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Abstract

Background: Fulani ethnic group individuals are less susceptible than sympatric Mossi ethnic group, in term of
malaria infection severity, and differ in antibody production against malaria antigens. The differences in
susceptibility to malaria between Fulani and Mossi ethnic groups are thought to be regulated by different genetic
backgrounds and offer the opportunity to compare haematological parameters, Tregs and gδT cell profiles in
seasonal and stable malaria transmission settings in Burkina Faso. The study was conducted at two different time
points i.e. during the high and low malaria transmission period.

Results: Two cross-sectional surveys were undertaken in adults above 20 years belonging either to the Fulani or
the Mossi ethnic groups 1) at the peak of the malaria transmission season and 2) during the middle of the low
malaria transmission season. Full blood counts, proportions of Tregs and gδ T cells were measured at both time-
points.
As previously shown the Fulani and Mossi ethnic groups showed a consistent difference in P. falciparum infection
rates and parasite load. Differential white blood cell counts showed that the absolute lymphocyte counts were
higher in the Mossi than in the Fulani ethnic group at both time points. While the proportion of CD4+CD25high

was higher in the Fulani ethnic group at the peak of malaria transmission season (p = 0.03), no clear pattern
emerged for T regulatory cells expressing FoxP3+ and CD127low. However CD3+gδ+ subpopulations were found to
be higher in the Fulani compared to the Mossi ethnic group, and this difference was statistically significant at both
time-points (p = 0.004 at low transmission season and p = 0.04 at peak of transmission).

Conclusion: Our findings on regulatory T cell phenotypes suggest an interesting role for immune regulatory
mechanisms in response to malaria. The study also suggests that TCRgδ + cells might contribute to the protection
against malaria in the Fulani ethnic group involving their reported parasite inhibitory activities.

Background
The pathogenesis of malaria is complex and most likely
entails immunologic and non immunologic mechanisms
[1]. The malaria parasite undergoes both extracellular
and intracellular stages in the host, and thus the human

immune system has to mobilize both humoral and cellu-
lar arms of immune responses in the fight against this
parasitic infection. Whereas humoral immunity is direc-
ted toward the extracellular stages which include sporo-
zoites and merozoites, cell-mediated immunity (CMI), in
which T cells play a major role, targets hepatic stages of
the parasites and may also be involved in blood stage
immunity [2,3]. Thus some peripheral blood cells (lym-
phocytes, neutrophils, basophils, natural killers, etc.) and
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lymphocyte subsets are thought to play a major role in
malaria parasite control [4-7].
Considering clinical protection against malaria in resi-

dent populations of endemic areas, previous studies
have shown consistent differences in Plasmodium falci-
parum infection rates, malaria morbidity, prevalence
and levels of antibodies to various P. falciparum anti-
gens between Mossi and Fulani ethnic groups, where
the Fulani ethnic group individuals are clearly less para-
sitized, and less affected by the disease [2,3,8-10]. No
differences in the use of malaria protective measures,
known genetic factors of resistance to malaria, and
sociocultural or environmental factors were demon-
strated that could account for these findings [3,11]. The
differences between the two groups were suggested to
be due to a functional deficit in regulatory T cells, as
reflected by lower expression of TGFb, TGFbRs,
CTLA4, and FOXP3 genes in Fulani compared with
Mossi ethnic group or European donors not exposed to
malaria [12]. CD4+ CD25+ Tregs are induced rapidly in
humans following P. falciparum infection and are asso-
ciated with a burst of the transforming growth factor-b
(TGF-b) production, decreased parasite-specific immune
responses, and higher rates of parasite growth. IL-10
from CD4+CD25-Foxp3-CD127- adaptive regulatory T
cells modulates parasite clearance and pathology during
malaria infection [13]. Similarly, gamma delta (gδ) T
cells, phenotypically expressing the CD3 antigens and
molecules and representing 1-10% of circulating lym-
phocytes, are thought to play a role in infectious dis-
eases. Vδ2+ T cells, the major circulating T-cell
receptor-gδ-positive (TCR-gδ+) T cell subset in healthy
adults, are involved in immunity against many microbial
pathogens [14]. It has been reported that humans with
P. falciparum malaria exhibit a marked increase in the
number of peripheral blood gδ T cells, which remain
elevated for more than a month after treatment [15].
Subsequently it was reported that cloned gδ cells are
cytotoxic for P. falciparum in vitro [16-18] and that gδ
T cells inhibit in vitro growth of the asexual blood
stages of Plasmodium falciparum by a granule exocyto-
sis-dependent cytotoxic pathway that required granuly-
sin [19]. gδT cells can carry out many diverse functions,
but individual subsets within the population have more
restricted effector properties, depending on their
expressed TCRs [20]. gδ T cells have also been impli-
cated in the pathogenesis of malaria [21]. Human
gamma/delta T cells express cytolytic and pro-inflam-
matory molecules such as IFN-g, TNF-a, TNF-b [22]
suggesting an immunoregulatory role for these cells
[23]. A similar functional specialization is observed in
human gδT cells: human Vδ2+ T cells generally have
high cytotoxic activity and produce high levels of IFNg
[24]. As blood pathogen, malaria parasites are prone to

cause haematologic disorders affecting nutrients and
cells pattern. In severe P. falciparum malaria haematolo-
gic disorders which are the most common complica-
tions, play a major role in these fatal complications.
These changes involve red blood cells, leukocytes, and
haemostasis [25]. Patients with patent parasitemia
tended to have significantly lower white blood cell, red
blood cell, platelet, and haemoglobin levels than those
who were malaria-negative [26]. Haematological changes
were mild in the first 24 hours, but continued to dete-
riorate for few days after anti-malarial therapy.
In this study we have assessed haematological para-

meters, Tregs and gδ T cell profiles in the Mossi and
Fulani ethnic groups living in a seasonal and stable
malaria transmission setting of Burkina Faso at two dif-
ferent time points during the malaria transmission per-
iod in order to evaluate seasonal variation of
haematological parameters and lymphocytes subsets
(Tregs and gδ T cells) distribution and their impact on
malaria susceptibility.

Methods
Study area
Details descriptions of study area have been reported
elsewhere [2,3]. The study was carried out in two rural
villages near the town of Ziniaré (35 km northwest of
Ouagadougou, the capital city of Burkina Faso) in a
shrubby savanna of the Mossi plateau (≈ 300 m above
sea level) belonging to the Sudan-Sahelian ecoclimatic
zone (isohyets, 600-900 mm). Malaria transmission is
intense during the rainy season from June-October and
sporozoite inoculation rate is above one infective bite
per person per night [27]. The malaria transmission is
very low during the dry season from November to May
when the sporozoite inoculation rate is near zero. Main
malaria vectors are Anopheles gambiae, An. arabiensis
and An. funestus. Two chromosomal forms of An. gam-
biae and An. funestus are sympatric in the study area
[27]. The Mossi ethnic group is living in the village of
Barkoundouba-Mossi which is at 5 km from the village
of Barkoundouba-Peulh inhabited by the Fulani ethnic
group. The Fulani ethnic group is a settled population,
living in similar houses as Mossi ethnic group. However,
they maintain their tradition of keeping cattle in their
environment.

Study population
Adults aged more than 20 years from the Mossi and
Fulani ethnic groups were recruited under a protocol
approved by the Ethical Committee for Biomedical
Research of the Ministry of Health, Burkina Faso and
by the Ethics Committee of World Health Organiza-
tion (Geneva). The study was conducted in compliance
with International Conference on Harmonisation’s
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Good Clinical Practice principles, the Declaration of
Helsinki and the regulatory requirements of Burkina
Faso. Individual written informed consent was obtained
from all participants. Individuals were eligible for
inclusion in the study if they were found to be healthy
at a general medical examination and gave written
informed consent. Exclusion criteria included: i) Preg-
nant women confirmed positive by the home preg-
nancy test (HPT), ii) any confirmed or suspected
condition of immunosuppressive diseases including
HIV (no screening test was been done for this pur-
pose) by the physician; iii) chronic administration
(defined as more than 14 days) of immunosuppressant
or other immune-modifying drugs at the beginning of
the study (this included oral steroids and inhaled ster-
oids, but not topical steroids); iv) any chronic diseases
(cardio-vascular, hepatic and renal) suspected by the
physician to cause any supplementary risk to the
volunteer; v) any other circumstances and condition
suspected by the physician to be a risk for the volun-
teer health.

Study design and sample collection
This study was a cohort study that involved Fulani eth-
nic group (considered more resistant to malaria) and
the Mossi ethnic group (considered more susceptible
to malaria). Two cross-sectional surveys were carried
out, one during the malaria high transmission season
2007 (October) and one during the low transmission
season in 2008 (May) in both ethnic groups. A list of
potential adult volunteers has been generated based on
the general census database. After explaining the study
procedures, only those adults willing to participate
were invited to attend to the study scheduled visits.
For each adult who fulfilled eligibility criteria, a medi-
cal history was recorded, axillary temperature mea-
sured, physical examination done. Blood samples were
obtained for malaria thick/thin smears, 4 ml in EDTA
tube for haematological full blood count and 12 ml in
Heparinated tubes for immunological parameter
measurements.

Malaria diagnosis and haematological parameters analysis
Thick and thin blood films prepared from finger
prick blood samples, were air-dried and stained with
5% Giemsa. Asexual and sexual parasites were
counted separately and species differentiated. Malaria
parasites were counted against 200 white blood cells
(WBC). A slide was declared negative only after read-
ing against 2000 WBC without observation of a
malaria parasite. The parasite count was converted to
a parasite density per μL of blood. A full blood count
was performed using a semi-automated haematology
analyzer (Pentra 60).

Isolation of peripheral blood mononuclear cells (PBMC)
Peripheral blood mononuclear cells (PBMC) were iso-
lated from heparinized venous whole blood by gradient
centrifugation on Ficoll-Hypaque (Histopaque 1077:
Sigma® 1077-1, St Louis, USA). The isolated PBMC
were washed and adjusted to a concentration of 20 ×
106 cells/ml in a freezing solution (20% DMSO and 80%
FBS) and after 18-24 hours of temporary storage at-80°C
freezer, the cells were then transferred to liquid nitrogen
until analysis.

Flow cytometry cells subset phenotyping and cytokines
intracellular detection
Thawed PBMCs were stained for surface and intracellu-
lar markers. Fluorochrome-linked monoclonal antibodies
were: anti-CD3 PE (Clone UCHT1, Beckman Coulter,
Marseille France), anti-CD4 PC5 (Clone 13B8.2, Beck-
man Coulter, Marseille France), anti-CD25 FITC (Clone
B1.49.9, Beckman Coulter, Marseille France), anti-
CD127 PE (Clone, R&D Systems Minneapolis USA),
anti-TCR Pangδ PC5 (Clone IMMU510, Beckman Coul-
ter, Marseille France), anti-TCR Vδ2 FITC (Clone
IMMU389, Beckman Coulter, Marseille France), anti-
FoxP3 PE with fixation and Permeabilization kit (Clone
PCH101, eBiocience), anti-IFNg PE (Clone 25723, R&D
Systems Minneapolis USA), anti-IL10 PE (Clone 25209,
R&D Systems Minneapolis USA). Isotype-controls fluor-
ochromes conjugated were used for positive and unspe-
cific fluorescence threshold setting. PBMCs were
stimulated for 3 h at 37°C, 5%CO2 for intracellular
detection of cytokines. Mitogens as PMA (10 ng/ml)
and Ionomycin (1 μM) and at the same time protein
inhibitor Brefeldin A (10 μg/ml) was added. An amount
of 1 × 106 PBMCs were use for staining procedure
according to manufacturer’s instructions and about 105

CD4+ were acquired. Acquisitions were done in a three-
colour Flow cytometer Cyflow SL with a blue LASER
(488 nm) (Partec GmbH, Münster Germany). Data
acquisition and FCS files analysis were done on FloMax
Software. Table 1 present the staining panel used for

Table 1 Phenotyping panel used for cells subsets
detection

Phenotyping Panel Antibodies - fluorochromes

Ex-vivo staining

T cells CD3-PE/CD4-PC5/CD25-FITC

gδ T cells CD3-PE/Pangδ-PC5/Vδ2-FITC

CD127 T cells CD127-PE/CD4-PC5/CD25-FITC

FoxP3 T cells FoxP3-PE/CD4-PC5/CD25-FITC

Stimulated cells

IL10 secreting T cells IL10-PE/CD4-PC5/CD25-FITC

IFNg secreting gδ T cells IFNg-PE/Pangδ-PC5/Vδ2-FITC
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the phenotyping. We looked for FoxP3+ Tregs as CD4,
CD25 and intranuclear FoxP3 phenotype T cells subset
based on the notion that CD4+CD25+Foxp3+ subsets
exhibit suppressive functions in vitro [28].

Data analysis
All data were reported in Microsoft Office Excel 2003
files. Statistical analysis was performed in Stata 9
Software.
Differences in parasitemia, cytokine levels, and biolu-

minescence between both ethnic groups and seasons
were analyzed using the Student’s t-test where indicated.
For all statistical tests, p < 0.05 was considered
significant.

Results
Description of study participants
During the first cross-sectional survey conducted at the
peak of the malaria high transmission period 133 adults
above 20 years were enrolled (73 Fulani and 60 Mossi).
At the second cross-sectional survey, 86 volunteers were
re-bled (44 Fulani and 42 Mossi). The sex ratio and the
mean ages were similar between both ethnic groups
during the surveys (Table 2). P. falciparum indexes were
higher in the Mossi ethnic groups during both transmis-
sion periods and the difference was statistically signifi-
cant (p = 0.02) during the low transmission and p <
0.01 during the peak of malaria transmission. P.falci-
parum positive density in Mossi ethnic group were 733
(417-1050) and in Fulani ethnic group 405 (0-947).
Except for haemoglobin levels, which were higher in

Mossi ethnic group during the peak of malaria

transmission (p = 0.01), red blood cells counts were
similar in both ethnic group during the two time points
studied. White blood counts were higher in the Mossi
than the Fulani ethnic group and this difference was sta-
tistically significant during the malaria high transmission
season (p = 0.001) but not during the malaria low trans-
mission season (p = 0.10). Differential white blood cell
counts showed that the absolute lymphocytes counts
were higher in Mossi than in Fulani ethnic group during
both transmission periods (Table 3). Neutrophils and
basophils did not differ between ethnic groups, or dur-
ing the transmission seasons. Absolute monocyte counts
were higher in the Mossi ethnic group at the peak of
malaria high transmission (p < 0.0001), while it was
similar in both ethnic groups during the low transmis-
sion season. Eosinophils count was higher during the
low transmission season in the Mossi ethnic group but
did not differ during the high malaria transmission
season.

Regulatory T cells (Tregs) phenotypes
The frequencies of CD4+ Tregs subsets among Fulani
and Mossi ethnic groups at low and high transmission
seasons are summarized in Table 3. A major difference
between Fulani and Mossi was the frequency of CD4
+CD25+high cells that were predominant in Fulani group
at the peak of malaria transmission season (2.92% in
Fulani and 1.91% in Mossi) with a p = 0.03 (Figure 1),
but remained similar at the low transmission season
(3.3% in Fulani and 2.75% in Mossi, p = 0.47). Similar
findings were observed for absolute numbers (Data not
presented). Then we performed a second panel with

Table 2 Description of study participants and full blood count in both ethnic groups at two time points of malaria
transmission season

Low Transmission Season High Transmission Season

Fulani ethnic
group (n = 44)

Mossi ethnic
group (n = 42)

p** value Fulani ethnic
group (n = 73)

Mossi ethnic
group (n = 60)

p** value

% (95% CI)* % (95% CI)* % (95% CI)* % (95% CI)*

Male/Female 0.85 0.94 0.76 0.78 0.94 0.61

Mean age yrs* 33.9 (32.1-35.6) 34.9 (32.1-37.7) 0.56 33.0 (31.3-34.8) 33.3 (30.7-36.1) 0.52

Prevalence* 0,02 12.2 (1.7-22.7) 0.02 8.8 (1.9-15.7) 27.1 (15.4-38.0) < 0.01

WBC (×103) 5.2 (4.6-5.7) 5.7 (5.3-6.1) 0.10 5.3 (4.9-5.6) 6.1 (5.7-6.5) 0.001

RBC (×106) 4.7 (4.5-4.8) 4.7 (4.6-4.9) 0.65 4.5 (4.3-4.6) 4.6 (4.4-4.7) 0.30

Haemoglobin 12.8 (12.1-13.5) 13.4 (12.8-13.9) 0.22 12,1 (11.5-12.7) 13.0 (12.6-13.5) 0.01

Platelets (103) 217 (192.6-241.4) 209 (188-232) 0.66 182 (164-200) 199 (178-221) 0.21

Neutrophils (103) 2.2 (1,8-2.5) 2.0 (1.8-2.2) 0.40 2.3 (2.1-2.6) 2.6 (2.3-2.8) 0.15

Lymphocytes (103) 2.3 (2.0-2.5) 2.7 (2.5-3.0) < 0.01 2.2 (2.0-2.4) 2.6 (2.4-2.8) 0.01

Monocytes (103) 0.4 (0.3-0.4) 0.4 (0.4-0.5) 0.40 0.4 (0.3-0.4) 0.6 (0.5-0.6) < 0.001

Basophils (103) 0.04 (0.03-0.05) 0.04 (0.04-0.05) 0.31 0.04 (0.03-0.04) 0.04 (0.04-0.05) 0.30

Eosinophils (103) 0.3 (0.3-0.4) 0.5 (0.3-0.7) 0.03 0.3 (0.2-0.3) 0.3 (0.3-0.4) 0.30

*95% CI, **p values calculated using the Student’s t-test
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also surface markers CD4, CD25 and CD127 assuming
that CD25+CD127low subset are proportional to Tregs
population (Figure 2). CD4+CD25+CD127low cells pro-
portions between Fulani and Mossi ethnic group were
not statistically different at both time point (Table 3)
with 0.96% in Fulani and 0.79% in Mossi at high peak
season (p = 0.63). In term of proportion of CD4+CD25

+FoxP3+ T cells, no differences between Fulani and
Mossi ethnic group at low transmission (2.03% in Fulani
and 1.62% in Mossi, p = 0,42) and high transmission
(1.83% in Fulani and 1.98% in Mossi, p = 0.67) seasons
were found (Figure 3).
Again we performed an in vitro stimulation for 3

hours with mitogens PMA/Ionomycin and protein

Table 3 Percentages of Tregs subpopulations among Fulani and Mossi ethnic groups at two time points of malaria
transmission season

Low transmission season High transmission season

Fulani ethnic group
(13)

Mossi ethnic group
(23)

P**
value

Fulani (ethnic group
24)

Mossi ethnic group
(35)

P**
value

% (95% CI)* % (95% CI)* % (95% CI)* % (95% CI)*

%CD4+CD25+ of CD3 4.12 (2.67-5.56) 4.11 (3.59-4.63) 0.99 5.28 (3.98-6.57) 4.52 (4.02-5.01) 0.20

%CD4+CD25+ of CD4 7.23 (4.71-9.75) 6.74 (5.93-7.55) 0.63 8.44 (6.77-10.11) 7.10 (6.21-7.99) 0.12

%CD4+CD25high 3.30 (1.65-4.94) 2.75 (1.99-3.51) 0.47 2.92 (1.99-3.85) 1.91 (1.47-2.35) 0.03

%CD127lowCD25+ 2.59 (0.53-4.64) 1.93 (0.99-2.86) 0.48 0.96 (0.28-1.64) 0.79 (0.59-0.98) 0.63

%CD4+CD25+Foxp3+ 2.03 (1.23-2.83) 1.62 (0.92-2.33) 0.42 1.83 (1.23-2.43) 1.98 (1.56-2.40) 0.67

%Foxp3+CD25+ of CD4
+CD25+

29.97 (20.34-39.59) 33.88 (28.51-39.26) 0.42 40.67 (35.87-45.48) 36.86 (31.84-41.88) 0.26

%CD4+IL10+ of CD4 2.09 (0.06-4.25) 1.66 (1.00-2.32) 0.60 7.29 (5.16-9.41) 5.23 (3.89-6.57) 0.08

%CD25+CD4+IL10+ of CD4
+IL10+

54.91 (49.47-60.35) 51.64 (42.44-60.84) 0.6 31.32 (27.77-34.87) 23.69 (16.20-31.18) 0.07

%CD4+IL10+ of CD25+ 19.35 (8.98-29.72) 19.18 (9.74-28.62) 0.98 53.24 (43.85-62.63) 35.77 (27.33-44.20) 0.006

*95% CI, **p values calculated using the Student’s t-test

Figure 1 Surface staining for CD3+CD4+CD25high T cells. Ex-vivo thawed PBMCs were stained for immunophenotyping of T cells Subsets
with a crucial role in immune response modulation. a) Lymphocytes were gated based on their light scatter characteristics in both ethnic
groups. b) and c) Unstained cells and isotype control are used for positive events threshold determination in CD25 channel. Then based on
fluorescence intensity level, CD25 high subsets were drawn.
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translocation inhibitor Brefeldin A. We differentiated
the percentage of CD4+ producing IL10 as well as the
CD4+CD25+ phenotypes T cells secreting IL10.
Although higher proportion of IL10+CD4+CD25+ were
observed in Fulani (7.29%) compared to Mossi (5.23%)
ethnic group mainly at the high transmission season, the
difference was not statistically significant (p = 0.07)
(Figure 4).

gδ T sub-populations
In order to evaluate the eventual imbalance between
Tregs and gδ T cells also known to be active on Plasmo-
dium clearance, we performed a CD3, Pangδ(TCR) and
Vδ2 panel. Data on gδ T cells subsets are summarized
in Table 4. The proportions of CD3+Pangδ+ (TCRgδ+) in
Fulani ethnic group were higher compare to Mossi eth-
nic group (with respectively 13.23% and 5.59%). In
Mossi ethnic group we noted that the CD3+Pangδ+

Figure 2 CD4+ CD25+CD127low surface staining. CD4+CD25+ regulatory T cells are known to downregulate CD127 antigen cells surface.
This is correlate with FoxP3 production. Present gating strategy allows us to determine proportion of CD25+CD127 Low/- in our study subject’s
samples. a) Lymphocytes determination lead us to CD4 T lymphocytes (b) in white cells we to CD25+CD127low subsets cells (c).

Figure 3 FoxP3 Regulatory T cells immunophenotyping. These cells express intranuclear FoxP3 protein that accessible by intracellular
staining. A CD4 T Lymphocytes (a) gate display CD25+FoxP3+ T cells subset (b), (c) and (d) in Fulani and Mossi to access eventual difference
these cells proportion between the two groups.
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proportion remains stable through the season, whereas
in Fulani ethnic group the proportion of these cells was
double of that measured in Mossi ethnic group at the
low transmission season and this difference was highly
significant (p = 0.004) (Figure 5) and remained signifi-
cant during the high transmission season (p = 0.04).

Although the percentages of Vδ2+ predominant among
circulating gδ T cells subsets were similar in Fulani
compared to Mossi ethnic group during both surveys
the differences did not reach statistical significance (p
= 0.12 and p = 0.48 respectively). In vitro stimulation
of PBMCs for IFNg secretion by gδ T cells showed that

Figure 4 Interleukin-10 (IL-10) secreting T cells Determination. IL-10 is a cytokine with anti-inflammatory properties, has a central role in
infection by limiting the immune response to pathogens. CD4+CD25+ producing Interleukin-10 were determined by gating on CD4 T cells on
Light scatter and using isotype control (a). CD25 secreting IL10 were identified in all CD4 producing IL10 (b) and also in CD4+CD25+ T cells (c)
to access proportion in all CD4 producing Interleukine -10 and proportion of those produce the cytokine among all CD25 subset.

Table 4 Percentages of gδ T cells phenotypes among Fulani and Mossi ethnic groups at two time points of malaria
transmission season

Low transmission season High transmission season

Fulani ethnic group
(12)

Mossi ethnic group
(17)

P**
value

Fulani ethnic group
(37)

Mossi ethnic group
(58)

P**
value

% (95% CI)* % (95% CI)* % (95% CI)* % (95% CI)*

%CD3 + Pangδ + of CD3+ 13.23 (7.32-29.14) 5.59 (4.16-7.03) 0.004 8.07 (6.29-9.86) 5.86 (4.67-7.05) 0.04

%CD3 + Vδ2+ of CD3 4.30 (3.04-5.57) 3.09 (2.05-4.14) 0.1248 4.04 (3.03-5.06) 3.28 (2.43-4.14) 0.2487

%CD3+ Vδ2+ of CD3 +
Pangδ+

25.55 (16.46-34.65) 35.39 (26.23-44.56) 0.1249 43.65 (37.13-50.17) 46.70 (40.87-52.53) 0.4823

%CD3+ Vδ2-of CD3 +
Pangδ+

74.41 (65.34-83.49) 64.56 (55.40-73.73) 0.1244 56.28 (49.75-62.81) 53.80 (47.91-59.69) 0.5694

% Pangδ + of IFNg+ 17.45 (12.53-22.37) 15.71 (10.02-21.39) 0.6246 13.22 (1.03-25.41) 19.87 (11.05-28.69) 0.3952

%Vδ2+ of Pangδ + IFNg+ 60.25 (48.71-71.80) 55 (44.76-65.24) 0.4637 66.17 (46.06-86.29) 49.51 (38.25-60.77) 0.1151

%IFNg of Vδ2+ 38.3 (25.78-50.82) 35.33 (21.38-49.28) 0.7372 41.36 (23.88-58.85) 27.68 (18.67-36.70) 0.1112

%IFNg + of Vδ2- 17.37 (11.72-23.03) 23.06 (12.87-33.26) 0.3227 12.89 (5.25-20.54) 22.10 (14.88-29.32) 0.1498

*95% CI, **p values calculated using the Student’s t-tests
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Vδ2+ IFNg producing cells proportion (Figure 6) were
similar in both populations at the two time point
(Table 4).

Discussion
The aim of this study was to examine the haematologi-
cal, Tregs and gδ profiles of two groups known to differ
in their susceptibility to malaria to identify factors that
might be associated with these differences. Mossi ethnic
group exhibited higher P. falciparum prevalence and
parasite load than the Fulani ethnic group during both
high and low malaria transmission period. These results
were consistent with those described in previous reports
[2,3,9,10]. The capacity to generate stronger antibody
responses against different epitopes of P. falciparum
antigens has been reported to be a specific feature of
Fulani ethnic group compared to Mossi and Rimaibé
ethnic groups [2,3,9].
Due to our three-color cytometer, it was impossible to

access directly CD3+CD4+CD25+FoxP3+CD127low sub-
set phenotype which is the currently accepted definition
of regulatory T cells [29,30]. We then performed a mul-
tiple tubes test.
Total WBC and total lymphocytes were higher in

Mossi ethnic group, despite the high prevalence of
malaria infection, When we compared Fulani and Mossi
ethnic group volunteers according to their parasitemia

status (positive or negative), no difference was seen may
be due to relative low parasite density. There was no
evidence for an association between infected and non
infected volunteers (Data no shown). This is not consis-
tent with previous findings where WBC and low lym-
phocytes counts were associated to malaria infection
[26,31,32]. Although there is strong evidence showing
the potential of malaria infection to affect the counts of
lymphocyte subpopulations in the peripheral blood, this
might not be consistent in all geographical locations.
The pathogenesis as well as the disease outcome of
malaria is highly dependent on local factors such as the
level of endemicity, genetic background, nutritional sta-
tus, demographic factors, malaria immunity, host genet-
ics, and parasite factors as well [33-35]. Even if the
higher lymphocyte counts cannot explain the suscept-
ibility of Mossi ethnic groups to malaria, the differences
observed in lymphocytes counts might be attributed to
genetic diversities between the examined ethnic groups.
We also found that haemoglobin level, absolute mono-

cyte counts were higher in the Mossi ethnic group with
a statistical significance during the high malaria trans-
mission season although the medical examination
showed that all the volunteers were apparently healthy.
This could be due to differences in the immune status
of the study subjects related to the level of malaria
endemicity, or it could be due to a possible difference in

Figure 5 Characterisation of gδ T cells. a) Lymphocyte CD3 T cells were gated on total lymphocytes (a) based on light scatter characteristics.
Then CD3 T cells proportion of Pangδ and Vδ2 subset (b) were access and Pangδ+Vδ2+ proportion of Pangδ T cells were also determined (c).
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genetic background, physiological feature which may
cause differences in cells activation [35].
Regulatory T cells are reported to be key mediators of

peripheral immune homeostasis, and control tolerance
to self antigens [36,37], and immune responses to envir-
onmental allergens, tumors and invading pathogens
[38]. In recent years their contribution to immune eva-
sion and immunopathology during malaria infection has
been highlighted and they have been found to be
increase during human malaria [13,28,39-42]. In this
paper, the frequencies of the T cells CD4+CD25+FoxP3+

subsets were similar in Fulani and Mossi ethnic groups
at the low and high malaria transmission period. These
data suggest that the generation of CD4+CD25+FOXP3+

T cells is not compromised in Fulani ethnic group

compared to Mossi ethnic group but they do not indi-
cate whether these cells are endowed with full suppres-
sive activity. A previous study in the same area by
Torcia et al., reported that immune modulating genes
(including TGFb, TGFbRs, CTLA4 and FoxP3) were
less expressed in CD4+CD25+ cells of the Fulani ethnic
group compared to Mossi ethnic group [12] as mea-
sured by microarray and RT-PCR techniques, suggest-
ing that autocrine/paracrine circuits maintaining the
regulatory phenotype, in particular those triggered by
TGFb are interrupted or less efficient in Fulani ethnic
group. The authors also suggested that these defects
are correlated with a defective function of CD25+ cells
in suppressing cell proliferation induced by malaria
antigens.

Figure 6 Interferon-g production in gδ T cells. The present data show IFNg secretion in gδ T cells after a short stimulation by mitogens (PMA/
Ionomycin). We first access to the different subsets phenotypically (a) then their ability to express the cytokine (b) and the proportion among all
Interferon-g secreting cells.

Sanou et al. BMC Research Notes 2012, 5:76
http://www.biomedcentral.com/1756-0500/5/76

Page 9 of 12



An interesting data emerging from this phenotypical
analysis is that the frequency of CD4+CD25+secreting
IL10 is higher in the Fulani ethnic group compared to
Mossi ethnic group. This IL10 producing subset of regu-
latory T cells with CD4+CD25+FOXP3 immune pheno-
type has been reported in murine models of malaria
infection [13]. A possible interpretation is that alterna-
tive circuits of immune suppression were activated in
Fulani groups due to the low or absent production of
TGFb by regulatory T cells. These findings are consis-
tent with previous results by Torcia et al. in the same
ethnic groups during the malaria high transmission per-
iod. In that study microarrays techniques were used,
using RNA from CD4+CD25+ cells, and they could show
that immune modulating genes (including TGFb,
TGFbRs, CTLA4 and FoxP3) were less expressed in the
Fulani ethnic group. The low activities of Tregs have
also been emphasized by the lower rate serum level of
TGFb and higher concentration of proinflammatory
chemokines CXCL10 and CCL2 in Fulani ethnic group.
In addition depletion of CD25+ Tregs the proliferative
response of Fulani ethnic group to malaria specific anti-
gens while this response was significantly increased in
Mossi ethnic group [12]. The discrepancy observed
between the two studies might be explained by the dif-
ferences in the techniques used because the microarray
technique is more sensitive and more specific than the
phenotyping we used in our study. Moreover, the lim-
ited numbers of Tregs markers might be an handicap in
the understanding of the role of these T cells subsets in
our study populations because many studies suggest that
FoxP3 may be a key regulatory factor of Tregs, control-
ling the expression of multiple genes that mediate an
entire regulatory program [43,44].
Expansion of Vg9/Vδ2+ T cells is observed in many

infectious diseases. The increase in gδ T Cells during
the first decade of life is largely limited to the Vg9/Vδ2+

population, causing a shift towards the Vg9 dominance
seen in Caucasian adults [45]. The increased frequencies
of gδ T Cells in African donors were not simply due to
decreased numbers of Vg9/Vδ2+ cells in the African
compared to the Caucasian donors but also due to Vδ2-

subset. In conclusion, the high proportion of TCR gδ
Cells among peripheral CD3+ cells is mainly due to
expansion of others Vδ+ subsets. The phenotyping of gδ
T cells subsets has revealed that the proportion TCR
gδ+ population was significantly higher in Fulani ethnic
group than in Mossi ethnic group. None of the subpo-
pulations (Vδ2+ or Vδ2-) showed a particular pattern in
both ethnic groups. A similar trend was observed for
the IFNg+ secreting subsets. Although we were not able
to establish a relationship between the parasite load and
the frequency of TCRgδ+ because of low parasite density

and prevalence in our study population, the cytotoxicity
role attributed to TCRgδ+ against P. falciparum [16-19]
might participate to the resistance of Fulani ethnic
group to malaria. These findings suggest that different
cells lines may affect the development of naturally
acquired immunity against infectious diseases in these
populations. The enhanced total lymphocyte counts and
TCRgδ+ cells support the hypothesis that the protection
against malaria of Fulani ethnic group might be at least
partially mediated by some T cells subset.

Conclusion
Our findings on regulatory T cells phenotypes further
on IL 10 producing cells suggest an interesting role of
immune regulatory mechanisms in malaria response.
The study also suggests that TCRgδ + cells might con-
tribute to the protection against malaria in the Fulani
ethnic group involving their reported parasite inhibitory
activities.

Acknowledgements
We thank the population of the study villages for their cooperation and the
Ministry of Health, Burkina Faso. We are grateful to the staff of CNRFP whose
participation has made this study possible. We are also grateful to Dr Martha
Sedegah and Dr Michael Hollingdale for their fruitful comments and
suggestions on the manuscript draft.
This investigation received financial support from MIM/TDR (Project ID
Number: A60042) and EDCTP senior fellowship (Project code:
CG_ta_05_40200_008).

Author details
1Centre National de Recherche et de Formation sur le Paludisme,
Ouagadougou, Burkina Faso. 2Polytechnic University of Bobo Dioulasso,
Bobo Dioulasso, Burkina Faso. 3Department of Immunology and Infection,
Faculty of Infectious and Tropical Diseases, London School of Hygiene and
Tropical Medicine, London, UK. 4Unité CNRS 5164IFR66- Pathologies
Infectieuses et Cancer, Bordeaux2, Bordeaux, France. 5Department of
Immunology, Wenner-Gren Institute, Stockholm University, Stockholm,
Sweden. 6Department of Public Health Sciences, University La Sapienza,
Rome, Italy. 7Malaria Research and Training Centre, University of Mali,
Bamako, Mali. 8Department of Clinical Physiopathology, Center of Excellence
DENOTHE, University of Firenze, Florence, Italy. 9University of Ouagadougou,
Ouagadougou, Burkina Faso.

Authors’ contributions
GSS participated in study design, samples collection, lab work, data analysis
and manuscript preparation. TRW participated in study design, samples
collection, lab analysis, data analysis and manuscript preparation. ALO
participated in study design, lab analysis, data analysis and manuscript
preparation. AD participated in lab analysis, data analysis and manuscript
preparation. AO participated in study design, clinical collection and
manuscript preparation. JBY participated in clinical collection and manuscript
preparation. EO participated in clinical collection and manuscript
preparation. FV participated in study design and manuscript preparation. CB
participated in study design, data analysis and manuscript preparation. MTB
participated in study design, data analysis and manuscript preparation. DM
participated in study design, data analysis and manuscript preparation. Ado
study design, data analysis and manuscript preparation. MGT participated in
study design helped to draft the manuscript. YT participated in study design,
data analysis and manuscript preparation. SBS participated in study design,
data analysis and manuscript preparation. IN participated in study design,
data analysis and manuscript preparation and overall study supervision. All
authors read and approved the final manuscript.

Sanou et al. BMC Research Notes 2012, 5:76
http://www.biomedcentral.com/1756-0500/5/76

Page 10 of 12



Competing interests
The authors declare that they have no competing interests.

Received: 1 August 2011 Accepted: 27 January 2012
Published: 27 January 2012

References
1. Miller LH, Baruch DI, Marsh K, Doumbo OK: The pathogenic basis of

malaria. Nature 2002, 415(6872):673-679.
2. Modiano D, Petrarca V, Sirima BS, Bosman A, Nebie I, Diallo D, Lamizana L,

Esposito F, Coluzzi M: Plasmodium falciparum malaria in sympatric ethnic
groups of Burkina Faso, west Africa. Parassitologia 1995, 37(2-3):255-259.

3. Modiano D, Petrarca V, Sirima BS, Nebie I, Diallo D, Esposito F, Coluzzi M:
Different response to Plasmodium falciparum malaria in west African
sympatric ethnic groups. Proc Natl Acad Sci USA 1996, 93(23):13206-13211.

4. Langhorne J, Ndungu FM, Sponaas AM, Marsh K: Immunity to malaria:
more questions than answers. Nat Immunol 2008, 9(7):725-732.

5. Orago AS, Facer CA: Cytotoxicity of human natural killer (NK) cell subsets
for Plasmodium falciparum erythrocytic schizonts: stimulation by
cytokines and inhibition by neomycin. Clin Exp Immunol 1991, 86(1):22-29.

6. Mavoungou E: Interactions between natural killer cells, cortisol and
prolactin in malaria during pregnancy. Clin Med Res 2006, 4(1):33-41.

7. Pierce SK, Miller LH: World Malaria Day 2009: what malaria knows about
the immune system that immunologists still do not. J Immunol 2009,
182(9):5171-5177.

8. Belkaid Y, Tarbell K: Regulatory T cells in the control of host-
microorganism interactions. Annu Rev Immunol 2009, 27:551-589.

9. Modiano D, Chiucchiuini A, Petrarca V, Sirima BS, Luoni G, Perlmann H,
Esposito F, Coluzzi M: Humoral response to Plasmodium falciparum
Pf155/ring-infected erythrocyte surface antigen and Pf332 in three
sympatric ethnic groups of Burkina Faso. AmJTrop Med Hyg 1998,
58(2):220-224.

10. Modiano D, Petrarca V, Sirima BS, Luoni G, Nebie I, Diallo DA, Esposito F,
Coluzzi M: Different response to Plasmodium falciparum in west African
sympatric ethnic groups: possible implications for malaria control
strategies. Parassitologia 1999, 41(1-3):193-197.

11. Dolo A, Modiano D, Maiga B, Daou M, Dolo G, Guindo H, Ba M, Maiga H,
Coulibaly D, Perlman H, et al: Difference in susceptibility to malaria
between two sympatric ethnic groups in Mali. AmJTrop Med Hyg 2005,
72(3):243-248.

12. Torcia MG, Santarlasci V, Cosmi L, Clemente A, Maggi L, Mangano VD,
Verra F, Bancone G, Nebie I, Sirima BS, et al: Functional deficit of T
regulatory cells in Fulani, an ethnic group with low susceptibility to
Plasmodium falciparum malaria. Proc Natl Acad Sci USA 2008,
105(2):646-651.

13. Couper KN, Blount DG, Wilson MS, Hafalla JC, Belkaid Y, Kamanaka M,
Flavell RA, de Souza JB, Riley EM: IL-10 from CD4CD25Foxp3CD127
adaptive regulatory T cells modulates parasite clearance and pathology
during malaria infection. PLoS Pathog 2008, 4(2):e1000004.

14. Mahan CS, Thomas JJ, Boom HW, Rojas RE: CD4 + CD25+ Foxp3+
regulatory T cells downregulate human Vδ2+ T-lymphocyte function
triggered by anti-CD3 or phosphoantigen. Immunology 2008, 127:398-407.

15. Dieli F, Troye-Blomberg M, Farouk SE, Sireci G, Salerno A: Biology of
gammadelta T cells in tuberculosis and malaria. Curr Mol Med 2001,
1(4):437-446.

16. Elloso MM, van der Heyde HC, Troutt A, Manning DD, Weidanz WP: Human
gamma delta T cell subset-proliferative response to malarial antigen in
vitro depends on CD4+ T cells or cytokines that signal through
components of the IL-2R. J Immunol 1996, 157(5):2096-2102.

17. Troye-Blomberg M, Perlmann P, Mincheva-Nilsson L, Perlmann H: Immune
regulation of protection and pathogenesis in Plasmodium falciparum
malaria. Parassitologia 1999, 41(1-3):131-138.

18. Farouk SE, Dolo A, Bereczky S, Kouriba B, Maiga B, Farnert A, Perlmann H,
Hayano M, Montgomery SM, Doumbo OK, et al: Different antibody- and
cytokine-mediated responses to Plasmodium falciparum parasite in two
sympatric ethnic tribes living in Mali. Microbes Infect 2005, 7(1):110-117.

19. Farouk SE, Mincheva-Nilsson L, Krensky AM, Dieli F, Troye-Blomberg M:
Gamma delta T cells inhibit in vitro growth of the asexual blood stages
of Plasmodium falciparum by a granule exocytosis-dependent cytotoxic
pathway that requires granulysin. Eur J Immunol 2004, 34(8):2248-2256.

20. Bonneville M, O’Brien RL, Born WK: Gammadelta T cell effector functions:
a blend of innate programming and acquired plasticity. Nat Rev Immunol
2010, 10(7):467-478.

21. Langhorne J, Goodier M, Behr C, Dubois P: Is there a role for gamma delta
T cells in malaria? Immunol Today 1992, 13(8):298-300.

22. Goodier MR, Lundqvist C, Hammarstrom ML, Troye-Blomberg M,
Langhorne J: Cytokine profiles for human V gamma 9+ T cells stimulated
by Plasmodium falciparum. Parasite Immunol 1995, 17(8):413-423.

23. Hviid L, Kurtzhals JA, Adabayeri V, Loizon S, Kemp K, Goka BQ, Lim A,
Mercereau-Puijalon O, Akanmori BD, Behr C: Perturbation and
proinflammatory type activation of V delta 1(+) gamma delta T cells in
African children with Plasmodium falciparum malaria. Infect Immun 2001,
69(5):3190-3196.

24. Bonneville M, O’Brien RL, Born WK: γδT cell effector functions: a blend of
innate programming and acquired plasticity. Nat Rev Immunol 2010,
10:467-478.

25. Srichaikul T: Hematologic changes in human malaria. J Med Assoc Thai
1973, 56(11):658-663.

26. Erhart LM, Yingyuen K, Chuanak N, Buathong N, Laoboonchai A, Miller RS,
Meshnick SR, Gasser RA Jr, Wongsrichanalai C: Hematologic and clinical
indices of malaria in a semi-immune population of western Thailand.
AmJTrop Med Hyg 2004, 70(1):8-14.

27. Ilboudo-Sanogo E, Cuzin-Ouattara N, Diallo DA, Cousens SN, Esposito F,
Habluetzel A, Sanon S, Ouedraogo AP: Insecticide-treated materials,
mosquito adaptation and mass effect: entomological observations after
five years of vector control in Burkina Faso. Trans R Soc Trop Med Hyg
2001, 95(4):353-360.

28. Walther M, Tongren JE, Andrews L, Korbel D, King E, Fletcher H,
Andersen RF, Bejon P, Thompson F, Dunachie SJ, et al: Upregulation of
TGF-beta, FOXP3, and CD4 + CD25+ regulatory T cells correlates with
more rapid parasite growth in human malaria infection. Immunity 2005,
23(3):287-296.

29. Dennis J, Hartigan-O’Connor Poon C, Sinclair E, McCune JM: Human CD4+
regulatory T cells express lower levels of the IL-7 rSeceptor alpha chain
(CD127), allowing consistent identification and sorting of live cells. J
Immunol Methods 2007, 319:41-52.

30. Corthay A: How do Regulatory T Cells Work? Scandinavian J Immunol
2009, 70:326-336.

31. Tangpukdee N, Yew H-S, Krudsood S, Punyapradit N, Somwong W,
Looareesuwan S, Kano S, Wilairatana P: Dynamic changes in white blood
cell counts in uncomplicated Plasmodium falciparum and P. vivax
malaria. Parasitol Int 2008, 57:490-494.

32. Oh MD, Shin H, Shin D, Kim U, Lee S, Kim N, Choi MH, Chai JY, Choe K:
Clinical features of vivax malaria. AmJTrop Med Hyg 2001, 65(2):143-146.

33. Hill AV, Allsopp CE, Kwiatkowski D, Anstey NM, Twumasi P, Rowe PA,
Bennett S, Brewster D, McMichael AJ, Greenwood BM: Common west
African HLA antigens are associated with protection from severe
malaria. Nature 1991, 352(6336):595-600.

34. Allen SJ, O’Donnell A, Alexander ND, Alpers MP, Peto TE, Clegg JB,
Weatherall DJ: alpha+-Thalassemia protects children against disease
caused by other infections as well as malaria. Proc Natl Acad Sci USA
1997, 94(26):14736-14741.

35. Trape JF, Rogier C, Konate L, Diagne N, Bouganali H, Canque B, Legros F,
Badji A, Ndiaye G, Ndiaye P, et al: The Dielmo project: a longitudinal study
of natural malaria infection and the mechanisms of protective immunity
in a community living in a holoendemic area of Senegal. AmJTrop Med
Hyg 1994, 51(2):123-137.

36. Jiang H, Chess L: Regulation of immune responses by T cells. N Engl J
Med 2006, 354:1166-1176.

37. Sakaguchi S, Powrie F: Emerging challenges in regulatory T cell function
and biology. Science 2007, 317(5838):627-629.

38. Belkaid Y: Regulatory T cells and infection: a dangerous necessity. Nat
Rev Immunol 2007, 7(11):875-888.

39. Brustoski K, Moller U, Kramer M, Hartgers FC, Kremsner PG, Krzych U,
Luty AJ: Reduced cord blood immune effector-cell responsiveness
mediated by CD4+ cells induced in utero as a consequence of placental
Plasmodium falciparum infection. J Infect Dis 2006, 193(1):146-154.

40. Minigo G, Woodberry T, Piera KA, Salwati E, Tjitra E, Kenangalem E, Price RN,
Engwerda CR, Anstey NM, Plebanski M: Parasite-dependent expansion of
TNF receptor II-positive regulatory T cells with enhanced suppressive
activity in adults with severe malaria. PLoS Pathog 2009, 5(4):e1000402.

Sanou et al. BMC Research Notes 2012, 5:76
http://www.biomedcentral.com/1756-0500/5/76

Page 11 of 12

http://www.ncbi.nlm.nih.gov/pubmed/11832955?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11832955?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8778668?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8778668?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8917569?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8917569?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18563083?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18563083?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1833100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1833100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1833100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16595791?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16595791?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19380759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19380759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19302048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19302048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10697855?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10697855?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10697855?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18174328?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18174328?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18174328?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18401464?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18401464?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18401464?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19019089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19019089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19019089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11899088?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11899088?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8757332?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8757332?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8757332?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8757332?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10697845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10697845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10697845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15716067?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15716067?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15716067?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15259022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15259022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15259022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20539306?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20539306?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1387316?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1387316?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7501422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7501422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11292740?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11292740?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11292740?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20539306?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20539306?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4767713?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11579872?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11579872?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11579872?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16169501?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16169501?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16169501?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17173927?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17173927?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17173927?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18647661?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18647661?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18647661?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1865923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1865923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1865923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9405682?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9405682?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16540617?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17673654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17673654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17948021?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16323143?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16323143?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16323143?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19390618?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19390618?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19390618?dopt=Abstract


41. Couper KN, Blount DG, de Souza JB, Suffia I, Belkaid Y, Riley EM: Incomplete
depletion and rapid regeneration of Foxp3+ regulatory T cells following
anti-CD25 treatment in malaria-infected mice. J Immunol 2007,
178(7):4136-4146.

42. Hisaeda H, Tetsutani K, Imai T, Moriya C, Tu L, Hamano S, Duan X, Chou B,
Ishida H, Aramaki A, et al: Malaria parasites require TLR9 signaling for
immune evasion by activating regulatory T cells. J Immunol 2008,
180(4):2496-2503.

43. Rudensky A: Foxp3 and dominant tolerance. Philos Trans R Soc Lond B Biol
Sci 2005, 360(1461):1645-1646.

44. Ramsdell F: Foxp3 and natural regulatory T cells: key to a cell lineage?
Immunity 2003, 19(2):165-168.

45. Hviid L, Akanmori BD, Loizon S, Kurtzhals JA, Ricke CH, Lim A, Koram KA,
Nkrumah FK, Mercereau-Puijalon O, Behr C: High frequency of circulating
gamma delta T cells with dominance of the v(delta)1 subset in a
healthy population. Int Immunol 2000, 12(6):797-805.

doi:10.1186/1756-0500-5-76
Cite this article as: Sanou et al.: Haematological parameters, natural
regulatory CD4 + CD25 + FOXP3+ T cells and gδ T cells among two
sympatric ethnic groups having different susceptibility to malaria in
Burkina Faso. BMC Research Notes 2012 5:76.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Sanou et al. BMC Research Notes 2012, 5:76
http://www.biomedcentral.com/1756-0500/5/76

Page 12 of 12

http://www.ncbi.nlm.nih.gov/pubmed/17371969?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17371969?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17371969?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18250459?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18250459?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16147528?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12932350?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10837407?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10837407?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10837407?dopt=Abstract

	Abstract
	Background
	Results
	Conclusion

	Background
	Methods
	Study area
	Study population
	Study design and sample collection
	Malaria diagnosis and haematological parameters analysis
	Isolation of peripheral blood mononuclear cells (PBMC)
	Flow cytometry cells subset phenotyping and cytokines intracellular detection
	Data analysis

	Results
	Description of study participants
	Regulatory T cells (Tregs) phenotypes
	γδ T sub-populations

	Discussion
	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


