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Abstract
Toxoplasma gondii has become increasingly recognized as an important pathogen of
humans and domestic animals. It is one of the most common causes of latent infections
in humans over the world. Venous blood was collected from the patients and controls,
A total of sixty women with a history of abortion and twenty-four healthy-looking
controls were included in this study. Forty-four women were found to have Toxoplasma
infection, fourteen women with anti-Toxoplasma IgM antibody (acute infection),
eighteen with anti- Toxoplasma IgG antibody (past or chronic infection), and twelve
with both IgG and IgM antibodies (recurrent infection). CD3, CD4, CD8, and CD71
were used and the results showed a significant elevation of these markers in women
with toxoplasmosis when compared to the healthy controls. Toxoplasmosis cause
both acute and chronic infections leading to stimulate T lymphocytes that provide
protection against multiple infections and prevent occurrence of complications.
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Introduction

Toxoplasmosis
Toxoplasma gondii was first discovered in an African desert
rodent in 1908. It was then found in many species of mammals
and birds worldwide and also in humans, but not until recently
has it been realized that it can cause human disease. There
are many Toxoplasma species in animals but only a single
species is capable of causing human disease. T. gondii has been
maintained in a colony at the Pasteur institute in Tunis. Since
then, the parasite has been found in almost every country of the
world in many species of carnivores, insectivores, rodents, pigs,
herbivores, primates and other mammals as well as in birds. The
importance of the organism as a human pathogen has stimulated
a huge amount of research in recent years. Since the mid 1980s
T. gondii has joined a number of other parasites recognized as a
complicating factor for immuno suppressed patients [1].
T. gondii is an obligate intracellular parasite and its life
cycle includes both sexual and asexual modes of proliferation
and transmission. The sexual cycle takes place exclusively in
the intestinal enterocytes of many members of the cat family
(Felidae). After ingestion of tissue cysts, the parasites invade the
enterocytes, undergo several rounds of division and differentiate
into micro gametocytes and macro gametocytes. The gametocytes
fuse to form a zygote or “oocyst” that is shed into the environment
with the cat’s feces. The oocyst undergoes meiosis, producing
an oocyst of highly infectious “sporozoites” that are resistant
to environmental damage and may persist for years in a moist
environment. After ingestion by a secondary host (such as man),
sporozoites differentiate into the rapidly dividing tachyzoite form,
which establishes and sustains the acute infection [2].
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T. gondii is an important water- or food-born pathogen that
is capable of causing severe disease in infants from infected
mothers and in the immunocompromised patients [3]. It is here
that the parasite causes the most severe pathology; disseminated
congenital infections in the developing fetus [4], severe
neurological complications in immunocompromised individuals
[5] and ocular pathology in otherwise healthy individuals [6].
Within the vertebrate host, Toxoplasma is capable of infecting
all types of nucleated cells and of crossing several important
cellular barriers. The parasite subsequently penetrates intestinal
epithelial cells, and either develops within them, or exits through
the basolateral side and burrows across the basement membrane.
This parasite invades mammalian cells by an active actindependent mechanism, and after entry establishes a vacuole
with the assistance of products secreted by the parasite’s apical
organelles. Simultaneously, Toxoplasma sets about gaining access
to cellular nutrients by forming pores in the vacuolar membrane.
In this manner it enjoys a rich and comfortable lifestyle at the host
cell expense [7].

Role of T-cells

Toxoplasma infection rapidly overcomes hosts with impaired
T-cell function and diminished ability to produce the cytokines.
In acute infection, the main pathologic findings associated
with acute toxoplasmosis are lymphoadenopathy and fever,
which occur simultaneously with parasite-induced activation
of the immune system and concurrent release of high levels of
proinflammatory cytokines. In most patients, acute toxoplasmosis
is benign and will evolve to the asymptomatic stage within a few
weeks of infection [8]. Nevertheless, congenital transmission of
Toxoplasma, occurring when a pregnant female is undergoing the
acute phase of a primary infection, can result in severe disease in
the infant. Briefly, the pathological consequences for the fetus are
dependent upon the trimester during which transmission occurs
J Microbiol Exp 2017, 4(2): 00107
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and will vary in severity from mild ocular disease to death [9].

Thus, several lines of evidence suggest that Toxoplasma induces
inflammatory responses that can contribute to the pathological
findings associated with acute infection. T-lymphocytes, in
particular the CD subset, as well as granulocytes, contribute to
the response. In some circumstances, the parasite is capable of
triggering a catastrophic inflammatory cytokine storm, which the
animals cannot survive.
+

4

In contrast to acute disease, most of the pathologic findings
associated with chronic toxoplasmosis in humans are thought
to be caused by lack of appropriate T-cell immunity rather than
an excessively vigorous response [8]. Depletion of T-cells in
the setting of chronic infection rapidly leads to reactivation of
infection and death [10].
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metrizoate. The concentration of the components is such that
density of 1.77±0.001 gm/ml is obtained whilst maintaining
a low viscosity (Flow Laboratories).

iii. Crystalline penicillin G: 1000 000 IU vial of crystalline
penicillin G (SDI) was dissolve in 10 ml sterile DDW. It was
used immediately.
iv. Streptomycin (as sulphate) 1 gm vial of streptomycin (SDI)
was dissolved in 5 ml sterile DDW. It was used immediately.
v.

4-(2-hydroxy ethyl)-1- piperazine-ethan sulfuric acid
(Hepes).

vi. 2.603 gm of Hepes powder (Sigma) was dissolved in 1000 ml
of RPMI media before the filtration.

vii. RPMI 1640:
Generation of T-lymphocytes possessing parasite-specific
cytolytic activity is characteristic of both human and murine viii. One sachet of RPMI 1640 culture medium (Sigma) was
dissolved in sterile DDW and the following components were
infection. In humans, both CD and CD8+ , cells with cytolytic
then added:
activity have been isolated from seropositive donors. The ability
of these T-cell subsets to simultaneously produce the protective
a. Penicillin G Solution. 1 ml (final concentration= 0.1mg/ml)
cytokine IFN- γ and exhibit cytolytic function has obscured the
b. Streptomycin solution 0.5 ml (final concentration= 0.1 mg/
issue of whether the latter activity plays a role during infection.
ml)
Nevertheless the finding that CD8+ but not CD T cells are more
efficient at transferring immunity has led to the suggestion that
c. Sodium
bicarbonate
solution
15
ml
(final
CTL activity contributes to protection [8].
concentration=0.066mg/ml)
+
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Materials and Methods
Patients

Sixty women who had abortion were selected for this study.
They were referred to the Central Health Laboratory in Baghdad
according to the physician’s reports, indicating the possibility
of them having toxoplasmosis. Serum and venous heparinized
blood was collected from those women in a period between
January 2003 and March 2003. Those women had been divided
into three groups according to the presence or absence of specific
anti-Toxoplasma antibodies. These groups included; the women
with IgG [11], the women with IgM [12] and the women with both
IgG and IgM [13]. The other 16 women had no antibodies against
Toxoplasma.

d. L-glutamin solution 10 ml

The final volume was brought to 1000 ml with D.D.W., the
contents mixed well and filtered through a 0.2μm. Millipore filters
(Nagle) and then stored at -20°C until use.
ix.

x. Lysis buffer:

The following contents were dissolved in DW, bringing the
final volume to 100ml.
a. Ammonium chloride 8.29 gm (0.155 M)

b. Postassium carbonate 1.001 gm (0.01 M)

Controls

Twenty-four healthy-looking women had been selected as
controls to compare with our patients in the same parameters
of this study. Serum and venous heprinized blood was collected
from those women and tested for anti-Toxoplasma antibodies.
Those that revealed any antibody titer against Toxoplasma were
excluded from the study.

Immunostaining of lymphocytes

Isolation of peripheral blood lymphocytes:
Reagents

i. Phosphate Buffered Saline (PBS) PH 7.2: a tablet was dissolved
in 100 ml of DW and autoclaved to ensure the sterility. It is
stored at 4C until use.

ii. Lymphocyte separation medium (Ficoll): it is an aqueous
solution of Ficoll (Pharmacia Fine Chemicals) and sodium

Trypan blue: 0.5 ml of trypan blue stock stain was diluted
in DW, bringing the final volume to 100 ml. It was stored at
room temperature until use.

c. EDTA 0.037 gm (0.0001 M)

It was stored at 4°C until use.

xi. Buffered formal acetone fixative:

The following contents were mixed together:
a. PBS 8 ml

b. DW 38 ml
c.

Formaline 33.2 ml (40%)

d. Acetone 60 ml

Isolation procedure
i. Two ml of heparnized venous blood were diluted to 1:2

ratio in PBS and mixed well then layered over 4 ml of ficoll.
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Centrifugation was carried out for 30 min at 400 xg [14].

ii. The buffy coat layer of lymphocytes was collected using a

Pasteur pipette then 1 ml of lysis buffer was added, and then
incubated at room temperature for 5 min.

iii. Centrifugation was carried out for 5 min at 200 xg.

iv. Cells were then washed with PBS (1 ml) and centrifuged for 5

min at 200 x g.

v. The supernatant was discarded and the pellet was suspended

the by 50 µl of RPMI.

vi. Using a haemocytometer chamber, the cell count was

performed. Cell viability was determined by Trypan blue dye
exclusion.

vii. Ten microliters of the cell suspension were smeared on

chamber slides, air dried, then the slides were soaked in Buffer
formal acetone fixative for some seconds and then air dried.

viii. The slides were foiled with parafilm and kept at -20°C until

used in immunostaining.

Determination of lymphocyte phenotype
Indirect immunostaining
a. Reagents
i. Monoclonal Antibodies (CD markers).
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Chamber slides pre-coated with lymphocytes, were removed
from freezer, allowed to reach room temperature, unwrapped and
washed with PBS. Then, lymphocytes were reacted with different
CD markers. 10 μl of 1:50 dilution of CD3, CD4, CD8 were left over
each spot (each one over each spot) for 90 min at 37 °C with
shaking. Then spots were washed 3 times with PBS, to discard
unbound antibodies. After washing, spots were reacted with
secondary antibody (anti-mouse peroxidase conjugate antibody).
10 μl of 1:100 dilution of this antibody were reacted with spots
for 1 hour at 37°C with shaking. Then, cells were washed as
previously described.

Ten ml of freshly prepared DAB solution, was applied to each
spot for about 15-20 minutes or until brown discoloration of the
spot appears. Cells were then washed with PBS and stained with
hematoxylin for about 1.5 seconds. After staining, spots were
rinsed with tap water and then PBS was added for 5 minutes.
Mounting was then done for the spots using glycerin. Counting
of cells was performed using light microscope (ALTAY) using
high power lens (x 40 magnification). Their dark brown staining
identified the positively labeled cells, while the negative cells
were stained with hematoxylin showing blue color (Figure 1). In
each spot, 100 cells were counted with differentiation depending
on morphology of cells and labeling. This will give the percent of
cells with each CD marker.

ii. *CD3 (clonab) is specifically reactive with the ε-sub unit

of the T-cell receptor complex. The antibody precipitates
bands in the region of 20-26 KD. As the antigen is expressed
by all mature T-cells clonab CD3 is suited for use as a pan
T-cell reagent.

iii. *CD4 (clonab) is reactive with an antigen of 55 KD molecular

weight, which is presented on T-helper/T-inducer cells
(30% to 60% of all peripheral human lymphocytes).

iv. *CD8 (clonab) is specifically reactive with an antigen of

32 KD molecular weight, which becomes expressed by
cytotoxic T-cells as well as by suppressor T-cells (15%
to 40% of all peripheral human T-lymphocytes) and
subpopulation of NK cells [15]. All the CD markers are an
IgG mouse immunoglobulin with the kappa light chain.

v. Secondary Antibody which is an anti-mouse peroxidase-

conjugated antibody (Dakko).

Tris-buffered saline (TBS):

Tris base powder was dissolved in DW at a concentration of
0.5M (60.6 g/L). The pH was adjusted to 7.6 with 1 N HCl. The
solution was stored at 4°C.
i.

ii.

DAB solution (3, 3 Diamino-benzidine tetrahydrochloride)
(Sigma) DAB powder was dissolved at a concentration of 0.6
mg/ml of TBS. Immediately before use, hydrogen peroxide
(H2O2) was added to give a final concentration of 0.01%.
Counter stain: Haematoxylin.

iii. Glycerin (BDH).

Figure 1: The percentage of CD+3 T cells in the peripheral blood
lymphocytes of seropositive women for toxoplasmosis compared with
the healthy controls (no antibodies).

Direct Immunostaining: The fixed cells on the slides were the solid
cellular antigens to which the fluorochrome-labeled monoclonal
antibodies are directed and then by fluorescent microscope we
could detect the fluorescently stained cells, indicating that these
specific antigens were detected by those monoclonal antibodies
[13]. Fixed cells on special immunofluorscence slides. Monoclonal
fluorescent-labeled antibody CD71: It is the transferrin receptor;
it has been expressed on T-lymphocytes, macrophages and
monocytes surfaces [16]. The Expression of the transferrin
receptor protein was examined by Western analysis and found to
be specifically elevated in Toxoplasma-infected fibroblasts [12].
Chamber slides, pre-coated with lymphocytes, were removed
from freezer, allowed to reach room temperature, unwrapped and
washed with PBS. 10 μl of 1.5 dilution of CD71 were applied to
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a duplicate spots, and then incubated within a humid chamber
at 37°C in the dark shaking for two hours. The spots were then
washed and 1 to 2 drops of mounting fluid were added onto each
well. The cover slips were placed on the mounting fluid- spotted
slides. The slides were examined by fluorescent microscope
(Olympus) using 40 x magnification lenses immediately or up to
3 days later as a maximal duration. A suitable countable field is
located and the numbers of stained cells were counted. 200 cells
were recovered and counted and then the calculation was made
as follows:
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markers) included CD3, CD4, CD8, and CD71. The results obtained
previously indicate that CD3 is the antigen that is expressed by all
mature T cells. CD4 is presented on T-helper/T-inducer cells (30%
to 60% of all peripheral human T lymphocytes), CD8 expressed
by cytotoxic T cells as well as suppressor T cells (15% to 40% of
all peripheral human T lymphocytes) [15]. CD71 is expressed on
T-lymphocytes, macrophages and monocytes surfaces [16].

Percentage of positively stained cells = (number of labeled
cells)/ (Total number of cells) x100

Statistical analysis

The data were statistically analyzed using student’s T test
according to Snedecor and Cochran [17] by using Excel 2003
software.

Ethical approval

This research underwent to the terms of ethical considerations
and in accordance with the form prepared for this purpose by the
Iraqi Ministry of Health also got the approval of the research by
the Committee of ethical standards in the Faculty of Medicine, AlNahrain University, one of the colleges affiliated to the Ministry of
Higher Education and Scientific Research, Iraq.

Figure 2: The percentage of CD+4 T cells in the peripheral blood
lymphocytes of seropositive women for toxoplasmosis compared with
the healthy controls (no antibodies).

Results and Discussion

The isolated PBL were tested for cell surface markers using
monoclonal antibodies against T-cell subsets. The percentage of
total T cell (CD3-positive cells) indicates that seropositive women
had a significantly higher percent of T cell (63.8±7.8 %) (P≤0.05)
than seronegative ones (50.8±4.2%). There was no significant
difference among the groups that had IgG, IgM, or both IgG and
IgM in their serum samples (P> 0.05) (Figure 1).
Regarding T-cell subsets; T-helper or T-inducer and
T-cytotoxic or T-suppressor (CD4 positive cells and CD8 positive
cells respectively), (Figure 2) shows that CD4 positive cells
were significantly higher in percent in seropositive women
(66.5±6.9%) (p ≤ 0.05) than seronegative ones. There was no
significant difference (P>0.05) among the groups that had IgG,
IgM, or both IgG and IgM. CD8 positive cells showed significantly
increasing number in seropositive women (58.7±4.9%) (P ≤
0.05) than seronegative women, while there was no significant
differences among the women who had IgG, IgM, or both IgG and
IgM (Figure 3).

Seropositive women showed significantly higher percent of
CD+71 T cells (63.3±6.7%) (P ≤ 0.05) than those seronegative
ones, while there was no significant differences among the women
who had IgG, IgM, or both IgG and IgM (Figure 4).

There are certain techniques to measure the expressed
antigen on activated lymphocytes like rapid flow cytometric
method which is relatively accurate and is a rapid technique
[18]. Measurement of expressed specific activation antigens by
Immunostaining method is another technique although it is not
as accurate and rapid as the flow cytometric method but in this
study it was used for its availability. These activated antigens (CD

Figure 3: The percentage of CD+8 T cells in the peripheral blood
lymphocytes of seropositive women for toxoplasmosis compared with
the healthy controls (no antibodies).

This study showed a significant increase in the CD+3 T cell of
women infected with T. gondii than of the healthy controls. This
indicate the strong proliferation of the lymphocyte as a result of
exposure to the Toxplasma antigen as published by Kahi et al. [18].
CD+4 and CD+8 T cell percentage were significantly higher in the
women infected with T. gondii than of healthy controls. This may
indicate the CTL activity against T. gondii as published by other
studies [11].
Caruso et al. [19] considered the CD71 as a specific marker
to T. gondii expressed on the activated T cells when exposed to T.
gondii antigen. This study measures the percentage of activated
CD+71 T cell in the infected women and the results showed a
high significant percentage in this marker of those women when
compared to the healthy controls. Both CD+4 and CD+8 CTL are
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part of the human immune response to T.gondii infection. Both
antigen-pulsed and Toxoplasma infected antigen presenting cell
(APC) induced cell proliferation. Toxoplasma infected APC elicited
strong CD+4-mediated than CD+8- mediated cell proliferation
and generated CD+4 CTL more readily than CD+8 CTL [11].

CD+71 was regularly induced on a much larger percentage
of T lymphocytes from T. gondii seropositive than T. gondii
seronegative subjects. This antigen also shows an amplified
expression in response to tetanus toxoid or influenza virus antigen
and it appears suitable for the evaluation of cellular response
[19]. These tests proved to correlate well with serological status,
and samples from seronegative individuals usually showed no
stimulation [18].
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Figure 4: The percentage of CD+71 T cells in the peripheral blood
lymphocytes of seropositive women for toxoplasmosis compared with
the healthy controls (no antibodies).

Conclusion

Toxoplasma gondii infection elicit both humoral and cellular
immune response, regarding to T lymphocytes, this infection
stimulate two types of T cell , CD 4+ cells for acute infection and
CD8+ cell for chronic infection in addition to that, this parasite
use CD71+ marker on T cell for facilitate its penetration and
proliferation.
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