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Activated peripheral lymphocytes with increased expression of
cell adhesion molecules and cytotoxic markers are associated
with dengue fever disease
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The immune mechanisms involved in dengue fever and dengue hemorrhagic/dengue shock syndrome are not well
understood. The ex vivo activation status of immune cells during the dengue disease in patients was examined. CD4
and CD8 T cells were reduced during the acute phase. Interestingly, CD8 T cells co-expressing activation marker
HLA-DR, Q, P, and cytolytic granule protein-Tia-1 were significantly higher in dengue patients than in controls.
Detection of adhesion moleculesindicated that in dengue patients the majority of T cells (CD4 and CD8) expressthe
activation/memory phenotype, characterized as CD44'GH and | ack the expression of the naive cell marker, CD62L-OW.
Also, the levels of T cells co-expressing ICAM-1 (CD54), VLA-4, and LFA-1 (CD11a) were significantly increased.
CD8 T lymphocytes expressed predominantly low levels of anti-apoptotic molecule Bcl-2 in the acute phase, possi-
bly leading to the exhibition of a phenotype of activated/effector cells. Circulating levels of 1L-18, TGF-1 and
sICAM-1 were significantly elevated in dengue patients. Early activation events occur during acute dengue infec-
tion which might contribute to viral clearance. Differences in expression of adhesion molecules among CD4 and
CD8 T cells might underlie the selective extravasation of these subsets from blood circulation into lymphoid organs
and/or tissues. In addition, activated CD8 T cells would be more susceptible to apoptosis as shown by the alteration
in Bcl-2 expression. Cytokines such as IL-18, TGF-f1, and slCAM-1 may be contributing by either stimulating or
suppressing the adaptative immune response, during dengue infection, thereby perhaps establishing a relationship
with disease severity.
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Approximately 1 billion human infections with den-
gue virus (DENV) are estimated to occur annually. The
majority of these cases develop mild self-limited dengue
fever (DF), whereas only a small proportion develop se-
vere hemorrhagic manifestations, dengue hemorrhagic
fever/dengue shock syndrome (DHF/DSS), at the end of
the acute phase of illness. DHF isaseverefebrile disease
characterized by abnormalities in homeostasis and in-
creased vascular permeability, which may resultin DSSas
reviewed by Rothman (2004).

There is a correlation between viral load and disease
severity (Vaughn et al. 2000). In thisway, immunity to a
givendenguevirusserotype (DENV 1, DENV 2, DENV 3,
and DENV 4) provides good protection against re-infec-
tion by that same serotype, however subsequent infec-
tion by other viral serotypes markedly increases the risk
of DHF/DSS, contributing to the hypothesis by the Ab
(antibody) mediated enhancement of infection (Thein et
al. 1997). In conjunction to the role of Absin immuno-
pathogenesis of dengue infection, a mechanism of mo-
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lecular mimicry hasrecently been proposed, in which Abs
directed against the DENV non-structural protein (NS1)
cross-react with endothelial cells, resulting in endothelial
cellsactivation, increased level s of cytokine, chemokine,
and adhesion molecule expression and consequently
PBM C adhesion to endothelial cells. Thisactivation may
favour the vascul opathy observed in DENV infectionvia
thetranscription factor NF-kB (Lin et a. 2005).
Immuneresponseto DENV infection may also under-
lie the pathogenesis of disease. In this context, a shift
from a Thl-type cytokine response in DF to a Th2-type
cytokine response in DHF has been correlated with in-
creasing severity of the illness (Chaturvedi et al. 1999).
Among cytokines, tumour necrosis factors-a (TNF-a),
interleukin-6 (I1L-6), IL-10 (lyngkaran et al. 1995, Azeredo
et a. 2001) and more recently, transforming growth factor-
B1(TGF- 1) (Agarwal et al. 1999) and macrophage migra
tioninhibitory factor (MIF) (Chen et al. 2006) arefrequently
associated with severity and platelet decay (Green et al.
1999b, Azeredo et d. 2001). Elevated levelsof soluble TNF-
o receptors, soluble CD8, and soluble I L-2 receptor (Green
etal. 1999b), and soluble VCAM-1 (vascular cell adhesion
molecule 1) (Murgue et a. 2001) have been reported in
plasmaor serum of DHF patients compared to the levels
found in early course infection DF patients. However, a
risein cytokinesand soluble receptorsisan indirect mea-
surement of immune activation not revealing which im-
mune cellsare activated. Thus, the percentage CD8 T and
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NK cellsexpressing CD69 rose morein children who de-
veloped DHF than in those with only DF, demonstrating
that cellular immune activation is present early in acute
dengue and is related to disease severity (Green et al.
1999a). More recently, our group demonstrated that pe-
ripheral NK and NKT cells rates are increased in adult
Brazilian mild dengue patients. The majority of these NK
cellsdisplay early markersfor activation (CD69, HLA-DR,
and CD38), cell adhesion molecules (CD44, CD114) be-
sides the intracellular cytotoxic granule, Tia-1 (Azeredo
et al. 2006). A study displayed that during acuteinfection
few DENV-specific T cellsof low affinity for theinfecting
virus were recovered in Thai children, contributing to
higher viral loads and increased immunopathology
(Mongkolsapayaet al. 2003). Impaired proliferation of T
cellsto awidevariety of stimuli, specific or not, was sup-
pressed during acute dengue infection in subjects with
either DHF (Mathew et al. 1999) or DF (Mathew et al.
1999, Azeredo et al. 2001). Nevertheless, theseinvestiga-
tions have not fully elucidated the complex mechanisms
of immunopathology during DENV infection.

Thus, in adult Brazilian dengue patients, we determined
the ex vivo activation status of immune cells over the
period of acute to convalescence infection. Most activa-
tion markers studied were induced in CD8 lymphocytes
during acute phase, returning to normal expression on
convalescence, showing the prevalence of this cell re-
sponse over CD4 cell during infection. Moreover, in an
attempt to better understand how it correlates with dis-
ease severity, we observed that some of these activation
markerswere more pronounced in CD8 cellsamong sever-
ity of DF cases.

MATERIALS AND METHODS

Sudy population and blood samples - From 2001 to
2002 the DENV 1 and 3 outbreak, heparinized peripheral
blood samples were obtained from 60 dengue infected
patients (35 females, 25 males, agerange 15-73 years), and
among those a follow-up blood samples was obtained
from 18 dengue infected patients, attended at two health
centresin Niterdi, state of Rio de Janeiro (Posto de Salide
de Itaipu and Centro Previdenciério de Niterdi). All pa-
tients presented clinical diagnosis of dengue infection
according to the criteria of the World Health Organization
(WHO 2002). Among the dengue patients, 16 cases were
hospitalised due to severity but, upon subsequent inde-
pendent review of the medical record, only two of them
were considered to meet al criteriafor DHF. There was
not one fatal case in this outbreak. Fifteen healthy indi-
viduals with similar age range (9 females, 6 males, age
range 18-50 years), without any febrile or other illnesses
in the previous three months, were included as controls.

A detailed physical examination was performed to de-
tect hemorrhagic manifestations (positive tourniquet test
for capillary fragility, skin haemorrhages, epistaxis, gingi-
val, gastrointestinal or urinary tract haemorrhage), signs
of plasmaleakage (pleural or pericardial effusion, ascites),
signs of circulatory failure (cold extremities, cyanosis,
hypotension, tachycardia), and hepatomegally. Informed
consent was obtained from all patients or their guardians
prior to blood collection.
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The diagnosis of DENV infection was confirmed by
anti-dengue enzyme-linked immunoassorbent assay
(ELISA)-IgM, serotype specific reversetrancription-poly-
merase chain reaction (RT-PCR), or by virus isolation.
Dengue viral isolations were attempted from serum
samples of patients in the acute phase, using Aedes
albopictus C6/36 cell line. | solates were demonstrated by
immunofluorescence assay. Alternatively, viruswas anti-
genically detected in monocytes by flow cytometry
(Neves-Souzaet al. 2005) in 23 out of 35 patientsfrom 1-10
days after disease outset but not after 11 days. Dengue
immune response was considered as primary or second-
ary by 1gG ELISA according to previously established
criteria.

For these studies, 76 samples were considered to be
an acute sample up to study day 1 to 10 from the patients
had at least one of the following symptoms: fever, head-
ache, rash, myalgia, retro-orbital pain, arthralgia, and oth-
ers symptoms associated or not with haemorrhagic mani-
festations, particularly, petechiae and tourniquet-positive
test. Convalescent samples were obtained from other 12
patients 11 days or later after their onset disease. The
subjectsin convalescence phase were not febrile neither
had others characteristics symptoms at that time.

Asother investigators have previously reported (Har-
riset a. 2000, Phuong et . 2004, Wilder-Smith & Schwartz
2005) we also were unable to meet WHO criteria (WHO
2002) for severity classification. Indeed in Nicaragua,
Harris et al. (2000) defined a severe patient group with
signsof shock that do not fit DHF/DSS classification there-
fore designating a new disease category: dengue with
signs associated with shock. More recently, Balmaseda
et a. (2005) confirmed that strict application of the WHO
criteriafailsto detect asignificant number of patientswith
severe manifestations of dengue, especially in adults in
Nicaraguan hospitals. We considered all patients with
thrombocytopenia (< 100,000 counts/mm?2) and hypoten-
sion (postural hypotension with decreasein systolic arte-
rial pressure in 20 mmHg in supine position or systolic
arterial pressure < 90 mmHg) as severe cases. Based on
clinical grounds, we established that among dengue pa-
tients, 31 had platel et |evel s >100.000counts/mms3, with-
out hypotension and were classified as mild dengue; 19
other patients had thrombocytopenia and hypotension,
successively receiving parenteral hydration for at least
6 h and were classified as severe dengue (due to not meet-
ing classical DHF/DSS classification). Ten other patients
had thrombocytopenia but had no other severe manifes-
tation.

The procedures performed during this work were ap-
proved by the Ethics Committee of the Oswaldo Cruz Foun-
dation, Brazilian Health Ministry (recognized by the Bra-
zilian National Ethics Committee) under number 111/00.

Purification and cryopreservation of human periph-
eral blood mononuclear cells (PBMCs) - PBMCs from
healthy individuals and dengue infected patients were
obtained from 30 ml of heparinized venous blood. Blood
sampleswerediluted 1:1 with culture medium RPM1 1640
(Sigma) and PBM C were separated by performing Hys-
topagquel] (Sigma) (d = 1077g/ml) and centrifuged at 400 g
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for 30 min. The PBMC layer was washed twicein RPMI
1640 medium. The viability of PBMC was greater than
95% after Trypan blue exclusion. Approximately 107
PBMCs were re-suspended in 1 ml of solution destined
for freezing [90% inactivated FBS (Gibco Invitrogen Co.)
plus 10% DM SO (Sigma)] and stored initialy at —70° Cfor
24 hbeforeintroductioninto liquid nitrogen, and aliquots
were cryopreserved for later study.

Reagents and monoclonal antibodies - The mouse
anti-human surface antigen mAbs used in this study in-
cluded either FITC-, PE or Cycrome (Cy)-conjugated with:
anti-CD8 mAb (1gG1, clone DK 25), anti-HLA-DP, DQ, DR
mADb (IgG1, clone CR3/43), anti-CD29 mAb (IgG2a, clone
K20), and anti-CD44 mAb (1gG1, clone DF1485) from
DAKO; anti-CD49d mAb (1gG1, clone 9F10), anti-CD11a
mADb (IgG1, cloneHI111), and anti-CD3 mAb (1gG3, clone
SP34), from BD Biosciences Pharmingen aswell as anti-
CD54 mAb (1gG1, clone HA58) and anti-CD4 mAb (1gG2a,
clone S3.5) from Caltag. Intracellular detection of Tia-1
proteins was performed with unconjugated monoclonal
anti-human Tia-1 (1gG1, clone 2G9A 10F5) from Coulter
(US) plus polyclonal rabbit anti-mouse Ig conjugated to
FITCfrom Dako (cat. # FO313). For Bcl-2 proteinswe used
PE-conjugated anti-Bcl-2 mAb (1gG1, clone 100) from
Caltag. Matching isotype control for each antibody was
included in all experiments.

Extra- and intracellular staining by flow cytometry -
Cryopreserved PBMCs (107 cells) were thawed and divided
into aliquots each containing 2 x 10° cellsin order to stain
for flow cytometry analysis. PBMCswerewashed in PBS-
BSA-NaN, [PBSpH 7.2, supplemented with 1% (w/v) BSA
(Sigma) and 0.1% NaN, (Sigma)] and triple-stained for 30
min at 4°C with specific mAbs, described above in dilu-
tions recommended by the manufacturer. Stained cellswere
then washed in PBS-BSA-NaN, and fixed in PBS-BSA-
NaN, containing 1% paraformal dehyde (PFA) (Sigma) for
15min at 4°C. Fixed cellswerethenimmediately applied to
aFACSCadlibur (BD Biosciences).

The intracellular expression of Tia-1 and Bcl-2 pro-
teinswas analyzed on thawed PBM C. Cellswere quickly
first co-stained with PE-conjugated anti-CD4 and Cy-con-
jugated anti-CD8 mAbs, washed twice with PBS-BSA-
NaN, and then fixed with PBS-BSA-NaN, containing 1%
PFA.. These cellswere washed twicein cold PBS prior to
permeabilization by saponine 0.05% (w/v) (Sigma) for 5
min at room temperature. PBMCs were stained with
unconjugated anti-Tia-1 mAb in 0.05% saponine buffer
for 45 min at 4°C. Cells were washed once in PBS then
stained with FITC-conjugated anti-mouse and finally fixed
in 1% PFA. PBMCs, pre-stained with Cy-conjugated anti-
CD8 and FITC-conjugated anti-CD4 were fixed, per-
meabilized and then co-stained for 45 min with PE-conju-
gated Bcl2 mAb as previously described. For each sample,
10,000-20,000 events were acquired, and analyses were
performed with the WinMDI 2.8 and FlowJo version 4.3
software.

Cytokine detection assays - Plasma samples were ob-
tained from 43 dengue patients and 15 controls stored in
aliquotsat —70°C until use. Levelsof solublefactorswere
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determined by ELISA kits (R& D Systems) in compliance
with manufacturer’s directions. The limits of sensitivity
for TGF-B1, IL-18 and SICAM-1 were 25.6, 31.2 and 2.47
pg/ml, respectively.

Statistical analysis - The non-parametric Mann-
Whitney U was used to evaluate variationsin the expres-
sion of cell surface markers between patients and control
donors. P values lower than 0.05 were considered to be
associated with statistical significance. Correlation be-
tween cell surface marker expression and cytokine pro-
duction was estimated by Spearman regression analysis.
The Prism 4 statistics program was used for all analyses
(GraphPad, US).

RESULTS

T lymphocyte subsets and clinical characterization
of adult Brazilian patients with dengue disease - L euko-
peniawas present in 64% and thrombocytopeniain 47%
of investigated dengue patients. Most patients, compared
to controls, presented a significantly reduced mean per-
centage of CD4 T lymphocytes during acute phase of
infection, which did not return to normal in conval escence
days studied (sample up to study day 11 to 30). There
were no significant differencesin the mean percentage of
CD8T cellsbetween dengue patients during acute or con-
valescence phasesand control individuals. Strikingly, both
absolute CD4 and CD8T cell countsdecreased in dengue
patientswhen compared to controls (Tablel). In addition,
therewasno significant differencein CD4/CD8ratios (con-
trols1.7+0.3,days1-101.5+0.75and days>11 1.7 £ 0.8).

Among 44 patientswith DENV-1, 10 wereclassified as
secondary infection, and among 16 patients with DENV-
3, 9 were considered secondary infection. We suspect
that the in general secondary infections may be more se-
rious than primary and also that DENV-3 is more severe
than DENV-1. However our statistical analysis did not
confirm this hypothesis. Either severe patient sampling
was not big enough to permit group subdivisions or the
less frequent incidence of severe casesin primary infec-
tion/DENV-1 would hidethis effect.

Predominance of activated and cytotoxic CD8 T lym+-
phocytes in dengue patients - We evaluated the degree
of activation and cytotoxic capability of T lymphocytes
in the course of dengue disease. The mean percentage of
CD8T lymphocytes expressing human leukocyte antigens
grouped asclass|| MHC genes(HLA-DP, DQ, DR) (Fig.
1A, B) or intracellular cytotoxic granule (Tia-1) among
total CD8 T lymphocytes (Fig. 1C, D) was significantly
higher in dengue patients during 1-10 days after disease
onset as compared to that of healthy individuals (values
for HLA class |l expression among CD8 T lymphocytes:
5.8+ 4.0% oncontrolsvs15.2 + 10.4% at days 1-10vs 7.5
+4.2%at>11daysandfor Tia-1expressonamong CD8 T
lymphocytes: 6.6 = 6.1% on controls vs 20.3 £16.1% at
days1-10 daysvs4.9 + 5.1% at > 11 days). Besides each
illustration we presented the respective isotype control
demonstrating thelabelling specificity. Therewasno sig-
nificant increase of these activation moleculesamong CD4
T lymphocytes (data not shown). In view of the key role
of CD8 T lymphocytes in the course of viral infections,
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TABLEI
Clinical features of dengue patientsincluded in the study
Controls DENV 1-10 DENV >11

Number of samples 13 76 12
Laboratory findings

Hematocrit (%) 38+ 22 2+37 408+ 28

Leukocytes (counts/mm?3) 5826 + 1281 3913 + 1680*P 8033 £ 4045

Platelets (counts x 103/mm3) 271+ 36 152 + 5g*** 245 + 97
Immunological parameters

CD4*CD3* T lymphocytes (%) 46.2+53 37.6+10.2%* 38.2+ 55¢*

CD4 T lymphocytes (counts/mm3) 513.1+ 134.7 247 + 185.8*** 318.2 + 176.5**

CD8*CD3* T lymphocytes (%) 279+ 35 26.8+8.8 249+59

CD8 T lymphocytes (counts/mm?3) 304.8 + 69.2 190.7 £ 180*** 203+ 115

a: average * standard deviation from patient and control determinations; b: statistical significance was assessed by the Mann-
Whitney U test to evaluate differencesin T lymphocytes between dengue patients and controls; P values: *p < 0.05, ** p < 0.01,
***p < 0.0001.
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Fig. 1: activation of CD8 T lymphocytes during dengue disease. Peripheral blood mononuclear cells from healthy subjects (n = 9) or
samples from dengue patients taken at different time after disease onset: at acute (1-10 days, n = 31) and convalescent phase (after 11 days,
n = 8) were labelled as described in Materials and Methods and analyzed by flow cytometry within lymphocyte gate. Representative contour
plots of CD8 T cells from a control donor, a dengue patient at day 5 and its respective isotype control are shown demonstrating the
labelling specificity. Numbers in each quadrant indicate the percentage of A: HLA-DR, DP, DQ+ or C: Tia-1+ cells within CD8 subsets.
Mean percentages of B: HLA-DR, DP, DQ+ or D: Tia-1+ cells among CD8 T lymphocytes are shown for each patient and controls.
Statistical significance was assessed by the Mann-Whitney U test and * represent P < 0.05.
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thefollowing analysiswas designed to provide additional
knowledge of the role mediated by these cells during
DENV infection.

Adhesion molecules are up regulated mainly in den-
gue patient CD8 T lymphocytes - We evaluated the ex-
pression of molecules known to mediate adhesive inter-
actions among lymphocytes, endothelial cellsand matrix
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proteins, including VLA-4(CD49d/CD29), ICAM-1(CD54),
and LFA-1 (CD11a/CD18) (Fig. 2). Initially, weregarded
theco-expression of CD49d and CD29 (a4B31integrin, VLA-
4) on T lymphocytes from our study groups. There were
significant increases in the mean percentage of CD4 and
CD8T lymphocytesexpressing theVLA-4 and LFA-1 (val-
uesfor LFA-1 expression among CD4 T lymphocytes: 31,3
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Fig. 2: CD8 T lymphocytes from dengue patients expressing adhesion molecules during acute phase of disease. Peripheral blood mono-
nuclear cells from healthy subjects (n = 12) or for samples from dengue patients taken at different periods after disease onset: at acute (1-
10 days, n = 26) and convalescent phase (after 11 days, n = 10) were labelled as described in Materials and Methods and analyzed by three-
colour flow cytometry for particular adhesion molecule expression in CD4 and CD8 T cells. A: ex vivo co-expression of CD49d and CD29
on CD8 T lymphocytes was illustrated from a representative healthy control and a dengue patient with acute infection. B: mean
percentages of CD49dCD29 (VLA-4) among CD4 and CD8 T lymphocytes; C: ICAM-1 or D: LFA-1 among CD8 T lymphocytes are show
in dengue patients and controls. Statistical significance was assessed by the Mann-Whitney U test.

Values for VLA-4 expression among CD4 T lymphocytes - Controls 41.3 + 10%, dengue patients at 1-10 days 54 + 11.2%, and patients
at > 11 days 45.6 £ 12.2% (controls vs acute dengue patients, p = 0.0136 in Mann-Whitney U test). Values for VLA-4 expression among
CD8 T lymphocytes. controls 42.7 + 6.5, dengue patients at 1-10 days 61 + 13.2% and patients at > 11 days 46.1 + 12.1% (controls vs
acute dengue patients, p = 0.0038 and acute vs convalescent dengue patients p = 0.0308).

Values for ICAM-1 expression among CD8 T lymphocytes - Controls 18.8 + 8.9, dengue patients at 1-10 days 29.8 + 16.9%, and dengue
patients at > 11 dpi 23.1+ 13.2%.

Values for LFA-1 expression among CD8 T lymphocytes - Controls 52.9 + 17.2, dengue patients at 1-10 days 71.4 + 16.3% and dengue
convalescent patients at > 11 days 61.7 + 24.3% (controls vs acute dengue patients, p = 0.0045).
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+4.7% on controlsvs43.4. + 19.9% at days 1-10, p=0.01)
among T cells from dengue patients 1-10 days after dis-
ease onset compared with controls (Fig. 2A, B, D). Al-
though not significant, the mean percentage of CD8 T
cellsexpressing ICAM-1 among total CD8 T lymphocytes
1-10 days after disease onset was higher than those ob-
served in control individuals (controls 18 + 8.9 vsdengue
patientsdays 1-1029.8 + 16.9) (Fig. 2C). ICAM-1inCD4T
cellswas not higher in dengue patients compared to that
of control individuals(controls16.9 + 11.1 vsdengue pa-
tientsdays1-1019.8+17.3).

Acute phase of DENV infection display an activa-
tion/memory response of both patients CD4 and CD8 T
lymphocytes - The establishment of an effective immune
response results in the development of a long-lived
memory, which either leadsto complete prevention of re-
infection or to significant reduction of disease severity.
We also examined the generation of T effector/memory
cellsduring DENV infection. Effector and effector/memory
T cells have a reduced potential for homing to lymph
nodes, due to decreased expression of lymph node-hom-
ing receptors, such as L-selectin (CD62L), and greater
capacity to migrate to inflammation sites, due to CD44
expression.

In the acute phase, CD8 T cells from dengue patients
were predominantly effectorsor effector/ memory T cells
characterized by CD44*CD62L-°W- expression, while
naive CD8 T cells, detected by CD44-CD62L" staining,
were found in the convalescent phase (Table I1). Similar
resultsand comparabl e kinetics were obtained when CD4
T cells were examined, suggesting that CD4 T cells, al-
though reduced, may be effectively participating in the
development of an anti-DENV immune response. We also
analysed the percentage of naive and effector/memory T
cellsfrom primary and secondary infected dengue patients,
and no statistical correlation wasfound (datanot shown).

Low Bcl-2 levelsin T CD8 T lymphocytes of patients
in acute phase - Previous studiesin HIV-infected patients
have demonstrated that in vivo down-regulation of the
anti-apoptotic protein Bcl-2, Bcl-2-OW and B¢l -2!NTERME-
DIARY T cells, particularly observed in activated CD8 T
cellswith effectors and effector/memory phenotypes, are
susceptible to apoptosis. In contrast, T cells expressing
Bcl-2"'CH and the phenotype of naive quiescent cells are
completely resistant to cell death (Boudet et al. 1996). The
down-regulation of Bcl-2in DENV-specificCD8T cell from
aDENV-1 casewith DHF (Mongkolsapayaet a . 2003) has
recently been reported. The majority of CD8 T lympho-
cytes from healthy donors constitutively express homo-
geneous (INTERMEDIARY) levelsof Bcl-2 whereas CD8
cells from HIV-infected patients either express lower
(LOW) or higher (HIGH) levelsof Bcl-2 (Boudet et a. 1996).
We have investigated the ex vivo levels of the anti-
apoptotic molecule Bel-2inthe T cells of our dengue pa-
tients. Fig. 3A displaysrepresentative dataon the ex vivo
expression of intracellular Bcl-2in gated CD8™'CH T cells
from acontrol donor, an acute dengue patient (1-10 days
after disease onset) and another in convalescent phase
(> 11 days). Our results to date indicate that dengue pa-
tients CD8T lymphocytesexpresssignificantly lower lev-
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TABLE Il

Increased level s of effector/memory circulating CD4 and CD8
T cellsduring acute DENV infection. A: mean percentages of
CD44-CD62L", representative of naive T cellsand
CD44*CD62L ™, representative of effector/memory T cells
among CD4 T lymphocytes are show in al groups; B: mean
percentages of CD44-CD62L"*, representative of naive T cells
and CD44*CD62L~, representative of effector/memory T cells
among CD8 T lymphocytes are show in al groups

A CD4+ T cells
CD44-CD62L + CD44+CD62L -OW/-
Controls @ 30.3+18.7 9.7+75
* k% * %
Days 1-10 72+75 *b 2274205
Days > 11 10.6 + 8.7 11.3+35
B CD8+ T cdlls
CD44-CD62L + CD44+CD62L -OW/-
Controls 20.2 + 14.9 151+ 10.3
** *
Days 1-10 6.5+6.1 24+19.8
Days > 11 9.7+ 105 11.8+56

a: PBMC from healthy subjects (n = 12) or for samples from
dengue patients taken at different periods after disease onset: at
acute (1-10 days, n = 22) convalescent phase (> 11 days, n = 10)
werelabelled asdescribed in Materialsand M ethods and analyzed
by three-colour flow cytometry for CD44 and CD62L expression
in gated CD4 or CD8 T cells; b: statistical significance was
assessed by the Mann-Whitney U test.

els of Bcl-2 during the acute phase as compared to those
found in convalescent and healthy donors. This appears
to be due to major changes in Bcl-2!NTERMEDIARY fra.
quency during the acute phase (Fig. 3A, B). In contrast,
CDAT cellsfrom dengue patientswere not altered intheir
Bcl-2 expression profile (Fig. 3C).

Increased levels of IL-18, TGF-f1 and soluble ICAM
in the course of dengue disease - The recent findings
showed that increased levelsof IL-18, TGF-[3, and soluble
VCAM-1 in patients with severe dengue disease may in
fact be contributing to the pathogenesis of severe DHF
(Agarwal et a. 1999, Murgue et al. 2001, Mustafa et al.
2001). Herein, we carried out an EL1SA assay in order to
investigate the status of 1L-18, TGF-31, and solubleICAM-
linthe circulation of Brazilian dengue patients grouped
depending upon post disease onset time. The data pre-
sentedinFig. 4A, B, and C demonstrate that all cytokines
studied were present in significantly elevated levels in
the plasma of most dengue patients consistent with pre-
vious findingsin DF and, even more, severe DHF. IL-18
and sICAM-1 became detectable during thefirst ten days
of illness compared to controls: 282 + 234 vs59 + 18 pg/ml
for IL-18 and 190 + 61 vs 65 + 23 for SICAM-1, and were
than diminished to 195 + 132 for IL-18 and 161 + 69 for
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sICAM-1ondays> 11. The plasmalevelsof TGF-B1in-
creased in the acute phase and reached peak levels by
day 11 onwards(controls 1888 + 1044 pg/ml, 15107 + 10187
pa/ml on days 1-10 and 27486 + 12700 pg/ml on days >
11).

Correlation between IL-18 with soluble and surface
ICAM and percentage T cellsexpressing HLA-DR among
CD8 T lymphocytes- Interestingly, we observed asignifi-
cant positive correlation between the level of IL-18 in
plasma of the dengue patients and the CD8 T cells ex-
pressing HLA class I1. In addition, levels of IL-18 have
been directly correlated with soluble ICAM-1 in plasma
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and alsowithCD8T cellsexpressing ICAM-1 (Tablelll).
In fact, previous data demonstrated that I1L-18 increases
the expression of adhesion molecules ICAM-1 and
VCAM-1 (Morel et al. 2001), which facilitate the emigra-
tion of neutrophils and lymphocytes in containing a ni-
dusof infection, thereby contributing to the primary pro-
cessin inflammatory diseases.

Asignificant increase of IL-18, TGF-b1, and sl CAM-
1 and activation cell markers on T lymphocytes in se-
vere dengue compared to mild dengue patients - Based
on gravity classification, in severedengue CD4*CD3* and
CD8*CD3" relative rates and absol ute cell counts are not
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Fig. 3: down-regulation of Bcl-2 expression in CD8 T cells from dengue patients. A: ex vivo expression of Bcl-2 on CD8 T lymphocytes
from a representative control and dengue patients during the acute and convalescent phases, respectively. Populations expressing low,
intermediary, and high levels of Bcl-2 were determined based in previously report (Boudet et al. 1996). Bcl-2-OW Bcl-2!NTERMEDIARY
and Bcl-2HIGH percentages are indicated within CD8HICH subset; B: data represent the CD8 T lymphocytes differential expressing levels
of Bcl-2 of PBMCs isolated from controls (n = 8) and from dengue patients taken at different periods after disease onset: at acute (1-10

days n = 10) and convalescent phases (> 11 days n = 9); C: similar
was assessed by the Mann-Whitney U test.

analysis was performed by CD4 T lymphocytes. Statistical significance

Values for differential expression of Bcl-2 among CD8 T lymphocytes:

Bcl-2LOW - Controls 14.0 + 7.1%, dengue patients at acute phase 39.4 + 18.8%, and at convalescent phase 24.9 + 16.5% (controls vs acute
dengue patients, p = 0.0199). Bcl-2NORMAL _ Controls 76.0 + 15.2%, dengue patients at acute phase 54.0 + 17.9%, and at convalescent
phase 66.5 + 15.9 (controls vs acute patients, p = 0.0148). Bcl2H!IGH - Controls 9.2 + 10.1%, dengue patients at acute phase 6.5 + 3.0%,

and at convalescent phase 8.4 + 2.4%.
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Fig. 4: dterations in IL-18, TGF-B1 and sICAM-1 plasma levels during DENV infection. Significant increase in A: IL-18 levels in dengue
patients are increased on acute phase (Mann-Whitney U test, p = 0.0001); B: high levels of sICAM-1 were detected during acute phase of
disease (p = 0.0001). During convalescence phase of disease, sSICAM-1 plasma levels were statistically significantly increased (p = 0.0003)
when compared to controls; C: TGF-1 plasma levels increased at acute phase, and reached peak levels by day 11 onwards. High levels of
TGF-B1 were detected during convalescence phase of disease (controls vs dengue patients p = 0.0001) and significantly higher when

compared with patients at acute phase (p = 0.0017).

TABLE Il

Positive correlation between |L-18 with percent of HLA-DP,
DQ, DR, and ICAM-1 among CD8 T lymphocytes and

soluble ICAM-1
Spearman rank correlation r P N
HLA classll anongCD8T cells  0.5140 0.0121 23
sICAM-1 0.4993 0.0001 66
ICAM-1 among CD8 T cells 0.7086 0.0001 25

N: number of samples studied per group.

significantly affected as compared to mild dengue (for
CDAT cells, severedengue 39 + 13% and 290 + 270 counts/
mm?3 vs mild dengue 36.9 + 9.3% and 204 + 125 counts/
mm?e and for CD8 T cells, severe dengue 26.2 + 9.4% and
241.3 + 286.8 counts'mm?3 vsmild dengue 26.7 + 8.3% and
151.4 + 107.4 countsmmq). Absolute counts of controls
were higher for both CD4 and CD8 T cells than mild or
severe dengue.

In addition, we investigate whether soluble proteins
detected in plasmaby EL I SA assay and expression of cell
activation and/or adhesion molecules on T lymphocytes
differs between two dengue patients groups mild and se-
vere in order to and predict gravity of dengue infection
disease. Evaluating the whole dengue group we found
significantly increased levels of IL-18, TGF-31, and
sICAM-1, plasmatic in severe dengue as compared to mild
dengue (Table V). Additionally, expression of HLA-DR,
Tia-1 and ICAM-1in CD8 T cells was higher in severe
dengue patients and even more in DHF individual s com-
pared to mild dengue. Moreover, expression of LFA-1and
VLA-4in CD4 T cellswas higher in Severe Dengue pa-
tients and even more in a DHF individual compared to
Mild dengue (Fig. 5). No differences were encountered

between the two groups of denguein ICAM-1 and LFA-
1-expressed by CD8 and CD4 T lymphocytes. Moreover,
the majority of activation and cell adhesion molecules
evaluated were greatly increased intwo only DHF patient
eval uated.

DISCUSSION

During the last two decades, incidence of denguein
Brazil has been increasing gradually. In fact, extensive
epidemicsof DENV 1and DENV 2 emerged, and after the
appearance of DENV 3, recognized in Rio de Janeiro dur-
ing 2002, the disease became aarming (WHO 2002). Itis
important to mention that dengue incidence in Brazil oc-
curs mainly in adultswhilein Asiait is predominantly a
paediatric disease. The definition of dengue severity in
Latin Americas has often been a matter of debate as se-
vere cases did not satisfy WHO criteria for DHF/DSS.
Mainly in Latin American adults, but also in patientsfrom
Asian countries, thisissue has become striking (Guzman
& Kouri 2003, Phuong et al. 2004). Circulatory collapseis
frequently associated with dengue without trombocy-
topenia or haemorrhagic manifestations. Concerning our
patient cohort epidemicsin Rio de Janeiro in 2002, most
severe caseswere associated with shock but without con-
sistent haemorrhagic manifestations. Shock has been con-
sidered as high risk even without trombocytopenia (Lum
et al. 2002), asregistered during several fatal casesinthis
same Brazilian epidemics (unpublished observations).
Harriset a. (2000) classified their patientsin Nicaraguain
accordance with criteria that did not meet WHO defini-
tions, considering that severe cases with signs of shock
need not include trombocytopenia or haemoconcen-
tration. In this context, additional studiesin well-charac-
terized patient cohorts from different geographic regions
are essential to advance this research and guide new ap-
proaches towards prevention and treatment of DHF
(Rothman 2004).
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TABLE IV
Association of dengue fever severity with platelets, soluble factorsor T cell activation
Control (n=15)2 Mild (n = 31) Severe (n=19) Mild vs Severe
Platel ets (x103/mm3) 271.0+36.0P 128.0 + 29.0 56.0 + 20.1 P < 0.00014
P < 0.0001¢ P < 0.0001
IL-18 (pg/ml) 59.0+ 18.0 210.0 + 189.0 407.0 £ 284.0 P < 0.0007
P < 0.0001 P < 0.0001
TGF-B1 (pg/ml) 1888+ 1044 11186 + 3134 20720 + 14125 P <0.0175
P < 0.0001 P < 0.0001
Soluble ICAM-1 (pg/ml) 65.7 + 23.0 149.0 + 59.0 200.0 + 53.0 P < 0.003
P < 0.0001 P < 0.0001
CD8 expressing HLA-DR (%) 58+4.0 125+94 20.2+ 106 P < 0.0265
P <0.003

a: number of subjects studied per group are given in parentheses; b: dataare expressed as means + standard deviation; c: Pvauesfor
Mann Whitney U test used to compare different groupsvs controls. P values < 0.05, indicating significant difference; d: P valuesfor

Mann Whitney U test used to compare mild vs severe groups.

This one demonstrated significant reduction of circu-
lating T cellsin adult Brazilian DF patients, confirming
earlier results (Greenetal. 1999, Liu et al. 2002). Besides
reduced CD4 T cell counts, dengue patients displayed a
significant decrease in the absolute countsof CD8 T cells
compared with that of the healthy controls, consistent
with previous observations (Green et al. 19993, Azeredo
et al. 2001). Thisquantitative alteration on patients CD8
T cell countsisasurprising result, sinceCD8 T cellslikely
play animportant roleinviral clearancethrough their abil-
ity to produce various factorsinvolved in suppression of
viral replication (Guidotti & Chisari 2001) aswell asin
cytolysis of virus-infected cells (Carbone et al. 1998).
Thus, the clearance of the viral infection probably was
not due to increase in cell counts but rather to their acti-
vation status, which coincided with the disappearance of
virusin circulation.

The evidence for the degree of T cell activation in
dengue patients came from the observation of high ex-
pression of HLA-DP, DQ, DR allelesin CD8T cellsduring
the acute phase but not in CD4 T cells. Such up-regula-
tionischaracteristic of T cell activation (Corley et al. 1985).
Itiswidely assumed that clearance of viruses by the im-
mune response requires virus-specific CD8 CTLs that
destroy infected cells via cytotoxic granules such as
perforin/granzymes or by death receptors and their spe-
cificligand-dependent pathways (Guidotti & Chisari 2001).
Here, we assessed CTL function invivo in dengue patient
cellsby the use of amonoclonal antibody that recognizes
a 15kd granule-associated protein (Tia-1) which is re-
stricted to CTLs and NK cells. Unlike healthy controls,
patients exhibited a marked increase in the percentage of
CD8 T lymphocytes expressing Tia-1, also observed for
CTLs isolated from peripheral blood in HIV patients
(Tenner-Racz et al. 1993). Although our data does not pro-
videdirect evidencethat the CD8 T cell subset character-
ized here consists of DENV-specific CTLs, able to lyse
DENV-infected cells, the peak of viremia coincides with
the higher expression of Tia-1 among DENV patients CD8
T cells. Therefore, the presence of CTLs during DENV

early phase infection might play arolein eliminating the
virus. Also, the determination of CD8 cytotoxic status
among T lymphocytes during the dengue acute phase is
unique, since cytotoxic cells have been detected during
only convalescence or later phases.

T cell activationisacritical event for an effectiveim-
mune response against infection and leads to changesin
cell adhesion molecule expression, influencing cell migra-
tion and recruitment (Wacholtz et a. 1989). Our results
demonstrate for the first time in dengue patients that ad-
hesion moleculessuchasVLA-4, ICAM-1, and LFA-1 are
not only frequently found on CD8T cellsbut also on CD4
T cells during the acute phase of the disease. We propose
that the activated cells expressing these molecules are
recruited to inflammatory sites and contribute to the in-
ducement of events happening there. It is known that the
maintenance of the inflammation depends on the pres-
ence of thetriggering stimulus. DENV antigenswere de-
tected in many tissues obtained from patients with DHF/
DSS (Jessieet a. 2004) and might play arolein providing
achemotactic stimulusto attract activated cells. Cell mi-
gration could indicate the progression to clinical severe
disease, however we cannot exclude that the generation
of effective CTL originating from cellswith upregulated
cell adhesion molecules could help intheimmunoregul a-
tory response against DENV.

We have demonstrated for the first time that during
the acute phase both CD4 and CD8 T lymphocytes from
dengue patients were predominantly effector or effector/
memory T cells characterized by CD44*CD62L -OW/- ex-
pression. Inmiceasimilar cell population of CD8T cells
displays a phenotype (CD69'CH, Ly-6A/EHICH,
CD62LOW) characteristic for effector-memory T cellsob-
served in brain tissues after dengue infection (van der
Most et a. 2003). Thus, additional approaches should be
performed in order to evaluate DENV specific immuno-
logical memory, considering that induction of memory T
cellsisimportant for an effective DENV vaccine.

Accordingly, the predominance of effector or effec-
tor/memory T cells (CD44*CD62L-°Vr) in dengue patient
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T lymphocytes studied here was paralleled by significant
increase of Bcl-2-°W CD8 T lymphocytes during the acute
phase. Mongkolsapaya et al. (2003) described low levels
of Bcl-2 expression and a TUNEL positive reaction (a
marker for DNA fragmentation) in DENV-specific CD8 cdlls
during the acute phase in Thai patients. These observa-
tionsled usto proposethat in dengue patients, asin HIV*
patients, there is a relationship between T cell suscepti-
bility to apoptosis and the activation state. In convales-
cence, the percentage of effector/memory T cellsis re-
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established, and Bcl-2-°W CD8 T lymphocytes no longer
predominate when viral clearanceisachieved (> 11 days
of infection). In consideration, the lack of physiological
protection by Bcl-2 may contributein vivo with aterations
inT cell homeostasisduring DENV infection and/or may
constitute an example of primary control of immune re-
sponse.

In a cohort of dengue patients studied, we observed
that in contrast to IL-18 and sICAM-1, which displayed
high levelsduring the early acute phase, TGF-1 was con-
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Fig. 5: representative dot plots demonstrating A: CD8 cell frequencies expressing HLA-DP, DQ, DR, Tia-1, ICAM-1; B: CD4 cell
frequencies expressing LFA-1 and co-CD49d/CD29 for each individual divided among mild DF, severe DF and DHF.
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siderably more concentrated during the late phases of
disease, especialy inthe convalescence phase. It hasbeen
established that soluble factors as chemokines and
cytokines act through specific receptors on immune cells
to activate and mobilize the response to infection (Harty
et al. 2000, Guidotti & Chisari 2001). However, cytokines
exert adouble-edge sword function: they are essential for
the appropriate function of the immune system but are
a so potentially toxic mediators of immunopathol ogy un-
der conditions of excess or deregul ated production (Slifka
& Whitton 2000). Inthiscontext, |L-18 has been reported
to bean IFN-yinducer possibly being produced after NK
activation and contributing to induce an efficient innate
immunity, therefore perhaps stimulating CTL activity in
order to achieve viral clearance (Fujiokaet al. 1999). On
the other hand, IL-18 was associated with pathogenesis
in autoimmunity, arthritis, and sepsis, probably by anin-
direct pathway by inducement of proinflammatory
cytokine synthesis(IL-1 and TNF-a) and chemokines (IL-
8andMIP-1a) (Dinarello & Fantuzzi 2003).

Moreover, circulating formsof ICAM-1 were detected
in plasma of our dengue patients, as soluble VCAM-1
was encountered in the plasma of children hospitalized
for denguein French Polynesia(Murgueet a. 2001). Cir-
culating forms of adhesion moleculesare generally thought
to be released from the cell surface by secretion or pro-
teolytic cleavage. They are naturally found in serum of
healthy individuals but reach elevated levels in various
diseases, such as infections by Plasmodium falciparum,
Schistosoma mansoni, HCV and HIV (Jakobsen et al. 1994,
Nordoy et a. 1996, Kaplanski et al. 1997).

TGF-[3 has been reported to inhibit many T cell func-
tions, including proliferation and development of cyto-
toxic cells. However, under certain circumstances, TGF-3
has also been proved to stimulate T cells, partly by pre-
venting apoptosis and also inducing T cell proliferation
(Lee & Rich 1993, Cerwenkaet al. 1996). The up-regula-
tion of TGF-B31, in late stages of DENV infection might
suggest that TGF-[3 activity may suppress the inflamma-
tory response after elimination of DENV and actingin an
anti-inflammatory manner in the late steps, prevent pos-
sible harm to host by prolonged inflammation.

In accordance with previous studies, when we classi-
fied our group of dengue patients based on degree of
severity, highlevelsof IL-18, soluble I CAM-1, and TGF-
31 were frequently correlated with severe dengue cases.
Feasibly elevated levelsof soluble ICAM-1inthe plasma
of dengue patients might mediate endothelial cell activa-
tion and consequently, the plasma leakage phenomenon
observed during dengue disease, one of the major hall-
marksdistinguishing DHF from DF. Infact, it was demon-
strated that culture supernatantsfrom DENV infected pri-
mary human monocytes could activate endothelial cells
by eliciting expression of VCAM-1and ICAM-1inthese
cells(Andersoneta. 1997). Interestingly, the IL-18 plasma
levelswere positively correlated with SICAM-1 levelsto-
gether with the expression of CD54 on T CDS8 cells, as
described previously that IL-18 increases the expression
of ICAM-1(Morel et al. 2001) and VCAM-1 (Vida-Vana-
clochaet al. 2000), enhancing the recruitment of lympho-
cytes into inflammatory tissues. Furthermore, our study
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revealed that CD8* T cellsexpressing HLA-DR were sig-
nificantly present in higher frequency in Severe Den-
gue cases. Although CD8" T-cell activation might be ex-
pected to have an association with a better clinical out-
comeduring viral infections, inlong-term HIV-1infection
high levelsof cell surface expression of CD38 on CD8 T-
cell areinstead linked with faster disease progression, in
part independent of the predictive value of plasmaviral
burden and CD4* T-cell number (Liu et al. 1998). More
recently, alow CD8*HLA-DR* cell percentage has been
considered asignificant predictor of immunological long-
term HIV disease nonprogressor (ILNTP) status (Paul et
al. 2005).

Recently, the phenomenon of “original antigenicsin”,
first described for B cell responses against influenza vi-
rus subtypes (Fazekas de St & Webster 1966), was ob-
served in dengueinfection. Infection withaDENV sero-
type generated by CD8 T cellswith a higher affinity to a
second and presumably previously encountered DENV
serotype, leads to the belief that cross-reactive memory
CD8T cellshad preferentially expanded over T cellsmore
specific to the serotype causing infection (M ongkol sapaya
etal. 2003).

Under the study conditions, immune status activation
was found significantly higher in DF patients compared
with healthy controls and may allow early assessment of
the severity of DF. In fact, the pathophysiological events
of dengue disease is frequently associated with high de-
greeof T cell activation, but we cannot exclude a possibil-
ity that these activated CD8 T cells identified in DF pa-
tients act on infected cells and efficiently clear the virus.
The reason why T-cell activation is associated with poor
outcomein DENV disease remains unknown. Further ad-
ditional factors such asimmunological exhaustion, hypo-
responsiveness of T cells to their cognate antigens and
alterationsin the T-cell receptor repertoire must be estab-
lished in order to evaluate how T-cell activation could be
influencing the severity of dengue infection.
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