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Introduction

Abstract

Pro-inflammatory cytokines induced by glycosylphosphatidylinositols (GPIs) of
Plasmodium falciparum contribute to malaria pathogenesis and hence, the
naturally acquired anti-GPI antibody thought to provide protection against severe
malaria (SM) by neutralizing the stimulatory activity of GPIs. In previous studies,
the anti-GPI antibody levels increased with age in parallel with the development of
acquired immunity, and high levels of anti-GPI antibodies were associated with
mild malaria (MM) cases. In the present study, the relationship between the levels
of pro-inflammatory cytokines and anti-GPI IgG antibody responses, parasitemia,
and the clinical outcomes were evaluated in SM and mild malaria (MM) patients.
Sera from a total of 110 SM and 72 MM cases after excluding of ineligible patients
were analyzed for the levels of anti-GPI antibodies, IgG subclasses, and cytokine
responses by ELISA. While the total anti-GPI antibody levels were similar in overall
SM and MM groups, they were significantly higher in surviving SM patients than in
fatal SM cases. In the case of cytokines, the TNF-a and IL-6 levels were significantly
higher in SM compared to MM, whereas the IL-10 levels were similar in both
groups. The data presented here demonstrate that high levels of the circulatory pro-
inflammatory, TNF-a, and IL-6, are indicators of malaria severity, whereas anti-
inflammatory cytokine IL-10 level does not differentiate SM and MM cases.
Further, among SM patients, relatively low levels of anti-GPI antibodies are
indicators of fatal outcomes compared to survivors, suggesting that anti-GPI
antibodies provide some level of protection against SM fatality.

widespread deployment of long-lasting insecticide treated
bed nets, the availability of effective artimisinin-based anti-

Plasmodium falciparum malaria is one of the major public
health problems in tropical regions of the world with ~250
million clinical cases and ~600,000 deaths annually. Of the
total global malaria morbidity and mortality, >80% of
clinical cases and ~90% of deaths occur in sub-Saharan
Africa, particularly in children under five years. The

malarial combination therapy and the improved disease
prevention efforts have dramatically decreased the malaria
burden in many parts of Africa [1]. However, a consequence
of this prevention strategy is the development of drug-
resistant parasites and mosquito vectors [2—4]. As immunity
to malaria wanes away quickly, another consequence of

24 © 2015 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd.
This is an open access article under the terms of the Creative Commons Attribution License, which
permits use, distribution and reproduction in any medium, provided the original work is properly cited.


http://creativecommons.org/licenses/by/4.0/

B. Mbengue et al.

Immune responses to malarial GPIs

(a) Severe Malaria (SM)
126 samples collected

16 patients excluded:

v

- 1 no consent from the relatives and no stored sample

- 8 female patients with gravid eclampsy in post pregnancy

- 2 with septicaemia detected by blood culture (S. pyogenes)

- 2 with respiratory or pulmonary infections (E. coli, S. pneumoniae)
- 1 with gastro intestinal infection (Sa/monella)

- 1 with protein rachis >1,37g/ (probably meningitis)

- 1 patient referred from Bamako with insufficiency of data

110 patients selected for the study

A4 A 4

83 patients recovered without
sequelae 72 h after

27 patients died

hospitalization

v

v

11 died during 72 h
hospitalization

16 died after 72 h
hospitalization

(b) Mild Malaria (MM)

124 samples collected

v

52 patients excluded:
- 14 no consent from the patients or relatives and no stored samples
o - 9 pregnant patients
- 11 with acute infections associated with respiratory or intestinal infections
- 1 with HIV infection
- 17 for whom data not available or insufficient

72 patients selected for the study

v v

20 hospitalized patients
(Medical Units)

52 non-hospitalized patients
(External consultation)

v v

12 patients with less than 72 h
hospitalization

8 patients with 72 h
hospitalization

Figure 1. Flow chart of the recruitment for patients with severe (A) or mild malaria (B). A summary of the recruitment and the reasons of exclusion of

patients (16 SM and 52 MM patients) are outlined.

decrease in immune protection is due to reduced exposure to
the infection and consequent lack of periodic immune
boosting. Thus, malaria burden is expected to be on the raise
unless newer prevention and treatment strategies are
developed. One approach toward this goal would be to
gain mechanistic insight into the processes involved in
malaria pathogenesis and immune responses.

Although failure of the immune system to control rapid
parasite replication and consequent excessive inflammatory

responses is considered as contributing factors to malaria
immunopathology [5-7], the underlying mechanisms are
not fully understood. In fact, the ability of P. falciparum
infected red blood cells to sequester in the deep endothelia of
vital organs, including brain, liver, and spleen, leads to the
accumulation of high concentrations of toxic parasite
components at sites of sequestration, resulting in strong
induction of pro-inflammatory cytokine production, endo-
thelial damage, organ dysfunction, and life threatening
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pathological conditions. Several studies have shown that
glycosylphosphatidylinositols (GPIs) of parasites is one of
the parasite toxic factors that contribute to malaria
pathogenesis [8—13]. This idea was based on the ability of
GPIs to induce production of TNF-a, IL-1, IL-6, and IFN-vy
in macrophages and cause symptoms reminiscent of severe
malaria (SM) illnesses, including pyrexia, hypoglycemia, and
lethal cachexia in animals [12]. The idea was further
substantiated by the fact that immunization with parasite
GPIs reduced the inflammation associated with acute
Plasmodium berghei infection in mice [13], and that GPIs
activate CD36-, TLR2-, and TLR4-dependent signaling
cascades to induce inflammatory cytokines and nitric oxide
production from human macrophages in vitro [8, 10, 11].
However, the relationship between GPI-induced inflamma-
tory cytokines, such as TNF-a, IL-6 and IL-1, and IgG
responses and outcome in SM in human is not well
understood. We have previously reported that in urban
hypoendemic area, low anti-GPI IgG responses correlate
with cerebral malaria (CM) cases compared to relatively high
levels of anti-GPI antibodies in patients with mild malaria
(MM) [14]. The aim of the present study was to examine, in
SM patients during three days of hospitalization compared
to MM cases, the relationship between the magnitude of
peripheral inflammatory cytokine responses, the levels of
anti-GPI IgG antibody responses, the parasitological
characteristics, and the clinical outcome.

Materials and Methods
Study area and epidemiologic context

The study was performed in Dakar, a malaria hypoendemic
region, having a low level of seasonal transmission with an
average of 0.5-1 infecting bite/person/year during the rainy
season, September—December [15, 16]. The main malaria
vector described is Anopheles arabiensis, and P. falciparum is
the most widespread malaria species (98% of cases) [15, 17].
Malaria transmission is unstable and characterized by a highly
variable density of vector and an entomological infection rate
(EIR) of 3-9 infective bite per individual per year during the
rainy season in some locations [17]. Previous studies in this
area have revealed that malaria affects all age groups with the
highest prevalence occurring in children [14, 15]. A mean
incidence of 2.4% of clinical accesses has been observed with
no difference between adults and children [15].

Study design, ethic statements, and procedures

Patient positive for P. falciparum parasites on blood film or
by rapid diagnostic test were enrolled after written and
verbal informed consents were obtained from the patients or
their relatives. Ethical approvals were obtained from the
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investigators’ institutions and the National Ethical Com-
mittee from Ministry of Health.

The presence of P. falciparum parasitemia was determined
by microscopic examination of thin and thick smears prior
to anti-malarial treatment. A questionnaire with clinical
history and demographic information was recorded. On the
first day of hospital attendance/admission, complete clinical
parameters including parasite density, hematologic, and
clinical characteristics were determined by the hospital’s
clinical laboratory. Blood samples used in this study were
those collected after parasitologic and clinic profiles were
determined. Samples were centrifuged, plasma aliquoted,
and stored at —80°C until testing. The following criteria were
used in stratifying patients into two different groups.

Life-threatening SM was characterized by at least one of
ten WHO criteria including cerebral symptoms, coma,
severe anemia, respiratory distress, liver dysfunction, renal
impairment, lactic acidosis, hypoglycemia, renal, and non-
cardiogenic pulmonary oedema [18]. MM cases were
defined as those with positive blood smear for P. falciparum
and having fever, and no symptoms of SM.

The study was performed at the Hospital Principal of
Dakar during September to December in two successive
years 2003 and 2004. P. falciparum-infected SM patients
were admitted to the Intensive Care Unit of the hospital. All
patients were managed by the same medical staff and
according to the hospital treatment protocol based on the
national recommendations, intramuscular quinine 20 mg/kg
followed by 20 mg/kg every 8h. Patients were examined
every 4 h for the first 24 h and every 6 h thereafter. Patients
with fever and clinical signs of cerebral impairment
underwent a lumbar puncture to rule out meningitis, and
patients with mixed infection of malaria parasites were
excluded.

As shown in Figure 1, of a total of 126 SM patients initially
enrolled, 16 patients who had other infections prior to the
onset of SM episode were excluded; thus, 110 patients were
included in this study. Of these 110 SM patients, 83 were
recovered with no sequel, 27 had fatal outcomes, and 11 died
prior to the third assessment day. The causes of death were
due to SM (Fig. 1A).

A total of 124 MM patients who are treated at the
outpatient clinic of the hospital were initially enrolled. Of
these, 52 were excluded based on the criteria outlined in
Figure 1B, and the remaining 72 were included in the study.
Blood samples from MM patients were obtained on the day
of clinical presentation.

P. falciparum GPls

P. falciparum GPIs were isolated from the late trophozoite
and schizont stages of cultured P. falciparum (FCR3 strain),
and purified by HPLC as described earlier [19, 20].

26 © 2015 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd.
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Anti-GPIl IgG ELISA

ELISA for assessing anti-GPI IgG levels was performed as
reported previously [14, 20]. The 96-wee flat-bottomed
Immulon-4 ELISA plates (Dynatech, Spingfield, VA) were
coated with parasite GPIs (2ng GPIs) and blocked with
phosphate-buffered saline (PBS) containing 5% bovine
serum albumin (BSA). Plates were incubated with 50 wL of
plasma samples were diluted 1:100 in PBS having 1% bovine
serum albumin. Pooled plasma from European volunteers
with no exposure to malaria and naive Senegalese plasma
was used as a negative control and pooled plasma from
immune individuals living in the holoendemic village of
Dielmo was used as a positive control [22]. Detection of the
bound anti-GPI antibodies was with peroxidase-labeled goat
anti-mouse IgG (Cappel Laboratories Inc., Cochranville, PA,
USA; diluted 1:2000) as described previously [14]. Samples
were analyzed in duplicate. Responses were expressed as OD
ratios: ODserum sample/ ODnegative control- Serum samples with
OD ratios greater than two (which was over the OD of naive
control + 2 SD) were considered as seropositive. For positive
controls, OD was ~0.5, giving an OD ratio of 10.

IgG subclass analysis by ELISA was performed as
described previously using human sub-class specific mouse
mAbs [20, 21, 23]. The detection was by using peroxidase-
labeled goat anti-mouse IgG (1:2000) as outlined above.

Determination of Serum Cytokine levels

TNF-a, IL-6, and IL-10 were analyzed by using ELISA kit
according to the manufacturer’s instructions (Pharmingen "
San Diego, CA). Flat-bottomed 96-well plates (Maxisorp™,
Nalge Nunc International Rochester, NY, USA) were coated
with capture antibody diluted at 1:250 in PBS for all the
cytokines. The wells were blocked with a solution of 1% of
BSA and incubated with 1:2-diluted plasma samples, and
positive and negative controls. After 1h, wells were
incubated biotinylated antibody (1:250 dilution for anti-

Immune responses to malarial GPIs

TNF and anti-IL-6 antibodies, and 1:500 dilution for anti-
IL-10 antibody) followed by alkaline phosphate-conjugated
avidin in Tris buffer, pH 7, containing 1% BSA. The
detection was with o-toluidine substrate (Sigma Chemical
cie, St. Louis, MO, USA) in the presence of hydrogen
peroxide. Color development was stopped with 4N
sulphuric acid (Prolabo, Fontanay sous Bois, France). The
optical density was measured at 450 nm in a plate reader
(Tecan , GmbH, Salzburg, Austria). Analysis was performed
in duplicate. Cytokines concentrations (pg/mL) were
determined by using the standard curve and multiplied by
the dilution factor. The detection limit of each of cytokine
assays was 7.8 pg/mL for IL-10 and TNF-«, and 4.7 pg/mL
for IL-6; values below this level were considered zero.

Statistical analysis

The antibody responses were not normally distributed
(Shapiro test) and hence, non parametric tests were used for
analyses. Continuous variables were compared using Mann—
Withney, Spearman’s rho, and Kruskal-Wallis tests. Inter-
assay comparisons of results were evaluated using Wilcoxon
rank test. The Fisher’s exact test and the chi-square were used
to compare prevalence of responses between groups. The
result was considered significant at the 5% level and the
Bonferonni correction was made for multiple comparisons.
Analyses were performed by using Statview 5.0" (Abacus
Concept Inc., San Francisco, CA, USA) and Sigmaplot 12.0®
(Systat Software Inc., St. Jose, CA, USA).

Results

Profiles of IgG and IgG subclass responses against
P. falciparum GPls

Plasma from both SM and MM groups were tested for total
anti-GPI 1gG and IgG subclasses (IgG;_4). Total anti-GPI
IgG responses are shown in Table 1. On the day of admission,

Table 1. Sero-prevalence and levels of IgG antibodies responses against GPI.

Age IgG to GPI day O IgG to GPI day 1 1gG to GPI day 2
Patients No. Mean [range] %2 Mean[range] P** No %> Mean [range] P No %2 Mean [range] P>*
Surviving NYE 83 28 [8-73] 63 3.7 [1-12.7] 82 52 4.1 [1-27.5] 77 50 3.6 [1-26.5]
Fatal SM’ 27 33 [11-74] 41 2.6 [1-11.5] 0.02 22 27 2.2 [1-9.8] 0.01 16 44 3.4 [1-20.0] NS
All SM 110 29 [8-74] 57 3.4 [1-12.7] 104 47 3.7 [1-27.5] 93 49 2.5 [1-26.5]
Mild malaria 72 30 [2-77] 49 3.8 [1-21.6] NS Not available Not available

"Patients with severe cerebral malaria (SM); No., Number of patients.

ZPrevalence of responders to GPI that is individuals with IgG responses >2 OD ratio.
3Statistical comparison between surviving versus fatal SM and all SM versus MM.
4Comparison of prevalence between surviving versus fatal SM and all SM versus MM by Fisher's exact test was not significant.

© 2015 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd. 27
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there were no significant differences in the seroprevalence
and levels of antibodies between SM and MM groups.
However, anti-GPI IgG levels were significantly different in
the SM group of patients stratified according to the clinical
outcome, surviving (Surv. SM) versus fatal cases (Fatal SM).

IgG subclass antibody responses to GPIs were determined
on the day of admission for a subset of 40 patients, of which
23 were SM patients 11-65 years old (mean age 26.8 years),
and 17 were MM patients 2—73 years old (mean age 27.6
years). As shown in Figure 2, in this subgroup, anti-GPI IgG
responses were predominantly IgG; and IgGs. No significant
differences in IgG; levels were found between SM and MM
groups. However, IgG; antibody levels were significantly
higher in SM (mean OD ratio 4.6; range 1.0-15.8) than in
MM (mean OD ratio 1.7; range 1.0-8.9) (P <0.001)
individuals. The levels of IgG, and IgG, were generally
low in both groups but significantly higher in MM patients
compared with SM patients (P<0.001) (Fig. 2). No
correlation was found between IgG subclasses antibody
responses to GPI and ages of individuals in MM and SM
subgroups.

Relationship between IgG responses against GPIs
and parasitemia

Global analysis of association between anti-GPI IgG levels
and parasitemia measured on the day of admission (day 0),
showed statistically no significant association between the
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Figure 2. 19G subclass responses to GPIs. Isotype-specific IgG responses
against GPIs in a group of 40 patients are shown as box-whisker plots,
representing median with 25th and 75th percentile (boxes), and 10th and
90th percentiles (whiskers) for a subset of patients with SM (black bars)
and MM (gray bars). Brackets with asterisk indicate significant different
levels of 1gG subclass responses (**P < 0.01). Black bars, 23 SM cases;
gray bars, 17 MM patients.
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two parameters in SM and MM patients. Further, similar
results were observed when analyses were done according to
the age of patients, in each clinical group (SM and MM).
Only individuals harboring high level of parasitemia (>5%)
exhibited high levels of anti-GPI antibodies on days 0, 1, and
2.

Plasma cytokines levels in different study groups:
correlation with disease severity and clinical
outcome

To evaluate the prognostic significance of pro-inflammatory
and anti-inflammatory cytokines in P. falciparum malaria,
levels of TNF-a, IL-6, and IL-10 in the blood plasma of SM
and MM groups were analyzed.

The levels of pro-inflammatory cytokines, TNF-o and IL-
6 were higher in SM group than MM cases (P < 0.05);
approximately threefold for TNF-a and twofold for IL-6
(Table 2). There was no statistically significant difference for
IL-10 levels between MM and SM patients (P = 0.106).

To evaluate the relationship between pro-inflammatory
and anti-inflammatory plasma cytokine levels, we analyzed
the correlation among these markers according to disease
severity and progression of the disease. In MM group, IL-6
and TNF-a levels were positively correlated (r=10.51;
P=0.004) (Fig. 3a). Conversely, a positive correlation was
found between TNF-a and IL-10 plasma concentrations in
SM patients on day 0 (r=0.32, P=0.005). Furthermore, the
correlation between TNF-a and IL-10 levels was higher in
patients who died (r=0.45, P=0.010) than patients who
recovered (r=0.21, P=0.031) and these correlations
disappeared two days after admission (Fig. 3b).

According to previous studies, the ratio of anti-
inflammatory (IL-10) to inflammatory (TNF-a) is a
potentially useful parameter indicator in cerebral malaria.
Low IL-10:TNF-« plasma level ratios were found to be a risk
factor for both cerebral malaria and severe anemia [24, 25].
Here, the ratio of anti-inflammatory cytokine IL-10 to pro-
inflammatory cytokine TNF-a was significantly higher in
MM than SM group (41.3 £9.4vs. 29.2+6.7; P=0.011) on
the admission day, in agreement with the clinical outcome of
SM patients. The IL-10: TNF-« ratio did not significantly
varied at day 2.

No relationship was found between parasitemia, and
either TNF-a, IL-6 and IL-10 plasma levels or IL-10:TNF-a
ratio in the different categories of patients.

Relationship between plasma cytokine levels and
anti-GPI IgG responses

The correlation between anti-GPI IgG antibody levels and
cytokine in combination with clinical and parasitological
parameters was analyzed.

28 © 2015 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd.
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Table 2. Levels and kinetic profiles of cytokines in SM.

Immune responses to malarial GPIs

Cytokine level day O

Cytokine level day 1 Cytokine level day 2

Cytokine Patients N Mean [range] P? N Mean [range] P N Mean [range] P

TNF-a Surv. SM' 83 122 [2-2492] 79 81 [1-2569] 72 51 [1-2244]
Fatal SM' 26 147 [2-2114] 0.02 22 15 [1-109] <0.01 16 27 [1-193] NS

All SM 109 128 [2-2492] 101 67 [1-2569] 88 47 [1-2244]

IL6 Surv. SM' 82 155 [1-2315] 79 169 [1-1565] 72 94 [0-473]
Fatal SM1 26 609 [3—5925] 0.02 22 1526 [4—8062] <0.01 16 709 [2276167] NS

All SM 108 264 [1-5925] 101 465 [1-8062] 88 206 [0-6167]

IL10 Surv. SM' 82 463 [7-3502] 79 367 [5-2192] 72 378 [8-3467]
Fatal SM’ 26 745 [12-3624] 0.02 22 719 [7-2746] <0.01 16 520 [25-2015] NS

All SM 109 531 [7-3624] 101 377 [5-2746] 88 404 [8-3467]

Patients with severe malaria (SM): Surv., surviving patients; N, number of determinations.

2Statistical comparison between surviving versus fatal SM.

In MM group, IgG anti-GPI levels were inversely
correlated to TNF-a (r=—0.29; P=0.028) (Fig. 4a) and
IL-6 (r=—0.38; P=0.010) levels (Fig. 4b). Among the IgG
subclasses, only IgG; levels showed a significant inverse
correlation with TNF-a (r=-0.37; P=0.019) and IL-6
(r=—0.41; P=0.021) levels in MM group.

In SM group, individual cytokine levels are plotted in
Figure 5 as function of dichotomized anti-GPI antibody
levels under and above the median value of OD ratio. On the
day of admission, there was a trend toward higher
concentration of TNF-a and lower concentration of IL-6
in SM patients with high levels of anti-GPI IgG, but the

globally detected for IL-10 concentrations. This profile was
visible on day 3 with significant lower levels of cytokines, but
not on day 2.

Discussion

Malaria infection triggers innate and adaptive immune
responses. Although complete details of the host-pathogen
interactions that lead to immune responses are lacking, a
number of studies have shown that immune response
contribute to both disease pathogenesis and protective
immunity [5, 6]. One of the questions in understanding

values were not statistically significant. No difference was anti-disease immunity in human malaria is the
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Figure 3. Correlations between pro-inflammatory and anti-inflammatory cytokines in MM (a) and SM (b) groups. The positive correlation between
cytokines plasma levels is shown as a bivariate dot plot: IL-6 and TNF-a in MM group (a), and IL-10 and TNF-a in SM group (b). Statistical analyses were
done by non parametric Spearman Rank Test. Only the MM patients are shown in Figure 3a. Figure 3b shows surviving SM patients (circles) and fatal

outcome (blue cross).
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Figure 4. Relationship between anti-GPIIgG responses and plasma cytokines, TNF-a (a) IL-6 (b), in MM group. The correlation between cytokines plasma
levels (pg/ML) and IgG anti-GPI levels (OD ratio) is plotted in MM patients, that is, anti-GPI IgG responses and TNF-a (a) and anti-GPI IgG and IL-6 (b).
Results from statistical analyses done by non parametric Spearman rank test are indicated.

contribution of anti-GPI antibodies compared to anti-
bodies against other parasite factors involved in protec-
tion against malaria illnesses. People living in endemic
areas have anti-GPI antibodies [8, 20, 24], which might
provide some degree of protection against malaria
symptoms. High levels of the anti-GPI antibodies have
been correlated with resistance to clinical symptoms, such
as anemia and fever [19], and hence these antibodies were
suggested to be an important factor in the protective
immunity to malaria [8, 11]. Consistent with these results,
lower levels of anti-GPI were observed among Senegalese
adults with cerebral malaria compared to individuals with
uncomplicated malaria [14]. However, the results pre-
sented here indicate the absence of significant differences
either in prevalence or the levels of anti-GPI IgGs between

SM and MM groups. These results agree with those of
previous studies reporting no significant differences in
anti-GPI antibody responses between Gambian children
having SM or MM [25] and higher levels of anti-GPI IgG
antibodies were found in Malian children with CM [24].
A possible explanation for these contrasting results is that
the recruitment of severe urban malaria is highly
heterogenic regarding the initial onset of the infection
and the delay before hospitalization in the severe cases.
We had previously reported that delay of admission
appeared as significantly increased SM [14, 26].

Our observation that anti-GPI IgG responses do not
correlate with parasitemia either in MM group or SM group
agrees with the results of a previous study reporting a lack of
association between anti-GPI antibodies and the ability of
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Figure 5. Profile of cytokines levels as function of anti-GPI IgG responses in SM groups. Mean values + SE of cytokines levels in pg/mL are shown as
histograms. The black bars represent SM patients with IgG anti-GPI OD ratio > median value (Mdv) and the grey bars represent SM patients with IgG anti-
GPI OD ratio > median value. Results for TNF-a, IL-6, and IL-10 are shown on days 0, 1, and 2.
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Papua New Guinean children to tolerate high-density
parasitemia [8]. Interestingly, we observed a substantial
increase of IgG levels after the beginning of the treatment in
SM patients with an elevated initial parasitemia on day 0.
This is in line with the profile of fluctuation of anti-GPI
levels at the time of the measure in SM that relates to the
higher parasite load.

Some previous studies had reported associations between
levels of IgG or IgG subclass Ab against GPI and age of
subjects living in hyper endemic areas. In our study, these
associations were not observed. Discordances can be
explained firstly by the low endemicity in urban area of
Dakar [17] and the second explanation can be the fact that
our study population was constituted by symptomatic
malaria patients and as described previously no significant
difference of IgG anti-P. falciparum levels were reported
between adults and children hospitalized patients [26, 27].

An important observation of this study is the difference of
anti-GPI total IgG levels observed between surviving and
fatal SM. Surviving individuals had significant high levels of
IgG to GPI than fatal cases on day 0 and day 1, but not on day
2. This suggests a possible protection-associated effect of
these antibodies against fatal outcome. In Thailand, Brasseur
et al. found that antibody titers significantly differed between
patients who died of SM and those who recovered despite
both groups were adequately treated [28]. Furthermore, the
IgG subclass antibody responses found in this study are in
agreement with the results of previous studies, reporting that
short-lived anti-GPI IgG; and IgG; responses predominate
in asymptomatic individuals with circulating parasites [8].

A number of cytokines and bioactive proteins, such as
procalcitonin were previously found to contribute to adverse
prognosis in human SM [7, 29, 30]. In agreement, we found
elevated levels of pro inflammatory cytokines in patients
with SM; approximately two- and threefolds higher for IL-6
and TNF-a compared to MM cases at the day of admission,
but no significant difference of IL-10 plasmatic levels
between the two groups of patients. These results suggest
that TNF-a and IL-6 are associated with the pathogenesis of
human SM. These results are in line with several other
observations, reporting high circulating levels of pro-
inflammatory cytokines, such as TNF-a [7, 29, 31] and
IL-6 [6,7, 29, 32, 33] during the acute phase of SM in human,
as well as in experimental models [31].

GPI has been proposed as a putative malaria toxin eliciting
the inflammatory response contributing to pathogenesis
[12]. On one hand, GPIs initiate the release of pro-
inflammatory cytokines including TNF-a, IL-1, and IL-6, on
the other hand antibodies against GPI mediate an inhibition
of cytokines release as demonstrated in vitro [34]. However,
no correlation was detected in the present work between
anti-GPI IgG levels and plasmatic concentrations of pro-
inflammatory cytokines, TNF-a, and IL-6, during the three
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days survey. Several reasons could explain such result. First,
the limitation of ex-vivo cytokines measurements as
underlined in several clinical studies [35]. Most cytokines
are cleared very rapidly (half-lives of minutes), so that
circulating levels are influenced by the timing of sampling
and the duration the stimulus for synthesis [29]. The half-life
may be prolonged by binding to soluble receptors and also by
decreased renal or hepatic clearance.

Another explanation of the non significant relationship
between anti-GPI IgG levels and cytokines concentrations
may imply the signaling pathway of GPI effect that can be
stimulated by others toxins from the parasite. Several studies
demonstrated that malaria infection induces activation of
Toll-like receptor (TLR1, TLR2 TLR4, and TLR9Y) and
involvement of anti-TLR2 and anti-TLR4 antibodies [36-38].
Krishnegowda et al. have confirmed that GPIs are recognized
mainly by TLR2 and to a lesser extent by TLR4 [10]. Recently,
TLR9 and MyD88 were shown implicated in the regulation of
anti-P. falciparum immune response via dendritic cells after
activation by the parasite DNA [11, 39]. In both SM and
sepsis, a variety of toxins triggers the activation of MAPK and
NFkB signalling pathways to induce the release of host
immune factors that include cytokines, such as TNF, IL-6, IL-
1, oxygen free radical. Therefore, GPI is only one of the
multiple malaria toxins that stimulate this signalling pathway.
A number of pro-inflammatory components of P. falciparum
have been described that include hemozoin [40], parasite
membrane-derived microparticles [41, 42], RESA [43],
protein DNA complexes [44], and uric acid [45].

Conclusion

Opverall, the results of this study reveal that higher levels
circulatory pro-inflammatory cytokines, such as TNF-a and
IL-6, but not the levels of anti-inflammatory cytokines, such
as IL-10 are indicators of SM. Additionally, although the
total anti-GPI antibody levels were similar in SM and MM
patients, interestingly there was a clear correlation between
surviving SM cases compared to SM cases with fatal
outcomes; that is, the anti-GPI antibody levels were
significantly higher in the surviving SM group than SM
group who died. The low levels anti-GPI IgG in fatal cases
raise the question whether this is due to insufficient in vivo
IgG production or excessive consumption of antibodies
during the course of disease severity. Further studies are
required to elucidate the mechanisms that underlie the
dynamic of anti GPI antibody responses and their relation to
pro-inflammatory cascade effects.
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