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Potential biomarkers for the clinical prognosis of severe dengue
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Currently, several assays can confirm acute dengue infection at the point-of-care. However, none of these assays
can predict the severity of the disease symptoms. A prognosis test that predicts the likelihood of a dengue patient to
develop a severe form of the disease could permit more efficient patient triage and treatment. We hypothesise that
mRNA expression of apoptosis and innate immune response-related genes will be differentially regulated during
the early stages of dengue and might predict the clinical outcome. Aiming to identify biomarkers for dengue prog-
nosis, we extracted mRNA from the peripheral blood mononuclear cells of mild and severe dengue patients during
the febrile stage of the disease to measure the expression levels of selected genes by quantitative polymerase chain
reaction. The selected candidate biomarkers were previously identified by our group as differentially expressed in
microarray studies. We verified that the mRNA coding for CFD, MAGEDI, PSMBY, PRDX4 and FCGR3B were dif-
ferentially expressed between patients who developed clinical symptoms associated with the mild type of dengue and
patients who showed clinical symptoms associated with severe dengue. We suggest that this gene expression panel
could putatively serve as biomarkers for the clinical prognosis of dengue haemorrhagic fever.
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Dengue fever (DF) is a viral illness that is trans-
mitted by the Aedes genus of mosquitoes (Tsai & Hal-
stead 2002). Annually, the disease affects several mil-
lion people in tropical regions of the world (Gibbons &
Vaughn 2009). Dengue virus (DENV) infection has a
large spectrum of clinical manifestations, ranging from
asymptomatic to a mild DF to the severe symptoms of
haemorrhage and shock named dengue haemorrhagic
fever (DHF) or severe dengue. DF is usually a self-
limiting condition (Cordeiro et al. 2009); however, the
main concern is the development of the severe form,
which occurs in up to 5-10% of cases and is lethal if not
treated properly (Senanayake 2006, Huerta-Zepeda et al.
2008). The World Health Organization (WHO) defines
DHF as an illness with similar symptoms to DF with
the addition of circulatory failure manifested by a rapid
and weak pulse with the narrowing of the pulse pres-
sure or hypotension, resulting in cold, clammy skin and
restlessness (WHO 2012). The outcome of DHF depends
largely on early diagnosis and the immediate replace-
ment of fluid (Mairuhu et al. 2004). The main problem
facing clinicians when treating dengue-infected patients
is deciding which ones can be sent home and which ones
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need to be hospitalised. Although intensive efforts have
been made to study the early clinical pathophysiology of
dengue infection with the objective of identifying a po-
tential cause of DHF, we still do not have a reliable early
marker that can predict which patients will develop DHF
(Noisakran & Perng 2008).

The coincidence of severe disease manifestations si-
multaneously with defervescence and viral control was
highlighted by Screaton and Mongkolsapaya (2006),
who suggested that the symptoms observed in severe
dengue could be a consequence of the exaggerated and
misdirected cellular immune response to the virus rather
than viral-induced cytopathology. Mathew and Rothman
(2008) postulated that a skewed T-cell cytokine response
leads to plasma leakage in DHF. Furthermore, several
studies have shown that host genetic factors can be cor-
related with severe dengue susceptibility or protection
(Chaturvedi et al. 2006, Coffey et al. 2009). Many of
these genes, such as CD209 (Kwan et al. 2005, Sakunt-
abhai et al. 2005, Durbin et al. 2008), tumour necrosis
factor-alpha (Espina et al. 2003) and FC gamma receptor
ITA (Loke et al. 2002), highlight the role of innate immu-
nity in dengue pathogenesis. Moreover, our group has
found significant correlations between wild-type AA
MBL2 genotype and age as associated risk factors for
the development of dengue-related thrombocytopaenia
(Acioli-Santos et al. 2008).

The search for the molecular events involved in DHF
development and for host genes related to the protec-
tion/infection of the DENV has instigated several high-
throughput studies that have elucidated the role of vari-
ous molecules and pathways during a DENV infection
event (Fink et al. 2007, de Kruif et al. 2008, Higa et al.
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2008, Chang et al. 2009, Long et al. 2009, Nascimento
et al. 2009a, b). Despite controversial and inconclusive
results, there is a consensus that the innate immune and
apoptotic processes trigger haemorrhagic symptoms de-
pending on the magnitude of the response/expression
(Espina et al. 2003, Ubol et al. 2008, Brown et al. 2009,
Cheng et al. 2009, Gil et al. 2009, Jaiyen et al. 20009,
Nasirudeen & Liu 2009, Nascimento et al. 2009a, Con-
ceicdo et al. 2010).

In previous work (Calzavara-Silva et al. 2009), we
suggested that it is possible to define genes that are dif-
ferentially expressed between DF and DHF patients dur-
ing the onset of symptoms and, consequently, predict the
propensity of a dengue patient to progress to the severe
form of the disease. Here, we propose the use of five
genes that may predict a propensity of a DEN V-infected
patient to develop the severe symptoms of dengue as a
molecular tool to aid DHF clinical diagnosis.

SUBJECTS, MATERIALS AND METHODS

Patients and samples - Patients were classified fol-
lowing the WHO criteria. We used peripheral blood
mononuclear cells (PBMCs) from 15 patients (5 DF
and 10 DHF) presenting different clinical forms of the
disease during the acute phase (up to 7 days of fever)
or convalescent phase (more than 21 days post onset
of symptoms) and five samples obtained from febrile

non-dengue (ND) individuals. Table shows a summary
of patient data. Acute phase samples were subjected to
polymerase chain reaction (PCR) (Lanciotti et al. 1992)
to indicate the absence or presence of viral RNA and
serotyping and anti-dengue IgM-capture ELISAs (Pan-
Bio) and anti-dengue IgG indirect ELISAs (PanBio) to
determine the presence of anti-DENV IgM and IgG an-
tibodies, respectively. Primary infection was character-
ised by the absence of dengue-specific IgG antibodies in
the acute serum sample and the presence of anti-dengue
IgM and/or viral RNA detection, followed by the pres-
ence of anti-dengue IgG in convalescent serum samples.
Sequential infection was characterised by detection of
specific anti-dengue IgG in the acute sample and the
absence of anti-dengue IgM, associated with a posi-
tive reverse transcription-PCR, followed by the pres-
ence of anti-dengue IgM in convalescent serum samples
(Cordeiro et al. 2007, 2009). Samples characterised as
“never infected” were obtained from febrile volunteers
and were characterised by all negative results. Blood
samples from patients enrolled in this study were col-
lected in heparin Vacutainer tubes (BD Vacutainer) and
within 2 h of collection, PBMC samples were separated
by gradient density using Ficoll-Paque (GE Healthcare)
and cryopreserved in 10% (v/v) dimethyl sulfoxide (Sig-
ma-Aldrich) in inactivated foetal bovine sera (Thermo
Scientific Hyclone).

TABLE

Samples used in the quantitative real-time polymerase chain reaction assays

Days of
Patient ID Pathology Serotype 1gG/IgM Infection fever
305 DHF 3 -+ Primary 4
428 DHF 3 +/- Sequential 3
564 DHF - -+ Primary 2
586 DHF 3 +/+ Sequential 0
629 DHF 3 +/- Sequential 4
400 DHF 3 -/- Primary 2
265 DHF 3 -+ Primary 7
379 DHF 3 +/- Sequential 4
429 DHF 3 +/- Sequential 3
248 DHF 3 +/- Sequential 5
650 DF 3 +/- Sequential 1
593 DF 3 -/- Primary 6
582 DF - -/+ Sequential 2
506 DF 3 +/- Sequential 2
424 DF 3 +/- Sequential 4
Coll ND - -/- Never infected 3
Col2 ND - -/- Never infected 6
Col3 ND - -/- Never infected 5
Col4 ND - -/- Never infected 5
Col5 ND - -/- Never infected 2

DF: dengue fever; DHF: dengue haemorrhagic fever; ND: non-dengue; -: negative; +: positive.



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 708(6), September 2013 757

Quantitative real-time PCR (qPCR) - Genes were
amplified and detected using TagMan® gene expression
assays (Applied Biosystems, cat. 4331182 - gene id: CFD
- Hs00157263 _ml, MT2A - Hs02379661 gl, MYDSS -
Hs01573837 g1, PDCD4 - Hs00377253 ml, MAGEDI -
Hs00986269 m1, PSMB9 - Hs00160610_m1, FCGR3B -
Hs00275547 ml, PRDX4 - Hs01056076_m1, PYCARD
- Hs01547324 gl). Total RNA was extracted using the
RNeasy Mini Kit (Qiagen) and treated with DNAse (Qia-
gen) following the manufacturer’s protocols. Total RNA
(1 pg) was reverse transcribed to cDNA using a Super-
Script III First-Strand Synthesis System (Invitrogen)
and Random Hexamer Primers (Invitrogen) under the
following the reaction conditions: 50°C for 30 min, 85°C
for 5 min and then incubation on ice. RNase H (2 U) (In-
vitrogen) was added and samples were incubated at 37°C
for 20 min. qPCR was performed using the ABI PRISM
7500 (Applied Biosystems). cDNA obtained from the to-
tal RNA of the patients described above was used. A mix
of five ND ¢cDNA samples was used as a reference for the
DF and DHF results. f-actin gene expression was used
to normalise the gene expression data due to its constitu-
tive expression. Reactions were performed in triplicate
and included 2 pL of cDNA, 6.25 uM of each specific
assay or human Beta-Actin (Applied Biosystems), Tag-
Man Universal PCR Master Mix (Applied Biosystems)
and water added to a final volume of 25 pL. Triplicates
of non-template controls were included for each qPCR
experiment. Cycle conditions were as follows: after ini-
tial holds for 2 min at 50°C and 10 min at 95°C, the sam-
ples were cycled 40 times at 95°C for 15 s and 60°C for 1
min. The baseline and threshold for cycle threshold (Ct)
calculations were set automatically using Sequence De-
tection Software, version 1.4 (Applied Biosystems). The
efficiency of amplification (E) of each target molecule
was calculated from the slope of the standard curve (plot
of Ct vs. the negative logl0 concentration of the target)
derived from the slopes {E=[10(-1/Slope)]-1}. For rela-
tive calculations, the 224t method was used (Livak &
Schmittgen 2001, Applied Biosystems 2012a, b) once all
assays met the amplification efficiency criteria of 100%
+ 10% (Livak & Schmittgen 2001).

Statistical analyses - Data were analysed and plot-
ted using an unpaired two-tailed t-test (95% confidence
interval) with Welch’s correction using GraphPad Prism
version 4.0a for Macintosh OS X (GraphPad Software)
and p values < 0.05 were considered significant.

Ethics - The study was performed using samples
from patients enrolled in a dengue cohort study per-
formed in Recife, state of Pernambuco, Brazil (Cor-
deiro et al. 2007). This study was reviewed, approved
by and in accordance with the Ethical Committee of the
Brazilian Ministry of Health (CONEP 4909, process
25000.119007/2002-03, CEP 68/02) and with Helsinki
Declarations of 1975, as revised in 1983.

RESULTS

In our previous study using the cDNA microarray
approach (Nascimento et al. 2009b), we identified nearly
2,000 genes that were differentially expressed between
DF, DHF and ND during the acute phase of dengue and

most of the genes were involved in the innate immune
response. In that study, we suggested that some of these
genes contribute to the development of the severe symp-
toms observed in DHF patients. Based on those results,
we selected nine genes (CFD, MT2A, MYDS88, PDCD4,
MAGEDI, PSMB9, FCGR3B, PRDX4 and PYCARD)
[named as cited in Gray et al. (2013)] that are directly
involved in innate immunity and apoptotic processes to
further explore for use as potential candidates as mo-
lecular markers of DHF development.

For the qPCR analysis, we extracted total RNA ob-
tained either from PBMCs collected from DF or DHF
patients who were in an acute or convalescent phase of
the disease, from samples stored in our dengue cohort
(Cordeiro et al. 2007) or from healthy volunteer to ob-
tain the cDNA samples used for gPCR. We compared the
gene expression levels between DEN V-infected vs. non-
infected subjects and between DF and DHF patients,
during both phases of the disease.

The panel presented in Fig. 1 shows the mRNA lev-
els of all tested genes. We verified that MYD88 mRNA
levels were increased in DENV-infected patients during
the acute phase of dengue. The opposite was observed
for the expression levels of the PYCARD and PDCD4
genes. Thus, MYDS88, PYCARD and PDCD4 had char-
acteristics of good acute dengue markers because their
mRNA levels were consistently increased or reduced in
DEN V-infected patients, independently of the severity
of symptoms. We also observed that fever, by itself, de-
creased the expression levels of genes PDCD4, MT2A
and PRDX4. There was a considerable difference in the
expression of CFD between DHF and DF patients during
the convalescent phase of dengue. The expression levels
of CFD and PSMB9 were significantly reduced in pa-
tients with acute DHF in comparison with patients with
acute DF. Furthermore, PSMB9 expression was signifi-
cantly higher in acute DF patients in comparison with
acute DHF patients, while the opposite behaviour was
observed for MAGEDI and PRDX4, whose expression
levels were increased in DHF patients.

CFD, FCGR3B, PSMB9, MAGED1 and PRDX4
showed significant differences in expression when the
acute phases of DHF and DF are compared (Fig. 2A).
MAGEDI and PRDX4 expression levels were greater
in DHF patients than in DF patients during the acute
phase of dengue, in contrast with the expression levels
observed for CFD, FCGR3B and PSMB9 (Fig. 2B).

DISCUSSION

The primary controversial aspect concerning dengue
prognosis resides in the fact that a substantial number of
deaths caused by this disease could be avoided through
simple and inexpensive fluid reposition if severe dengue
could be detected earlier (Mairuhu et al. 2004). However,
it is difficult to identify which DENV-infected patients
will require observation for intravenous fluid treatment
at early stages of infection. It is common for patients to
come to the hospital, but subsequently be dismissed be-
cause they appear to be in good clinical condition. Nev-
ertheless, within two or three days, they rapidly present
dengue shock syndrome (DSS), often too late for treat-
ment. Therefore, it is critical to complement the available
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clinical diagnosis techniques for dengue with more sen-
sitive laboratory approaches. Several accurate diagnos-
tic methods can identify a positive infection by DENYV,
determine with which serotype of the virus the patient is
infected, measure the viral load and distinguish between
primary and sequential dengue infection. However, none
of the available tests can accurately indicate the propen-
sity for dengue-infected patients to develop the haemor-
rhagic symptoms of the disease.

As described by Mairuhu et al. (2004), the simul-
taneous occurrence of several risk factors related to
individual, epidemiological and viral aspects could de-
termine whether a person in a given population may de-
velop DHF. However, most researchers who are trying
to identify parameters to predict the evolution of DF to
its severe form agree that the DHF diagnosis is far from
simple for several reasons. The clinical manifestation of
dengue is dependent on (i) individual risk factors such
as gender, body size, age and blood type, nutritional and
immunological state, (ii) primary or secondary/sequen-

Biomarkers for severe dengue prognosis ¢ Mayara Marques Carneiro da Silva et al.

tial infections, viral burden, serotype and charge of in-
fection and (iii) genetic predisposition, which has also
been correlated to the development of severe disease
(Screaton & Mongkolsapaya 2006).

Recently, Hoang et al. (2010) conducted a nested,
case-control comparison of the early host transcriptional
features in DSS patients within sex, age, viral serotype-
matched and uncomplicated dengue patients. Their data
suggest an association between neutrophil activation,
pathogenesis and the development of severe symptoms
of dengue and point to future strategies for guiding prog-
nosis. Coffey et al. (2009) tested the extremely valuable
identification of markers and candidate genes of dengue
severity. Previously, we suggested that the measurement
of several genes by qPCR in PBMC samples collected
from dengue-infected patients during the acute phase of
the disease could be useful for prognosis of DHF devel-
opment (Calzavara-Silva et al. 2009). Here, we reinforce
the viability of using a panel of carefully selected genes
to assess the likelihood of developing DHF.
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Fig. 1: quantification of mRNA coding for innate immunity or apoptosis genes. Peripheral blood mononuclear cells samples of 10 dengue haem-
orrhagic fever (DHF) and five dengue fever (DF) patients in acute (DHFa or DFa) or convalescent (DHFc or DFc) phase of disease were used to
extract total RNA and produce the cDNA used on quantitative real-time polymerase chain reaction assays. Beta-actin was used as normalisation
gene. A mix of cDNA obtained from five non-dengue (ND) volunteers was used as calibrator sample. Asterisk means p < 0.05.
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Infection by DENV induces endothelial cell produc-
tion of reactive nitrogen/oxygen species and apoptotic
cell death (Yen et al. 2008, Levy et al. 2010). Haemor-
rhage and severe haemorrhage are greatly reduced in
mice lacking iNOS or p47 (phox) and in mice treated
with an oxidase inhibitor, which highlights the critical
roles of reactive nitrogen and oxygen species in dengue
haemorrhage (Yen et al. 2008). PBMCs from DHF pa-
tients underwent apoptosis at a significantly higher rate
than PBMCs from patients suffering from DF alone,
suggesting that the severity of natural DENV infection
correlates with PBMC apoptosis (Jaiyen et al. 2009). The
low expression of the PYCARD gene, which encodes a
protein that mediates assembly of large signalling com-
plexes in the inflammatory and apoptotic-signalling
pathways via the activation of caspase, in dengue pa-
tients suggests an attempt by the organism to balance
inflammatory and apoptotic processes during DENV
infection. Interestingly, over-expression of the pro-ap-
optotic PDRX4 and MAGEDI genes was observed in
patients who developed the severe symptoms of den-
gue, the acute DHF patients. MAGEDI has been associ-
ated with the p75 neurotrophin receptor-mediated pro-
grammed cell death pathway (Pdld et al. 1999). Indeed,
the increased expression of pro-apoptotic genes, such as
MAGEDI, observed in DHF patients, could be because
DENYV infection augments apoptosis in patients with the
severe symptoms of the disease.

PRDX4 is a member of the peroxiredoxins family
that may exert a protective function against oxidative
damage by scavenging reactive oxygen species in the
extracellular space (Okado-Matsumoto et al. 2000). In
addition, PRDX4 also plays a regulatory role in the acti-
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vation of the transcription nuclear factor (NF)-kappa B
(Jin et al. 1997), which is activated concomitantly with
viral protein synthesis before the appearance of apop-
totic cells. Apoptosis is inhibited when DEN V-infected
cells are treated with NF-kappa B decoys, indicating that
this transcription factor is involved in the induction of
cell death (Marianneau et al. 1997). The apoptosis proc-
ess itself generates reactive oxygen species and higher
PDR X4 expression could be interpreted as an attempt to
protect the endothelium against tissue damage induced
by free radicals.

Regulation of the complement pathways is an im-
portant biological process involved in dengue infec-
tion (Avirutnan et al. 2008, Basu & Chaturvedi 2008).
Previous findings from our group (Nascimento et al.
2009a) highlighted the relationship between the balance
of complement pathway activation and the pathogenesis
of or protection against dengue infection. The authors
reported that, during acute dengue infection, the levels
of CFD protein in DF patients are lower than in either
DHEF patients or healthy controls. In contrast, during the
convalescent phase, levels of CFD protein in DF patients
were as high as those found in DHF patients, suggest-
ing that the patients who are more capable of modulat-
ing their levels of factor D during acute dengue infec-
tion will exhibit the mild disease phenotype. These data
are in contrast with the results observed in this work
because we detected lower levels of mRNA coding for
CFD in acute phase DHF patients and a lower variation
of CFD mRNA levels in patients who developed DHF
between the acute and convalescent phases as compared
with the variation observed in DF patients. However,
our group (Nascimento et al. 2009a) measured total
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Fig. 2: potential biomarkers for prognosis of dengue haemorrhagic fever (DHF). A: genes that showed significant differences in its mRNA
expression levels between DHF and dengue fever (DF) patients during the acute phase of dengue were plotted according its DF x DHF expres-
sion levels. Each circle represents mean values of 15 patients (10 DHF and 5 DF); B: comparison of the expression levels of the five potential
biomarkers between acute DF and DHF samples. Each point represents mean values from 10 DHF or five DF patients. A mix of cDNA obtained

from five non-dengue (ND) volunteers was used as calibrator sample.
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levels of protein CFD in the serum of dengue patients
and showed that fat cells are the main CFD producers,
whereas antigen-presenting cells have several reduced
functions when infected. In fact, using a cDNA microar-
ray approach, we also reported that DHF patients had
lower levels of mRNA coding for CFD compared with
DF patients (Nascimento et al. 2009b), corroborating
our results presented here. Furthermore, the low levels
of CFD during the convalescent phase of dengue in DF
patients reinforce the relationship between CFD modu-
lation and severity of dengue.

FCGR3B, or CDI6b, is a glycosyl-phosphatidyli-
nositol-linked receptor found on human neutrophils. Its
soluble form, sCD16b, plays a regulatory role in inflam-
matory processes and provides a molecular basis for the
interaction between Fc-gamma RIII-B and the CR3 hu-
man complement receptor on the cell membrane (Galon
et al. 1996), favouring adhesion to and phagocytosis of
viral-infected cells. Kindzelskii et al. (2000) verified
that Ebola virus’ secretory glycoprotein binds to CD16b
and inhibits L-selectin shedding, diminishing the physi-
cal linkage between CR3-CDI16b on neutrophils. In ad-
dition, Mandelboim et al. (1999) showed that CD16b is
directly involved in the lysis of some viral-infected and
tumour cells, independent of antibody binding. Moreo-
ver, soluble CD16 also induces the maturation of dendrit-
ic cells (DCs) and the production of several cytokines,
including interleukin (IL)-12, which consequently initi-
ates T-helper 1 type immune response (de la Salle et al.
1997). Thus, the diminished expression of FCGR3B in
acute DHF patients could be silencing the first cellular
immune responses against DENV infection.

We observed that, during the acute phase of the dis-
ease, DF patients showed augmented expression levels
of PSMBY, whereas DHF patients did not have any al-
terations in their PSMB9 expression levels. The PSMB9
gene encodes a member of the proteasome B-type family.
Proteasomes are distributed throughout eukaryotic cells
at a high concentration and cleave peptides in an adenos-
ine triphosphate/ubiquitin-dependent process through
a non-lysosomal pathway. An essential function of the
immunoproteasome, which is a modified proteasome, is
the processing of class I major histocompatibility com-
plex peptides. Drugs that block proteasome activity are
potent inhibitors of West Nile virus (WNV) genome am-
plification and activity even if cells are treated 12 h after
infection, indicating that the proteasome is required at a
post-entry stage(s) of the WNV infection cycle (Gilfoy et
al. 2009). This requirement is in contrast with our obser-
vations that DHF patients exhibit higher levels of viral-
induced changes; thus, if the proteasome is important to
intracellular flavivirus replication, PSMB9 should be
augmented in DHF individuals.

We also verified that MY D88 expression levels were
upregulated in DENV infected patients. This gene codes
for a pan-adapter protein in the signal transduction
pathway that is mediated by IL-1 and Toll-like recep-
tors (TLR). MYDS&S activation induces type I interferon
(IFN) responses, especially in plasmacytoid DCs, as an
attempt of the organism to control the DENV infection.
Japanese encephalitis virus can induce a functional im-

pairment of DCs through MY D88-dependent pathways,
which subsequently leads to poor CD4(") and CDS§(")
T cell responses and results in increased viral survival
and dissemination in the body (Aleyas et al. 2009). Con-
ceicao et al. (2010) measured gene expression changes
in HepG2 cells after 6 h, 24 h and 48 h of infection with
DENYV. They showed that MY D88 was upregulated at 6
h of infection, corroborating our data. However, MYD88
levels diminished after 24 h of infection. Moreover, us-
ing a microarray assay, Nascimento et al. (2009b) also
verified that MY D88 expression levels were decreased
in acute DHF patients in comparison with DF patients.
In our results, we did not observe a significant difference
of MYDS88 expression levels between DHF and DF pa-
tients even though the MYD88 expression level tended
to be increased in DF patients, most likely due to the low
number of samples used in our study.

We suggest here that the quantification of mRNA cod-
ing for CFD, MAGEDI, FCGR3B, PSMB9 and PRDX4
could predict the propensity of a DENV-infected patient
to develop the severe symptoms of the disease. A limita-
tion of this study is the low number of tested samples,
which may affect the exclusion and more importantly, the
inclusion of new genes in the panel of DHF biomarkers, as
noted in the case of MY DS8S. In a previous study (Gomes
et al. 2010), we presented a new use of the Support Vec-
tor Machine algorithm to classify DF and DHF patients
using the expression data of seven putative critical genes
related to dengue symptoms: TLR3, MDAS, IRF3, IFN-
alpha, CLEC5A and, most importantly, MYDS88 and
TLR7. Our in silico results reinforce the search for new
biomarker to dengue prognosis. We are currently work-
ing on selecting new candidate genes for inclusion in our
present panel and obtaining a larger panel of patients, es-
pecially those presenting acute DENV infections.

In this work, we verified that the mRNA levels for
CFD, MAGEDI, PSMB9, PRDX4 and FCGR3B are dif-
ferentially expressed between patients who developed
the mild type of dengue and patients who showed severe
clinical symptoms. We now suggest the use of a panel of
these genes as a useful tool to improve clinical prognosis
for dengue.
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