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DOMICILIARY REDUVIID BUGS AND THE EPIDEMIOLOGY OF

CHAGAS' DIS

ASE IN PANAMA!

HEMIPTERA : REDUVIIDAE : TRIATOMINAE)

By Alan C. Pipkin Sr.t

Abgtract: A continuing field survey of domiciliary pecuviid
bnggs in Central Panama over a S-vear pericel indicates that
Rhelriizs _ﬂﬂl'lu'lf.':ffﬂ.i I:H\.uﬂl)l_'r 1932 ,'|l..'|l||||,|||'-i:]|i|'|!_=|l__l el i-
tant over other hematophagous Reduvindae requenting native
houses  there.  Triglona  dimidiats (Neiva 194 mentiomed
prosunently in the literature as an important vector of Chagas’

disease in Panama, while occurring nexe in freguency in the

house collections, was comparatively rare.  Oihier species wern
taken so uncommonly that they can be considered as oy
occasional  visitors or accidental  Gnvaders in houses,  An
average of 3058%, of 3205 hugs (virtually all & firtdleiem )
taken in hnuse eollections contained Irypancsomes, 32,710,
af thir tetal contrinimg ]'_.l_|ﬁ;g'r.lm_r;_|mg ertizi (Chagas 199 in 1he
teces, while from 42-81% contained the non-pathogenic
bemoflagellate, Trapanssoma rangeli {Tejera 19210, The infec-
tion rate of the 2 sexes of adule bugs with T cruzd was almicsl
egual, or about G0%, in both males and females, while sl
only 20% of the vounger stages were so infected,  Inoan elfir
o evaluate the potential role of the links in the transmission
chain from the infection pool in natare 1o domesticated bugs
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livieg close 1o the human host, an explaration of peri-domestic
and selvatic ceologic niches was macle. £, fresffescrny was toud
st |.!"I.qLI.I"rJ|.|.'!. m chicken hoses sl |'..i|.'; e, i:|l||4|1_|]_:]| |u||'\.u-'
bugs from the former location contaimed trypanoscmes,  Chat
ol s doen strictly sylvatic sites cxplored, bigs were foumnd only
in trees harboring either animals or animal neses. [pessirm
nisls were the mest fraitul, yielding 28 bugs from B opests, of
which 3 were positive for trypanosemes. Experimental labor-
atory studies on the defecation time alter feeding indicated it
K. pollescens, as compared 1o &, proloos (Seal 1859) is a Ly
defecator, The speculation is made that this delaved defeca-
tion may partially account for the apparent inefliciency of
R, paifescens az a vector of T. crezd in Panama, A PreCursory
survey of small terrestrial and arboreal wild amimals aken
ferm forests near the sative houses revealed that of 209 animals
ol & different s ies, 41 of 128 upossunns examaned, or 320807
were infected with T) ermzi. None of 43 armadillos exanmined
harbusred Irypanosones. Marmosets, anteaters, coatis arnd
sloths were found occasionally infected, but the opossum séeins
ter e the st likely wild vertebrate reservoir,

The [irst 3 cases of human Iy panosomiass in
Panama were reported by Miller in 1931, Three
years later, Johnson & Di Rivas (1933) indicated
that the total number of cases in the literamre had
inereased 1o 19, Clark (1942 mentioned 2 ad-
Kecently,
Castro (1955) in reviewing the cases of Chagas’

ditional cases, bringing the total to 21,
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disease seen at Santo Tomds Hospital in Panama
City, described 5 cases not previously mentioned
by others, thus bringing the total to 26, Actually,
these cases, diagnosed primarily by direct  de-
menstration of the parasite or by clinical symptoms,
or buth, represent but a small fraction of those
occurring in Panama during this period.  Johnson &
Kelser (1955 reported 48 cases known to be posi-
tive for Trppanesoma crwzt [Chagas [99] by com-
plement  fixation tests at the Gorgas Memorial
Laboratory in Panama. Furthermore, in the current
Annual Report (1966) of this institution, mention
15 matle of a series of some 2912 complement fixation
tests made on sera from several sources, in which
d4% (128 cases) were likewise positive: 5o, in
the 34 years since Miller's original report, some
192 human infections, diagnosed either by clinical
symptoms, direct  demonstration of the  parasice
in blood films, or by indirect serological means,
have been reported in the literature from Panama.
It is therefore apparent that although the incidence
of human cases is not as high as has been reported
from neighboring countries (Fifano 1960 reported,
for i,'ll‘{[ﬂ!li"-l', that 1876 eases have occureed in
Venezuela in the preceeding 23 years), it reflects,
in Panama, a public health problem of appreciable
importance,

The epidemiology of this infection in Panama
15 bt t:(:ut']}' 1:nr!m'.umm], alt]hflllg]: there have been
several reports of natural infection of reduviid bugs
with 7" eruzi in the literature, In 1932, Clark &
Dunn published a very careful study, including the
nliiliug of “Tratoma’ | Prrr.-.-..'r-.-.r.-q;-h;.c:!- it et
(Pinta 1931} naturally infected with T, cruzi,
Then, Dunn (1933) discovered fioduivs fallecens
{Barber 1929} similarly infected in nature, Shortly
thereafter, Rozeboom [1936) found naturally in-
fected specimens of Trisloma dimidiala (Neiva 1914)
ilb I |i:l(_'id] I'I.I::lllﬁﬂ. nl.l.““ I]:'}..i'{':l i'lI.‘l“ r'l.':;_“'lT'l!’:{.l il
natural infection with this same parasite in Eralyrus
cespidatus (Stadl 16539, Thus, in the short span of
less than 3 years following the nitial discovery of
human American  lrypanosormiasis  in
Panama, 4 species of Triatominae were shown
be potential vectors of the disease in natuare,

Although these reports established the potential
role of the reduviid bugs mentioned here in the
transmission of Chagas’ discase in Panama, there
had been, up untl 1960, no organized attempt o
actually evaluate the opportunity which these
different species have to infect man. There was
also wvirtually nothing known concerning  the in-
cidence of natural infection of these bugs with
T. ¢ruzi and its related species; Trypanosoma rangeli

cases ol
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("Lejera 1921},

An understanding of the epidemiology of Chagas®
disease is based on the elucidation of a number of
contributory  factors which  influence the insect
vector-flagellate parasite-vertebrate host complex
and its operation in the transmission cycle. In-
cluded is such infirmation as: {A) The degree of
intimacy of the reduviid species with the human
host, (B} The infection rate of the insect vectar with
T, cruzi and related hemoflagellates with which i
might be mistaken, and (€} A thorough under-
standing of the biology of the 3 members of
the wvector-parasite-host complex, including such
ancillary information as:  {a) Proof of ability of
the suspected insect vector to transmit the infection,
at least experimentally, (b)] Relative efliciency as
a vector, () Distribution of the insect vector in
nature, and {d) Its relationship with the wild
animal population which might serve as a sylvatic
pool of infection in nature,

The elucidation of these various contributory
factors to the epidemiology of Chagas’ disease in
Panama was, in fact, the principal geal of the
project as a whaole,

MATERIALS AND METHODS
(A) Eeology OfF The Survey Areas

1. (reopraphy. Over a S-year period [1961-64)
field collections of reduviid bugs were made from
selected  locations in Central Panama, and from
other more distant rural communities in Eastern
and Western Panama, Because of s relatvely
under-developed state, the Republic of Panama is
sparsely populated except for districts adjacent to
the Panama Canal and certain districts in the
western hall of the country which lend themselves
Fastern Panama, virtually devoid
of roads, is almost entirely unsettled excepr for a
few small towns associated with the lumbering in-
dustry and several indian villages located on rivers
in this region.
portation, only spot checks were possible in these
outlving areas.

The bulk of the collections reported here were
made in continuing surveys over the 3-year periad
frorm rural communities of the east-central section
of Panama within a 48 km radius just west of the
Canal Zone, (FG. 1) in the Cocle, Panama and
Colon Provinces. Atention to these areas was
suggested by previous clinical and serclogical
guﬁ-e_-}-_g dene by Dr Carl Johnson and his associates
at the Gorgas Memorial Laboratory during the
1930's and early '40%  _areas which were known
to harbor cases of Chagas' disease. The Santa

to agriculture.

Because of the problems of trans-
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Rita area, where a majority of the bugs was taken,
m a very hilly roral community Iving some 32 km
west of the Canal Zone in the Cocle Province, 1L
is about 11 km northwest of the litde market wown
of Choverra, the coonomic: hul of the sucroanding
area, which is supported  Jargely by marginal
agriculture. It has an efficient public health dis-
pensary  whose field sanitation stafl cooperated
generously in the field surveys lor reduviid Lugs,

I.ldim‘., Santa Rita and Santa Rosa ace all in the
same general area, (#iG, 1) bul are separated by
B-13 km of very hilly terrain lving seme 230500 m
i,i_l_:ll'l"-.-'i," b 5ok E'I"'q,"l_'_l. 'i'H 1]|L' leI[]]i:.”:‘- HEI (Iifll'“ ': ."l!l!l]_l.'lfl':!.|
which 730 m. Lidice and Santa
Rita are on hard top roads, wiile Santa Kosa, a
mere hamlet of a few houses, 15 on a dirt road,
Mendora and RL':]_H'(‘.SA are located abour 16-19 km
to the southeast on the backwaters of Galun Lake,
at- about 27 m above sea level. Bigue is almost
|_'.|r;tﬁru[, ]_n*in;:_: situated within 1.3 km of the Pacific
shores and almost adjacent 10 the Canal Zone 1o
the southeast,

rises to  some

All these communities e on the

Yacific slope of the Isthmus of Panama within a
radivs of about 32 km ol each other.,  All of them
are accessible by road during the dry season, buat
some only with ditheulty by road during the rainy
months.  Mendoza and Represa, which are served
only by dirt trails, ean be reached mare easily by
motor launch after the raing et in.

The more distant communities in the outlymg
areas [A), (B) and [C) {1na. 1, insert) of the interior
of Panama can be visited by small commercial air
1|';1.|:15]]-:||'|5 Wllit‘h nl_wr;il.r ] l:i-‘ﬁ'NrEl:u' schuedale,
I'he Chiriqui Provinee (') is on the so-called Inter
American Highway which is still under construction,
|:H_lt 1I'§d]l|{'. I;l \i'rlllﬂ,'.a_T'lq l]!l" 1'1"”]]!“]];[} \-ihitpll i!l
that area, lies some GO0 km west of the Canal Zone
and about B0 ko interior at an altitude of about
T3 m. The the Bocas del
Torn Province (B

Almirante district of
diztance
west of the Canal Zone but is situated on the op-
posite o Atlantic side of the lsthmus and is low
and frankly tropical. FEl Real (A} in the Darien

Province of Fastern Panama, while not coastal, is

s abont the same
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located only a short distance inland on the Tuira-
Chucanaque River, which is navigable that far
from the deeply indented San Miguel Bay. The
surrounding countrvside is fairly low, and is covered
with timber which supports a considerable lumber-
iJ:l;-; in:]ual:'}'.

2. Poramaman communities, therr people and fowses,
Throughout Panama towns are few and relatively
small, most of them having less than 300 people.
There are, however, many isolated hamlets ar small
community centers scattered throughout the eountry.
Associated with such rural centers may be a public
school andfor a church and a few country stores,
Around them is usually a handful of very modest
private dwellings occupied by the stall of the school
and owners of the little businesses or perhaps 1 or
2 more affluent owners of nearby farm property,
This may be deceiving in that such villages usually
serve a considerable rural community back in the
hills, for most of the people live on the land which
supports them.

Except for the Chiriqui region which has an
appreciabile number of immigrants of foreign ex-
traction {American, German, Japanese, Chinese,
ete,], the interior of Panama is largely peopled
by Spanish and Indian-Spanish stock. There are
few cash crops other than a lictde rice, corn and
citrus fruit, and some small ock farming. A
typical Panamanian hill-larmer in Central Panama
lives in a crude 2 or S-room mud hut with a thatch
rool.  Most of them are constructed entirely out
of matenials available at the site, and have only
dirt floors, though an oceasional house may boast
of a wooden deck i 1 or 2 rooms.
are often mere openings in the mud walls and
only rarely in the homes of the more affluent they
may be fitted with rouph window [rames and
wooden shutters, but these are seldom screened.
The small farms or “fincas’” are actually just
clearings in the jungle and are reached by dirt
foot trails that become muddy quagmires in the
rainy season.

The windows

(B} Coltection Technigues Emploved in Fisld Studies

L. Demiiliary bugs and their intimacy with man.
Because of the nocturnal feeding habits of reduviid
bugs, it is generally agreed that those species which
frequent human  dwellings, particularly at night
when the inhabitants are asleep and quiescent,
have the best opportunity to tansmit Chagas’
disease 10 man, other things (infection rate, vector
efficiency, ete.] being equal. Those species which
are living and breeding in close proximity to man,
either in his domicile or outside of it but near enough
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to invite invasion of his lving quarters, can more
surely be assumed 1o play an appreciable role in
the transmission of the infection to man than do
those species which are found to be only occasional
visitors.  For this reason, primary emphasis in the
presently reported survey was given to night eol-
lections of reduviid bugs [rom inside the native
huts in an attempr o estimate the degree of intimacy
existing between the human population and the
different species of reduviid bugs known to ocour
in Panama. Study of other factors affecting the
epidemiology, other than the infection rate of the
bugs with hemoflagellates, was undertaken secon-
darily.

2. Domieiltary eollechon methods,  Bug collecting
in Panama was particularly trying at times since
the density of domiciliary bugs there, as compared
to that in neighboring countries, seemed definitely
lower.  Collections made by this writer in Fl
Salvador yielded several dozen Rhodnie  profivs
(5tal 18549 from a single house in mid afternoon
within an hour, while yields of K. palleicens from
Panamanian houses with a similar investment of
time and effort, day or night, was wsually a quarter
as great, or sometimes less,

Except  for
searching of likely hiding places, field survey
methods consisted of little else than the use of a few
basic collection techniques and accessories,  Domi-
ciliary collections were made by hand, chielly at
night, since attempts at day collecting were rela-
tively unproductive, Hand fashlights or gasoline
lanterns were useful for exploring dark corners of
the native huts, although it was surprising how
adept the natives were al spotting bugs even in semi-
darkness, Use of pyrethrum dusts or  aerosol
insecticidal “*bombs™ were resorted 1o in an efort
to flush the bugs from their hiding places in the
cracks of the mud walls and from the thatched
reof.  However, this approach was not very suc-
cessful with the species of bupgs concerned.  Most
of the bugs were, in [act, captured when they
emerged voluntarily from their hiding places cither
to obtain a blood meal or hecause they were ap-
parently disturbed by the light reflected inte their
harborage,

Umee caught, the bugs were held in small tin
vintment boxes well ventilated by holes punched
in top and bottom. The boxes bore labels with
space for notation of collection date, collection area,
immmediate source and the collectors’ name.  After
the initial surveys in a given area, a good propor-
tion of the follow-up collections were made with
the assistance of selected individuals in the native

continued  and  repeated  careful
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communities. To gain the advantage of a continu-
ing effort, a small bounty was sometimes offered
through community representatives, often the native
pastor or school teacher or a resident public health
worker. This approach insured the enthusiastic
cooperation of children and adults alike. Collections
were picked up at a pre-set time, usually within
a week or less of the previous collection, On
oceasion, however, because of ditheulties of obtain-
ing transportation or due to local weather con-
ditions or the distances involved, the pick-up was
I the
drier months some desiceation of the specimens

unavoidably delayed for a day or more,

occurred if the pick-up was late.  In such cases
there was some mortality among the specimens
confined for more than 4 or 5 days, especially if they
were not well-blooded which was sometimes the
case with the nymphs, To alleviate drying, moist
filter paper linings were placed in the boxes. With
such precautions, and a word of warning to the
collectors 1o keep the boxes out of the direct sun-
light, the loss was considerably less, Life ex-
pectancy of the bugs so held was, in fact, surprisingly
Adults  and  well-blooded
usually found in fair to good shape after 4-5 days’
comfinement during the cooler wet months,  Coming
i Frome the field, collection boxes were sometimes
stored in a foam plastic refrigerator box with pre-

gosidl. nymphs  were

frozen canned liguid ice-substitute or OO ice if

they were to be hauled for more than a few hours.
On reaching the laboratory, the holding tins were
opened, their contents recorded and the individual
bugs checked as soon as possible for natural in-
fection with hemoflagellates,
were often recoverable from bugs that had obviously
been dead for several davs, as reported previously
by Wood (1942, 1944} and de Lucena (1957).
3. Peri-domiciliary and sylvatic collections. Collec-
tions from ecological niches outside of but closely
associated with the houses were undertaken to abtain
an estimate of the role which such bug populations

Wiable trypanosomes

might play in the transmission cycle between
domiciliary and sylvatic pools of flagellate infection.
The methodology was similar to that employed for
house collections but applied to ecological niches
less intimately associated with the human host,
One  particularly  useful accessory  employed  in
sifting the debris from chicken and bird and animal
When
the contents of the nests were spread out on such a
contrasting colored background, the moving larvae,
nymphs and adults of R pallescens were easily
spotted,

nests was a large square of yellow oil eloth,

(1 Laboratory Methods for Demonstration of Flagellate
Infections

1.  Infection of bugs with T. eruzi.  Determination
of incidence of infection of bugs with T, cruzi was
routinely accomplished by direct microscopic ex-
amination of the bug feces, inoculation of the
bug feces into conventional blood agar (NNXN)
cultures andjor laboratery animals, or hoth.  The
bug feces were obtained through | or more of
3 approaches; (a) collection of the feces from
the walls and bottom of shell wvials wsed as
holding containers for the insects, (b}
of the posterior alimentary tract of the bugs, and

chisseriion

fe) through artificially inducing the bugs to de-
fecate by the application of gentle dorso-ventral
pressure on the posterior abdomen. The first of
these techniques was used considerably in making
defecation timing studies on the bugs, The second
approach, use of dissections, was not only the most
labarious, but it entailed the sacrifice of the insect
Where there was no reason for preseryv-
ing the specimen for future study, however, it olers

specimen.

an obvious and fairly easy method of determining
presence of Hagellate infection, although it is not
infallitde. In practice, the posterior tip ol the
abdomen of the bug specimen was clipped off
with a pair of scissors, transferred o a dreop of saline
on a slide and the rectum teased out under a stereo-
seope,  Sounding more difficult than it really s,
such a dissection can be accomplished very rapidly
with a little practice.  The third approach, forced
defecation, was considered a  somewhat  risky
procedure at first, but it was later resorted to ex-
tensively when expericnce showed that with due
care, there was no apparenl deleterious effect on
the insects, It was the simplest, perhaps the
easiest, and certainly the quickest approach. It
should be stressed that examination of bug feces for
ﬂ;;;j!-‘-\ellnu- infection should be combined with other
techniques such as culture methods and animal
inoculation,
amination alone revealed about 479, of the Dagellate
infections in bugs,

Cruedes (1952} found that fecal ex-

Examination of the bug feces for trypanosomes
was made first under low magnification (10%) by
ordinary transmitied light microscopy.  When the
characteristic motion of the flagellates was spotted,
the microscope objective was switched to high dry
magnification (43 %) and the Iight was reduced
for ohservation and identification.  Phase contrast
microscopy was available for closer observation and
for sull photography and microcinematography.

2. Injection of bugs with T rangeli.  As the survey



112 J. Med. Ent

progressed, it became apparent in examining the
bug feces, that some of the bugs were infected with
another somewhat larger polymorphic rypanosome
which was idenufied as Trppanosome rangeli, At
the suggestion of Dr R, Zeledon, of the University
of Costa Rica, who has done considerable work
on this nonpathogenic flagellate parasite of man,
a concerted search was made for this species in the
reduviid bugs,  On his recommendation, examina-
tion of the hemocoele fluid from each specimen
was carried oul according 1o the following  pro-
cedure; Using a very fine (22-24 gauge) hypodermic
needle fitted to a tubereulin or 253 ce syringe, a
Frowy l]]'i:l[_l.:i of coclomie Mod were withdeawn from the
Liasal -;n::r,txa.l;' juin'l ol | [l'g. Fxamined a.‘}Lr'L'fl.L]]}'
under high-dry magnification with subdued light,
the characteristic long, thin polymorphic crithidia
of T, r.r:r:gaff were I;,I,.‘ilia]]':r' discernihle with little
searching if they were present.

(1) Metlnds ﬁrr Studying the H?-.'-fu'{:}' rr,l'_ e Teclor-
Parasite-hast Complex

1. Proof of experimental  Infeclability af  reduotid
with 1. cruzic To establish definitely the potential
ability of a reduviid bug to transmit T crezio it
must be shown that 1 can (a) acquire the infection
by feeding on an animal known to be infected with
T oeruzis (b have the ability to nurture the flagellawe
infection and support the production of the infec-
tions metacyclic forms in the rectum and  pass
them in an infectious form in its feces, and [c)
achieve actual transmission of the Hlagellate infec-
tion 1o g known susceptible laboratory animal.

Experiments for testing the esperimental  in-
fectahility of reduviids with 7' rruzi, and experiments
B0 Eest arlua!l}-‘ thie :-Jl.:i!i.t':,.' of the ]}llgs tiy transmit
the infection to clean experimental animals are
fundamentally similar in technical approach, dif-
fering only in that the former makes use of clean
1‘u,|.g.~'- arcl [,:n:v'mu-i]}' infected mice, while the latter
employs clean mice and infected bugs,  For the
infectability experiments, groups of 6-84 U3 agouty
Swiss mice [astrain known to be particularly suscep-
tible to T cruzi)s which had been infected previously
intraperitoneally with the “Brasil” stramn of 7
eruzi, were  individoally  immobilized  in mouse
restraining oylinders made of 5.3 mm mesh hardware
screen,  Each mouse was placed o a suahle wide
mouth jar with 4-6 clean nymphs or adults of £
paliescens veared in our laboratory and known o
be Free from fagellate infection. Aflter the mouths
of the jars were sealed with cloth netting, they
were placed for about 2 hr in subdued light in the
termperature-humidity controlled incubator housing

Val. 3, no. 1

the bug colonies,  IF properly starved beforchand,
the bugs usually fed within half an hour or so;
however, some nymphs, iff previously fed since the
Last malt, often refused 1o eat, although most of the
adults fed consistently.  After about an hour of
exposure to the mice, the bugs were examined and
those seen to have fed (az evidenced by their bloated
alulur'r'll.*:n.\.‘] wiere molated in ]ILIIJ.“.HL_" .i;-u'.h'. [ further
long-term observation over a G6-8-week  period,
Evidence of Hlagellate infection was determined by
ll.i]l'i" '[rlil':'”‘-l'i_l[ﬁi(: imxilT[]il:l'dti.i]IJ I'Fi— 1E|.|' lll_lg ﬁ.'.[:f"g-.

An important corollary experiment was that of
infectability with {ecal Panamanian straims of T\ eruzi,
"This was carried out in identically the same manner
as described for the “Brasil” strain, except for the
substitution  of Panamanian  strains of  human
origin. or strains  solated  from  the domiciliary
bigs.

2. Proof of alilily to achreve aclual ransmission was
carricd out in a similar manner, using known
infected K. pallescens and clean C3H mice.  Again,
it was imporeant to use starved bugs to stimulate
the lmgh‘ ter e, and ]Elll.:[:, diefeeate,  Delecation
'II"'\.IIi'i“.'E(I ﬁfl.l.i:lwl.'[i ﬂ:“‘f‘l]”g }l'l]}'ﬁ'h"l‘l" .E.IIH'I:I il f""l'\r'
minutes tooas lopg as an hour e some cases, and
the bugs routinely were left in contact with the clean
e for at beast an hour,

3. Relative efficiency of R pallescens as a veclor af
T2 gruzic The relative ethiciency of K. fallescens
asa transmitter of 70 gwzd 35 influenced by a variety
Che of
the most nportant of these s that of defecaton
time, or the time elapsing following feeding before
defecation usually ocours (Wood [531, [HE); Thas
1956). In contaminative
posterior. route, now  generally aceepted as  the
wsial method of wansmission of 7. cruzi,  this
particular rreat
|J|‘;u'l.1'::.|| ir:1]1|||'1.'|1|u.:-, dl-ll'rlniuirlg in fact, whether

ol Factors, sorme more sulstle than others,

transmission  via the

biological  characterigtic s of

or not transmission will occur. Furthermore, all
evidence sugwrests that it i lairly constant for a
L:'IF'\'{'II_ HE:I"";."H IP!. I'L":I:il.l."- Iill |?'|J_q.

The determination of defecation time s arrived
at through direct observations based on timed ex-
periments on individual bugs. To lend validity
to such observations, they are made best on groups
of bugs held individoally i nombered shell vials
for at least an hour after being fed. The holding
vials were kept in a way for convenience of hand-
ling, and observations were made at intervals of a
minute for evidence of fecal deposits on sides and
bottom of the vials,  As soon as a given bug was
seen to defecate, it was removed from the series and
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the time recorded. The average of the resulting
defecation times for lows of about 20 bugs gave a
fair estimate for a given species. Since species
other than R. palfescens were extremely rare in our
collections, comparisons with other Panamanian
species were virtually limited to T, dimidiata and
evern these observations were admittedly meager,
More meaningful comparisons were made with £,
frofizus from our laboratory colonies,

4. Natural infection of animal reservetrs with T,
eruzi,  lsolation of strains of trypanosomes from
wild animal reservoirs involved collection of blood
samples, usually by heart puncture,  The animals,
for the most part small terrestoial and  arboreal
species known to be relatively common in the
communities at night, were collected by native
trappers on a contract basis and bronght in from
the field alive in crude cages. The animals were
then transferred to larger holding cases and kept
for a few days until it was convenient to draw
blood specimens on a number of them at one time,
I'his was accomplished most efficiently with the
animal anesthetized lightly with chloroform o
ether, or in the case of larger animals, with sodium
pertothol or a barbiturate,  Following application
of a topical antiseptic (iodine or cresol) to the
chest wall, the cardiae puncture was made with a
large (3.1 em, 18-20 ga.) needle.  To avoid clotting
of the blood, the syringe (20 cc disposable) was
usually flushed thoroughly with an anticoagulant
(0.25% heparin or oxalate). The hlond was
aseptically transferred o centrifuge tubes [rubber
stoppered)] and the sample concentrated afier the
technique of Yeager (1960). The sediment was
then drawn off, planted in WNN slanis or inoculat-
ed intraperitoneallv into C3H mice, or both,

RESULTS AND THMICIESION

(A} Relative Intimacy of Reduvitd Bugs with Man in

Paratig

|.  Domiciliary eollections. In our search  for
reduviid bugs in the native houses, it soon became
apparent that certain hiding places of K. paliescens
were more  fruitful  than  others,  Furthermore,
these places were all peculiarly and inumately as-
sociated in some way with the human inhabitams
of the houses. They included: 2. Cracks in the
wall wear beds. b, Crevices and folds of fed clothes,
beneath slegping mats, and in crevices in the beditead.
¢.  Behind clother hanging on nails or pegs in the
wall. 4 Tn the thatch of the vool immediately
aver the degping platfirms in the loft,

All these places are associated either with close
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combact with the fiuman body itself, or with clathing or
bedding which has been in close contact with the
human body. It was assumed, therefore, that the
attraction to these places must be olfactory in the
same manner that mosquitoes are attracied o
people in the dark. Most of them afford ecasy
access o sleeping people. While the inumacy s
not guite that seen to exist between fleas or lice with
their host, the relationshup, although more Heeting
and interrupted, is still a relatively intimate one.

In the beds and associated with the sleeping
]’Jads i||. lhr_‘ ]rrfl:, ym::]g r'|}'|up]|.‘i and An oecasional
adult were found hidden in crevices although the
adults more often had a wider spread harborage,
The egegs, as a result, were found in all rooms of
|J'|.f_" J:].U'l]'s!_",.r w}]L‘Ti_’ t]““!r' Were E'Hll]t‘!!l[]}' 'ﬂ.tt'ﬂ.l—\']]ed
to the thatch overhead in the rools,
daytime, adult R. pallescens could sometimes be
found, in fact, among the thatch of the roof, partic-
ularly along the eaves. They were maore apparent
at night, however, and could be found in cracks
in the wall throughout the house. At times they
seemed more abundant in the kitchen, where IHE}F
might have been attracted by the cooking odors
or the warmth, or both.

2. Relative [frequency of domiciliary reduviid bugs,
A general summary of the results of house collec-
tiong of reduviid bugs from the 5 collection areas
in Central Panama is presented in Tasie

Dm'i.tlg the

TABLE 1, Collections of de ||1'|iv|'i|.|.;.1.|':,-' resfuviiel l!nLLgt- tn Uentral

Panama.
Teital MusER OF Brigs (oLl ECTED By SPECIES®
From —— —————
Collecuon Each

Area Area (Bp)*(Td)*{P'g)* (Ec)*(Cp)* {Pri*(Ph}*
Sants Bua 2604 2649 3 ] 1 | i 1]
Mendisea-

Represa 139 530 ] 2 2 1 1 1
Rigue 175 1649 6 ] i 1] 0 1]
Lidice a5 5 { 0 i 3 ]
Santa Rosa 14 14 ] X ] ] 1] 0

Tuotals 32as 4257 14 [ 5 2 2 ]

=27/ 5243
Per Cent 90.18%, 820,
(Rpi* = Rhadring  patleseens;  (Td)* Trigtome  dividiate ;
(Pgl* = Panstrongyius genialotur; (Ec)® = Eretyrus cspadafus

(Cp1* = Covernicoln plosay” (Pri* Poiteong it fufotiber-
paletnr ; (Ph)* = Parotrong s huoeradi,

Although 6 of the 7 reduviid species previously
reported from Panama (Usinger 194 were en-
countered among the 3283 bugs taken lrom houses
L|.LI1'iT1k_7 the 3-vear study, only 4 of these, il]l'_']lld.'i“g
R pallescens, T. dimidiata, P. gendcnfatus, and Eralyruws
cuspidatus (Stal 18549, were taken as many as 3

times or more in house collections.  The vast
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majority, some 99.18%; of the bugs, was identified
as K. pallescens, while only 27 specimens, (0.82%,,
made up the other 3 species encountered,

Romana (1961), perhaps influenced by Clark &
Dunn's {1932) mistaken statement that Rfodnies
profixus ocowrred in Panarma, incorrectly implicates
R, prolizus as a vector of Chagas' disease there,
Rogehoom (1936] drew attention to this mistaken
identity, saying:  “Bugs identified as Rhodni
prafixus (by Clark & Dunn, 19327 were encountered
in native huts. DBugs thai were fhe same a3 these
were fater deseribed as new (e, a new species] by
Barber (1932) and named Rbodnins  gallescens”
While a superficial resemblance between £, prolives
andd R. palleicens may be at first confusing, partic-
ularly if they are viewed separately, differentiation
of the 2 is easy and is based on solid taxonomic
features which are readily seen.  The most obvious
difference, other than size (K. prolives 15 slightly
the larger of the 2} is the pale buil’ coloration of
R, pallescens as contrasted o a distinetly  deeper
brown of A prefivs,
short key to 3 species of Rhodimus, and Lent (1948,
1954 considers the taxonomy of all species of the
Genus Rhodnins exhaustively,

Sinee R, prolivus 15 known to occur commonly
in Veneczuela ::Hjulhl‘:ﬂt of P:-ltlﬂﬂ"]-"l::, i Cruaremala,

Barber (1932} gives a useful

El Salvador and Costa Rica (1o the northwest)
and is known to transmit T erwzi frequently in
these countries, Romana's acceptance of Clark &
Dunn's report is understandable, and it s conceiva-
ble that eventually it may be shown o occur in
parts of Panama bordering these countries. In
the material collected so far, and rom a eareful
survey of the literature, there is as yet, however, no
evidence that K. prolives occurs in Panama. DBoth
Dias (1952) and Dl Ponre (1958) imply that they
concur in this opinion, indicating that the species
concerned in Panama is probably K. pallescens, naol
R. prolivus,

T dimidiate was  encountered ml.]‘:- 14 times
during the survey, a fact which lends little support
(as far as Central Panama is concerned) two the
suggestion by FRomana (1961} that it is an important
vector of Chagas’ disease in Panama., Since as
an adult, it is nearly twice the size of R pallescens,
and has a much more contrasting coloration, 17
dimidiata should have been theoretically easier to
spot in houses if it had been present,  There seems
to be more than a littde doubt, however, that it 1s
adapied well enough o living close to man even
to be considered a domestic species in Panama or
elsewhere.,  Del Ponte (1859) states:  *“'Ihe publish-
ed observations give the impression that it (7%

Val. .T_’:l1 n. 1

dimidiata} 1s a species which is poorly adapted o
in human dwellings, especially when
Furthermore, he

iliving)
compared 1o Triatema {nfestans,”
quotes Zeledon {1952} who considered it “recently
adapted™ (to domiciliary living) in Costa Rica,
and Pifano (1941) who felt at that time that it was
principally a sylvatic species in Venezuela.

As to the other 3 relatively uncommon species
of reduviid bugs, P. genfenlatis was found only 6
times, and L. cuspidatus only 3 times; so these may
be considered as rare or onlvy occasional house
invaders in the survey concerned,  Clark & Dunn
(1932) found P. geniewloius plentiful only in cave
collections in Panama, although it was apparently
sometimes attracted to lights in houses since it was
reported by them as having been collected twice
outside window screens in the Canal Zone. Caver-
nicola pilosa (Barber 1937) and Panstrongylis rufolu-
beveulates | Usinger 1939) were seen only twice each
in our survey, and can thus be thought of as mere
accidental wisitors to houses in Panama,  Pan-
strongplus fwmeralis (Usinger 193%) was never en-
countered at all.

The surprising preponderance of K. paliescens
over all other species encountered was one of the
maost unexpected and ar the same time one of the
most Interesting findings of the survey.  Although
it had been previously known from the experience
of other workers | Johnson 1943, (ralindo  1960)
at the Gorgas Memorial Laboratory that this species
was relatively common and thus probably instru-
mental in the epidemiology of Chagas’ disease in
Panama, the present writer had not anticipated the
overwhelming preponderance of K. pallescens and
the comparative rarity of other species in houses.

This rarity of species other than R, pallescens in
house collections is enjgmatic,  One must either
assurmne that all species other than K. pallescens are
only occasional or chance invaders of human
dwellings in Panama, or that some selective influence
is operating {o discourage or even repel all other
species.  The  hrst SECTTI
tenable, particularly in the case of 1. dimidiala,
although it may, as previously suggesied, be as yet
poorly adapted to living close to man and just
oceasionally enter houses.  'The other alternative,
operation of a selective influence, while not offered
with any proof, seems 1o the writer to be at least a
plausible possibility., The most  obvious man-
made alteration in the domiciliary environment
of the reduviid bugs under study is the periedic
(at yearly intervals usually, but cccasionally more
often) application of residual insecticidal sprays
to the inside surfaces of the native huts by the

assumption  does  not
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Panamanian malaria control teams. DIVT spray
formulations are routinely used, although Dieldren
was also applied once during the survey period.
The persistence of R palleicens under these cir-
curnstances, coupled with the almost complete
absence of other species, may suggest a relative re-
sistance of the former species and a susceptibility
of the latter, to such chemical control measures.

Whatever is the cause of this apparent imbalance,
it is evident that R pallescens 13 the most common
domiciliary reduviid bug in the areas surveyed.
Furthermore, the constancy of its occurrence in
house collections seems to suggest an intimate re-
lationship with man. This species was taken in
all stages of development: egg, nyvmph, throogh
adult, while only the adults of the other 3 relatively
uncommen reduviid bugs were encountered.  This
array of developmental stages of K pallescens,
particularly associated with sleeping areas in the
houses, indicates clearly that it is breeding in the
houses i close contact with the human host, There
is a zemi-permanent and continuing, and perhaps
even an anthrophilic, relationship with man.

In addition to the collections summarized in
TABLE I, spot-check surveys were made in several
more far-flung areas of Panama as previously
described.  These were uniformly  disappointing.
At Almirante in the Bocas del Toro Province of
western Panama (B on insert, ¥1g. 1), visits to native
houses in the banana and cacao fincas, in the hilly
country encompassed in the United Fruit Company
huldiugea llu,'rs:., 'I'):I't}(jl_li‘.‘-l‘tl o hug:". A side tt'ip 10
Cusepin in the Guayme Indian Reservation on the
Valiente Peninsula, some 32 km to the southeast,
was  likewise fruitless, Tn hoth  locations, the
predominant type of housing, crude wooden huts
with galvanized iron roofs, offered poor harborage
fov reduviid bugs. A similar situation was noted
at Bl Real (A on insert, wig, 1) in the Darien prov-
ince of eastern Panama. At Yape, a Choco Indian
village zome 24 km upriver from El Real, Johnson
et al. (1937) found 5 of 101 sera positive for 1.
cruzi by complement fixation tests.  Our spot-check
of the thatched-roof huts in this same wvillage in
November of 1962 disclosed no bugs, although the
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natives had some recollection of having seen them
in the past. Results from the Chirigui district in
westernn Panama woere likewise ::1~g¢:.l,;w:,

3. Effect of seasonal rainfall on domiciliary col-
fections.  Panama has a definite seasonal rainfall
1I-'|l'|"-|i|.—.h Qs j” e Ii‘lrl;: r'i-l.i[l} HOFIROIL ['.‘c11'r|l:iir1§_=:
from lare May through mid-December,  This s
followed by a more or less dry season extending
from mid-Janvary through mid-Mav. [t was
spon realized that there was an apparent discrepancy
between the drey season collections and those made
during the wet months. This is evident by an
examination of the collection totals over an 18-
manth period from Decemnber 1961 through July
1963, shown in TasLe 2, and depicted graphically
in Fi. 2, a bar diagram of the same data. Collection
totals from both the Santa Rita and Mendoza areas
increased  dramatically during the rainy
and gradually declined with the onset of the dry
season. It is also evident that there was a gradual
build-up in the bug totals toward the end of the
drier months, with a build-up ending in a peak for
the wet season in August and September in bath
areas.  This bulld-up associated with the wet
months is thought to reflect generally more favoralle
conditions for the bug populations, including such

SR,

factors as greater availability of foad (blood meals)
r]l”'irlg thﬂ‘.‘_\f‘ 11!1'|[|1.I'EH W]]{\” L]]l" ]':||11|]-"1[|. T_Hﬂl:lll]i'kl'il'ﬂl
out of necessity remained indoors more both day
and night, as well as more subtle influences of the
climate om the welfare of the bug population both
i!‘ll‘]ﬁl}!'s .‘-'LI"Lr'i "JllT{.l.l::lf:l]-h. Il-h.{' f!l'}' SCARON ‘“Ill".'l"]'hl'i}'
WA l]1ru|:gh1 10 E_ﬂ'ﬂ".'idl‘ gx;nl*:'a”}' miare unlavorable
conditions for the bugs, possibly fewer human sub-
_]E{:tﬁ | 18] Fﬂﬂd ll.]‘ll'rl:l.! j'l.r'l.d il '|I|:|E:I.'||'f"'i'l]||.1" |':]l\'i.r|'”l-
ment, both indoors and outdoors, for the bugs,

4, Peri-domiciliary and silvatic collections. Ecological
niches immediately associated swith human halita-
tions, i.e, “peri-domiciliary™ sites, which  were
thought to provide likely harborage for redwviid
bugs near houses, included domestic animal shelters
and outhouses. These were chicken honses, pig
pens, horse-cow barns, e, which were usually
built adjacent 1o houses for reasons of convenience
or security, or both. Frankly extra-domiciliary, or

TABLE 2. Relation of b-monthly bug collection totals to seasonal rainfall in major collescion areas,
Momnths: Dec-Jan  Feb-Mar Apr-May  Jun-Jul Aue-Sept  Oct-Nov  Dec-Jan Feb-Mar Apr-May  Jun-jul
Year: L6162 1962 15962 1962 1962 1562 106263 153 1963 1963
Area:
Santa Rita 37 (1] 48 2a49 957 471 342 +3 I8 34
Bigque-Mendoza ] iy 42 34 136 25 a7 4l 31 a4
Totals 37 T 190 327 1093 ] 429 84 a (gE:

Dry Scason

Diry Season

Wet Season
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what perhaps might more accurately be called
“wylvatic” ecological niches, included a wide variety
of forest sites sull further removed from the houses.
Some of these, such as fence posts, dead logs and
stummps, might be thought of as mere temporary
hiding places for the bugs, while others, such as
hollow lops or burrows and dens of small animals,
would seem to offer more permanent shelter since
sharing them with animals offered a source of blood
meals,

A list of these collection sites and the resulis are
summarized in raegLk 5 It is apparent that of the
peri-domiciliary sites, pig pens and chicken houses
were atlractive to the reduviid bugs, particularly
R, pallescens.  OF the 2, chicken houses were
found to harbor bugs slightly more ofien (7 of
52 as compared to 4 of 353 checked) and only the
chicken house collections yvielded any trypanosomes.
Since chickens are known to be refractory to T
cruzi infections, one can probably assume that these
3 bugs got their infections either from some ather

animal source, or by cannibalism. Horse barns

vielded no bugs,

Of the sylvatic sites;, only 3, all trees, which
harbored either ammals or animal nests, or con-
tained tree holes offering at least temporary har-
borage for animals, were found to contain K.
patlescens.  Armadillo  burrows, which were dif-
ficult to explore, were frec from bugs although
armadillos  were  Hushed from several of these
Bird nests were likewize barren. The opossum
nests yielded the greater number of bugs, 28 from
6 nests, of which 3 were positive for T oruzi. . While
the number of ecological niches explored were
considerable, relavvely few yielded bugs,

(B} Hemoflageillate Infection Hate of Domiciliary He-
{"rﬂ'l".'.u'.d Ifi‘l_!—\_'.‘l ]Ei'l' Pl’I?il‘IJﬂ'ﬂ

L. Previous reports, OF the “ Trigloma™ (Pan-
sironglus) pemiculata specimens reported on by Clark
& Dunn (1932% all bat 2 came from the Chil-
librillo caves, which were at that time quite isolated
from human dwellings. No infection rate data
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TABLE 3. Survey of potential peri-domiciliary and sylvatic
eoologic niches for reduviid bugs.

Mo, Miches With  Bugs

Ecologic Miche Explored Bugs Positive
Ao Peri-Domieiliory Sites
. Chicken Houses 2 T {2A)* 3
2. Pig Pens §2 41{11)* 0
3, Cow & Homse Barns 19 0 0
B,  Syloatic Sites;
4. Palm Trees

(uninhabited) 41 0 i

b, Palm Trees (with
animal nests) 22 i L1

6. (Other Treea (with
Slatha) 29 L (1* i

7. Other Trees {with
O'possom nests ) 32 6 (28" 3
8. Tree Holes 9 1 (3* I
4, Oropenduls Nests 36 () ]
10 Oiher Bird Nesis 18 1 L]
Il. Termite Nests 12 1] 1]
12, Dead Logs, Stumpy 43 1] [}
I3, Armadillo Burrows 17 1] [}
I4. Caves 2 [i] 4]
15, Fence Posts il 1] {
Totals: 4748 19 (661* 7

*Number in parenthesis (1% is number of bugs collected
in this miche.

were mentioned for the 2 specimens caught near
houses, but of the 90 taken from the caves, the
feces of 10 of 18, or 55.5%, of those examined, were
infected  with trypancsomes, Twenty-one, or
80.8%,, of 26 of the 90 bugs were also proven in-
fective when individual saline emulsions prepared
from the 26 bugs were injected into 26 guinea
pigs intraperitoneally, so it is apparent that the
infection rate was high. Dunn’s {1933) report on
R. pallesiens was based on only 8 bugs taken from
a native hut. While it is impeossible to estimate
the infection rate among even this small sample
since Dunn exposed the bugs to guinea pigs in
batches of 2 or 3 at a time, he definitely established
the ability of this species to transmit the infection
to laboratory animals. Dunn's (1934) report of
the natural infection in E. suspidatus was apparently
based on a single specimen. Finally, Rozeboom's
(1936) initial report on T. dimidiata indicates that
3 of 11 domiciliary bugs examined were positive
for T. eruzi by fecal examination and 1 of these
3 transmitted the infection to a clean puinea pig.

While these earlier reports were admittedly limit-
ed in sample size, they did point to the existence of
a potential infection pool with T\ suzi among
the Panamanian reduviid populadon. No further
reports reflecting on the infection rate appear in the
literature, although Dias (1952) mentions R,
pallescens’ presence in Panama, suggesting its pos-
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sible connection with the transmission of Chagas’
disease there, but avoids any speculation regard-
ing the infection rate with 7. ernzi among the local
species there,

2. Present findings. A consideration of the in-
fection rate with trypanosomes among the do-
miciliary bugs taken from the 5 collection areas of
Central Panama is presented in TABLE 4. Between
27.36%, (Lidice) and 48.57%, (Bique) of the bugs
taken from the houses, with an average of 36.589
(over all}, were found infected with trypanosomes.
Most of these, or about 32.71%, (over all), were
identified as T. In all probalality, the
latter figure is close to an accurate estimate of the
incidence of infection in Central Panama, since it
agrees well with the resulls from the Santa Rita
area, where 2660 bugs were examined,

cruzi.

TABLE 4. Infection of domiciliary reduviid  bugs  with
LY PA RO,
" i Moo & %
Mo & 2 = B FR 15 . )
. 0 No & o No, & 9 0 Bugs with
Caollec- Bugs with g Coat Bugs with 5 :
oo Trypano- B}l 3 hl[.h' l?;'.:gs WI!}!. T, rangels '.:' r:l-.nfrtg:‘.:.lll:
Area SOENES iy : EHEEL = F-::Ll'r.gt'l in Hemo- w 1.‘:.-4'4
i i Feces o Feces ; and jor
Feces vl
Hemuowoele
Santa D33/ 26640 B56/2660  79/2660 W 18 86,2660
Rita =300, =32.09%, =2.40% =35.35% 3239
Mendoza- 1527339  121/330  23/319 15/140 41439
Represa =44.829% =33.66%, 6.78%, =10.71%, =912
Biegue B3175 B6/175 171175 3032 1% 175
=48.57% =37.719, =471% 9,379, =10.83
Lidice 2695 395 0/a5 1/& 1795
=365, =2 .50%, = 16.4i% 1020
Santa hil4 a/l4 /14 014 /14
Flisa 35.70% =35.70u
Totals 1201/5283 10749283 119/3283  28/3446  137/3289
Per Cent —=36.58 =32.71 162 —8.09 =417

Interest in the incidence of 7. ramgeli in the
bugs did not develop until later in the survey, but
some 346 bugs were examined specifically for this
purpose, M these, 28 or B.09% were found to
harbor this Hagellate in the hemocoele,  Results
from similar examinations based entirely on the
fecal examination, gave somewhat smaller infec-
tion rates (3.62%,) for T. rangeli, These 2, when
averaged together, give 4179, infection as based
on fecal examination and hemocoele examinations
combined.

It is apparent that Santa Rita, Bique and the
Mendoza-Represa areas are all plagued with an
appreciable population of domiciliary reduviid
bugs in which about a third are infected with T
In our experience, Bique and the Mendoza-
Represa areas were more commonly infected with
T rangeli (with an average of 1085 and 9129

Crui.
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infection, respectively) than was the Santa Rita
area.  The Lidice and Santa Rosa areas, sup-
plying only 109 specimens in all, represent 5o small
a sample as to give little meaning Lo their respective
results, either for 7. oruzi or 1 rangeli.

3. Relation of stage of development sex of reduciid
bugs o infection rate. Of the sample of reduviid
bugs upon which data relating to sex and develop-
mental stage were kept, as summarized in TABLE
3, some 67U R, pallescens were taken from houses,
Of these, 210, or 31.3%, were nvmphs, and 460 or
68.7 were adultis—the larger numbers of adults
due in part, in all probability, to the greater dif-
ficulty of uncovering the younger bugs, or n the
ambulatory hahits of the older bugs, or both,  Of
the adulws, the femnales owtnumbered the males
almost 3:2 (270190, the differences agaip being
due to the habits of the bugs, probably, rather than
to any real discrepancy in the ratio of males to
females produced,

TABLE 5. Relation of stage of development and sex of the
busgs i infection rates,

MNYMPHS ApuLT FPEmares  Abuct Maves
8 &, 5T &, T B,
2% Sz &% &z £§7 £z
g 8 43 8 g5 &8
58 £& S8 SE 28 E2
Dec 1062 84 17 1k il ) 34
Jan 1963 3 ] 14 14 11 b
Feb 1963 33 5 34 b 4z 13
Mar 1963 4] 7 12 H3 H 4
Apr 1963 10 4 7 4 3l 5
hiay 1965 + 4] 13 i 7 G
Jur 1963 G B 4 21 26 [
Jul 1963 0 1 32 25 27 19
Tatals MO=31.32 ZH=40.00%, 190--28.3%

Infection Rates 185, a8.895 6014,

The infection rate of the 2 sexes of adult bugs
was almost equal {538.8%, for 2 @, 60.17%, for )
and the difference iz obvieusly not significantly
different. The infection rate for the younger bugs
was, however, much lower than that of adult
bugs of either sex, and considering the fact that
adults outnumbered the young bugs more than 2
to 1, with this low mmfection rate, it would seem
that the vounger bugs probably are of less im-
portance in the transmission of the infection. While
the infection rate of the 2 sexes of adults was almost
equal, the larger numbers of females taken in the
house collections would indicate that they have a
greater opportunity  to come inlo  contact with
people than do the less abundant males, and are,
therefore, possibly somewhat more important for
this reason,

Yol 5, na. 1

(C) Biology of the Vector-Parasite-Hast Complex

1. f’r&{?j af nfectability of iwsecl wveclor with T
eruzi, 1. eruzi infections in R. pallescens were ex-
tremely slow in developing, first evidence of any
apparent crithidial population in the mid gut in
these bugs being seen at aboul 2 or 3 weeks, and
metacyelic forms were usually not seen in the
rectum for 56 weeks or more after the blood meal,
IT the bugs were abserved to take a copious blood
meal on the infected mouse, irypancsomes were
usually evident in the gut for 1-2 days, sometimes
longer, but these soon disappeared, to be replaced
later by erithidia, The infection rate was moderate-
Iy high, running between 530 and 73%, of those ex-
pmif.‘f.l, this ‘;’al‘y‘ing with the degree of |J.|‘311'}'L‘i.i1.1‘l1'|'ii_t
in the C3H mice used as a blood source,

'illiel'E‘: Was 1} i PE ]'\"j 11 h] dﬂTl_’l‘r_‘.lH_‘e in lhE‘ ﬂp-
parent infection rate in £ pallescens exposed to
standard laboratory strains of T, gwzi and those
exposed o local Panamanian strains of this organism,
cither of human or wild animal source. In our
experience there was some tendency for the local
strains to produce an infection sooner in the bugs
than did the “Brasil” strain of 1% cruzi.

2. Transmission experiments.  Although  Dunn
(1933) established the ability of R pallescens to
transinit  the infection to laboratory animals, he
was using naturally infected bugs, and it seemed
fitting to run similar tests using strains of T owzi
about which more was known, and bups that were
known to have been originally clean of any flagellate
infection.  As it developed, however, both our
laboratory-reared K. pallescens, and naturally in-
fected  bugs  captured from nature, were found
equally capable of transmitting either the “Brasil”
laboratory strain of T, eruzi, or local Panamanian
strains of this organism, to clean C3H Swiss mice,
A parasitemia detectable in unconecentrated plain
smear was produced in 60-75% of the test mice
within 9-16 days., Test runs using local strains of
the fagellate were, however, more variable in
results than the “Brasil” steain,

3. Swlvalic mfection pool in wild animal reservoirs.
During the last 18 months of the survey, some
209 small rervestrial and arboreal wild animals
of & different species were collected from more or
less forested areas swrrounding the native houses
in the different communities, although most of
these were from the Bigue area,  These collections
are summarized, along with their infection rates
with T, eruzi, in TABRLE 6,

By far the greater number (128 of 209 of the
animals collected were opossums,  This was due
likely not only to the fact that opossums were
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TABLE 6. Survey of wild animal reserveirs of T, ouz
infections in nature,
Ny, N, &

Animal Collected Positive  Positive

Cipossum { Lidelpleis marcpialis

Linnaeus, 1738 .. it 128 41 32.08
Anteater -,Tﬂmaml‘l.u J'.l.!ru:ir:c.gf'.u
Gray, 1823}, A I 2 14.28
Coati | 'l.'cxsua narica Lmn:u L3,
IREBY oo rnn + 1 25.00
Marmoset l"i'rgm'r'u.f B0, ':Tr:l_}l
Fucheran, 1845) el & 3 3T
3-Toed Sloth -'ﬁ'ma"#,fm; un'ru-'_rfu.
1|.'I-gL1.||.l'_r BBARY o G 7 1 1427
Porcupine {Cosndon m!sm'.:n!aj
Thommay: LMY & izl 4 ¥ i
Y-Banded Armadillo |.|':Jucupuf
napemcinctis Linnaeus, [I98) 43 0 il
11-Banded Armadillo (Cabassous
cendralis Miller, 1899, ..., 1 ] 0

among the most common small anmals, bu alsa
to the fact that they were more easily caught,
The next most common animal was the armadillo,
Fairly easy to catch, it comprised 44 of the 209,
all but 1 of which were of the %-banded variety.
OF the 2 animals, however, opossums are obviously
closer to man, While the armadillo may oc-
casionally come near houses at night in search of
food (root vegetables, ete.}, it is essentially a very
shy animal and seldom bives adjacent to populated
communities. The opossum, on the other hand,
builds its nests 10 trees not oo far rom houses and
has, in fact, been known to live in the loft of peri-
domiciliary buildings. It is a bold marauder, [re-
guently raiding chicken houses at night, affording
excellent opportunity for contact with domiciliary
or peri-domiciliary bugs,

Of the other animals collected, most are seen
rarely around houses, although marmosets are
sometimes kept as pets and coatis are sometimes
captured for food and may be held temporarily
in captivity. Sloths, although not obwviously shy,
seldom build their nests near houses,  Anteaters are
also definitely wild., It seems unlikely that any of
these latter animals are routinely important as
peri-domiciliary  wild  animal reservoirs of the
infection,

Opossums proved to be very commonly infected
with T. cruzi, some 32% being found so.  Surpris-
ingly, armadillos were, in our survey, entirely nega-
tive. This was distinctly unexpected, since Clark &
Dhann (1932) had found them infected, and they are
frequently referred to in the literature as an im-
portant reservoir of T, ez in rural sections of
other South American countries,

One wonders about the actual importance of the
armadillo in the transmission cycle of T, emzi in
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Panama, since none of the 48 isolations of T, cruzi
in our animal survey was from armadillos, and since
only 1 of 58 T, cruzi isolations in a similar survey
made at the Gorgas Memorial Laboratry i 1965
was from armadillos. Furthermore, ather warkers
with T, crazi in both Costa Rica and El Salvador
have indicated to me that in their experience, the
armadillo is almeost never infected with 7. cruzi in
their countries. The opossumn, on the other hand,
was found commonly infected with
presently reported survey, and in the reports (1963)
of the Gorgas Memorial Laboratory group. It
would seem that the opossum offers the greatest
potential as a wild animal reservoir in the Panama
focus, particularly in view of its relatively baold
nature, Other small animals, possibly marmosets
kept as pets, armadillos, coatis, etc., kept tem-
porarily for food, being secondarily important.
These, and possibly other small terrestrial and
arboreal animals not covered in this survey, re-
present, with the opossum, an ever present svlvatic
reservolr of infection in nature whence the infection
spreads via extra-domiciliary reduviid bugs to peri-
domiciliary and eventually o domiciliary reduviid
populations living more or less permanently in-
timately associated with man in his domicife,

4. Feeding and defecation times of Rhodnius species
and vector efficiency. Resulls of studies on feeding and
defecation times of R, pallescens and its related species
K. profixus are summarized in tanie 7. These
data represent a compiladon of results from 10
experimental runs {3 from each species) since it
waould have been virtually impossible to make ace-
curate observations on feeding and defecation habies
of such a large number of insects simultaneously.
It might also be pointed out that the data include
observations only on bugs that were observed to
defecate following a blood meal; those not h':"i“.’_-:
nbserved to feed and subsequently defecate were
disqualified. Results may be thought of as reflecting,
in considerable degree, the effect of feeding on
subsequent defecation habils,

Feeding ook place rapidly in both species after
the bugs were placed on C3H mice.  One hundred
and one of 110, or 91.78% of the R. paliescens, and
108 of 122, or 88,97, of the R. profixus took a Lilood
meal within the first 30 min. of ohservation, as seen
in F1rg. 3. Curves for both species follow essentially
similar trends, a heavy majority of the bugs feeding
early after exposure, It may be assumed, therefore,
that both species are almost equally prone to feed
shortly after exposure to a suitable host.  Further-
more, among K. palleseens adults tested, almost
equal numbers of males and females (46 and 47,

1. criuzi In our



120

J. Med. Ent.

Viol. 5, no. 1

TABLE 7. Comparison of feeding and defecation habits of Riodnis pellescens and R, frofises.
Number of Bugs Feeding or Defecating, by Time Interval in Minutes
R, pallescens
Interval: (b to 10 ) o 200 200 30 3 1o 60 60 to V20 120 e 1540
- o i
Crservation: Fedd el Fud Dief Fed Def Fed Def Fed  Idef Fed el Totals
Milei 24 29 - 5) (2 0 o) 53
2 o 2) (3 77 4 38
Female: (7 21 Z) {3 : = 3 E.Jj o 46
(7 ' ) ( 7 2) 27
Mymiph: tih 4 R ?] __ [ - ] i) 11
(1 R 1) (3 0 ) &
Total Fed: (46 & 00 W (6 5 ) 110
Total Def: (10 s ) [z 4 5 71
Per Cent Fedi: (418 4 427 + 7.27 — 918 %) (545 + 277 4+ 0.0 — &2 %) -
Per Cont Del: (140 + 563 4 7.04 — 26679%) (160 ~ 478 + 8.45 — 73.330,)
R, profives -
Ioterval: 0w 10 10 b 20 200 ey 30 3 1o G0 60 w124 120 o 150
Olseryvation: Fil It Fesd el I:'L'E _E;L‘f Fed Del Fed  Def Fed Dt
Male: (17 N 24 4 ' (6 0 0] 51
(14 I 0) (0 0 0) 31
Female: (28 21 5 (5 2 0} 61
25 I8 3 (1 - 0 0] 17
Mymph: e - 2 i (1 . -ﬂ - ) 1
(3 1 0) (o0 0 4
Frital Fed: (52 47 oy (11 2 0] 122
Total e T 35 ) (1 T 0) B2
Per Cont Fed: (420 + 38.5 | 7.37 — 88.99;) (ool 160 00
Per Cent Def: (302 + 426 + 211 = 95.9%) { 1.1 1.21 0.0}

respectively] were seen to feed during the initial
30 min. of observation. On the other hand,
among K. prelivus adulis  tested, slightly greater
numbers (3 and 45, respectively) of females ap-
peared to feed earlier after exposure than did males
(Fro. 4} A majority of the nvmphs of both species
that were apparently destined to feed at all, fed
during this same period. Se, for all practical
purposes, it would appear that except for a slight
tendency for greater numbers of females of R,
frofixus o feed earlior than males of that species,
there was no sugmestion of a tendency toward
early feeding after exposure which could be cor-
related with sex, stage of development, or species
of bug being tested.
adults, as well as nymphs of the 2 species showed a
sirnilar healthy interest in obtaining a blood meal

In general, both sexes of

as soon as possible after their fast.

From the cumulative totals to the right side of
TABLE 7, it can be seen that of the total numbers of
bugs of both species seen to have fed, roughly
two-thirds (71 of 110 K. paliescens, and 82 of 122
R. prolixus) of either species were subsequently secn
to defecate at least once during the 130 min. of the
observation period.  Many, in fact, defecated several
times. This tendency toward repeated defecation
may, as Dhas [F956) points out, have an imporrant
bearmg on  their vector efficiency. 1o achieve
fecal contamination of the puncture wound at all,
however, 1t 15 obvious that defecation must follow
feeding by a reazonably short period, and deter-
mination of this time nterval is the main purpose
of vur observations. Results of these observations
are plotted in r1c. 4
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{]f‘ thf" HE .Ir'f. _Ill.irl'.llr]:'l.?l'\' SO o I:il"Eli"[:.Ll_[i' I'_il_l_l'i_l_'lg ll]l’"
Li0-min. observation period, 80, or 95.9°%,, of those
defecating, did so during the Arst 30 min., Sup-
porting previcus reports that this species 15 a rel-
atively rapid defecator,  On the other hand, of
the 71 R. pallercens seen to defecate, only 19, or
.'E'E.f:-?'_f.,], did =0 during the inatal 30 min, while 42,
or 7R33Y, defecated later, most of them doing so
an hour or more after the beginning of olserva-
tiowt (Fem. 4], This sugeesis that the Panamanian
species, R, palfescens, 15 @ tardy defecator.  While
this may not L‘I:l|g[l."]':.-' parey el LA LSTTISST0H h'." 1h-:~
l‘l‘&!‘i[i’i!lii'ﬂli"l!i'\'l' Prsklbes, il Tr'lil'\}' ".'\'L"'JE l!‘il"'l'."l'".i-l,‘il' |:|'|I'I Hl'.;l".li-
hood that the initial puncture wound be contaminat-
ed.
I:-I‘E. th?!"l’." I.I.'.'l'I'H-‘ii|1 QECIE S00n I"'Iil'llll-_fil aﬂd'l' il _‘iLI_l}_‘H,"'-
quent puncture, would contamination and resulting
transmission be expected to oceur. 1T the bug
should persist in continued delay of defecation after

Onlv if multiple defecation occurs, and some

feeding cach time, transmission might never accur,
What seems more likely, if in fact R palfescens is

the moat likely vector in Panama, is that transmis-
ston does take place bul not as consistently as it
does with a more rapid defecator, such as £, profivus,
so that people may be bitten in single attacks by
infected A, f.‘lrur!rnr.‘ﬁr.'.f without  transmission  oc-
curting.  When the bug is not disturbed in feeding,
or has an opportunity to make repeated attacks, in
spite of the delay between feeding and defecation,
transmission may eventually occur, This, in my
opinion, may alse explain in part, the relatively low
incidence of human infection with 7. ouzi in
Panama.

In a breakdown of the data as to sex and stage
1|f {11‘!'&"1‘!](:‘]}[“1:1]1& .H.”'Inll.g I}'I{'. .Ii?.. I}ﬁl‘f’.ﬂjﬂﬁﬂj ad“l[s
tested, the males seemed to retain their fecal
load longer than did the fermales, 31 of 38 males
defecating during the last 60 min. of the 130-
min. observation period as compared to 15 of 27
females defecating durving this same period. Greater
r'I'IJIII.]H"I'.‘i. -::-f :r{':TTI-"J.I.“H Hr .Irf.. IfJﬁ:"l"t’Sl’u,"ili'.‘f di:"ﬁ_’:ﬂ;alf_*d OVED a
lenger spread of time during the observation period
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than did males of this same species [F1, 4], where
defecation was largely confined to the last hour of
the observation perind. In a sense, then, the
fermales of this species might present a slightly
grealer threat as eflective vectors ]'I-:.-' the conlamina-
tive route than do the males, since they seem to
defecate at least some during the initial 30 min.,
while the males seldom do (F1a. 4),

Among the adult K. prolives tested, 20 of 31
:ai‘x)ul ﬁ?'}-ﬂ} of the males defecated 111:|:']1|.1_-| the
first 30 m'm., while 41 nf-’t-?, or H?.Q','-,-_., of the fernales
defecated during this period (F1c, 45, While it is
apparent that both sexes are relatively early de-
fecators in this species, there would seem to be,
as with R, pallescens, a slightly greater potential for
transmission by females than by males, since they are
generally earlier defecators, although more so with
K. profives than K. pallescens,

Although our observations on nymphs of both
species were necessarily smaller by far than with

Defecanon habats of Bhadnins species following feeding.

adults, of those of both species which were observed
to have fed, about half of them later defecated, most
of them within the first 30 min. of observation,
Because of the relative recuyiid
species other than K. pallescens in our collections,

scarcity  of

and the difficulty in establishing colonies of these,
only limited attempts at comparative studies on the
ﬁtvdfng and defecation habits of these were [JL'JE&“JM.
Whenever specimens occurred in our collections, if
they were alive when brought into the laboratory,
such observations were made as soon as feasible.
'F'hn_'i: f".', r':uj'.lirfr;.tu; fire]l  within :_]1 6.5 and 11.5
min., respectively, alter exposure to Bwiss mice.
Two of them failed to defecate, while the other
defecated 68 min. after feeding. OF 4 T dimidiala
observed, all fed at 7, 8.5, 13 and 18 min.,; re-
spectively, after exposure. One defecated at 21
min,, one at 26.5, one at 30 min., and one failed
to defecate, this agreeing in general with previous
descriptions of the habits of this latter species,
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