
Open Access Maced J Med Sci. 2022 Feb 25; 10(A):675-679.� 675

Scientific Foundation SPIROSKI, Skopje, Republic of Macedonia
Open Access Macedonian Journal of Medical Sciences. 2022 Feb 25; 10(A):675-679.
https://doi.org/10.3889/oamjms.2022.8840
eISSN: 1857-9655
Category: A - Basic Sciences
Section: Immunology

The Role of Angiopoietin-2 on Plasma Leakage in the Critical Phase 
and Convalescence of Dengue Virus Infection in Children

Rinang Mariko1*, Nice Rachmawati1, Fitrisia Amelin1, Sri Rezeki Hadinegoro2

1Department of Pediatrics, Faculty of Medicine, Andalas University, General Hospital of Dr. M. Djamil, Padang, Indonesia; 
2Department of Pediatrics, Faculty of Medicine, University of Indonesia, Jakarta, Indonesia

Abstract
BACKGROUND: The worst complication of dengue hemorrhagic fever (DHF) that leads to death is hypovolemic 
shock due to plasma leakage from intravascular to extravascular space caused by endothelial dysfunction.

AIM: This study is aimed to analyze the difference of Angiopoietin-2 (Ang-2) level in DHF patients related to plasma 
leakage between critical phase and convalescence.

METHODS: One hundred and ten children with DHF confirmed serologically with positive IgM anti-dengue or IgM 
and IgG anti-dengue were recruited in this study. We examine the clinical manifestations, laboratory parameters 
(platelet count, AST and ALT levels), and molecular test (Ang-2). The molecular indicator was tested by Enzyme-
Linked Immunosorbent Assay. Data were collected between July-November 2019. This is an observational study 
with cross-sectional comparative design.

RESULTS: In our study, we found correlation of clinical symptoms (abdominal pain, persistent vomit, and 
hepatomegaly) with the occurrence of plasma leakage in DHF patients. We also found that Ang-2 level is significantly 
higher in children with DHF during critical phase compared to convalescence (p < 0.01).

CONCLUSION: There is a significant difference of Ang-2 level in DHF patients during the critical phase and 
convalescence.
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Introduction

Dengue infection remains one of the health 
sector’s problems in Indonesia due to the high incidence 
and mortality rate. In 2005, Indonesia was the biggest 
contributor of dengue infection in South East Asia 
(53%) with total of 95.270  cases and 1.298 death 
cases. Based on data from the Ministry of Health of 
the Republic of Indonesia, there were 126.675 dengue 
hemorrhagic fever (DHF) cases with 09% case fatality 
rate [1]. The worst complication of DHF that leads to 
death is hypovolemic shock due to plasma leakage 
from intravascular to extravascular space caused by 
endothelial dysfunction. The severity of the symptoms 
caused by dengue virus infection related to the severity 
of plasma leakage [2], [3].

Angiopoietin-1 (Ang-1) and Angiopoietin-2 
(Ang-2) have functions in maintaining vascular function 
and integrity. Angiopoietin-1 is reported not only to play a 
role in stabilizing blood vessels during angiogenesis but 
also in inhibiting the increase of vascular permeability, 
as well as having anti-inflammatory effects. Ang-1 
m-RNA molecules expressed on periendothelial 
cells play a role in maintaining blood vessel stability, 

inhibiting plasma leakage, suppressing inflammatory 
gene expression, and preventing the recruitment and 
migration of leukocytes [4].

In contrast to Ang-1, Ang-2 which is selectively 
expressed on endothelial cells, once it binds to the Tie 
2 receptor (Tyrosine Kinase 2) will result in a signaling 
disorder of Ang-1/Tie 2 so that vascular permeability 
dysfunction occurs [5], [6]. Elevated Ang-2 levels have 
been reported to be associated with vascular leakage 
and increased mortality in critically ill children and 
adults with septic shock [7].

Methods

This study is an observational study with a 
comparative cross-sectional design. The study was 
conducted during July-November 2019 at the Pediatric 
Ward of RSUP Dr.  M. Djamil Padang, four nearby 
hospitals, Biomedic laboratory of the Medical Faculty of 
Andalas University, and the central laboratory of RSUP 
Dr. M. Djamil Padang.
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Population

The study population was patients with dengue 
virus infection (DHF and DSS) age 1–15  years old 
hospitalized at RSUP Dr.  M. Djamil Padang and four 
hospitals nearby that fit 2011 WHO criteria and confirmed 
serologically with positive IgM anti-dengue or positive 
IgM and IgG anti-dengue in July-November 2019. 
Subjects were part of the population that met inclusion 
and exclusion criteria. The inclusion criteria were willing 
to be included in the study (with consent gained from 
the parents) and signed the informed consent form. The 
exclusion criteria were having other bacterial or viral 
infection based on clinical and laboratory examination, 
receiving corticosteroid therapy, and nutritional status 
overweight or obese.

Sampling method

The sampling method was consecutive 
sampling, the research subjects were obtained based on 
the order of admission to the hospital. From the results 
of calculations using the sampling formula, the sample 
size for each group was determined at 32 people, 
making the total sample size used for both groups was 
64 people. The results of the study recorded by filling 
in a case record form. The recording included subject 
data (identity, history taking, physical and laboratory 
examinations), notes on inclusion-exclusion criteria, 
and a consent form obtained from the family. The 
appointed officers who worked on patients screening, 
taking and storing subject’s samples in hospitals, and 
providing care and treatment in the hospitals were also 
recorded.

Data analysis

The data obtained were analyzed using a 
computer system in the form of tables and charts. 
Univariate analysis was performed on each variable 
from the research results. In the categorical variables, 
the data are displayed in the form of a frequency 
distribution, the data included in this study were gender, 
mucosal bleeding, and hepatomegaly. In numeric 
variables, the data are displayed in the form of a central 
tendency, namely the mean value, middle value, and 
standard deviation. The data to be analyzed in this 
study were day of fever, hematocrit, platelet count, AST, 
ALT, and Ang-2 level. Bivariate analysis was performed 
to see the mean difference between day of fever, 
hematocrit, platelet count, AST, ALT, and Ang-2 level 
between DHF patients with shock and without shock. 
First, the data were analyzed using the normality test to 
determine the normality of the data using the Shapiro 
Wilk test (n < 50), then continued with bivariate analysis, 
if the data is normally distributed then the analysis is 
carried out using the dependent t test, but if it is known 
to be not normally distributed then it is carried out using 
Mann-Whitney test with a confident interval (CI) of 95% 

and α = 0.05. The conclusion from the test results if 
the p value ≤ 0.05 then H0 is rejected, meaning there 
is a difference in the mean between the independent 
variable and the dependent variable.

Results

Subjects characteristics

This study was conducted to determine the 
model of the predictor score system for the occurrence 
of shock in dengue hemorrhagic fever based on clinical 
symptoms, laboratory and molecular parameters. The 
research was conducted at the Children’s Ward of 
RSUP Dr. M. Djamil Padang, the Biomedical Laboratory 
of Medical Faculty of Andalas University and the central 
laboratory of RSUP Dr.  M. Djamil Padang. The data 
collected were 110 samples.

The characteristics of the subject are presented 
in Table 1. As the table shown, from all children suffering 
from DHF with evidence of plasma leakage, 44.3% 
were male and 55.7% were female, while from the total 
children suffering from DHF, 46.4% were male and 
53.6% were female. The average age of DHF patients 
with plasma leakage was 3.67–10.17 years and DHF 
patients without plasma leakage was 2.38–10.08 years. 
Statistically, there was no difference in sex and age 
between DHF with plasma leakage compared to 
without plasma leakage (p > 0.05). Based on nutritional 
status, 29 children were undernourished, 63 children 
with normal nutritional status, and 18 children were 
overweight. Children in both groups were dominated 
by children with normal nutritional status, namely 
53.2% and 67.7%. Based on statistics, there was no 
significant difference of nutritional status between DHF 
with plasma leakage compared to those without plasma 
leakage (p > 0.05).
Table 1: Subject characteristics
Characteristics Plasma leakage p‑value

Yes (n = 79) No (n = 31)
Sex, n (%) 0.632

Male 35 (44.3) 16 (51.6)
Female 44 (55.7) 15 (48.4)

Age (years), mean ± SD 6.92 ± 3.25 6.23 ± 3.85 0.338
Nutritional status, n(%) 0.181

Undernourished 21 (26.6) 8 (25.8)
Normal 42 (53.2) 21 (67.7)
Overweight 16 (20.3) 2 (6.5)

*p < 0.05 significant.

Association between clinical symptoms 
and laboratory results with plasma leakage

Table 2 shows that there was no association 
between the duration of fever, mucosal bleeding, 
platelets, AST, and ALT level with the occurrence of 
plasma leakage (p > 0.05). However, there was an 
association of abdominal pain, persistent vomiting, and 
hepatomegaly with plasma leakage (p < 0.05).
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In Table 2 clinical symptoms such as mucosal 
bleeding (27.4%), abdominal pain (75.8%), persistent 
vomiting (64.5%), and hepatomegaly (80.6%) were 
more common in children with DSS than in children with 
DHF (p < 0.05%). Statistically, there was no difference 
in the duration of fever with the occurrence of DHF with 
shock or without shock (p < 0.05). However, there were 
significant differences in mucosal bleeding, abdominal 
pain, persistent vomiting, and hepatomegaly in DHF 
with shock and without shock (p < 0.05).

Role of Ang-2 toward plasma leakage in 
critical phase and convalescence

The role of Ang-2 toward plasma leakage in 
critical phase and convalescence shown in Table 3.
Table 3: Role of Ang‑2 toward plasma leakage in critical phase 
and convalescence
Variable Plasma leakage p‑value

Critical phase mean ± SD Convalescence mean ± SD
Ang‑2 level (pg/ml) 630.56  ±  57.29 450.38  ±  67.85 <0.001
*p < 0.05 significant.

Table  3 shows that the mean Ang-2 level in 
the critical phase was 630.56 ± 57.29  pg/ml, while in 
the convalescence there was a decrease to 450.38 ± 
67.85 pg/ml. The results of statistical tests show that there 
is a role of Ang-2 in the occurrence of plasma leakage in 
the critical phase with p < 0.001 (p < 0.05) (Figure 1).

Discussion

Characteristics of research subject

Although number of female subjects is slightly 
higher in Table 1, we can conclude that there were no 

significant differences in the terms of gender and age 
between DHF with and without plasma leakage groups. 
This is similar to the research by Sumarmo in 2002 
which stated that there is no gender difference in DHF 
patients. Research in the Directorate General of PP 
and PL, Ministry of Health of the Republic of Indonesia 
in 2008 also showed the same results where there was 
no sex difference in children suffering from dengue 
virus infection [8], [9].

Age of 6  years old is the average age 
obtained in this study. This is in accordance with the 
study of Sumarmo which found that the most DHF 
patients in Indonesia were aged 2–11  years and 
study of Mayetti that the age of 5–10 years was the 
group most suffering from dengue compared to other 
age groups. Similar to this study, there were no age 
differences that were statistically significant between 
both groups [8], [10].

From the nutritional status category, subjects 
with good nutritional status were affected the most 
by dengue infection rather than the ones with 
undernourished and overweight state. Overall, the 
number of well-nourished patients were seen more in 
the plasma leakage group rather than subjects with 
undernourished and overweight state, thus there was 
a statistically significant difference between nutritional 
status and the incidence of dengue virus infection. Until 
now, the relationship of nutritional status and dengue 
virus infection is still debated and requires further 
research [11]. Research by Setiati et  al. found that 
DHF rarely occurs in malnourished children. A strong 
inflammatory response is one of the factors causing 
DHF [12]. Research by Maron et al. found that lack of 
nutrition can suppress immune responses mediated 
by cell, thereby reducing the risk of dengue virus 
infection [13].

Difference of clinical symptoms and 
laboratory results in DHF with plasma leakage and 
without plasma leakage

There were no significant differences in the 
duration of fever, mucosal bleeding, platelet count, 
and AST and ALT levels, while we found significant 
differences in symptoms of abdominal pain, persistent 
vomit, and presence of hepatomegaly in both groups. 
Fever is found in all DHF patients either with evidence 
of plasma leakage or not [14]. Research in India found 
that 100% of DHF patients had fever but 45% of them 
were found at the first hospital admission [15].

Vasculopathy, platelet deficiency and 
dysfunction, and defects in the coagulation pathway 
are some of the factors that could cause bleeding. 
Decreased platelet production and increased 
platelet damage lead to thrombocytopenia in DHF 
patients. Disorders of platelet function make the 
vessel become more brittle, making the bleeding to 
occur more easily  [16]. Choudury et  al. found that 

Table 2: Association between clinical symptoms and laboratory 
results with plasma leakage
Variable Plasma leakage p‑value

Yes (f/%) (n = 79) No (f/%) (n = 31)
A. Clinical symptom
Duration of fever

≥4 days 68 (86.1) 27 (87.1) 1.000
<4 days 11 (13.9) 4 (12.9)

Mucosal bleeding
Yes 16 (20.3) 2 (6.5) 0.141
No 63 (79.7) 29 (93.5)

Abdominal pain
Yes 45 (57.0) 6 (19.4) 0.001*
No 34 (43.0) 25 (80.6)

Persistent vomit
Yes 40 (50.6) 5 (16.1) 0.002*
No 39 (49.4) 26 (83.9)

Hepatomegaly
Hepatomegaly 50 (63.3) 8 (25.8) 0.001*
Normal 29 (36.7) 23 (74.2)

B. Laboratory result
Platelet

≤100.000/mm3 78 (98.7) 30 (96.8) 1.000
>100.000/mm3 1 (1.3) 1 (3.2)

AST
Abnormal 68 (86.1) 21 (67.7) 0.053
Normal 11 (13.9) 10 (32.3)

ALT
Abnormal 52 (65.8) 18 (58.1) 0.589
Normal 27 (34.2) 13 (41.9)

*p < 0.05 significant.
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55% of DHF patients presented with bleeding, while 
Nagaram found that mucosal bleeding occurred in 
24% of children with DSS and 1.7% in children with 
DHF [14], [15].

In addition to fever, abdominal pain and 
vomiting are also symptoms associated with DHF and 
part of warning signs in dengue infection. Nagaram 
found 73 cases with complaints of abdominal pain and 
115 cases with vomiting, 38.2% had abdominal pain and 
60.4% had persistent vomiting in DHF patients while 
in DSS patients 96% had abdominal pain and 100% 
had persistent vomit [14]. Abdullah et  al. found that 
there was a significant relationship between persistent 
vomiting, fluid accumulation, and mucosal bleeding with 
the severity of dengue infection and had high sensitivity 
and specificity in predicting the occurrence of severe 
dengue infection which partly similar to this study that 
found that abdominal pain and persistent vomiting 
significantly associated with the presence of plasma 
leakage in DHF patients [17].

The Nagaram study also showed that 100% 
DSS patients were found to develop hepatomegaly 
while in all DHF patients were found as much as 
77%, thus hepatomegaly is associated with severe 
form of DHF  [14]. Similar to this study, hepatomegaly 
is significantly different in group with plasma leakage 
compared to group without plasma leakage. Hematocrit, 
platelet count, AST, and ALT level will change according 
to the severity of dengue infection. The more severe 
dengue infection occurs, the more increase of 
hematocrit, AST, and ALT level and decrease of platelet 
count. Thrombocytopenia in DHF patients is due to 
bone marrow suppression, destruction of platelets, 
and increase of platelet consumption from interactions 
between platelets and endothelial cells damaged by 
dengue virus infection [18]. Ralapanawa et al. obtained 
platelet cut off of 105,000 to predict the progress of 
patients of DHF with sensitivity of 80% and specificity 
of 50%. Besides, platelet levels were found to be 
decreased starting on the 5 day in DHF patients with 
shock [19]. Valentino et  al. concluded that there was 
a significant relationship between platelet level and 
clinical degree of dengue infection [20]. In the contrary, 
we did not find significant difference of platelet level 
between DHF patients with plasma leakage and without 
plasma leakage.

Transaminase levels usually increase up to 
9 days after the onset of fever and gradually return to 
normal level within 2 weeks. A study by Jagadishkumar 
et al. in 2012 showed that elevation of liver enzymes 
helps in recognition of severe forms of dengue 
infection, whereas much as 17.27% of children had 
>10 fold increase in liver enzymes and commonly 
observed in DHF and DSS groups [21]. Conversely, 
we found that there was no significant difference in 
AST and ALT levels in DHF with and without plasma 
leakage.

Role of Ang-2 toward plasma leakage in 
critical phase and convalescence

In 2008, Giuliano et al. found that increase level 
of Ang-2 associated with plasma leakage and increase 
mortality in critically ill children [7]. Study by Rampengan in 
2015 showed Ang-2 level at admission was 2,486.21 pg/
dl, 3,194.95 pg/dl and 4,005.32 pg/dl in DF, DHF and DSS 
group, respectively. This result show increasing plasma 
leakage with increasing severity of dengue viral infection. 
After 48 h, the level of Ang-2 decrease significantly in all 
groups. These findings might reflect the role of Ang-2 in 
vascular leakage in dengue viral infection. Increase of 
Ang-2 level could trigger vascular instabililty causing an 
increase in vascular permeability and plasma leakage 
[22]. Michels et al. in 2012 also found that DSS and DHF 
patients had higher serum Ang-2 level at the time of 
initial treatment compared to when they discharged [23]. 
Our finding is consistent with previous studies, the mean 
Ang-2 level in the critical phase was 630.56 ± 57.29 pg/
ml, while in the convalescence there was a decrease 
to 450.38 ± 67.85 pg/ml. The results of statistical tests 
show that there is a role of Ang-2 in the occurrence of 
plasma leakage in the critical phase.

The mechanism for increasing Ang-2 level and 
plasma leakage is a complex cascade. Binding of Ang-1 
with the Tie-2 receptor via the phosphatidylinositol-
3-kinase AKT pathway will cause stability of blood 
vessels by recruiting pericyte into new blood vessel 
and maintaining intercellular contact. Ang-1 also has 
anti-inflammatory properties by regulating surface 
molecular adhesion. The binding of Ang-2 to the Tie-2 
receptor inhibitAng-1 signaling to Tie-2 and increase 
blood vessel instability [24].

Conclusion

There is no relationship between gender, age, 
nutritional status, duration of fever, mucosal bleeding, 

Figure 1: Boxplot of Ang-2 level in critical phase and convalescence
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platelet count, transaminase level, and the occurrence 
of plasma leakage, meanwhile there is a relationship 
between symptom of abdominal pain, persistent vomit, 
hepatomegaly and the occurrence of plasma leakage. 
Angiopoietin-2 level related to plasma leakage in 
crtitical phase and convalescence, thus Ang-2 level 
can be used in predicting plasma leakage or shock in 
dengue virus infection.
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