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Abstrart

Of 229 residents of a2 Panamanian village where both Trvpanarama cruzioand

Frypancsema vangeli are endemic, 52 had antibody o ane or both species by the eneyvme-
linked immunosorbient assav (IELISA), 26% were positive by complement fixation, 17% were
positive by direct agelutination, and 329% were positive on the basis of clinical IMpression,
Although the sensitivity of ELISA makes it the procedure of choice for sero-epideminlogic
studies, there daoes appear to be some serologic eross-reactivity between the two species, Sera
from 55 Panamanians and 33 Bolivians were reactive with antigens of T crwzié and 7 riempeli,
thus making definitive diagnosis by serologic methods impossible. Although the presence of
antibodies to bath species suggests serologic cross-reactivity, the pessibility of dual infection
must be considered also, Fiftv-four Panamanian: and 20 Belivigns had antibods 1o anly ane

species

Varows madificazions of the enzyvme-linked 1m
munvsorbent assav (ELTSAL, onginally described
bv Engvall amd Perlmann,' have been used 1o
lemonstrate the antibocdy response in trypanoso-
miasis, " The veefulness of ELISA for measure-
ment of antiboclies to Prypancioma cruzi has been
gstablished by Voller et al * These authors dem-
onstrated that the sensitivity and specificity of
ELISA were equal to that of indirect immunoflu
arescent microscopy 1IEAY anid superior to that of
complement fixation and direct agglutination
Pheir assessment, however, was carried nut i the
Labwratory, using sera of predetermined reactivity
by IFA and sera from patents with estabilisbed
wenediagnoses, The present study was desigred
to evalute the ELISA uncler feld conditions, anil
to determine whether or oot the aceurrenice of Ty
parmosomg rangeds mlection m the study population
results i false positive assavs,

MATERIALS AMD METHODS
Studdy papredadion and sevvon collection

The stdy area was a Panamanian village
where both T cwvwzs and T orangeds are encdenur
Two hundred and tweotv-onine residents partao-
pated in the study. Sera from 32 confirmed cases
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of Chagas’ dizease, obtained from the Instibste
Nacional de Laboratorios de Satud, La Paz, Ba
livia, served as our positive controls. Negative
control sera were fraom 13 United States militars
personnel o the Canal Zone

For the evaluation of use of the ELISA wnder
freld conditiens, blood was collected from fnger
punctures with the aid of non-heparinized capil-
larv tubes and Alter paper discs. The tules were
spun in an autocrit centrifege connecled 1o a port-
able generator and they were broken at the zerum
cell interface. The serum, approximately 50 ul,
was expelled inte a tube containing 300 ul of
phosphate buffered saline (IPBS:, pH 74, contain-
ing 1.3% Tween 20 and 0.02% sodium azide
PBS-Tween), Whale blood deied on the flier pa-
prer=clises was extracted i PES-Tween e achieve
4 final dilution of 1010

Corpugate

The conjueate was the slobulin fraction of a
goal ant-human globulin serum labeled with al-
kaline phosplitase Methods for preparation and
determination of working strength have been de-
seribued b Vialler et al ?

Antigens

Antigens were prepared from strains of ¥ crusi
and . oresgedi solated from cases of human in-
fection in Panama. Epimastigotes foam 10- o |3
dav-old stock cultures were inoculated into a i
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phasic culture medium, ® The parasites were hat-
vested at maximum growth phase following pro
cedures outlined by Yattuone and Yanovski,” and
were lvophilized, The dry residue was reconst
tuted 1 carbonate-bicarbonate bufler, pH 9.6, at
a concentration of 200 mpiml. Waorking strength
of the antigen was determined by titrating positive
and negative control sera in wells coated with se-
rial ditutions of antigen (30-1,000 pe'ml). The
highest dilution of antigen which pave maximuam
titer with the positive control serum but which
produced no coloration with the lowest dilution
ar the negative control serun was sed as the
working strength

ELISA

Wells of polvstyrene macrotiler plates (Linbro
MYCGE were filled with 200 gl of antigen diluted
in carbonate-bicarbonate buffer, pH 9.6, Afler an
avernight incubation at 4°C. the plates were
three times PES-Tween
hundreed microliters of test serwm, diluted to 110
in PB&S-Tween 10, was added 1o a single well
One plate could be used 1o sereen Yo sera. The
plates were incubated at room temperature for 2

washed with Twa

hours and then washed an additional three times.
Twe hundred microliters of conjugate, diluted
1200 in PRS- Tween, was added to each well and
incubation was continued lor 2 hours a1 moom
temperature Mates were washed three more times
and 200 gl of para-nitrophensl phosphate in 1045
diethanalamine buifer 13 mgml was added. After
15 min af room temperature the reaction wis
stopped by the addition of 30 gl M Na(OH. In

tensity of color development was assessed visually

TasLy 2
Climrea! diggresy va, antibody detection by ELISA far
rdentification of infections witl T, cruei (Tof and I
rangefi (T¥ ameng Panamanian villsgers
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* B upan clinseal semptamatology anid positive cesplensest Bt
fest foor T ooragr, estahdished by positive senodiagnesis for ¥ roangels
b Positive defined ss BEISA tied 2= 1000

as 0, 1=, 24, 34 or 4+ Al sera exhibiting a

reaction af =24 were considereil positive and
were Hitrated. tn 2002l volumes. through dilu
tions of 110 1o 11280, PBS-Tween was used as
the diluent

For the evaluation of ELISA in the ficll, plates
were coated with antipen m the laboralory and
transported to the village in a container of wel
ice. The field version was exactly the same as de-
seribed above but plates were incubated at am-
bient tempurature.

Awnei ”I.ﬂ'_'l' resty

Methodologies of direct agglutinanon (DA} and
complement fixation (CF) for gquantitating anti-
body te I orkz have been deseribed claewhere
In additien o serologic tests, xenodiagnosis” and
microscopic exanination of blood smears were
ssed in estabilishing the chimical daagnosis,

RESULT =

spevificite and sensitivity of the ELTSA were
aptimal when the conjugate was used at a dilution
of 1-500 and the antigens were used at 13,000 and
1200 far ¥ erwzt and T oringeli, respectively,
These dilutions of antigen represent 30 e protein)
well in the T erwsfd assav and 120 pg protein/well
in the T, wowgeld assan.

I'le distribution of ELISA tters for the 52 pos-
itive cantrol seracand the 13 neegative controls i
given in Table 1 Although 55 of the positive con-
trols had antbody to both species, the T ez
titer was higher in all but one case.

OF the 229 Papamanian villagers, 189 had an
tibody to either one or both species: Results are



TAapLE 3

fhasivihntion af ELTSA titers forantibedies fo T croo and T
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compared te clinicud impressions in Talile 20 Al-
though there were no false negalive assavs Tar T
iz, 14 of the 15 cases confrmed by clinical s
agnnsiz also had artibody to Torangeds. OF the 61
cases of 7 orgogeli confirmed by senodiagnosis, 23
were false negative m the ELT5A and six had an-
titody to T crnzt Three of these six cases were
confirmed as dual infections, The ELISA picked
wpr 08 infections with either one or both species
which hand Teen meissed clincally . Dhistribution ol
titers for 327 sera represenfabive of the 229 vil-
lagrers 1% miven e Table 3, Sixtern sera reacted
with T crisi o onlv, B9 sera were specific for T
Fangelt, 0 sera had antihody to both species, and
162 were negative.

The speciticity of ELI=A 15 compared to that of
the more conventional technigues of CF and DA
in Table 4. When an ELLSA tiner of =110 was
constdbered definitive evidence of infection with T,
cruzi, 45 sera wern false negative by CF and 72
=erd were false nezative by DA, Conversely, 17
and 30 sera were false positive v OF and DAL
respectively. When clinical impression was con-
siclered definitive evidence of infection, two vil-
lapers were Talse negative by CFoand 12 villagers
woere False negative by LA (alle 30,

Mo oserions problems were encountered inoour

LapLe 4
Compareiive specificnties of ELISA, complemens fixa-
L YUF ), and divec ! aggiulination DAL for detecling

antiboity to T, crua
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attemyts ub puerformiong the BELISA in the fAcld.
Remults of feld spectmiens are compared 1o resulis
of the laberatory assav in Table 6, There were
sprme minor Buctoations an titers, bhut of the 27
villagers who participated discrepancies of pozi-
ity pcegrred ine onky two tnstances, Case no. 7
was negative for I
had a 1:20 titer in the laborators version
o B owis negative for £ reegeld in the fiehd assay

crwzd in the held assav, but
Case

frat positive @t 17200 in the laboratory,

RS0 BEI0EN

Henodiagnosis 1m the maost specific methoed for
ientification of humans infected with 1 oz
Severtheless, this technigue s useful only during
i transaent state ol disease. and a5 laharious,
Furthermore,
wencdiaggnosis requires facilities for maintaining
colomies of the vector and 3t 12 not suited for large
scale epiclemiologic survevs mvolving both human
and animal populations I contral of T, crust in-
fection, either through vector control or immu-
noptophyvlaxis. i= o become o reality, we must

tme-cansuming,  and dangeroogs

evise a means for wleotfvnge foct of disease and
for assessing the immune statas of the indigenous
popalation. This means must be specific, sensl-
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TARLE &
Comparizen of ELISA titerr of assays performed in the field with fiters af assavy pedformed in the loboratory

Foekd assavs
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tive, inexpensive, simple to perform, and capable
of handling large numbers of sera uoder the mast
adverse environmental conditions: The ELTSA,
e cleseribied, shows the most promising potential
for Tulfilling these requirements.

The controlling elements of specificity and sen-
sitivity inoall assavs designed to detect circulating
antibody are the quality and guantity of the an-
tigen. In the FELISA, use of insufficient amounts
of antigen in the coating process resulls in false
positive assavs, Similarly, coating wells with
crude antigens, such as saline soluble extracts of
while rgantsms, increases the chance of serologic
criss-reactivity. This cross-reactivity occurs as a
ronsequence of shared antigens between related
or unrelated species aned results in false positive
assavs, Therclore, it is paramount that we ex-
amine the sturdy population for concurrent meds
cal problems which may influence the specificity
of Lhe assav,

Although T rangeli 15 reparted to be nonpatho-
genic for man, it does ocour in many of the same
areas of Central and South America where T vri-
=i s endemic. Since other investigators have re-
ported that these two species share common an-
tigens and crossoreact serologically,™ we must
contend with the possible occurtence of Talse pos-
ithve I erncd oassavs as a resalt of infection with
¥ orangeli. In the study population of 229 Pana-
manian villagers, 55 persons had antibody to both
species, Only three of these cases were confirmed,
clinically, as instances of dual infection, Tt is gos-
sible that demonstration of either one or both
species wis missed by senodiagnosis, since this
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technigue is dependent upon parasites circulating
in peripheral Blood. Thirty-three Bolivian sera,
from confirmed cases of Chagas® disease, had an-
tbedy to £ rergeli. However, with the exception
of eoe case, the T ocrensd antibuady titer was at least
2-fold higher, Unfortunately, we do not konow the
incidence or distribution of T rasgeli infections
i that country.

If we accept seropositivity to both specics as a
consequence of cross-reactivity, rather than dual
infection, we muosl explain why 11 Panamanians
and 1% Bolivians had antibody w7
T crmzi presents itself as a very potent immune
zen and elicits a profound antibedy Tesponse to
Liath major type specific antigens and minot group
specific determinants, "% I some of theswe minor
deterntinants are structrally similar to determi
nants by ¥ rangeli, we can expect the appearance

erusi only

of cross-reacting antibody at some time during the
course of disease, Other investigalors have re-
potted that the antibody response early in the
course of Chagas' dizease is directed toward an
anrtigen specific for £ crezi " Apparently, non-
specific antibodies to sther species. including T
rimgelf, occur only oafter a prolonged antigenic
challenge assoctated with chronic disease On the
other hand, 7° raugeli appears (o be o poor im
munogen. OF S8 confirmed cases, 27 showed no
evidence of an antibody response (Table 77 In
most cases where & measurable response did oc-
cur, it appeared to be directed toward major
species-specitic determinants Antibody to miner
determinants shared by T cruzi ocourred 1noonly
four of the confirmed cases



In spite of this problem of false positive assayvs,
the FLISA, by virtue of it2 superior sensitivity,
miust be considered preferable to CF and DA The
CF tesl was positive in 13 of 15 cases with a clin-
iwal diapnosis of T cruzi 1 Table 55, However,
when the FLISA result was considered definitive
of infection, there were 45 false negative CF tests
iTable 41 Since most of these sera were from in-
dividuals who had been CF-positive 1-3 vears
earlier, we knew that we were dealing with chron-
ic cases and we suspected that crculating anti-
Loady bad fallen below the level measurable by the
lpss sensitive CF technigue. OF the 27 sera which
represented False positive CF tests, all were from
villagers who either hal a positive senodiagnosis
for T. rangeli or who had antibody to T rangels
by ELISA. Thus, the CF test, in addition to hav-
ing an inferior sensitivity, 15 also less specific than
the ELISA.

The TdA procedure was positive in only threee
of the 15 confirmed cases of Chagas' disease,
When the ELTSA result was considered definitive
of dizease, there were 72 false negatives and 30
false positives. The false negatives were attributed
Lo chronic infections with a decline in circulatine
antibhoddy Below the level of sensitivity of the T
method The Talse positives converted to negative
following treatment with f-mercapto-ethanal and
were considered the consequence of nonspecific
agelutinins

In contrast to CF, DA, amd xenodiagnosis,
ELISA s readily adaptable for performance in the
field woder the most adverse environmental con-
ditions. I 27 duplicate sera, assaved in the Reld
and in the laboratory, there were only twa dis
crepancies with respect oo positivity. Minor dif
ferences in titer could be ateributed to ertors n
preparation of The ieitial 1:10 dilution when work
ing with the capillary tube and Blter paper spec-
LITIEN .

[n summary, a good diagnostic test for Chagas’
disvase is a top priority need o orural health cen-
ters throughout Central and South America The
ELISA, which has a sepsitivity for detection of
humoral anfibody at the nanogram level appears
to be the most promising assay for fulhllment of
this need The technigue is veonemacal and it can
be performed in the mest primitive of emiren
mental conditions Additionally, the ELISA can
s aclapted o momtor the immune status aml fre-
guency of infection in animals of endemic areas
The major problem facing ELTSA iz one of spec-
ificity ard, as with any immunodiggnostic assay,

itz applicability is limited whenever results are in
fluenced by concurrent medical problems Since
the controlling element of specificity of the ELISA
i= the antigen, we must direct our efforts toward
development of assavs which wse species-apecific,
BT even strain-specific, antigens.
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