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INTRODUCTION

Dengue viral infection is the most common arboviral infection in the world
with half of the total population is at risk.(1) It is estimated that 390 million
dengue virus infections occur per year, of which 96 million manifest clinically.(2)
In last six years, dengue has increased by 6-fold involving both urban and rural
areas covering many countries.(3) The striking fact is 75 % of dengue burden is
in WHO South East Asia Region (SEAR) and West Pacific Region (WPR). And
in India, the case fatality rate of dengue is 3 to 5 % unlike the overall mortality of
1 % in SEAR.(4) Mortality in dengue is related to the fact that disease course
from dengue fever to severe dengue is very difficult to predict. It’s a dynamic
disease with very wide clinical spectrum varying from mild febrile illness to stage
of shock and death.(5) Most of the patients have a short critical phase but few of
them who remain in critical phase for long time develops to severe dengue.
For proper triaging of patients, WHO in 2009 has proposed a new
classification of dengue disease consisting of three categories – dengue without
warning signs, dengue with warning signs and severe dengue.(4) In addition to
these, if a patient develops ‘warning signs’, then they will be categorised as
dengue with warning signs. Warning signs were introduced to predict the grave
11 | P a g e

disease course as found in DENCO (Dengue and Control) multicentric study
conducted by WHO.(6) Warning signs include abdominal pain/tenderness,
persisted

vomiting,

clinical

fluid

accumulation,

mucosal

bleed,

lethargy/restlessness, liver enlargement > 2 cm, increase in haematocrit with
decrease in platelet counts. Patients who progresses to severe dengue has any of
the three features like severe plasma leakage leading to dengue shock syndrome
(DSS) or respiratory distress; severe bleeding manifestations; and severe organ
involvement in the form of AST/ALT > 1000 IU, impaired consciousness and
involvement of heart and other organs on the basis of clinical and lab
parameters.(4) Although the disease progression can be predicted on the basis of
warning signs, it requires a strict observation which can be easily missed.(4) The
development of warning signs may occur in late stage giving a very short time
span for the clinician to judge the protracted course of severe illness. Therefore,
there is an unmet need of objective tests which can predict the development of
severe disease well in advance so that appropriate intensive care can be given to
a particular subset of patients.(7)
Over the last few years, several biomarkers of dengue severity have been
studied recently, including interleukins like IL-10,(8) cell surface adhesion
molecules,(9) vascular endothelial growth factor,(10) liver transaminases(11) and
platelet count.(12,13) Studies have suggested that the mast cell (MC) is involved
in dengue virus infection.(14) MCs secrete several soluble mediators like tryptase
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and chymase, which are proteases that can decrease the coagulation factors.(15)
It was found that higher levels of serum chymase is present in severe dengue
patients than that of non-severe patients.(16)
We, conducted this prospective, single-centre, observational centre study
with an aim to assess the ability of serum chymase level as an early predictor of
dengue severity, among patients presenting with non-severe dengue to the
Emergency Department (ED).
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Review of Literature
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REVIEW OF LITERATURE

Dengue severity is difficult to predict. In a multicentric study conducted in
four south east Asian and three Latin American countries, the incidence of severe
dengue was found to be 15.6 %.(17) Exact proportion of patients who are going
to dip into severe dengue disease among the dengue fever patients is unknown.
Early prediction of subset of patients who are going to develop severe dengue in
future is the main focus of this study. In the recent past, many studies have been
conducted to assess different biomarkers which have potential use to predict
severe dengue. These biomarkers can be divided in to 4 different classes, Immune
activation markers, Endothelial activation markers, Biochemical markers and
genetic markers.(18) Some of the biochemical markers are product of mast cells
degranulation.
Direct degranulation of mast cells occurs only in few viruses like DENV
and vaccinia virus.(19) Vaccinia virus is not a haemorrhagic virus and not
transmitted through blood, which signifies a specific link between mast cells and
DENV. Detailed study of mast cells and their products in DENV infection
pathology was done by Syenina et al.(20) This study showed the critical role of
mast cells as ‘cellular catalyst’ of DENV induced vascular pathology. DENV
15 | P a g e

particles present in the human body induces widespread mast cell activation
which releases vasoactive mediators like leukotrienes and proteases like chymase
(Figure – 1).(21)
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Figure – 1: Diagram representing the impact of dengue virus (DENV)
induced activation of mast cells (MC) on the vasculature.
DENV infection results in the activation of MCs, which release many vasoactive
factors in the vicinity of blood vessels including leukotrienes and proteases, such
as chymase.
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Takahisa et al (22) conducted an observational study at Children’s Hospital
No. 2, Ho Chi Minh City, and Vinh Long Province Hospital, Vietnam from 2002
to 2005, among 103 children aged from 5 to 15 years of age, with 189 healthy
subjects, and 19 febrile illness patients of the same Kinh ethnicity. Aim of the
study was to investigate the relationship between mast cell specific proteases
(serum level of chymase and tryptase) and dengue disease severity. The level of
mast cell-derived mediators (chymase and tryptase) were significantly higher in
patients with dengue haemorrhagic fever (DHF, from WHO-1999 definitions)
and dengue shock syndrome (DSS, from WHO-1999 definitions) as compared to
those of dengue fever and other febrile controls. This increase was present in first
few days of admission but by 4th day of admission, the levels came down to
normal. Authors concluded that, mast cell activation and mast cell-derived
mediators participate in the development of DHF. The two proteases, particularly
chymase, might serve as good predictive markers of Dengue disease severity.(22)
St John et al (16) had examined the serum samples of 133 confirmed
dengue patients stored during ‘Early DENgue (EDEN) infection and outcome’
study (year 2006). It was found that those patients that were diagnosed with DF
or DHF showed chymase levels in serum obtained during the acute phase of
infection (day – 2 to 4) were significantly higher than levels in the serum of either
healthy controls or individuals with fever that were DENV negative. This trend
of heightened levels of chymase in the blood of DF and DHF patients persisted
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to the second time point of blood collection (day – 4 to 7 of fever onset),
illustrating a prolonged course of elevated MC products occurs during infection.
During the acute phase of infection, DF patients displayed an increase in serum
chymase that was approximately 10 times higher than to healthy individuals or
DENV-negative patients while, in DHF patients, chymase levels 30 times higher
than healthy controls were detected.(16)
Inokuchi et al (23) had enrolled 111 patients (enrolled between 2009 to
2014) with confirmed dengue and 85 with “other febrile illness” (OFI) in a
hospital-based retrospective study in Vietnam. Dengue patients were classified as
level 1, 2, or 3 based on the clinical intervention received. Briefly, dengue patients
who did not receive a medical intervention (intravenous fluids) were classified as
level 1, those who received fluid above the maintenance level (oral or
intravenous) without organ failure and shock were designated as level 2, and
those who received intravenous fluids or any blood product and showed organ
dysfunction or shock syndrome were defined as level 3. Blood samples were
collected for plasma chymase estimation from each patient every day (pre- and
post-defervescence) and after discharge. The plasma chymase concentration was
significantly different between level 3 and OFI patients on day 0 and level 1 and
2 after discharge. In level 3 patients, chymase decreased to its lowest point in the
acute phase around day -1, and then started to increase and remained high until
post-discharge. Level 2 patients also had a similar tendency, except the
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concentration started to increase a little earlier (day -1) than in level 3
patients.(23)
In the year 2017, in Sri Lanka, Tissera et al (24) conducted a retrospective
observational study with a hypothesis of assessing serum chymase as a robust
biomarker of dengue disease severity. Study included 347 patients from all age
groups and gender. Serum samples were collected at the time of recruitment of
subjects having < 6 days of fever. Serum chymase estimation was done only in
patients who had clear discharge diagnosis of dengue fever or dengue
haemorrhagic fever (based on WHO-1999 definitions). After adjustment for other
variables, odds of having DHF as final diagnosis was 1.32 (1.21-1.44, 95% CI)
times more likely than odds of having DF with every unit rise in serum chymase
level. Serum chymase was elevated in DHF irrespective of age, gender and some
pre-existing clinical conditions. At the time of blood sample collection, only 4 %
who would ultimately receive a diagnosis of DHF had received a DHF diagnosis,
yet chymase concentrations would have correctly predicted that 96 % of those
patients would develop DHF. Hence, they concluded that serum chymase
concentration was a strong predictor of DHF in acute DENV infection.(24)
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Rationale of the Study

21 | P a g e

RATIONALE OF THE STUDY

There were no prospective study evaluating serum chymase level in
prediction of dengue severity. The ‘WHO-2009 classification of dengue’ was not
used in any of the previously published research. None of the works were done
in the Indian sub-continent. We, therefore prospectively included the patients in
our study and used the recent WHO-2009 classification of dengue patients, which
made the results of this study appropriate for use in current practice.
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Aims & Objectives
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AIMS AND OBJECTIVES

Primary Objective: To assess the predictive value of initial serum Chymase
level at admission in non-severe dengue patients, for the development of severe
dengue disease in due course of illness.

Secondary Objective: To study the demographic profile of dengue patients
attending the Department of Emergency Medicine, All India Institute of Medical
Sciences, New Delhi, India.

24 | P a g e

Methodology
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METHODOLOGY

Study Design: Prospective Observational Study
Place of Study: Department of Emergency Medicine, AIIMS, New Delhi

Study duration: 1st August, 2018 to 1st April, 2020
Total: 20 months
Study was scheduled as
Preparatory phase: 1 month
Case screening, recruitment and investigations: 16 months
Data analysis and writing: 3 months

Sample Size:
Let us assume that sensitivity of Initial Serum Chymase level to predict
Severe Dengue is 80 percent with a relative precision of 10 percent. So, minimum
required number of Severe Dengue patients will be 64. There are no studies
26 | P a g e

available that estimates the incidence of development of Severe Dengue among
Non-Severe Dengue patients. From a Multinational study, prevalence of Severe
Dengue among Dengue cases was found to be 15.6 %. So, let us assume that 15.6
percent of non-severe dengue patients may develop severe dengue in due course
of illness. So, minimum number of Non-Severe Dengue cases that is required is
411 among which 64 will be developing Severe Dengue in due course of illness.
In AIIMS New Delhi, in the year 2017, during Dengue outbreak season, 30
percent of acute febrile illness patients were diagnosed as Dengue fever (NS1
positive). So, number of acute febrile illness patients that is required is 1370. For
our convenience, we will include 1100 acute febrile patients during Dengue
outbreak seasons among which approx. 330 will be Non-Severe Dengue (NS1
positive) patients. On these 300 patients, laboratory estimation and statistical
analysis will be done.

Ethical Clearance: Ethical approval was obtained from Institution Ethics
Committee, All India Institute of Medical Sciences, New Delhi (IEC number –
IECPG-262/28.06.2018).
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Inclusion criteria:
 Acute febrile illness patients with duration of fever for < 4 days
 Age > 14 years
 Consented to participate (parental consent was obtained for patients of age
< 18 years)
 NS1 antigen ELISA positive dengue patients (non-severe)
Exclusion criteria:
 Severe dengue features at admission
 Known case of chronic liver disease and chronic kidney disease
 Patients with a history of atopy
 Pregnant patients

Outcomes
Final diagnosis (dengue fever without warning signs, dengue fever with warning
signs and severe dengue) after 4 days of afebrile period
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Data collection
For each included patient, information collected were: demographics – age,
gender; clinical signs and symptoms – day of onset of fever, associated symptoms
like myalgia, retro-orbital headache, rashes, vomiting, presence of any warning
signs, haemorrhagic features, haemodynamic parameters (blood pressure, pulse
pressure, capillary refilling time and urine output); laboratory data – total
leucocyte count, platelet count, haematocrit, serum chymase level, aspartate
transferase (AST), alanine transferase (ALT), serum urea and serum creatinine.
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Sample collection, dengue diagnosis and serum chymase estimation
 Serum sample of all screened patients was collected for ELISA of dengue
NS1 antigen at the time of admission.
 Only, patients who were NS1 positive were assayed for serum chymase
levels
 Sample – Serum sample of all the included patients were collected at
admission using serum separator tube and stored at -80 degree Celsius.
Repeated freeze-thaw cycle was avoided.
 Assay – ELISA kit for human mast cell chymase – Cusabio® - CSBE13757h
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 Assay procedure –

 Calculation of results – using a standard curve by reducing the data using
PRISM software
 Intra-assay variation – 7.2%
o Three samples of 10 ng/mL concentration were tested four times on
one plate
 Inter-assay variation – 9.4%
 Three samples of 10 ng/mL concentration were tested in three different
plates
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Definitions:
 ‘Probable dengue fever’ - are patients having fever of < 4 days duration
with any two of the following features:
o Nausea/vomiting
o Rashes
o Tourniquet test positive –
 The test is performed by inflating a blood pressure cuff on the
upper arm to midway between diastolic and systolic blood
pressures for 5 minutes, and is considered positive if > 20
petechiae per square inch are observed
o Leukopenia (total leukocyte count < 4000 per microliter)
o Retroorbital headache
o Myalgia
 ‘Dengue fever with warning signs’ - includes patients of probable dengue
fever with any of the following seven warning signs/symptoms:
o Abdominal pain or tenderness
o Persistent vomiting – defined as frequency of > 2 times a day
o Clinical fluid accumulation - ascites or pleural effusion
o Mucosal bleed –
 Epistaxis, gum bleed, gastrointestinal bleed, haemoptysis,
haematuria and/or vaginal bleed
o Lethargy or restlessness
o Hepatomegaly > 2 cm
o Increase in haematocrit with concurrent decrease in platelet counts
 ‘Severe dengue’ – includes probable dengue fever patients with any of the
following features:
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o Severe plasma leakage  Leading dengue shock syndrome - blood pressure < 90/60
mmHg, or
 Respiratory distress (dyspnea or tachypnea with respiratory
rate > 30/min) - due to significant fluid accumulation
o Severe bleeding  Any life-threatening bleeding requiring urgent interventions
including blood transfusion, fibrinolytics administration and
invasive procedures like upper GI endoscopy
o Severe organ impairment like –
 Acute hepatitis i.e. serum transaminases > 1000 U/L
 Impaired consciousness (GCS < 15)
 Acute kidney injury – abrupt (within 48 h) reduction in kidney
function defined as an absolute increase in serum creatinine
of 0.3 mg/dL or percentage increase in serum creatinine of
50% or more (1.5-fold from baseline) or a reduction in urine
output defined as < 0.5 mL/kg/h for > 6 h)
 Acute respiratory distress syndrome – modified Berlin
definition - acute onset of respiratory failure (< 7 days),
bilateral infiltrates on chest imaging, hypoxemia as defined by
a PaO2/FiO2 ratio ≤300 mmHg, and no evidence of
cardiogenic pulmonary edema
 Myocarditis – clinical and electrocardiography diagnosis
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Statistical methods
All information was collected and collated in Microsoft Excel spreadsheet
(MS Office-365). Multivariable logistic regression (MLR) was utilized for
examining the predictive ability of covariates for dengue severity. These include
continuous covariates like age, duration of fever at admission, serum chymase
level, initial blood counts (like haemoglobin, haematocrit, platelet, total leucocyte
count); and categorical covariates like gender, warning signs, haemorrhagic
features and other clinical features. The area under the Receiver’s Operating
Characteristics curve (ROC) was calculated for finding accuracy of serum
chymase level in predicting severe dengue. We considered AUROCs to be poor
if it is < 0.7, adequate at 0.7 to 0.8, good at 0.8 to 0.9, and excellent at > 0.9.
Serum chymase level was dichotomized by defining its optimum cut-off using
Youden’s-J statistics on the ROC curve. Diagnostic statistics of serum chymase
level (dichotomized) were calculated for the development of severe dengue. All
the above analyses were performed, and graphs were prepared with IBM SPSS
Statistics for Windows, Version 23.0. Armonk, NY: IBM Corp. All tests of
significance used a 2-sided p-value ≤ 0.05. Random-effects meta-analysis was
used to summarise the odds ratio (OR) of our result and of previous studies. To
assess the heterogeneity among studies, inconsistency statistics (I2) was used. I2
greater than 50% were considered for significant heterogeneity. Meta-analysis
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was performed with the METAPROP platform for STATA (version-14.2);
StataCorp, College Station, TX).
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Results
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RESULTS

Demographic Profile of dengue patients
A total of 1129 acute febrile patients were screened for dengue fever, and
338 patients were finally included according to the inclusion criteria (Figure –
2). Patients were of mean age of 29.15 years, with two-third consisting of male
gender (224 out of 338) (Figure – 3). At initial presentation, 272 patients (80.5%)
were having dengue fever without warning signs and 66 patients (19.5%) were
having dengue fever with warning signs. A serum sample was collected on
admission for chymase assay. All the included patients were followed up till four
days post-defervescence (i.e. afebrile) and final discharge diagnosis was noted.
In due course of illness, 26 out of 338 (7.8%) patients developed severe dengue.
Sixty-five patients (19.2%) developed dengue fever with warning signs, and 247
(73%) patients were discharged with a diagnosis of dengue fever without warning
signs. Clinical characteristics and laboratory parameters of study subjects are
presented in Table – 1 and detailed clinical presentation of severe dengue patients
are presented in Table – 2.
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Figure – 2: Flow diagram showing the detailed study methodology
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Figure – 3: Population pyramid of the included dengue patients in the
study.
Sample size – 338, mean age – 29.15 years (SD – 12.083 years), male – 224
(66.3%) and female – 114 (33.7%)
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Final diagnosis, n = 338
Non-severe dengue

Severe
dengue
Severe
dengue, n =
26

Dengue fever
without warning
signs (DF), n =
247
29.5 (12.6)

Dengue fever
with warning
signs (DFWS), n
= 65
28.7 (10.6)

166 (67.2)

44 (67.7)

14 (53.8)

Day of fever at admission, mean
(SD)
Diagnosis at presentation

3.4 (0.7)

3.3 (0.8)

3.5 (0.6)

DF, n (%)

247 (100)

15 (23.1)

10 (38.5)

0 (0)

50 (76.9)

16 (61.5)

Blood count at admission, mean
(SD)
Haemoglobin (in g/dL)

12.8 (2.4)

13.6 (2.0)

12.8 (3.3)

Haematocrit (in %)

39.0 (6.1)

40.5 (5.7)

39.0 (9.4)

Platelets (1000 per mm3)

90.1 (70.1)

63.5 (62.6)

40.2 (52.5)

5.3 (2.9)

4.7 (2.6)

4.7 (2.6)

1.0 (1.2)

1.2 (1.4)

2.3 (1.1)

Characteristics
Age, mean years (SD)
Male gender, n (%)

DFWS, n (%)

Total Leukocyte count (1000 per
mm3)
Serum Chymase at admission in
ng/mL, mean (SD)

26.9 (10.9)

Table – 1: Clinical characteristics of the patients included in the study
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Table – 2: Clinical characteristics and laboratory parameters of twenty-six
patients with the final diagnosis of severe dengue.
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Elevated serum chymase - A predictor of dengue severity

Results of the multivariate logistic regression analysis:
Univariate logistic regression analysis showed that clinical features like
UGI bleed, heavy menstrual bleed, persistent vomiting and abdominal pain; and
laboratory parameters like platelet count and serum chymase level at admission
were independently associated with a final diagnosis of severe dengue. (Table –
3) When adjustment for all covariates was made using multivariate logistic
regression analysis, only serum chymase level and initial platelets were able to
predict the development of severe dengue (Table – 3). The odds of having severe
dengue was 1.787 times more likely than the odds of having non-severe dengue
(adjusted odds ratio:1.787; 95% CI:1.309-2.440) with every unit increase in
serum chymase level. Unlike serum chymase, lower platelet count was associated
with severe dengue, with adjusted odds ratio value nearing one (adjusted odds
ratio: 0.981; 95% CI:0.968-0.993).
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Table – 3: Presenting symptoms, initial serum chymase level and blood cell
counts associated with the diagnosis of severe dengue versus non-severe
dengue (with or without warning signs)
OR – Odds Ratio, aOR – adjusted Odds Ratio. p-value < 0.05 is considered
significant.
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Comparison of mean serum chymase concentrations of patients grouped on
the basis of their final diagnosis:
We next compared the mean serum chymase concentrations of patients
grouped on the basis of their final diagnosis. Patients with a final diagnosis of
severe dengue had a significantly higher serum chymase levels than all other
patients. (Figure – 4A). The chymase level was also significantly elevated in the
serum of patients with severe dengue, compared with the level in remaining
patients, irrespective of the age (Figure – 4B) and gender (Figure – 4C). In
patients presenting on day-3 and day-4 of fever, serum chymase levels were
significantly elevated in patients having severe dengue, compared with other
patients; whereas this was not in the case of patients presenting in earlier course
of the disease (day – 1 or day – 2). (Figure – 4D). Mean chymase level and their
standard deviation according to each grouping characteristics (i.e. age group,
gender and day of fever) is available in the Table – 4.
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Figure – 4: Comparison of mean serum chymase level with the final
diagnosis.
A, Patients with severe dengue had significantly higher levels of serum chymase
(mean – 2.34 ng/mL) as compared to patients with dengue with warning signs
(mean – 1.19 ng/mL) and without warning signs (mean – 1.04 ng/mL).
B, Chymase levels were significantly higher in patients with severe dengue in all
age groups than that of patients with dengue with warning signs and without
warning signs.
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C, Chymase levels were significantly elevated in both male and female patients,
having severe dengue, compared with levels among patients of dengue with
warning signs and without warning signs.
D, In patients presenting on day-3 and day-4 of fever, serum chymase levels were
significantly elevated in severe dengue, compared with levels among patients of
dengue with warning signs and without warning signs.

* indicates significantly higher chymase level in severe dengue patients than
that of the other two groups, p-value < 0.05. $ indicates significantly higher
chymase level in patients of dengue with warning signs than that of patients not
having warning signs, p-value < 0.05.
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Table – 4: Table showing chymase concentration (mean + SD) in all patients
and according to grouping characteristics (age-wise, gender-wise and
according to the duration of fever on admission).
SD – standard deviation
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Receiver’s Operating Curve analysis of serum chymase levels for predicting
dengue severity:
Area under ROC (AUROC) of serum chymase level for predicting severe
dengue was 0.835 (95% CI: 0.765-0.905, p < 0.001) (Figure – 5), which was
significantly higher than the AUROC of platelet count at admission (0.760,
95%CI:0.650-0.870) (p < 0.001). When evaluated in different age groups,
chymase level was an ‘Excellent’ predictor in patients with the age group of 14 18 years (AUROC: 0.916, 95%CI: 0.831-1.000) and ‘Good’ predictor in the age
group of 18 to 45 years (AUROC: 0.806, 95%CI: 0.713-0.899). Similarly,
chymase level was a ‘Good’ predictor of dengue severity in both the male
(AUROC: 0.813, 95%CI: 0.717-0.909) and female (AUROC: 0.859, 95%CI:
0.755-0.962) patients. It was also found to be a ‘Good’ predictor in patients
presenting on day-3 (AUROC: 0.822, 95%CI: 0.720-0.923) and day-4 (AUROC:
0.837, 95%CI: 0.729-0.945) of illness. ROC curves, according to each grouping
characteristics (i.e. age group, gender and day of fever) is depicted in Figures –
6 to 8.
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Figure – 5: Receiver operator characteristic curve (ROC) analysis of
chymase level for all patients, with outcome parameter as severe dengue.
Area under ROC was 0.835 (95% CI: 0.765-0.905, p < 0.001), suggesting serum
chymase as a ‘Good’ predictor of severe dengue.
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Figure – 6: Receiver operator characteristic curve (ROC) analysis of
chymase level for patients according to their age-groups, with outcome
parameter as severe dengue.
AUROC was 0.916 (95% CI: 0.831-1.000, p = 0.001) for 14-18 years patients,
0.806 (95% CI: 0.713-0.899, p < 0.001) for 19-45 years patients, and insignificant
for more than 45 years patients (p = 0.09)

50 | P a g e

Figure – 7: Receiver operator characteristic curve (ROC) analysis of
chymase level for patients according to gender, with outcome parameter as
severe dengue.
AUROC was 0.813 (95% CI: 0.717-0.909, p < 0.001) for male patients, and 0.859
(95% CI: 0.755-0.962, p < 0.001) for female patients.
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Figure – 8: Receiver operator characteristic curve (ROC) analysis of
chymase level for patients according to their day of fever on presentation,
with outcome parameter as severe dengue.
AUROC was 0.822 (95% CI: 0.720-0.923, p = 0.052) for patients admitted on
day-3 of fever, and 0.837 (95% CI: 0.729-0.945, p < 0.001) for patients admitted
on day-4 of fever.
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Finding the optimum cut-off value of serum chymase and analysing the
diagnostic statistics of it for predicting severe dengue:

An optimum cut-off value of 1.35 ng/mL of serum chymase concentration was
determined for severe dengue by Youden’s J statistics.

At Serum Chymase level of 1.35 ng/mL, severe dengue can be predicted with a
 Sensitivity - 88.5%
 Specificity - 74.7%
 Positive predictive value (PPV) - 22.5%
 Negative predictive value (NPV) - 98.7%
 Positive likelihood ratio (PLR) - 3.49
 Negative likelihood ratio (NLR) - 0.15
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Discussion
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DISCUSSION

Dengue virus infection presents a wide spectrum of manifestations
including asymptomatic condition, dengue fever without or with warning signs,
or severe dengue, in the affected individuals. The early prediction of severe
dengue in patients without any warning signs who may later develop severe DHF
is very important to choose appropriate intensive supportive therapy since
available vaccines for immunization are yet to be approved.
In the recent years, several biomarkers of severe dengue were studied. John
et al had decribed these biomarkers in an extensive review article.(18)
Biomarkers of severe dengue can be divided into four classes - immune activation
markers, endothelial activation markers, biochemical markers and genetic
markers. Immune activation markers consists of - decrease in absolute number of
immune cells like lymphocytes and platelets; increase in cytokines like IL-10,
CXCL-10 and MIF; increase in complement proteins like C3a and C5a; and
increase in mast cell products like serum chymase and tryptase. Endothelial
markers include – decrease in angiopoietin – 1 and increase in angiopoietin – 2;
increase in coagulation pathway related proteins like Von-Willebrand factor,
soluble thrombomodulin; and increase in vascular permeability markers like
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VEGF and VEGFR1. Some of the biochemical markers well recognised in
predicting dengue severity are decrease in lipids like total cholesterol, high
density lipoproteins and low density lipoproteins; and increase in liver enzymes
(transaminases). Increase in circulating free DNA levels were also found to be
higher in severe dengue patients. Although several biomarkers were studied in
recent years, serum chymase hasn’t been extensively studied.(18) Our study is
one of the few studies describing the predictive value of raised serum chymase
for severe dengue development.
Our study demonstrated the potential role of serum chymase as an early
predictor of dengue severity among non-severe dengue fever patients. Although
few clinical features like UGI bleed, heavy menstrual bleed, persistent vomiting
and abdominal pain were associated with the final diagnosis of severe dengue;
multivariate analysis showed only serum chymase and platelet count at admission
as independent predictors of dengue severity. Further, ROC analysis
demonstrated the serum chymase to be an accurate predictor of dengue severity,
irrespective of age and gender.
In our study population, the odds of having severe dengue was 1.787 times
more likely than the odds of having non-severe dengue with every unit increase
in serum chymase level. Tissera et al. had collected data prospectively on 347
dengue patients with fever duration of less than 6 days in Sri Lanka and reported
a similar finding that raised initial chymase level in dengue fever patients was
56 | P a g e

indicative of a later diagnosis of DHF or DSS (adjusted OR: 1.32, 95%CI: 1.21 –
1.44).(24) A similar finding was observed in the meta-analysis of our study and
the study by Tissera et al (Figure – 9). Takahisa et al conducted a study in
Vietnamese children (n = 103) aged from 5 to 15 years of age and found the level
of chymase were significantly higher in patients with DHF and DSS as compared
to those of dengue fever and other febrile controls.(22) Another Vietnamese study
by Inokuchi et al which enrolled adult dengue patients (n = 111) and other febrile
illness patients as control (n = 85), found that plasma chymase concentration was
significantly higher in DSS patients as compared to other cases and controls.(23)
Similar findings were reported by St John et al also.(16) Recently, Rathore et al
had conducted a similar study in Sri Lanka in 2020 and prospectively recruited
84 paediatric dengue patients (age < 12 years). The study reiterated the same
conclusion that serum chymase levels are associated with severe dengue disease
in hospitalized paediatric patients.(25) This signifies the ability of chymase as an
early biomarker for prediction of severe dengue, adjusted for clinical and initial
laboratory parameters.(24,26) The range of serum chymase reported in our study
was lesser than that of previously published research(24), which might have
aroused due to the use of different reagents for chymase estimation and different
study population.
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Figure – 9: Forest plot showing the summary odds ratio with 95% confidence
interval (diamond) of serum chymase for predicting severe dengue. Random
effects model used.
I2 – heterogeneity statistics ( > 50% - considered as presence of significant
statistical heterogeneity among the included studies).
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It was found that chymase was more accurate in severity prediction in
females and adolescents. Tissera et al. also demonstrated chymase to be a better
predictor among children than that of adults. (24) In patients presenting with a
duration of fever from 3 to 4 days, higher chymase was associated with the final
diagnosis of severe dengue. But the predictive ability for severe dengue was
insignificant in patients admitted within two days of fever onset. This may be
explained by the fact that only a few patients were included in the study who
presented in the early course of their illness. But the previous study had not
reported a similar finding. (24) Tissera et al found a similar predictive ability of
chymase in patients with day-3 to day-6 of fever, but they didn’t mention about
the subgroup of patients presenting in day-1 or 2 of fever.(24)
Tissera et al. had defined cut-off value of chymase concentration as 1.5
ng/mL and demonstrated it to be 96% sensitive and 79% specific. (24) Similarly,
in our study population, chymase with a cut-off value of 1.35ng/mL was found to
be somewhat less sensitive (88.5%) and specific (74.7%). Even the PPV of
chymase was very low, which may be explained by the fact that the proportion of
non-severe dengue patients developing severe dengue in our cohort was low. (27)
Despite this, PLR and NLR of serum chymase were acceptable.
In our study, the mean serum chymase was found to be significantly higher
in the patients with final diagnosis of severe dengue, as compared to that of
dengue fever with or without warning signs (but no difference between patients
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with or without warning signs). Study by Takahisa et al showed a similar result
(i.e. DSS patients had higher chymase than DSS or DF patients).(22) But in the
studies by Tissera et al and Rathore et al, patients with warning signs or DHF had
also significantly higher serum chymase level as compared to dengue fever
only.(24,25) The discrepancy between these studies needs to be investigated
further. One of the explanations could be the difference in definitions utilised to
classify the dengue severity.
Tissera et al. had defined cut-off value of chymase concentration as 1.5
ng/mL and demonstrated it to be 96% sensitive and 79% specific.(24) Similarly,
in our study population, chymase with a cut-off value of 1.35ng/mL (derived from
Youden’s J analysis of ROC curve) was found to be somewhat less sensitive
(88.5%) and specific (74.7%). Even the PPV of chymase was very low, which
may be explained by the fact that the proportion of non-severe dengue patients
developing severe dengue in our cohort was low.(27) Despite this, PLR (3.49)
and NLR (0.19) of serum chymase were acceptable.
In the studies published by Takahisa et al (22) and Inokuchi et al (23),
measurement of the chymase concentration in sequential serum samples showed
that levels decreased over time as acute disease resolved. But in our study, serum
samples were collected at the time of admission only, so the trend of serum
chymase over time couldn’t be assessed. When we compared the mean chymase
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level among patients presenting with different duration of fever, there was no
significant difference observed.
We have included the patients in the study prospectively. The use of recent
WHO-2009 classification of dengue patients made the results of this study
appropriate for use in current practice.(4,28,29) But, our study was not free from
limitations.
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Limitations of the study
It was a single-centred study; hence generalization to a wider population
group is not possible. Prevalence of severe dengue on follow up was less, leading
to a lower PPV of chymase. The data on serum chymase levels according to the
DENV serotypes was not collected in our study. This might have undermined
some important information like specific association of DENV serotypes and
mast cell chymase; and the possibility of reinfection (homologous and
heterologous) on mast cell activation.
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Summary
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SUMMARY

Background: We conducted a prospective, single-centre, observational study to
assess the serum chymase level, a mast cell derived protease, as a predictor of
dengue severity.

Methods: NS1-positive non-severe dengue patients of age > 14 years with
duration of fever < 4 days were included in the study. At the time of admission,
the serum sample was taken for chymase estimation. Patients were followed up
to four days after they became afebrile to find out the final diagnosis.

Results: Total of 338 non-severe dengue patients were recruited (mean age 29.15 years, male – 66%). On follow-up, 26 patients (7.8%) developed severe
dengue. Only chymase level (adjusted odds ratio, aOR-1.787; 95%CI:1.3092.440) and platelet count at admission (aOR-0.981; 95%CI:0.968-0.993) were
able to predict the severity after adjustment for all variables. But, for prediction
of severe dengue, the area under Receiver’s Operating Curve of chymase was
0.835 (95%CI:0.765-0.905), which was significantly higher than that of the
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platelet count at admission (0.760, 95%CI:0.650-0.870) (p < 0.001). Patients who
developed severe dengue in due course of illness had significantly higher serum
chymase level at admission as compared to the rest of the patients. Similar
findings were noted across all age-groups. At an optimum cut-off value of 1.35
ng/mL, chymase had a positive likelihood ratio (LR) of 3.5 and a negative LR of
0.15, for predicting severe dengue.

Conclusion: The results of this study are to be further validated by robust, multicentric study designs. Controlled trials are warranted to assess whether a higher
serum chymase level at admission could promote the allocation of healthcare
resources to those who are most likely to develop severe dengue. Nonetheless,
this study adds to the scarce literature of serum chymase as an objective predictor
of dengue severity.
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ANNEXURE I: INSTITUTIONAL ETHICS
COMMITTEE APPROVAL

73 | P a g e

ANNEXURE II: PROFORMA
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ANNEXURE III: PATIENT INFORMATION SHEET
Title of the Study/Project: ASSESSING THE SERUM CHYMASE LEVEL AS
AN EARLY PREDICTOR OF DENGUE SEVERITY

This is a very important form. Before you make a decision to take part in the
study, it is important that you understand why the study is being conducted and
what it will involve. If you have any query, feel free to ask your doctor. Your
signature on the consent form means you wish to take part in the study.

(i)

Why is this study being done?

The main purpose of this study is to predict the severity of Dengue
beforehand by use of a blood test known as Serum Chymase level. You may be
knowing that dengue can present from minor manifestation to widely devastating
features. There are very few tests which can predict that in due course of illness
severe dengue may develop. Hence, there is an unmet need of a robust test for
predicting the disease severity. Serum chymase level is one of them. No such
study has been performed in the country so this study may help in filling some
gaps in the existing knowledge.

(ii)

What will happen in the study?

When you reach the emergency department (during Dengue outbreak
season – August to October) with history of fever of duration less than 4 days
with any of the clinical features like nausea/vomiting, rashes, aches, headache,
any bleeding features; you will be categorised as probable dengue case.
A 5 ml venous blood sample will be taken for 5 tests - Complete blood
count, Liver function test, Renal function test, NS1 dengue detection and serum
Chymase estimation. Your treatment will be started without waiting for the lab
results. Dengue detection may take time up to 1 day. If you come to be positive
for dengue, only then serum Chymase estimation will be done. We will keep a
track of your course of events in the hospital and for a period of 2 days after your
fever subsides looking for symptoms of severe dengue and reaching the final
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diagnosis. Later, we will analyse for correlation between initial serum Chymase
level and final diagnosis.

(iii) Expected duration of the subject participation: You will be followed up till
2 days after your fever subsides.
(iv)

What are the possible benefits for you and/or for society?

This study will help in assessing Serum Chymase in predicting dengue
severity. If in beforehand, can we predict that the particular subset of dengue
patients is going to develop severe dengue in the due course, extra attention and
medical care can be provided to prevent the life-threatening complications. This
may strive to decrease the severe dengue burden and deaths due to dengue. You
may be benefitted from the study too in the form of free lab tests. You will not be
paid for participating in the study but your participation will not involve any
additional costs to you and neither being the part of this study will alter the
outcome of treatment that will be going on.

(v) What are the complications/risks of participating in the study? There is no
risk or complication involved in this study.

(vi)

Maintenance of confidentiality:

During your participation in the study, information related to your health and your
contact details will be taken from you. All this information will be maintained in
strict confidence during the study period. At the time of publication of the study,
your personal details will not be disclosed.

(vii) Do I have to take part?
It is up to you whether to participate in the study or not. If you decide to
take part, you will be given this information sheet and a consent form to sign.
You are free to withdraw from the study anytime you want without giving any
reason. If you decide to withdraw, your care and treatment will not be affected in
any way.

(viii) In case of unstable patients:
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It is accepted that relatives can give informed consent if the patient is
unable to give consent. Information sheets and consent forms will be provided to
the legally authorized representatives who can give valid consent on behalf of the
patient.

(ix)

Costs and source of investigations:

Around 1.5 lakh Rupees is being utilised to conduct this study which is
borne by Department of Emergency Medicine, AIIMS, New Delhi. If you wish
to have any further information, please contact

Dr Ankit Kumar Sahu
Junior Resident
Department of Emergency Medicine
AIIMS, New Delhi
Ph no – 9040685958

Dr Praveen Aggarwal
Professor and Head
Department of Emergency Medicine
AIIMS, New Delhi
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ANNEXURE IV: PATIENT INFORMED CONSENT
FORM
Participant identification number for this trial: _________________

Title of project: ASSESSING THE SERUM CHYMASE LEVEL AS AN
EARLY PREDICTOR OF DENGUE SEVERITY

Name of Principal Investigator: Dr. Ankit Kumar Sahu
Tel. No(s): 9040685958

The contents of the information sheet dated……………………. that was
provided have been read carefully by me / explained in detail to me, in a language
that I comprehend, and I have fully understood the contents. I confirm that I have
had the opportunity to ask questions. The nature and purpose of the study and its
potential risks / benefits and expected duration of the study, and other relevant
details of the study have been explained to me in detail. I understand that the
participation is voluntary and that I am free to withdraw at any time, without
giving any reason, without my medical care or legal right being affected. I
understand that the information collected about me for participation in this
research and sections of any of my medical notes may be looked at by responsible
individuals from AIIMS. I give permission for these individuals to have access to
my patient’s records. I agree to take part in the above-mentioned study.

Date:………………………….....

(Signatures / Left Thumb Impression) Place:………………………...........

Name of the Participant:
_______________________________________________________
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Son / Daughter / Spouse of:
_____________________________________________________

Complete postal address:
______________________________________________________

This is to certify that the above consent has been obtained in my presence.

Date:…………………………..

Signatures of the Principal Investigator
Place:………………………..….

Witness - 1
Name Signature –

Witness - 2
Name Signature –
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