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Introduction

Summary

Cytokine and chemokine levels were studied in infants (<5 years) with
uncomplicated (MM) and severe malaria tropica (SM), and in Plasmodium
falciparum infection-free controls (NEG). Cytokine plasma levels of interleu-
kin (IL)-10, IL-13, IL-31 and IL-33 were strongly elevated in MM and SM
compared to NEG (P < 0-0001). Inversely, plasma concentrations of IL-27
were highest in NEG infants, lower in MM cases and lowest in those with SM
(P < 0-0001, NEG compared to MM and SM). The levels of the chemokines
macrophage inflammatory protein (MIP3)-o/C-C ligand 20 (CCL20),
monokine induced by gamma interferon (MIG)/CXCL9 and CXCL16 were
enhanced in those with MM and SM (P < 0-0001 compared to NEG), and
MIP3-0/CCL20 and MIG/CXCL9 were correlated positively with parasite
density, while that of IL-27 were correlated negatively. The levels of 6Ckine/
CCL21 were similar in NEG, MM and SM. At 48-60 h post-anti-malaria treat-
ment, the plasma concentrations of IL-10, IL-13, MIG/CXCL9, CXCL16 and
MIP3-0/CCL20 were clearly diminished compared to before treatment, while
IL-17F, IL-27, IL-31 and IL-33 remained unchanged. In summary, elevated
levels of proinflammatory and regulatory cytokines and chemokines were
generated in infants during and after acute malaria tropica. The proinflam-
matory type cytokines IL-31 and IL-33 were enhanced strongly while regula-
tory IL-27 was diminished in those with severe malaria. Similarly, MIP3-o/
CCL20 and CXCL16, which may promote leucocyte migration into brain
parenchyma, displayed increased levels, while CCL21, which mediates
immune surveillance in central nervous system tissues, remained unchanged.
The observed cytokine and chemokine production profiles and their dynam-
ics may prove useful in evaluating either the progression or the regression of
malarial disease.
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haematopoiesis, and in addition may also regulate host
immune responses decisively during intracellular as well as

Cytokines and chemokines can act as central contributors to
severe and life-threatening illness; in particular their excess
production, also described as the cytokine syndrome [1], may
contribute decisively to pathogenesis and the severity of
malarial disease. Parallels exist between falciparum malaria
and other severe illnesses such as sepsis and influenza, where
inflammatory cytokines as well as chemokines are important
mediators of pathogenesis [1,2]. Chemokines bridge innate
and adaptive immunity [3], regulate chemotactic recruitment
of inflammatory cells, leucocyte activation, angiogenesis and
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intestinal protozoan parasite infections [4-8]. Recent studies
have shown that the profile of chemokine expression and
their serum levels varied with disease severity in children with
acute Plasmodium falciparum malaria; notably, the beta-
chemokines macrophage inflammatory protein (MIP)-10/
CCL3 and MIP-13/CCL4 were elevated, while regulated upon
activation normal T cell expressed and secreted (RANTES)/
C—C ligand 5 (CCL5) appeared to be suppressed [9].
Resolution of P. falciparum infection requires proinflam-
matory immune responses that facilitate parasite clearance,
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while failure to regulate this inflammation leads to immune-
mediated pathology, but the sequelae of disease aggravation
or its resolution still require further study for a better under-
standing of pathogenesis as well as the prevention of malaria
disease. The early production of proinflammatory T helper
type 1 (Thl) cytokines, including tumour necrosis factor
(TNF), interleukin (IL)-12 and possibly interferon (IFN)-y
may limit the progression from uncomplicated malaria to
severe and life-threatening complications, but TNF can
cause pathology if produced excessively [10-12].

Several studies support the idea that Thl responses are
important for clearance of P falciparum malaria, and
enhanced serum levels of IL-6 and IL-10 were observed in
patients with severe P. falciparum malaria [13]. In young
African children who presented with either mild or severe P.
falciparum malaria, the acute-phase plasma IL-12 and IFN-
alpha (IFN-a) levels, as well as the whole-blood production
capacity of IL-12, were lower in children with severe rather
than mild malaria, and IL-12 levels were correlated inversely
with parasitaemia [14]. Further, TNF-o. and IL-10 levels
were significantly higher in those with severe malaria, being
correlated positively with parasitaemia, and children with
severe anaemia had the highest levels of TNF in serum [13].
The cytokine and chemokine imbalance measured in serum
were suggested as useful markers for progression of cerebral
malaria with fatal outcome; patients who died from malaria
tropica had higher amounts of IL-6, IL-10 and TNF-a. levels
than those who survived; moreover, cerebral malaria (CM)
was related to an inflammatory cascade characterized by
dysregulation in the production of IP-10, IL-8, MIP-1j,
platelet-derived growth factor (PDGF)-f, IL-1Rc, Fas-L,
soluble TNF-receptor 1 (STNF-R1) and sTNF-R2 [15].

This work addressed the levels of circulating proinflam-
matory and regulatory cytokines and chemokines in infants
with acute P. falciparum infection, and our observations
disclose clear differences associated with progression and
regression of malaria tropica.

Materials and methods

Study population

This work was conducted at the Centre Hospitalier Regional
(CHR) in Sokodé in the Central Region of Togo. The study
was approved by the Comite de Bioethique pour la Recher-
che en Sante (CBRS) in Togo, and by the Ethikkommission at
University Clinics of Tiibingen, Germany. Informed written
consent was obtained from all parents for the participation
of their children in this study.

Infants of less than 5 years of age were recruited, and
classification of malaria was performed according to previ-
ously published criteria [14], with severe malaria (SM) char-
acterized by parasitaemia of higher than 250 000parasites/pLl
and/or the presence of severe anaemia with haemoglobin
concentrations of lower than 5 g/dl. Matched uncomplicated
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malaria (MM) patients were defined by parasitaemia of
lower than 250 000 parasites/pl and haemoglobin concentra-
tions equal to or higher than 5 g/dl and the absence of any
signs or symptoms of severe malaria [13]. P. falciparum-
exposed infants negative for parasites in thick blood film,
and negative in rapid detection test kits for P. falciparum
(Paracheck-Pf, Orchid, Biomedical Systems, Goa, India;
OptiMAL-IT; Biorad, Marnes la Coquette, France), were
defined as participants with previous malaria episode(s) and
the actual absence of illness due to malaria within the last 2
weeks. Blood samples were obtained prior to treatment with
anti-malarials and/or anti-pyretics, and immediately follow-
ing primary diagnosis all P falciparum-positive infants
received anti-malarial and appropriate supportive therapy as
required and recommended by the Guidelines for Malaria
Treatment indicated by the Ministry of Health in Togo.
Infants with MM were treated with Coartem and Artemeter
or Artesunate, and for SM, quinine perfusion or injectable
Artemeter were applied as recommended. All hospitalized
uncomplicated as well as severe malaria cases were followed
until discharge from the hospital paediatric ward.

Chemokine and cytokine enzyme-linked
immunosorbent assays (ELISAs)

Quantitative enzyme-linked immunosorbent assay (ELISA)
was performed with commercially available assays to deter-
mine plasma levels of the cytokines IL-10, IL-13, IL-17F,
IL-27, IL-31 and IL-33, as well as of the chemokines MIP3-
0/CCL20, monokine induced by gamma interferon (MIG)/
CXCL19, 6Ckine/CCL21 and CXCL16 (Duo-Set; R&D
Minneapolis, MN, USA). Sample concentrations of each
cytokine and chemokine were quantified from standard
curves generated with recombinant chemokines/cytokines,
and the lower limit for their detection was 50 pg/ml.

Statistical data analyses

For data analyses the statistical package ymp version 5-0.1-2
was used. For the cytokine and chemokine analyses, differ-
ences between groups were determined after logarithmic
transformation to stabilize the variance of data [log (pg/
ml + 1)]. The level of significance was adjusted according to
Bonferroni—-Holm (o= 0-0025). Paired data from patients
were evaluated by f-test and unpaired data of patient groups
were compared using Wilcoxon’s rank sum test.

Results

Infant patient groups

A total of 392 infants 0-2—4-8 years of age were included in
this investigation and Table 1 shows the characteristics of the
infant patient groups; the endemic control group (NEG)
were infants in whom P. falciparum was not detectable by

219

Clinical and Experimental Immunology © 2011 British Society for Immunology, Clinical and Experimental Immunology



E. Ayimba et al.

Table 1. Characteristics of patient groups.

Age (years)

mean HB (g/dl) Parasite density Leucocytes (n/pl)

Group n Male/female (min/max) (min/max) (Pf/ul blood) (min/max)
NEG 81 33/48 2-7 11-61 0 6597
(0-2/4-8) (8:2/17-3) (3 500/28 000)
MM 184 99/85 2:1* 8:56** 44 987 10 059**
(0-2/4-5) (5/15-4) (50/250 000) (1 002/210 100)
SM 127 70/57 1-8*%* 4:22%* 165 187 18 020**
(0-1/4-5) (1-4/10-8) (50/2 100 000) (1100/121 000)

Demographic data, leucocyte counts, haemoglobin concentrations and parasite densities in infant patient groups and controls. Infants with severe

malaria (SM) were characterized by parasite densities >250 000parasites/ul blood (mean; min/max) and/or haemoglobin concentrations <5 g/dl (mean;

min/max). Uncomplicated malaria (MM) patients had <250 000 parasites/ul and haemoglobin concentrations =5 g/dl and no signs or symptoms of

severe malaria. Plasmodium falciparum-exposed infants negative for parasites in thick blood film, and negative in rapid detection test kits for

P. falciparum were defined as participants (NEG) with previous malaria episode(s) and the actual absence of illness due to malaria within the last 2
weeks. Significant differences (*P =0-0002; **P < 0-0001) between NEG and uncomplicated malaria (MM) or severe malaria (SM) patients are

indicated. HB: haemoglobin.

means of thick blood smear and rapid antigen detection
kits. The infant group with severe malaria (SM:
>250 000 parasites/pl; <5 g/dl haemoglobulin) was signifi-
cantly younger and had higher leucocyte counts than NEGs
and uncomplicated malaria cases (MM: <250 000 parasites/
ul; =5 g/dl), and in both malaria patient groups haemoglo-
bin levels were significantly lower compared to the levels in
NEG infants (P < 0-0001).

Cytokine levels in infants with uncomplicated and
severe malaria

Plasma levels of IL-10, IL-13, IL-17F, IL-27, IL-31 and IL-33
were quantified by specific ELISA in NEG, MM and SM
infants (Fig. 1). In those negative for P. falciparum (NEG)
the mean plasma IL-10 concentration was 120 pg/ml; with
P. falciparum parasite presence it enhanced to 1030 pg/ml
in MM and 1600 pg/ml in SM patients, significantly higher
(for both P<0-:0001) when compared to NEG. The mean
plasma concentrations of IL-13 were 230 pg/ml in MM and
380 pg/ml in SM. The mean levels of IL-17F were 2070 pg/
ml, 3150 pg/ml and 2950 pg/ml in NEG, MM and SM
infants, with differences (P = 0-007) between NEG and MM
or SM groups, respectively. Plasma levels of IL-27 ranged
between 1370 and 48 540 pg/ml, with mean concentrations
greatly exceeding those of IL-10, IL-17F, IL-31 and IL-33
and, in contrast to the aforementioned measured cytokines,
IL-27 concentrations were highest in NEG infants
(23 320 pg/ml), lower in cases with uncomplicated malaria
(MM: 15530 pg/ml) and lowest in those children with
severe malaria (SM: 10 850 pg/ml) (P < 0-0001, NEG com-
pared to MM and SM). Mean levels of IL-31 and IL-33 in
infants with MM were above those of the NEG group, and
clearly higher (P <0-0001) in SM infants compared to
NEG. The concentrations of IL-31 were 1580 pg/ml in
NEG, 2740 pg/ml in MM and 5940 pg/ml in SM. In all
infant groups, IL-33 levels were considerably lower than
those for IL-31, with IL-33 plasma concentrations at
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90 pg/ml in parasite-free controls (NEG) which rose to
200 pg/ml in MM, reaching 310 pg/ml in SM cases (SM
versus NEG; P < 0-0001).

Chemokine levels in infants with mild and
severe malaria

Plasma levels of MIP3-0/CCL20, MIG/CXCL9, the lym-
phoid and homeostatic chemokine 6Ckine/CCL21 and the
inflammation-associated chemokine CXCL16 were quanti-
fied in NEG, MM and SM infants (Fig. 2). Concentrations
of CCL20, CXCL16 and CXCL19 were enhanced in those
with P, falciparum, while CCL21 remained at around
320 = 5 pg/ml in NEG, MM and SM infants. The mean
levels of CCL20 were 90 pg/ml in NEG infants, and were
significantly higher (P < 0-001) in MM (550 pg/ml) and SM
(900 pg/ml), with no difference between the MM and SM
groups. For MIG/CXCLD9, the concentrations were 720 pg/ml
in NEG, clearly enhanced (P < 0-0001) in MM (2180 pg/ml)
and SM (3170 pg/ml) infants with no differences between
the P. falciparum-infected groups.

Plasma concentrations of CXCL16 in NEG patients were
2930 pg/ml (mean) and the levels were enhanced in those
with P. falciparum, to 5160 pg/ml in MM and 8840 pg/ml in
SM cases. CXCL9 and CXCL16 levels were clearly higher
(P<0:0001) in SM than in NEG, and CXCL9 levels in SM
were higher than those of MM patients (P < 0-0001).

Cytokine and chemokine changes
post-anti-malarial treatment

At 48-60 h post-anti-malarial treatment (Fig. 3), signifi-
cantly diminished cytokine concentrations were detected for
IL-10, IL-13 and the chemokines MIG/CXCL9, CXCL16 and
MIP-30/CCL20 (not shown). The mean levels of IL-17F,
IL-27,1L-31 and IL-33 did not change at 48—60 h post-anti-
malaria treatment and with reduced parasitaemia.
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Fig. 1. Plasma concentrations of cytokines interleukin (IL)-10, IL-17F, IL-27, IL-31 and IL-33 were quantified in Plasmodium falciparum-infected
infants (<5 years) and in non-infected endemic controls (<5 years). Cytokine concentrations are shown as means in pg/ml with the 95% lower and
upper confidence interval. Infants with severe malaria (SM) were characterized by parasitaemias of higher than 250 000 parasites/ul and/or
haemoglobin concentrations of less than 5 g/dl. Uncomplicated malaria (MM) patients were defined by parasitaemias of lower than 250 000

parasites/ul and haemoglobin concentrations equal or higher than 5 g/dl and the absence of any signs or symptoms of severe malaria.

P. falciparum-exposed infants negative for parasites in thick blood film, and negative in rapid detection test kits for P. falciparum were defined
as participants with previous malaria episode(s) and the actual absence of illness due to malaria within the last 2 weeks. Significant differences
(** P<0-0001) between infection-free controls (NEG) and MM or SM patients are indicated. **P < 0-0001 compared to NEG.

Cytokine and chemokine correlations

In P, falciparum-infected infants, the levels of MIP3-o/
CCL20 (r*=0-28; P=0-0002) and MIG/CXCL9 (r*=0-33,
P =0-0005) were correlated positively with parasite density,
while IL-27 displayed a weak negative correlation (r* = —0-17;
P=0-01).

Discussion

Naturally acquired protective immunity against malaria
requires subclass-specific antibody responses [16-18], and
the secretion of cytokines, chemokines and further immune
mediators is essential for the regulation both of cellular
effector mechanisms against P. falciparum blood-stage para-
sites and of organ-specific inflammation and pathogenesis
[19,20]. In MM and SM infants substantial cytokine and
chemokine levels were detected, which disclosed both innate
and memory immune responsiveness. The first parasite
encounter and sensitization to P. falciparum antigens may
already occur prenatally and continue in infants shortly after
birth [21]. P. falciparum infection during pregnancy is a

© 2011 The Authors

major health problem in our study area [22,23], and prenatal
and early life contact with plasmodial antigens has to be
considered as a regularity. In infants, antibody responses and
pronounced parasite-specific IL-10 production were found
to be associated with faster P. falciparum parasite clearance
[24], and the higher longevity of regulatory T cell (T.,)-type
IL-10 compared to Th1-type IFN-y responses [25] suggested
that prenatal and early postnatal sensitization with
P. falciparum antigens has occurred [26,27]. It is noteworthy
that parasite-specific IL-10 responses were observed fre-
quently and of high magnitude in umbilical cord blood cells
from newborns of infected mothers [21-23,28]. In the
present work, plasma IL-10 levels were not correlated with
parasite densities or the infants’ age, and this further sup-
ported early life P. falciparum-specific immune sensitization
and IL-10 induction. The role of IL-10 in malaria pathogen-
esis is controversial. High IL-10 levels were associated with
cerebral malaria [13], with high parasite density and severe
disease in children [29,30], while lower plasma concentra-
tions of IL-10 occurred in those with severe malarial
anaemia [13,30]. IL-10 will modulate Th1-type responses to
Plasmodium antigens by depressing proinflammatory TNF
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Fig. 2. Plasma concentrations of chemokines 6Ckine/CCL21,
macrophage inflammatory protein (MIP)3-0/C—C ligand 20 (CCL20),
CXCL16 and MIG/CXCL9 were quantified in Plasmodium
falciparum-infected infants (<5 years) and in non-infected endemic
controls (<5 years). Chemokine concentrations are shown as means in
pg/ml with the 95% lower and upper confidence interval. Infants with
severe malaria (SM) were characterized by parasitaemias of higher
than 250 000 parasites/jtl and/or haemoglobin concentrations of less
that 5 g/dl. Uncomplicated malaria (MM) patients were defined by
parasitaemias of lower than 250 000 parasites/ul and haemoglobin
concentrations equal or higher than 5 g/dl and the absence of any
signs or symptoms of severe malaria. P. falciparum exposed infants
negative for parasites in thick blood film, and negative in rapid
detection test kits for P. falciparum were defined as participants

with previous malaria episode(s) and the actual absence of illness

due to malaria within the last 2 weeks. Significant differences

(** P<0-0001) between infection-free controls (NEG) and MM or
SM patients are indicated.

and also production of IFN-y by dampening the release of
IL-12p70 [14]; however, in response to P. falciparum infec-
tion, cytokine profiles and their relative balance, not single
pro- and anti-inflammatory T helper and T regulatory
cytokines, may mediate protective immunity and disease
severity [31].

With regard to the regulatory type IL-10, the Th2-type
anti-inflammatory cytokine IL-13 disclosed similar levels
and dynamics; it was enhanced in MM and SM infants and
declined rapidly with parasite clearance following treat-
ment. In 1-4-year-old children with acute uncomplicated
P. falciparum malaria, increased IL-13 levels were found [32],
which decreased up to day 2 post-treatment. IL-13 provides
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protection from LPS-induced lethal endotoxaemia similar to
but independent from IL-10, and IL-13 can be considered as
an immune modulator which might be beneficial in the
treatment of septic shock [33]. As revealed recently, IL-13
mediated phagocytosis of P. falciparum-parasitized erythro-
cytes by alternative activated monocytes [34], and resistance
to severe malaria through altered IL-13 production may be
associated with a single nucleotide polymorphism in the
IL-13 promoter [35].

As a cytokine with dual regulatory capacity, IL-27 will first
initiate Th1-type IFN-y responses and promote IL-10 syn-
thesis by regulatory T cells, then attenuate inflammatory Th2
and Th17 cells [36] and depress proinflammatory cytokines
and chemokines [37]. IL-27R-deficient mice infected with
Toxoplasma gondii, Trypanosoma cruzi or Leishmania dono-
vani first controlled parasite replication, but then developed
lethal proinflammatory cytokine responses and succumbed
to infection [38], and such mice infected with the intestinal
helminth Trichuris muris developed an increased production
of Th2-associated cytokines and were able to clear intestinal
worms very early [39]. IL-27R-deficient mice were suscep-
tible to P. berghei infection and developed Thl-mediated
immune responses which, despite efficient parasite clear-
ance, led to severe liver pathology [40]. The regulatory func-
tion of IL-27 via the induction of IL-10 and suppression of
IL-17 secretion may help to prevented early manifestations
of malarial disease, but IL-27 alone may not suffice to
prevent chronic infection and severe malaria.

The capacity of IL-27 in suppressing Th17-type responses
may be critical for pathology prevention; IL-17F levels were
similarly high in MM, SM and NEG infants, and the
unchanged IL-17F levels post-parasite clearance suggested
that IL-17F may not be implicated in malaria progression or
regression. Enhanced levels of Thl7-associated cytokines
have been detected in psoriasis, arthritis, asthma and bacte-
rial and fungal infections [41], and Th17 cells might breach
the blood-brain barrier and infiltrate the central nervous
system (CNS) parenchyma [42], thereby inducing the pro-
duction of other proinflammatory cytokines and chemok-
ines which will attract effector cells and provoke tissue
inflammation. However, IL-17 was not found to be associ-
ated with development of cerebral malaria in P. berghei-
infected mice [43], and in Ghanaian children cerebral
malaria mortality was not associated with IL-17 [15].

While IL-17F levels were similar in NEG, MM and SM
infants, the cytokine IL-31, which has comparable effects to
IL-17 [44], was highest in SM patients. IL-17 and IL-31 both
have additive effects on secretion of cytokines and chemo-
kines [44,45], and IL-31, a member of the gp130/IL-6 cyto-
kine family [45], may recruit polymorphonuclear cells,
monocytes and T cells to an inflammatory site in vivo [46].
IL-31 will induce the genes of inflammatory chemokines
MIP-1B, MIP-3a,, MIP-3p [47,48] and proinflammatory
cytokines IL-6, IL-8, IL-16 and IL-32 [44,45]. IL-31-
receptor-deficiency in mice injected with Schistosoma
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mansoni eggs resulted in severe pulmonary inflammation,
enlarged granuloma and significantly more IL-4, IL-5 and
IL-13 than in wild-type mice [48]. In allergic asthma
patients, serum levels of IL-31 were elevated above controls
[49], a further suggestion that the IL-31/IL-31R signalling
pathway will regulate type 2 inflammations [48]. Another
key player promoting Th2 type responses, the cytokine
IL-33, is considered a mediator of pathology with allergies
and septic shock [50-52]; IL-33 was suggested to function as
an alarmin [53], to alert after endothelial or epithelial cell
damage during trauma, stress or infection [53]. IL-33 levels
were enhanced in infants with MM and SM, clearly above
NEG, correlated positively with parasite densities, and
diminished strongly following parasite clearance. Sequestra-
tion of P. falciparum-infected erythrocytes or the release of
merozoites may have amplified IL-33 production by endot-
helial cells, and additional cytokines augmented by IL-33 are
IL-5, IL-13, TNF and IL-3 [54]. Furthermore, I1L-33 will
promote splenomegaly, blood eosinophilia and epithelial
hyperplasia, massive mucus production in lungs and pulmo-
nary inflammation [55]. To what extent the enhanced pro-
duction of IL-31 and IL-33 may contribute to pathogenesis
of acute P. falciparum infection to cerebral inflammation
and vascular obstructions should be investigated further.
For the development of cerebral malaria, an important
role has been attributed to cytokines and chemokines
[56,57]. With severe P. falciparum infection an increased
production of MCP-1/CCL2, MIP-1¢. and MIP-13, and also
IL-8/CXCL8, has been observed [9,13], and the mortality
risk with cerebral malaria (CM) was associated indepen-
dently with the serum concentration of IP-10/CXCL10 [15].
The chemokines IP-10/CXCL10 and MIG/CXCL9, together
with their common receptor CXCR3, are required for the
development of murine CM [58]. MIG/CXCL9 and its
receptor are expressed predominantly in Th1 cells, and MIG/
CXCL9 is considered to be a predictive marker for antigen-

© 2011 The Authors

IL-13 (pg/ml)

IL-33 (pg/ml)

Malaria tropica in infants

20000 40000
1000
700f % 30000}
500f
300f £ 10000 = 20000}
200f ** 15 sooof E
= r %
100 & 6000f N
70F ~ 5000} by
50¢ 2 4000} = 100001
301
ol 3000} :
10 | | 2000 | | 5000 | |
bT pT bT pT bT pT
2000 10000 10000F
8000f 8000f
£ 6000f {g _ 6000F
1000 E 5000} £ 5000
800 : ; 4000} *% E 4000 : p=0,003
600 o 3000t e 3000
500¢ ) o 2000}
400t & 2000f 5
300} =
1000|-
200 1 10001 1 800k 1
bT pT bT pT bT pT

specific IFN-y-secreting peripheral blood mononuclear
cells (PBMCs) in volunteers immunized with irradiated
P. falciparum sporozoites [59]. In the present work, MIG/
CXCL9 levels were highest in SM infants and lessened
rapidly with parasite clearance after anti-malarial therapy,
suggesting that MIG/CXCL9 may be an indicator for parasite
multiplication or diminution, and possibly also for the
sequestration of P. falciparum-infected erythrocytes (Pf-
IRBC) in blood vessels of the CNS. MIP-30,/CCL20 will
stimulate the migration, homing and maturation of leuco-
cytes, and CCL20 together with CXCL1, CXCL2, IL-6 and
IL-8 increased more than 100-fold in blood-brain barrier
endothelial cells during Pf-IRBC contact, which suggests its
participation in cellular defence during Pf-IRBC sequestra-
tion [60]. Astrocytes which line parenchymal blood vessels
will respond in a pathogen-specific way to infection and
release MIP-30,/CCL20 and CXCL16 [61]; both chemokines
will promote Thl-type responses by enhancing IFN-y and
TNF-o release, and CXCL16 may attract neutrophil granu-
locytes across the blood-brain barrier into the cerebrospinal
fluid [62,63]. Both CCL20 and CXCL16 were elevated sub-
stantially in SM and MM infants; CCL20 correlated posi-
tively with parasite densities, and therefore CCL20 and
CXCL16 should be investigated further as to what extent
they contribute to the manifestation of CM. The chemokines
6Ckine/CCL21 and CCL19 are both involved in T lympho-
cyte migration into CNS tissues during immune surveillance
and inflammation [64—66], and expression of their common
receptor CCR4 is required for protective immune responses
during acute T. gondii infection [67,68]. The abrogation of
CCL21 function in mice with L. major infection resulted in
failure to clear parasites from infected skin [68]. In the
present work, 6Ckine/CCL21 plasma levels were similar in
NEG, MM and SM infants, suggesting that with malaria
progression or regression 6Ckine/CCL21, which may
promote immune surveillance against intracellular parasite
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in CNS tissues, has not been activated or remained
suppressed.

In summary, proinflammatory and regulatory cytokine
and chemokines were generated in infants during progres-
sion and regression of acute malaria tropica. Proinflamma-
tory type cytokines IL-31 and IL-33 were strongly enhanced,
while regulatory IL-27 was lowered with severe malaria.
Similarly, the chemokines CCL20 and CXCL16 which
promote leucocyte migration into brain parenchyma
increased while CCL21, which mediates immune surveil-
lance in CNS tissues, remained unchanged. These cytokine
and chemokine production profiles and their dynamics
could be considered for evaluating the progression or regres-
sion of malarial disease.
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