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Abstract The immune pathogenesis of dengue involves
antibody production, B cell and T cell response and various
pro-inflammatory and anti-inflammatory cytokines. VEGF,
a potent permeability enhancing cytokine, is thought to
play a pivotal role in mediating plasma leakage in DHF. It
is a member of growing family of related proteins that
includes VEGF B, VEGF C, VEGF D and placental growth
factor. It promotes angiogenesis and vascular integrity. In
addition to its role in promoting endothelial permeability &
proliferation, it may contribute to inflammation and coag-
ulation. This study was undertaken to investigate the role
of VEGF in the patients with dengue infection. Sera were
collected from 106 patients with various grades of dengue
illness and 40 healthy controls and tested for VEGF levels
using commercial ELISA kits. Viral serotypes were
detected using specific primers. The results showed very
low levels of VEGF (3.493 £ 1.982 pg/ml) in healthy
controls. Levels of VEGF were higher in patients with
severe dengue (428.170 £ 224.61 pg/ml) as compared to
patients with non severe dengue with and without warning
signs (290.407 &+ 167.17 pg/ml). Significant correlation
(»p < 0.001) was found between raised VEGF levels and
thrombocytopenia and raised haematocrit levels. The
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VEGEF profile patterns discovered between the different
phases of illness indicate an essential role in dengue
pathogenesis and with further studies may serve as pre-
dictive markers for progression of dengue fever to severe
dengue infection.
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Introduction

Dengue is most emerging arthropod borne disease and is a
major public health problem worldwide. It is an important
cause of morbidity and mortality in the tropical and sub-
tropical areas with around 2.5 billion people living in areas
at risk [8]. At least 50—100 million infections are known to
occur worldwide each year [5]. Frequency of dengue
infection has increased in India and it has now become a
major public health problem [2]. Illness caused by one of
the four dengue virus serotypes can range from nonspecific
febrile illness to classic dengue fever, which may then
progress to severe disease.

Dengue virus (DENV) belongs to the family Flaviviridae,
genus Flavivirus. It is a spherical, lipid-enveloped virus that
contains a positive single stranded RNA genome, approxi-
mately 11 kb inlength. The virion consists of three structural
proteins (capsid, membrane, envelope) and seven non
structural proteins (NS1, NS2a, NS2b, NS3, NS4a, NS4b,
NS5) [9]. Virus is transmitted by two mosquito vectors;
Aedes aegypti which thrives mainly in urban areas in tropical
region and breeds in artificial collection of water and Aedes
albopictus which resides in temperate regions where it may
give rise to occasional outbreaks of dengue [1, 6, 7, 10].
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Four immunologically distinct dengue serotypes (DENV
1, DENV 2, DENV 3 and DENV 4) coexist in many
endemic areas. Infection with one serotype has been shown
to provide lifelong immunity to that serotype, but no or
only short term immunity to other serotypes [19]. Cross-
strain infections are common and can have severe conse-
quences, with extreme cases leading to death.

Dengue has a broad spectrum of clinical presenta-
tions, ranging from uncomplicated dengue fever to sev-
ere dengue. Classical dengue fever is a disease of older
children and adults, characterized by biphasic fever of
102-105 °F and variety of non-specific signs & symp-
toms including frontal headache, retro-orbital pain, body
aches, nausea, vomiting, joint pains & weakness. Rash is
common, flushing or erythematous mottling occurs
slightly before onset of fever & disappears 1-2 days
after the onset of symptoms. Severe dengue includes
patients with hemorrhagic manifestations, fluid accu-
mulation with respiratory distress, shock and severe
organ involvement [9].

The pathogenesis of dengue is not very clear, a sec-
ondary infection with a different serotype has been sus-
pected to be a risk factor [14, 18]. This is explained by the
theory of antibody dependent enhancement [12, 13]. The
immune pathogenesis of dengue involves antibody pro-
duction, B cell and T cell response and various pro-in-
flammatory and anti-inflammatory cytokines [3].

Vascular endothelial growth factor (VEGF), a potent
permeability enhancing cytokine, is thought to play a
pivotal role in mediating plasma leakage in DHF [24]. It is
a member of growing family of related proteins that
includes VEGF B, VEGF C, VEGF D and placental growth
factor. At least two types of VEGF receptors are expressed
on endothelial cells. Both the receptors are transmembrane
receptors tyrosine kinases. VEGF promotes angiogenesis
and vascular integrity [21]. In addition to its role in pro-
moting endothelial permeability & proliferation, it may
contribute to inflammation and coagulation. Few studies
have demonstrated elevated circulating VEGF levels in
adult severe dengue patients who were admitted during the
early phases of dengue infection compared to patients with
DF and study controls [4, 23]. A rise in circulating VEGF
in DHF in the early febrile and defervescent stages of
dengue infection but not during the convalescent stage has
been observed. In view of the above, this study was under
taken as among the few published reports investigating the
role of VEGF in dengue patients, there have been incon-
stant findings. These conflicting findings emphasize the
need for a thorough investigation to gain more knowledge
regarding immune pathogenesis of dengue so that more
could be done to control the severity and progression of
disease.

Materials and methods

The present study was a cross sectional study conducted at
the Dengue Sero-surveillance Laboratory of a 2000-bedded
government hospital in Delhi. Ethical approval certificate
for the study was obtained from the institutional ethical
committee. Informed written consent was obtained from all
the study subjects.

Cases

The study group included 106 patients with laboratory-
confirmed diagnosis of dengue virus infection either by
IgM antibody ELISA Pan-bio Dengue early ELISA kit or
NSI1 antigen ELISA Pan-bio Dengue Early ELISA kit
(Inverness Medical Innovations Australia).

Cases were classified as primary and secondary dengue
infection by using anti IgG ELISA (Pan-bio Dengue early
ELISA) kit. Depending upon the severity of the illness,
they were classified as non severe dengue fever and severe
dengue fever according to the criteria of the World Health
Organisation (2009). As controls, 40 normal age-matched
healthy individuals without history of any febrile or other
illnesses were included. A case was excluded, if routine
laboratory testing suggested malaria or typhoid or any
other bacterial and viral infection.

Specimen collection and transport

5 ml of venous blood was collected aseptically in a plain
vial. Serum was separated from venous blood samples
aseptically, aliquoted in eppendorf vials and immediately
transferred to —70 °C until processed further. Samples
positive for either NS1 antigen or IgM antibody or both and
samples from healthy controls were tested for levels of
VEGF by commercially available ELISA kits as per
manufacturers instructions.

Measurement of VEGF

VEGF was measured in serum using Diaclone human VEGF
ELISA kit. An anti-human VEGF-A coating antibody is
adsorbed onto microwells. Human VEGF present in the
sample or standard binds to antibodies adsorbed to the
microwells. Following incubation unbound biological com-
ponents are removed during a wash step. A biotin-conju-
gated antihuman VEGF-A antibody is added and binds to
human VEGF-A captured by the first antibody. Following
incubation unbound biotin-conjugated anti-human VEGF-A
antibody is removed during a wash step. Streptavidin HRP is
added and binds to the biotin-conjugated anti-human VEGF-
A antibody. Following incubation unbound streptavidin—
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HRP is removed during a wash step and substrate solution
reactive with HRP is added to the wells. A colored product
is formed in proportion to the amount of human VEGF
present in the sample. Data analysis was carried out by
creating a standard curve by plotting the mean absorbance
for each standard concentration on the ordinate against the
VEGF concentration on the abscissa. Concentration of cir-
culating VEGF for each sample was determined from the
standard curve.

Detection of viral serotype in serum

Viral serotype was detected by using reverse-transcriptase
polymerase chain reaction. RNA was extracted from acute
phase serum (<5 days) using commercial kit (Hi pure RNA
extraction kit). Specific primers designed by Lanciotti et al.
[15] were used for the isolation of virus, while serotype
specific primers were used to detect viral serotype.

Statistical analysis

Statistical analysis was done by using SPSS version 17.
The comparison between the differences in means of data
in dengue and severe dengue patients was done by Krus-
kal-Wallis test and Mann—Whitney test. Association
between mean cytokines levels and primary and secondary
infection and viral serotype was done by Mann—Whitney
test. A p <0.05 was considered significant. Pearson/
spearman rank correlation was used to study the correlation
between cytokines levels and clinical findings.

Results
Clinical features in the population

Out of the 106 cases studied, 22 cases were positive for anti
dengue IgM antibody, 76 were positive for dengue NS1
antigen and 8 were positive for both. Among the patients,
58 were classified as suffering from non severe dengue
fever and 48 as suffering from severe dengue fever. Out of
total 106 cases, 68 were primary infection where as 38
were secondary infection. Total of 18 samples were tested
positive for dengue virus RNA. Of the four serotypes
DENV-2 was found to be predominant serotype (Table 1).

Fever or history of fever, the commonest symptom
encountered in the present study, was reported in all of the 106
study subjects. Other common manifestations were headache
(88,83.01 %), arthalgia(104,98.11 %)myalgia(97,91.5 %)
and retro orbital pain (90, 84.9 %) The mean duration of fever
was 2.99 days with median of 2 days (Table 2).

Clinical signs included; rash (96, 90.56 %), gum
bleeding (20, 18.86 %), melena (32, 30.18 %), epistaxis
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Table 1  Laboratory diagnostic assay results in study group
(N = 106)

Non severe dengue Severe dengue
DENV RNA detection 10 8
DENYV NSI detection 46 30
DENV IgM detection 10 12
Both NS1 and IgM detection 2 6
Primary infection 40 28
Secondary infection 18 20
Table 2  Distribution of clinical symptoms in study group
(N = 106)
Clinical symptoms Total Percentage
Fever 106 100
Headache 88 83.01
Retroorbital pain 90 84.90
Arthalgia 104 98.11
Myalgia 97 91.50

Table 3 Distribution of clinical signs in the study group (N = 106)

Clinical sign Total Percentage
Rash 96 90.56
Petechiae 41 38.67
Gum bleeding 20 18.86
Melena 32 30.18
Epistaxis 12 11.32
Conjunctival bleeding 10 9.4
Haematuria 2 1.8
Hepatomegaly 17 16.03
Splenomegaly 5 4.71

(12, 11.32 %), conjunctival bleeding (10, 9.4 %), haema-
turia (2, 1.8 %), hepatomegaly (17, 16.03) and splenome-
galy (5, 4.71 %) (Table 3).

Fever was present in every case of non severe dengue
and severe dengue. No significant association was observed
between rashes, arthralgia or splenomegaly and severity of
dengue (p > 0.05). However, myalgia was found to be
significantly associated with severe dengue (p < 0.05). The
association of severe dengue with bleeding manifestations
and hepatomegaly were also found to be highly significant
(» < 0.001, p = 0.001 respectively) (Table 4).

Haematological profile revealed thrombocytopenia in 79
(74.52 %) patients, haemoconcentration in 47 patients
(44.33 %), and leucopeniain 55 (51.88 %) patients (Table 5).
The mean levels of platelet count were significantly lower in
severe dengue patients as compared to non severe dengue
patients (p < 0.05). Haematocrit was significantly raised in
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Table 4 Distribution of clinical features among group with different
severity (N = 106)

Clinical features Dengue fever Severe dengue p value
Fever 58 (100) 48 (100) 0.300
Rash 47 (81) 41 (85.4) 0.550
Arthalgia 56 (96.6) 48 (100) 0.194
Myalgia 49 (85.4) 48 (100) 0.004
Melena 0 () 31 (64.6) 0.000
Gumbleed 0 () 20 (41.7) 0.000
Petechiae 0(0) 41 (85.41) 0.000
Epistaxis 0 () 12 (25) 0.000
Conjunctival bleed 0 (0) 9 (18.8) 0.000
Hepatomegaly 3(5.2) 14 (29.2) 0.001
Splenomegaly 1.7 4 (8.3) 0.110

p value was calculated by Kruskal-Wallis test

severe dengue patients as compared to non severe dengue
patients (p < 0.05). Serum mean levels ALT, AST, and ALP
levels were raised in severe dengue patients as compared to
non severe dengue patients but it was not found to be signif-
icant (p < 0.001) (Table 6).

Serum levels of VEGF

The mean levels of VEGF in control sera was
3.493 + 1.982 pg/ml. The findings presented in Fig. 1
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CONTROLS DENGUE FEVER SEVERE DENGUE

Fig. 1 Level of VEGF in patients with dengue. Sera collected from
the patients with various grades of illness were screened for VEGF
concentration by ELISA using commercial kits. The mean value of
data (pg/ml) have been presented

show that as compared to patients with DF (mean value of
290.407 £+ 167.17 pg/ml), significantly higher levels of
VEGF (p < 0.001) were detected in the sera of patients
with severe dengue (428.170 £ 224.61 pg/ml). VEGF was
present in 42 (72.41 %) patients with dengue fever while it
was present in 44 (91.66 %) patients with severe dengue
patients.

The patients were grouped according to the day of ill-
ness at the time of collection of the sera, as between days 1
and 4, between days 5 and 8 and day 9 onwards. When the

Table 5 Association of

haematological parameters with Haematological parameters Dengue fever mean == SD  Severe dengue mean £+ SD  p value

severity of disease Haemoglobin (g/dl) 14.457 + 1.73 13.77 + 2.44 0.426
Platelet count (cells/mms) 94,231.03 4+ 27,506.702 33,687.50 4+ 21,797.08 0.000
Total leucocyte count (cells/mm?) 3955.17 £ 1336.948 3533.33 £+ 1260.924 0.115
Polymorphs (cells/mm?) 30.36 £ 7.962 34.15 £ 13.29 0.359
Lymphocytes (cells/mm?) 25.83 £4.76 23.29 £ 4.005 0.009
Monocytes (cells/mrn3) 25.10 + 4.8 25.81 £ 4.66 0.392
Eosinophils (cells/mm?>) 0.248 £+ 0.197 0.256 £+ 0.2153 0.640
Haematocrit 2422 £+ 5419 50.31 £ 40.331 0.000
p value was calculated by Mann—Whitney test

lfi?)lzreglicﬁsps)z:;ig;sfwith Biochemical parameters Dengue fever mean £+ SD Severe dengue mean + SD p value

severity of disease ALT (IU) 31.71 + 20.985 79.62 + 20.547 0.528
AST (IU) 33.62 £+ 37.68 67.50 £+ 50.449 0.116
ALP (IU) 42.95 + 29.986 88.23 £ 71.088 0.176
Serum bilirubin (mg/dl) 0.753 £+ 0.1203 0.719 £ 0.1394 0.219
Serum albumin (g/dl) 5.316 £ 0.9065 4.908 £+ 1.289 0.115
Total protein (g/dl) 6.98 £ 0.802 6.56 £ 1.370 0.564
Serum urea (mg/dl) 27.33 + 5.775 26.02 4+ 4.255 0.513
Sodium (mol/ml) 141.45 £+ 4.325 140.40 £+ 4.37 0.207
Potassium (mol/ml) 4.54 £+ 0.805 4.637 £ 0.8002 0.403

p value was calculated by Mann—Whitney test
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Mean values(pg/ml) Table 7 Spearman rank correlation between VEGF levels and
450 haematological and biochemical profile
W mean values(pg/ml)
400 Variables Correlation coefficient p value
350
300 Haemoglobin —0.016 0.878
Total leucocyte count —0.435 0.000
250 Platelet count ~0316 0.001
200 Haematocrit 0.215 0.032
150 Serum ALT 0.398 0.000
100 Serum AST 0.462 0.000
50 Serum ALP —0.238 0.017
0 - Total proteins —0.236 0.018

1to4 5to8 >9

Period of illness(DAYS)

Fig. 2 Amount of VEGF in patient sera (pg/ml) as a function of
stage of dengue illness

data were analyzed with respect to the days of illness, it
was observed that VEGF levels were lowest
(55 £ 21.5 pg/ml) during the first 4 days of illness, the
VEGEF levels increased to 350.5 £ 125.17 pg/ml on days
5-8 and peaked to 426.70 4+ 223.45 pg/ml on day 9
onwards (Fig. 2). The difference from the initial period
was significant (p < 0.001).

Relationship of VEGF levels with primary
and secondary infections and viral serotypes

No significant association (p < 0.846) was found between
difference in means of VEGF in primary (357.052 +81.27 pg/
ml) and secondary infection (368.057 £ 26.40 pg/ml).

Dengue Virus was detected in 18 samples, of which DEN
2 was the commonest being reported from 16 cases. Both
DENV 1 and DENV 3 could be detected from only 1 sample
each. The significant difference in mean level of VEGF DEN
3 (640 pg/ml) as compared to DEN 2 (568.375 + 135.99)
and DENV1 (400 pg/ml) could not be established due to
lesser number of samples of DENV 1 and DENV 3.

Association of clinical features with VEGF levels

Significant association of VEGF levels were found with
clinical features of rashes, arthalgia and myalgia. However
no significant association could be found between elevated
VEGF levels and bleeding manifestations like melena,
epistaxis and conjunctival bleed.

Correlation between mean VEGF levels and clinical,
biochemical and haematological profile of the study

group

Significant negative correlation was found between VEGF
levels and total leucocyte count and platelet count.
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p value <0.05

Significant positive correlation was found between VEGF
levels and haematocrit. Significant correlation was found
between VEGF levels and serum ALT, AST and ALP
levels (Table 7).

Discussion

Significantly higher levels of VEGF levels were found in
severe dengue patients as compared to dengue patients and
healthy controls. In addition to its role in promoting
endothelial permeability and proliferation, VEGF may
contribute to inflammation and coagulation. Therefore it
may have a pivotal role in the pathogenesis of dengue.
Tseng et al. [24] and Srikiatkhachorn et al. [23] demon-
strated elevated levels of VEGF levels in dengue patients
and its possible association with increase in vascular per-
meability in severe dengue patients. A subsequent study,
however, had contradictory findings. Sathupan et al. [20]
did not observe any increase in the concentration of cir-
culating VEGF during the early febrile and toxic stages in
severe dengue, but found instead lower VEGF concentra-
tions in patients with more severe dengue infection. Several
reasons may explain these differences, such as poor study
design, small sample size, and the lack of a standardized
collection methodology and storage of blood samples used
for the measurement of VEGF.

VEGEF levels were found to be significantly associated
with clinical manifestations like rashes and myalgia. No
significant association could be established between
bleeding manifestations and VEGF levels. This is in con-
trast to previous studies that established the significant
association between VEGF levels and bleeding manifes-
tations in dengue patients. Significant correlation was
found between VEGF levels and thrombocytopenia, leu-
copenia and raised haematocrit levels. This was in accor-
dance with the study done by Seet et al. [22]. This was
probably due to role of VEGF in causing vascular perme-
ability and plasma leakage.
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Also significant correlation was found between VEGF
levels and liver enzymes. It might be due to increased
angiogenesis and fibrogenesis by VEGF in liver leading to
abnormal hepatic collateral formation and liver damage.

Earlier studies have demonstrated higher levels of
VEGF in secondary dengue infection, hence establishing
its role in the pathogenesis of dengue. Our study demon-
strated its rise in secondary infection as compared to pri-
mary but this difference was not found to be significant.
This discrepancy in results could be due to various reasons.
The number of primary infection included in our study
were relatively higher as compared to secondary infection.
Comparatively higher number of primary severe dengue
patients were found in our study as compared to secondary
severe dengue cases. Also, these pro-inflammatory
cytokines get raised in early phase of disease but most of
our secondary severe dengue cases presented in later phase
of disease when the levels of these cytokines already starts
declining. Furthermore, T cell response of cytokines in
secondary dengue infection is multifactorial and may vary
according to viral serotypes (DEN2 > DENI1), host
immune response and genetic factors such as TNF-o gene
polymorphism and HLA gene association [16, 17].

Dengue viruses are flaviviruses, of which there are four
different serotypes. It has been observed in several studies
that sequential or secondary dengue virus infections are
more likely to produce severe disease [11]. Since both pro-
inflammatory cytokines and viral serotype plays role in
mounting more severe response in dengue infection, we
tried to establish the association between the two and to
know whether release of these cytokines is affected by
dengue viral serotype that is causing infection In our study,
virus was isolated from 18 samples, out of which 16
belonged to DENV2 and one each to DENV1 and DENV3.
Virus was isolated in lesser number of samples and hence
the association could not be established. As dengue virus
can be detected in acute phase serum (<5 days) only and is
a RNA virus highly susceptible to external environmental
condition, it is difficult to detect virus in all the samples.
Moreover lack of a standardized collection methodology
and proper storage of blood samples may contribute to this
discrepancy. Thus in our study it has been shown that
VEGF may contribute in the pathogenesis of dengue
infection and can be associated with the severity of disease.
However the immunopathogenesis of dengue infection is
multifactorial and other aspects of the pathology such as
gene polymorphism, HLA gene association etc. need to be
studied to prevent the complications and outcome of dis-
ease. Over the past several years, greater awareness of the
public health impact of DENV has led to increased focus
on development of vaccines and antiviral therapies. The
challenge now is to apply the knowledge gained regarding
these growth factors and their role in the pathogenesis in

order to prevent and control dengue and its severe
manifestations.

Plasma leakage is the important feature of severe dengue
infection. The pathogenic mechanisms of severe dengue
involved cytokine activation, activation of coagulation and
fibrinolysis. We demonstrated that plasma VEGF levels in
patients with severe dengue were significantly higher than
in dengue fever patients. These findings suggest that
VEGEF, as a factor of increasing vascular permeability, may
contribute to the pathogenesis of severe dengue as well as
predictive marker for the progression of disease and its
severity.
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