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Background: In dengue hemorrhagic fever (DHF), the major cause of hypovolemic
shock and circulatory failure is increase in vascular permeability. Although many cytokines
were reported to play a role, the pathogenesis of vascular leakage remains unclear. In this
study, we investigated the role of VEGF in the pathogenesis of DHF and dengue shock
syndrome (DSS).

Methods: 41 serologically confirmed dengue infected children were assigned to be
dengue fever (DF), DHF without shock and DSS. Serum samples for vascular endothelial
growth factor (VEGF), complete blood count and liver enzymes (ALT and AST) were
collected at first day of fever, defervescence, discharge and follow-up time. All patients
underwent ultrasonographic studies for pleural effusion index and cardiac index at each
stage of disease.

Results: During the illness, serum VEGF levels were lower in patients of more severe
illness. At follow-up period, significant increment of serum VEGFE was found in all patients,
except 1 with DF. There was no relationship between serum VEGF level and cardiac index,
pleural-effusion-index orliver.enzymes.

Conclusion: We hypothesized that VEGF could-have a role in repairing process of
endothelial damage in recovery phase of dengue infection, similar to many other diseases

that had been previously studied.
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CHAPTER |

INTRODUCTION

Background and Rationale

Dengue hemorrhagic fever is one of the most important diseases in Thailand and
other tropical regions of the world. The disease is caused by four serotypes of dengue
viruses (DV), arthropod-borne flaviviruses. Diseases caused by dengue virus infection
were reported throughout the nineteenth and early twentieth centuries. The incidence
and affected areas have steadily increased over the past 40 years. Annually, it is
estimated that there are 20 million cases of dengue infection, resulting in approximately

24,000 deaths around the world (7).

Most infected patients are asymptomatic. In those who have symptoms, their
presentations are classified into 3 groups; undifferentiated fever (UF), dengue fever
(DF), and dengue hemorrhagic fever (DHF). Dengue shock syndrome (DSS) is a severe
complication of dengue hemorrhagic fever, characterized by massive increase in
vascular permeability leading to hypovolemic shock and circulatory failure. The cause
contributing to progression of dengue virus infection into DHF remains unclear. Major
factors believed to play a role in progression into DHF are hyperendemicity with multiple
serotypes or sequential infection and host factors. Good nutritional status may lead to
enhanced immunological responses resulting in secretion of multiple cytokines and

chemokines (71-3).

In'dengue hemorrhagic fever./-dengue shock syndrome, intravascular volume
decreases due to increase in vascular permeability. Evidences of vascular leakage are
hemoconcentration, ascites, pleural effusion, hypoalbuminemia and low central venous
pressure (CVP). However, the pathogenesis of the vascular leakage induced by DV
infection is still not clearly understood. Releases of cytokines and chemokines from

monocytes and macrophages are believed to target the endothelium and play a key role



in the pathogenesis of vascular leakage. These mediators include TNF-alpha, IL-1 beta,

IL-2, IL-6, interferony and sTNFR p 75 (4-8).

Vascular endothelial growth factor (VEGF), originally named vascular
permeability factor, is a homodimeric heparin-binding glycoprotein with potent
angiogenic, endothelial-cell-specific mitogenic and vascular permeability-enhancing
activities. There are four different molecular species of VEGF designated as VEGF121,
165, 189 and 206, whose molecular weight ranges from 34 to 42 kDa. VEGF expression
has been found in activated macrophages, keratinocytes, renal glomerular visceral
epithelium and mesangial cells, hepatocytes, smooth muscle cells, Leydig cells,
embryogenic fibroblasts and bronchial and choroid plexus epithelium. The mechanisms
of VEGF in increasing capillary permeability are mediated by phospholipase C activation
and rapid increases of free cytosolic Ca’’. It acts directly on the endothelium to promote
extravasation of plasma fibrinogen, a substrate for endothelial and tumor cell growth.
Modified extracellular matrix caused by fibrin deposition subsequently promotes
migration of macrophages, fibroblasts and endothelial cells. VEGF has been shown to
play roles in normal angiogenesis in embryonic development (9-77). Plasma
extravasation in pathological angiogenesis associated with many tumors, intraocular
neovascular disorders, rheumatoid arthritis and psoriasis (72,73). Several studies
showed that it played a pathogenic role in the capillary hyperpermeability that
characterized ovarian hyperstimulation syndrome(74-16) , preeclampsia(77), and the
plasma leakage in cirrhotic  patient with spontaneous bacterial peritonitis (SBP)(78).
One study demonstrated that plasma VEGF level was a predictor for the severity of
postoperative capillary leak syndrome, the syndrome characterized by extravascular
fluid -accumulation, secondary intravascular volume depletion and significant organ
dysfunction in children undergoing cardiopulmonary bypass (79). The pathogenesis
may be comparable to those of DHF/DSS. These findings encourage us to determine the

possible role of VEGF in the pathogenesis of DHF/DSS.



Research question

Does VEGF have a role in the pathogenesis of vascular leakage in

dengue hemorrhagic fever?

Objectives

1. To compare serum level of VEGF in dengue fever (DF), dengue hemorrhagic
fever without shock (DHF) and dengue shock syndrome (DSS).
2. To correlate serum VEGF levels with severity of dengue hemorrhagic fever
measured by:
® Amount of pleural effusion at 36-48 hours after treatment of DHF
® Cardiac index (measured by echocardiography)
® Severity of liver involvement measured by liver enzyme and portal

blood flow study.

Limitation

Because up to now, there is no previous study of VEGF in dengue
infection, sample size cannot be calculated exactly. We decided to include 15 patients
from:each group by expert opinion. The small sample size may not empower the results

as it should be.



Operational Definition

Dengue fever
®  Probable : an acute febrile illness with two or more of the following
manifestations :
O Headache
Retro-orbital pain
Myalgia
Arthralgia

Rash

O O 0O 0O O

Haemorrhagic manifestations

O Leukopenia

®  Confirmed : a case confirmed by laboratory criteria

Dengue hemorrhagic fever
The following must all be present:

L4 Fever, or history of acute fever, lasting 2-7 days

® Haemorrhagic tendencies, evidenced by at least one of the following:
O a positive tourniquet test
O petechiae, ecchymoses or purpura
O bleeding from the mucosa, gastrointestinal tract, injection sites or other

locations

O hematemesis or melena.
®  Thrombocytopenia (100,000 cells per mm’ or less)

® Evidence of plama leakage manifested by at least one of the following
O Arrise in haematocrit equal to or greater than 20% above average for

age, sex and race



O A drop in the haematocrit following volume-replacement treatment
equal to or greater than 20% of baseline
O Signs of plasma leakage such as pleural effusion, ascites and

hypoproteinemia

Grading for severity of DHF
- Grade 1: No shock, positive tourniquet test only
- Grade 2: No shock, with evidence of bleeding such as epistaxis,
gastrointestinal bleeding
- Grade 3: The patient is in shock
- Grade 4: Profound or prolonged shock, unmeasurable blood pressure, pulse

not palpable

Dengue shock syndrome

All of the above four criteria for DHE must be present, plus evidence of

circulatory failure manifested by
® Rapid and weak pulse, and
® Narrow pulse pressure (<20 mmHg) or
® Hypotension for age, and

® (Cold, clammy skin and restlessness.

Tourniquet test

Tourniquet test was performed. by inflating a-blood pressure cuff-on the upper
arm to a point midway between the systolic and diastolic pressures for' 5 minutes. A test
was considered positive when 20 or more petechiae per 2.5cm (1inch) square were

observed.



Laboratory criteria for confirmation of dengue fever in this study:
The demonstration of a rise in dengue-specific IgM and IgG by ELISA
according to the previously published report was considered to have dengue virus

infection (20).

Defervescence

The day of defervescence was defined as the day that the temperature dropped

below 38°C without a subsequent elevation.



CHAPTER I

LITERATURE REVIEWS

Chemical mediators related to vascular leakage in dengue virus infection

Several cytokines and chemokines have been studied in patients with dengue
hemorrhagic fever. Kurane |., et al. reported elevation of IL-2 and interferon (IFN)—Y in
children with dengue infections compared with healthy controls (21). Other studies have
found the elevation of serum levels of tumor necrosis factor (TNF)-CL, IL-1B, IL-6, and
sTNF receptor p 75 in patients with severe dengue illness (4-8). Sharon Green, et al.
reported that the plasma levels of soluble tumor necrosis factor receptor (STNFRs) and
IFN-Y were higher in children with DHF as compared to those with DF or other febrile
illnesses and were correlated with the degree of subsequent plasma leakage (22). At

present, there is no study of the correlation between VEGF and plasma leakage in DHF.

Pathogenic role of VEGF in comparable conditions

1) In 1995, Philip N. Baker reported higher serum-VEGF levels in the patients with
preeclampsia compared with _normal pregnant women. This finding suggested that
VEGF might be implicated in the* pathogenesis: of preeclampsia, the disease
characterized by changes in_glomerular capillary endothelial morphology, increased
capillary permeability, and hypercoagulation. (17)

2) In 1995, Abramov Y, et al. reported high levels of VEGF in plasma of patients with
severe ovarian hyperstimulation syndrome (OHSS). It's level dropped along with clinical
improvement. Ascitic fluid from these patients also contained high VEGF levels. This

study suggests the role of VEGF in the pathogenesis of capillary leakage in OHSS. (715)



3) In 1997, Rizk B, et al. reported high VEGF concentration in serum, peritoneal fluid and
follicular fluid of patients with OHSS, the syndrome characterized by massive cystic
enlargement and third space fluid shift resulting in ascites and pleural effusion, believed
to be influenced by VEGF and interleukins. (74)

4) In 2000, D. Abrahamov, et al. found that preoperative VEGF levels correlated along
with capillary leak syndrome in patients undergone cardiopulmonary bypass. They
reported the VEGF level as a predictor of the severity of postoperative capillary leak
syndrome, a serious complication in children undergoing cardiopulmonary bypass. This
syndrome characterized by extravascular fluid accumulation and significant organ
dysfunction. This finding elucidates the relationship between permeability properties of
VEGF and systemic inflammation. VEGF was thought to be the cause of the disease.
(19)

5) In 2000, Zhang ZG, et al. reported enhancing angiogenic activity of VEGF in ischemic
brain of rats leading to increased blood brain barrier leakage and improvement of
neurological outcome. (23)

6) In 2001, Cejudo-Martin P, et al. reported higher production rate of VEGF by peritoneal
macrophages of patients with spontaneous bacterial peritonitis (SBP) compared with
those of non-infected cirrhotic patients. The results suggested that locally released
VEGF might cause increased vascular permeability and plasma leakage in the
peritoneal vessels of cirrhotic patients with SBP. (78)

7) In 2002, Grove CS-and Lee YC reviewed that there were high. quantities of VEGF in
pleural effusion and concluded that VEGF was a potent inducer of vascular permeability.
(24)

8) In 2002, David R. Thickett, et al. measured VEGF levels in epithelial lining fluid (ELF)
in 40 patients with acute respiratory distress syndrome (ARDS) and 28 patients at risk of
ARDS. They reported lower VEGF in ELF from ARDS patients and increased VEGF level

in ELF at day 4 associated with recovery. (25)



9) In 2003, Teralm M, et al. reported a role of VEGF in vascular leakage in Kawasaki
disease. They found that after starting intravenous gamma globulin (IVGG), the IVGG-
resistant group had higher VEGF and lower albumin levels compared with the IVGG-
responsive group. This corresponded with the existing knowledge of extensive plasma
leakage in fatal Kawasaki disease. (26)

10) In 2004, D.Maraeska te Loo, Nienka Bosma, et al. evaluated VEGF levels in the
serum of 40 D hemolytic uremic syndrome (HUS) patients in acute phase and during
the course of the disease. They reported elevation of serum and plasma VEGF levels in
children with D'HUS compared with controls. The VEGF levels increased during the 2"
and 3" week after HUS onset and there was significant relationship between VEGF

levels and the severity of the disease. (27)



CHAPTER 1lI

METHODOLOGY

Subjects

Sample size cannot be predicted in this study because there was no previous

comparable data. The estimated patient to be enrolled was 45 cases. (15 in each group)

® |nclusion criteria

All patients aged 5 to 15 years who were admitted with fever more than 38
°C for 3 days or longer duration and no definite source of infection were enrolled in this
study. All patients were assigned to be DF, DHF without shock (DHF grade 1 and 2)
and DSS (DHF grade 3 and 4) according to the WHO criteria.

® [xclusion criteria
O Patients with underlying diseases that might altered the serum VEGF
level such_as neovascularized tumor, rheumatoid arthritis, psoriasis
and liver cirrhosis
O Patient whose serologic studies were not done

O - Patient whose parent did not give inform consent to the study
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Procedure

1.

History taking, physical examination and blood sample collection

After informed consent was obtained, the history of iliness were taken from
the patient and parents including demographic data; day of illness; presenting
symptoms such as fever, headache, nausea, vomiting, abdominal pain and
bleeding; drugs taken and underlying diseases. The patient’'s weight, height, blood
pressure, pulse rate, chest width and circumference, presence of edema, liver size
and tourniquet test result were recorded. The history taking and physical exmination
were done by the study physicians. The blood samples were drawn for complete
blood count, serum albumin, ALT and AST on the first date of enrollment, at
defervescence and at follow-up time. Serum samples for IgM and IgG of dengue
virus were collected on the first date of enrollment and discharge date (or at follow-
up time). Blood samples for VEGF level were collected at all of the following stages
(if possible)

O First day of enroliment (as febrile stage of the disease)
O The day of defervescence (as toxic stage of the disease)
O Before discharge (as convalescent stage of the disease)

O follow-up period ( as recovery stage of the disease)

Imaging studies

Quantitation of pleural effusion was done by ultrasonographic studies of
right pleural cavity on the. first day of enrollment and daily until discharge date. A
pleural effusion index (PEI) was designed in order to evaluate the severity of plasma
leakage. The pleural effusion index was calculated as the width of pleural effusion
divided by the width of chest wall. The width of pleural effusion was measured at
the level of xyphoid process, with the probe placed at mid-axillary line and directed
posteriorly as patient was in supine position. The width of chest wall was measured

at the level of xyphoid. Echocardiography was done to measure cardiac index by
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standard M-mode technique. Cardiac index was calculated as cardiac output
divided by body surface area. Clinical information was not provided to the

physicians reading echocardiogram to prevent bias from the investigators.

3. Measurement of VEGF

Three to five ml of blood sample was collected, using a standard tube for
clot blood sampling, and centrifuged at approximately 1000 G for 10 minutes after
clot occurred. Then the serum was removed and stored at < -70°C for subsequent
serum analysis.

The VEGF level was measured by solid-phase ELISA (Quantikine R&D
Systems, Minneapolis). This immunoassay was designed to measure VEGF165
levels in cell culture supernate, serum and plasma. The VEGF kit contained a
polyclonal antibody against VEGF and a monoclonal antibody specific to VEGF. The
assay employed the quantitative sandwich enzyme immunoassay technique. A
monoclonal antibody specific for VEGF had been pre-coated onto a microplate.
Standards and samples were pipetted into the wells and any VEGF present would
be bound by the immobilized antibody. After washing away any unbound
substances, an enzyme-linked polyclonal antibody specific for VEGF was added to
the wells. Following a wash to remove any unbound antibody-enzyme reagent, a
substrate solution was added to the wells and color develops in proportion to the
amount.of VEGF bound in the-initial step. The color-development was stopped and
the intensity- of the ‘color was measured. Comparing the optical density of the
samples..to.-the -standard. curve,- prepared. by. plotting -optical. density versus
concentration of VEGF in the standard wells, the concentration of VEGF in samples

was determined.

4. Serologic study for dengue virus infection
The serologic study for dengue virus infection was done at The Arm Force

Research Institute of Medical Sciences (AFRIMS) by ELISA technique. For single
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specimens, 40 U of IgM to dengue (with dengue IgM greater than JEV IgM) was
considered evidence of a dengue infection (30 U if from paired sera with <15 U of
antibody in the acute specimen). With serial specimens, a 2-fold increase in 1gG to
dengue with an absolute value of =100 U indicated a secondary infection in the

absence of IgM to dengue of = 40 U.

5. Clinical course

The patients were treated by attending staffs and residents of the
Department of Pediatrics, King Chulalongkorn Memaorial Hospital according to the
Guidelines of the Royal college of Pediatrician and the Ministry of Public Health of
Thailand.

The history taking and physical examination were done daily by the study
physicians to obtain the same data as the first day of enrollment. The first-24-hour
and total amount of intravenous fluid given was recorded. Type of fluid used was

labeled as crystalloid, colloid or blood components.

Data Collection and Analysis

All data were collected and recorded by the study physicians. The data were
analyzed using SPSS for Windows version 11.5. Continuous variables were expressed
as mean * standard deviation and were compared using one way analysis of variance
(ANOVA). Categorical variables were compared by chi-square test or Fisher exact test
as appropriate. Comparisons of VEGF within the 3 groups and during the course of
disease were done by one way analysis of variance (ANOVA). Associations between
serum VEGF levels and pleural effusion indices, cardiac indices and liver enzymes were
assessed by Pearson’s correlation coefficient and linear regression analysis. P < .05

was considered significant.
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Ethical Committee Approval

The study was approved by the ethical committee of the Faculty of Medicine,
Chulalongkorn University. Written informed consent was obtained from all subjects,

either parents or the patients the

ey were more than 13 year old.
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CHAPTER IV

RESULTS

Clinical Data at Study Entry

Forty-one patients were enrolled (16 famales and 25 male). Mean age
was 11.13+3.1 years. There were 15 children with DF, 14 with DHF without shock and 12
with DSS. Among the DHF group, 11 were grade 1, 3 were grade 2, 9 were grade 3 and
3 were grade 4. There was no significant difference in age, sex, body weight, height and
duration of fever among the 3 groups (Table1). Children with more severe diseases had
significantly higher value of maximum hematocrit and pleural effusion index at discharge
and lower platelet count and cardiac index at toxic stage. Demographic and clinical

data of all patients were shown in table1.

Measurement of Serum VEGF

We used VEGF kit to measure VEGF concentration by solid-phase ELISA
(Quantikine R&D Systems, Minneapolis). Using comparation of the optical density of the
samples to the standard curve in figure 1, the serum VEGF concentration was

determined.
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Difference of Serum VEGF Levels Among the Three Groups. (figure?)

During febrile, toxic and convalescent stages of the disease, serum
VEGF levels were lower in the more severe group. The serum VEGF levels during each
stage were shown in table 2. The difference of VEGF levels among groups was
statistically significant during the toxic stage (156.93+70.8, 108.66+47.6 and 81.76+38.8
pg/ml in DF, DHF without shock and DSS respectively, p=0.038). During the follow-up
period, there was no difference in serum VEGF levels among the three groups. The

difference among the three groups was shown in figure 2.

Changes of Serum VEGF Levels During the Course of Disease

Among 25 subjects who had serum VEGF samples at follow-up time,
everyone had increasing of serum VEGF levels when compared with that of the toxic
and convalescent stage, except 1 patient with DF. There was statistically significant
difference in the follow-up level of VEGF compared to toxic stage (p=0.007, n=13) and
follow-up level versus convalescent level (p=0.012, n=14). Trend of serum VEGF levels

during the course of disease was demonstrated in figure 3.
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Correlation of Serum VEGF with Other Factors

Using different parameters as indicator for the severity of DHF, the
followings were found (Table3): no correlation between VEGF levels and 1) cardiac
indices during any stages of the disease, 2) pleural effusion indices during convalescent
stage and 3) serum level of AST, ALT and albumin during toxic stage. To quantify the
importance of platelet number and serum VEGF level, the correlation between platelet
counts and serum VEGF levels were also analyzed. There was no significant relationship
between VEGF levels and platelet counts during toxic and follow-up date (p=0.154 and
0.063 respectively), but significant correlation was found during convalescent stage

(p=0.002, n=5) as shown in figure 4.



Table1. Demographic and clinical data of all patients

DF DHF DSS p-value
Sex (M:F) 8:6 9:5 8:4 .9
Age (yr) 10.54+3.3 12.08+1.9 10.71£3.9 .366
Body weight (Kg) 35.57£13.0 | 43.65+16.1 38.11+£18.2 .383
Height (cm) 138.756420.0 | 151.35¢14.2 | 142.12+25.6 251
Duration of fever (days) 5.07+1.2 5.14+0.9 5.18+1.2 .967
Max.Hct (%) 40.05£3.9 44.70+4.4 45.0246.0 014
Lowest Pit. (x10°/mm’) 96.2+41.7 54.56+33.2 34.6£19.9 .006
Cardiac index (L/min/m2) 2.7520.6 2.28+0.6 1.93+0.6 .025
PEl at D/C 0 0.65£0.5 1.12+1.1 .002

NOTE: DF = dengue fever

DHF.= dengue hemorrhagic fever without shock

DSS = dengue shock syndrome

Hct =hematocrit

Plt = platelet number

PEI = pleural effusion index




Table2. The serum VEGF levels (pg/ml) during each stage.
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stage group N Mean |Std. Deviation| Minimum | Maximum
febrile DF 4 177.09 70.51 98.46 25415
(admission) DHF 4 139.65 85.17 27.20 226.34
DSS 0
Total 8 158.37 7MY 27.20 25415
Toxic DF 7 156.93 70.80 107.86 298.56
(defervescence)| DHF 9 108.66 47.68 58.42 207.81
DSS 8 81.76 38.89 36.36 127.76
Total 24 I 77 59.09 36.36 298.56
Convalescence DF 9 299.74 286.18 70.27 791.11
(discharge) DHF 5 195.95 137.90 102.92 43417
DSS 6 73.36 42.27 35.75 144.07
Total 20 205.88 220.68 35.75 791.11
Recovery DF 8 474.51 203.71 245.00 783.98
(follow-up) DHF 10 388.21 351.58 92.06 1319.02
DSS 7 638.57 575.59 107.03 1772.08
Total 25 485.93 390.00 92.06 1772.08
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Table3. Correlation of serum VEGF levels with other factors

FACTORS N r R? p-value

PEl at convalescence 17 .300 .090 241
Cardiac index at

® FEnroliment date 4 .839 .704 161
® Defervescence 17 284 .080 .270
® Discharge 15 .029 .001 917
® Follow-up 22 .260 .068 242
Platelet number at

® Defervescence 15 387 150 154
® Discharge 5 .986 .963 .002
® Follow-up 3 995 .990 .063
Serum AST, ALT, albumin at defervescence 21 284 .081 .688
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Figure1. Standard curve: performed by comparing the known VEGF samples and

optical density of the samples

(R= 991, R°=.982)
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Figure2. The difference of serum VEGF levels among three groups during each stage.
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Figure3. Trend of serum VEGF levels (pg/ml) during the course of the disease.
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Figure4. Correlation of platelet count and VEGF levels during convalescent stage.
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CHAPTER V

DISCUSSION

Major cause of hypovolemic shock and circulatory failure in DHF/DSS is believed
to be increase in vascular permeability. The pathogenesis of vascular leakage in
DHF/DSS remains unclear. Many cytokines and chemokines have been reported to be
involved. Vascular endothelial growth factor (VEGF) has been reported to play a role in
many diseases that have comparable pathogenesis to DHF. Up to now, there is not
much data about the role of VEGF in the pathogenesis of vascular leakage in DHF. At
first, we hypothesized that VEGF may have a role in vascular leakage in DHF/DSS as
one of its properties was to enhance the vascular permeability. The original research

idea assumed that the patients at follow-up could be used as normal controls.

Serial determination of serum VEGF levels demonstrated higher level at follow-up
compared to toxic stage which was contradictory to the original hypothesis. The level at
follow-up appeared to be higher than normal value reported in other studies. There were
several studies reported normal serum VEGF values in children. In 2004, D.Maroeska te
Loo, Nienke Bosma, et al. reported mean values of serum VEGF as 290+130 pg/ml in 39
normal control children (compared to patients with hemolytic uremic syndrome) (27) and
in 2005, Ootaki Y, Yamaguchi M, et al. reported mean values as 203+221.6 pg/ml in 61

normal control children compared to those with congenital cyanaotic heart disease (28).

In the present study, we demonstrate that serum VEGF levels tended to be lower
in more severe groups (with statistical significance shown only during toxic stage). All
patients, except 1 in DF group, had elevated serum VEGF level during the follow-up time

when compared with toxic and convalescent stage.
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There appeared to be correlation between the severity of disease and serum
VEGF levels, but not in the way we expected. In contrast to previous knowledge of
strong permeability-enhancing activities of VEGF, we found that less VEGF levels were
detected in more severe groups. Vascular leakage in DHF may not be explained by
VEGF from the present study. One study in ARDS patients reported decrease
production of VEGF in lung tissue and correspond with the apoptotic endothelial cell
counts, this support that VEGF promotes endothelial survival by inhibiting apoptosis.(29)
One hypothesis in the present study was that severely damaged endothelial cells were

incapable of producing VEGF at that time.

During the follow-up period, the serum VEGF levels appeared to be increased.
This implys that VEGF may play a key role in the recovery phase of dengue infection.
The VEGF exerts its properties as both endothelial growth factor and permeability factor.
Apart from studies reporting the pathologic role of VEGF in vascular leakage, there were
also several studies reporting that VEGF enhances endothelilal cell proliferation and
neovascularization. The study in D+HUS showed significant elevation of both serum and
plasma VEGF level during recovery phase of the disease (27). VEGF elevation was also
found in epithelial lining fluid in patients with ARDS with resolution of lung injury (25). The
increased level of serum VEGF in the recovery phase of dengue infection in this study

may represent the role of VEGF in the repair process of endothelial cells in this disease.

Limitation of the study

1) A few recent studies reported possible relation of serum VEGF with platelet
count (30,37). In this study, we found no correlation between serum VEGF level and
platelet count in most stages of the disease except in convalescent stage (with sample
size of only 5). Similarly, no correlation between platelet count and VEGF were found in

patient with D” HUS (27). It remains to be established if the changes in plasma VEGF
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levels were similar to the serum levels due to possible effect of low platelets in dengue

infection.

2) Injury to liver parenchyma leads to production of VEGF by hepatocytes and
Kupffer cells was reported in 1999 by Ishikawa K, Mochida S, et al (32). In this study, we
quantify the relationship of hepatic involvement and serum VEGF levels and found no
correlation found between serum VEGF levels and AST, ALT or albumin during toxic

stage of dengue infection.

3) More subjects may need to be enrolled to empower the correlation between

serum VEGF and severity of the disease.



CHAPTER VI

CONCLUSION

From the present study, we found that during the course of dengue virus
infection, serum VEGF was lower in patients of more severe groups, although the
difference was only statistically significant during the toxic stage. During the follow-up
period, there was statistically significant increment of serum VEGF levels in most
patients when compared to that of the toxic and convalescent stages. We hypothesized

that VEGF may have a role in repairing process of endothelial damage in recovery

phase of dengue virus infection. Further study is needed to validate the results.
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CLINICAL REPORT FORM

|. Patient’s Data

Name
Patient NO. -

Age __yr | Sex(M/F) HN [
BirthDate = / / | AdmissionDate [/ [/ OnsetDate [/ [
Address  available in informed consent Tel.
I1. Data on Admission

Day of Fever BTmax (if avalable) : °C
Weight " Height cm
Chest circumference ~ ~ cm BSA m?

Underlying Diseases (Y/N, detail of
diseases)

Previous History of Dengue Infection (Y/N,
when)

I11. Data on Discharge

DF, DHF, DSS

Clinical Classification of Dengue Infection (WHO):

Grading of Dengue Infection: 1, 2, 3, 4

IVV. Appointment

| Appointment date / / |
V. Data on Laboratory Confirmation
Date DEN-IgM DEN-IgG JE-IgM JE-IgG

1% Serum (_/ /)

2"Serum (/| )

3“Serum (_/ /)

Interpretation () Not dengue

() Dengue | ( )Primary | (_ )Secondary

INSTRUCTIONS FOR RECORDING DATA

LILVI record on hospitalization

"LV record on discharge

\Y record after laboratory confirmation result (Chitsanu)
VIl record once daily during hospitalization

NOTE: Please complete this form and send it to: Dr Chitsanu Pancharoen:




VI. Clinical findings on Admission

YES

NO

Comments

. Positive tourniquet test

. Petechii, ecchymosis, purpura

. Mucosal bleeding (gum,epistaxis)

. Bleeding at injection site

. Gl bleeding/melena

. Maculopapular rash

. Injected pharynx

N DWIN|F

. Headache

(o]

. Cough

[E
o

. Rhinitis

[E
-

. Generalized lymphadenopathy

[E
N

. Hepatomegaly (....cm below RCM, span
.. cm)

13.

Splenomegaly

14.

Vomiting

15.

Abdominal pain

16.

Constipation

17.

Diarrhea

18.

Myalgia/arthralgia

19.

Seizure

20.

Abnormal reflex

21.

Restlessness

22.

Coma

23.

Shock

Signature Date

/
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VII. Daily Record Form

Day of IlIness

Date

Stage of Disease (1,2,3)

BTmax (°C)

BP (mmHg)

PR (/min)

RR (/min)

BW (kg)

Abd. circumference (cm)

Chest circumference (cm)

Lymph node

Heart/Lung

Skin rash

Hepatomegaly (....cm below RCM)

Petechii, ecchymosis, purpura

Mucosal bleeding: gum, epistaxis

Bleeding at injection site

Gl bleeding

Shock

Neurological abn.

Pleural effusion

Ascites

Hb/Hct (highest value)

WBC (cells/mm?)

N (%)

L/AL (%)

Mo (%)

Eo (%)

B (%)

Platelet (/mm?)

PT/aPTT (sec)




I11. Echocardiogram (Apichai)

Day of Illness

Date

Echo. (time)

Alb (g/dL)

ALT/AST (IU/L)

Pleural effusion (U/S)

Ascites (U/S)

Liver span (U/S, cm)

BP (during echo., mmHg)

Oral
Fluid

AV
Fluid

Intake (cc)

Plasma

PRC/
FWB

Output
(cc)

Note: Intake and output filled by physicians.

Appointment Date

Date

/

_

Time .

Signature

Date

/

S
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