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Macrophage & dengue virus: Friend or foe?
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The cells of monocyte-macrophage (Mf) lineage play important roles both in innate and adaptive
immune responses. They are the first line of defence in body and their job is to phagocytose a
foreign invader, the pathogen, digest it and remove it. Mf help body in mounting the antigen-
specific immune response by presenting the digested pathogen antigen in conjunction with major
histocompatibility complex (MHC) class II molecules to recruit B and T lymphocytes response.
Usually Mf succeed in their job of eliminating most pathogens from the body but sometimes the
pathogen strikes a “friendship” with them and starts using them for its benefit. A number of
pathogens, including dengue virus (DV), subvert Mf and use them for their replication, increasing
the severity of damage to the body. This duality may be related to the fact that Mf serve as efficient
host cell for DV replication, in addition to being responsible for innate immunity and for initiating
adaptive immune responses. This review gives a brief overview of the various roles of Mf (enmity
and friendship) during dengue virus infection.
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Dengue is a mosquito-borne virus infection, found
in tropical and sub-tropical regions around the world,
predominantly in urban and semi-urban, and now in
rural areas also. Dengue is caused by four distinct
viruses (serotypes 1 to 4) that are closely related
antigenically. Humans are the main amplifying host
of the virus. Recovery from infection by one serotype
provides long lasting immunity against that serotype
but confers only partial and transient protection
against subsequent infection by the other three. It
has been suggested that sequential infection increases

the risk of more serious disease resulting in dengue
haemorrhagic fever (DHF). The prevalence of dengue
has grown dramatically in recent decades. The
disease is now endemic in more than 100 countries
in Africa, the Americas, the Eastern Mediterranean,
Southeast Asia and the Western Pacific. Southeast
Asia and the Western Pacific are most seriously
affected. Some 2500 million people, two fifths of
the world’s population are now at risk from dengue.
As per WHO’s current estimates there may be 50
million cases of dengue infection worldwide every
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year. During epidemics of dengue, attack rates among
susceptibles are 40 to 90 per cent. An estimated
500,000 cases of DHF require hospitalization each
year, of whom a very large proportion are children1-3.
DHF has been classified into four grades on the basis
of the clinical presentation and laboratory findings;
the mildest is grade I and the most severe is grade
IV. The characteristic features of DHF are increased
capillary permeability without morphological
damage to the capillary endothelium, altered number
and functions of leucocytes, increased haematocrit
and thrombocytopaenia. Extensive plasma leakage
in various serous cavities of the body including the
pleura, pericardium and peritoneal cavities in DHF
grades III and IV may result in profound shock, the
dengue shock syndrome (DSS). Today DHF affects
most Asian countries and has become a leading cause
of hospitalization and death among children in
several of them. At present, there is no specific
therapy available for DHF. Appropriate symptomatic
treatment has been successful in reducing the
mortality of DHF4-6.

Macrophages are part of the innate immune system
and are derived from monocytes which grow in the
bone marrow. They enter the bloodstream, circulate
all over the body and  squeeze through the endothelium
into tissues. Once in the tissues, they are called
macrophages. Some monocytes differentiate into
specialized cells such as dendritic cells (DC),
Langerhans cells (LC), Kupffer’s cells (KC) or
microglia, etc. (Table I). The term ‘Mf’ has been used
for this group of cells unless specified. The main role
of these cells is in providing the first line of defence
as innate immune response. Mf ingest the pathogens,
digest them and present their antigens with major
histocompatibility complex (MHC) class II molecules
on their cell membranes to B lymphocytes and T cells
to generate antigen-specific immune response. Mf
again come into play as they opsonize the virus or the
cells with antibodies attached to control and eleminate
the virus. Mostly Mf succeed in their job of
eliminating a pathogen from body but sometimes the
pathogen strikes a friendship with them and starts
using them for its benefit. A number of pathogens,

including dengue virus (DV), subvert Mf and use them
for their replication increasing severity of the damage
to body8,17,18. The extent of DV replication during the
early periods of infection may determine clinical
outcomes, that may be from asymptomatic infection
to febrile illness, dengue fever (DF), to life-threatening
disease, DHF/DSS. The impact of DV infection on
innate immunity may be the determining factor. The
cells of macrophage-lineage, interstitial DC and LC
constitute the first line of the innate host defense
against invading DV in skin where it replicates after
the initial bite by infected mosquito. Early activation
of natural killer (NK) cells and type-I interferon-
dependent immunity may limit viral replication at the
early stages of DV infection. The ability of infecting
DV to counter the innate antiviral immunity might
account for differences in clinical outcome and the
virulence observed between different viral strains. This
review gives a brief overview of the various roles of
macrophages (enmity and friendship) during DV
infection.

Macrophage

Macrophages the “big eater” cells, are found in
tissues and are responsible for phagocytosis of
pathogens, dead cells and cellular debris. Mf are
large cells with a round or indented nucleus, a well-
developed Golgi apparatus, abundant endocytotic
vacuoles, lysosomes, and phagolysosomes, and a
plasma membrane covered with ruffles or microvilli.
Activation alters the morphology and functional
activity of Mf so that they become avidly phagocytic.
It is initiated by cytokines, such as the Mf activation
factor (maf) and the Mf migration-inhibitory factor
(mmif), immune complexes, c3b, and various
peptides, polysaccharides, and immunologic
adjuvants.The Mf colony-stimulating factor is a
glycoprotein growth factor that causes the committed
cell line to proliferate and mature into Mf. Due to
their role in phagocytosis, Mf are involved in many
diseases of the immune system, participating in the
formation of inflammatory lesions. When fighting
viruses, Mf are dispatched to the site. However, until
the killer T cells for the  virus are formed, the Mf do
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more damage than help. They not only destroy cells
infected with the virus, but also destroy several
surrounding non-infected cells8,17,18.

Macrophage functions during DV infection

During DV infection in mice the number of Mf
is reduced in the spleen and peritoneal cavity and
several functions are depressed. These include
depressed phagocytic activity and reduced migration
on a glass surface of splenic and peritoneal-cavity
Mf19. Fc-receptor-mediated attachment and ingestion
of opsonized sheep erythrocytes (EA) by the Mf of
spleen and peritoneal cavity are also adversely
affected during DV infection in mice. A loss in the
capacity to attach and ingest EA is noted, the lowest
values of attachment index (AI) and phagocytic index
(PI) being reached on day 4. At later periods the AI
values increase but continue to be significantly less
than those in uninfected control mice. The PI values
continue to be lower throughout. The dichotomy
between the Fc-mediated attachment and ingestion
may be a mechanism for prevention of virus infection
of Mf8. DV infection induces production of a
cytokine, the cytotoxic factor (CF). Many defects in
Mf functions in DV infection have been shown to

be mediated by production of the virus-induced CF.
Mice given CF intravenously show a rapid fall in
total numbers of peritoneal and spleen cells. The
number of cells  in the peritoneal cavity recover in
48 h but recovery in the spleen is not significant.
The capacity of the splenic and peritoneal Mf to
attach and ingest opsonized sheep erythrocytes is
significantly reduced, the lowest values of AI and PI
being observed within 2-3 h. At later periods the AI
values increase markedly but the PI values remain
depressed. The effect is dose-dependent. The effect
on Fc-receptor functions of Mf in DV-infected mice
thus appears to be mediated through CF20.

Role of macrophage in replication of DV

Mf are the principal cells to replicate DV8. The
efficiency of DV replication by Mf is higher than that
of peripheral B-lymphocytes but is lower than that of
human lymphoblastoid cell lines. Mitogen-treated and
untreated Mf replicate DV equally well. Unstimulated
peripheral lymphocytes inoculated immediately after
isolation adsorb DV but do not support its replication21.
It has been suggested that DV can infect Mf through a
trypsin-sensitive virus receptor or through a trypsin-
resistant Fc receptor22. The first encounter of the virus

Table I. Characterstics of macrophage and its lineage cells*

Macrophage cells Dendritic cells Langerhans cells Microglia Kupffer’s cells

Phagocytosis Yes Yes Yes Yes Yes

MHC II antigen Yes Yes Yes Yes Yes

Fc-receptor Yes Yes Yes Yes Yes

C3-receptor Yes No Yes Yes ?

Acid phosphatase Yes No Yes Yes Yes

Esterase Yes No Yes No Yes

ATPase Yes Yes Yes Yes Yes

Endogenous peroxidase Yes No No No Yes

CD14 Yes Yes Yes Yes Yes

Entry of DV Yes Yes Yes Yes Yes

Production of DV Yes Yes Yes Not known No

References# 8, 9 10,11 11, 12 13, 14 15, 16

*Modified from Chaturvedi et al7

#Only selected references are cited here
DV, Dengue virus; MHC, major histocompatibility complex
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with the host may be through binding to attachment
receptors, such as the C-type lectins DC- and L-SIGN,
which may play an important role in infection with a
large number of enveloped viruses by capturing,
concentrating and transmitting infectious virions. Once
a virus reaches its target cell, a cascade of events
generally starting with the interaction of viral envelope
glycoproteins with specific entry receptors and co-
receptors is necessary in order to trigger the virus-cell
membrane fusion. DV enters Mf through a virus
receptor or the Fc-receptor as an immune complex.
Schlesinger and Chapman23 have reported that the FcgRI
extracellular domain is sufficient for internalization of
infectious DV immune complexes through a mechanism
that does not involve classical immunoreceptor
tyrosine-based activation motif-dependent signaling.
Moreno-Altamirano et al24 have described putative
receptors for DV in primary cultures of human Mf
while Reyes et al25  have shown that heat shock protein
90 (HSP90) and HSP70 act as a receptor complex in
human cell lines and in Mf. Further, both HSPs are
associated with membrane microdomains  in response
to DV infection and cholesterol-rich membrane
fractions are important in DV entry. Marovich et al10

have shown that immature DC are most permissive for
DV infection and may be early targets for infection.
Human skin DC and LC are  permissive for DV
infection but blood-derived DC are 10-fold more
permissive for DV infection than monocytes or
macrophages12. DV effectively penetrates KC, but the
infection does not result in any viral progeny15. The
interstitial CD14+ cells in skin are permissive to DV
and may contribute to an antiviral immune response9.
DV can infect and persist in human haematopoietic cells
and alter their proliferative capacity26. Pryor et al27

studied the association of disease severity with
replication of DV isolates from Asia or America in Mf
and also the constructed recombinant DV with
substitutions at residue 390 in the envelope glycoprotein
(E390). The American strain does not replicate as well
as the two Asian strains. For the recombinant viruses,
substitution of Asn (Asian) at E390 with Asp
(American) results in decreased ability to replicate in
Mf. This indicates that the lack of association of native
American DV-2 strains with severe disease is linked to

reduced ability to replicate in Mf, and that Asp at E390
may contribute to this reduction. Using human Mf and
DC, it has been demonstrated that the chimeric DV
containing the E mutation has a lower virus output
compared to the parental infectious clone. A larger
reduction in virus output is observed for the triple
mutant and the wild type, American genotype virus from
which chimeric inserts are derived. It appears that the
three changes function synergistically, although the E
mutation alone gives a lower output compared to the
5'- and 3'-terminal mutations28. These changes may be
responsible for decreased DV replication in human
target cells and for virulence characteristics during
infection. Ultrastructural analysis of early interaction
of DV and Mf shows cell apoptosis and absence of DV
replication that may abort infection29. Ho et al30 have
examined the effects of interferon (IFN)-a and IFN-g
in DV infection of DC and have shown that the pre-
infection treatment with either IFN-a or IFN-g
effectively arms DC and limit viral production in
infected cells. After infection, DV develops
mechanisms to counteract the protection from lately
added IFN-a, but not IFN-g. This correlates with
downregulated tyrosine-phosphorylation and DNA-
binding activities of STAT1 and STAT3 transcription
factors by DV. Moreover, DV infection by itself can
activate STAT1 and STAT3 through IFN-a-dependent
and both IFN-a-dependent and IFN-a-independent
mechanisms, respectively30. Shresta et al31 have
demonstrated that IFNR-dependent control of primary
DV infection involves both STAT1-dependent and
STAT1-independent mechanisms. The STAT1 pathway
is necessary for clearing the initial viral load, whereas
the STAT1-independent pathway controls later viral
burden and prevents dengue disease in mice. The
STAT1-independent responses in mice with primary
DV infection include the early activation of B and NK
cells as well as the upregulation of MHC class I
molecules on Mf and  DV.

Antibody-dependent enhancement of DV
replication

Halstead and col leagues were the f irst to
suggest an association of increased risk for DHF
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with a secondary DV infection32-34. This hypothesis
has been supported in several studies with DV
outbreaks in Southeast Asia and Cuba35-37. Passive
transfer of antibody against DV increases virus
titres in nonhuman primates38. In epidemic areas
where DHF is associated with prior circulation of
low level monotypic antibody, severe dengue
disease could represent ant ibody-dependent
enhancement (ADE) of  infection of human Mf39.
A positive correlation between peak DV titres and
disease severi ty in humans has been
demonstrated40,41 supporting the in vivo importance
of ADE. This supports the hypothesis that the
severity of dengue in humans is regulated by non-
neutralizing antibody38. The phenomenon of ADE
of viral replication is not unique to DV, and may
have far wider relevance in other viral infections
also42 . DV production is enhanced in cultures of
Mf pretreated with phytohaemagglutinin (PHA) or
bacterial lipopolysaccharide (LPS) while treatment
with concanaval in A has l i t t le ef fect43.
Enhancement of DV infection has been reported
by treatment of a mouse Mf cell line Mk1 with
pokeweed mitogen either before or during but not
after virus inoculation. The infection enhancement
is primarily due to an increase in the number of
DV-infected cells but not to increased virus
production in a cell44. Lipophilic derivatives of
muramyl peptides have similar effect45. On the
other hand, Chen et al46 have reported that LPS
markedly suppresses DV infection of primary
human Mf when it is added to cultures prior to or
together with, but not after, viral adsorption. It is
suggested that LPS blocks DV entry into human
M f via i ts receptor CD14 and that a CD14-
associated cell surface structure may be essential
for the initiation of a DV infection46. Treatment of
Mf with carrageenan, a specific Mf blocking
agent, markedly suppresses DV production43.
Nitric oxide also inhibits DV replication in mouse
neuroblastoma cells in a dose and a multiplicity
of infection dependent manner. The mechanism of
inhibition is suppression of the RNA production,
which correlates to production of the infectious
particles47.

Presentation of DV-antigen by macrophage

DV-infected Mf present DV antigen to B cells in
vitro and in vivo, leading to their clonal expansion
as shown by counting the virus-specific IgM antibody
plaque-forming cells (PFC). The PFC response
depends upon the number of DV-infected Mf.
Superimposition of a heterologous antigen
(Coxsackie B4 virus; CoxB) in a Mackaness type of
experiment (simultaneous stimulation by two
antigens) depresses the capacity of Mf to present
both the homologous as well as heterologous
antigen48. Live Mf are obligatory for DV antigen
presentation to B-lymphocytes. Heat-killed or
glutaraldehyde-fixed Mf do not present the DV
antigen. Pre-treatment of Mf with the lysosomotropic
compounds, ammonium chloride and chloroquine
inhibit the antigen presentation. It is shown that even
for presentation to B cells the DV antigen must be
processed by Mf by a trypsin-like protease49. The
results have also identified the serine group of
proteases as the main enzymes involved in processing
the DV antigen in Mf50. Further, if given
simultaneously, the competition between DV and
CoxB for antigen presentation to B cells occurs in
Mf at the level of antigen processing51.

In the natural infection, DV is introduced into
human skin by an infected mosquito vector where it
is believed to target immature DC and LC. On
intradermal (i.d.) injection of DV, LC increase in
numbers within 24 h at the site of injection.
Subsequent re-challenge by the i.d. route produces
an even more rapid serological response. A
significant sharp drop in LC densities in the early
post-injection phase directly correlates with the
increased numbers of DC in the superficial dermis
and interfollicular sinuses of draining lymph nodes52.
Further, the appearance of endosomes in LC
highlights the mode of antigen processing by the
endocytic pathway53. DC plays a central role as major
targets of DV infections and initiators of antiviral
immune responses acquiring the capacity to promote
cell-mediated immunity. However, separate
evaluations of the maturation profiles of infected and

CHATURVEDI et al: DENGUE VIRUS & MACROPHAGE 27



uninfected bystander cells show that infection
impairs the ability of DC to upregulate cell surface
expression of co-stimulatory, maturation, and MHC
molecules, resulting in reduced T-cell stimulatory
capacity. Infected DC does not respond to TNF-a as
an additional maturation stimulus and are apoptotic.
Interleukin-10 (IL-10) is detected in supernatants
from cultures of DV-infected DC and co-cultures of
DC and T cells54. This indicates an immune evasion
strategy used by DV that directly impairs antigen-
presenting cell function by maturation blockade and
induction of apoptosis. Lozach et al55 have reported
that the interactions between DV E protein and the
C-type lectin DC-specific intercellular adhesion
molecule 3-grabbing non-integrin (DC-SIGN) are
essential for DV infection of DC. Binding of
mannosylated N-glycans on DV E protein to DC-
SIGN triggers a rapid and efficient internalization
of the viral glycoprotein. They observed that
endocytosis-defective DC-SIGN molecules allow
efficient DV replication, indicating that DC-SIGN
endocytosis is dispensable for the internalization step
in DV entry. This indicates a mechanism by which
DC-SIGN enhances DV entry and infection.

Cytokine production by macrophage

Cytokines are low molecular weight, soluble
proteins that are produced in response to an antigen
and function as chemical messengers for regulating
the innate and adaptive immune systems. They are

produced by virtually all cells involved in innate and
adaptive immunity. The activation of cytokine-
producing cells triggers them to synthesize and
secrete their cytokines. The cytokines, in turn, are
then able to bind to specific cytokine receptors on
other cells of the immune system and influence their
activity in some manner. Cytokines are pleiotropic,
redundant, and multifunctional and two different
cytokines may be antagonistic or synergistic in their
function. Cytokines that are produced primarily by
macrophages regulate innate immunity. These are
produced primarily in response to pathogen-
associated molecules and mostly act on leucocytes
and the endothelial cells to promote and control early
inflammatory responses. The cytokines include
tumour necrosis factor (TNF), IL-1, IL-6, IL-10, IL-
12, IL-15, IL-18, interferon-alpha (IFN-a), IFN-b,
transforming growth factor-beta (TGF-b) and
chemokines like IL-8, macrophage inflammatory
protein (MIP)-1a, MIP-1b, MCP-1, MCP-2, MCP-
3, RANTES, etc56-59.

Cytokines produced by macrophages in patients
with dengue

The most significant finding reported for the first
time on patients with DHF during 1996 was the shift
from the predominant helper T cell type 1 (Th1)
response observed in cases of DF to the Th2-type in
severe cases of DHF grade IV. As the severity of the
illness increases the response shifts to Th2-type in

Table II.  Cytokines secreted by macrophages in patients with dengue

Cytokine Dengue fever Dengue haemorrhagic fever References

Interleukin-1b No change No change 60-63

Interleukin-6 Increased Marked increase 56, 58, 60, 64-66

Interleukin-8 Decreased Marked increase 58, 66, 67

Interleukin-10 Decreased Marked increase 56,58, 68

Interleukin-12 Marked increase Decreased 58, 69

Interleukin-18 Increased Marked increase 58, 70, 71

Tumour necrosis factor-a Marked increase Marked increase 56, 58, 60-63, 65, 72

Transforming growth factor-b Decreased Marked increase 58, 63, 73

Cytotoxic Factor-2 Increased Marked increase 58, 59, 74-76

Macrophage inflammatory protein-1a,-1b Present Present 77

Other cytokines that are important in dengue disease are  IL-2, IL-4, IL-13, IFN-g and cytotoxic factor but are not produced by
macrophages
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majority of the cases with DHF grade IV56.  Most of
these cytokines are secreted by Mf in patients with
dengue disease (Table II). IL-12 has a profound effect
on the upregulation of Th1 cells while its absence
shifts the balance towards Th2-type cytokines. IL-12
has been associated with clearance of virus, host
recovery and protection in a large number of viral
infections78. Elevated levels of IL-12 are seen in the
patients with milder dengue il lness (DF) and
complete absence in the patients with DHF grades
III and IV69. Thus, IL-12 may play a role in preventing
the severe dengue disease by maintaining the Th1-
type response. If this is true, IL-12 therapy may have
profound beneficial effect on the outcome of severe
dengue disease58. Increased levels of IL-8 in the sera
and IL-8-mRNA in the peripheral blood mononuclear
cells (PBMC) are associated with the increasing
severity of DHF and death of patients. It has been
suggested that presence of high levels of IL-8 may
be a useful indicator of serious outcome of the dengue
illness67. Further, the severity of disease and the
duration of illness are correlated with the levels of
TGF-b1, i.e., the maximum levels of TGF-b1 are
detected in patients with DHF grade IV73. Serum IL-6
concentrations are higher in patients with DHF
and dengue shock syndrome56,79. IL-6 is produced
mainly by mast cells and endothelial cells. It is an
endogenous pyrogen that also increases endothelial
cell permeability. Endothelial cells also produced IL-
8, having potent proinflammatory and
chemoattractant activity80. Activated neutrophils
release proteinases such as elastase, which may
facilitate neutrophil mediated endothelial injury, and
activate the complement, coagulation, and
fibrinolytic systems. Since increased levels of serum
IL-8 and elastase are found in patients with severe
infections, they may have an important role in
pathogenesis of dengue infections67,79.

Cytokine production during DV infection in vitro

After DV infection, the in vitro-differentiated
macrophages secrete multiple innate cytokines
and chemokines, including TNF-a, IFN-a, IL-1
b, IL-6,  IL-8, IL-12, MIP-1a, and RANTES. DV

induces a predominant  Th1- type cytok ine
response during the first three days of infection
of human PBMC cultures that is replaced by a
Th2-type response later57. Medin et al81 have
indicated a role for the DV NS5 protein in the
induction of IL-8 by DV infection. In addition,
DV replication in Mf is enhanced and prolonged
in the presence of  LPS, and LPS-mediated
synergistic production of IFN-a is seen82. The
LPS-mediated enhancement of virus replication
and synergistic IFN-a production suggests that
concurrent bacterial infection may modulate
cytokine-mediated disease progression during DV
infection. DV infection of human KU812 or
HMC-1 human mast cell-basophil lines results in
elevated levels of secreted RANTES, MIP-1a,
and MIP-1b, but not IL-883. These results may
suggest a role for mast cells in the initiation of
chemokine-dependent host responses to DV
infection. High MIP-1a levels induced in DV
infected cord blood mononuclear have been
suggested to be the growth inh ib i tor  of
haematopoietic progenitor84. MIP-1a and MIP-1b
have been induced by infection with DV in a
myelomonocytic cell line, as well as in peripheral
blood mononuclear cells isolated from a dengue
naive donor. Expression of MIP-1 genes has been
shown in patients with dengue disease77. Carr et al85

have shown that supernatants from DV-infected Mf
contain factors that increase human umbilical vein
endothelial cell permeability, but this is not
accompanied by endothelial cell infection. Moreno
et al86 analyzed the gene expression of different
chemokines, cytokines, adhesion molecules,
chemokine and cytokine receptors, as well as
cytokine-related molecules in an in vitro DV
infection of human Mf. Transcripts for IL-8, IL-1b,
osteopontin, GRO-a, -b and -g, I-309, and some other
molecules are upregulated upon infection, whereas
others such as MIC-1, CD27L and CD30L, are
downregulated. This pointed out 25 Mf-expressed
cytokine-related genes that could be relevant in DV
pathogenesis86.
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Role of macrophage in DV-specific cytokines

During DV infection several cytokines are
produced that are unique to dengue and have not been
described in any other virus infection. These include
the cytokines of the cytotoxic pathway and the
suppressor pathway as discussed below. Besides
producing one of these cytokines, Mf play an
important role in transmission of cytokine signal
amplifying the effects of cytokines.

Role of macrophage in cytotoxic pathway in
dengue

As reviewed by Chaturvedi et al87 a unique cytokine,
cytotoxic factor (CF) is produced by CD4+ T cells
during dengue virus infection of mice and man. The
aminoterminal sequence of CF has no homology with
any of the known proteins or cytokines. CF selectively

kills CD4+ T cells and H-2A- Mf and induces H-2A+

Mf to produce another cytokine, the Mf cytotoxin
(CF2) that amplifies the effect of CF (Fig. 1). The CF
purified from the sera of DHF patients, when inoculated
into mice increases capillary permeability and damages
the blood-brain barrier indicating its role in
pathogenicity.  CF and CF2 appear to be pathogenesis-
related proteins, capable of reproducing DHF-like
pathological lesions in mice, such as increased capillary
permeability, cerebral oedema, and blood leukocyte
changes87. Receptors for CF2 (CF-2R) have been
identified on different cells besides the Mf88,89. Majority
of the patients with dengue show the presence of CF in
their sera, with peak amounts in the most severe cases
of DHF grade IV. Peripheral blood mononuclear cells
of such patients cultured ex vivo show production of
CF by CD4+ T cells90. The production of CF precedes
the clinical illness in mice and man. The DHF-like
pathological lesions produced by CF/CF2 can be

Fig. 1. Dengue virus (DV)-induced cytotoxic pathway. DV replicates in macrophages (Mf) and recruits CD4+ T cells  (TCF) which

produce the cytotoxic factor (CF). CF induces H2-A+ Mf to produce another cytokine the Mf cytotoxin (CF2). CF/CF2 induce

production of free radicals that damage H2-A- Mf and helper T cells.
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prevented by pre-treatment of mice with the anti-CF
antibodies.  Further, active immunization of mice using
CF as antigen protects them against subsequent
challenge with CF. Challenge of such mice with a lethal
intracerebral dose of DV results in death without
appearance of clinical symptom of the disease91. Further,
highest levels of CF-autoantibodies are seen in sera of
patients with mild illness (DF) while the levels decline
sharply with the development of DHF and the levels
are lowest in patients with DHF grade IV. This suggests
that higher levels of CF-autoantibodies protect the
patients against the development of DHF and may be
used as a prognostic indicator92. Thus, DV replicates in
Mf and induces quickly the CD4+ T cells and then Mf
to produce a unique cytokines, CF/CF2 that induce Mf
to produce free radicals, nitrite, reactive oxygen and
peroxynitrite93-96. The free radicals, besides killing the
target cells by apoptosis also directly upregulate
production of proinflammatory cytokines IL-1b,
TNF-a, IL-8, and hydrogen peroxide in Mf. The change

in relative levels of IL-12 and TGF-b shifts a Th1-
dominant response to a Th2-biased response resulting
in an exacerbation of dengue disease and death of
patients (Fig. 2). The vascular permeability is increased
due to the combined effect of histamine, free radicals,
proinflammatory cytokines and the products of the
complement pathway, etc58. Thus the key player appears
to be CF/CF2, but their activity is regulated by CF-
autoantibodies92.

Role of macrophage in suppressor pathway in
dengue

DV-infected mice develop DV antigen-specific
immunosuppression, which has been shown to be
mediated by a cascade of three generations of
suppressor T cells (TS) and their secretary soluble
suppressor cytokines (SF) with in between Mf
transmitting the signals (Fig. 3). DV-infected Mf
transmit the signal to recruit TS1 cells, which secrete
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lines, inhibition.



a suppressor cytokine, SF1. The suppressor signal
of SF is transmitted via live syngeneic Mf to recruit
a second subpopulation of suppressor T cells (TS2),
which produce another soluble, prostaglandin-like
suppressor cytokine (SF2). Acting via Mf, the SF2
induces production of a third subpopulation of
suppressor T cells (TS3), which suppresses humoral
immune response in an antigen-specific and
genetically restricted manner via action on B cells
and T helper cells87,97-106. Suppression of enhancing
antibody by the suppressor pathway would be
beneficial to body as ADE mediated DV replication
is prevented. On the other hand, suppression of
neutralizing antibody would delay elimination of DV
from the body.

Role of macrophage in transmission of DV-specific
cytokine signal

Cytokines transmit their signal via receptors on
target cells. The receptors studied for  DV-induced
cytokines are presented in Table III. The study

undertaken to investigate the intermediary role of Mf
in transmission of signal from TS1 to TS2 showed
that  live syngeneic macrophage adsorb SF and
transmit the signal to naïve T cells to recruit TS2. It
is not possible with killed Mf or in absence of live
Mf98. Further, transmission of suppressor signal from
SF-adsorbed Mf to lymphocytes occurs only by
physical contact of the plasma membranes of the
interacting cells and not if they are separated by cell-
impermeable membranes99. Pre-treatment of Mf with
the calcium channel blockers that block the influx of
calcium inhibits transmission of the suppressor signal
from TS1 to TS2 cells in a dose-dependent manner.
Presence of calcium ion is obligatory for the
transmission of the suppressor signal107. Similarly,
nitric oxide (NO) also serves as an intracellular signal
in transmission of suppressor signal in Mf106.

SF is composed of two polypeptide chains (a and
b)108. Scatchard analysis showed the presence of both
high and low affinity SF receptor sites (SF-R) on Mf.
SF-R purified from normal mouse peritoneal Mf is
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Fig. 3. DV-induced suppressor pathway. A sequential generation of three subpopulations of  suppressor T cells (TS) occurs with
production of soluble suppressor factor (SF) by each TS subpopulation. The signal to recruit the next subpopulation of TS is transmitted
by live syngeneic Mf. It leads to suppression of DV-specific antibody production and the helper T cells (Th).



composed of two polypeptide chains (a and b), which
are obtained in pure form by high performance liquid
chromatography (HPLC) of dithiothreitol- and
iodoacetamide-treated SF-R102. Both high and low
affinity receptors are present on T and B cells104.
Both, the a and b-chains of SF purified by HPLC,
bind to Mf, but only a-chain binds to SF-R protein
while the b-chain of SF binds to H-2A determinants
on Mf103. SF binds to both high and low affinity SF-
R on Mf and that bound to high affinity receptors
are internalized through receptor-mediated
endocytosis. Pre-treatment of Mf with anti-SF-R-
antiserum and didansylcadaverine, a potent inhibitor
of endocytosis inhibits this. Internalized SF is
degraded by lysosomal activity and is transported to
a site other than SF-R on Mf membrane for
recruitment of TS2 cells. As SF requires binding to
H-2A and SF-R for mediation of suppression, the
binding of H-2A occurs with degraded SF within the
cell. Thus, SF is internalized, degraded and binds to
H-2K antigen before its recognition by native T
cells105. The helper T cells (Th) generated in  DV
infection of mice produce a soluble helper cytokine
(HF), which enhances the clonal expansion of DV-
specific IgM antibody plaque forming cells (PFC).
A study undertaken to investigate the mechanism of
transmission of the helper signal from Th and HF to
B cells showed that Th can transmit the helper signal

to B cells by direct cell to cell contact, but HF cannot
do so in absence of live Mf. HF has two polypeptide
chains and both of these bind to Mf. HF remains on
the surface of Mf and can be retrieved completely
by contact with B cells for 40 min109,110.

Role of macrophage in production of free radicals
in DV infection

CF/CF2 induce Mf of mice to produce superoxide
anion (O2-), hydrogen peroxide (H

2
O

2
) and nitrite

(NO) in vitro and in vivo. It has been shown that the
cytotoxic activity of CF/CF2 is mediated via these free
radicals, possibly  by generation of peroxynitrite93-96.
NO and Ca2+ also serve as intracellular signal in
transmission of DV-induced suppressor signal by Mf
to T cells107 (Fig. 2). Rodriguez111 has discussed
evidences that link NO with the pathology of the severe
dengue disease. Ray et al112 have reported alterations
in the antioxidant status in the patients with acute
dengue illness. DV is capable of inducing increased
levels of NO when co-cultured with human KC and
spleen cells. Increased levels of NO are found in
patients with DF and not in patients with DHF. In vitro
studies show no increase in  levels of NO when human
platelets are incubated with DV. In a patient with DF
an increase in levels of NO may be an indicator of the
evolution from the nonhaemorrhagic to the

Table III.  Receptors on macrophage for DV-specific cytokines

Cytokine Number of receptors/ Number of chains Number of chains Sites of binding of References
cell (affinity) in cytokine in receptor cytokine on cells

Supressor factor M: 54,000 (HA) a chain a chain SFa: SFR 102-105

(SF) M:1.78x106(LA) b chain b chain bSFb: H-2A

T: 35,000 (HA)

T: 0.72x106(LA)

B: 16,000 (HA)

B:0.33x106(LA)

Helper factor Present on M a chain a chain HFa+AG 109,110,

(HF) and B,Number b chain b chain HFb+H-2A 117-119

not known

Macrophage M: 1.1x 106 (IF) Not known Not known Binds ot M and T 88,89
cytotoxin (CF2) T: 22,000 (HA)

AG, DV antigen; M, macrophage; T, T lymphocyte; B, B lymphocyte; HA, high affinity receptor; LA, low affinity receptor;
IF, intermediate affinity receptor; SFR, receptor for SF
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haemorrhagic forms of dengue113. NO is well known
for inhibiting viral dissemination. Charnsilpa et al47

have reported that NO from exogenous NO donor
downregulates replication of DV and it is at the level
of viral RNA and protein synthesis. This indicates that
NO may serve as a defense, which diminishes viral
load in patients. In DV infection endothelial cells
undergo apoptosis via the mitochondria-dependent
pathway that is regulated by NO production114. The
results of Jan et al115 indicate that DV infection of
human neuroblastoma cells triggers an apoptotic
pathway through phospholipase A (2) activation to
superoxide anion generation and subsequently to NF-
kappaB activation. This apoptotic effect can be either
directly derived from the action of arachidonic acid
and superoxide anion on mitochondria or indirectly
derived from the products of apoptosis-related genes
activated by NF-kappaB.

Differences in host susceptibility to infectious
disease and disease severity cannot be attributed
solely to the virulence of the virus. Variations in
immune response, often associated with
polymorphism in the human genome can be detected.
The data concerning the influence of human genes
in  DF and DHF have been  discussed in a recent

review116 showing the associations between HLA
polymorphism and dengue disease susceptibility or
resistance; protective alleles influencing progression
to severe disease; alleles restricting CD4+ and CD8+
T lymphocytes and non-HLA genetic factors that may
contribute to DHF evolution, e.g., genes influencing
various cytokines production and Mf functions
during DV infection116. Table IV summarizes the role
of macrophages in DV infection.

Conclusions

The ideal situation would be that the invading
virus is ingested, digested and eliminated by Mf. In
the case of DV, in addition to these functions
spanning the spectrum of innate and adaptive immune
responses, Mf also serve as the host cells for efficient
replication of DV, complicating the immune
functions. A successful challenge to virus infection
requires that a balance is achieved between the
induction of efficient anti-viral effector mechanisms
and the avoidance of detrimental tissue damage. The
sensor of infectious invasion in innate immune
system is Toll-like receptor (TLR), while Mf get
signals via the Jak-Stat pathway [Janus kinase (Jak)-
signal transducer and activation of transcription

Table IV.  Beneficial and harmful effects of macrophages during DV infection

Functions of Mf Beneficial effects Harmful effects

Innate immune Phagocytosis, ingestion, digestion and elimination of Replication of DV; killing of healthy
response DV; Activation of Mf;  Killing of DV-infected cells; cells in the neighbourhood of infection;

Secretion of cytokines that inhibit virus replication Depression of Mf functions

Adaptive immune DV antigen presentation to B and T lymphocytes to Replication of DV;
response generate specific immune response; cytotoxic T Cytotoxic T lymphocytes may cause

lymphocytes kill DV-infected cells extensive tissue damage

Cytotoxic pathway Production of anti-CF-antibody  neutralizes CF Killing of Mf and Th cells;
Increased capillary permeability leading to
haemorrhage, oedema and shock

Suppressor pathway Suppression of enhancing antibody (no ADE) Suppression of neutralizing antibody

Cytokines Generation of Th1-type response; IL-12; IFN-g Generation of Th2-type response;
IL-6, IL-8, TGFb1; suppression of IFN-a

Free radicals May restrict virus replication Apoptosis of cells; Increased  capillary
permeability

ADE, antibody dependent enhancement of DV replication; CF, cytotoxic factor; IL, interleukin; Mf, macrophage; Th, helper T cells
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(Stat) pathway] for activation or inhibition. Key to
the control of viral infections is  IFN-g which depends
on functional Stat1 signal transduction. Stat3
signaling is activated by a range of cytokines,
including IL-10, IL-6 and IL-27. Recent progress in
understanding the regulation of Mf function in
infection by Stat-activating cytokines, their receptors
or signaling components indicate the importance of
the Stat-pathway in the control of infection and
immunopathology. With the advances in genomics
and availability of newer technology it may be
possible to define the molecular mechanisms of Mf
activation and depression. It may now be possible in
near future to characterize the target genes and
identify the molecular mediators that may inhibit
subversion of Mf by viruses (and intracellular
pathogens) and control tissue destruction.
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