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Abstract:
Dengue virus infection, which is the cause of mortality across various regions of the globe, can be

caused by any of the four recognized serotypes (DENV 1-4). The infection can range from dengue
fever to severe and life-threatening dengue hemorrhagic fever (DHF)/dengue shock syndrome (DSS).
There has been a great deal of research to understand the pathogenesis of dengue and its severe forms.
Multiple findings have revealed the role of various host’s factors in abnormal homeostasis and increased
vascular permeability. In order to control, cure and prevent the disease, it is vital to have a complete
understanding of the entire mechanism of pathogenesis. In this review, we have attempted to elucidate
the various roles of the host’s immune system in pathogenesis of severe forms of dengue in a host.
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Introduction:
Dengue viral infection is regarded as the most

prevalent and rapidly spreading mosquito-borne viral
disease of human beings, spreading rapidly within
countries and across the world (Guzman & Harris,
2015). The World Health Organization (WHO) report
of 2017 estimates that 3.9 billion people in a total of
128 countries are at risk of dengue virus (DENV)
infection per year (Dengue and Severe Dengue,
n.d.). It is an arthropod-borne disease transmitted by
Aedes mosquito and caused by the four dengue virus
serotypes (DENV 1–4) which are genetically related
and biologically similar.(Guzman & Harris, 2015)

Symptomatic dengue virus infection has been
classified into dengue fever (DF), dengue
haemorrhagic fever (DHF) and dengue shock
syndrome (DSS) (“WHO | Dengue Haemorrhagic
Fever: Diagnosis, Treatment, Prevention and Control.
2nd Edition.  Geneva/: World Health Organization.,”
2015) (Fig. 1). Dengue fever is characterized by the
rapid onset of fever along with severe headache, retro-
orbital pain, muscular pain (myalgia), joint pain
(arthralgia), gastrointestinal discomfort,  rash and
possible minor hemorrhagic manifestations in the form

of petechiae, epistaxis, and gingival bleeding whereas
dengue haemorrhagic fever (DHF) is characterized
by all the symptoms of dengue fever, in combination
with hemorrhagic manifestations (positive tourniquet
test or spontaneous bleeding), thrombocytopenia, and
evidence of increased vascular permeability (Martina
et al., 2009). On the other hand, dengue shock
syndrome (DSS) is usually characterized by a rapid,
weak pulse with narrowing of the pulse pressure or
hypotension with cold, clammy skin and restlessness
(Dengue Haemorrhagic Fever, n.d.). Dengue
hemorrhagic fever/dengue shock syndrome (DHF/
DSS) initially observed in Southeast Asia when
children were found dying of an acute febrile disease
accompanied by a complex of physiologic
abnormalities affecting multiple organ systems has
now spread throughout the world (Scott B. Halstead
& Cohen, 2015).

According to an epidemiological and statistical
study, the dengue incidence in India has sharply
increased from 1998 to 2001 from 0.72 to 3.21 per
million population. Over the period 1998–2009, 82 327
dengue cases (incidence: 6.34 per million population)
were reported whereas during a more recent period
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(2010–2014), 213 607 cases (incidence: 34.81 per
million population) of dengue fever were observed.
Since 2010, a dengue incidence of greater than 15
per million population has been reported annually
(Mutheneni et al., 2017). Of the 50 million cases of
dengue reported annually, it is estimated that almost
500,000 correspond to severe dengue, of which, over
20 000 individuals die because of the infection with
this virus (Murray et al., 2013).

From the various studies made to understand
the pathogenesis of dengue, it is clear that the
interaction between the host immune system and virus
replication plays an important role in the progression
to severe disease such as DHF or DSS. Dengue Viral
(DENV) proteins interact with the host cells to
mediate viral replication and pathogenesis.

Various epidemiological and experimental
evidences support the association between the
severity of dengue illness and a previous dengue
infection in consequence of preexisting enhancing
antibodies (Tirado & Yoon, 2003). The activation of
cells of both lymphoid  (B and T cells) and myeloid
origin (such as Monocytes, Macrophages) in response
to the DENV infection can also lead to overproduction
of pro-inflammatory cytokines which consequently
cause the uncontrolled inflammatory response and
the disruption of vascular epithelium integrity
(Srikiatkhachorn et al., 2017b). The understanding of
the pathogenesis of dengue severe forms is crucial
clinically, immunologically and even epidemiologically.
In this review, we aim to outline the role of host
immune system in the progression of dengue to its
severe forms such as dengue hemorrhagic fever in
the host body.
Role of immune cells:

Monocytes: Monocytes are circulating blood
leukocytes which play a crucial role in providing innate
immunity against the pathogen through inflammatory
response. These mononuclear phagocytic cells show
plasticity to develop into macrophages or dendritic
cells (Karlmark et al., 2012).  Peripheral blood
monocytes are a heterogeneous population of
circulating leukocytes including CD14++ CD16"
(classical), CD14++ CD16+ (intermediate), and
CD14+ CD16++ (non-classical) monocytes, divided
on the basis of expression of CD14 (membrane
receptor for lipopolysaccharide) and CD16 receptors.
These monocytes are further characterized and

differentiated on the basis of expression of the
chemokine receptors CCR2, CCR5 and CX3CR1
(Geissmann et al., 2003; Wong et al., 2012).

Monocytes have long been considered as the
primary target of DENV infection and have been
proven via several in vitro studies. The dramatic
increase of DENV replication in monocytes and other
Fc receptor bearing cells in the presence of specific
antibodies against the virus is known as antibody
dependent enhancement (ADE) of specific virus
infection (Tirado & Yoon, 2003). Antibody Dependent
Enhancement (ADE) of a virus infection occurs when
preexisting antibodies against primary DENV infection
binds to a DENV particle with a different serotype
during subsequent infection. This complex is unable
to neutralize the virus and gets attached to the Fcã
receptors present on circulating Monocytes (and
other Fcã receptors bearing cells) instead which, in
turn, mediates the entry of DENV into the cell and
leads to increase in the overall replication and
production of the virus. According to a study analyzing
infection and activation of human peripheral blood
Monocytes by DENV through the mechanism of
antibody-dependent enhancement, a >14 fold
enhancement in secondary infection was observed
with a heterotypic serotype while only a 6.6 fold
increase in a homotypic serotype of DENV(Sun et
al., 2011). Moreover, it was also observed that
expression of CD86, CD32, CD14, CD11c, and DEN
prM was significantly increased in peripheral blood
mononuclear cells (PBMCs) from DHF patients as
compared with DF patients corresponding to the
implications for antibody dependent enhancement and
immunopathogenesis of DHF (Durbin et al., 2008).

In response to the DENV infection, monocytes
are triggered for the production of various chemokines
and cytokines which are associated with severe
dengue because of their role in increasing vascular
leak and endothelial permeability (Castillo et al., 2019).
These include high levels of TNF-á (Espina et al.,
2003), IL-10 (Torrentes-Carvalho et al., 2009), IL-8,
MCP-1, interferon ã-induced protein, (IP)-10, IL-6,
IL-8, IL-10 and IL-1â (Green & Harris, 2014) (Fig.
2). The monocytes derived cells have also been
shown to be responsible for the production of such
cytokines and chemokines. The mode of action of
these chemical factors has been discussed and
illustrated shortly in the review.
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Macrophages: Macrophages are a diverse
phenotype of professional phagocytic cells derived
from bone-marrow precursors and parent monocytes
in the peripheral blood. They are essential for the
maintenance and defense of host tissues, doing so by
sensing and engulfing particulate matter and, when
necessary, initiating a pro-inflammatory response
(Verschoor et al., 2012). Macrophages, along with
monocytes are the prime targets of DENV and like
monocytes, macrophages are also comprised of wide
variety of subpopulations (Verschoor et al., 2012). It
was observed that the in vitro DENV infected-
macrophages secreted multiple innate cytokines and
chemokines, including tumor necrosis factor alpha,
alpha interferon (IFN-á), interleukin-1â (IL-1â), IL-
8, IL-12, MIP-1á, and RANTES (Chen & Wang,
2002) (Fig. 2). A study has shown human primary
splenic macrophages to be the principal dengue-
permissive cells in spleen instead of T and B cells
contributing in the initial steps of immune
enhancements that ultimately lead to severe forms
of dengue in some individuals (Blackley et al., 2007).
The mannose receptors of macrophages have been
shown to bind to envelope glycoprotein of all the four
serotypes of DENV and thus aiding in viral entry
(Miller et al., 2008). A C-type lectin on macrophages
named CLEC5A activates NLRP3 inflammasomes
which are essential for IL-1â and IL-18 secretion
(Wu et al., 2013).

The levels of interleukin-6, interleukin-8,
interleukin-10, interleukin-18, tumour necrosis factor-
á, transforming growth factor-â, and cytotoxic factor-
2, released by macrophages, have been observed to
markedly increase in the case of DHF grade IV
patients and are thus correlated with the severity of
the disease (Chaturvedi et al., 2006). The cytotoxic
factors, produced by CD4+ T cells and cytotoxic
factor-2 by H-2A+ macrophages increase capillary
permeability and damage the blood-brain barrier
indicating their role in pathogenicity of DHF. Cytotoxic
factor/cytotoxic factor-2 induce macrophages to
produce free radicals, nitrite, reactive oxygen and
peroxynitrite. The free radicals, besides killing the
target cells by apoptosis also directly upregulate
production of proinflammatory cytokines by
macrophages (Chaturvedi et al., 1987; Gulati et al.,
1983).

Interaction of dengue virus with macrophages
and endothelial cell can lead to hemorrhage
development. The virus infects several cell types
including endothelial cells and also induces production
of chemokines that attract macrophages. Along with
the stimulation of endothelial cells by DENV NS2B/
3, the chemical factors cause the endothelium damage
and increased vascular permeability which ultimately
results in hemorrhage development (Lin et al., 2014;
Wan et al., 2018).

Figure 1: Classification of dengue fever on the basis of severity and clinical symptoms
associated with them.
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Mast cells: In humans, mast cells develop from
CD34+/CD117+ pluripotent progenitor cells originating
in the bone marrow and are well known for their
inflammatory roles during allergy (Gilfillan et al.,
2011). Mast cells are the important cells of the immune
system and are found in mucosal and epithelial tissues
throughout the body. Two phenotypes of human mast
cells are known: mucosal mast cells that produce only
tryptase and connective tissue mast cells that produce
chymase, tryptase, and carboxypeptidases (Irani et
al., 1986; Krystel-Whittemore et al., 2016a). Similar
to monocytes and macrophages, mast cells have also
been reported to have a contribution to severe forms
of dengue.

Human mast cells can express FCãRI and
FCãRII receptors and are permissive to antibody-

enhanced dengue virus infection, occurring in an
FcãRII-dependent manner (Brown et al., 2006; Wan
et al., 2018). ADE enhanced infection of mast cell
results in infectious virus production and the induction
of significant levels of cytokines, such as interleukin-
1â (IL-1â), IL-6 and TNF-á, as well as chemokines
CCL3, CCL4, and CCL5 (King et al., 2002).

DENV has been shown to accumulate in
subcellular granules in mast cells after the infection
and when these granules are released, infectious virus
can be found inside and could be transported through
the lymph system to other organs. After the activation
of mast cells, there is a release of some potent immune
mediators stored in granules which also include
proteases such as chymase, tryptase, histamine,
heparin along with various cytokines and chemokines.

Figure 2: Role of monocytes, macrophages and mast cells in endothelial disruption causing
vascular leak leading to severe forms of dengue infection.
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The inflammatory stimuli released from mast cells
such as VEGF (vascular endothelial growth factor),
tryptase, histamine, chymase and TNF-á are known
to be responsible for vascular leakage by disrupting
the cell-cell junction (Fig. 2). The mast cells derived
platelet activation factor is also associated with
increased vascular permeability during the course of
developing DHF (Avirutnan et al., 2013; Krystel-
Whittemore et al., 2016b).

T-Lymphocytes: Besides the role of antibodies
in the development of severe dengue, other adaptive
immune components, such as T cells, have also been
implicated in the pathogenesis. Without ignoring the
role of the polyfunctional dengue-specific T cell
response in the protection against DENV infection
(Elong Ngono et al., 2016), it has been noted in some
patients with secondary dengue infections, that when
memory CD8+ T lymphocyte clones specific of
previous infecting serotypes are activated, they have
a low affinity for the new infecting serotype (S. B.
Halstead et al., 1983). A study corresponding to virus-
specific T cells in Thai children demonstrated that
many dengue-specific T-cell cells showed higher
affinity for previously encountered strains but were
of low affinity for the infective virus; contributing to
delayed viral elimination and systemic disturbances
leading to severe forms of dengue (Mongkolsapaya
et al., 2003).

In a secondary DENV infection, T cells are
highly activated and produce multiple kinds of
lymphokines whose levels are found to be significantly
higher in DHF than DF.  IFN-ã, IL-2 and TNF-á are
mainly produced by DENV-specific T-cells upon
activation and play a key role in pathogenesis of
dengue and disease severity (Kurane et al., 2011).
Soluble factors:

Elevated levels of cytokines have been detected
in DHF/DSS patients and may play a causal role in
the vascular leak and coagulopathy syndromes
characteristic of severe dengue (Bethell et al., 1998;
Meena et al., 2019; Mustafa et al., 2001;
Srikiatkhachorn et al., 2017a; Suharti et al., 2002;
Tauseef et al., 2016).

· TNF-á: It is a pro inflammatory cytokine
produced by monocytes/macrophages, endothelial
cells or adaptive immune cells namely CD4+ or CD8+
T cells. It is toxic to vascular endothelial cells and
responsible for increased permeability (Espina et al.,
2003; Yamaoka et al., 2002). It is known to induce
reactive oxygen and nitrogen intermediates and signal

for apoptotic cell death, increasing vascular
permeability and ultimately leading to hemorrhage
(Masood et al., 2018; Vitarana et al., 1991). A recent
study by Meena et al. has found that an increase of
one unit of TNF-á was associated with a decrease
of 160 units of blood platelets; suggesting the role in
pathogenesis of dengue (Meena et al., 2019). TNF-á
works synergistically with IFN-ã and is known to
mediate activation-induced death of T cells (Yamaoka
et al., 2002). On the other hand, studies have also
shown that TNF-á is responsible for induction of IL-
6, the high levels of which have also been associated
with dengue severity (Juffrie et al., 2001).

· Vascular endothelial growth factor A
(VEGF-A): VEGF-A, is a 38 kDa heparin-binding,
dimeric, disulfide-bonded glycoprotein (Senger et al.,
1993). Tseng et al. have demonstrated elevated levels
of VEGF in patients with dengue hemorrhagic fever
and correlated it with D dimer level (Tseng et al.,
2005). A study revealed that dengue virus can lower
the production of soluble VEGF2 receptors by
endothelial cells while increasing the expression of
membrane-bound VEGF2. This combination will lead
to  increased biologically active free VEGF and
increased VEGF2 receptor responsiveness that result
in increased vascular permeability and plasma leakage
(Srikiatkhachorn et al., 2007). VEGF is also associated
with facilitation of coagulation–fibrinolysis pathway
by induction of tissue factor (TF) expression in
mononuclear and endothelial cells (Martina et al.,
2009).

· Platelet-activating factor (PAF): Studies
have shown significantly elevated levels of Platelet-
activating factor (PAF) in patients with DHF
(Jeewandara et al., 2015). DENV infected cells

  

activate nuclear factor-8

 

b which further leads to
production of PAF. On the other hand, PAF is also
known to activate NF-êB, which, in turn, regulates
the production of several inflammatory cytokines such
as TNF-á and IL-1â, ultimately leading to more PAF
production (Im et al., 1997).  Activation of platelet-
activating factor receptor (PAFR) on endothelial cells
and leukocytes induces increased vascular
permeability, hypotension, and production of cytokines
(Souza et al., 2009). Endothelial permeability is known
to be disrupted by reduction in the expression of tight
junction protein ZO-1 (Tornavaca et al., 2015). LPS
present in blood is also known to amplify the
production of PAF. Sphingosine-1-phosphate, a
signaling phospholipid, is known to oppose the effects
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of VEGF and a study has found significantly lower
levels of S1P in blood of patients with DHF (Gomes
et al., 2014). Various phospholipases have also been
shown to act on the phospholipids to release PAF
from cells such as monocytes, macrophages, mast
cells, etc (Jeewandara et al., 2016). A recent
investigation has shown that the mast cell activation
leads to an elevated levels of secretory  phospholipase
A2s and thus increased range of PAF in DHF patients
(Jeewandara et al., 2016).

· Interleukins: Higher plasma levels of IL-
1â, IL-1Ra (Suharti et al., 2002), IL-6 (Juffrie et al.,
2001),  IL-13,  IL-18 (Mustafa et al., 2001), IL-8
(Raghupathy et al., 1998), and IL-10 (Tauseef et al.,
2016)  have been found in patients with severe DENV
infections.  IL-2, IL-6 and IL-8 are known to be potent
vascular permeability enhancing cytokines (Her et
al., 2017). Platelets are known to form platelet–
monocyte aggregates and interactions within them
lead to production of cytokines such as IL-1â, IL-8
and IL-10 by Monocytes and thus this aggregate is,
correlated with the presence of thrombocytopenia,
and vascular leak (Jeewandara et al., 2015). Mildly
higher IL-1â has been demonstrated in patients with
severe dengue and is thought to associate with
activation of fibrinolysis (Suharti et al., 2002) and
increase in vascular permeability (Castro et al., 2011).
A recent study indicated that IL-33, a pleiotropic pro-
inflammatory cytokine, plays a ‘disease-exacerbating’
role in dengue infection and is probably driven by
CXCR2-expressing cells (Marques et al., 2018).

· Angiopoietin-1 (Ang-1) and angiopoietin-2
(Ang-2) and their endothelial tyrosine kinase receptor
Tie-2 form a central signaling system in endothelial
permeability (Gavin Thurston & Daly, 2012).
Angiopoietin-1–mediated Tie2 activation maintains the
quiescent state of the endothelium by stabilizing
endothelial cell-cell junctions and by countering the
permeabilizing effects of VEGF (G. Thurston et al.,
2000). On the other hand, Angiopoietin-2 antagonizes
the effects of Ang-1; it destabilizes the endothelium
by disrupting cell-cell adhesion and primes the
endothelial cells to the effects of pro-inflammatory
cytokines and VEGF (Fiedler et al., 2006) . A study
shows that DHF/DSS is associated with reduced
Ang-1 plasma levels and increased Ang-2 levels. The
two angiopoietins were shown to induce PAF very
rapidly in bovine endothelial cell lines in a bi-phasic
manner (Michels et al., 2012).

· Apart from these, interleukin 1 receptor

  

antagonist, interferon ã

 

 –” lü “inducible protein 10,
hepatocyte growth factor, soluble p75 tumor necrosis

factor á receptor, vascular cell adhesion molecule 1,
and matrix metalloproteinase 2 have also been
significantly associated with significant plasma leakage
(Her et al., 2017). Extremely high expression levels
of monocyte chemoattractant protein-1 (MCP-1)
were found in the plasma of DHF patients in a study
by Lee et. al. their partial contribution to increased
permeability and disrupted tight junctions of human
vascular endothelium was also signified (Lee et al.,
2006). On the other hand, DENV-triggered
macrophage migration inhibitory factor  (MIF)
secretion can not only facilitate DENV replication
through the regulation of autophagy but also worsen
the severity of vascular leak by enhancing endothelial
permeability (Lai et al., 2020).
Conclusion:

Endothelial dysfunction, increased vascular
permeability and coagulopathy along with plasma
leakage are the fundamental attributes in severe form
of dengue DHF/DSS. Various studies have indicated
the role of host immune system in pathogenesis of
different forms of dengue infection. Both innate and
adaptive immune responses lead to a cytokine storm
which eventually causes alteration in the endothelial
permeability. The interplay of immune cells such as
monocytes, macrophages, mast cells, T cells and that
of various soluble factors in pathogenesis of severe
forms of dengue have been elucidated in this review.
It is extremely crucial to have an integrated
understanding of the mechanisms underlying the
pathology of the disease and the contribution of
immune system of host itself in its severity; in order
to evaluate their role to develop therapeutics for
treatment of disease.
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