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Acute dengue virus 2 infection in Gabonese
patients is associated with an early innate
immune response, including strong interferon
alpha production
Pierre Becquart1,2*†, Nadia Wauquier1,3†, Dieudonné Nkoghe1, Angélique Ndjoyi-Mbiguino4, Cindy Padilla1,
Marc Souris5,6, Eric M Leroy1,2

Abstract

Background: Dengue is now a leading cause of morbidity and mortality throughout the tropics. We conducted
the first ex vivo study of dengue fever (DF) in African patients infected during the first Gabonese dengue virus 2
(DENV-2) outbreak in 2007, in order to investigate cytokine production, including the antiviral cytokine IFN-a,
reported to be a potent inhibitor of DENV replication in vitro.

Methods: Levels of 50 cytokines, chemokines and growth factors were measured in plasma from 36 patients with
DENV-2 infection, and in uninfected controls, using Luminex multiplex technology. The results were interpreted
according to the day of sampling after symptom onset. PBMC from six patients were also studied for T lymphocyte
cell surface marker expression by flow cytometry.

Results: Acute DENV-2 infection elicited high levels of several pro-inflammatory cytokines (IL-6 and IL-17),
chemokines (MIF, RANTES, IP-10 and MCP-1) and growth factors (G-CSF, GM-CSF and VEGF-A). We also observed
high levels of IFN-a for the first time in adult DF patients, and CD4+ and CD8+ T cell activation at symptom onset.

Conclusion: Acute DENV-2 infection in African patients elicits a strong innate response involving IFN-a production,
as well as an adaptive immune response.

Background
Dengue virus (DENV), of which four serotypes have
been identified (DENV-1 through DENV-4), is a single-
stranded positive-sense RNA virus belonging to the
genus Flavivirus of the Flaviviridae family. DENV gen-
erally causes an acute self-limited illness known as clas-
sic dengue fever (DF), lasting 5-7 days [1]. Symptoms
include high fever, headache, retro-orbital headache,
myalgia, arthralgia, abdominal pain, nausea and vomit-
ing. A minority of patients (less than 3%) develop den-
gue hemorrhagic fever (DHF) or dengue shock
syndrome (DSS), the most severe form. Dengue is the
most frequent human vector-borne viral disease. Until

the 1960s, DENV was mainly restricted to tropical and
subtropical regions, especially south-east Asia, but it has
now spread to South Asia, South and Central America,
the Caribbean, and Africa. DENV is transmitted by peri-
domestic female mosquitoes of the genus Aedes [2]. Ae.
aegyptii, present in most endemic regions [3], was con-
sidered to be the main vector of DENV. Nevertheless,
Ae. albopictus was suspected of being the main vector
of DENV during major epidemics [4] and was shown to
be the only vector during simultaneous outbreaks of chi-
kungunya and DENV-2 infection occurring in Gabon in
2007 [5]. Two-fifths of the world population are at risk,
and an estimated 50 to 100 million cases of DF occur
each year worldwide. About 500 000 people develop
DHF and about 20 000 deaths occur, mainly among
children under 15 years of age. The incidence of DENV
infection has risen more than 30-fold in the past 50
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years [6,7]. Despite the major health and economic
impact of this disease, there is currently no vaccine and
no specific treatment.
Numerous studies have explored the cytokine

response to DENV. The cellular IFN system is the main-
stay of host defenses during the first days of infection, a
phase during which the intensity of viral replication
determines clinical outcome [8]. In vitro, DENV infec-
tion of human cells can be inhibited by pretreatment
with IFN-a/b and IFN-g [9], which inhibit translation of
the viral RNA input strand [10]. Interestingly, DENV-2-
infected monocyte-derived dendritic cells in vitro fail to
prime T cells, due to the lack of IFN-a/b produced in
those cells after infection [11]. The importance of the
IFN-a response in vivo is illustrated by the increased
lethality of mouse-adapted DENV-2 virus when adminis-
tered by intraperitoneal injection to IFN-a/b and g
receptor knockout mice [12]. Little is known of human
plasma IFN-a concentrations during the acute phase of
the illness. One study showed elevated IFN-a plasma
levels shortly after symptom onset in DF children [13].
Proinflammatory cytokines such as TNF-a, IFN-g, Il-6,
Il-18 and MIF are also known to be involved during the
acute phase of the illness [14-18], and many chemokines
involved in leukocyte recruitment to sites of infection,
such as IL-8, IP-10 and MCP-1, are produced during
inflammation [19-23]. Primary cultured human mono-
cytes infected by DENV-2 produce proinflammatory
cytokines such as IFN-a, TNF-a and IL-6 [24,25], and
PBMC infected by DENV-2 in vitro produce pro-
inflammatory cytokines and other soluble mediators,
including TNF-a, IFN-g, IL-2, Il-4, IL-5, Il-6 and Il-10
[26]. Evidence of T cell activation has also been
observed, with a rise in the percentage of CD4+ and
CD8+ T lymphocytes expressing CD69, an early activa-
tion marker, reported in children with acute DF [27].
In severe forms (DHF/DSS), after a normal acute

phase, capillary permeability increases abruptly and the
resulting plasma leakage can lead to circulatory shock
and death. The severity of DENV infection seems to be
due more to disproportionate inflammatory cytokine
production than to direct viral effects [28-30]. Antibody-
dependent enhancement (ADE) has also been impli-
cated, based on observations that re-infection by a
different viral serotype increases the risk of severe den-
gue [31]. In this case, rapid activation of cross-reactive
DENV-specific memory T cells generated during
primary DENV infection appears to trigger strong produc-
tion of proinflammatory cytokines such as IFN-g, TNF-a
and Il-6, that can directly damage vascular endothelial
cells, further resulting in plasma leakage [29,32]. DENV-
specific T cells may have a dual role, both helping to clear
the virus and causing bystander tissue damage. Finally,
DENV, like many other viruses, has evolved molecular

mechanisms to circumvent IFN-mediated responses [33]
and expression of DENV non-structural proteins (NS5B,
NS4B, NS4A, NS2A) by infected cells has been shown to
disrupt the IFN-a/b signalling pathway [34-38].
Most ex vivo studies have involved patients in ende-

mic regions of Asia and America, and the serotype was
often not clearly identified. The incidence of DENV has
increased in Africa since 2000, especially in central
Africa, indicating a change in DENV epidemiology in
this region [5,39,40]. We conducted the first ex vivo
study of African DF patients infected during the first
Gabonese DENV outbreak of 2007. The patients had
probably never encountered DENV previously, and were
therefore unlikely to have developed specific immunity.
In order to investigate cytokine expression, and espe-
cially the role of IFN-a, during the acute phase of
DENV infection in adults, we used Luminex multiplex
technology to measure the levels of 50 soluble factors,
including cytokines never or rarely studied in this set-
ting. We also explored T lymphocyte responses during
the first days after symptom onset.

Methods
Patients and samples
Between March and August 2007, simultaneous chikun-
gunya and dengue outbreaks occurred in Gabon, initially
in the capital city Libreville [5]. Outbreaks subsequently
occurred in several small towns along the route to
northern Gabon and Cameroon, causing about 20,000
cases. During the course of the outbreak, 773 blood
samples were collected during the first week after symp-
tom onset from febrile patients who visited healthcare
centers in Libreville and other Gabonese towns. The
patients’ demographic characteristics, clinical features
and symptom duration were recorded. Blood was drawn
into EDTA tubes (Becton Dickinson) and transported
on ice daily to the virology laboratory of Libreville
faculty of medicine. The tubes were centrifuged for 10
min at 2000 g at room temperature, and plasma was
recovered, aliquoted and stored at -80°C. Peripheral
blood mononuclear cells (PBMC) were isolated by stan-
dard Histopaque density centrifugation if sufficient
blood was available. PBMC were resuspended in fetal
calf serum (FCS) (Invitrogen) with 10% dimethyl sulfox-
ide (Merck) in Cryovials (Nunc), kept at -80°C over-
night, then transferred to liquid nitrogen and
transported weekly to the Franceville International Med-
ical Research Center (CIRMF).
Samples were tested at CIRMF for DENV and chikun-

gunya virus RNA by using TaqMan quantitative reverse
transcription-PCR (qRT-PCR) technology. Among the
773 patients, 275 (35.6%) and 54 (7.0%) were positive
for chikungunya virus and DENV, respectively. Using a
dengue serotype-specific qRT-PCR assay, we showed
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that all the patients were infected by serotype 2 strains
(DENV-2) [5]. A quantified synthetic DENV RNA tran-
script kindly provided by the University of the Mediter-
ranean (Prof. X. De Lamballerie) was used as standard
for the quantification of DENV-2 RNA in positive sam-
ples. All amplifications were performed in duplicate.
No severe cases of dengue infection (DHF, DSS) were

observed during this epidemic. The DENV-2-positive
samples were negative for various arbovirus RNA gen-
omes (Chikungunya, West Nile, yellow fever and Rift
Valley fever viruses), as tested by Taqman qRT-PCR,
and also for West-Nile virus antibodies, as tested with
an ELISA method.
Thirty control plasma samples were randomly selected

among 4349 samples collected from healthy individuals
throughout Gabon during a previous study [41]. These
individuals were themselves randomly selected among
the Gabonese rural population, excluding children and
elderly persons (more than 65 years).
PBMC from five randomly selected healthy volunteers

(40% male; mean age 29 years, range 25-32 years) were
also used as controls.

Ethical considerations
The study was approved by the Gabonese Ministry of
Health (authorization N°000006 MSP/SG), and written
informed consent was granted by all the patients and
healthy controls.

Multiplex analysis
Concentrations of 50 cytokines, chemokines and growth
factors were measured in plasma by means of Luminex
technology (Bio-Rad). Two kits – the Bio-plex human
cytokine 27-plex assay and the Bio-plex human cytokine
23-plex assay (Bio-Rad) – were used, as recommended
by the manufacturer. The following cytokines were mea-
sured: interleukin-1b (IL-1b), IL-1 receptor antagonist
(IL-1Ra), IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10,
IL-12p70, IL-13, IL-15, IL-17, eotaxin, basic fibroblast
growth factor (FGF-basic), granulocyte colony-stimulat-
ing factor (G-CSF), granulocyte macrophage colony-
stimulating factor (GM-CSF), IFN-g, IP-10, monocyte
chemoattractant protein 1 (MCP-1), macrophage inflam-
matory protein-1a (MIP-1a), MIP-1b, platelet-derived
growth factor-bb (PDGF-bb), regulated-on-activation
normal T-cell expressed and secreted (RANTES), tumor
necrosis factor-a (TNF-a), and vascular endothelial
growth factor (VEGF) in the 27-plex assay; and Il-1a,
IL-2Ra, Il-3, Il-12p40, IL-16, IL-18, CTACK (or
CCL27), GRO-alpha (or CXCL1), hepatocyte growth
factor (HGF), intracellular adhesion molecule 1 (ICAM-
1), IFN-a2, leukemia inhibitory factor (LIF), MCP-3 (or
CCL7), macrophage colony-stimulating factor (M-CSF),
monokine induced by interferon-gamma (MIG or

CXCL9), nerve growth factor-b (NGF-b), stem cell fac-
tor (SCF), stem cell growth factor b (SCGF-b), SDF-1a
(or CXCL12), tumor necrosis factor beta (TNF-b),
tumor necrosis factor beta (TRAIL) and VCAM-1 in the
23-plex assay. Briefly, 25 μL of plasma was diluted 1:4 in
Bioplex human sample diluent and incubated with anti-
cytokine antibody-coupled beads for one hour at room
temperature. Between each step the complexes were
washed three times in wash buffer (Bio-Rad), using a
vacuum manifold. The beads were then incubated with
a biotinylated detector antibody for one hour before
incubation with streptavidin-phycoerythrin for 30 min-
utes. Finally, the complexes were resuspended in 125 μL
of detection buffer and 200 beads were counted with a
Luminex 200™ device (Bio-Rad). Final concentrations
were calculated from the mean fluorescence intensity
and expressed in pg/mL.

Flow cytometry
Patient and control PBMC were thawed, washed thrice
in RPMI 1640 with 1% penicillin/streptomycin, and
resuspended at a final density of 2 × 106 cells/mL in
RPMI with 10% FCS and 1% penicillin/streptomycin for
18 hours at 37°C. Prior to staining, cells were washed in
RPMI then distributed at a final density of 1 × 106 cells/
mL in 0.1 mL of Isoflow (Beckman Coulter) in three
tubes containing monoclonal antibodies, as follows: tube
1: CD3-FITC, CD4-PE, CD69-PC5 and CD8-PC7; tube
2: CD3-FITC, CD4-PE, HLADR-PC5 and CD8-PC7;
tube 3 CD3-FITC, CD95-PE, CD4-PC5 and CD8-PC7
(Beckman Coulter). After staining for 20 minutes at
room temperature and the addition of 200 μL of Iso-
flow, 100 000 events were captured on a FC500 cyt-
ometer (Beckman Coulter) and analyzed with CXP
software (Beckman Coulter).

Statistical analysis
Student’s t test was used to compare normally distribu-
ted cytokine concentrations between the patients and
controls, while the Mann Whitney Wilcoxon test was
used for non normally distributed data. Normality was
tested with the Shapiro-Wilk test. P values below 0.01
were considered to indicate significant differences (to
take account of multitesting for the groups of cytokines,
the type I risk was reduced from 0.05 to 0.01 using Bon-
ferroni correction). STATA 10.0 (College Station, Texas
USA) and SavGIS 9.05 software (IRD, France) was used
for all analyses.

Results
DENV-2 viral load
Viral load (VL) was measured in plasma by real-time
quantitative PCR in DENV-2-infected patients. Mean
VL was 1.2 × 106 ± 4.4 × 101 cDNA copies/mL (2.7 ×
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104 to 5.1 × 107 cDNA copies/mL). VL did not vary sig-
nificantly with age, sex or the day of sampling after
symptom onset (data not shown).

Plasma cytokine, chemokine and growth factor levels
Soluble factor concentrations were measured in 36
DENV-2-infected patients (40% male; mean age 31
years, range 18-66 years) from whom single blood sam-
ples were collected between D0 and D11 after symptom
onset, and 30 randomly selected uninfected and healthy
individuals (60% male; mean age 47 years, range 30-65
years). Levels in the patients’ samples were further
interpreted according to the time (in days) after symp-
tom onset (D0). One patient was sampled on day 0,
seven on D1, ten on D2, nine on D3, two on D4, three
on day 5, two on D7 and two on D11. The 23-plex
assay could not be applied to samples obtained from
four patients on D7 and D8, owing to insufficient sam-
ple volume.
Relative to the controls, the patients had significantly

elevated levels (p < 0.01) of growth factors (G-CSF,
GM-CSF and VEGF-A), pro-inflammatory and antiviral
cytokines (IL-6, Il-17 and IFN-a2), anti-inflammatory
cytokines (IL-1Ra, IL-2ra and Il-13), chemokines (Il-16,
MCP-1, IP-10, SDF-1a, MIF and RANTES), and cyto-
kines associated with adaptive responses (Il-7, Il-12p40
and IFN-g) (Figure 1, Figure 2, Figure 3 and Figure 4).
During the first days of symptoms, levels of IL-1Ra,

IL-2ra, Il-6, IL-7, IL-12p40, IL-13, IFN-a2, VEGF-A and
SDF-1a were significantly higher in the patients than in
the controls (Figure 1, Figure 2, Figure 3 and Figure 4).
IFN-a2 levels exceeded 400 pg/mL throughout the
acute phase in 20/26 patients (controls: 217 ± 28 pg/
mL). Il-16 and Il-17 levels were significantly elevated
from D2 to D3 (Figure 1), and G-CSF and GM-CSF
levels from D1 to D5 and D1 to D11, respectively (Fig-
ure 4). IFN-g was elevated (>200 pg/mL) in the only
patient sampled on D0 (p < 0.01), and in most of the
patients sampled on D1 (5/8) and D2 (6/10; p < 0.01)
(Figure 3). MIF was elevated on D1, MCP-1 on D2, and
IP-10 on D5 (p < 0.01) (Figure 1).
Levels of ICAM-1, VCAM-1 and RANTES were above

the working range of the assay in the patients but not in
the controls (data not shown).
Levels of IL-3, TNF-b, Il-1a, eotaxin, CTACK, M-CSF,

SCF and b-NGF were lower in the patients than in the
controls (Figure 5).
There were no significant differences between the

patients and controls regarding the concentrations of
IL-1b, Il-4, IL-5, IL-8, IL-9, IL-10, IL-15, IL-18, TNF-a,
MIP-1a, MIP-1b, MCP-3, Il-12p70, FGF-basic, HGF,
PDGF-bb, LIF, MIG, SCGF-b or TRAIL (see Additional
file 1).

Flow cytometry
PBMC from 6 patients (34% male; mean age 34 years,
range 20-47 years) and 5 controls were studied for T cell
surface markers (Table 1). The mean age and the male/
female gender ratio were not different between the two
groups (p > 0.7; data not shown). Positive gating for lym-
phocytes based on forward and side scatter was followed
by CD3+ CD4+ and CD3+ CD8+ gating. Statistical tests
were not used, owing to the limited number of patients
(one patient on D0, one patient on D1, two patients on
D2, two patients on D3). The percentage of CD3+ CD8+
T cells was higher on D0 in the patients than in the con-
trols (41% versus 16%), while the percentage of CD3+
CD4+ lymphocytes was stable during the acute phase.
Expression of the activation markers CD69 and HLA-

DR was further analyzed. CD3+ CD4+ T cells reached a
maximum activation on D0 and D1, as shown by a peak
in CD69 expression on D1 (29% versus 9% in controls)
and in HLA-DR expression on D0 (13% versus 4% in
controls) and D1 (12% versus 4% in controls). The per-
centage of CD3+ CD8+ CD69+ lymphocytes was highest
on D1 (51% versus 23% in controls), while the percen-
tage of CD3+ CD8+ HLA-DR+ lymphocytes was highest
on D0 (38% versus 8% in controls).
CD95 expression on CD3+ CD4+ T lymphocytes was

elevated in all the patients on D0 to D3 (31% on D0,
25% on D1 and D2, and 39% on D3, versus 2% in the
controls). In contrast, percentage of CD3+ CD8+ CD95
+ T lymphocytes was lower on D0 and D1 (3% on D0
and 2% on D1) than in the controls (11%), while no dif-
ference was observed on D2 or D3.

Discussion
This is the first study of the innate immune response to
DENV in an African population. One of the most signif-
icant results of this study is the sustained elevated levels
of IFN-a2 throughout the acute phase of the illness in
all DENV-2-infected patients. IFN-a, mainly produced
by dendritic cells and macrophages [42], is a first line of
host defense, limiting viral replication. In addition to its
antiviral affects, IFN-a induces the expression of major
histocompatibility complex class I molecules, enhancing
antigen presentation and thereby triggering the acquired
immune response. IFN also induces antigen-specific
CD8+ cell responses and chemokine production, leading
to activation of lymphocytes and monocytes and their
recruitment to sites of inflammation [43]. A previous
study of Thai children aged 5-14 years with DF showed
elevated IFN-a levels only on D1 and D3 after fever
onset [13]. This slight discrepancy with our findings
might be due to immunological immaturity, detection of
different IFN-a subtypes [44], infection by different
DENV serotypes, assay sensitivity and specificity, or
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differences in the choice of standards. Our results con-
firm, in DENV-2-infected adults, the potential role of
IFN-a in DENV infection, as shown in vitro and in ani-
mal studies [9,10,12]. Studies exploring the relationship
between viral load and the clinical severity of dengue
infection have given conflicting results [8,45-47]. We
found no correlation between virus load (measured by
qRT-PCR) and IFN-a levels (r2 < 0.4; data not shown).

This could be explained by the absence of severe cases
of DENV infection, the consistently high IFN-a levels in
all DENV-2 infected patients, the small size of the study
population, and infection by a different DENV serotype.
A more recent study in Taiwan suggested that patients
with secondary DEN-2 infections mount an altered
immune response with lower IFN-a levels, 3-7 days
after symptom onset, associated with the onset of DHF
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[48]. This suggests that the earlier proinflammatory
reaction associated with IFN-a may be critical for the
pathogenesis of secondary DENV-2 infections. Interest-
ingly, in another study, IFN-a levels fell after the peak

in viremia, one day before defervescence in Thai
children aged 6 months to 14 years with secondary
DENV-3 infection [46]. In our study, more than 85% of
DENV-2 infected patients (data not shown) still had
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fever 5 days after symptom onset, and high IFN-a levels
persisted throughout the acute phase. IFN-a levels
could not be measured on the day of defervescence.
The innate response to DENV in these patients was

also characterized by the production of proinflammatory
chemokines and growth factors (Il-6, RANTES, IP-10,
MCP-1, G-CSF, GM-CSF and VEGF-A). One originality
of this study is that, contrary to previous reports, soluble
factors level were measured throughout the acute phase
[14,18,21-23,49,50]. Chemokines are produced by acti-
vated monocytes and macrophages, which are known
DENV target cells [51]. Chemokines orchestrate leuko-
cyte recruitment to sites of viral infection and play a key
role in inflammatory responses [52]. Growth factors
such as G-CSF and GM-CSF may contribute to the
differentiation of myeloid progenitors and resting mono-
cytes (GM-CSF) [53] or granulocyte progenitors
(G-CSF) [54]. VEGF, a factor produced by many cells,
including macrophages [55] and endothelial cells [56], is
the most potent permeability-enhancing cytokine and
seems to play an important role in the plasma leakage
observed in DHF [57]. Interestingly, we observed ele-
vated IL-17 levels during the first days after symptom
onset. Il-17 is the signature cytokine of the newly
described T helper 17 (Th-17) cell population [58] and
has been proposed as the founding member of a new
subclass of proinflammatory cytokines involved in

dengue, eliciting cytokines such as Il-6, Il-8, MCP-1,
GRO-a and TNF-a [59]. Levels of the proinflammatory
cytokine TNF-a were not altered, in keeping with pre-
vious studies [15,18,60]. In contrast, two studies have
shown TNF-a elevation in patients in Venezuela [14]
and India [61]. Differences in population characteristics
or prior immune status may explain this discrepancy
with our results.
We also observed elevated levels of the anti-inflam-

matory cytokines IL-2Ra, IL-1Ra and IL-13 in most of
our patients, throughout the acute phase. It is gener-
ally assumed that circulating IL-1Ra diffuses into
tissues and influences the local Il-1Ra:Il-1 ratio, modu-
lating a variety of Il-1-related immune and inflamma-
tory responses [62]. The elevated IL-13 levels observed
here are in keeping with previous findings [17]. Il-13 is
produced by T lymphocytes and inhibits the produc-
tion of pro-inflammatory cytokines by activated mono-
cytes [63]. High levels of these anti-inflammatory
cytokines may contribute to limiting bystander tissue
damage that could otherwise occur during prolonged
inflammation.
IFN-g and Il-7 promote adaptive immunity [64-66],

and the elevated levels observed here therefore suggest
the involvement of cellular responses during DENV
infection. Levels of IFN-g, which is mainly produced
by activated professional antigen-presenting cells,
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Figure 5 Pro-inflammatory cytokines and growth factors downregulated in plasma of DF patients . Levels are expressed in pg/mL,
according to the day of sampling after symptom onset (*p < 0.01). Mean control (CTL) levels are shown in red. The vertical bars represent the
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T lymphocytes and NK cells [64], also point to T cell
activation. High levels of IFN-g were also observed in
previous studies [15,18,61,67,68]. These results are
supported by the increased expression of activation
markers (CD69 and HLA-DR) on CD4+ and CD8+ T
cells at symptom onset. A previous study showed an
increase in the percentage of CD69-expressing CD4+
and CD8+ T cells in Thai children within 72 h after
fever onset [27].
Surprisingly, we observed CD95 upregulation on CD3

+ CD4+ T cells during the first four days after symptom
onset (16-40% of cells, compared to 2% in controls). In
contrast, no differences in CD95 expression on CD3+
CD8+ T lymphocytes were observed. To our knowledge,
this is the first study of the percentage of CD3+ CD4+
and CD8+ CD95+ T lymphocytes during the acute
phase of DF. In a previous study, TUNEL staining of
fragmented DNA showed that large numbers of PBMC
(mostly CD8+ T lymphocytes) were undergoing apopto-
sis around the time of defervescence in DENV-1- or
DENV-3-infected Thai children [69], and the degree of
apoptosis correlated with disease severity and with the
risk of DHF. After the virus has been cleared (after 1 to
7 days) and defervescence occurs [8], CD95/CD95
ligand-mediated apoptosis may be one mechanism pro-
moting the death of activated T cells. However, owing
to the small size of our panel (6 patients), larger investi-
gations are required to further explore apoptosis of T
lymphocyte subpopulations during dengue infection.

Conclusions
This is the first study of the immune response to den-
gue virus in African patients, who had probably never
previously encountered this pathogen. We observed
high IFN-a plasma levels during the acute phase, sup-
porting the results of in vitro and animal studies.
Furthermore, we confirm in African patients that
DENV-2 infection induces a strong innate response
involving numerous pro-inflammatory factors, as well as
an adaptive immune response involving CD4 and CD8
T cell activation. These findings raise the possibility that
IFN-a administration might prevent progression to
severe forms of dengue fever.

Additional material

Additional file 1: Cytokines, chemokines and growth factors
unchanged in DF patients compared to controls (p > 0.05)
throughout the acute phase. Levels are expressed in pg/mL, according
to the day of sampling after symptom onset. Mean control (CTL) levels
are shown in red. The vertical bars represent the standard deviation. One
patient was sampled on day 0, seven on D1, ten on D2, nine on D3, two
on D4, three on day 5, two on D7 and two on D11.

Acknowledgements
This work was supported by a special crédits incitatifs grant from Institut
pour la Recherche et le Développement and by a grant from Total. CIRMF is
supported by the Government of Gabon, Total-Fina-Elf Gabon, and the
French Ministère des affaires Etrangères et Européennes, France. We thank P.
Yaba, A. Délicat and P. Ngari from Centre International de Recherches
Médicales de Franceville, Gabon, for their technical assistance during this
work. We are also grateful to the virology laboratory of Libreville Faculty of
Medicine for hosting us. Finally, we thank the Gabonese Ministry of Health
(especially Dr Obame-Edou and Dr Toung-Mve) and the healthcare workers
of the medical centres in Libreville for their help in obtaining the samples.

Author details
1Centre International de Recherches Médicales de Franceville, BP 769
Franceville, Gabon. 2UMR 264 MIVEGEC, Institut de Recherche pour le
Développement (IRD)/Centre National pour la Recherche Scientifique/
Université Montpellier I, Montpellier, France. 3Institut National de la Santé et
de la Recherche Médicale UMR-S 945, Laboratoire d’Immunité et Infection,
Université Pierre et Marie Curie Paris 6, Paris, France. 4Université des Sciences
de la Santé, Libreville, Gabon. 5UMR 190 Emergence des pathologies virales/
IRD, Marseille, France. 6CVVD, Faculty of Science, Mahidol University, Salaya,
Thailand.

Authors’ contributions
PB and NW contributed equally to the study. PB and NW conceived and
designed the experiments. PB and NW performed the experiments. PB, NW,
EML, CP and MS analyzed the data. DN, ANM contributed reagents, materials
and analytical tools. MS performed the statistical analysis. PB wrote the
paper. All the authors have read and approved the final manuscript.

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

Received: 3 May 2010 Accepted: 17 December 2010
Published: 17 December 2010

References
1. Halstead SB: Dengue. Lancet 2007, 370(9599):1644-1652.
2. Moncayo AC, Fernandez Z, Ortiz D, Diallo M, Sall A, Hartman S, Davis CT,

Coffey L, Mathiot CC, Tesh RB, et al: Dengue emergence and adaptation
to peridomestic mosquitoes. Emerg Infect Dis 2004, 10(10):1790-1796.

3. Gubler DJ, Meltzer M: Impact of dengue/dengue hemorrhagic fever on
the developing world. Adv Virus Res 1999, 53:35-70.

Table 1 T lymphocyte phenotypes in DF patients during the first days after symptom onset.

CD3+ CD4+ CD3+ CD8+ CD3+ CD4+ CD3+ CD8+

CD69+ HLA-DR+ CD95+ CD69+ HLA-DR+ CD95+

Controls (N = 5) 40 16 9 4 3 23 8 11

D0 (N = 1) 32 41 6 14 31 7 38 3

D1 (N = 1) 41 17 29 12 25 51 6 2

D2 (N = 2) 44 17 8 4 25 14 16 13

D3 (N = 2) 48 11 14 3 40 18 14 10

Results are expressed as percentages.

Becquart et al. BMC Infectious Diseases 2010, 10:356
http://www.biomedcentral.com/1471-2334/10/356

Page 9 of 11



4. Paupy C, Delatte H, Bagny L, Corbel V, Fontenille D: Aedes albopictus, an
arbovirus vector: from the darkness to the light. Microbes Infect 2009,
11(14-15):1177-1185.

5. Leroy EM, Nkoghe D, Ollomo B, Nze-Nkogue C, Becquart P, Grard G,
Pourrut X, Charrel R, Moureau G, Ndjoyi-Mbiguino A, et al: Concurrent
chikungunya and dengue virus infections during simultaneous
outbreaks, Gabon, 2007. Emerg Infect Dis 2009, 15(4):591-593.

6. Gubler DJ: Epidemic dengue/dengue hemorrhagic fever as a public
health, social and economic problem in the 21st century. Trends
Microbiol 2002, 10(2):100-103.

7. Gubler DJ: The global emergence/resurgence of arboviral diseases as
public health problems. Arch Med Res 2002, 33(4):330-342.

8. Vaughn DW, Green S, Kalayanarooj S, Innis BL, Nimmannitya S,
Suntayakorn S, Endy TP, Raengsakulrach B, Rothman AL, Ennis FA, et al:
Dengue viremia titer, antibody response pattern, and virus serotype
correlate with disease severity. J Infect Dis 2000, 181(1):2-9.

9. Diamond MS, Roberts TG, Edgil D, Lu B, Ernst J, Harris E: Modulation of
Dengue virus infection in human cells by alpha, beta, and gamma
interferons. J Virol 2000, 74(11):4957-4966.

10. Diamond MS, Harris E: Interferon inhibits dengue virus infection by
preventing translation of viral RNA through a PKR-independent
mechanism. Virology 2001, 289(2):297-311.

11. Rodriguez-Madoz JR, Bernal-Rubio D, Kaminski D, Boyd K, Fernandez-
Sesma A: Dengue virus inhibits the production of type I interferon in
primary human dendritic cells. J Virol 2010, 84(9):4845-4850.

12. Johnson AJ, Roehrig JT: New mouse model for dengue virus vaccine
testing. J Virol 1999, 73(1):783-786.

13. Kurane I, Innis BL, Nimmannitya S, Nisalak A, Meager A, Ennis FA: High
levels of interferon alpha in the sera of children with dengue virus
infection. Am J Trop Med Hyg 1993, 48(2):222-229.

14. Levy A, Valero N, Espina LM, Anez G, Arias J, Mosquera J: Increment of
interleukin 6, tumour necrosis factor alpha, nitric oxide, C-reactive
protein and apoptosis in dengue. Trans R Soc Trop Med Hyg 2009.

15. Green S, Vaughn DW, Kalayanarooj S, Nimmannitya S, Suntayakorn S,
Nisalak A, Lew R, Innis BL, Kurane I, Rothman AL, et al: Early immune
activation in acute dengue illness is related to development of plasma
leakage and disease severity. J Infect Dis 1999, 179(4):755-762.

16. Avila-Aguero ML, Avila-Aguero CR, Um SL, Soriano-Fallas A, Canas-Coto A,
Yan SB: Systemic host inflammatory and coagulation response in the
Dengue virus primo-infection. Cytokine 2004, 27(6):173-179.

17. Mustafa AS, Elbishbishi EA, Agarwal R, Chaturvedi UC: Elevated levels of
interleukin-13 and IL-18 in patients with dengue hemorrhagic fever.
FEMS Immunol Med Microbiol 2001, 30(3):229-233.

18. Chen LC, Lei HY, Liu CC, Shiesh SC, Chen SH, Liu HS, Lin YS, Wang ST,
Shyu HW, Yeh TM: Correlation of serum levels of macrophage migration
inhibitory factor with disease severity and clinical outcome in dengue
patients. Am J Trop Med Hyg 2006, 74(1):142-147.

19. Raghupathy R, Chaturvedi UC, Al-Sayer H, Elbishbishi EA, Agarwal R,
Nagar R, Kapoor S, Misra A, Mathur A, Nusrat H, et al: Elevated levels of IL-
8 in dengue hemorrhagic fever. J Med Virol 1998, 56(3):280-285.

20. Juffrie M, van Der Meer GM, Hack CE, Haasnoot K, Sutaryo , Veerman AJ,
Thijs LG: Inflammatory mediators in dengue virus infection in children:
interleukin-8 and its relationship to neutrophil degranulation. Infect
Immun 2000, 68(2):702-707.

21. Becerra A, Warke RV, Martin K, Xhaja K, de Bosch N, Rothman AL, Bosch I:
Gene expression profiling of dengue infected human primary cells
identifies secreted mediators in vivo. J Med Virol 2009, 81(8):1403-1411.

22. Fink J, Gu F, Ling L, Tolfvenstam T, Olfat F, Chin KC, Aw P, George J,
Kuznetsov VA, Schreiber M, et al: Host gene expression profiling of
dengue virus infection in cell lines and patients. PLoS Negl Trop Dis 2007,
1(2):e86.

23. Lee YR, Liu MT, Lei HY, Liu CC, Wu JM, Tung YC, Lin YS, Yeh TM, Chen SH,
Liu HS: MCP-1, a highly expressed chemokine in dengue haemorrhagic
fever/dengue shock syndrome patients, may cause permeability change,
possibly through reduced tight junctions of vascular endothelium cells. J
Gen Virol 2006, 87(Pt 12):3623-3630.

24. Espina LM, Valero NJ, Hernandez JM, Mosquera JA: Increased apoptosis
and expression of tumor necrosis factor-alpha caused by infection of
cultured human monocytes with dengue virus. Am J Trop Med Hyg 2003,
68(1):48-53.

25. Bosch I, Xhaja K, Estevez L, Raines G, Melichar H, Warke RV, Fournier MV,
Ennis FA, Rothman AL: Increased production of interleukin-8 in primary
human monocytes and in human epithelial and endothelial cell lines
after dengue virus challenge. J Virol 2002, 76(11):5588-5597.

26. Chaturvedi UC, Elbishbishi EA, Agarwal R, Raghupathy R, Nagar R, Tandon R,
Pacsa AS, Younis OI, Azizieh F: Sequential production of cytokines by
dengue virus-infected human peripheral blood leukocyte cultures. J Med
Virol 1999, 59(3):335-340.

27. Green S, Pichyangkul S, Vaughn DW, Kalayanarooj S, Nimmannitya S,
Nisalak A, Kurane I, Rothman AL, Ennis FA: Early CD69 expression on
peripheral blood lymphocytes from children with dengue hemorrhagic
fever. J Infect Dis 1999, 180(5):1429-1435.

28. Chaturvedi UC, Shrivastava R, Tripathi RK, Nagar R: Dengue virus-specific
suppressor T cells: current perspectives. FEMS Immunol Med Microbiol
2007, 50(3):285-299.

29. Webster DP, Farrar J, Rowland-Jones S: Progress towards a dengue
vaccine. Lancet Infect Dis 2009, 9(11):678-687.

30. Rothman AL: T lymphocyte responses to heterologous secondary
dengue virus infections. Ann N Y Acad Sci 2009, 1171(Suppl 1):E36-41.

31. Halstead SB, O’Rourke EJ: Dengue viruses and mononuclear phagocytes. I.
Infection enhancement by non-neutralizing antibody. J Exp Med 1977,
146(1):201-217.

32. Mangada MM, Endy TP, Nisalak A, Chunsuttiwat S, Vaughn DW, Libraty DH,
Green S, Ennis FA, Rothman AL: Dengue-specific T cell responses in
peripheral blood mononuclear cells obtained prior to secondary dengue
virus infections in Thai schoolchildren. J Infect Dis 2002,
185(12):1697-1703.

33. Randall RE, Goodbourn S: Interferons and viruses: an interplay between
induction, signalling, antiviral responses and virus countermeasures. J
Gen Virol 2008, 89(Pt 1):1-47.

34. Mazzon M, Jones M, Davidson A, Chain B, Jacobs M: Dengue virus NS5
inhibits interferon-alpha signaling by blocking signal transducer and
activator of transcription 2 phosphorylation. J Infect Dis 2009,
200(8):1261-1270.

35. Munoz-Jordan JL, Sanchez-Burgos GG, Laurent-Rolle M, Garcia-Sastre A:
Inhibition of interferon signaling by dengue virus. Proc Natl Acad Sci USA
2003, 100(24):14333-14338.

36. Ashour J, Laurent-Rolle M, Shi PY, Garcia-Sastre A: NS5 of dengue virus
mediates STAT2 binding and degradation. J Virol 2009, 83(11):5408-5418.

37. Munoz-Jordan JL, Laurent-Rolle M, Ashour J, Martinez-Sobrido L, Ashok M,
Lipkin WI, Garcia-Sastre A: Inhibition of alpha/beta interferon signaling by
the NS4B protein of flaviviruses. J Virol 2005, 79(13):8004-8013.

38. Jones M, Davidson A, Hibbert L, Gruenwald P, Schlaak J, Ball S, Foster GR,
Jacobs M: Dengue virus inhibits alpha interferon signaling by reducing
STAT2 expression. J Virol 2005, 79(9):5414-5420.

39. Krippner R, von Laer G: First confirmed dengue-1 fever cases reported
from Cameroon. J Travel Med 2002, 9(5):273-274.

40. Peyrefitte CN, Bessaud M, Pastorino BA, Gravier P, Plumet S, Merle OL,
Moltini I, Coppin E, Tock F, Daries W, et al: Circulation of Chikungunya
virus in Gabon, 2006-2007. J Med Virol 2008, 80(3):430-433.

41. Becquart P, Wauquier N, Mahlakoiv T, Nkoghe D, Padilla C, Souris M,
Ollomo B, Gonzalez JP, De Lamballerie X, Kazanji M, et al: High prevalence
of both humoral and cellular immunity to Zaire ebolavirus among rural
populations in Gabon. PLoS One 2010, 5(2):e9126.

42. Shresta S, Kyle JL, Snider HM, Basavapatna M, Beatty PR, Harris E: Interferon-
dependent immunity is essential for resistance to primary dengue virus
infection in mice, whereas T- and B-cell-dependent immunity are less
critical. J Virol 2004, 78(6):2701-2710.

43. Samuel CE: Antiviral actions of interferons. Clin Microbiol Rev 2001,
14(4):778-809, table of contents.

44. Foster GR, Finter NB: Are all type I human interferons equivalent? J Viral
Hepat 1998, 5(3):143-152.

45. Murgue B, Roche C, Chungue E, Deparis X: Prospective study of the
duration and magnitude of viraemia in children hospitalised during the
1996-1997 dengue-2 outbreak in French Polynesia. J Med Virol 2000,
60(4):432-438.

46. Libraty DH, Endy TP, Houng HS, Green S, Kalayanarooj S, Suntayakorn S,
Chansiriwongs W, Vaughn DW, Nisalak A, Ennis FA, et al: Differing
influences of virus burden and immune activation on disease severity in
secondary dengue-3 virus infections. J Infect Dis 2002, 185(9):1213-1221.

Becquart et al. BMC Infectious Diseases 2010, 10:356
http://www.biomedcentral.com/1471-2334/10/356

Page 10 of 11



47. Wang WK, Chao DY, Kao CL, Wu HC, Liu YC, Li CM, Lin SC, Ho ST,
Huang JH, King CC: High levels of plasma dengue viral load during
defervescence in patients with dengue hemorrhagic fever: implications
for pathogenesis. Virology 2003, 305(2):330-338.

48. Yeh WT, Chen RF, Wang L, Liu JW, Shaio MF, Yang KD: Implications of
previous subclinical dengue infection but not virus load in dengue
hemorrhagic fever. FEMS Immunol Med Microbiol 2006, 48(1):84-90.

49. Srikiatkhachorn A, Ajariyakhajorn C, Endy TP, Kalayanarooj S, Libraty DH,
Green S, Ennis FA, Rothman AL: Virus-induced decline in soluble vascular
endothelial growth receptor 2 is associated with plasma leakage in
dengue hemorrhagic Fever. J Virol 2007, 81(4):1592-1600.

50. Seet RC, Chow AW, Quek AM, Chan YH, Lim EC: Relationship between
circulating vascular endothelial growth factor and its soluble receptors
in adults with dengue virus infection: a case-control study. Int J Infect Dis
2009, 13(5):e248-253.

51. Rothman AL, Ennis FA: Immunopathogenesis of Dengue hemorrhagic
fever. Virology 1999, 257(1):1-6.

52. Luster AD: Chemokines–chemotactic cytokines that mediate
inflammation. N Engl J Med 1998, 338(7):436-445.

53. Gordon S: Alternative activation of macrophages. Nat Rev Immunol 2003,
3(1):23-35.

54. Thomas J, Liu F, Link DC: Mechanisms of mobilization of hematopoietic
progenitors with granulocyte colony-stimulating factor. Curr Opin
Hematol 2002, 9(3):183-189.

55. McLaren J, Prentice A, Charnock-Jones DS, Millican SA, Muller KH,
Sharkey AM, Smith SK: Vascular endothelial growth factor is produced by
peritoneal fluid macrophages in endometriosis and is regulated by
ovarian steroids. J Clin Invest 1996, 98(2):482-489.

56. Namiki A, Brogi E, Kearney M, Kim EA, Wu T, Couffinhal T, Varticovski L,
Isner JM: Hypoxia induces vascular endothelial growth factor in cultured
human endothelial cells. J Biol Chem 1995, 270(52):31189-31195.

57. Tseng CS, Lo HW, Teng HC, Lo WC, Ker CG: Elevated levels of plasma
VEGF in patients with dengue hemorrhagic fever. FEMS Immunol Med
Microbiol 2005, 43(1):99-102.

58. Sarkar S, Cooney LA, Fox DA: The role of T helper type 17 cells in
inflammatory arthritis. Clin Exp Immunol 2009.

59. Gupta N, Chaturvedi UC: Can helper T-17 cells play a role in dengue
haemorrhagic fever? Indian J Med Res 2009, 130(1):5-8.

60. Braga EL, Moura P, Pinto LM, Ignacio SR, Oliveira MJ, Cordeiro MT,
Kubelka CF: Detection of circulant tumor necrosis factor-alpha, soluble
tumor necrosis factor p75 and interferon-gamma in Brazilian patients
with dengue fever and dengue hemorrhagic fever. Mem Inst Oswaldo
Cruz 2001, 96(2):229-232.

61. Chakravarti A, Kumaria R: Circulating levels of tumour necrosis factor-
alpha & interferon-gamma in patients with dengue & dengue
haemorrhagic fever during an outbreak. Indian J Med Res 2006,
123(1):25-30.

62. Arend WP: The balance between IL-1 and IL-1Ra in disease. Cytokine
Growth Factor Rev 2002, 13(4-5):323-340.

63. de Vries JE, Zurawski G: Immunoregulatory properties of IL-13: its
potential role in atopic disease. Int Arch Allergy Immunol 1995,
106(3):175-179.

64. Schroder K, Hertzog PJ, Ravasi T, Hume DA: Interferon-gamma: an
overview of signals, mechanisms and functions. J Leukoc Biol 2004,
75(2):163-189.

65. Saito T, Kitayama D, Sakamoto A, Tsuruoka N, Arima M, Hatano M,
Miyazaki M, Tokuhisa T: Effective collaboration between IL-4 and IL-21 on
B cell activation. Immunobiology 2008, 213(7):545-555.

66. Fry TJ, Mackall CL: Interleukin-7: from bench to clinic. Blood 2002,
99(11):3892-3904.

67. Restrepo BN, Isaza DM, Salazar CL, Ramirez R, Ospina M, Alvarez LG: Serum
levels of interleukin-6, tumor necrosis factor-alpha and interferon-
gamma in infants with and without dengue. Rev Soc Bras Med Trop 2008,
41(1):6-10.

68. Kurane I, Innis BL, Nimmannitya S, Nisalak A, Meager A, Janus J, Ennis FA:
Activation of T lymphocytes in dengue virus infections. High levels of
soluble interleukin 2 receptor, soluble CD4, soluble CD8, interleukin 2,
and interferon-gamma in sera of children with dengue. J Clin Invest 1991,
88(5):1473-1480.

69. Myint KS, Endy TP, Mongkolsirichaikul D, Manomuth C, Kalayanarooj S,
Vaughn DW, Nisalak A, Green S, Rothman AL, Ennis FA, et al: Cellular

immune activation in children with acute dengue virus infections is
modulated by apoptosis. J Infect Dis 2006, 194(5):600-607.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2334/10/356/prepub

doi:10.1186/1471-2334-10-356
Cite this article as: Becquart et al.: Acute dengue virus 2 infection in
Gabonese patients is associated with an early innate immune response,
including strong interferon alpha production. BMC Infectious Diseases
2010 10:356.

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

Becquart et al. BMC Infectious Diseases 2010, 10:356
http://www.biomedcentral.com/1471-2334/10/356

Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients and samples
	Ethical considerations
	Multiplex analysis
	Flow cytometry
	Statistical analysis

	Results
	DENV-2 viral load
	Plasma cytokine, chemokine and growth factor levels
	Flow cytometry

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

