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The pathogenesis of dengue in subjects coinfected with HIV remains largely unknown. We investigate clinical
and immunological parameters in coinfected DENV/HIV patients. According to the new dengue classification,
most coinfected DENV/HIV patients presented mild clinical manifestations of dengue infection. Herein, we
show that DENV/HIV coinfected patients had higher CD8 T cells percentages reflected as a lower CD4/CD8
ratio. Furthermore, CCR5 expression on CD4 T cells and CD107a expression on both T subsets were significantly
higher in coinfected patients when compared with monoinfected DENV and HIV individuals respectively.
Increased inflammatory response was observed in treated HAART coinfected patients despite undetectable HIV
load. These data indicate that DENV infectionmay influence the clinical profile and immune response in individuals
concomitantly infected with HIV.
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1. Introduction

In tropical countries, numerous infectious diseases coexist, and
therefore the possibilities of coinfections are common. In this context,
infections with human immunodeficiency virus [1] and dengue virus
(DENV) are serious public health problems in tropical and subtropical
regions and represent major public health problems in several countries,

including Brazil. DENV belongs to the genus Flavivirus, family Flaviviridae,
a small group of enveloped viruses [2] with a positive sense RNA virus
that co-circulates in endemic regions as four closely-related distinct sero-
types DENV-1, DENV-2, DENV-3 and DENV-4 [3]. In various regions of
Brazil, dengue epidemics occur for decades, continually contributing to
the high rates of morbidity and mortality [4]. In 2015 from January to
July were reported 1.319.957 cases of dengue in the country with 1.092
severe cases and 600 deaths [5]. We have over 30 million people living
with AIDS (Acquired Immune Deficiency Syndrome) caused by HIV.
Since the 1980s, it was reported 757,000 cases of AIDS in Brazil, with
detection ratio around 20.4 cases per 100,000 inhabitants representing
39,000 new AIDS cases per year. In the last years there was an increase
in the number of people who started antiretroviral treatment with
57,000 in 2013 to 74,000 new treatments in 2014 [6].

HIV is a member of the genus Lentivirus, Retroviridae family and
contains two single-stranded RNA copies of 9.2 kb comprising the
HIV-1 and HIV-2 types. The natural history of HIV infection includes a
long latency period, accompanied by the development of opportunist
infections and deregulation of lymphocyte T CD4 cells. At the time
when the CD4 frequency is very low, the patient goes into a severe
immunodeficiency and opportunistic infections, which can lead to the
death in the absence of treatment [7]. Compared with HIV infection,
the clinical course is quite different during dengue infection varying
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from an acute febrile illness usually benign to a severe formwith hemo-
dynamic disorders, severe hemorrhagic manifestations, cavity effusions
and shock.

Despite the growing knowledge about the dengue fever and its
vector, the evolution of severe clinical conditions is not fully under-
stood. Several hypotheses are proposed to explain the pathogenesis of
the disease. Among them, interacting factors: (i) environmental, uncon-
trolled growth of the population and higher incidence susceptible hosts
to circulating serotypes; (ii) host, including secondary infections, genetics,
nutritional status, age, comorbidities; and (iii) viral, such as viral genotype
or serotype [8,9]. All of these factors are related to an increased
viremia in the initial phase of dengue, the activation of innate and
adaptive immunity leading to “cytokine storm” aswell as to inflammatory
mediators [10]. Although, effectively different in relation to clinical evolu-
tion, DENV and HIV share some immunopathogenic mechanisms such as
extensive activation of the immune system, cytokine storm and depleted
blood T lymphocytes [9,11,12]. Despite the vast knowledge about both
diseases, only few coinfection cases have been reported around the
world so far to enhance the understanding of the effects in the clinical
presentation, immune response and severity. Most of them culminate in
findings that DENV infection transiently reduces HIV viral loads, without
no impact on the clinical course neither dengue nor AIDS [13–17].
Nevertheless, no scientific report evaluated the immune response
during DENV/HIV coinfection and the degree of interference between
them. In this context, we evaluated the clinical and laboratorial param-
eters, cytokines as well as lymphocytes subsets during coinfection with
DENV and HIV.

We describe here that most DENV/HIV coinfected patients showed
mild clinical manifestations of dengue. Most coinfected patients
presented elevatedCD8 T cells percentages and decreased CD4/CD8 ratios
were observed in DENV/HIV coinfection as well as DENV monoinfection.
In addition, increased cytokine/chemokine production was observed in
both coinfected DENV/HIV and monoinfected DENV patients. Several
questions are raised of the possible consequences for the patient by the
simultaneous presence of two viral infections.

2. Materials and methods

2.1. Study population and laboratorial diagnosis

The studywas carried out in Brazil from2010 to 2011 during DENV-1
and 2 outbreaks. Patients were assisted at Professora Hesterina Corsini-
NHU Dia-Hospital Campo Grande/MS; Rio Laranjeiras Hospital/RJ;
ward of the Infectious and Parasitic Diseases (DIP), ward of the Institute
of Clinical Research Evandro Chagas (IPEC), Reference Center for Infec-
tious and Parasitic Diseases (CEDIP) respectively. Blood samples from
HIV positive individuals were collected at University hospital Gaffrée
Guinle, Universidade Federal do Estado do Rio de Janeiro — UNI RIO.

During the study 95 cases of dengue were included and submitted
to investigation. Participants were grouped according to HIV and
DENV infection as follows: Seventy-four DENV monoinfected patients,
21 DENV/HIV coinfected patients and 14 HIV monoinfected patients.
All infected HIV patients were receiving highly active antiretroviral
therapy (HAART), according to the Brazilian guidelines. Ten individuals
were enrolled in the study as healthy donors (HD) considering they had
no episodes of fever for more than 3 months or a history of other
diseases. Informed consent was obtained from all patients. Clinical
classification of dengue was performed according to the World Health
Organization/Brazilian Health Ministry WHO/TDR — 2009 (WHO/TDR,
2009) criteria in the groups: dengue without warning signs (DwoWS),
dengue with warning signals (DwWS) and severe dengue (SD).

Patients with dengue were classified in accordance with or without
the presence of warning signs assessed as clinical parameters such as
abdominal pain or tenderness, persistent vomiting, clinical fluid
accumulation, mucosal bleed, lethargy, restlessness, liver enlargement
associated to laboratory parameters as increase in hematocrit concurrent

with rapid decrease in platelet count. Mild hemorrhagic manifestations
like petechiae and mucosal membrane bleeding (e.g. nose and gums).
Patients considered as severe dengue fever presented severe clinical
manifestations such as hemoconcentration, hypotension (postural
hypotension with a decrease in the systolic arterial pressure of
20 mm Hg in the supine position or a systolic arterial pressure of
b90 mm Hg), plasma leakage leading to dengue shock and/or fluid
accumulation with respiratory distress, severe hemorrhages showed
by massive vaginal bleeding (in women of childbearing age) or gastro-
intestinal bleeding and/or severe organ impairment (hepatic damage,
renal impairment, cardiomyopathy, encephalopathy or encephalitis).

Laboratorial characteristics from all patients were obtained in the
hospitals in which they were treated. Data were correlated to the days
of disease onset until themoment when the patients were interviewed.
All DENV monoinfected and coinfected DENV/HIV patients in this
research recovered from the illness uneventfully and survived to hospital
discharge.

The dengue diagnosis was confirmed by enzyme-linked immuno-
sorbent assay ELISA-IgM (Panbio, Inc, USA); detection of NS1 protein
by Platelia Dengue NS1 antigen kit [18] and molecular diagnosis by
RT-PCR [19]. The immune response to denguewas considered as primary
or secondary by IgG ELISA according to previously established criteria
(Focus Diagnosis, Cypress, CA, USA) [20]. The HIV diagnosis was
confirmed by Real Time HIV-1 Qualitative amplification assay (Abbott
Molecular). HIVmonoinfected patients had a previous diagnosis ambula-
tory monitoring in DIP from HUGG and IPEC.

Ethics statement

Procedures performed during thisworkwere approved by the Ethics
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(CAAE 13318113.7.0000.5248). All participating subjects gave written
informed consent.

2.2. Human peripheral bloodmononuclear cells (PBMCs) purification
and cryopreservation

Venous blood samples from patients were collected in tubes
containing 3.2 to 4% citrate (BD Biosciences). PBMCs were isolated and
purified by density gradient centrifugation (Ficoll-Paque; Amersham
Biosciences Corp, Piscataway, NJ) and resuspended in 1 ml of freezing
solution [Fetal bovine serum — FBS (Gibco Invitrogen Carlsbad, CA)
plus 10% dimethyl sulfoxide(DMSO; Sigma)] and cryopreserved in
liquid nitrogen. The plasma was aliquoted and stored at−70 °C.

2.3. Monoclonal antibodies

Four-color flow cytometry method were performed using the
following monoclonal antibodies: anti-CD4-Allophycocyanin conjugated
cyanine dye (APC Cy7) (BioLegend; clone OKT4; Catalog 317,417); anti-
CD8 phycoerythrin conjugated cyanine dye (PE Cy7) (E-Bioscience;
clone RPAT8; catalog 25–0088); anti-CD107aAlexa Fluor® 647 (E- Biosci-
ence; clone CBIOH4A3; catalog 51107970) and anti-CCR5-phycoerythrin
(PE) (R&D Systems; clone CTC5; catalog FAB1802). A matching isotype
control for each antibody was included in all experiments.

2.4. Extracellular labeling for flow cytometry analysis

Aliquots containing about 106 cryopreserved PBMCs from patients
and healthy donors were thawed in water bath at 37 °C, centrifuged
(350 g, 5 min) and washed once with 1 mL PBS pH 7.4 with 2% FBS
and 0.01% NaN3. Multiple labeling of PBMCs was performed for flow
cytometry analysis. Cells were labeled extracellularly according to previ-
ously described methods [20] with slight modifications. For analysis,
10,000–50,000 eventswere acquiredon a FACSCyAn (Dako) andanalyses
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