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IMPROVED ENZYME-LINKED IMMUNOADSORBENT ASSAY (ELISA} FOR THE
STUDY OF TRYPANOSOMA CRUZIHOST CELL INTERACTION /N VITRO
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We herein present an improved assay for detecting the presence of Trypanosoma cruzi in
infected cultures. Using chagasic human sera (CHS), we were able to detect T. cruzi infection
in primary cultures of both peritoneal macrophages and heart muscle cells (MHC). To avoid
elevated background levels — hitherto observed in all experiments especially in those using HMC
— CHS were preincubated with uninfected cells in monolayers or suspensions prior to being used
for detection of T. cruzi in infected monolayers. Preincubation with cell suspensions gave better
results than with monolavers, reducing background by up to three times and increasing sensi-
tivity by to twenty times. In addition, the continuous fibroblastic cell line L929 was shown fo
be suitable for preadsorption of CHS. These results indicate that the high background levels
observed in previous reports may be due fo the presence of human autoantibodies that recognize
surface and/or extracellular malrix components in cell monolayers. We therefore propose a
modified procedure that increases the performance of the ELISA method, making it an useful
tool even in cultures that would otherwise be expected to present low levels of infection or high

levels of background.

Key words:

Studies on the in vitro invasion of mamma-
lian cells by the flagellate protozoan Trypano-
soma cruzi, the causative agent of Chagas’
disease, are widely undertaken by groups seek-
ing to identify pathways of adhesion and inter-
nalization of the parasite (Andrews & Colli,
1982; Piras et al., 1985) and/or to assess the
effectiveness and mode of action of chemo-
therapeutic drugs (Brener, 1984). Usually,
cultures of target cells are exposed to the para-
site for different periods of time, washed, and
then fixed immediately or maintained for longer
periods to allow the development of intracel-
lular forms of the parasite prior to fixation. To
asses the nature and the levels of infection, the
cultures, after appropriate staining, are sub-
jected to microscopic examination to decter-
mine the number of parasites adherent to or
inside the cells, percentage of infected cells as
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well as others quantitative parameters. Stain-
ing and counting are not only time consuming,’
but are also frequently affected by problems
related to fixation or staining and to the inher-
ent subjectiveness of counting. In addition, the
number of parameters that can be tested in
each experiment 1s strongly limited by the
lengthiness of quantification procedures, since
extensive microscopical examination of cul-
tures i1s necessary if rehable results are to be
obtained.

An Enzyme-Linked Immunosorbent Assay
(ELISA) for in vitro evaluation of chemothera-
peutic activity against 7. cruzi has been de-
scribed (De Tito & Aragjo, 1988), clearly
demonstrating that the number of internalized
parasites in cell cultures correlates linearly with
the optical density of an ELISA run in paral-
lcl. Based on the possibility to compare results
obtained with both methods, these authors per-
tormed preliminar tnals of chemotherapeutic
drugs against 7. cruzi.

Here we present an improved and simple
procedure, in which preincubation of sera (be-
fore they are used to detect infection in mono-
layers) with uninfected cells decreases back-
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ground to significantly lower levels, Our modi-
fications assure assay performance even under
experimental conditions that induce a very low
level of infection or a high degree of non-
spectfic reaction with uninfected control cul-

tures.
MATERIAL AND METHOQDS

Sera — Samples of normal goat sera were
obtained from W, L. Immunochemicals (Rio
de Janeiro, Brazil) and from Biomanguinhos
(FIOCRUZ, Brazil). Human, goat and rabbit
sera with positive serology for 7. cruzi were
obtained from Biomanguinhos (FIOCRUZ, Bra-
711).

Experimental animals — Adult male Swiss
albino mice, weighing 18-20 g and bred at
FIOCRUZ were used throughout this study,
both as sources of normal mouse sera and for
parasite maintainance.

Cells — Peritoneal macrophages (PM) were
obtained from peritoneal washes of mice, as
previously described (Aralyo Jorge et al., 1989)
and plated at a density of 5 x 10% cells per
well 1n 96-well culture plates (Nunclon). The
cultures of embryonic heart muscle cells (HMC)
were obtained as described in detail elsewhere
(Meirelles et al., 1986). Briefly, mouse em-
bryos were dissected and the ventricular por-
tion of the heart 1solated. Then, after mincing,
the tissue was dissociated with trypsin and
collagenase, the dispersed cells were washed
and plated either in 96-well multidishes at a
density of 5 x 104 cells per well or in 15 cm?
culture flasks (Nunclon) coated with gelatin.
Cultures of HMC were mantamed in Dulbec-
co’s modified Eagle medium supplemented
with 5% fetal calf serum (DME) at 37 °C, in
a 5% CQO, atmosphere. The 1.929 cell line was
obtained from the American Type Culture
Collection and maintained by weekly passages
in DME,

Parasites — Blood trypomastigotes of T,
cruzi Y strain were isolated from blood ob-
tained by cardiac punction of mice at the scv-
enth day post infection. Metacyclic trypomasti-
gotes of the clone DM28c were obtained after
metacyclogenesis in defined medium (Contreras
et al., 1985).

Cell infection — Primary cultures of PM or
HMC were washed three times with 0,1 M

phosphate buffered saline (PBS) and a solu-
tion contatning the desired numbers of para-
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sites diluted in DME was added. Parasites and
cells were left to interact for different periods
of time (see results for details) after which the
cultures were extensively washed with PBS to
remove free swimming parasites. Infected cul-
tures were fixed with 2% formaldehyde for 60
min, washed with PBS and processed for quan-
tification of infection by ELISA. Experiments
were run at least in triplicate.

ELISA for the evaluation of host cell infec-
tion by T. cruzi — Initially, ELISA tests were
performed as described by De Tito & Aragjo
(1988), with minor modifications. Briefly, in-
fected cell monolayers in 96-well culture plates
were fixed and preincubated with normal mouse
serum for 1 hr at room temperature to prevent
non-specific or receptor-mediated binding of
antibodies present in chagasic sera. Cultures
were then washed with PBS containing 0.05%
Tween 20 (PBS-T) and incubated with sera
from chronic human chagasic patients with
positive serology for T. cruzi (ELISA titres of
1/1280, Bio-Manguinhos, FIOCRUZ) for 2 hr
at 37 °C, washed three times with PBS-T and
incubated with an anti-human IgG peroxidase
conjugated (W. L. Immunochemicals, Brazil)
for 1 hr at 37 °C and again washed with PBS-
T prior to revealing peroxidase activity (0.01%
3,5,3 3 -tetramethylbenzidine in 0.1 M citrate
buffer pH 4.0 containing 50 pl of a 3% solu-
tion oh H,0, for 20 min at 37 °C). Optical
densities (O.D.) were read at 450 nm in a
microELISA automatic reader (Titertek Plus —
[CN/Flow).

In the moditfied procedures the human sera
were preincubated either with monolayers of
uninfected HMC or with suspensions of
uninfected HMC or L929 cells. For prepara-
tion of cell suspensions, cells from confluent
cultures were dispersed with 0.025% trypsin in
PBS, washed, centrifuged at 15600 g/30 sec
and the supernatant discarded. In the first pro-
tocol, sera were incubated with a confluent
HMC monolayer in a 15 cm? culture flask for
I hr at 37 °C, collected and centrifuged at
15600 g/5 min to remove detached cells and
cell debris, and the supernatants set aside for
ELISA. In the second protocol, 50 ul of sera
were incubated for 30 min at 37 °C with 1 x
102 HMC or 1929 in a conic bottom 1.5 ml
centrifuge tube, centrifuged at 15600 g/30 sec,
the supernatant collected, and the entire proce-
dure repeated with another sample of dispersed
celis of the same type. The preadsorbed sera
were either used immediately for experimental
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purposes or stored for several days (at 4 °C or
frozen) prior to use. ELISA was carried out as
described above. Results are expressed through-
out as O.D. units at 450 nm.

RESULTS

We first tested the efficiency of using
pooled chagasic human sera (CHS) m ELISA
tests measuring 7. cruzi-infection of PM and
HMC cultures. As shown 1n Table, the sera
were effective in the detection both of para-
sites, and of differences in infection levels 1n
cultures exposed to increasing parasite/cell
ratios. In addition, we found that the presence
of gelatin, an important substratc for HMC
adhesion, did not interfere with the assay, since
similar values of O.D. were found for control
and infected cultures in the presence or 1n the
absence of gelatin substrate {not shown). After
testing different batches of serum under dilu-
tions ranging from 1:50 to 1:1000, we found
that dilution of 1:200 was the most suitable
and was used in all further experiments, Both
rabbit and goat sera from 7. cruzi infected
animals were shown to be less effective than
CHS in the detection of intracellular parasites.

TABLE

Infection of PM and HMC as detected by ELISA.
Increasing parasite/cell ratios increases O.1). values of
infected cultures

—n

Macrophages
Parasites 3 x 10¢ 9x 10?
none 1.089 + (0,094 1.322 £ 0.10
1.5 x 10°  1.269 + 0.09 (0.18)  1.393+0.01 (0.079)
3.0x10°  1.274 £ 0.05(0.19)  1.461 £0.09(0.139)
7.5 x 10°  1.382+0.04(0.29) 1.515+0.08 (0.193)
Heart muscle cells
none 1.408 £ 0.030
3x 107 1.598 + 0.007 (0.190)

Fl

a: mean of triplicate readings + |1 standard deviation.
h: number in parenthesis are the differences of the O.D.
values for infected and control cultures.

The ELISA technique detected differences
greater than 0.15-0.20 in O.D. readings be-
tween control and infected cultures which are
described as statistically significant by De Titto
& Aranjo (1988). In adittion we have also noted
that increases in the level of infection as moni-
tored by microscopic counting leads to a pro-
portional increase in O.D. values of infected
cultures (not shown), confirming prior obser-

vations from De Titto & Araidjo (1988). Al-
though infection could be detected by such
ELISAs, the high values of O.D. observed for
non-infected control cultures (ranging from 1.0
to 1.4 D.O. units) decreased the sensitivity of
the method.

Due to the high levels of non-specific back-
grounds obtained with cultures of both HMC
and PM (Table), different sera and/or protein
rich solutions were used in order to reduce
non-specific absorption of human antibodies
to the cultures. Solutions of 5% bovine serum
albumine (BSA) either alone or mixed with
10% normal mouse serum; 10 and 20% nor-
mal mouse serum; 10% powered milk and 10
and 20% goat sera, all these diluted in PBS,
were alternatively tested as blockers. Although
the background O.D. values for uninfected
cultures remained high, 10% goat serum and
20% normal mice sera gave the most suitable
results with both PM and HMC (not shown).
Normal mouse serum was used a blocker in all
the subsequent experiments.

In order to reduce the high background
levels obtained in our initial assays, we have
also made efforts to clear the CHS of antibod-
ies that might recognize epitopes m HMC
cultures. Sera were preincubated with non-
infected HMC using two different procedures,:
and found to differ from non-incubated sera
(Fig. 1). Preincubation of sera with HMC mono-
layers (Fig. 1, Experiment 1) led to a slight
reduction in background O.D. values with
noninfected cultures (0.456 and 0.375 for non-
preadsorbed and preadsorbed sera, respec-
tively), but did not increasc the sensitivity of
the assay (the difference in O.D. values be-
tween infected and control cultures using
preadsorbed sera was 0,026, or roughly equiva-
lent to the standard deviation for these read-
ings). Preincubation of sera with HMC cell
suspensions (Fig, 1, Experiment 2) on the other
hand did increase the sensitivity of the system:
background counts were reduced roughly three-
fold in control cultures, and O.D. values re-
corded with infected and non-infected cultures
differed by 0.458. In addition, no significant
differences was found when preadsorbed se-
rum stored either at 4 °C or at —10 °C was
used to detect infection in HMC monolayers
(not shown).

Having obtained a significant reduction in
background using preadsorbed sera, we carried
out tests to establish whether or not this pro-
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Fig. |: effect of preadsorption of CHS on 1ts sensitivity
for the detection of frypanosoma cruzi infection on
HMC. HMC (5 x 10%well} in 96-well multidishes and
exposed to parasites at a ratio of five blood trypomasti-
gotes of 7. cruci Y strain per cell for 24 hr then fixed
and processed for ELISA. In the Experiment 1, CHS
was preadsorbed with HMC monolayers, and in Experi-
ment 2 with HMC suspensions prior to be used in ELISA.

cedure might interfere with detection of infec-
tion using reduced parasite/host cell ratios.
HMC cultures were incubated for 24 hr at 37
°C with increasing numbers of Y strain blood
trypomastigotes and infection levels were evalu-
ated. Infection in HMC cultures could be de-
tected by the ELISA even at parasite/macroph-
age ratio as low as 2:1 (Fig. 2a}. In a similar
experiment in which PM were maintained n
the presence ot the parasites only for one hour
(Fig. 2b), infection could be detected at an
cven lower parasite/host cell ratio, 0.5:1. In
both cases, increasing the parasite/host cell ratio
led to an accompanying increase in O.D. val-
ues {(Figs 2a, 2b). Using a 10:1 parastte: cell
ratio, velds about 10-20% of infcction in PM
after 1 hr and 2-5% of infected HMC after 24
hr, in accordance with our previous observa-
tions {Aragjo-Jorge et al., 1989; Mecirclles et
al., 1986), thus highlighting the increased sen-
sitivity of the modified essay,

Attempts were made to ascertain 1if cell
types other than primary HMC were also suit-
able for preadsorption of CHS, and to discover
if the human chagasic sera could recognize
other parasites from diffcrent sources. For these
purposes, HMC cultures were incubated with
metacycelic trypomastigotes from clone DM28c¢
for 2 hr at 37 °C, with increasing parasite/host
cell ratios. In halt of the cultures, infection
was subscquently asscssed by ELISA using sera
preadsorbed with suspensions of L929 fibro-
blastic cell line, and in the other half with scra
preadsorbed with suspensions of HMC. Both
sera proved to be cqually effective 1n the de-
tection of infection of HMC, although O.D.
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Fig. 2: detectton of Trypanosoma cruzi infectron. HMC
(5 x 10%welly cultured in 96-well multidishes were
esposed 1o increasing numbers of blood trypomastigotes
of T. cruzi Y strain (A). PM (1 x 10°/well) cultured in
96-well multidishes were treated 1n a similar way (B).
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Fig. 3: effect of preadsorption of CHS cither with HMC
ar L929 cells. Cultures of HMC (5 x 10%/well) were
cxposed to increasing numbers of metacyclic trypomas-
tigotes of Trypanosoma cruzi clone DM28c for 2 hr,
lixed and processed for ELISA using CHS preadsorbed
with HMC or with L929 cell suspensions.

values obtaincd with LY929 pre-adsorbed sera
were shightly higher than those observed with
HMC precadsorbed sera (Fig. 3). We also noted
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with considerable interest that both sera were
capable of recognizing the intracellular para-
sites from clone DM28c even when the per-
centage of infected cells was in the range of 2
to 5% as determined by microscopical count-
ing (parasite: host cell ratio of 5:1).

DISCUSSION

The interaction of the parasite T. cruzi with
its host cell is a complex phenomenon, involv-
ing a wide variety of receptors (Araujo Jorge,
1989). Many types of molecules, such as car-
bohydrates {Araujo Jorge & de Souza, 1984)
and glycoproteins (Ouassi et al.,, 1985) modu-
late this process either increasing or decreas-
ing infection levels under controlled conditions.
Assessing infection however, 1s complicated,
since it 1s usually done by microscopic counts
of the percentage of infected cells in a culture
that has been exposed to the parasite and sub-
sequently fixed. Statistically significant samples
can only be obtained by counting a great num-
ber of cells for each experimental condition,
thus limiting the number of variables that can
be examined in each assay. The same limaita-
tions are also true for other intracellular para-
sites (Berman & Wyler, 1980). As a result of
these problems, a variety of other procedures
for evaluating infection of cultured cells by
intracellular parasites have becn proposed,

using radioactive precursors (Cilhian et al.,
1990), colorimetric reactions (Alcina & Fresno,

1987) and recently ELISAs — for at least two
different parasites — Toxoplasma gondii (Merli
¢t al., 1985) and 7. cruzi (De Titto and Araujo,
1988).

The ELISA proposed by De Tito & Araujo
(1988) to evaluate infection of cultured cells
by T. cruzi has given us good results in cul-
tures with relatively high parasite: host cells
ratios (3-10:1) wether using PM or HMC
(Table). It has been especially useful with HMC
cultures since these are difficult to be counted
microscopically, given that the membrane limit
of each cell in a confluent culture 1s not al-
ways clear and that 1s common for the super-
imposition of cells in multilayers to occur in
primary cultures of all connective tissue cells.
Since they are major targets for 7. cruzi inva-
sion in infected animals, muscle cells provide
an important tool in the study of parasite host-
cell interaction (Meirelles et al., 1986; Aragjo
Jorge et al., 1986). However, the high back-
ground readings obtained in ELISA tests on
infections of HMC have been problematical,

since they sometimes mask low levels of in-
fection (see Fig, 1 for instance). Similar prob-
lems have been reported in experiments with
the fibrobtastic cell line L929 (De Titto &
Araujo, 1988). Imtally, in order to block un-
specific binding of human antibodies to HMC,
we tried incubating the infected cultures with
different antibodies and protein rich solutions,
Although 20% normal mouse serum was shown
to be the best solution for this step of the
ELISA, any significant improvement in the
sensitivity of the assay could be observed,

Since it 15 has been demonstrated that high
levels of antibodies against components of the
extracellular matrix {(Gazzinelli et al., 1988)
and muscle cell surface (Laguens et al., 1991)
are found in the sera from chagasic patients,
another possible explanation for the high back-
grounds found in fibroblastic {(De Titto &
Arayjo, 1988) and HMC cultures 1s that CHS
may contain autoantibodies that recognize
epitopes in plasma membranes and/or extra-
cellular matrix of HMC.

We therefore employed two different pro-
cedures aimed at decreasing the binding of
autoantibodies to HMC cultures. First we tried
preadsorption of sera on homologue monolay-.
ers, and found that these approaches indeed
reduce background O.D. values for infected
cultures, but surprisingly did not increased the
efficiency of the ELISA in detecting intracel-
lular parasites (Fig. 1, Experiment 1). The
reason for the reduction in background is not
clear, 1t 1s unlikely that our procedure would
lead to an uptake of large amounts of antibod-
1es, because these cells do not present signifi-
cant numbers of Fc receptors on their plasma
membranes, Qur second approach was to
preadsorb CHS with cell suspensions of HMC.
Using this method, the difference in O.D. counts
between infected and control cultures was 0.458
(Fig. 1, Experiment 2), about 17 times that
obtained with CHS preadsorbed with HMC
monolayers, Thus not only were the back-
grounds values reduced, but also the sensitiv-
ity of the ELISA was significantly enhanced.
[t ts possible that the difference observed be-
tween the two protocols results from greater
surface of contact between sera and cells in
the case of suspensions or to rearrangements
of cell surface components, leading to facili-
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tated access of antibodies both to membrane
epitopes, and to those components of the ex-
tracellular matrix that are closely associated
with plasma membranes, such as fibronectin
(Beppu et al., 1989} and glycosaminoglycans
(Mourdo et al., 1986).

A noteworthy feature of the procedure that
used HMC suspensions was that it was able to
detect increasing levels of infection both in
PM and HMC cultures (Figs 2a, b, respec-
tively), indicating that there was no important
loss of sensitivity in the assay due to eventual
uptake or degradation of large amounts of anti-
T. cruzi antibodies during the process of
preadsorption with cell monolayers,

Although reduced background was achieved
in ELISAs using HMC-preadsorbed CHS, the
utilization of primary cultures — wich demands
long manipulations for relatively low numeri-
cal yields — remains a hmiting factor, A fur-
ther disadvantage would be that the production
of HMC primary cultures is not a usual proce-
dure in most laboratories working with 7. cruzi
infection in vitro. We therefore decided to try
substituting primary cultures of HMC with
another cell type, preferably for a pcrmanent
cell hne that would resemble HMC in a num-
ber of important features, such as synthesis of
considerable amounts of extracellular matrix
and elevated rates of proliferation, with the
later making it possible to obtain large num-
bers of cells for use in preadsorption of CHS,
The fibroblastic L929 cell line was chosen since
it 15 routinely used by many laboratories work-
ing on 7. cruzi.

[.929 gave similar results to those obtained
using dispersed HMC. Both HMC and 1.929-
preadsorbed sera were capable of detecting in-
fection in HMC cultures that had previously
been itncubated with increasing numbers of
metacyclic trypomastigotes from 7. cruzi
DM28c clone (Fig. 3) for a period of 2 hr.
Cultures of a continuous fibroblastic cell line
were therefore shown to be at least as efficient
as primary cultures i incrcasing the efficiency
with which ELISAs detect parasites in infected
cells, In addition our results shown that
preadsorbed CHS can be used to detect para-
sites from more than one source (Figs 2, 3).

The present study confirms that ELISA
techniques can give satisfactory results when

used to detect cell infection by T cruzi, both
in cultures of mononuclear ceclis and in pri-
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mary connective tissue cultures. The major
drawback of thesc assays has been that high
background levels in control and infected cul-
tures have hitherto made it difficult to detect
infection, However, as we have shown, the
sensitivity of the assays can be greatly en-
hanced by a simple procedure that reduces
background by submitting sera to preadsorption
with noninfected control cells, taken either
from a continuous cell line or from primary
cultures.

The ELISA technique presented here is time
saving, since the entire procedure of infecting
cultures and quantifying infection can be per-
formed n 8 hr, specially if parasites samples
with rclatively high index of infectivity are
used (such as the DM28c clone). The usc of
the 96 well plates for culturing cells results in
reasonable economy of materials such as cul-
ture media and sera, as well as 1t makes pos-
sible to work with smaller numbers of para-
sites and cells duc to decreased surface of the
ELISA plates in comparison with 24 wells
plates or petri dishes, where cells are routinely
cultured over coverships prior to microscopic
examination. This improved assay thus should
be of use for most laboratorics working on T,
cruzi-host cell interaction in vitro.
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