The B,razilian and local strain of T. cruzi was of low virulence to ex-. -. ~ 

pe:1;imental anj;ma~s. Low parasitemias were produced regardless of the 

metJ;lod of inocu,lation and deaths in ewer.hnental animals rarely occurred. 

lntramuEHJul1:1rr inooulationfjl produced the most infections and highest para-

sit~m~a in a:n,imals. Not all animals became infected by any route of inocu-

latJ.o~, tbough procedures were tbe same. Direct oral contamination and 

ingeijti<;>µ. gf bugs, produced the greate·st number of infections among those 

routes of inoculation that might Qoc1,.1.r in :Qature. Infection by direct contact, 

i, e. , u:.-:ii:ne, fec;,es, and sexual i:nteroo\lrse, was never demonstrated and the 

transmission of T, cruzi by these· method$ is probably rare in nature. 
. '!I"""!'~ 

Tra:ns:i:nission was not accomplished by the bite of infected bugs. It was de-

mo:nstra,.ted that a ;rat could become infected by feeding on one infected 

Triatome bug·. An i;nfection w1;1.s produced in a white mouse by the injection 

of a single trypa:nosome. 

Parasites were observed in the peripheral blood 5 to 14 days fol-

lowing inocu~ation and peaked at an average of 21. 8 days in laboratory animals, 

and 36 <lays in woo4 rats. ;parasites raptdly disappeared from the blood within 

10 day~ after reaching a peak. The maximum time that trypanosomes were 

detec~ple ;i.;n the blood Qf a wood rat was 4 7 days. It was ~xtremely difficult 
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ta produce an. observable parasitemia in animals more than 40 days of age. 

In tbe field, observable circ1,1lat!ng parasites were found only in young wood 

rats that were estimated to be between four and six weeks of age. 

It is postulated th111t the woqd rat Neotoma micr~!. mic£opus becomes 
j 

infected with 'l'. cru.zi primarily by· ingesting infected bug:s. The infection is ... ~ . . 

most likely acquired wllen young, curious, newly weaned rats wander about 

aud feed on i;nfecte<;l bugs found near the nest. It was obvious that any surveys 

fQr'J:., ~ based q:nly on the direct ol;>servation of cir;culating parasites in 
... 

~he pE:lJ;'i~~eral blood would not l;>e accurate. 

There was little difference between the three species of bugs in their 

susceptibility to infection with the Brazilian strain of!·· cruzi. Conversely, 

,!., !.· te:;n:1;1.na and !.:., . gerstaeckeri were more susceptible to the Lackland 
., 

strain. than ~ er~li:,c:us. There was no discernible vattern to nym.phal sus-

cept~bJ,Uty. However, adult fem.ales were more susceptible to both strains 

tha~ males, Not all bugs became infected when they fed on an infected host. 

'l'he percent infecUon rate was higher in, bugs which fed on rats with an obser-

v1;1.ble para1Sitetn,i.a than in those withoµt. The i:p.fection persisted for life in 

T. s. te~a:na and T. gerstaeckeri. Over a period of time a few individuals 
~-_.,... - ~ I 

of R. J?.rolJxus lost their intial infect,i.on. It is concluded that the effective use - .. 

of non-infected bugs, as a diagnost.j.c tool for '!·. cruz,i infections, as described 

by M~e~elt (1964.), would be greatly·in:fluenoed by the degree of parasitemia 

in ~e host at the ti:me the bugs fed and by the se:x of adult bugs used. Since 

first ,i.nstar nymphs were as readily itµected as any other stage, it is suggested 

that they may be mo;re practic1:1,l for use itt xeno<Uagnosis. Larger numbers can 



l;>e UrtUized. @d they would not be so repugnant t.o the person being bitten as 

larger a<;lults and nymphs. Species of bugs used, for xen9diagnosis should be 

from tb.e same area as the T. oruzi strains, 
. - ----

On an.. individual basis, '!, !• texana and T. g:erstae,ckeri would be 

as efficient as vectors of I· cruzi as R, prolixus, if they were not reluctant 

to crawl on the host and defecated to a greater extent Whj.le feeding. These 

two factors alo:ne could account for the appar(;m.t paucity of human cases of 

4\,rnerican tr.vpanosomia,sis in Texas. It is not considered likely that Amer,i-

9an trypa:nosorn,iasis will beco:Jil_e endemic in h~mans in the southwest. In 

~dQJ.tio» to the fac.;tors me;ption~d, humans i:n this area are not subjected to 

repeated ~tta.cks 1:;>y large :numbers of bugs as those in more primitive areas 

of South a:nd Ce11trfl,l America. 

A few ind.ivlduals of each species fed, on outdated human blood, 

through n.atur~l an<! artificial membranes. ,A small percent of these became 

infected with...!: cru~i organisms that had been added to the blood. Wood rat 
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s;lq.n.s and Baud.ruche membranes gave the best results, Adults fed better than 

p,ymphs and !· .proli;xus 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!·~· texana 

-and J:. 
1
gersti'leckfrri. The mean number of bugs per infested dwelling was 2. 5 

with a range of l..,.22. Bugs were collected durtng a:11 seasons of the year and 

were ocqasio;nally found several hundred feet from the nest of a:Q.y known host. 

The condition of most bugs collected indicated that they had not fed for some 

time, Seventy-nine (30; 1%) of the 229 bugs collected were positive for !,cruzi-
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like organii:ims. A, J:ltgber perce'.Q.t of adult bugs were infected than nymphs. 

During 1966 and l967, 698 adult T. gerstaeokeri were collected in 
...,_. . I . . 

blacklight traps. The first bugs we;re collected i.n April and the last in 

September. Males 1:1,ppeared in the spring approximately two weeks before 

the females. The lal'ge13t flights occurred in May, June, and July when the 

1::1.ve;rage minimum .... maximum temperature was with.in 66. 5 - 95 F. In 15 

trap n.tghts, 8~. l peroent of the bugs were collected between 12:00 - 7:00 

A,.M. when the average minimum-maximum temperature was 76.4 - 84 F. 

It is <;ic;u:;i,cluded that optimum flight conditions exi.st when the temperature is 

within 75 ... 81? F, In !;lummer this freque:ptly does not occur until the hours 

between 12:00..,. 7;00 A.M. There was no observable correlation between 

light i:q,tensity 1;1.nd catch of the bugs. 

Faotors other than temperature must stim11late 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 w.i.tltln a relatively short period of time after fli.ght to sur-

vive, and not all females are fertilized prior to flight. 

Of 698 bugs examined, 544; (77. 9%) were infected with !· cruzi-like 

organisms. Infection rates and parasitemias were hi.gher in adult bugs col-

lected in traps located where a:rmadilloi;; were most common than where wood 

rats were the· predominant host animal. · The high infection rate in trap col-

1£'lcted bugs as compared with nymphs and adults collected in wood rat dwelli.ngs 

is difficult to explain. Ui:ifortunately, collections were not made from arma-



dillo de:ns, It i~ felt that if e;xte:ns.i.ve collections are made from armadillo 

dens the infectiQ:Q rate in nymplis will be higher than in those bugs collected 

from wood rat dwellings. The armadillo could be the primary host of ! . 

g~rstaeckeJ:"i in Texas and this 1:;)ug may eventually be found throughout the 
; . . . I 

same rang~ a1;1 this mammal. 

Only 1 S specimens of T. s. te,tana were collected in light traps. 
r - ... 

Apparentiy tMs speciefii iei not attracted to black light as frequently as !: 

g~,r,e~e9~eri~ or they may not fly in great n.umbers. 
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Speei~s 
and 

Pair 

!.·!· texana 

A 
B 
c 
D 
E 

· Average 

TABLE I 

FECUNDITY AND LONGEVITY OF ADVLT TRIA TOMINAE 
AT 65-82F and 20-65% R.H. 

No. 
Eggs 

1066 
697 
34;0 
809 
651 

712.~ 

No. 
Hatch 

521 
495 
236 
497 
521;> 

454,8 

% 
Hatch 

49 
71 
69 
60 
80 

65.8 

Longevity 
in Days 

Male Female 

483 813 
623 670 
425 423 
582 665 
521 375 

527,4 589.2 

:£ .. g~1st~ec~~l'.i 

F 678 460 68 299 381 
G 836 618 75 417 369 
H 965 664 68 245 275 
l 505 363 72 263 221 
J ~93 286 73 205 180 

,A.verag~ 675,4 478,2 71. 2 285,4 285.0 

_!L .~roli,c~~ 

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 

;\.verage 4~3.5 .343.6 80.8 267.2 286.0 
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Species 
and 

Pair 

TT s. t~xana 
"!"'91~. 

AA 
~B 
cc 
UD 
EE 

average 

TABLE II 

FECUNDITY AND LONGEVITY OF ADULT TRJATOMINAE 
AT SOF and 65% R.H. 

Longevity 
No. No. % . in Dais 
Eggs Hatch Hatch Male female 

297 239 81 517 412 
742 586 79 692 614 
468 398 83 413 298 
949 739 80 619 576 
639 549 86 787 682 

619.0 502.2 81.8 625.6 516.4 

Ii gerstaeckeri 

FF 1069 887 83 298 369 
GG 262 197 82 314 211 
HH 742 527 71 368 302 
I I 578 497 86 342 269 
JJ 612 496 81 263 412 

Average 652.6 q20.8 80.6 317.4 312.6 

.!!.., prollxu,s 

;KK 102 611 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 
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TABLE III 

M.i\XlMUM NUM:SER OF EGGS LAlD AFTE:R ONE COPULATION 

Species Lo;ngevity 
and No. No. % in 

.Bug . E;gs Hatch Hatch Days 

!·!· te~ana 

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 54:4. 2 333,4 63,0 439.0 

! • I ge~etaec~eri 

Fl 397 289 73 198 
Gi n2 432 61 401 
Ill 1$16 408 79 212 
I l 431 26~ 62 267 
Jl 479 U6 51 319 

Average 507.() 308.6 65.2 279.4 

R, ;ergli?C~S 

· Kl 316 236 75 186 
Ll 519 362 69 314 
Ml 420 265 70 239 
~l 469 291 61 469 
01 398 271 68 419 

Average 424,4 230.8 68.6 325.4 



TABLE IV 

REJ?RQDUCTIVE CAPACITY AND LONGEVITY OF UNFED MALE AND 
FEMALE TRIA TOMINAE 

Species 
and 

Pair 

T, s. texana - .,.. 

4\.2 
B2 
C2 
D2 
E2 

Average 

!· ~~rstaeckeri 

F2 
G2 
H2 
I 2 
J2 

Average 

lb prolixus 

K2 
L2 
M2 
N2 
02 

Average 

No, 
Eggs 

4 
3 
2 

13 
9 

63,2 

2 
0 

14. 
9 
6 

6.2 

3 
0 
4 

11 
8 

5.2 

No. 
Hatch 

1 
0 
0 
6 
5 

2.4 

0 
0 
4 
3 
1 

1. 6 

1 
0 
0 
3 
2 

l. 2 

% 
Hatch 

25.0 
0 
0 

46, l 
55 .. 5 

38.6 

0 
0 

28.5 
33.3 
16.6 

25.8 

33.3 
0 
0 

27.2 
24.4 

23,0 

Longevity 
in Days 

Male Female 

42 31 
31 17 
27 14 
16 48 
24 25 

28.0 27.4 

23 14 
36 9 
22 37 
41 16 

7 24 

25,8 20.0 

21 17 
17 9 
19 28 
32 11 
29 20 

23.6 17. 0 
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TABLE V 

DE;VEI..,OPME;NT~L PERIOP, IN DAYS, AT DIFFERENT 'rEMPERATURES 

Specie~ 65-.86 F 80 F 
and 

Stage ·Min Max .Mean Min Max Mean 

'l' , s , tex:l;!lna ....,_...., 

Eg·g 22 26 i3.6 21 23 22.8 
1st 45 77 53,4 23 36 28.6 
2nd 27 60 46.1 4;7 41 37.8 
3rd 39 l31 72,8 51 75 61,8 
4th 81 11)7 126.6 56 109 84.8 
5th 60 72 65.3 69 111 85,3 

Tot~l 387.8 322~1 

.,!., gersf:ae~keri 

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 
3rd 38 94 68.2 27 33 17.3 
4th 78 168 107. l 47 132 71, 3 
5th 63 ~l 79.6 59 · 96 77.7 

Tota,1 361. 9 213.9 

R, proU:x:us 
-. · I , I 

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 l{> 27 21. 8 11 26 20,5 
5th 23 33 27r0 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. .erolixus 
Host Fed(%) Molt(%) Fed{%) Molt(%) Fed{%) Molt(%) 

Baby White Mouse 15(37. 5) -l(. 06) 25(62.'5) 16(64 .0) 30(75. 0) 27(90~0) 

Adult White Mouse 26(6-5. 0) l(. 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 ~.) 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 ~.) 5(12. 5) 0 21(52.5) 5(23. 8) 18(45. 0) 2(1 l. 1) 

Baby Chick 14(35. 0) 0 24(60. 0) 11 (45.8) 16(40. 0 13{81. 2) 

Ground Squirrel 
(Spermophilus ~. ) 24(60. 0) 0 31(77. 5) 26(83.8) 33(82. 5) 2-9(87. 8) 

Armadillo (Dasypus ~·) 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(1-00) 38(95.0) 

Engorged Bugs 4(10. 0) 0 3( 7.5) 0 1(. 02) 0 

00 
0 



TABLE VII 

DEFECATION AND FEEDING TIMES OF TRIA TOMINAE 

Species 
and 

sta~e 

T. s, texana 
.,.... -

1st 
2nd 
3rd 
4th 
5th 
Ao.ult Male 
Adult Female 

! , ger~taeckeri 

lst 
2nd 
3rd 
4th 
5th 
Adult Male 
Adult Female 

~· proUxus 

1st 
2nd 
3rd 
4th 
5th 
Adult Male 
Adult Female 

No. 
Bugs 

10 

12 
15 
15 
15 
16 
53 

15 
10 
12 
16 
20 
19 
68 

20 

20 

16 
18 
25 
30 

40 

No. & (%) Defecating 
Within 2 min. after 

Feeding 

O (0) 
1 ( 8. 3) 
2(13.3) 
4 (26. 6) 

3 (20. 0) 
0 (0) 

13 (24. o) 

1 ( 6. 6) 
q10. 0) 
2(16.6) 
3(18. 7) 
6 (30, 0) 

O (0) 
18 (26 .4) 

15(75.0) 
14 (56. 0) 
13 (81. 2) 
16(88.8) 
20 (80. 0) 
17 (56. 6) 
31 (77. 5) 

Mean Feeding Time 
in Minutes 

18 
23 
29 
25 
31 
22 
27 

18 
19 
31 
33 
39 
20 
27 

7 

10 
16 
17 
19 
12 
13 

81 



TABLE VIII 

MEAN WEIGHT AND AMOUN'I' OF BLOOD INGESTED BY TRIATOMINAE 

Species Stage 

-T. s . texana 1st - - --
2nd 
ard 

•4th 
5th 
Adult Male 
Adult Female 

:!'· gerstaeckeri 1st 
2nd 
3rd 
4th 
5th 
Adult Male 
Adult Female 

B,, ;erolixus 1st 
2nd 
3rd 
4th 
5th 
Adult Male 
Adult Female 

No~ 
Bugs 

10 
10 
10 
10 
10 
H) 

10 

10 · 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 

Wt.Before 
Feed In mg 

.4'7 
1.89 
5.64 

24.26 
62.79 
76.21 
88.35 

.75 
2.36 
9.76 

33.17 
89.51 

152.31 
183.80 

.45 
1. 97 
6.23 

21. 96 
45.22 
89.67 

118. 31 

Wt. After 
Feed In mg 

1~62 
6,"10 

17.28 
70.45 

192.47 
128. 83 
167. 71 

4.76 
9.81 

37.22 
94.55 

275.72 
284. 90 
401.48 

3.66 
15.78 
54.96 

148. 99 
282.93 
256.45 
305.50 

Amt.Blood 
Taken In mg 

l.25 
4.21 

11.64 
46.19 

129.68 
52~61 
79.-36 

4.01 
7.45 

27 .46 
61.38 

186.21 
132, 59 
217.68 

3.21 
13~ 81 
48.73 

127.03 
237.71 
129.67 
187. 19 

% 
Gain 

265.95 
222.75 
20-6.38 
1'90.39 
206.52 

69.03 
-89 0 82 

534.66 
:315. 67 
281. 25 
185.04 
208.02 

87A05 
118.43 

713. 33 
70I.01 
782.18 
578.46 
525.67 
144.60 
158.21 

00 
!:'-' 



TABLE IX 

VIRULENCE OF TWO STRAINS OF '.f. CRUZ! TO LABORATORY ANIMALS 

strain and 
Route -of 
Inoculation 

Lackland 

Oral 

fu.kamuscular 

Brazilian 

Oral 

Intramuscular 

No. No. No. 
Animals Trials Infected 

5 2 7 

5 2 8 

5 2 6 

s 2 9 

Tryps/Hi Dry 
Field 

10/100 

14/100 

6/100 

27/100 

Deaths 

0 

0 

0 

1 

00 
~ 



TABLEX. 

INFECTION OF EXPERI~ENTAL ANIMALS BY VARIOUS ROUTES OF INOOULA T10N 

Route of 
Inoculation 

Bite of Infected Bug 

Oral Contamination 

Unbroken Skin 

Eye Contamination 

Ingestion of Infected Bugs 

Intramuscular 

Intraperitoneal 

Direct to Stomach 

Animals Trials 

15 1 

3 2 

3 2 

3 2 

10 l 

5 ~ 

5 2 

5 1 

Tryps/Hi Dry 
Infected Field Deaths 

0 0 0 

5 50/100 0 

l 2/1-00 -0 

2 2/100 1 

7 200/100 1 

g 700/100 1 

7 400/100 2 

2 0 0 
+by blood 
culture 

~ 



TABLE XI 

THE SUSCEPTIBILITY OF TRIA TOMINAE TO TWO STRAINS OF T . .CRUZI 

"Brazilian -Strain Lackland Strain 
Species Stage No. No. % No. No. % 

Fed Inf. Inf. Fed Inf. Inf. 

T. s . t-exana 1st 19 1.3 £8.4 22 18 81.~ 
2nd 14 10 '11.4 12 9 -'75.0 
'3rd 15 13 86.6 1-3 10 76.9 
4th 12 8 66.6 .9 '1 7"7. 'l 
5th lO 1 70.0 7 6 85.7 

Adult Male 12 IQ 58.3 10 8 80.0 
Adult Female 14 lO' '11.4 11 10 90.9 

T. gerstaeckeri 1st 97 71 -73.1 110 91 82.7 
2nd 50 38 7"6.0 48 34 7-0. -s 
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 l '7 77.2 
Adult Female 20 16 80.0 24 21 87.5 

R. prolixus 1st 50 36 72.0 50 3'6 '72.0 
2nd 37 29 78.8 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 

00 
01 



TA.BLE XII 

SUSCEPTIBILITY Of TRIATOM;INAE f~O ON INFECTED ANIMALS 
WITH NO O:SS:E;l;tVABLE CIRCULATING :PARASITEMIA 

Species Stage 

T ,!:!, texana 1st 
~ ~ '' 

2nd 
3rd 
4th 
5th 
Adult Male 
Ad~lt Female 

Me:;i.;p. 

! 1 ~ersta~ckeri lst 
2nd 
3rd 
4th 
~th 
Adult Male 
Adult Female 

Mean 

!!· 2~0Uxus 1st 
2nd 
3:rd 
4th 
5th 
Adult Male 
Adult Fem~le 

Mean 

No. 
Fed 

14 
9 

13 
10 
11 
8 

10 

42 
30 
19 
15 
10 
12 
15 

50 
20 
~o 
20 
15 
15 
19 

No, 
Inf, 

9 
6 
9 
7 
8 
5 
7 

32 
19 
12 
11 
7 
8 

11 

27 
11 
13 
11 
10 

9 
13 

% 
Inf. 

64.2 
66.6 
69,2 
70,0 
72.7 
62.8 
70.0 

67,9 

78.5 
63,3 
63. 1 
73,,3 
70,0 
66.6 
73,3 

69,7 

54,0 
57,5 
65.0 
55,0 
66.6 
60.0 
68,4 

60,9 

86 



TABLEXffl 

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

--
Days Post T~ s .. texana _!. :;erstaeckert _B... prolixus 

Infeetion A B c D E F G H I J K L .M .N 0 

1 0 0 0 0 0 0 -0 0 0 -0 0 0 0 -0 -0 
2 .() ·x -0 -0 0 -0 0 0 0 0 0 0 -0 0 -0 
3 -0 -0 0 x x ·x 0 0 D x 0 0 0 t)· 0 
4 x 0 x x x x x x x x 0 x .. o 0 n 
5 0 x x ·x x x x x x 0 x a 1) x 0 
6 x ·x 0 ·x x 0 x x x x l x 2 .. i} x 
7 x x x x x ·x -o ·x x x x x x 0 x 

Fed on Uninfected Host 
s 10 1 1 3 70 9 17 14 100 40 16 7 44 0 20 
9 2 1 x 5 40 7 4 20 70 18 5 3 2{) 0 15 

lO t) x ·x ·x 45 x x 7 55 14 19 6 17 0 12 
11 x 1 l 1 x 4 9 x x x x 2 6 x 10 
12 0 x x x x x x x 117 x x 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 l 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 . l 25 x x x . 12 25 18 1 x 12 0 7 
18 1 ·x x x g 7 14 4 x 1 14 25 l x x 
19 x 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 00 
-:i 



TABLE XIV 

. INFECTION AND FEEDING OF FIRST INSTAR NYMPHS AND ADULT TRIA TOMJNAE 
THROUGH MEMBRANES 

N,E:mpirs Adults 

Membrane No. No •. % No. No. No. % No. 
Bugs Fed Fed Inf. Bugs Fed .F~d Inf. 

T. s. texana 
Wood Bat Skin 15 .£ 53.3 l 9 5 55.5 l 
Naturalamb* 10 o· 0 ij 7 0 0 0 
Baudruche ** 10 2 20.0 0 5 I 20.0 0 
Parafilm "M"*** 12 0 0 0 5 1} 0 0 

.! . gerstaeckeri 
Wood Rat Skin 30 18 60.0 3 . 12 8 66.6 2 
Naturalamb 45 u 13.3 0 7 2 28.5 0 
Baudruche 28 7 28.5 l 10 3 20.1) l 
Parafilm "M" 19 2 10.5 0 9 1 22.2 0 

R. prolixus 

Wood Rat Skin 25 18 72.0 6 12 9 75.0 2 
Naturalamb 16 5 31. 2 0 15 5 33.3 · 0 
Baudruche 20 14 70.0 1 -14 8 S7. l l 
Parafilm "M" 30 7 23.3 0 10 3 30.0 0 

*-Prophylactic skins, Youngs Rubber Corp., New York, N. Y. 
* * - Bovine Intestine, Long and Long Co. , Belleville, N. J. 

***-American Can Co., Menosha., Wis. 

OJ 
00 



TABLE XV 

DEVE;l,i()l?MENTAL Pl\::a.lOD, IN DAYS, UNDER FIELD CONDITIONS 

!· !· texana .'.L gerstaeckeri 

s~~ie '.I.VltA Max Min ·Max 

Egs 14; 41 12 42 
1st 40 151 22 122 
2nd 37 45 26 4:2 
3rd 41 81 27 36 
4th isa 286 41 47 
5th UJ5 289+ 178 237 

. TABL;E XVI 

COM:PAR.A.TlVE F;Il:CUNDITY AND LO:NOEVI'l'Y OF TRIA',rOMA 
UNDER FIELD CONPI';t"IONS 

No, No, % Longevity in Days 
Species Eggs Hatch Hatch · Male Female 

:f. ! , texana 

A 167 96 57,4 680 585 
B 4:6& 279 60.0 329 4:76 
c 242 152 62,8 .419 388 

T. gersta.eeke:r~ 
~- .. •·•· ,, ,., 

D 52f). 3,07 58.0 392 210 
E 660 401 60.7 289 377 
F sos 485 60.5 312 379 
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TABLEXVll 

NUMBERAND VIABILITY OF TRIATOMA EGGS UNDER FIELD-CONDITIONS 

Month . T. ·s. texana Average .'.!'.. gerstaeckeri 

(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 7-0.0 
· April 43 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 -VO.~ 89.5 71.8 188 128 68.0 
July 82 36 45. 0 93.5 7"3. l 88 37 45.4 
Aug 70 26 37. 1 92.6 72.9 87 29 33.3 
Sept 63 42 66.6 86.2 7 l. l 63 42 66.6 
Oct 19 5 26.3 75.2 5.6.8 51 13 25.4 
Nov 0 0 0 69.8 55~4 45 2 4.4 
Dee 0 0 0 63.4 48-. 3 6 0 0 

Total 465 279 60.-0 803 485 60~3 

«) 
0 



TABLE XVlll 

SUJ,iVIVAL OF ,T'.61A,TOMA UNDER FIELD CONDITIONS 
WlTH ONE :FEEDING 

Species 
and 

Stage 

l~t 
2nd 
3rd 
4th 
5th 
Actult Male 
Adult Female 

1st 
2nd 
3rd 
4tJ;l 
5th 
Adult Male 
Adult Female 

No, 
Bugs 

10 
10 
8 
7 

5 
4 
5 

10 
10 
10 
8 
6 
Q 
5 

Sµrvival in Days 
Max Min Mean 

156 
196 
198 
181 
335,.. 
238 
195 

149 
270 
225 
189 
192 
186 
219 

12 
48 
44 
97 

119 
92 
78 

33 
97 
81 
49 

131 
62 
98 

118 
132 
141 
152 
168 
126 
119 

119 
123 
148 
151 
169 
158 
162 

91 



Month 
(1967) 

Aprll 

May 

June 

July 

Aug 

Sept 

Total 

TABLE X1X 

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

Lackland AFB Southwest Bexas -County 
- --- ---

No. Bugs No. (%) Infected No_ Bugs No. (%) Infected 

~ ~ ~ ~ $ ~ ~ ~ 

'9 0 2(22. 2) 0 0 0 0 0 

35 12 28(80~ 0) 7{58.3) 40 19 34(85. 0) 15 (78~ 9) 

27 56 19(70.3) 40(71.3) 70 47 58{82. 8) 36(76. 5} 

3 9 3(100) 5(55. 5) 85 29 75 (-88. 2) 23(79. 3) 

0 5 0 5(100) 39 13 33(84.6) 3(23.0) 

0 1 0 1 (100) 10 8 S-(60. 0) 8 (62. 5) 

74 83 52(70.2) 58(69.8) 244 116 206(84.4) 85(73.2) 

tO 
~ 



TABLE XX 

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

1966 l:967 

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

£ ~ ~ i 2 ~ ~ ~ 

May No Traps 40 19 34(85.0) 15{T8. 9) 

June 36 20 28 (77 :7) 16(80 .-o) '10 47 58(82. 8) 36(7o •. 5) 

July 44 12 36(81. 8) 9(75. 0) 85 29 75(88. 2) 23('19.3) 

August 51 4 44(86. 2) 3(75. 0) 39 13 33(84. 6) -a (23. 0) 

September 12 2 7 (58. 3) 0 10 8 6{60. 0) 8(-62. 5) 

Total 143 38 115 (73 .4) 28F3.6) 244 116 206(84.4) 85 (73 .4) 

~ 
c..:> 



TABLi XXl 

TE:MPEM TV~ AND LIGHT TRAP COLLECTION COR:a.ELA TIONS 
fOR. T. GE:JaSTAECK$EI ON LACKLAND AFB 

""""' 9EP"li'.f: :; ;. ir-·.i.'1--'f"\W"l"P'"'.j , . 

. · '''."' ", .. '.;Ii\. i '.1:ii' ::.-.:,; ·.,',, i ''. f.'i 

.Montt,. 
(19($7') 

April 

May 

Ju,ne 

July 

AUJ 

Sept 

A.ve:rage Temp~:ratu:reij F 
Max Mln 

86,6 67.~ 

S8,7 66.~ 

95,8 74,3 

94.9 74.3 

9L8 74.~, 

83.3 68.6 

TABLE X,CII 

ii I 

Total No, Bugs 
Collected 

9 

47 

83 

12 

5 

1 

'1,'IME AND 'r~MPEMTUJU; CORRELATIONS FOR I· GERSTAECKERI 

Tixm~ 
Period 
(l967) 

19 Jun~ ... 
~l July 

6:00 ... 1~;00 ll, m.. 

12:00 ... 7;00 a, m. 

COLli$CT'.ED IN l.ilGHT TRAPS ' . 

Trap 
Nights 

15 

Average 
Te:m..,erature :F 
Mu Min 

96,9 83.4 

84.0 76,4 

Total No. 
Bugs 

Collected 

5 

41 

94 



APPENDIX B 
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Figure 1. Rearing Container for Bugs 

Figure 2. Rat Corqined in Feeding Chamber 



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 

j 
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Fi~re 7. Meml;>rane- Feeding Apparatus 

Figure 8. Bug Positioned Under ·Membrane 



Figure 9. Outdoor Cage 

Figure 10 . Simulated Wood Rat Nest in Outdoor 
Cage 
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Figure 11. Clump of Cactus Co,itaining Several 
Wood Rat Nests 

Figure 12. Wood Rat Nest at Base of Cactus 
Plant 

101 
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Figure 13 . Standard Blacklight Trap Used in Survey 



A B 
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Figure 14, Adults of I· gerstaeckerf (A), '.!:·!· texana (B), 
and g. prolixus (C). Females on the left. 

Figure 15. First Instar Nymphs of I· gers­
taeckeri Feeding on Emerging 
Adult of g. prolixus 
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