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To assess cell-mediated immunity to Toxoplasma gondii, we evaluated the expression of the activation
antigens CD69, CD71, and CD25 on T lymphocytes by flow cytometry after specific in vitro stimulation of whole
blood from 127 T. gondii-positive and 63 T. gondii-negative patients. T lymphocytes from many seropositive
individuals did not express CD69 at 24 h after T. gondii antigen stimulation, but CD71 and CD25 were easily
detectable on T cells from seropositive individuals 7 days after specific activation. CD25 was mainly expressed
by stimulated CD4* T cells, and its detection on total T cells was both a sensitive (98%) and a specific (97%)
indicator of prior 7. gondii infection. These results make flow cytometric detection of CD25 an excellent
candidate for screening cell-mediated immunity to 7. gondii in vitro and an interesting tool for the diagnosis

of congenital infection.

Infection with Toxoplasma gondii is an important cause of
morbidity and mortality in neonates, persons infected with
human immunodeficiency virus, and persons with other defects
in cell-mediated immunity (6, 9). Protection against toxoplas-
mosis is mediated primarily by cellular defenses. The key role
of T lymphocytes in resistance against 7. gondii was first dem-
onstrated by Frenkel, who showed that hamsters receiving
spleen and lymphoid cells from 7. gondii-infected syngeneic
donors were subsequently protected from an otherwise lethal
challeng (reviewed by Darcy and Santoro [6]). In humans,
T-cell proliferative responses after specific stimulation with a
T. gondii antigen(s) have been reported (1, 2, 16).

The standard way to quantify in vitro the cellular immune
response to an antigen, determination of cellular proliferation
as measured by incorporation of tritiated [*H]thymidine after
contact between cultured lymphocytes and the specific antigen
(5), is time-consuming and requires specialized radioactive
equipment. An alternative is to measure the expression of
activation antigens, such as CD69, CD25, CD71, or HLA-DR,
on the lymphocyte membrane. These molecules are absent
from, or present at very low levels on, the surfaces of resting
cells but are induced following contact with specific antigen.
CDG69 expression peaks at 24 h after in vitro stimulation of T
cells (12), while maximal CD25 (interleukin-2 receptor) or
CD71 (transferrin receptor) expression requires 4 to 8 days of
culture with mitogen or antigen (3). The percentage of T lym-
phocytes expressing these membrane antigens following stim-
ulation of mononuclear cells or whole blood with specific an-
tigen can easily be determined by flow cytometry (3, 11, 12).
Using this simple method, we have evaluated the T-cell re-
sponses of individuals with and without specific antibodies to
T. gondii and determined that the CD25 response at 7 days is
an accurate indicator of prior infection.
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MATERIALS AND METHODS

Subjects. Blood collected from 190 individuals by using Vacutainer tubes
(Becton Dickinson, Meylan, France) containing lithium heparin anticoagulant
was sent to the Laboratoire de Parasitologie for diagnosis or follow-up of toxo-
plasmosis. T. gondii antibodies were evaluated by using a commercial enzyme-
linked immunosorbent assay (Enzygnost; Behring, Rueil Malmaison, France).
Specific-immunoglobulin G (IgG) titers of <25 U/ml or IgM titers of <6 (arbi-
trary units) were considered negative. By these criteria, 127 individuals showed
serologic evidence of prior infection with 7. gondii (congenital toxoplasmosis,
n = 84, age [mean = standard deviation] = 6 * 4 years; chronic infection, n =
24, age = 35 = 10 years; toxoplasmic retinochoroiditis, n = 12, age = 18 * 6
years; and acute infection, n = 7, age = 29 * 4 years). The 63 others were T.
gondii negative (age = 29 * 5 years).

In vitro activation. Samples of 50 pl of whole blood were placed in 45- by
8.8-mm tubes (Micronic Systems, Lelystad, The Netherlands), and duplicate
specimens were treated with an equal volume of soluble T. gondii antigen (final
concentration, 6 ug/ml), negative-control culture supernatant, or phytohemag-
glutinin (10 pg/ml; Sigma, St. Quentin Fallavier, France) as a positive control.
Soluble T. gondii antigen was prepared by infection of murine WEHI 164 cells
(ATCC CRL 1751), at three tachyzoites/cell, with 7. gondii strain RH from the
peritoneal cavities of 24-h-infected OF1 mice (Iffa Credo, Saint Germain sur
I’Arbresle, France). At 2 days the tachyzoites were harvested, washed, adjusted
to 10%/ml in phosphate-buffered saline (Biomérieux, Marcy I'Etoile, France), and
disrupted by five freeze-thaw cycles. The suspension was clarified by centrifuga-
tion at 2,500 X g for 15 min and passaged through a 0.2-pm-pore-size filter.
Negative-control culture supernatant was collected from uninfected WEHI 164
cells. Blood cells were collected after 24 h of culture at 37°C in the presence of
antigen for determination of CD69 expression and after 7 days for determination
of CD25 or CD71 expression. The 7-day cultures were supplemented at 24 h with
500 pl of RPMI 1640 medium containing 1% L-glutamine, penicillin (10,000
U/ml), streptomycin (10 mg/ml), and amphotericin B (25 mg/ml; Sigma).

Membrane staining and flow cytometry. Excess medium was decanted from
the cell suspensions, and erythrocytes were lysed with (per liter) 155 mmol of
NH,CI, 10 mmol of KHCOj3, and 0.1 mmol of EDTA. The leukocytes were
recovered by centrifugation, and the pellets were stained with a combination of
three specific monoclonal antibodies labelled with distinguishable fluorochromes
for 15 min in the dark at 4°C. For CD69 detection, a commercial preparation
(Becton Dickinson, Pont de Claix, France) consisting of antibody to CD3 (Leu 4)
conjugated with peridininin chlorophyll protein, anti-CD4 (Leu 3) conjugated
with fluorescein isothiocyanate (FITC), and anti-CD69 (Leu 23) conjugated with
phycoerythrin (PE) was used. A combination of FITC-conjugated antibodies to
either CD25 or CD71 (Dako, Trappes, France) with PE-anti-CD4 (Sigma) and
cyanin 5-phycoerythrin (CySPE)-conjugated anti-CD3 (Dako) was used to esti-
mate CD25 and CD71 expression. The cells were then washed and resuspended
in phosphate-buffered saline-0.1% bovine serum albumin-5 mM EDTA and
analyzed the same day by three-color analysis with a FACScan flow cytometer
(Becton Dickinson). Lysis II software was used in acquisition, with fluorescence
triggering in the f13 channel to gate on CD3* lymphocyte populations. Data
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FIG. 1. Flow cytometric analysis of CD25 and CD71 expression on 7. gondii-stimulated CD4" and CD4~ T lymphocytes. Whole blood from a positive donor was
incubated for 7 days with soluble 7. gondii antigen (bottom row) or with negative-control culture supernatant (top row). Cells were stained, as described in Materials
and Methods, with a combination of Cy5PE-conjugated anti-CD3, PE-conjugated anti-CD4, and FITC-conjugated anti-CD25 (second column) or anti-CD71 (third
column) antibodies. Resting and activated CD3™ cells were gated on R, (first column).

were then displayed as two-color dot plots (fl1 and f12) on the I3 positive cells to
measure the proportion of activated lymphocyte subsets that expressed CD25 or
CD71 (Fig. 1). Similar results were obtained for CD69 expression after staining
with specific antibodies (data not shown). Specific positivity of CD3* or CD4*
cells expressing activation antigens was estimated by subtracting the values ob-
tained for negative-control culture supernatant cells from those obtained for cells
treated with soluble T. gondii antigen.

Statistical tools. Differences in the percentages of cells expressing the three
activation antigens were tested for significance with the Mann-Whitney U test
and Student’s ¢ test.

RESULTS

Blood samples from 20 subjects (10 chronically infected and
seropositive and 10 seronegative for 7. gondii-specific antibod-
ies) were compared for CD69, CD25, and CD71 expression on
CD3" lymphocytes after stimulation with soluble 7. gondii an-
tigen. Lymphocytes from all patients strongly expressed CD69,
CD25, and CD71 after stimulation with phytohemagglutinin
(data not shown). Supernatants of uninfected WEHI 164 cells
used as negative controls never induced activation (data not
shown). Figure 2 shows that CD25 and CD71 were expressed,
respectively, by 40.60% = 13.21% and 32.63% = 18.65% of
CD3" lymphocytes from T. gondii-positive individuals while
CD69 was induced on only 1.82% = 2.05% of cells (P < 0.0001
in each case). None of these antigens were expressed by stim-
ulated CD3" lymphocytes from T. gondii-negative individuals.
Since CD25 was specifically expressed on a consistently high
percentage of CD3" cells from positive donors, we chose this
activation antigen as the indicator of a 7. gondii-specific cellu-
lar response in a large series of donors.

Intra-assay reproducibility was first determined with 10 rep-
licate whole-blood samples from a single seropositive donor,
separately stimulated with soluble 7. gondii antigen. The opti-
mal incubation time was determined from a kinetic curve (data

not shown), and the percentages of CD3" or CD3" CD4 " cells
expressing significant levels of CD25 fell between 55.5 and
62.6%, with coefficients of variation of 4.4 and 4.5%, respec-
tively. Ten identical replicate samples stimulated with control
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FIG. 2. Percentages of CD3* lymphocytes expressing CD69, CD71, and
CD25 above control levels after in vitro stimulation with soluble 7. gondii antigen
in whole blood from 10 T. gondii-positive (T.g.+) and 10 T. gondii-negative
(T.g.—) individuals. Stimulation and staining were performed as described in
Materials and Methods. Each symbol represents one individual. Statistical anal-
ysis (Mann-Whitney U test) showed significantly higher percentages of CD3*
CD25* and CD3" CD71" cells than of CD3" CD69™ cells in T.g.+ individuals
(P < 0.0001 in each case).
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FIG. 3. Percentages of CD3" lymphocytes expressing CD25 above control
levels after in vitro stimulation with soluble 7. gondii antigen in whole blood of
190 individuals (127 positive for T. gondii-specific IgG antibodies [T.g.+] and 63
negative [T.g.—]). Stimulation and staining were performed as described in
Materials and Methods. Boxes represent values between 25th and 75th percen-
tiles and medians; bars indicate 10th and 90th percentiles. Circles outside the
bars are extra values. The horizontal bar shows mean percentages + 3 standard
deviations. Statistical analysis (Student’s ¢ test) showed significantly higher per-
centages of CD3" CD25™ cells in T.g.+ than in T.g.— individuals (P < 0.0001).

supernatant produced only a small number (0.9 to 1.5%) of
CD25-expressing cells.

Blood samples from 190 individuals were evaluated for ex-
pression of CD25 after stimulation with soluble T. gondii anti-
gen (Fig. 3). A significantly greater percentage of lymphocytes
from T. gondii-positive than from 7. gondii-negative individuals
expressed CD25 after specific stimulation (3.25 to 83.15% ver-
sus 0 to 15.95%; P < 0.0001). Two of 63 seronegative patients
showed abnormally high cellular responses to antigen, while 3
of 127 seropositive individuals showed only weak specific stim-
ulation of CD25 expression. In this population, if we adopt as
the threshold a value of 3 standard deviations above the mean
percentage of CD3" lymphocytes from negative donors ex-
pressing CD25 after specific stimulation (10.1%), we obtain a
specificity of 97% (95% confidence interval = 92 to 100) and
a sensitivity of 98% (95% confidence interval = 95 to 100).
CD4™" cells were always present in the T-cell population ex-
pressing CD25 after specific stimulation, while only 31% of
positive donors had CD4™ T cells which could be induced to
express CD25. The ratio of CD4™ cells to CD4 ™ cells increased
after stimulation of responders by 7. gondii antigen only when
the CD4" cells and not the CD4~ cells showed a positive
response.

DISCUSSION

We describe a convenient method for evaluating cellular
immune responses in toxoplasmosis patients which requires no
manipulation of radioactive materials. The expression of acti-
vation antigens by T lymphocytes after specific stimulation with
an antigen to which an individual has had prior exposure can
be readily measured by flow cytometry and can be induced in
a small sample of whole blood without separation of leuko-
cytes. We evaluated three such antigens. CD69 expression oc-
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curs rapidly (24 h) on antigen-reactive cells, but the small
number (<2%) of such cells precluded accurate identification
of positive individuals. The number of CD69-positive cells did
not increase over 6 days of culture (data not shown) because
CD69 is a very early activation marker and its expression de-
creases rapidly (4). CD69 expression is also unreliable in eval-
uating cellular responses to tetanus toxoid (12). CD25 and
CD71 were regularly induced on a much larger percentage of
T lymphocytes from 7. gondii-seropositive than T. gondii-sero-
negative subjects. These antigens also show an amplified ex-
pression in response to tetanus toxoid or influenza virus anti-
gens (3). Both appear suitable for the evaluation of a cellular
response, but the smaller range of dispersion of the percentage
of cells expressing CD25 led us to choose this marker for
further evaluation.

The test proved to correlate well with serological status, and
samples from seronegative individuals usually showed no stim-
ulation by our antigen preparation, in agreement with a pre-
vious report (14). Less pure antigen preparations are liable to
evoke CD25 expression on lymphocytes from 7. gondii-sero-
negative individuals (data not shown). Nevertheless, 2 of 63
negative individuals expressed CD25 on an anomalously high
percentage of T cells after specific stimulation. This could
reflect a superantigen effect (7) or possibly cross-reactivity
to a related parasite. The three anomalously low responses
in seropositive individuals all occurred in congenitally infected
children aged 1 year or older. Absence of stimulation of lym-
phocytes by T. gondii antigen, measured by [*H]thymidine in-
corporation, has been described, both for acute acquired
T. gondii infection (1, 8) and for congenitally infected children
(10, 15, 16). In our study, most positive subjects had congenital
infection. The small number of low measurements may reflect
the fact that CD25 expression does not depend on cellular
proliferation (3).

Detection of CD25 expression by flow cytometry is as spe-
cific as measurement of [*H]thymidine incorporation for de-
tecting lymphocyte responses to 7. gondii (1, 15, 16) and pro-
vides more information about the cellular immune response.
In particular, T-lymphocyte subsets implicated in activation
can be easily assessed and compared individually for their
responses to stimuli. Unlike in studies with staphylococcal en-
terotoxin B (11), tetanus toxoid, and influenza virus (3), where
stimulation induced almost identical percentages of CD4™" and
CD4™ activated T cells CD25 was predominantly detected on
CD4™ cells. This agrees with recent studies of humans reveal-
ing that 7. gondii-infected antigen-presenting cells elicited
stronger CD4-mediated than CD8-mediated cell proliferation
and generated CD4™ cytotoxic T lymphocytes more readily
than CD8™ cytotoxic T lymphocytes (2, 13).

The test we describe is simple, uses cytometry apparatus
readily available in many hospital laboratories, and requires no
specific radioactive equipment. Even if the incubation periods
are long (7 days), the assay itself can be performed directly on
whole blood in a few short steps. CD25 can be detected eatrlier,
but maximal expression is required for clear-cut differen-
tiation between positive and negative patients. Only 300 pl
of whole blood is needed, which is an advantage in taking
samples from children, with whom sampling is always deli-
cate. The technique allows exploration of cell-mediated im-
munity and could be adapted to other microbial agents. We
are attempting detection of CD25 expression in whole blood
from newborn children for early diagnosis of congenital
infection.
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