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Abstract. Development of partial immunity in peopleliving in malariaendemic areais complex. For
better understanding, the lymphocyte subpopulations from infected patients were evaluated by flow
cytometer before any antimalarial treatment. In P. vivax infection, the frequency of T-helper type 1
(Th1) was decreased significantly (p=0.042). In contrast, the number of T- helper type 2 (Th2) was
increased significantly (p=0.001). These trends have also been observed in P. faciparum infection.
The Th2 predominant response to the natural malariainfection islikely due to persistent stimulation
by Plasmodium species. In P. falciparum infection, CD8+ cytotoxic lymphocytes were significantly
reduced (p=0.007). However, such changes were not found in P. vivax infection. This might suggest
that CD8+ cell responses to different Plasmodium spp in a different way. Both Th2 activation and
CD8+ cell suppression may reflect less protective effects and chronic malaria infection could be

established.

INTRODUCTION

Malariais responsible for deaths more than
any other parasitic diseasesin tropical countries.
In areaswhere malariais endemic, deaths mostly
occur in children. With age, partial immunity de-
velops, leading to partial parasite clearance and
less symptomatic or asymptomatic parasitemia
(Jason et al, 2001). In natural infection, available
evidence suggest that malaria parasite causes T
cell activation, T cell lymphopeniaand T-cell dys-
function (Kemp et al, 2002). Despiteits complex-
ity, data have so far indicated that the T lympho-
cytes are of major importance for induction of
blood stage immunity while the CD8 subset has
been shown to have acytolytic effect against liver
stage of the parasite (Winkler et al, 1998). Thus
both T-helper and T-cytotoxic cells play critical
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roles in eliminating malaria parasites.
According to previous studies, several
groups have suggested the validity of the T-hel per
typel (Thl) and T-helper type2 (Th2) modelsin
humans. In defining these T-hel per subsets, CD7
and CD57 are two cell surface moleculesrelated
tothedifferentiation or functional stagesof CD4+
T cells(Legacet al, 1992). By using surface mark-
ers, alarge number of experiments reported that
the CD4+ T cell subset lacking CD7 expression
is composed of Th2 differentiated cells as char-
acterized by enhancing IL-4 and lower produc-
tion of IL-2. In contrast, co-expression of CD4
and CD7 molecules on the surface of T cells are
preferential T-helper typel cytokine producing
lymphocytes (Autran et al, 1995; Lucey, et al,
1996; Reinhold et al, 1996; Leblond et al, 1997;
Ferrante et al, 1998). Although the function and
differentiation of T-lymphocytes have beeninves-
tigated intensively, signalsresponsiblefor differ-
entiation from the ThO cell to Thl or Th2 cells
remains poorly understood (Autran et al, 1995).
Inthe mouse model, theimmune responseto some
infectious agents may be associated with prefer-
ential activation of antigen-specific Thl or Th 2
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cells(Del Preteet al, 1994). Therelative balance
between Th1 and Th2 cytokines appears crucial,
the palarization of Thl and Th2 cells determine
the presence and outcome of many diseases. In
malaria infection, the roles of Thl and Th2
cytokines in the immune response to uncompli-
cated P. falciparum infection have been investi-
gated (Torre et al, 2002). However, Thl and Th2
cells from malaria infected people who live in
endemic areas have not been reported. We there-
fore, have determined the frequencies of specific
T lymphocyte responses to malariainfection and
compared the difference in lymphocyte subsets
between P. vivax and P. falciparum infections.

MATERIALSAND METHODS

Study population

A total of 30 malaria-infected patients were
enrolled in this study, 18 with P. vivax infection
and 12 with P. fal ciparuminfection. Thirty healthy
individuals were included as controls. Maaria
infected patients enrolled were checked if they
met the following criteria infection with either
P. vivax or P. falciparum, no recent treatment, no
HIV-1 infection. All of them had acquired ma-
laria by residing in malaria endemic areas. The
median age was 28 years (range, 16 to 38 years).
The malaria infection was diagnosed by micro-
scopic examination of thick and thin blood films.
The lymphocyte subpopul ations and parasitemia
were enumerated in each case at thetime malaria
was diagnosed.

Immunophenotypic analysis

For enumeration of the percentage of lym-
phocyte T-helper cells, T-cytotoxic cells, B cells
and NK cells, color flow cytometry was applied
using mouse monoclonal antibodies conjugated
with fluoresceinisothiocyanate (FITC) or phyco-
erythrin (PE). Thefollowing monoclonal antibod-
ies (mAbs) were used: CD3 (UCHT1), CD4
(MT310), CD8 (DK 25), CD16 (DJ130C), CD25
(ACT-1), CD45 (TUK4), and CD14 (T29/33). For
evauation of the frequencies of Thl and Th2,
pairs of mAbs were used simultaneously with
CD4 (FITC)/CD7(PE). All of the mAbs were
purchased from Dako, Glostrup, Denmark.
Samples for surface staining were processed on
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the fresh cells within 6 hours of sample collec-
tion. Briefly, 0.1 ml of EDTA peripheral blood
was incubated in the dark at room temperature
for 30 minuteswith 10 wl of fluorochrome-labeled
mADb. After incubation, erythrocytes were lysed
and washed twicein PBS pH 7.2 and finally re-
suspended in 0.5 ml of 2% paraformaldehyde
(Sigma) in PBS. For negative controls, cellsin-
cubated with FITC- and PE-conjugated mouse
1gGLV/I1gG2 (Dako) served asisotype controls. The
typical forward and side scatter gate together with
aCD14/CD45 gate were set to exclude non- lym-
phocytic cells. Fifteen thousand eventswithinthis
gate were acquired per sample. All sampleswere
analyzed on a FACScan flow cytometer (Becton
Dickinson). Two parameter histograms demon-
strating surface markers were created using
Simulset software (Becton Dickinson). The pro-
portions of each T cell subpopulations were ex-
pressed as percentages.

Statistical analyses

Data are presented as percentages of lym-
phocyte subpopulations. Thefrequenciesof lym-
phocyte subpopul ationsin each group were com-
pared by oneway ANOVA followed by Scheffe's
Post-Hoc test. A value of p<0.05 was considered
significant.

RESULTS

The profound and complex immune re-
sponses in malaria infection were T-helper lym-
phocytes and T-cytotoxic/suppressor lympho-
cytes. In Plasmodium spp infection, induction of
an immune response had involved both Thland
Th2 cells activation. The Th2 pathway was pref-
erential in malariainfected patientsliving in en-
demic areas whereas inhibition of CD8 T cells
response was clearly observed in P. falciparum
infection. In addition, the frequencies of B cells,
NK cellsand T cell with activation marker (CD25)
in both P. vivax and P. fal ciparum did not change
significantly when compared with normal sub-
ject as shown in Table 1.

Frequency of lymphocyte subpopulations in
P. vivax infected individualsliving in endemic
area

Inthisstudy, the datashowed that in P. vivax
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infection both Th 1 (CD4+/CD7+) and Th2
(CD4+/CD7-) were shift with statistic signifi-
cance. Thefrequency of Thl cellsin infected pa-
tients (mean = 24.7) was significantly decreased
when compared with that of healthy controls
(mean =29.4, p= 0.042). In contrast, the number
of Th2 cellsininfected patients (mean=12.1) was
higher than thosein healthy controls(mean=7.2)
with significant difference (p=0.001), as shown
inFig 1.

Frequency of lymphocyte subpopulations in
P. falciparum infected individuals living in
endemic areas

The frequency of CD8+ cells in P.
falciparum infection (mean = 23.3) was lower
than that of normal healthy subjects (mean=30.4)
and P. vivax infection (mean = 29.4) with p=0.007
and p=0.024, respectively, asshownin Fig 1. In
addition, the absolute number of lymphocytesin
P. falciparum infection was significantly lower
than that in healthy controls (p=0.009) (data not
shown). For Thl and Th2 in P. falciparuminfec-
tion, the results were remarkably similar to those
obtained in P. vivax infection; there was no sig-
nificant difference.

The difference between P. vivax and P.
falciparum infection

The difference in number of CD8+ T cells
between P. falciparum infection and P. vivax in-

Percentage of cells

fection was statistically significant (p=0.024). In
this study, a decrease of CD8+ cells was not ob-
served in P. vivax infection. In addition, the ab-
solute number of lymphocytesin P. vivax infec-
tion did not significantly change (data were not
shown).
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Fig 1-Differences between the percentage of Thl
(left), Th2 (center) and CD8+ cells (right) from
malariainfected individuals living in endemic
areaand normal healthy subjects. The dataare
presented as means of lymphocyte percentages
(horizontal axis) and lymphocyte subpopula-
tions (vertical axis) in each subject group. The
error barsindicated the standard deviation and
the asterisks signify a p value of lessthan 0.05.

aindicated the statistical difference between Plasmo-
dia speciesinfection and healthy controls (<0.05).

dindicated the statistical difference between P. vivax
and P. falciparuminfection (<0.05).

Table 1
Percentage of lymphocyte subpopulations expressed by mean + standard deviation from malaria
infected individuals and healthy controls.

Lymphocytes P.vivax P. falciparum Healthy control p value
CD4+CD7+(T-helper type 1) 24.7+5.6% 25.8+6.9 29.4+6.0 0.042
CD4+CD7-(T-helper type 2) 12.1+6.12 9.0+4.6 7.2£2.3 0.001
CD8+ T-cells 29.4+6.7° 23.3+5.42 30.4+5.7 0.0072

0.024°
CD25+ cells 4.5+3.3 5.6+3.6 47+1.6 0.746
CD56+ (NK cells) 10.83+3.6 10.1+4.2 10.6+2.9 0.873
CD19+ (B-cells) 17.2+5.9 15.7+4.7 16.3+5.4 0.772

dndicated the statistical difference between Plasmodia species infection and healthy controls (<0.05).
bindicated the statistical difference between P. vivax and P. falciparuminfection (<0.05).

CD = cluster of differentiation.
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DISCUSSION

The data presented indicate a shift to Th2
biased response to natural malaria infection in
peoplelivinginendemic areas. A strikingincrease
in Th2 subgroup was found in both P. vivax and
P. fal ciparum. In agreement with previous experi-
ments in the mouse model, a Th2 dominated im-
mune response has shown to be essential in pre-
venting recrudescent malaria during the course
of disease (Stevenson and Tam, 1993; Taylor-
Robinson et al, 1993). In fact, the preferential
activation of aThl responsein miceisrelated to
resistance to blood stage Plasmodium chabaudi
AS infection (Stevenson and Tam, 1993). More
recent reports suggested that the protective im-
munity in malaria is mediated by Thl cytokine
inducing IL-12, IFN-gamma, and tumor necrosis
factor (De Souza et al, 1997; Torre et al, 2002).
In supporting this idea, the two different study
populations used had significantly different Thl
and Th2 biasesin their response to circumsporo-
zoite protein, suggesting that the extent of P.
falciparum exposure can affect regulation of the
immune system (Reece et al, 2002). A further
complication in high prevalence of malaria, the
patients were more pronounced Th2 driven re-
sponse (alower ratio of IFN-gamma expression
to IL-4 expression) during acute untreated P.
falciparum malaria. The Th2 response was re-
placed by a shift towards a Thl-biased response
(ahigher ratio of IFN-gamma expressionto IL-4
expression) (Winkler et al, 1998). However, in
non-endemic individuals, high IFN-gamma pro-
duction as part of aTh1-drivenimmune response
has been associated with a more favorable out-
come (Winkler et al, 1998). In another point of
view, Thl T-cells response needs not be benefi-
cial to the host, and that TNF (alpha) and nitric
oxide are critical effector molecules operating
downstream of parasite-specific T cells in both
immunity and disease (Hirunpetcharat et al,
1999). Moreover, other factors that might bein-
volved included infective dose, other cytokine se-
cretion cellssuch asmacrophage and natural killer
cells and the time of cytokine responses
(Yoshimoto and Paul, 1994). Unfortunately, this
study could not define the exact time of infec-
tion. In addition, our result did not show any cor-
relation between parasitemiaand Thl or Th2 cells
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(data not shown). In fact, it confirmed that the
polarization of Th2 cellsislikely due to the per-
sistent stimulation of Plasmodium spp.

Our finding of asignificantly lower percent-
age of CD8+ peripheral blood lymphocytes, in-
dicated that immune suppression is more pro-
nounced in P. falciparum than P. vivax infection.
In consistency with a previous study, during P.
falciparuminfection CD8+ cells were decreased
in both percentage and absolute number
(Tongtawe et al, 1988). However, such change
had not been reported in P. vivax infection so far.
The discordance of CD8+ T cells during the
course of P. falciparum and P. vivax infection
suggests a different regulatory mechanism. In
addition, we also found that the absol ute number
of lymphocyte was decreased significantly in P.
falciparuminfection but not in P. vivax infection.
Lymphocytopeniaisawell-established feature of
P. fal cipatrummalariabut isreplaced by lympho-
cytosisafew days after initiation of drug therapy
(Hviid et al, 1997). Many investigators have pro-
posed that lymphocytopenia results from the re-
alocation of T lymphocyte to the site of inflam-
mation and from Fas-mediated apoptosis (Hviid
et al, 2000; Kern et al, 2000; Matsumoto et al,
2000). The cellular hyporesponsiveness had been
associated with the sequestration of activated T
cellsexpressing the adhesion molecul e leukocyte
function-associated molecule-1 (LFA-1)(Winkler
et al, 1998). As pointed out by Hviid et al (2000)
and Kemp et al (2002) there has been thus so far
no direct evidence that T lymphocytopeniaisthe
conseguence of malaria-host induced Fas expres-
sionon T cells. However, it was considered that
Fas mediated T cell apoptosis is involved in T
lymphocytopeniaduring malariainfection (Hviid
et al, 2000; Kern et al, 2000; Matsumoto et al,
2000).

In P. falciparuminfection, slight increasein
T cell activation marker (CD25) in the patients
with acute malaria compared with the control
donors had been reported (Elhassan et al, 1994;
Riley et al, 1993). In contrast, we did not observe
any difference in T- cell activation markers
(CD25+) from P.ivax and P. falciparum infec-
tion (Table 1). To explain this observation, per-
sistent stimulation by Plasmodium spp might be
associated with an anergy or tolerancein response
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to antigenic stimulation. Moreover, transient in-
ability of the peripheral blood cells to response
to P. falciparum during acute infection has also
been reported (Elhassan et al, 1994).

An earlier study in mice demonstrated that
B cells play an essentia role in inducing a Th2
response and shutting down aTh1 response. The
effective clearance of erythrocyte stage of P.
chabaudi is dependent on the presence of B cells
and/or antibodies (Langhorne et al, 1998). How-
ever, their role in Plasmodium parasite elimina-
tionis till unclear.

In conclusion, there appear to be multiple
pathways that can be stimulated during Plasmo-
dium spp infection. In a malaria endemic area,
the susceptibility or resistance to malaria infec-
tion might be dueto the biasesof Th1and Th2in
the immune response in each individual. These
data illustrated the need for more longitudinal
studies of natural host-parasite relationships to
fully understand the sequence of immune events
that take place after malaria infection.
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