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ABSTRACT

Purpose: Dengue infection is one of health sector problenmitonesia, as the incidence and mortality rate due
to dengue infection in Indonesia has escalated dweryears. The purpose of this study is to anatlgsedifference of

angiopoietin-2 level in dengue hemorrhagic fevahwind without shock

Methods: One hundred and ten children with dengue hemorihdgier were recruited into this study. We
examine the clinical manifestation, laboratory paweter (platelet, hematocrit, AST and ALT) and mdbactest (Ang-2
and sVE-Cadherin). The molecular indicator was édsby Enzyme-Linked Immunosorbent Assay (ELISA).Date
collected between July 2016 until June 2018. Thian observational study with cross-sectional comafdze design in
children with dengue virus infection in RSUP DR §amil Padang.The data obtained were analyzed using a computer

system in the form of tables and graphs.

Results: In our study we have found correlation of clinicfmptoms (mucosal bleeding, abdominal pain,
persistent vomiting, and hepatomegaly), hematoeriels, and decreased platelet levels between DHtR shock
compared to DHF without shock. Interestingly, thisr@ significant difference in the average rateAoy-2 between DHF
patients with shock compared to DHF without shock@5). However, there was no difference in therage rate of
sVE-Cadherin. The average levels of Ang-2 in DHEepds with shock is 739,66155,21 pg/ml while in Pllone is
497,90£220,68 pg/ml.

Conclusions: There was a difference in the average level of Ahgtween DHF patients with shock and without

shock
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INTRODUCTION

Dengue infection is one of health sector problermionesia, as the incidence and mortality ratetdugengue
infection in Indonesia has escalated over the yaadisis still very high. In 2005, Indonesia becaheehighest contributor
to dengue infection in Southeast Asia (53%) witiotal of 95,270 people and 1,298 deaths. Accortiingpe Ministry of
Health of the Republic of Indonesia in 2015 therravl126.675 cases of DHF with deaths 0'9¥he incidence rate of
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dengue virus infection in West Sumatra was 69,16%20105 with case fatality rate 0,61%. The incident dengue
hemorrhagic fever in RSUP M. Djamil Padang in 2@€dched 259 cases during 1 year with shock incdefrd6%?°

Dengue virus infection is an infectious diseaseseduby dengue virus and is transmitted by the Aedegypti
mosquito. Dengue virus (DEN-V) consists of 4 sepetsynamely DEN-1, DEN-2, DEN-3, and DEN-4 (MinistfyHealth,
2009). The study of Megariani et al. in Padang, dity using RT-PCR, it has been found that infecbgrDEN-2 was the
highest case of 46.15%, followed by DEN-1 and DEMach 15.38% respectively. Infection by DEN-3 vi@asd to be
11.54%

The most feared complication of DHF is death. Déatbhildren is caused by hypovolemic shock duplésma
leakage from intravascular to extravascular spagetd endothelial dysfunction. The severity of syongs caused by

dengue virus infection is related to the severftplasma leakag&®

There is no theory to date that can explain DHF mletely since there is no animal model that caty fshow
reactions and symptoms as in humans after infdayettie dengue viruSVarious theories such as virulence theory, viral
load, antibody dependent enhancement (ADE), inimaeunity, T-cell mediated apoptosis, cytokine stermutoimmune
and genetic have been suggested by experts. Treethrae systems in the body that are most invoiveéle pathogenesis

of DHF, namely the immune system, liver, and vascoépillary endotheliuri*

In dengue infection the liver is also involved. éicell damage is due to inflammatory process haddrmation
of antigen-antibody complexes, also by the pathegisnof dengue infection. Infected hepatocytesemee the activity of
AST and ALT, release VEGF and reduce the synthafsisotting factors?'*Manifestations of bleeding, enlargement of

the liver and increase in AST and ALT were sigmifidy more common in the DSS group than in the Rjrtrup’**°

Hepatomegaly in dengue infection results from thieatl influence of the dengue virus on the liveat®from
previous study also shows that hepatomegaly plapteaas a risk factor for severe dengue virusciinde !’ Angiopoeitin-
1 and Angiopoeitin-2 maintain vascular function antegrity. Angiopoietin-1 is reported to not onpfay a role in
vascular stabilization during angiogenesis but alsys a role in inhibiting the increaseof vascyarmeability and has
anti-inflammatory effect®® The Ang-1 m-RNA molecule expressed on periendaheklls plays a role in maintaining
vascular stability, inhibits plasma leakage, suppes expression of inflammatory genes and prevestsitment and
migration of leukocytes. Unlike Ang-1, Ang-2 whighselectively expressed in endothelial cells whimding to the Tie 2
receptor will result in signaling disorders of AhffFie 2 making disruption on vascular permeabilits’ Based on the
description of the background, the researchersedatat find out whether there was a difference ofjidpoietin-2 level in

dengue hemorrhagic fever with shock and withoutkho
METHODS

This study is an observational study with a comipagacross-sectional design. Blood samples werkec®d in
the Pediatric Division of RS Dr M Djamil Padang.lRiae blood tests, AST, ALT, IgG and IgM anti-deeguere tested at
the Clinical Pathology laboratory of RS Dr. M Djdniadang. Angiopoietin-2 examination was carried iouthe
Biomedical laboratory of the Medical Faculty of Aads University, Padang. The study was conducted j@ar.

The study population was patients with dengue vinéesction (DHF and DSS) who were hospitalized S&tUR
Dr. M. Djamil Padang according to WHO 2011 critefsubjects were part of the population that metitictusion and

exclusion criteria. The inclusion criteria wereipats with dengue hemorrhagic fever who had reckiné®rmed consent
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from parents to participate in the study. Exclusiteria are patients suffering from other viral lmacterial infections

based on clinical and laboratory examinations,iviag corticosteroid therapy, malnourished, andsgbe

The data obtained were analyzed using a compuséersyin the form of tables and graphs. Bivariata\ais was carried
out to see the difference between the day of fehematocrit, platelet, AST, ALT and Ang-2 of the Bigatients with and
without shock. First the data is analyzed usingnadity test to determine the normality of the daseng the Shapiro Wilk
test (n <50), then followed by bivariate analydishe data is normally distributed then the anilys carried out using the
dependent t test, but if it is known not normaligtdbuted then Mann-Whitney test was done withfant interval (Cl)
95% anda = 0.05. The conclusion of the test results if vhéue of p< 0.05 then His rejected, meaning that there is a

difference in the mean between the independenabi@s and the dependent variable.

Results
Subjects Characteristic

The study was conducted in the Children's Ward nf RSUP M. Djamil Padang, Biomedical Laboratory in
Medical Faculty of Unand and the central laboramRSUP Dr. M. Djamil Padang. The collected datas many as 110

samples.
The characteristics of the research subjects asepted in table 1 below.

Table 1: Characteristics of the Study Subject

Dengue Infection
Characteristics DSS DHF P Value
(n=62) (n=48)
0,
R 30 (48,4) 21 (43,8) 0771
32 (51,6) 27 (56,3) '
Female
Age (years), meantSD 6,56+3,29 6,94+3,61 0,573
iti 0,
o S0 sz | s
Normal 33(53,2) 30 (62,5) 0,039*
Overweight 15(24.2) 3(63)

*p<0,05 is Significant

Table 1 is known to have no difference of sex ayel lzetween DHF and shock compared to DHF withootlsh

(p>0.05). However, there was a difference of niotél status between DHF with shock compared to DtRout shock

(p <0.05).

The Difference of Clinical Symptoms (Duration of Fger, Mucosal Bleeding, Abdominal Pain, Persistent &miting

And Hepatomegaly) between DHF with Shock ComparedtWithout Shock

The difference of clinical symptoms (duration of’ée, mucosal bleeding, abdominal pain, persistemiting

and hepatomegaly) in DHF with shock and withoutc&htan be seen as follows.
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Table 2: Difference of Clinical Symptoms (Durationof Fever, Mucosal Bleeding, Abdominal Pain, Persisnt

Vomiting and Hepatomegaly) in DHF with Shock and wihout Shock

Dengue Infection
Variables DSS DHF P Value
(n=62) (n=48)
Duration of fever, n(%) 56 (90,3) 39 (81,3)
> 4 days 6 (9,7) 9 (18,8) 0.214
< 4 days
Mucosal bleeding, n(%) 17 (27,4) 1(2,1)
, ] *
:\(lis 45 (72,6) 47 (97,9) 000t
Abdominal pain, n(%) 47 (75,8) 4 (8,3)
:\(lis 15 (24,2) 44 (91,7) 0,000
Persistent vomit, n(%) 40 (64,5) 5 (10,4)
:\(lis 22 (35,5) 43 (89,6) 0.000
Hepatomegaly, n(%)
50 (80,6) 8 (16,7) *
Hepatomegaly 12 (19,4) 40 (83,3) 0.000
Normal

*p<0,05 Significant

Table 2 shows that there is no difference of darebf fever with the occurrence DHF with shock @®5).
However, there is a difference of mucosal bleedalgjominal pain, persistent vomiting and hepatotyeigaDHF with
shock (p <0.05).

A Difference of Laboratory Results (Hematocrit, Thrombocyte, AST, ALT) Levels in DHF with Shock and Wihout
Shock

A difference of laboratory results (hematocrit,otmbocyte, AST, ALT) levels in DHF with shock andthdut

shock can be seen as follows

Table 3: Difference of Laboratory Results (Hematodt, Thrombocyte, AST, ALT) Levels in DHF With Shock and
without Shock

Dengue Infection
Variables DSS DHF P Value
(n=62) (n=48)
Hematocrit, n(%)
> 40% 54 (87,1) 30 (62,5) 0.005*
<40% 8(12,9) 18 (37,5) '
Platelets, n(%)
< 50.000/mm 52 (83,9) 5 (10,4) 0.000*
> 50.000/mm 10 (16,1) 43 (89,6) '
AST,n(%)
> 48 U/L 54 (87,1) 35 (72,9) 0.103
<48 U/L 8 (12,9) 13 (27,1) :
ALT,n(%)
>30 U/L 44 (71,0) 26 (54,2) 0.106
<30 UL 18 (29,0) 22 (45,8) '

*p<0,05 Significant

Table 3 showed that there was no difference of A8Bd ALTlevels in DHF with shock and without shoglke (
0.05). However, there was a platelet and hematdigfitrence in DHF with shock and without shock<.05).
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A Difference of Angiopoietin-2 in Dengue Hemorrhagi Fever with and Without Shock

The difference between the results of Ang-2 exatiunabetween DHF patients with shock compared ts¢h

without shock can be seen as follows.

Table 4: The difference of the Results of Ang-2 Exaination between DHF Patients with Shock Comparedd those
without Shock

Dengue Infection
Variable DSS (n=62) DHF (n=48) P Value
mean+SD mean+SD
Ang-2 (pg/ml) 739,66+55,21 497,90+220,68 0,036*

Table 4 shows the mean level of Ang-2 in DHF pasiemith shock is 739.66 + 55.21 pg/ml while DHFradas
497.90 + 220.68 pg/ml. The results of statistiests revealed that there were differences in tleeage levels of Ang-2
among DHF patients with shock compared to thoshawit shock (p <0.05). Mean sVE-Cadherin levels kFpatients
with shock is 5.93 + 4.87 ng/ml while DHF aloné5i86 + 4.811 ng/ml. The statistical test resulieeeded that there was

no difference in mean sVE-Cadherin levels betwekElk Patients and shock compared to those withoutksw<0.05).

DISCUSSIONS
Characteristics of Research Subjects

The characteristics of the research subjects irichme of gender and age group showed there werggmificant
differences between the groups with shock and witlsthock while the nutritional status showed sigaiit differences.
This study found that girls had more DHF than meemd there was no relationship between dengue uifestion and
gender, as well as the severity. This is similath® research by Sumarmoin 2002 which stated Heattis no gender
difference in DHF patients. Research in the Dinetd General of PP & PL of the Ministry of Healthtbe Republic of
Indonesia in 2008 also showed the same resultsewtherre were no sex differences in children suffefrom dengue

virus infection?!2?

Age of 6 years old is the average age obtainedigstudy. This is in accordance with the studysafnarmo
which found that the most DHF patients in Indones@e aged 5-11 years and Mayetti's study alsoddhat the age of
5-10 years was the group most suffering from deruguepared to other age groutifs. Similar to this study, there were no

age differences that were statistically significaetween the three groups of the disease severity.

The proportion of patients with dengue virus ini@etin this study was more in the case of gooditioial status
rather than the under nutrition status and overitei@verall, the number of well-nourished patiewere seen more in
severe disease (DSS) than the undernourished ardi@ight patients, thus there was a statisticagjgiicant difference
between nutritional status and the severity ofdisease (p <0.05). The meta-analysis study conduxyeTrang et al.
stated that the incidence of DHF is more commotnmimune competent and well-nourished children, Inetre is no
significant difference between nutritional statmsl dhe incidence of dengue virus infection. Untilap the relationship of
nutritional status with dengue virus infection t#l sn debate and requires further reseaftResearch by Setiati et al.
found that DHF and DSS rarely occur in malnourisklddren. A strong inflammatory response is onethsf factors
causing DHF and DS%.Research by Maron et al. found that lack of riofitan suppress immune responses mediated by

cells, thereby reducing the risk of dengue virdedtion?®
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A Difference of Clinical Symptoms (Duration of Feve, Mucosal Bleeding, Abdominal Pain, Persistent Voiiting
and Hepatomegaly) in Dengue with Shock and Withoushock

There are no significant differences in the doratf fever and the occurrence of DHF with shockilevthere is
a significant difference between mucosal bleediaigdominal pain, persistent vomiting and hepatomegéth the
occurrence of DHF with shock. Fever is found inpatients with DHF either with shock or without ské® Research in

India found 100% of the DHF patients had a fever4%i% of them were found at the first hospital assitn®’

Vasculopathy, platelet deficiency and dysfunctiamg defects in the coagulation pathway are sontieeofactors
causing bleeding. Decreased platelet production inokased platelet damage can cause thrombocytoperDHF.
Disorders of platelet function cause blood vestelsecome brittle and cause bleedifighoudhury et al found 55% of
bleeding case¥Nagaramfoundmucosal bleeding in 24% of cases idrehmi with DSS and 1.7% in children with DHF.
In addition to fever, abdominal pain and vomitisgaiso a symptom that is often found in DHF and 8arning sign in
dengue cases. Abdullah et al found that there wasigaificant relationship between persistent vomgjti fluid
accumulation and mucosal bleeding with the severftgengue infection and had a high sensitivity apécificity in

predicting the occurrence of severe dengue infeéfio

Nagaram found 73 cases with complaints of abdonpaal and 115 cases with vomiting. In DHF patightse
were 32.8% cases of abdominal pain and 60.4% afscas vomiting while in DSS patients there were 9686es of
abdominal pain and 100% of cases of vomiting. Reteeonducted by researchers also found that thasea relationship
between abdominal pain and vomiting with the ocmace of DHF with shock. Although dengue virus isnen-
hepatotropic infection, liver injury often occurgnging from mild dysfunction to increasing livenzgmes manifested
with jaundice and even fulminant liver failli®ilquiss et al's research in 2012 found that AS#le were higher than
ALT levels. Hepatomegaly was found in all DHF an8®patients, with the most severe damage to tlee found on
DSS. The study found 100% DSS patients had incdeASa levels >5 times while DHF patients in 61.586€°

The Nagaram study obtained 100% hepatomegaly ¢ondit the DSS case group and 77% in the DHF gf8up.
Zhang et al.'s (2014) study found that hepatomeigabhildren with dengue infection had a 5 timesager risk of death
compared to children infected with dengue withce discovery of hepatomegafxulianto et al research in 2016
included 188 patients who met the study criterid,(30%) had DD diagnoses, 58 (31%) DHF and 74 (39%§>
Multivariate analysis showed abdominal pain (OR6585% CI; 1.72; 14.87). From the review above careg to this
study, there was a difference of mucosal bleediglominal pain, persistent vomiting and hepatomegaDHF with
shock (p <0.05).

A Difference of Laboratory Results (Hematocrit, Thrombocyte, AST, ALT) Levels in DHF with Shock and wthout
Shock

Hematocrit, platelet, AST and ALT levels will changccording to the severity of dengue virus intectiThe
more severe dengue virus infection that occursptbee increase of hematocrit, AST and ALT leveld #re decrease of
platelet levels that are statistically significavil occur. This study found a significant diffembetween hematocrit and
platelet levels between the two groups of DHF withwithout shock. Differences in hematocrit levéhat indicate
significant plasma leakage occurs in the more sewhsease group which causes the risk of hypovaleshiock.
Hematological disorders in patients infected with tengue virus will change starting on the thiag df fever and will

return to normal on day 4 The hematocrit level is the concentration (showepercentage) of erythrocytes in 100 mL of
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blood. The hematocrit value will increase (hemoemtiation) due to an increase in blood cell or erelese in blood
plasma volume. Conversely, the hematocrit valué décrease (hemodilution) due to the decline obblaells or an
increase in blood plasma levéfdhe hematocrit value> 40% is found more in DSSepesi, about 44% of cases, while the
<40% hematocrit value is more common in DHF pasieabout 76% of cases. Research conducted by cbsesaiobtained
the same results as Nagaram's research in Indieevelained <40% more hematocrit values were fon@HF patients,
while hematocrit values were> 40% in DSS patielmshis study, platelets were found to be lowethia DSS group than
in the DHF grou®

The pathophysiology of thrombocytopenia in DHF saisecaused by depression of the bone marrow,udisin
of platelets and increased consumption of platdtets interactions between platelets and endotheélis damaged by
dengue virus infectioff In patients with DSS platelets <50,000 were obthias much as 53.5% of cases with p-value
<0.005%* Ralapanawa et al. obtained platelet cut-off of @06,to predict the progress of patients to DHF \aitensitivity
of 80% and specificity of 50%. Ralapanawa et alinfib platelet levels decreased starting on the @& in DHF patients
who experience shocRValentino et al. concluded that there was a sigaift relationship between the number of platelets
and leukocytes with the clinical degree of dengufedtion, so that the number of platelets and leytes could be
considered to help determine the clinical degread@igue infectiof® Similar to research conducted by researchers
wherein DHF patients with shock platelet level <8 in as many as 83.9% of cases, there was disagidifference of

platelets and hematocrit in DHF with shock compaceBHF without shock (p <0.05).

Increased of AST and ALT were found more in DHHRgats with shock than without shock, but there wasesignificant
differences. Hepatomegaly and liver dysfunctionramre frequent and more severe in DSS than in (HdEilah's study
confirmed that T lymphocytes were activated in vaga response to dengue virus infection and ttieation rate was
higher in DSS than DHF but there was no significatdationship between T lymphocytes and AST or Aefum values
in DHF cases. This is due to several factors, chsirig lymphocyte T liver enzyme levels do not ocsinnultaneously,
reduced T lymphocytes begin 3 days after the oofsktver, where transaminase levels usually ineregsto 9 days after
the onset of fever and gradually return to nornzdlies in 2 weef’In line with the recovery of the disease, liverdtion
will show improvement, in DHF will return to norme&lues, while in DSS will also show improvemengeyf it does not

reach normal number&.
The Difference in the Results of Ang-2 Examinatioin Dengue Patients with Shock and without Shock

Hematological parameters are considered as poategalictors, one of which is Angiopoietin. Thisugdy
obtained Ang-2 levels of DHF patients with highbosk than those without shock (p<0.05). This inttisghat the higher
the level of Ang-2, the more severe the diseaset@dengue virus infection. The main complicatiofisiengue infection
mainly affect the vascular system, including pladeskage which will cause hypovolemic shock anceptially turn to
become a DSS. Angiopoietin can be considered axpat@redictor for DSS in patients suffering fratangue infection.
This is in accordance with the research conducyeBdmpengan et al. who found that an increase ig+2kevels could
trigger vascular instability, causing an increas@ascular permeability and plasma leakage. Thdystund an increase

in Ang-2 levels in DSS patients compared to DHFgmas and dengue fevét.

The mechanism for increasing Ang-2 levels and ptalrakage is a complex cascade. Binding of Angth tiie
Tie-2 receptor via the phophatidylinositol-3-kingB¢3K) AKT pathway will cause stability of bloodssels by recruiting

pericyte into new blood vessels and maintainingrgllular contact. Ang-1 also has anti-inflammstproperties by
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regulating surface molecular adhesion. The bindingng-2 to the Tie-2 receptor can inhibit Ang-grsaling to Tie-2 and
increase blood vessel instabilfMitchel et al. in 2012 also found that DSS and Dp#fients also had higher serum Ang-
2 levels at the time of initial treatment than wiikay discharged and even when compared to theot@moup. A release
of Ang-2 from WPB is caused by activation of endtitd cells by proinflammatory cytokines, directdraction of the

virus with endothelial cells, the release of mastgroducts and procoagulant factors such as thif

Literature that has written normal levels of Anga2children as far as the knowledge of researchassnot yet
existed. Research by Rampengan et al found theestighng-2 levels in DSS compared to DHF and derfguer with
results of 2,486.21 pg/dl in dengue fever, 3,194§4ll in DHF and 4,005.32 pg/dl on DSS. In theeegsh conducted by
researchers concluded that if the level of Ang427.56 pg/ml, then the subject will experience B%S

Increased levels of Ang-2 are also associated @éthth in sepsis. David et al found that Ang-2 catregions
have been reported as predictors of mortality iticatly ill patients. Ang-2 cut-off value of 2.86g/mL predicts the
development of severe sepsis with a sensitivity 56 and specificity of 56%, the cut-off value of AR 3.56 ng/mL
predicts the development of septic shock with sisieity of 73% and specificity 68%, and the Angs@t-off value of 5.1
ng/mL predicted mortality with 80% sensitivity ai@% specificity. This study is important since aincestimate the level

of Ang-2 as a biomarker in clinical practice sottihv@an be used in clinical decision making regaggprognosis?
CONCLUSIONS

There is a significant difference in mucosal blegdiabdominal pain, persistent vomiting, and hepatgaly in
DHF with shock compared to DHF without shock. Thees a significant difference between hematociit decreased of
platelet in DHF with shock compared to without ghbat there was no difference in AST and ALTlewveDHF patients
with shock and DHF without shock. There is a défere in the average rate of Ang-2 among DHF patiesith shock

compared to without shock.
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