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INTRODUCTION

Out of the 350-550 million malaria cases esti-
mated to occur in the world every year, only
around 1-2% are severe or life-threatening
(Carneiro et al., 2005). However, this small pro-
portion represents an enormous malaria death
toll per year, especially in sub-Saharan Africa,
where more than 90% of the malaria deaths are

thought to take place every year, affecting main-
ly children and pregnant women (Snow et al.,
2005). Plasmodium berghei (P. berghei) ANKA
murine malaria has many features in common
with human disease and is thus the best available
model for certain important aspects of clinical
malaria (Shofield and Grau, 2005). A detailed
analysis of the mechanisms of protective immu-
nity, its broad specificity and regulation as well as
a potential role in pathology is most readily ap-
proached by the use of experimental animal mod-
els. P. berghei ANKA is uniformly lethal (via cere-
bral involvement) in all strains of mice infected
(Langhorne et al., 2002). 
Malaria disease manifestations vary with age and
the acquisition of immunity, genetic polymor-
phism of host and parasite and regional varia-
tions and these manifestations appear to be reg-
ulated by the same factors (Eckwalanga et al.,
1994).

This study aimed to determine the changes in lymphocyte surface markers and cytokine profiles during a malarial in-
fection in a mouse model of malaria. Mononuclear cells obtained from the spleens of the mice infected with Plasmodium
berghei (P. berghei) were stained with anti-mouse CD3, anti-mouse CD4, anti-mouse CD8, anti-mouse CD19, anti-
mouse CD152, anti-mouse pan natural killer (NK), anti-mouse CD80 monoclonal antibodies and expression of surface
markers was evaluated by flow cytometry. In the serum samples of the mice, the levels of tumor necrosis factor alpha
(TNF-α), interferon gamma (IFN-γ), transforming growth factor-1beta (TGF-1β), and interleukin (IL)-4, IL-10, and
IL-12 cytokines were determined by ELISA method. The expressions of all the surface markers of lymphocyte evalu-
ated were statistically significantly lower in the infected mice than in the healthy control mice (p<0.05). However, ex-
cept for the level of TGF-1β, the levels of all the other cytokines evaluated were statistically significantly higher in the
infected group than in the control group (p<0.001). No significant differences were determined between the TGF-1β
levels of the study and control groups (p>0.05). In this study, T, B, and NK lymphocyte responses were inhibited and
cytokine profiles changed in the course of malarial infection. Thus, interventions to increase the Th1 lymphocyte re-
sponse may be beneficial in the prevention of malarial infection.
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The immune system is important for host de-
fense. Host defense reactions against microor-
ganisms are numerous and varied. The protec-
tive mechanisms against malaria are complex and
not yet fully understood. Several studies have
been carried out to elucidate the functional con-
tribution of T cells to defense mechanisms against
malaria (Troye-Blomberg et al., 1994). CD4+ T
cells, which are essential for control of primary
parasitemia in mouse models, produce pro-in-
flammatory cytokines that may participate in par-
asite clearance by triggering cellular immune re-
sponses (Langhorne et al., 2002).
Cytokines are polypeptides produced by various
cells such as mast cells, T and B cells,
macrophages, endothelial cells. They regulate in-
flammatory and immune reactions (Abbas and
Lichtman 2003). The T helper 1 (Th1) subset of
CD4+ T cells secretes interferon-gamma (IFN-γ),
Interleukin-2 (IL-2), tumor necrosis factor-1beta
(TNF-1β) cytokines and is responsible for the ac-
tivation of cell-mediated immunity and cytotoxic
CD8+ T cells. Th2 subset of CD4+ T cells secretes
IL-4, IL-6, IL-10 cytokines and is responsible for
the stimulation of humoral immune response
through which it helps B cell activation
(Svirshchevskaya et al., 2001). Variations in human
cytokine responses and their link to malaria dis-
ease manifestations are the subject of much de-
bate (Eckwalanga et al., 1994). Inflammatory cy-
tokines play an important role in human immune
responses to malaria disease, although the patho-
genic effects that can result from dysregulation
and the balance between proinflamatory[(tumor
necrosis factor-alpha (TNF-α), IFN-γ, IL-12] and
anti-inflammatory cytokines [(IL-4, IL-6, trans-
forming growth factor-1 beta (TGF-1β)] are poor-
ly understood (Artavanis-Tsakonas et al., 2003).
This study aimed to determine the changes in the
lymphocyte surface markers and cytokine pro-
files during a malarial infection in a mouse mod-
el of malaria and thereby clarify the immunolog-
ical mechanisms formed in malaria infection.

MATERIALS AND METHODS

In this study, 11 male Swiss Albino mice with an
age range of 14-16 weeks (weight range: 25-30 gr)
were used. The control group consisted of 15
male mice with the same characteristics. The

mice were infected with P. berghei ANKA 6653
strain. To form a malaria infection model, the
peritoneal cavity of each mouse in the study
group was injected with a suspension containing
1.0x105 parasite/ml. Parasitemia was determined
at the seventh day of postinfection in Giemsa-
stained blood smears from tail blood. The prepa-
rations were evaluated microscopically for para-
sitemia. Malaria infection was confirmed clini-
cally as well as microscopically.

Isolation of mononuclear cells from mouse
spleen
Mice were killed by cervical dislocation follow-
ing ether anestesia at the seventh day of infec-
tion. Their spleens were removed and mononu-
clear cells were isolated. After the spleen was
mashed, the suspension was centrifuged and the
supernatant was discarded. Erythrocytes were re-
moved by using Tris/ammonium sulfate solution.
After centrifugation, buffy coats were collected
and washed in Phosphate Buffered Saline (PBS)
three times and resuspended at a concentration
of 2x106 cells/ml in complete RPMI 1640 medi-
um containing 2 mM L-glutamine, 100 U/ml peni-
cillin, 100 mg/ml streptomycin, 0.05 mM 2 mer-
captoethanol and supplemented with 10% fetal
calf serum (Gibco, Germany). Cell viability was
95% by the trypan blue dye exclusion assay. The
same procedure was performed to the control
group without Plasmodium infection (n=15). 

Flow cytometric analysis of mononuclear cells
The cells were washed in PBS and stained with
antibodies for 30 minutes at 4°C. Mononuclear
cells (106 cells/ml) were incubated with mono-
clonal antibodies specific for mouse CD antigens.
Antibodies used were anti-mouse CD3, anti-
mouse CD4, anti-mouse CD8, anti-mouse CD19,
anti-mouse CD152, anti-mouse pan NK, anti-
mouse CD80 (e-bioscience, USA). Flow cytomet-
ric analysis were done by using a Coulter FC500
flow cytometer (Coulter, USA).

Levels of cytokines
For cytokine assay, cardiac blood sample was col-
lected. After centrifugation, the plasma was sep-
arated and stored at -80°C until analysis. Levels of
cytokines were determined by specific enzyme-
linked immunosorbent assay (ELISA) techniques
according to the manufacturer’s instructions

286 F. Dogruman-Al, I. Fidan, S. Kustimur, K. Ceber, T. Imir



(Biosource, California, USA). The concentration
of cytokines was determined spectrophotometri-
cally. The absorbance was read at 450 nm. We
constructed a standard curve using cytokine stan-
dards. The cytokine concentrations for unknown
samples were calculated according to the stan-
dard curve.

Statistical analysis 
In control group and infected mice group, ex-
pression of cell surface markers on mononuclear
cells and cytokine levels was analysed using SPSS
(13.0 version) with the Mann Whitney U test.
p<0.05 was considered to be significant.

Ethics
All experiments were performed in compliance
with local animal ethics committee requirements
(No: 2006/05.082).

RESULTS

Expression of cell surface markers on
mononuclear cells
This study found a significant difference between
the CD4+ lymphocyte, CD8+ T lymphocyte and
NK percentages of the mononuclear cells in mice
infected with P. berghei and those of the control
groups without malaria infection. CD4+ lympho-
cyte, CD8+ T lymphocyte and NK percentages
were statistically significantly lower in the in-
fected mice than in the healthy control mice
(p<0.05) (Fig. 1).
In our study, CD19 expression found on B lym-
phocyte surface decreased significantly in
mononuclear cells of the mice infected with P.
berghei compared to those of the controls
(p<0.05). 

In addition, expression of CD152 (CTLA-4) sur-
face antigen, which increases on the surface of
activated T lymphocytes, was found to have de-
creased in the specimens with P. berghei infection
compared to those of the control group. Similarly,
expression of CD80 surface antigen, which in-
creases on the surface of activated T and B lym-
phocytes, decreased in the infected mice com-
pared to those of the control group which was
not infected (p>0.05). 
Our study determined a decrease in the expres-
sion of T,B and NK cell surface markers and in-
hibition of these cells during infection in P. berghei
infected mice. 

Cytokine levels
This study observed that the concentrations of
TNF-α, IFN-γ, IL-4, IL-10 and IL-12 in the car-
diac blood sample of the infected mice were sig-
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TABLE 1 - Cytokine levels in infected group and controls.

Cytokine levels (mean ± SEM)

TNF-α IFN-γ TGF-1β IL-4 IL-10 IL-12
(pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml)

Infected group (n=11) 11.9±1.97 212.5±27.78 1601.5±188.95 33.7±8.99 112.9±18.87 2024.3±183.74

Control group (n=15) 0.7±0.07 17.1±2.98 1356.6±260.88 0.1±0.02 21.7±0.72 849.3±92.48

P values <0.001 <0.001 >0.05 <0.001 <0.001 <0.001

FiGURE 1 - Expression of CD markers in the infected
and control groups. Values represented are mean ±SEM.
*p<0.05.



nificantly more than those in uninfected controls
(p<0.001) (Table 1, Fig. 2). The levels of TGF-1β
increased in mice infected with P. berghei com-
pared to those of the controls, but the increase
was not statistically significant (p>0.05). 
Therefore, significant alterations in cytokine pro-
file were determined during P. berghei infection. 

DISCUSSION

Acute malarial infection is known to damage the
normal profile of immune cells in the peripheral
blood. In addition, there is much evidence show-
ing the potential of malaria infection to cause a
depletion of lymphocyte populations in the pe-
ripheral blood (Kassa et al., 2006). 
In our study, there were significant decreases in
the percentages of T, B and NK cells in P. berghei-
infected mice group. Additionally, the expressions
of CD152 and CD80 surface antigens, like the
lymphocyte activation markers, were found to be
markedly reduced in the P. berghei-infected group.
From these data, it was thought that this supres-
sion in immune cells might lead to a progression
of infection and consequently to the death of the
infected mice. This can be an important factor.
Kassa et al. (2006) also reported that absolute
counts of CD4+, CD8+, B, and CD3+ cells and to-
tal lymphocytes were decreased very significant-
ly during both P. falciparum and P. vivax infec-

tions. However, the NK cell count was an excep-
tion and was not affected either by P. falciparum
or by P. vivax malaria (Kassa et al., 2006). As in
our study, other investigators have also reported
lower absolute counts of CD4, CD8, CD3, B and
NK cells and total lymphocytes (Lisse et al., 1994,
Hviid et al. 1997, Lee et al. 2001) during acute P.
falciparum malaria. This could also be due to dif-
ferences in the baseline values of the absolute
counts of the immune cells of the study subjects
or due to the impact of different geographical lo-
cations (Tsegaye et al., 1999, Kassu et al., 2001) 
Worku et al. (1997) detected significantly lower
absolute counts of NK cells in P. vivax patients
than in P. falciparum patients which might sug-
gest that this change was associated with P. vivax
infection and might indicate that NK cells play a
different roles in P. falciparum and P. vivax infec-
tions. Down-regulation of NK cells by parasite
factors could potentially be a strategy of the par-
asite to avoid host immune protection. 
In our study, as reported in the previous studies,
it was observed that during Plasmodium infec-
tion there is a significant supression in immune
cells, and this condition could be an important
factor for preparing a basis for a progression of
an infection. On the other hand, the determina-
tion of significant reductions in all lymphocyte
populations in the infected group, obtaining sam-
ples from the infected mice in the late period and
the severity of clinical outcome reveal that there
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FIGURE 2 - Cytokine levels of the in-
fected and control groups. Values repre-
sented are mean ±SEM. *p<0.05. *TNF-
a: p<0.001, IFN-g: p<0.001, TGF-1b:
p>0.05, IL-4: p<0.001, IL-10: p<0.001,
IL-12: p<0.001.



could be a severe immune supression in the late
period of Plasmodium infections.
In human malaria it was shown that an appropri-
ate ratio of proinflammatory and anti-inflamma-
tory cytokines is important to achieve protection
but also to prevent pathology (Chaiyaroj et al.,
2004). Suppression of the anti-inflammatory im-
mune response often leads to a decreased para-
sitemia but enhances pathology, whereas neutral-
ization of pro-inflammatory cytokines has the po-
tential to prevent immune pathology e.g. cerebral
malaria (Singh et al., 2002). Cytokine production,
TNF-α and IFN-γ, appears necessary for the inhi-
bition of parasitemia (Schofield and Grau, 2005).
Paradoxically, these cytokines are also implicated
in the pathology of complicated malaria. T-cell-
deficient nude mice do not develop cerebral man-
ifestations upon parasite challenge (Finley et al.
1982). In experimental models, TNF-α has a clear
causal role in the pathogenesis of both murine
cerebral malaria and other features of severe dis-
ease (Marsh and Snow 1997, Rénia et al., 2007).
In our study, some proinflammatory cytokines
(TNF-α, IFN-γ and IL-12) and antiinflammatory
cytokines (TGF-1β, IL-4 and IL-10) were found
to be high in P. berghei-infected mice group. The
increase in TGF-1β was not statistically signifi-
cant. TGF-1β has both pro-inflamatory and anti-
inflammatory properties, depending on its envi-
ronment and concentration (Omer and Riley,
1998). In the light of the present data obtained
from this study, we think that both proinflama-
tory and antiinflamatory cytokines might be im-
plicated in the clinical picture of Plasmodium-re-
lated infections.
In humans, the role of proinflammatory cytokines
in malaria is less well defined. A role for the host
response in malarial pathology is indicated by a
correlation of increased levels of some pro-in-
flamatory cytokines and the severity of disease in
humans (Lyke et al., 2004, Ong’echa et al., 2008),
and the amelioration of cerebral and other
pathology in rodent models by removal of TNF-
α or IFN-γ (Yanez et al., 1996, Nie et al., 2007).
TNF-α appears to be pivotal both in the early re-
sponse to malaria and in late pathological mani-
festations (Kwiatkowski et al., 1990) and has been
linked to disease severity and complications
(Shaffer et al., 1991, Day et al., 1999). IL-12 plays
an important role in the adaptive immune re-
sponse to malaria (Malaguarnera and Musumeci,

2002, Lyke et al., 2004). Elevated levels of anti-in-
flammatory IL-10 have been reported in severe
malaria (Sarthou et al., 1997). As also determined
in our study, elevated serum concentrations of
TNF-α have been reported during malaria, and
high TNF-α concentrations correlate strongly
with increasing severity of disease (Othoro et al.,
1999, Luty et al., 2000, Lyke et al., 2004).
Comparison of cell-mediated activity or circulat-
ing cytokine levels in children and adults in dif-
ferent areas of malaria transmission shows that
Th1-like responses seen in childhood tend to be
partially replaced by Th2- like responses in adult-
hood (Elghazali et al., 1995, Luty et al., 1999). The
present study in the infected animals disclosed a
significant increase in both Th1 and Th2 type cy-
tokine responses. Nevertheless, we think that the
samples obtained at the late period of infection
may explain the increases in both cytokine re-
sponses. For this reason, our future study will fo-
cus on the investigation of cytokine levels in sam-
ples obtained at different times.
As a conclusion, important changes in immune
response were observed during Plasmodium in-
fection. The changes in the percentages and acti-
vation markers of T, B and NK cells, the increase
in cytokine secretion and immunological changes
seen particularly in the late period of infection
might have significant effects on disease mortal-
ity. The full understanding of the elements and
mechanisms of humoral and cell-mediated re-
sponses taking place after Plasmodium infection
is very important for the pathogenesis and may
provide new strategies for the prevention and
treatment of malaria infection and also for vac-
cination in patients.

ACKNOWLEDGEMENTS
This research was supported by Gazi University
Unit of Scientific Research Projects (Project
kod:01/2006-16). We are thankful to director and
staff of Gazi University Laboratory Animal
Breeding and Experimental Research Center for
their excellent technical assistance.

REFERENCES

ABBAS A.K., LICHTMAN A.H. (2003). Cytokines. In: Malley
J, editor. Cellular and molecular immunology.
Philadelphia, Elsevier Science. 243-274.

Cytokine and lymphocyte profile of mouse malaria 289



ARTAVANIS-TSAKONAS K., TONGREN J.E., RILEY E.M.
(2003). The war between the malaria parasite and
the immune system: immunity, immunoregulation
and immunopathology. Clin. Exp. Immunol. 133,
145-152.

CARNEIRO I., ROCA-FELTRER A., SCHELLENBERG J. (2005).
Estimates of the burden of malaria morbidity in
Africa in children under the age of five years. Child
Health Epidemiology Reference Group Working
Paper. London, London School of Hygiene and
Tropical Medicine.

CHAIYAROJ S.C., RUTTA A.S., MUENTHAISONG K., WATKINS

P., NA UBOL M., LOOAREESUWAN S. (2004). Reduced
levels of transforming growth factor-beta1, inter-
leukin-12 and increased migration inhibitory factor
are associated with severe malaria. Acta Trop. 89,
319-327.

DAY N.P., HIEN T.T., SCHOLLAARDT T., LOC P.P., CHUONG

L.V., CHAU T.T., MAI N.T., PHU N.H., SINH D.X.,
WHITE N.J., HO M. (1999). The prognostic and
pathophysiologic role of pro- and anti-inflamma-
tory cytokines in severe malaria. J. Infect. Dis. 180,
1288-1297.

ECKWALANGA M., MARUSSIG M., TAVARES M.D., BOUANGA

J.C., HULIER E., PAVLOVITCH J.H., MINOPRIO P.,
PORTNOI D., RENIA L., MAZIER D. (1994). Murine
AIDS protects mice against experimental cerebral
malaria: downregulation by interleukin 10 of a T-
helper type 1 CD4+-cell-mediated pathology. Proc.
Natl. Acad. Sci. 91, 8097-8101.

ELGHAZALI G., ESPOSITO F., TROYE-BLOMBERG M. (1995).
Comparison of the number of IL-4 and IFN-gama
secreting cells in response to the malaria vaccine
candidate antigen Pf155/RESA in two groups of
naturally primed individuals living in a malaria en-
demic area in Burkina Faso. Scand. J. Immunol.
42, 39-45.

FINLEY R.W., MACKEY L.J., LAMBERT P.H. (1982).
Virulent Plasmodium berghei malaria: prolonged
survival and decreased cerebral pathology in cell-
dependent nude mice. J. Immunol. 129, 2213-2218.

HVIID L., KURTZHALS J.A., GOKA B.Q., OLIVER-COMMEY

J.O., NKRUMAH F.K., THEANDER T.G. (1997). Rapid
reemergence of T cells into peripheral circulation
following treatment of severe and uncomplicated
Plasmodium falciparum. Infect. Immun. 65, 4090-
4093.

KASSA D., PETROS B., MESELE T., HAILU E., WOLDAY D.
(2006). Characterization of peripheral blood lym-
phocyte subsets in patients with acute Plasmodium
falciparum and P. vivax malaria infectious at Wonji
Sugar Estate, Ethiopia. Clin. Vaccine Immunol. 13,
376-379.

KASSU A., TSEGAYE A., PETROS B., WOLDAY D., HAILU E.,
TILAHUN T., HAILU B., ROOS M.T., FONTANET A.L.,
HAMANN D., DE WIT T.F. (2001). Distribution of lym-
phocyte subsets in healthy human immunodefi-
ciency virus-negative adult Ethiopians from two ge-

ographical locales. Clin. Diagn. Lab. Immunol. 8,
1171-1176.

KWIATKOWSKI D., HILL A., SAMBOU I., TWUMASI P.,
CASTRACANE J., MANOGUE K., CERAMI A., BREWSTER

D., GREENWOOD B. (1990). TNF concentrations in
fatal cerebral, non-fatal cerebral and uncomplicat-
ed Plasmodium falciparum malaria. Lancet. 336,
1201-1204.

LANGHORNE J., QUIN S.J., SANNI L.A. (2002). Mouse
models of blood-stage malaria infections: immune
responses and cytokines involved in protection and
pathology. In: Perlmann P, Troye-Blomberg M, eds.
Malaria Immunology. Chem. Immunol. Basel,
Karger. 80, 204-228.

LEE H.K., LIM J., KIM M., LEE S., OH E.J., LEE J., OH J.,
KIM Y., HAN K., LEE E.J., KANG C.S., KIM B.K.
(2001). Immunological alternations associated with
Plasmodium vivax malaria in South Korea. Ann.
Trop. Med. Parasitol. 95, 31-39.

LISSE I.M., AABY P., WHITTLE H., KNUDSEN K. (1994). A
community study of T lymphocyte subsets and
malaria parasitemia. Trans. R. Soc. Trop. Med. Hyg.
88, 709-710.

LUTY A.J., LELL B., SCHMIDT-OTT R., LEHMAN L.G.,
LUCKNER D., GREVE B., MATOUSEK P., HERBICH K.,
SCHMID D., MIGOT-NABIAS F. (1999). Interferon-gama
responses are associated with resistance to rein-
fection with Plasmodium falciparum in young
African children. J. Infect. Dis. 179, 980-988.

LUTY A.J.F., PERKINS D.J., LELL B., SCHMIDT-OTT R.,
LEHMAN L.G., LUCKNER D., GREVE B., MATOUSEK P.,
HERBICH K., SCHMID D., WEINBERG J.B., KREMSNER

P.G. (2000). Low interleukin-12 activity in severe
Plasmodium falciparum malaria. Infect. Immun.
68, 3909-3915.

LYKE K.E., BURGES R., CISSOKO Y., SANGARE L., DAO M.,
DIARRA I., KONE A. HARLEY R., PLOWE C.V., DOUMBO

O.K., SZTEIN M.B. (2004). Serum levels of the proin-
flamatory cytokines interleukin-1 beta (IL-1β), IL-
6, IL-8, IL-10, tumor necrosis factor alpha, and IL-
12(p70) in Malian children with severe Plasmodium
falciparum malaria and matched uncomplicated
malaria or healty controls. Infect. Immun. 72, 5630-
5637.

MALAGUARNERA L., MUSUMECI S. (2002). The immune
response to Plasmodium falciparum malaria. Lancet
Infect. Dis. 2, 472-478.

MARSH K., SNOW R.W. (1997). Host-parasite interaction
and morbidity in malaria endemic areas. Philos.
Trans. R. Soc. Lond. B. Biol. Sci. 352, 1385-1394.

NIE C.Q., BERNARD N.J., SCHOFIELD L., HANSEN D.S.
(2007). CD4+ CD25+ regulatory T cells supress CD4+

T-cell function and inhibit the development of
Plasmodium berghei-specific TH1 responses in-
volved in cerebral malaria pathogenesis. Infect.
Immun. 75, 2275-2282.

OMER F.M., RILEY E.M. (1998). Transforming Growth
Factor β production is inversely correlated with

290 F. Dogruman-Al, I. Fidan, S. Kustimur, K. Ceber, T. Imir



severity of murine malaria infection. J. Exp. Med.
188, 39-48.

ONG’ECHA J.M., REMO A.M., KRISTOFF J., HITTNER J.B.,
WERE T., OUMA C., OTIENO R.O., VULULE J.M.,
KELLER C.C., AWANDARE G.A., PERKINS D.J. (2008).
Increased circulating interleukin (IL)-23 in children
with malarial anemia: In vivo and in vitro relaton-
ship with co-regulatory cytoknes IL-12 and IL-10.
Clin. Immunol. 126, 211-221.

OTHORO C., LAL A.A., NAHLEN B., KOECH D., ORAGO

A.S.S., UDHAYAKUMAR V. (1999). A low interleukin-10
tumor necrosis factor- alpha ratio is associatedwith
malaria anemia in children residing in a holoen-
demic malaria region in western Kenya. J. Infect.
Dis. 179, 279-282.

RÉINA L., POTTER S.M., MAUDIT M., ROSA D.S.,
KAYIBANDA M., DESCHEMIN J.C., SNOUNOU G., GRÜNER

A.C. (2006). Pathogenetic T cells in cerebral malar-
ia. Int. J. Parasitol. 36, 547-554.

SARTHOU J.L., ANGEL G., ARIBOT G., ROGIER C., DIEYE

A., TOURE B.A., DIATTA B., SEIGNOT P., ROUSSILHON C.
(1997). Prognostic value of anti-Plasmodium falci-
parum-specific immunoglobulin G3, cytokines, and
their soluble receptors in West African patients with
severe malaria. Infect. Immun. 65, 3271-3276.

SCHOFIELD L., GRAU G.E. (2005). Immunological
processes in malaria pathogenesis. Nat. Rev.
Immunol. 5, 722-735.

SHAFFER N., GRAU G.E., HEDBERG K., DAVACHI F., LYAMBA

B., HIGHTOWER A.W., BREMAN J.G., PHUC N.D.
(1991). Tumor necrosis factor and severe malaria.
J. Infect. Dis. 163, 96-101.

SINGH R.P., KASHIWAMURA S., RAO P., OKAMURA H.,
MUKHERJEE A., CHAUHAN V.S. (2002). The role of IL-

18 in blood-stage immunity against murine malar-
ia Plasmodium yoelii 265 and Plasmodium berghei
ANKA. J. Immunol. 168, 4674-4681.

SNOW R.W., GUERRA C.A., NOOR A.M., MYINT H.Y., HAY

S.I. (2005). The global distribution of clinical
episodes of Plasmodium falciparum malaria.
Nature. 434, 214-217.

SVIRSHCHEVSKAYA E.V., ALEKSEEVA L.G., ANDRONOVA T.M.,
KURUP V.P. (2001). Do T Helpers 1 and 2 recognize
different class II MHC molecules? Humoral and
Cellular immune responses to soluble allegen from
Aspergillus fumigatus Asp f2. Clin. Immunol. 100,
349-354.

TROYE-BLOMBERG M., OLERUP O., PERLMANN H., LARSSON

A., ELGHAZALI G., FODGELL A., JEPSEN A., LEPERS J.P.,
PANDEY J.P., GRUNEWALD J. (1994). Characterization
of regulatory T-cell responses in humans induced by
the P.falciparum blood stage antigen Pf155/RESA.
Behring. Inst. Mitt. 95, 97-105.

TSEGAYE A., MESSELE T., TILAHUN T., HAILU E., SAHLU T.,
DOORLY R., FONTANET A.L., RINKE DE WIT T.F. (1999).
Immunohematological reference ranges for adult
Ethiopians. Clin. Diagn. Lab. Immunol. 6, 410-414.

WORKU S., BJÖRKMAN A., TROYE-BLOMBERG M., JEMANEH L.,
F RNERT A., CHRISTENSSON B. (1997). Lymphocyte ac-
tivation and subset redistribution in the peripheral
blood in acute malaria illness: distinct gammadelta+
T cell patterns in Plasmodium falciparum and P. vivax
infections. Clin. Exp. Immunol. 108, 34-41.

YANEZ D.M., MANNING D.D., COOLEY A.J., WEIDANZ W.P.,
VAN DER HEYDE H.C. (1996). Participation of lym-
phosite subpopulations in the pathogenesis of ex-
perimental murine cerebral malaria. J. Immunol.
157, 1620-1624.

Cytokine and lymphocyte profile of mouse malaria 291





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 320
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.09375
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 320
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.09375
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ITA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




