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Backgroind Dengue hemorthagic fever (DHF) remains a major
health problem in tropical countries. The case fatality rate (CFR) can
be reduced trom 43% to < 1%, it dengue shack syndrome (DSS) is
treated early and adequately. Early biomarkers for DSS outcomes in
children a@eded. Interleukin-8 (IL-8) might be one of the mol-
ecule, as it plays a n:Bu the pathophysiology of DHF in children.
Objective To assess ILaavcls in pediatric DHF patients at various
stages of illness severity and to determine the correlation between
serum [L-8 concentration on admission and DSS outcomes in
37 SIS

Methods A prospective cohort study was done in children with
DSS who were admitted to the Pediatrics Department of Kandou
Hospital, Manado. We measured subjects’ serum IL-8 levels at the
time of DSS diagnosis and followed-up subjects until there was
improvement or deterioration. An association between IL-8 and
DSS outcome was ized using univariable logistic regression
test. An ROC curve and Chi-square test were used to analyze the
prognostic value of serum [L-8 levels. Statistical signiticance was
considered to be a P value of <0.05 (power 80, =0.20)..
Results Fitty-eight children with DSS were included in this
study. Twenty-seven subjects had ('lin deterioration (to
recurrent shock, prolonged shock or died). There was a significant
association between elevated IL-8 levels and clinical deterioration
in DSS (OR 1@; 95%CI 18.0 to 756.0; P=0.0001). The ROC
curve revealed an IL-8 cut-off level of 1 pg/mL, AUC0.982,
with sensitivity 89.3%, specificity 93.3%, positive predictive value
(PPV) 92.6%, negative predictive value (NPV) 90.3%.
Conclusion There is an association between elevated early
m IL-8 level and a DSS deterioration. Further prognostic
studies are needed to contirm the predictive ability of serum
IL-8 level on DSS deterioration in children. [Paediatr Indones.

2016;56:79-83.].
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engue hemorrhagic fever (IBEJF) remains

a major health problem for 100 countries

in tropical and subtropical regions.!

THgEWorld Health Organization (WHO)
reported that 2.5 billion people in the world live in
endemic areas and are at risk of suffering from dengue
fever (DF) or DHE! The mortality rate from dengue
shock syndrome (DSS) can increase to 40-45% if
patients are not adequately treated early on. However,
for patients with DSS who have adequate access to
hospital care, the death rate can be reduced to <1%.3
Effec@e antivirals and vaccines against the dengue
virus that causes DHF have not been found, hence,
therapy is limited to supportive treatmd@ to manage
plasma leakage and bleeding.! As such, it is necessary
to find an early predictor of the occurrence of DSS
or severe dengue virus infection, so that DHF can be
treated early in the course of disease.
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The pathogenesis, with regards to the
occurrence of dengue infection and its manifestations,
has not bl clearly explained. Endothelial cells,
as well as pro-inflammatory and anti-inflammatory
cytokines, in both innate and adaptive immunity are
involved in the pathomechanism of DHE* Cellular
damage and cytokine activity may be the cause of
plasma leakage, which tends to occur in for 24-48
hours in DHF patients.>® However, some patients
experience recurrent or prolonged shock. Base@fn
empirical experience, endothelial cell damage may
play a role in the pathomechanism of shock. Plasma
leakage in JEAIF has been associated with a variety of
cytokines.” In vitro, IL-8 concentration was increas@E)
in transendothelial electrical resistance (TEER) of
human umbilical vein endothelial cells (HUVECs)
and human endothelial cells-1 (HMEC-1).5° In
vivo, IL-8 has been associated with endothelial cell
damage.'®!! Interleukin-8 has been known to be
sociated with DHF and DSS.'° Wong et al.** found
an IL-8 cut-off point of >220p@hL in patients that
survived from septic shock, but an [L-8 cut-off point
has not been studied in children with dengue. As such,
we aimed to assess [L-8 levels in pediatric dengue
patients, whose conditions improved or deteriorated.
We also aimed to define a cut-off point of IL-8 to be
used as a biomarker to predict clinical d€ifioration
(to recurrent or prolonged shock or died) in children

with DSS.

Methods

This prospective cohort study was conducted at the
Department of Child Health, Prof. Dr R.D. Kandou
Hospital, Manado from July 2012 to July 2014.
Subjects were all pediatric patients aged 1-14 years
and diagnosed with DSS, according to the WHO
(2011) criteria.? We excluded children with bacterial
infection and those who had received corticosteroid
treatment or blood transfusion. The minimum
required sample size was 38 (o= 0.05, 3=0.2 r=0.4,
P=0.8). At the time of digffosis, blood specimens
were examined for initial serum [L-8 levels (pg/
mL) usindff@e Human CXCLS/IL-8 Immunoassay.
Subjects’ age, sex, nutritional status, vital signs
(temperature, pulse, blood pressure, breathing, and
level of consciousness), and clinical symptoms were
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noted. Patients were followed up until there was
improvement (cured) or deterioration (to recurrent
or prolonged shock or died).

Data were first described as frequency, mean,
median, standard deviation, and range. Univariable
analysis with logistic regression test was used to assess
for an association between serum IL-8 concentration
and DSS outcome. Mann-Whitney test was used to
compare initial serum 1L-8 levels between the im-
provement and deterioration groups. Determinafffh
of prognostic value was done using a ROC curve and
Chi-square testffiflatistical significance was considered
to be P<0.05. Data processing wiillone with SPSS
version 22.0 for Windows software. The study was ap-
proved by the Ethics Committee for Health @Rudies at
Sam Ratulangi University Medical School/Prof. DR.
R.D Kandou Hospital, Manado.

Results

This study was conducted on 58 patients with DSS
from July 2012 to July 2014. Twenty-seven subjects
experienced deterioration of their condition, while
31 experienced improvement (Figure 1). No subjects
dropped out of the study. In the DSS improvement
group, there were 21/31 males and 10/31 females,
while {the DSS deterioration group, there were
16/27 males and 11/ females. The mean age of
patients was 7.4 years in the DSS improvement group
and 6.1 years in the DSS deterioration grofg. Normal
nutritional status was observed in 19/31 children in
the DSS improvement group and 20/27 children in

the DSS deterioration group. Abdominal pain was

DSS
(n= 58)

DSS improvement DSS deterioration

(n=31) (n=27)
— P
Cured Died Cured Died
(n= 31) (n=0) (n= 19) (n=8)

Figure 1. Outcomes of DSS
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Table 1. Subjects’ characteristics based on clinical course of DSS

Clinical course

Characteristics DSS
DSS improvement DSS deterioration
(n=31) (n=27)

Gender, n

Male 21 16

Female 10 11
Age, years

Mean (SD) 7.4 (2.4) 6.1(3.2)

Median (range) 7 (3-12) 5.5 (1-11)
Nutritional status, n

Obese 5 2

Overweight 3 1

Normal 19 20

Undemutrition 4 3

Malnutrition 0 1
Abdominal pain, n

Positive 19 25

Negative 12 2
Bleeding, n

Mucosal 5 8

Non-mucosal 26 19
Fever day of shock, n

Day 3 12 6

Day 4 16 10

Day 5 1 8

Day 6 2 3

Table 2. Clinical and laboratory characteristics of subjects based on clinical course

Clinical outcomes

DSS improvement

DSS deteriaration

E—s level, pg/mL
Mean (SD)
Median (range)

72.3(61.2)
60.8 (5.8-288.8)

441.3 (200.72) P=0.0001

447.0 (88.79-920.0)

seenin 19/31 children in the DSS improvement group
and in25/37 children in the DSS deteflration group.
Mucosal bleeding was found in 5/31 ®hildren in the
DSS improvement group and 8/27 children in the DSS
deterioration group. Subjects’ fever duration was from
3 to 6 day@}ith resolution of fever most commonly
occurring on the 4" and 5% days of fever iffoth
groups (Table 1). Laboratory results showed higher
levels of initial serum IL - 8 in the DSS @Elerioration
group than in the improvement group (Table 2).
The results of the Maniff§¥ hitney test analysis
showed that the initial mean serum [L-8 levels were
significantly higher in the DSS deterioration group
(experienced recurrent shock, prolonged shock, or
death) compared to those of the DSS improvement

somwe e o @ -

Propability of deterioration
e

T T T T T T
000 #0000

IL-8 pg/mL

Figure 2. Scatterplot correlation of IL-8 and the de-
teriorations in DSS patient
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(healthy) (mean 441.3 pg/mL ws. 72.3 pg/mL,
Bspectively; P=0.0001). Figure 2 shows statistically
significant association between increased IL-8 and
the DSS deterioration (P=0.0001). For predicting
deterioration in DSS patients, ROC curve analysis
revealed a cut-off1L-8 level of 194.9 pg/mL, with area
under curve (AUC) of 0.982, 89.3% sensitivity, 93.3%
specificity, 92.6% PPV, 90.3% NPV, and OR 116.7
(95%CI 18 to 756; P=0.0001) (Figure 3).

ROC Curve

/

b

Sensitivity

T T T
00 02 04 08 08 1,0

1 - Specificity

Figure 3. Area under curve IL-8 level between DSS
improvement and deterioration groups

Discussion

In our study, we had re male than female DSS
patients. A previous study found male more than
female but there is no differences in the risk of males
and females to experience DHE!? We found the
majority of DSS cases to have normal nutritional
status. A previous study reported that the majority
of dengue and DSS cases have normal nutritional
status.* Nutritional status is believed to affect the
degree of disease severity, based on the theory that
good nutrition increase the antibody response.!?
Excessive antigen and antibody reactions lead to more
severe dengue infection.! However, the mechanism
of the increased DSS severity in obese patients
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remains unclear. A study in El Salvador also found
no significant relationship between nutritional status
and DHF severity.!® Our patients got shock for the
first time on days 4 and 5 fever, similar to previous
studies.”® The pathomechanism of DHF involves
leukoeyte migration on day 5, and increasing numbers
of im§Bture neutrophils.?

Severe dengue infection is characterized by
plasma leakage due to increased vascular perme-
ability, coagulation of bleeding due to imbalance in
hemostasis, or any other serious organ involvement. !}
Dengue viral infection induces endothelial cell pro-
duction of cytokines, one of which is IL-8.5 Increased
IL-8 is associated with plasma leakage, endothelial
cell damage, impaired coagulation, and fibrinolysis in
dengue patients.'® In our study, we found a significant
relationship between IL-8 and the occurrence of dete-
rioration in fff DSS patients (Figure 2). The initial
mean serum IL-8 level was higher in the DSS dete-
rioration group (recurrent shock, prolonged shock,
and/or death) than in the DSS improvement group
(Table 2). Patients with higher IL-8 levels tend o
have worse outcomes. Huang et al. found higher [L-6
and IL-8 levels in DSS and DHF patients compd
to those with DE® A study also reported higher IL-8
levels in DSS patients compared to DHF patients.!®
Another study observed that only patients with fatal
shock had highcfB) -8 levels.?? These previous stud-
ies demonstrate that IL-8 plays an important role in
predilling DHF or DSS outcomes.

We found that an initial serum IL-8 cut-off
level of 194.9 pg/mL can predict DSS patient
deterioration with OR 116.7, 89.3% sensitivity, and
03.3% specificity. This is a good result based on the
Jouden index (more than 0.50).2! These results
suggest that predicting morbidity and mortality in
DSS patients should not be based solely on clinical
appearance at the time of diagnosis, but should be
based on parameters indicating severity of ongoing
endothelial cell damage. Patients with DSS may have
better prognoses if there is little damage of endothelial
cells, as mediated by IL-8. This statement is consistent
with the empirical experience of clinicians. Armed
with the patient’s [L-8 levels, the clinician can change
the management approach to improve outcomes of
morbidity and mortality from DSS.

A strength of our study was its cohort prospective
approach, which to our knowledge, has notbeen used




in previous studies. A limitation of the study was the
lack of subject stratification based on duration of
fever (length of dengue infection). Stratification is
needed because if shock occurs in the early days of
fever it sugests a high number of viral load and also
high viremia.

In conclusion, there is an association between el-

evated early serum IL-8 level and DSS deterioration.

Conflict of interest

None declared.

(3]

References

WHO. Dengue: guideline for diagnosis, treatment, preven-
tion and control. New Edition. France: WHO; 2009. p.
4.12.

WHO. Comprehensive guidelines for prevention and control
of dengue and dengue haemorrhagic fever Revised and
expanded edition. India: WHO; 2011. p. 1-51.

Halstead SB. Dengue fever and dengue hemorrhagic tever.
In: Berhrman RE, Kliegman RN, Jenson HB, editors. Nelson
textbook of pediatrics, 17% ed. Philadelphia: WB Saunders
Company; 2007. p. 1092-4,

Chaturvedi UC, Agarwal R, Elbishbishi EA, Mustafa
AS. Cytokine cascade in dengue hemorrhagic fever:
implications for pathogenesis. FEMS lmmunol Med
Microbial. 2000;28:183-8.

WHO. Dengue haemorrhagic tever: diagnosis, treatment,
prevention and control. 2% ed. Geneva: WHO; 1997. p.1-
60

Tatura SNN, Rampengan NH, Mandei JM, Runtunuwu AL,
Mantik MF], Rampengan TH. Comparison of blood plasma
and gelatin solution in resuscitation of children with dengue
shock syndrome. Paediatr Indones. 2009;49:322.0,

Lin CE ChiuSC, Hsiao YL, Wan SW, Lei HY, Shiau AL, et al.
Expression of cytokine, chemokine, and adhesion molecules
during endothelial cell activation induced by antibodies
against dengue virus nonstructural protein 1. ] Immunol.
2005;174:395-403.

Huang YH, Lei HY, Liu HS, Lin YS, Liu CC, Yeh TM. Dengue
virus infects human endothelial cells and induces I1-6 and
1L-8 production. Am ] Trop. Med Hyg 2000;63:71-5.
Talavera D, Castillo AM, Dominguez MC, Gutierrez AE,

Suryadi N. N. Tatura et al: Association between interleukin-8 and severity of dengue shock syndrome in children

Meza L. IL-8 release, tight junction and cytoskeleton
dynamic reorganization conducive to permeability increase
are induced by dengue virus infection of microvascular
endothelial monolayers. ] Gen Virol. 2004;85:1801-13.

. Juttri M, van Der Meer GM, Hack CE, Haasnoot K, Sutaryo,

Veerman A, et al. Inflammatory mediators in dengue virus
infection in children: interleukin-8 and its relationship to

neutrophil degranulation. Infect Immun. 2000;68:702-7.

. Avirutman P Malasit B Seliger 5, Bhakdi, Husmann M.

Dengue virus infection of human endothelial cells leads
to chemokine production, complement activation, and

apoptosis. ] Immunol. 1998;161:6338-46.

. Wong HR, Cvijanovich N, Wheeler DS, Bigham M'T; Monaco

M, Odoms K, et al. Interleukin-8 as a stratification tool for
interventional trials involving pediatric septic shock. Am |

Respir Crit Care Med. 2008;178:267-82.

. Huang NT, Lan NT; Lei HY, Lin YE, Lien LB, Huang KJ,

et al. Association between sex, nutritional status, severity
of dengue hemorrhagic fever, and immune status in infants
with dengue hemorrhagic fever. Am | Trop Med Hyg.

2005;72:370-4.

. Tantracheewathorn T, Tantracheewathorn S. Risk factors

of dengue shock syndrome in children. ] Med Assoc Thai.

2007;90:272-7.

. Saniathi E, Arhana BNE, Suandi IKG, Sidiartha IGL. Obesitas

sebagai faktor risiko sindrom syok dengue. Sari Pediatri.
2009;11:238-43.

. Maron GM, Clara AW, Diddle JW, Pleites EB, Miller L,

MacDonald G, et al. Association between nutritional status
and severity of dengue infection in in children in El Savador.
Am | Trop Med Hyg. 2010;82:324.9.

. Lei HY, Huang KJ, Lin YS, Yeh TM, Liu HS, Liu CC.

Immunopathogenesis of dengue hemorrhagic tever. Am |

Infect Dis. 2008;4:1-9.

. Whitehorn ], Simmons CP The pathogenesis of dengue.

Vaccine. 2011;29:7221-8.

. Raghupathy R, Chaturvedi UC, Al-Sayer H, Elbishbishi AE,

Agarwal R, Nagar R, et al. Elevated levels of IL-8 in dengue
hemorrhagic tever. | Med Virol. 1998;56:280-5.

. Bethell DB, Flobbe K, Cao XT, Day NB, Pham TP Buurman

WA, et al. Pathophysiologic and prognostic role of cytokines
in dengue hemorrhagic fever. | Infect Dis. 1998;177:778-
82.

. Schisterman EF, Perkins NJ, Liu A, Bondell H. Optimal

cut-point ans its corresponding Youden Index to discriminate
individuals using pooled blood samples. Epidemiology. 2005;

16: 73-81.

Paediatr Indones, Vol. 56, No. 2, March 2016 « 83




Wahyuni_Association_between_il8 and_severity of dss.pdf

ORIGINALITY REPORT

20 .8 w13 %11

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Pediatric Critical Care Medicine, 2014.

Publication

"l

)

Submitted to Universitas Warmadewa
Student Paper

"l

Soriano, D.. "Serum concentrations of
interleukin-2R (IL-2R), IL-6, IL-8, and tumor
necrosis factor alpha in patients with ectopic
pregnancy", Fertility and Sterility, 200304

Publication

%]

=

Submitted to Universitas Brawijaya
Student Paper

%]

£l

Yi-Shin Huang, Cho-Yu Chan, Jaw-Ching Wu,
Chung-Ho Pai, Yee Chao, Shou-Dong Lee.
"Serum levels of interleukin-8 in alcoholic liver
disease: relationship with disease stage,
biochemical parameters and survival", Journal
of Hepatology, 1996

Publication

%]

William G. Wierda. "Plasma interleukin 8 level
predicts for survival in chronic lymphocytic

%]



leukaemia”, British Journal of Haematology,
2/2003

Publication

Submitted to Sriwijaya University
Student Paper

%]

bvs.insp.mx

Internet Source

%]

Barnabas Rozsai. "Urinary cytokine response to
asymptomatic bacteriuria in type 1 diabetic
children and young adults", Pediatric Diabetes,
6/2006

Publication

%]

RN
(@)

repo.unand.ac.id

Internet Source

%]

—
—

Submitted to Mahidol University

Student Paper

%]

-
N

apps.searo.who.int

Internet Source

%]

academic.oup.com
Internet Source p <% 1
www.plosone.or
Internet Seurce g <% 1
Binita Koirala Sharma, David Charles Klinzing, <%1

John Donnie Ramos. "Modulatory activities of
Zingiber officinale Roscoe methanol extract on



the expression and activity of MMPs and TIMPs
on dengue virus infected cells", Asian Pacific
Journal of Tropical Disease, 2015

Publication

-
(@)

Ching-Chuan Liu. "Transient CD4/CD8 ratio
inversion and aberrant immune activation during

dengue virus infection", Journal of Medical
Virology, 10/2002

Publication

—
N

Submitted to Institute of Technology, Nirma

University
Student Paper

RN
(00)

jgv.microbiologyresearch.org

Internet Source

RN
(o)

www.ncbi.nlm.nih.gov

Internet Source

N

B

Ceyhan, B.. "IL-8 in pleural effusion”,
Respiratory Medicine, 199604

Publication

B
—

Submitted to UC, Irvine

Student Paper

R
N

Submitted to iGroup

Student Paper

N

w

www.uptodate.com

Internet Source




www.tandfonline.com
Internet Source <%1
Tachibgna, Y... "Intrghepatic interleu.kin-8 <%1
production during disease progression of
chronic hepatitis C", Cancer Letters, 20070618
Publication
repub.eur.nl
InteFr)net Source <%1
Park, Soo-Kyung, Young Soo Park, Ji Yong <, 1
Ahn, Eun-Ju Do, Dongho Kim, Jee Eun Kim, °
kyoungwon Jung, Jeong-Sik Byeon, Byong Duk
Ye, Dong Hoon Yang, Sang Hyoung Park, Sung
Wook Hwang, Hwoon-Yong Jung, and Seung-
Jae Myung. "MiR 21-5p as a predictor of
recurrence in young gastric cancer patients”,
Journal of Gastroenterology and Hepatology,
2016.
Publication
Submitted to University of Nottingham
Student Paper y g <%1
www.jstage.jst.go.j
Internet SJourceg J g Jp <%1
41 Annual World Congress International <%1

College of Angiology Sapporo, Japan *3 — 10
July 1999 ", International Journal of Angiology,
2011



Publication

Submitted to Mansoura Universit

Student Paper y <%1
www.mdpi.com

Internet Sourcep <%1
WWW.[jSS-Sh.com

Internet Siurce <%1
www.scribd.com

Internet Source <%1

"XXIV World Allergy Congress 2015", World < 1
Allergy Organization Journal, 2016 °
Publication

|. Bosch. "Increased Production of Interleukin-8 <, 1
in Primary Human Monocytes and in Human °
Epithelial and Endothelial Cell Lines after
Dengue Virus Challenge", Journal of Virology,
05/03/2002
Publication

Lee, Heung-Man, IlI-Ho Park, Jae-Min Shin, <%1

Hyun-Sun Yoon, Gyeong Yul Park, Margit
Zeher, Katsuhiko Matsui, Saki Tamai, Reiko
Ikeda, Drsushil Suri, Dranu Suri, Marzieh
Heidarzadeh Arani, Azwin Lubis, Anang
Endaryanto, Shinichiro Koga, Lee Ju Suk,
Yasunobu Tsuzuki, Seo Hyeong Kim, Jung U.
Shin, Ji Yeon Noh, Shan Jin, Shan Jin, Hemin



Lee, Jungsoo Lee, Chang Ook Park, Kwang
Hoon Lee, Kwang Hoon Lee, Fatma Merve
Tepetam, Chun Wook Park, Jee Hee Son, Soo
Ick Cho, Yong Se Cho, Yun Sun Byun, Yoon
Seok Yang, Bo Young Chung, Hye One Kim,
Hee Jin Cho, Yoshinori Katada, Toshio Tanaka,
Akihiko Nakabayashi, Koji Nishida, Kenichi
Aoyagi, Yuki Tsukamoto, Kazushi Konma,
Motoo Matsuura, Jung-Won Park, Yoshinori
Harada, Kyoung Yong Jeong, Akiko Yura, Maiko
Yoshimura, Tae-Suk Kyung, Young Hyo Kim,
Chang-Shin Park, Tae Young Jang, Min-Jeong
Heo, Ah-Yeoun Jung, Seung-Chan Yang, Hye
One Kim, Yong Se Cho, Yun Sun Byun, Yoon
Seok Yang, Bo Young Chung, Jee Hee Son,
Chun Wook Park, Hee Jin Cho, Oliver Pfaar,
Angelika Sager et al. "XXIV World Allergy
Congress 2015 : Seoul, Korea. 14-17 October
2015", World Allergy Organization Journal,
2016.

Publication

Trang, Nguyen Thi Huyen, Nguyen Phuoc Long, <o, 1
o

Tran Thi Minh Hue, Le Phi Hung, Tran Dinh
Trung, Doan Ngoc Dinh, Nguyen Thien Luan,
Nguyen Tien Huy, and Kenji Hirayama.
"Association between nutritional status and
dengue infection: a systematic review and meta-
analysis", BMC Infectious Diseases, 2016.

Publication



EXCLUDE QUOTES ON EXCLUDE MATCHES <5

EXCLUDE ON WORDS
BIBLIOGRAPHY



	Wahyuni_Association_between_il8_and_severity_of_dss.pdf
	by Sitti Wahyuni

	Wahyuni_Association_between_il8_and_severity_of_dss.pdf
	ORIGINALITY REPORT
	PRIMARY SOURCES


