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Dimorphism in response of sexes to dengue infection modifying
course and outcome of disease
Rajan Joseph Payyappilly1, Usha Karunakaran2, Deepa Adilat3
Abstract:
Introduction: Sexes respond differently to infection, which further is modified by the ‘stage of life
cycle’ they belong to.
Materials and methods: We studied a cohort of patients admitted in our hospital diagnosed with
dengue during the year 2014-2015 and found significant dimorphism in response of males and
females in different age categories to infection; this appeared to modify the disease process from
infection to progression/outcome.
Results: Females in reproductive age category were found to be more inclined to developing
uncomplicated dengue (DF). Severe dengue was found to occur in males and females past middle age
– males appearing to be more prone to developing complications. Possible reasons based on available
knowledge are discussed.
Conclusions: Dimorphism in response to infection in the sexes in different stages of their lifecycle
was found to modify disease process from infection to progression and outcome of dengue.
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Introduction:
Dengue is the most common vector borne
disease affecting man. About 40% of the
world's population is living in areas
endemic for the disease, with ~ 390
million established cases, more than 100
million infections occurring every year - 1
in 2000, resulting in death.1
The disease may range from a self limited
febrile illness to classical Dengue Fever
(DF) with high pyrexia and severe joint
pain or may proceed to 'Severe Dengue',
with thrombocytopenia
and vascular
leakage- Dengue Hemorrhagic Fever
(DHF) and circulatory collapse- Dengue
Shock Syndrome (DSS).2,3
Dengue virus (DENV) is a flavivirus
belonging to family Togaviridae. It is a
50nm enveloped virus with an icosahedral
capsid in T4 symmetry, enclosing a 11kbp
single stranded positive sense RNA
genome, coding for envelope proteins (E
and M/ PreM) and non-structural proteins
(NS1, NS2a, NS2b, NS3, NS4a, NS4b and
NS5)4. There are four serotypes of the
virus, DEN-1, DEN-2, DEN-3 and DEN-4,

with ~ 60-65% genomic sharing between
them. The latter is responsible for
serological cross reactions between the
serotypes.5,6
The antibodies may even 'cross protect'
during initial period, until class switch
occurs from IgM to IgG, which whereas
confers
lifelong
immunity against
homologous type, can only bind, but are
unable
to
neutralize
heterologous
serotypes. This forms the basis of
'Antibody
Dependent
Enhancement'
(ADE) leading to DHS/DSS, during
secondary infection with a different
strain.7,8
Aedes aegypti is the primary vector of
DENV. Aedes albopictus, albeit its wider
distribution and better survival, has only a
secondary role to the former- a matter of
vector compliance, than compatibility per
se.9 Humans and mosquitoes are only
known hosts for the virus. Humans thus
serve as host and the reservoir for the
virus. The mosquito remains infected for
life and may sustain the virus through
trans-ovarian transmission (TOT).10
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Sex and Gender influencing DENV
infection:
Males and females respond differently to
DENV infection which further is modified
by the stage of life cycle they belong.
A. Gender roles predisposing man/ woman
to DENV infection are mainly related to
exposure to bite of infected vector.
B. Biological differences in sexes
belonging to different age groups,
influencing response to DENV infection
are mainly hormonal or immunological.
Differences in lipid disposition of cell
membrane may also be contributory.
1. Sex hormones exert their effect via
specific
receptors
expressed
by
11,12,13
.
immunocytes
(in our context)
Secretion of hormones and distribution of
receptors on cells differ between sexes and
further fluctuates with stages of life cycle
of the host.
The effect of estrogen is ‘dose’ dependent
and differ with cell type involved.11,12,13
At serum levels found in males and
females in luteal phase or past menopause,
it induces production of IFN-γ by CD4+
Th1 lymphocytes,
promoting a 'pro
inflammatory' Th1 type response. It has
however the opposite effect
on
11,13
macrophages.
At high levels as in pregnancy and preovulatory periods in women, estrogen
promotes an anti-inflammatory, Th2 type
response11,12,13 with prolific production of
antibodies. It promotes early class switch
from IgM to IgG while enhancing clonal
expansion of TREG cells. Apoptosis is
inhibited.11,12,13
Progesterone is anti-inflammatory,11,12
with high levels during pregnancy and
luteal phase of menstrual cycle. Estrogen
and progesterone levels fall with
advancing age, dropping low during perimenopause.
Androgens promote Th1 type immune
response with production of proinflammatory cytokines viz. IL-2, IFN-γ
and CTL activity11,12. Androgen secretion

www.jimd.in

also wanes with age, dropping steeply
after 50-60 years.
2. Immune Response: Genetic disposition
and hormonal/cytokine milieu in males
(and females post-menopause) favor
polarization of T helper cells to Th1 type,
with secretion of pro-inflammatory
cytokines (viz. IFN-γ, IL-2 and
lymphotoxin).
In females on the other hand, response to
infection is of Th2 type, with prolific
production of antibodies, while apoptosis
and phagocytosis are inhibited.11,12,14
Viruses have evolved ways to hijack
natural
pathways
sub-serving
physiological functions of cells to gain
entry into them15,16,17,18. DENV ‘attaches’
to C-type lectins viz. DC-SIGN (in
dendritic cells) or its analogue L-SIGN (in
lymph nodes/ liver)19,20,21,22,CLEC523 and
Mannose Receptors (in macrophages/
MDDCs)24, that recognize mannose rich
N-glycans in envelopes of ‘mosquito
derived’ virions that initiate infection. This
triggers a signal cascade that lead to
production of pro-inflammatory cytokines
of Th1 type with enhanced CTL activity
and tissue damage.
DC derived virions (with poorly
mannosylated complex glycans on their
envelopes) may have other routes of entry
viz. Heparan sulfate, heat shock proteins
or apoptotic pathways– even direct
transfection.15,16,17,18
A major mode of cell infection by
DENV,(both mosquito and DC derived) is
via Fc gamma receptors (FcR gamma),
virions being carried in as immune
complexes bound to non-neutralizing
antibodies, mainly involving MDDCs and
macrophages of M2b type. The immune
response generated is of Th2 type. This
forms basis of ADE(Antibody Dependent
Enhancement) seen in ‘secondary’
infection with virions belonging to a
heterologous serotype.7,8 It could happen
in ‘primary ‘ infection as well– antibodies
formed against immature ‘PreM’ virions
48
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may be ‘non-neutralizing’ and over 30%
of virions from the mosquito are of ‘PreM’
phenotype.
Understandably, Fc receptor mediated
infection may occur more readily in
females, who are prolific producers of
antibody and in whom IgM to IgG class
switch happens early.
3. Lipids in DENV entry:
Cholesterol in plasma membrane is
required for fusion and release by budding
and/or in direct (C- dependent) genomic
translocations described, of DENV. Level
of cholesterol modulates the curvature and
plasticity of membranes. ‘Protection’ of
cholesterol is required for DENV in the
low pH of late endosome, during ‘fusion’.
Differences between sexes in lipid
metabolism, pertaining to expression of
LDL receptors on the cells in particular,
could translate to differences in
‘permissiveness’ between male and female
cells.25,26,27,28,29,30,31.
Aims and Objectives:
Aim of our study was to analyze sex based
dimorphism in host response to DENV
infection in different age groups,
influencing incidence and progression of
the disease.
Objectives: To generate data to find how
the sexes responded to infection in
different stages of life cycle, and how they
fared during disease– DF and severe
dengue, in a cohort of patients admitted in
our hospital during year 2014-2015.

Materials and Methods:
This was hospital based, prospective study
over a period of one year-2014-2015, with
patients diagnosed with dengue, treated as
in-patients in Pariyaram Medical College
hospital. Informed consent from subjects
and institutional clearance were obtained.
One thousand two hundred and fourteen
patients, (belonging to both sexes in all
age groups), had attended 'fever clinics' at
Pariyaram Medical College (Academy of
Medical Sciences- ACME) in 2014.Those
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who gave history or presented with signs
and symptoms clinically suggestive of
dengue (378) were screened by rapid card
test and 157(41.5%) were found positive
for Dengue NS1 and/or IgM. One hundred
and ten of them (110) who were found
requiring hospitalization formed subjects
of our study. (Out patients were not
included
in
this
study).
Half of them (23 males, 32 females) had
uncomplicated DF (on clinical grounds);
The other half (31 males and 24 females)
were admitted with or developed DHS
(with hemorrhagic signs) while in hospital;
2 males and 4 females went into shock
(DSS). We lost two of them (one male and
one female).
Rapid
chromatographic
Card
test,
manufactured by J.Mitra and Co.Pvt. Ltd,
New Delhi, to detect NS1 antigen, IgM
and IgG antibodies to dengue, was used
for screening, following prescribed test
protocol.
IgM Capture ELISA for DENV antibody
was done, using test kits manufactured by
Panbio Ltd, Brisbane, Australia. The
antigen used was a mix of E protein from
all serotypes of DENV. Gac ELISA kits
made by J.Mitra and Co.Ltd., Delhi, (with
the same antigen mix) were used to find
IgG titres.
Tests
were
performed
as
per
manufacturer's
instructions.
Samples
giving more than cut off of ‘11 units’
(OD>0. 4) was taken as POSITIVE, in
both tests.
Analysis was done with descriptive
statistics like frequencies, proportions and
percentages and inferential statistics
namely Chi square test using Epi Info
version 7. A ‘p’ value of less than 0.05
was taken to be significant.

Results:
All 155 patients selected for this study,
were found positive for NS1 Ag and/or
IgM screening. Fifty six belonged to males
49
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and 54 were of females. Male: female ratio
was 1.03:1.
IgM capture ELISA for dengue was
performed on sera of all those admitted
and all 155were found positive (OD>0.4) (
except 2 giving equivocal values) – i.e.
indicating 'primary infection'.
O.D. values given by IgM and IgG were
compared to assess risk of ADE.
40 out of 55 cases who developed severe
dengue gave a IgM/ IgG ratio below cut
off 1.4 compared to 28 out of 55, in the
uncomplicated
DF
category.
The
difference is significant;
Chi
square value being 5.54, p= 0.01.
Figure I: IgM positive males: females
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Distribution of seropositive males and
females categorized as DF (on clinical
grounds) was in ratio 23:32 (1:1.39). It
was 31:24 (1:0.77) in the group that
developed signs and symptoms of
DHS/DSS.
(Figure
I)
Females
predominated
in
the
uncomplicated DF category and males
with majority among those who developed
severe dengue. Females thus seemed to be
more susceptible to infection with DENV
but males seemed more prone to
developing complications of dengue.
We analyzed the distribution of
seropositive males and females separately,
in different age groups they belonged, in
both categories of the disease, which gave
results as follows:
1. Dimorphism in 'stages of life cycle':
Significant variation was found in male /
female distribution in the different age
groups. IgM positive males and females
were about equally distributed in the
extreme age groups in both categories.
(Figure IIa and IIb)
Uncomplicated Dengue: Boys appeared
to be more susceptible to DENV infection
in the pediatric age group, girls catching
up by pubertal age. Thereafter, the graph
showed a clear preponderance of females
with dengue fever, the trend continuing all
through young adulthood (reproductive
period in females) with peak between 20 30 years and waning towards perimenopause. Males and females seemed
equally affected in old (post menopausal)
age. The difference in proportion of males
and females in the pre-menopausal,
reproductive
and
peri-menopausal
categories in DF is significant, Chi square
value being 38.49, ‘p’ < less than 0.0001.
Severe Dengue:
Overall, more males than females
developed severe dengue. Male: Female
ratio being 1: 0.77. The difference was
more in age groups above 30 years when
most of such cases had occurred.
50
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Figure IIa and IIb: Distribution of seropositive males & females, and their respective
proportions, in the different age groups

a) Those diagnosed as DF

b) Those who developed DHF/DSS

More girls developed severe dengue in
pediatric age group. After that males and
females were found about equally
represented in the graph, till about 30
years, .though in numbers, much less than
in the older age group. Most of the severe
disease occurred in patients above 40
years. There seemed to be a surge in
number of SD, both male and female
during ‘early middle age’ (30-35 years),
with number of females dwindling through
‘late middle age’ (45-55yrs.) during which
time, most of the male cases had occurred.
Males and females seemed about equally
affected after 60 years.

The difference in proportion of males and
females
in
the
pre-menopausal,
reproductive
and
peri-menopausal
categories in severe dengue is significant,
Chi square value being 61.62, ‘p’ <
0.0001.
The same, analysed in different 'stages of
life cycle'- pre-pubertal, adult/reproductive
and old/post menopausal age groups,
the findings were as shown in Figure IIc
and IId.
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Figure IIc & IId: Proportions of
IgM+ve males and females in different
stages of 'life cycle'

Discussion:
The study population consisted of 110
patients with DENV infection, near
equally represented
by the sexes
(M:F=1.03:1).
Uncomplicated Dengue: Males seemed
more susceptible to DENV infection in the
pediatric age group. This could be due to
inherent difference in immunity and girls
having an advantage over boys in
mounting a robust humoral response with
neutralizing antibodies clearing the virus
before they developed symptoms.
Females in reproductive age groups
produce high levels of estrogen and favor
polarization of CD4+T- helper cells to Th2
type, with prolific secretion of antibodies.
Estrogens again promote hypermutation
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and early ‘class switch’of these antibodies
from IgM to IgG. IgG so formed
recognizes (repeating) epitopes ( which are
carbohydrates) by ‘linear sequences’,
present, rather than ‘stereochemical
conformation’, and may thus be more
cross reactive. More than 30% of mosquito
derived virions are of immature PreM
phenotype which may give rise to ‘nonneutralizing antibodies. All these factors
add on to inherent disposition of females
to mount Th2 type response to infections.
FcR mediated infection occurs more
readily in females which make them
more susceptible to dengue during
reproductive
age
period.
The trend wanes with hormone levels
dropping
towards
menopause.
Males and females seemed equally
affected in old (post-menopausal) age.
Severe Dengue:
Males and post-menopausal females
respond to infection with a predominantly
Th1 type of response, with release of proinflammatory cytokines like IFN-γ, IL-2,
lymphotoxin and enhanced CTL mediated
apoptosis and phagocytic killing are
possible reasons why complications of the
disease are more frequent in older age
groups.
The surge in number of severe dengue in
females during late middle age may be due
to dwindling serum levels of estrogens.
Estrogen has ‘pro-inflammatory’ effect in
low concentration. They switch to
mounting Th1 type response like men after
menopause.
The sample size is too low in pediatric age
group to make a meaningful comment –
which incidentally is not in agreement
with several reports- especially from
‘endemic areas’, that dengue is more
common in children. There is a possibility
still, that it was a novel serotype of virus
that was circulating in our area of study; if
so, the paucity of cases in pediatric age
group may be looked upon as a cue,
52
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pointing to importance of antibody
mediated mechanism of viral cell entry in
which maturity of immune system of host
mattered.
Notably, the few cases of SD in female
children were found clustered in ages
between 10-15yrs. It may be due to early
puberty or can be explained on grounds of
anatomical vulnerability of female
vasculature to ‘leakage’.
In the reproductive age period, the slight
preponderance of females over males
probably was a reflection of higher
number of women contracting the disease
as mentioned above; this however was
balanced by the fact that they responded to
infection in a Th2 manner, with secretion
of
anti-inflammatory
cytokines,
recruitment of TREG cells and inhibition
of CTL and phagocytic killing- reasons
why most of them did not develop severe
disease.

Conclusion:
Dimorphism in response to infection in the
sexes in different stages of their life cycle
was found to modify disease process, from
infection to progression and outcome of
dengue. Males and post-menopausal
females who mounted a Th1 type response
were found more prone to developing
severe manifestations (DHF/DSS).The
effect of estrogen, which is ‘proinflammatory’ in low concentrations, was
observed in females with waning levels of
the hormone, through middle age. Females
in reproductive age period were found to
be more inclined to contracting dengue
fever, hig lighting the importance of an
antibody mediated
mechanism
in
DENV infection.
The study emphasizes the need for
segregating the sexes in separate
categories based on stages of lifecycle they
belong, during surveys/ studies collecting
data to plan strategies for disease control –
a W.H.O. guideline, which is often
neglected32.
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