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T Cell Clones from Schistosoma haematobium Infected
and Exposed Individuals Lacking Distinct Cytokine
Profiles for Th1/Th2 Polarisation
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T cell clones were derived from peripheral blood mononuclear cells of Schistosoma haematobium
infected and uninfected individuals living in an endemic area. The clones were stimulated with S.
haematobium worm and egg antigens and purified protein derivative. Attempts were made to classify
the T cell clones according to production of the cytokines IL-4, IL-5 and IFN-γ. All the T cell clones
derived were observed to produce cytokines used as markers for the classification of Th1/Th2 subsets.
However, the ‘signature’ cytokines marking each subset were produced at different levels. The classification depended on the dominating cytokine type, which was having either Th0/1 or Th0/2 subsets. The
results indicated that no distinct cytokine profiles for polarisation of Th1/Th2 subsets were detected in
these S. haematobium infected humans. The balance in the profiles of cytokines marking each subset
were related to infection and re-infection status after treatment with praziquantel. In the present study,
as judged by the changes in infection status with time, the T cell responses appeared to be less stable
and more dynamic, suggesting that small quantitative changes in the balance of the cytokines response
could result in either susceptibility or resistant to S. haematobium infection.
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Evidence accumulated has underlined the existence of functionally distinct T helper (Th) cell
subsets. These Th cells originate from CD4+ T cell
precursors and are defined by the cytokines they
produce (Mosmann et al. 1986, Mosmann &
Coffman 1989). These subsets have been shown to
have a central role in the control and regulation of
many immune responses including those directed
against parasitic infections such as Leishmania
major and Schistosoma mansoni. In murine models of S. mansoni infection, a well defined Th subset dichotomy has been reported in which T helper1
(Th1) produce interferon gamma (IFN-γ) and tumour necrosis factor-β (TNF-β), which activate
macrophages as part of a delayed type hypersensitivity (DTH) reaction. The reaction was reported to
provide protection against S. mansoni infection in
mice (Sher et al. 1990).
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Th2 lymphocytes are known to produce IL-4,
IL-5, IL-10 and IL-13, which are essential for the
production by B cells of IgE, IgG1, IgA and IgM
antibody isotypes and eosinophil and mast cell
activation. Th2 type cells are believed to be essential in human protection from schistosome infections but have been shown to play a role in pathology which accompanies the deposition of eggs in
the tissues of S. mansoni infected mice (Sher &
Coffman 1992).
The patterns of cytokines produced by mouse
T cell clones seems adequately defined by the Th1
and Th2 labels (Mosmann & Coffman 1989). Initially the same classification was applied to human
T cell clones but the results of studies of T cell
clones derived from patients with schistosomiasis
showed a lack of distinct Th1/Th2 polarisation observed in murine models. Instead, responses ranged
from Th0, Th1, Th2 to Th3 (Romagnani 1991,
Couissinier-Paris & Dessein 1995). Many groups
have reported peripheral mononuclear cells (PBMC)
cultures from schistosomiasis infected individuals
producing IL-2, IL-4, IL-5, IL-6 , IL-10 and IFN-γ
(Roberts et al. 1993, Viana et al. 1994, Williams et al.
1994, Araujo et al. 1996, Grogan et al. 1996). This
lack of confirmation of the Th1/Th2 concept in hu-
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man schistosomiasis suggests that the observed
differences in the cytokine production in the mouse
are more likely to reflect differences between the
murine models and humans (Couissinier-Paris &
Dessein 1995). Additional studies are therefore required on human schistosomiasis from different
transmission areas in endemic zones and on different schistosome species.
The studies cited above have associated the
dominance of the particular sets of cytokines produced by PBMC to a particular Th cell subset and
are therefore of limited value in determining the precise details of the Th cell dichotomy of the immune
response to schistosome infection. In contrast to
studies using PBMC, the use of T cell clones provides an opportunity to examine responses under
well-defined culture conditions. The present study
was designed to develop T cell clones from the
PBMC from S. haematobium infected and
uninfected children living in an area of high transmission of S. haematobium. Studies of the cytokine
production of such T cell clones would shed some
light on the immune processes triggered by natural
repeated exposures to S. haematobium infection.
MATERIALS AND METHODS

Study area and population - The study population was selected from a farming community of
The Burma Valley Area, Eastern Highlands of
Manicaland Province in Zimbabwe. The farming
activities were based on both irrigation and on seasonal rains. There is a permanent river which flow
into a dam and several seasonal river tributaries.
The community has low S.mansoni prevalence
(about 4%, Ndhlovu, pers. commun.) and a high S.
haematobium infection prevalence and subjects
were selected from Valhalla primary school which
is situated in this community.
Four school children, aged 10, 11, 11 and 12
years were selected for a detailed study of their
cellular immune response by cloning T cells derived from their PBMC prior to treatment with
praziquantel. Two of the children were infected, one
moderately and the other heavily with S.
haematobium as determined by egg counts on urine
specimens. Neither of these children had received
treatment in the two years before the study. The
other two children were uninfected.
Parasitology - Urine samples for parasitological examination for S. haematobium infection were
collected from all the individuals on three consecutive days and were processed on the day of collection. Samples were collected between 10 a.m. and 2
p.m. to coincide with peak S. haematobium egg
excretion in urine (Warren et al. 1978). Urine samples
were examined for urinary schistosomiasis by filtration of 10 ml samples after thorough mixing us-

ing 13 mm polyamide NytrelTM filters and 5-10%
Lugol’s iodine stain, to help visualise the eggs
(Mott et al. 1982). The filters were examined for eggs
of S. haematobium, and counts were expressed as
eggs per 10 ml of urine (ep10 ml). Intensity of infection was classified as negative: no eggs detected;
very light: <10 ep10 ml; light: 10 to <50 ep10 ml; or
heavy: 50 or more ep10 ml.
Stool samples were examined by the Kato-Katz
technique as modified by Peters et al. (1980). Stool
samples were collected and processed to exclude
those with S. mansoni infection from the study.
Collection of venous blood - About 20 ml of
venous blood were collected from the cubital vein
of each child by venepuncture using 21G cannulae
into sterile syringes pre-loaded with 5-10 U/ml heparin for later separation and collection of PBMC.
Samples were transported in a cooler box and were
processed at the laboratory within 2 h of collection.
Treatment - All children were treated with
praziquantel, given as a single dose of 40 mg/kg
body weight, at the end of the first (pre-treatment)
examination and retreated at the end of the 2 year
follow-up.
PBMC separation - Blood was layered gently
into sterile LeucoSep tubes, prespun with
LymphoprepTM (Nycomed) and centrifuged at 450
xg/20 min. The method for cell separation employed
density gradient centrifugation of anti-coagulated
blood on a dense solution of lymphoprep
(Nycomed), using a modified method (Boyum 1968,
Hunt 1978). The white buffy layer containing the
PBMC at the plasma/lymphoprep interface was
pipetted into another sterile tube. The remaining
lymphoprep with the red cells and granulocytes
was discarded. Aspirated PBMC were resuspended
in complete media (RPMI1640 supplemented with
2.4 mM sodium hydrogen carbonate, 1% gentamycin, 2 mM L-glutamine, 10% FCS serum, 1%
non essential amino acids, 1% sodium pyruvate
and 25 mM β-2-Mercarptoethanol) and washed by
centrifugation at 350 xg/15 min. The cells were
washed again in complete medium and collected
by pelleting at 300 xg/10 min. The supernatant was
discarded and the cells resuspended into 3 ml of
complete media. The resuspended cells were
aliquoted and distributed equally into three 1.8 ml
sterile Nunc tubes, mixed with 1 ml freezing medium
(RPMI1640, 25% FCS, 20% DMSO) and immediately transferred for freezing by gradient freezing
in liquid nitrogen following a given standard curve
(Hviid 1990).
PBMC proliferation assays using tritiated thymidine - The cryopreserved PBMC were rapidly
thawed at 37ºC and transferred asceptically into 10
ml washing media (RPMI1640, 1% gentamycin, 5%
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human AB serum). The cells were washed by centrifugation at 300xg/10 min to remove the DMSO
and resuspended in 1 ml complete medium containing 10% AB serum and 50 µg/ml gentamycin. Cell
viability and concentration was determined by
counting 20 µl of the resuspended cells in trypan
blue (0.2% w/v). A final viable cell concentration of
approximately 1 x 106 cells/ml was cultured in 200 µl
volumes in duplicate in 96 well flat bottomed culture plates. The cells from each individual had a
negative control (unstimulated cells) and as positive control, cells stimulated with 10 µg/ml
Phytohaemaglutinin (PHA). The S. haematobium
antigens SEA and SWAP were used to study specific stimulation of the cells at 10 µg/ml. The plates
were incubated in a 5% CO2 humidified incubator
at 37ºC for 6 days. The cells were pulsed with 1 µCi
tritiated thymidine (methyl 3 H-thymidine,
Amersham, UK) after 5 days incubation, and further incubated for approximately 18 h. The cells
were then harvested onto filters using a semi-automated cell harvester and the filters rinsed with distilled water to remove unincorporated tritiated thymidine.
The amount of tritiated thymidine incorporation induced by antigen or mitogen was determined
with a Liquid Scintillation Analyser (TRICABTM,
Model 1600 CA Packard USA). Data were expressed
as stimulation index of mean counts per minute (SI)
calculated as follows: SI of mean cpm = mean counts
from stimulated cells divided by mean counts from
control (unstimulated) cells.
T cell lines for T cell clone derivation and T
cell clones - Short term T cell lines (TCL) were established from the PBMC of subjects numbers 309,
311, 329 and 350, all from the high transmission
area. The frozen PBMC were retrieved from liquid
nitrogen and rapidly thawed with constant agitation, until a small ice crystal remained, they were
then transferred to incomplete media (RPMI1640,
1% gentamycin and 50 µg/ml gentamycin. After
washing twice, the cells were resuspended in complete media containing 10% human AB serum and
seeded at 1 x 106 cells/ml in the presence of 20 µg/
ml SEA, SWAP or PPD. After 6 days at 37oC in 5%
CO2 in humidified air, cells were washed and resuspended in complete media containing 10% human
AB serum supplemented with 10 IU/ml human IL-2,
and cultured for 5-10 days. After the first stimulation the TCL were directly cloned by the limiting
dilution method (Lefkovits & Waldmann 1984). Cells
were seeded at 0.3 or 1 cell/well in the presence of
irradiated (3500 rads) heterologous PBMC as feeder
cells (5 -7.5 x 105 cells/ml), PHA-P at 2 µg/ml and
hIL-2 (20 IU/ml). The clones were left to proliferate
and expand for 2-4 weeks, with repeated observation. Plates with less than 30% of the wells with
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growing clones were selected for further study and
the clones were then expanded first in 96 well round
bottomed plates then 48 well plates and finally in
24 well plates (1 ml/well) by re-stimulation every 15
days with irradiated feeder cells at 7.5 x 105 cells/
ml, with 2 µg/ml PHA-P and 20 IU/ml hIL-2. T cell
clones (TCC) were maintained in complete media
with 10% FCS supplemented with 20 IU/ml hIL-2
between each stimulation.
Antigen specificity test of clones - TCC were
tested for their proliferative response to parasite
antigen 10-15 days after the last stimulation. After
two washes in RPMI supplemented with 50 µg/ml
gentamycin, the cells were suspended in complete
media with 10% FCS and seeded at 2 x 104 cells per
well in flat bottomed microtitre plates containing 5
x 104 (cells/ml) irradiated (3500 rad) autologous
PBMC. After addition of parasite antigen or (nonspecific) mitogen (PHA-P), cultures were incubated
for 3 days at 37oC in 5% CO2 in an humidified air.
Cultures were pulsed with 5-bromo-2'-deoxyuridine
(BrdU; Boehringer Mannheim) during the last 1618 h. After aspirating the labelling media, cells were
briefly further cultured in incomplete media for 2 h
at 37ºC in 5% CO2 humidified incubator. The cells
were then washed and the plates dried before fixing and denaturation of the cells with Lysis and
Fixing reagent (FixDenatTM) solution and incubating for 30 min at room temperature. The FixDenat
was removed by washing 3x, the anti-BrdU labelled
with peroxidase dismutase (POD) added and incubated for 3 h at room temperature. The plates were
then washed 3x before adding substrate and the
absorbance measured using an ELISA reader set at
405 nm with 630 nm as the reference wavelength.
Stimulation of TCC for cytokine production TCC were stimulated for assay of lymphokine secretion 10-15 days after the stimulation with feeder
cells and PHA-P. The feeder cells have a limited
life-span and having been irradiated were considered to be no longer active, and the TCC produced
no lymphokine spontaneously. The TCC were
washed twice and seeded at 105 cells/100 µl in flat
bottomed microtitre plates in complete media with
10% FCS. The cells were then incubated for 24 h at
37ºC, in media alone or in the presence of mitogenic
stimuli: 20 ng/ml anti-CD3 antibody plus 10 ng/ml
PMA (Phorbol-12-Myristate 13-Acetate) and 2 ng/
ml PHA-P plus 10 ng/ml PMA. Cell free supernatants were collected 24 h later under sterile conditions and were stored at –70ºC before assaying for
cytokines. All the supernatants derived from TCC
were tested for IL-4, IL-5 and INF-γ.
Cytokine titration by ELISA - Cytokine detection was performed on the supernatants harvested
after 24 h mitogenic stimulation. The NuncImmunoplates MaxisorpTM (InterMed) were coated
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with anti-human monoclonal antibodies (mAb) at
0.5 µg/ml for IFN-γ and at 1 µg/ml for IL-4 and IL-5
in carbonate/bicarbonate buffer at pH 9.6 at 4ºC on
a shaker. After the overnight incubation, the plates
were washed twice with PBS containing 0.05%
Tween 20 at pH 7.2 and then blocked with complete
RPMI for 1 h at room temperature. The RPMI was
aspirated and the plates washed once with PBS
containing 0.05% Tween 20. Standards for each
cytokine were added in duplicate for each concentration within the range 15-2000 pg/ml. Then various dilutions of clonal supernatants were added in
duplicate and diluted in complete RPMI at 1/4 for
the control, 1/5, 1/25 and 1/125 for the samples and
incubated over night at 4ºC on a shaker. After three
washes with PBS+0.05% Tween 20, the plates were
incubated for 4 h at room temperature with a second anti-human biotinylated monoclonal antibody
specific for each cytokine, at 0.5 µg/ml for IFN-γ, 1
µg/ml for IL-4 and IL-5. After washing 3x with
PBS+0.05% Tween 20, streptavidin-alkaline phosphatase conjugate or an alkaline phosphatase-conjugated mAb at a dilution of 1/1000 for IFN-γ and
IL-4, and at a dilution of 1/2500 for IL-5 then incubated for 2 h at room temperature. Enzymatic activity was determined by incubating the plates with pnitrophenyl phosphate (SIGMA FAST)TM. Absorbance was read at 405 nm with 630 nm as the reference wavelength on a DIAS Multiscan reader
(Dynatech Laboratories). The standard curves were
calculated for each plate according to the sigmoid
curve equation: Y = D+(A-D)/(1+(X/C)B) Where X
is the cytokine concentration and Y is the absorbance at 405 nm; A, B, C and D are constants.
CD4+ and CD8+ surface phenotyping - Approximately 105 cells/well of each TCC were placed
into each of three wells for assessment of CD4 and
CD8 numbers, with the third well serving as the
control. The TCC were then centrifuged and the
culture medium supernatant aspirated. The cells
were washed with 200 µl PBS buffer by centrifugation at 400 xg/5 min. The supernatant was discarded
and the cells resuspended in a solution containing
mouse anti-human IgG primary monoclonal antibodies (diluted in PBS with 0.1% BSA) specific for
CD4 and CD8 surface markers. The TCC were then
incubated at room temperature for 45-60 min, after
which the cells were washed twice in 150 µl of PBS
by centrifugation at 400 xg/5 min. Then 50 µl of
FITC-conjugated anti-mouse IgG diluted 50x in PBS
with 0.1% BSA was added and incubated at room
temperature for 45-60 min. The cells were washed
twice and then re-suspended in PBS + 0.1% BSA +
EDTA. Cells were mounted in PBS + 50% glycerol
(1:1 cell suspension: PBS/glycerol) and observed
by fluorescent microscopy.

Statistical analysis - The levels of IFN-γ, IL-4
and IL-5 were expressed as pg/ml. The data sets
were mostly not normally distributed hence nonparametric tests were used for the analyses.
Wilcoxon matched pairs sign ranks test was used
for comparison between two cytokine phenotypes
of each clone. Kruskal-Wallis one-way ANOVA was
used to compare the cytokine levels of all the clones.
The Mann-Whitney Rank sum test was used to
compare the responses of the antigen specific and
non-specific clones.
To reduce the risk of type 1 errors arising from
making multiple pairwise comparisons, Bonferroni’s
method was applied which uses the function p = α/
m, where α is p constant for statistical comparison
and m is the number of comparisons. When comparisons were made of levels of cytokines produced
by TCC from an individual, the revised significance
level was; p = 0.05/3 = 0.017; because three comparisons (PPD, SWAP and SEA) were made at each
time point.
Each clone was categorised as a T helper class
using a ratio obtained from the measured classes
of cytokine IFN-γ, IL-4 and IL-5. The ratio was obtained using the following expression:
x = IL-4:IFN-γ or IL-5:IFN-γ
Based on the ratio, the phenotype of each clone
was reported as Th1, Th0/1, Th0/2 or Th2 as shown
below:
x ≤ 0.1
then the clone is Th1
0.1 < x ≤ 1
then the clone is Th0/1
1 < x ≤ 10
then the clone is Th0/2
x >10
then the clone is Th2
A similar classification has been proposed for
classification of human TCC during leishmaniasis
and schistosomiasis mansoni although it remains
to be tested in further studies (Couissinier-Paris,
pers. comm.).
RESULTS

Parasitology - Of the four children selected
from the high transmission area, two were infected
with S. haematobium and the other two were not
infected as indicated by the urine examinations.
Parasitology results for the four children at various
times during the study are shown in Table I. Child
number 309, was heavily infected with a mean egg
counts of 53 eggs per 10 ml of urine. The other
child, number 350, was moderately infected with an
egg output of 20 eggs per 10 ml of urine. The heavily
infected child became heavily reinfected by one
year post treatment (115 ep10ml) and was re-treated,
while the other initially moderately infected child,
350, remained uninfected during the two year follow-up. The two children initially uninfected were
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TABLE I
Results of Schistosoma haematobium parasitological examination (eggs/10 ml of urine) over a two year follow-up
period of the children whose peripheral blood mononuclear cells were cloned. The egg counts were determined by
filtration of 10 ml of urine collected on three consecutive days
Subject

Baseline

(age)

pre-treatment

3

6

9

12

15

18

24

53
20

0
0

0
0

0
0

0
0

0
0

115
0

70
0

0
0

0
0

0
0

55
0

82
0

27
7

11
7

ND
4

Infected
309 (11)
350 (12)
Uninfected
329 (10)
311 (11)

Months post-treatment

ND: not done

found to be infected when examined at six months
post-treatment (child 329) or one year post treatment (child 311). The intensities of infection in these
children were heavy and light, respectively (Table
I).
Proliferation - The PBMC from each of the children were examined for proliferative responses to
mitogen and worm and egg antigens. The proliferative responses of PBMC from children 329
(uninfected), 309 (infected) and 350 (infected) were
not statistically significantly different from one
another but there was a clear biological trend of the
PBMC from child 329 (uninfected) having higher
levels of proliferation to schistosome antigen. The
proliferative responses of PBMC from child 311
(uninfected) were higher than the responses of the
PBMC from the other three children (Fig. 1).

600
500
400
300
200
100
0
309 Infected

350 Infected

329 Uninfected

311 Uninfected

Subject
Stimulant
PHA

SWAP

SEA

Fig. 1: the levels of proliferation to PHA and schistosome
antigen (SWAP and SEA) stimulation of peripheral blood
mononuclear cells from children before deriving T cell
lines for T cell cloning. Proliferation levels were determined by tritiated thymidine incorporation.

TCC - antigen specificity and surface phenotype - After expanding the TCC, each clone was
tested for antigen specificity using the antigen used
in their derivation. The PBMC from the heavily infected child had few TCC testing positive to the
worm and egg antigens the general response could
be related to the antigen stimulation assays in which
the response was low. The other children had high
numbers of TCC testing positive to the worm and
egg antigens used to derive them. The total number of TCC derived which were antigen specific
were used in the analysis of the cytokines profiles
and ratios. All the tested TCC were CD4+ (positive).
Cytokine profiles, ratios and T helper subsets
Child 309 (heavily infected) - The TCC from
the heavily infected child gave a high IL-5:IFN-γ
ratio for the clones derived from worm and egg antigen stimulation, while the egg antigen derived TCC
showed a high IL-4:IFN-γ ratio. The PPD derived
TCC showed a low ratio for both comparison of IL4:IFN-γ and IL-5:IFN-γ (Fig. 2). The infected child,
309, showed an IL-5:IFN-γ ratio of approximately
10, indicating the levels of IL-5 being 10 times the
levels of IFN-γ, indicating the cytokine balance of
the response tipping towards a Th2 type.
TCC derived from either worm or egg antigen
stimulation of PBMC from the heavily infected child,
309, using IL-4:IFN-γ ratio, proved to be predominantly classified as Th0/2 subset and a small number of TCC being classified as Th0/1, Th1 and Th2
type. Using the IL-5:IFN-γ ratio, some of the T cell
clones were classified as Th2 type. However, the
PPD derived TCC produced cytokines that led to
their being classified as Th0/2 (Table IIa).
Child 350 (moderately infected) - The moderately infected child, 350, had TCC derived from worm
antigen stimulation of PBMC giving a high IL-5:IFNγ ratio, while the egg antigen derived TCC showed
a high IL-4:IFN-γ ratio. The PPD derived TCC
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Cytokine ratio

80
70
60
50
40
30
20
10
0

1

2

3

4

5

6

IL-4/IFN-γ
worm(19)

IL-4/IFN-γ
PPD (15)

IL-5/IFN-γ
egg (14)

IL-5/IFN-γ
worm(19)

IL-5/IFN-γ
PPD(15)

7

0

IL-4/IFN-γ
egg (14)

Fig. 2: Schistosoma haematobium infected subject: 309. Cytokine ratios, IL-4:IFN-γ and IL-5:IFN-γ from the clones
according to stimulation with worm (SWAP), egg (SEA) antigen and purified protein derivative (PPD). The number of
clones tested is shown in brackets.

showed a low ratio for both comparison of IL-4:IFNγ and IL-5:IFN-γ (Fig. 3). The infected child, 350,
showed an IL-5:IFN-γ ratio of approximately 10,
indicating the levels of IL-5 being 10 times the levels of IFN-γ (Fig. 3), indicating the cytokine balance of the response tipping towards a Th2 type.
TCC derived from either worm or egg antigen stimulation of PBMC from the moderately infected child,
350, using IL-4:IFN-γ ratio, proved to be predominantly classified as Th0/2 type (Table IIa). A small
number of the TCC were classified as Th0/1 and
Th2 type. When using the IL-5:IFN-γ ratio, a similar distribution of the TCC as for IL-4:IFN-γ was
observed (Table IIb). The PPD derived TCC produced cytokines that led to their being classified
as predominantly Th0/2 with a small number of TCC
as Th0/1 and Th1 type (Table IIb).
Child 329 (uninfected) - The mean cytokine
ratios from TCC from the uninfected child, 329
showed a high IL-5:IFN-γ ratio from the egg antigen derived clones only, with the other ratios being low (Fig. 4). TCC derived from either worm or
egg antigen stimulation of PBMC from the
uninfected using IL-4:IFN-γ ratio, proved to be predominantly classified as Th0/2 type (Table IIa). A
small number of TCC were classified as Th0/1 and
Th2 type. Using the IL-5:IFN-γ ratio, most of the
TCC were classified as Th0/2 with a small number
of TCC being classified as Th0/1 and Th1 types
(Table IIb). The PPD derived TCC produced
cytokines that led to their being classified as predominantly Th0/2 with a small number of TCC as
Th0/1, Th1 and Th2 type (Table IIb). The cytokines
produced led to the TCC being classified as pre-

dominantly Th0/2 type, with a small percentage of
TCC being classified as Th0/1 and Th1 types). Child
329, showed a mixed cytokine environment of the
response, with neither Th subset dominating
Child 311 (uninfected)- The mean cytokine ratios from TCC from the uninfected child 311 showed
higher IL-5:IFN-γ ratios than IL-4:IFN-γ for all the
stimulants (Fig. 5). The TCC from uninfected children showed the IL-5:IFN-γ ratio to be higher than
the IL-4:IFN-γ for the TCC derived from egg and
worm antigen stimulation of PBMC. The child 311,
showed the IL-4:IFN-γ and IL-5:IFN-γ ratios being
high, showing the levels of IL-4 and IL-5 to be approximately 10 times the levels of IFN-γ (Fig. 5),
showing the cytokine environment tipping towards
a strong Th0/2 type.
TCC derived from worm and egg antigen stimulation of PBMC from uninfected child, 311, using
IL-4:IFN-γ ratio, proved to be predominantly classified as Th0/2 type. A small number of T cell clones
were classified as Th0/1 and Th2 type (Table IIa).
Using the IL-5:IFN-γ ratio, similar distribution of
the TCC as for IL-4:IFN-γ was observed with the
TCC predominantly being classified as Th2 type
(Table IIb). The PPD derived TCC showed similar
classification patterns as for the schistosome antigen derived TCC. The cytokines produced led to
the TCC being classified as Th0/2 type, with an
increased percentage of TCC being classified as
Th2 types.
DISCUSSION

At the beginning of the study and subsequent
follow up after treatment, the children showed dif-
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TABLE IIA
The distribution of the derived T cell clones (number)
into T helper subsets according to IL-4:IFN-γ. The T
cell clones are classified according to subject and the
stimulant used to derive the clones
Subject/stimulant Th1
Infected children
309 worm
309 egg
309 PPD
350 worm
350 egg
350 PPD
Uninfected children
329 worm
329 egg
329 PPD
311 worm
311 egg
311 PPD

1
1

Th0/1

Th0/2

Th2

4
2
7
15
1

13
10
7
48
8
9

2
1

9

30
19
10
12
27
5

2
2

2

3
1
4
1

5
3

4
5
2

TABLE IIB
The distribution of the derived T cell clones (number)
into T helper subsets according to IL-5:IFN-γ ratio.
The T cell clones are classified according to subject and
the stimulant used to derive the clones
Subject

Th1

Infected children
309 worm
309 egg
309 PPD
350 worm
350 egg
350 PPD
Uninfected children
329 worm
329 egg
329 PPD
311 worm
311 egg
311 PPD

Th0/1

Th0/2

Th2

9
5
14
32
9
4

10
9

1

1
1
1
2
4

1
1
1

5
1
4

32
10
6
1
16
5

13
1

6
2
21
24
3

PPD: purified protein derivative

ferent levels of S. haematobium infection, which
might be interpreted as supporting the idea from
several immunological field studies that individuals living in endemic areas have different immune
responses, making them either resistant or susceptible to infection.
T lymphocytes play a significant and important
role in immune responses to infection with schistosomes through the different members of the
cytokine classes they produce. During heavy schistosomiasis infection, it is usually observed that the
PBMC do not give raised levels of proliferation af-
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ter stimulation with schistosome-specific antigens.
as was reported in adults chronically infected with
S. mansoni (Ottesen et al. 1977, 1978, 1979, Colley
et al. 1977a, b, 1986, Roberts et al. 1994). The results
that the heavily infected child gave very low levels
of proliferation to schistosome-specific antigens,
while the moderately infected gave slightly raised
levels of proliferation were similar to those reported
on S. haematobium infected patients (Grogan et al.
1996, King et al. 1996), where unresponsiveness
was seen prior to treatment, but increased several
fold high after treatment. Such unresponsiveness
is thought to be the way the immune response is
regulated during heavy infection when the parasite establishes a favourable environment which is
beneficial to itself. Since heavy infections normally
take some time to accumulate in an individual, the
heavily infected child in this study probably acquired their first infections at an early age and might
now be considered to have a chronic infection.
Levels of proliferation in non-infected individuals, to the schistosome antigen stimulation were
observed to be high thus suggesting an acute infection. During an acute schistosomiasis infection
the immune response is characterised by raised levels of proliferation by PBMC on stimulation with
schistosome antigen, but during heavy or chronic
infection some immune evasion mechanism that
includes immunomodulation by the worms renders
the host unresponsive to any further stimulation.
Some cellular studies (Colley et al. 1977b, Ottesen
& Poindexter 1980, Gazzinelli et al. 1985), reported
the presence of some suppressive factors in serum
of subjects who had a long duration of infection,
which suggested that immunomodulation is a characteristic of those individuals who are heavily or
chronically infected, whereas individuals in acute
stages of infection have strong cellular responses
to specific schistosome antigens. However, in another study (Colley et al. 1986) an association was
reported between levels of response to antigens
and levels of reinfection. People who were reinfected
had lower responses to schistosome antigens than
people who remained uninfected. Similar proliferation results were obtained in this study from children 311 and 329, who were uninfected, but child
329 gave lower levels of proliferation to schistosome antigen stimulation than child 311 and became infected earlier.
The TCC from infected children, 309 and 350,
and one of the uninfected children, 329 (who became heavily infected early), produced either high
levels of IFN-γ and IL-5 but low levels of IL-4 or
similar levels of IFN-γ and IL-4. This may indicate
that during schistosomiasis infection and susceptibility (as in child 329) either IFN-γ is found dominating or the two contrasting cytokines (IFN-γ and
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IL-4) are produced at similar levels, though the
sample size limits confidence in this interpretation.
The egg antigen derived TCC produced similar levels of IFN-γ and IL-4, while the worm antigen derived TCC produced predominantly higher levels
of IFN-γ than IL-4. This would suggest that differences in responsiveness of the schistosome antigens is dependent on the life cycle stages. The
TCC derived by stimulation with egg antigens had
the ability to produce IFN-γ and IL-4 at similar levels in individuals who were moderately infected and
the child 329 who appeared susceptible to infection. The cytokine levels from the other uninfected
child, 311, showed high levels of IL-4 and IL-5, but
low levels of IFN-γ. The fact that high levels of IL4 production may be associated with absence of
infection or resistance to infection, may be supported by the results of child number 311 which
showed high levels of IL-4 and IL-5. Raised levels
of IL-4 and IL-5 (Th2 type cytokines) were clearly
related to a lack of infection as shown by high levels in the uninfected child, 311. The TCC from this
child were classified as predominantly Th0/2 and
Th2, which indicated that a cytokine balance that
was dominated by IL-4 and IL-5 over IFN-γ is protective. The production of IL-4 may suggest a protective role of this cytokine in this child. This supports that IL-4 may be involved in switching B cells
to secrete specific antibody isotypes (notably IgE,

IgG1 and IgA) and also that IL-4 may be involved
in activation, proliferation, differentiation and enhanced production by B cells of antibodies which
may be involved in ADCC reactions during schistosome infection (Romagnani 1991, 1994, Abbas et
al. 1996, Mosmann & Sad 1996).
High IFN-γ levels may be a feature of moderately infected individuals or individuals who,
though uninfected may be at least partially susceptible to as evidenced by the results of infection.
During heavy or chronic infection (as in child 309)
much of the T cell responsiveness may be downregulated, effectively ‘switched off’ and this is reflected in low levels of IFN-γ. The raised IFN-γ
levels of the infected child, 350, and uninfected
child, 329, may be indicative of continuing T cell
reactivity in these children. The presence of significant levels of IL-4 and IL-5 in these children
may indicate that this is a crucial stage in the development of their responses to infection when IL-4
or IL-5 are beginning to dominate the response thus
resulting in the dominance of humoral responses.
It may be possible to speculate that at this stage
the immune responses may continue to develop
giving rise to protection. This of course will, in part,
be dependent upon the cytokine profile which dominates. The presence of IFN-γ may not denote susceptibility but instead a raised level of IFN-γ may
indicate a developmental stage in acquisition of
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protective immunity with the IFN-γ mobilising the
cells that may be involved in later protective responses. The presence of IFN-γ may mark an immune state which is not sufficient to give complete
protection. The dominance of IFN-γ may also mark
the presence of Th subsets that develop through a
Th0 phase then into Th1, during early infection
and become further polarised as the infection
progresses.
Antigen dosage studies suggest that it is the
initial response event that determines the cytokineproducing phenotype and this may be under the
influence of factors present at the time of primary
stimulation (Parish & Liew 1972). In these experiments low doses of antigen favoured cellular immunity; intermediate doses, humoral immunity and
high doses both cellular and humoral immunity.
Assuming that cellular immunity represents IFN-γ
dominated responses and the humoral immunity,
IL-4-dominated responses, commitment to IFN-γ
or IL-4 production may be determined in part by
the concentration of antigen and the time the antigen persists in the body. The data might be used to
support the idea that the moderately infected individual (350) and the individual showing the
cytokine phenotype tipping towards susceptibility (329) show elevated IFN-γ and presence of low
levels of IL-4 could be considered to downregulate
IFN-γ and its likely damaging effects. At the same
time IFN-γ may be inducing macrophages to express MHC class II for antigen presentation during
light infection helping curb the invading parasite
and limiting the antigen load by driving the immune
response toward killing of the invading parasite.
When such an immune response takes place, the
events lead to expression of both Th-like responses
that resultantly downregulate each other. The
cytokine phenotypes lead to the T cell clones being classified as Th0/2 with some clones being classified as Th0/1 and Th1 for the moderately infected
and the susceptible child.
Th1/Th2 polarisation is thought to increase
with the chronicity of the immune responses which
in turn depends on intensity of exposure to infection and the consequences of the exposure. Some
reports have described that mixed cytokine patterns
exist early in lymphocyte activation with a clearer
Th1 and Th2 subset definition in chronic disease
states (Chikunguwo et al. 1991, 1992, Seder et al.
1993, Abbas et al. 1996). Although the children in
this study were relatively young and had a limited
number of years of exposure to infection (children
of one year old are exposed to infection in these
communities) chronicity could not be ruled out but,
based on the mixed cytokine patterns recorded, any
chronicity of infection had not yet been translated
into distinct polarisation of T cell subset responses

based on the murine classification. Instead Th0/1
and Th0/2 subsets were isolated and the possibility remains that these could have further differentiated into Th1 and Th2 if exposure and infection
had continued.
The children were residents in a S. haematobium
endemic area and showed high levels of IL-5. IL-5
is the principal eosinophil-activating cytokine and
eosinophils have been reported to be elevated in
individuals with parasitic infections (Hagan et al.
1985a, b, Butterworth et al. 1992). However both IL5 and IL-4 are normally expressed together although
at different levels. The co-expression of the two
cytokines by the same T cell subsets may indicate
their involvement in a common effector mechanism.
Several other cytokines produced by Th2 cells play
an anti-inflammatory role. For example, IL-4 and IL10 antagonise the macrophages-activating action
of IFN-γ (Fiorentino et al. 1991, Del Prete et al. 1993).
IL-10 also suppressing macrophage responses resulting in an anti-proliferative response of cells
(King et al. 1996). Thus Th2 type cytokine responses may act as inhibitors of acute and chronic
inflammation and as a result act as regulators of
cellular immune responses and not necessarily as
effectors in the same manner as Th1 cells. Th1 may
appear early in an immune response, generating a
Th1 cell-mediated protective immune response,
while Th2 type comes late to control the damaging
effects potentially caused by Th1-mediated response and is believed to accumulate as the response progresses (Pearce et al. 1991, Sher et al.
1991).
Both subsets are believed to originate from the
same T cell precursor whose differentiation is influenced by the manner and environment in which
the precursor is stimulated (Swain et al. 1990, 1991,
Janeway & Bottomley 1994). The production of the
‘signature’ cytokines may indicate the developmental processes to originate from the same precursor
cell. During schistosome infection, events may take
place in stages with the initial stage being the development of Th1 type of response which has been
revealed at a clonal level by the dominance of IFNγ. The progression of the disease seems to lead
into Th2 type response shown by raised levels of
IL-4, this status having the ability to suppress the
earlier events dominated by IFN-γ of the Th1 response. In this study the major ‘signature’
cytokines marking Th1 or Th2 subsets type were
found to be co-expressed by the same T cell clones.
In a study by Couissinier and Dessein (1995) the
‘signature’ cytokines marking each subset were
found to be co-expressed and this resulted in difficulties in classifying the subsets in terms of the
Th1 and Th2 subsets reported from murine models.
This may mark TCC lacking distinct cytokine pro-
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files for Th1/Th2 polarisation in human schistosomiasis unlike the distinct polarised cytokine profiles marking the Th cell subsets in mice.
In addition to their role in effector immune responses cytokines are also responsible for activating the development of T cells into particular subset ‘lines’. Normally, cytokines produced by a T
cell subset serve to activate and increase production of cell lineage which will result in increased
frequencies of the same T cell subset and in turn
production of the same cytokines (Coffman et al.
1991, Vella & Pearce 1992, Bradley et al. 1993,
Coffman & von der Weid 1997). When a cytokine
reaches a threshold level then that T cell subset is
initiated and the cytokine production increases progressively. With repeated stimulation taking place
in individuals in areas of high transmission, the
high exposure and continuous stimulation may drive
the response in the direction of the first selected
response or along the dominating cytokine response. Other factors important in determining the
balance between Th1 and Th2 subsets in immune
responses are the dose or concentration of the antigen and this may influence the types of responses
encountered when infections become chronic. A
low antigen concentration and low infection load
tends, it seems, to induce Th1 response whereas a
high dose induces Th2 development. At low antigen concentration the APC crucial to the response
have been reported to be dendritic cells and macrophages which produce the cytokines that drive
the development of the Th1 response. At high antigen concentration the APC may not produce the
Th1 favouring cytokines, thus IL-4 is produced and
further drives the response towards the Th2 type
(Seder et al. 1991, 1992, Paul & Seder 1994, Sprent
1994). Also at high antigen concentration there is
repeated T cell stimulation that increases IL-4 production and Th2 development and sometimes induces a state of immunological unresponsiveness
or tolerance which switches off Th1 development
(Pearce et al. 1991, Swain et al. 1990, 1991). However in this state, as shown by heavily infected
child 309, both subset cytokine markers may be
elevated and the levels of proliferation are low.
The study has related the cytokine profiles and
phenotypes of TCC from PBMC of children living
in a high transmission area of an endemic region.
The overall immune response of the individuals in
terms of the Th subsets appeared to be related to
putative susceptibility or resistance (Fig. 6). The
co-expression of ‘signature’ cytokines by a single
human TCC demanded that the standard Th1/Th2
classification from murine studies be modified. As
a consequence a revised classification, based on
the ratio of cytokines expressed was derived, allowing TCC to be assigned to Th1, Th0/1, Th0/2

and Th2 categories. The T cell responses appeared
to be less stable and more dynamic, suggesting
that small quantitative changes in the balance of
the cytokines response could result in either susceptibility or resistant to S. haematobium infection.
CD4+ precursors
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Fig. 6: the cytokine environment in schistosomiasis susceptibility and resistance
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