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ABSTRACT
Introduction: Neutrophils play a crucial role in protecting the
host against microbial pathogens but they produce proteolytic
enzymes such as Neutrophil Elastase (NE), the uncontrolled
activity of which can destroy tissue and lead to organ
failure. Thus, measurement of circulating levels of NE and its
endogenous inhibitors may possibly contribute to diagnosis
and management of diseases.
Aim: This study was aimed to evaluate the changes in levels of
NE, alpha1-Antitrypsin (a1-AT), alpha2-Macroglobulin (a2-MG) as
well as elastase in complex with a1-AT (NE-a1-AT complex) in
patients with dengue and pneumonia to ascertain if they could
be of use as differential inflammatory markers and as adjunct
diagnostic parameters in these two distinct disease conditions.
Materials and Methods: This was a comparison study
including 152 individuals in which 50 were in dengue group, 50

in pneumonia group, and 52 in control group. NE was measured
using N-Succinyl-tri-alanine-p-nitroanilide as substrate. a1-AT,
a2-MG and NE-a1-AT complex were estimated by EnzymeLinked Immunosorbent Assay (ELISA). ANOVA, Kruskal-Wallis
test and Pearson’s correlation tests were used to analyse the
data. The results were expressed as Mean±SD and p-value
<0.001 was considered statistically highly significant.
Results: The result analysis indicated that the dengue and
pneumonia patients had significantly higher elastase activity
with significantly reduced a1-AT levels compared to controls.
a2-MG level were significantly decreased in dengue while the
levels were significantly increased in pneumonia.
Conclusion: Significantly elevated levels of NE were observed
in patients with dengue and pneumonia. Significantly reduced
a1-AT in dengue and significantly increased a2-MG in pneumonia
are observations of relevance.
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Introduction
Infectious diseases are considered as the major cause of mortality
and morbidity worldwide [1]. Pneumonia and dengue are two such
infections, which are rapidly escalating all over the world at an
alarming rate. Pneumonia is a severe infection of the airways while
dengue is one of the most emerging arthropod-borne viral diseases.
Annually, approximately 2 million and 50 million people fall ill due to
pneumonia and dengue infection, respectively [2,3].
The clinical manifestations such as fever, respiratory symptoms,
and chest x-rays are usually recommended for the diagnosis
of pneumonia [4]. On the other hand, viral culture, nucleic acid
amplification, and serological assays have been used for the diagnosis
of dengue [5]. However, at times such disease specific approaches
are insufficient as many infectious diseases share common clinical
symptoms. Therefore, it might be of use to have some diagnostic
adjunct parameters reflective of progression, diagnosis and severity
of diseases. Since these disease conditions are characterised by
inflammation, measurements of circulating levels of inflammatory
markers would provide vital clues for the underlying causes and
contribute to diagnosis and management of diseases.
Neutrophils are the first immune cells to be recruited to sites
of infection and play a crucial role in protecting the host against
microbial pathogens [6]. They produce proteolytic enzymes such as
NE (EC number 3.4.21.37) and the uncontrolled activity which can
trigger off destructive processes associated with various chronic
diseases. The regulation of proteolytic activity of NE under normal
physiological conditions is achieved by inhibitory action of potent
endogenous antiproteases, such as alpha1-antitrypsin (a1-AT), a2macroglobulin (a2-MG) and secretory leucoproteinase inhibitor.
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These inhibitors form stable enzyme-inhibitor complexes with NE,
which are devoid of proteolytic activity and thus helps the host
to defend the tissue damage [7,8]. During infection, NE activity
is enhanced and surpasses the normal regulatory mechanisms
resulting in excessive proteolysis of extracellular matrix proteins
causing tissue damage and progress of disease [9].
Studies have shown significant alterations in the levels of NE
and its endogenous inhibitors in pneumonia and dengue [9,10].
Since a comparative evaluation of neutrophil enzyme, elastase
and its endogenous inhibitors has not been done in bacterial
and viral infection, the focus of this study was to evaluate
the levels of these molecules among patients diagnosed with
dengue (viral infection) and pneumonia (bacterial infection) to
gain insights into whether or not these molecules are affected
among bacterial and viral infection and also for their utility in
either diagnosis or prognosis.

materials and methods
Study Design
The present study was a comparative study carried out from June
2016 to February 2017 at the Department of Biochemistry of Sri
Devaraj Urs Medical College, constituent college of Sri Devaraj Urs
Academy of Higher Education and Research, Kolar, Karnataka,
India. The study involved randomly selected subjects admitted in
the Medicine department of RL Jalappa Hospital and Research
Centre, the teaching hospital of the medical college. Every enrolled
patient or their relatives gave informed written consent to participate
in the study. Ethical approval for the study was obtained from
Institutional Ethical Committee (DMC/KLR/MEU/IEC/262/2011-12)
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and the study complied with all the relevant national regulations,
institutional policies and in accordance with the tenets of the Helsinki
Declaration.
A total of 152 participants were recruited and divided into three groups52 in control group, 50 in dengue group and 50 in pneumonia group.
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Variables

Control (n=52)

Dengue (n=50)

Pneumonia (n=50)

48.48±6.39

48.50±4.34

57.5±16

32/20 (61.5%/38.5%)

30/20 (60%/40%)

22/28 (44%/56%)

42.27±3.63

43.01±5.22

35.13±5.35

272.23±61.24

71.94±39.17

267.64±40.04

Age (years)
Gender (male/female)
HCT (%)
PL count (103/L)

Patient Selection Criteria

Total WBCs (103/L)

7.04±1.02

4.38±1.81

14.25±2.75

Dengue: A total 50 patients who were positive for IgM and/or IgG
were included. Samples were obtained on day 5-7 after the onset
of fever. Patients with acute and chronic infections, T2DM, chronic
diseases such as cardiac diseases, malignancy, stroke, Chronic
Obstructive Pulmonary Disease (COPD), liver disorders, acute renal
failures, and history of smoking were excluded from the study.

Neutrophils (%)

51.27±7.37

40.68±12.37

82.42±6.86

Lymphocytes (%)

37.86±6.62

33.99±9.20

7.21±2.68

5.01±1

14.24±6.09

6.64±1.73

0

22.92±7.6

28.68±5.54

Pneumonia: A total of 50 clinically and radiologically confirmed
cases of both hospital and community acquired pneumonia were
included in the study. Bacterial pneumonia was confirmed by culture
sensitivity. The patients with other infections, active pulmonary
tuberculosis, COPD, malignancy, liver and renal dysfunction,
pregnancy, T2DM were excluded from the study.

Sample Collection
Six milliliters of fasting blood was collected under complete aseptic
precautions from an antecubital vein into tubes containing sodium
fluoride (for FBS), EDTA (for HbA1c, haematologic studies); Sodium
Heparin (for NE, a1-AT, a2-MG and NE-a1-AT complex estimation).
For investigations like C-Reactive Protein (CRP), renal function
and liver function tests blood was collected in tubes without
anticoagulant. The blood samples were centrifuged for 15 minutes
at 3000 rpm within two hours of collection. After centrifugation,
serum and plasma were separated and aliquots were stored at
-70°C until assayed. Samples were thawed at room temperature,
vortexed and centrifuged before analysis.
Assays: Basic blood chemistry measurements were done by
standard methods using Vitros 250 Dry chemistry analyser
(Ortho Clinical Diagnostics). Complete Blood Count (CBC) was
performed by Beckman-Coulter, an automatic blood cell counter.
Serum CRP estimation was done by rapid latex slide tests. Plasma
elastase was estimated using Succinyl tri- L-alanyl-p-nitroanilide
(STANA, from SIGMA chemicals) as substrate at 410 nm as
per the procedure described by Beith J et al., [11]. Plasma a1AT and a2-MG were analysed using ELISA kit purchased from
Immunology Consultants laboratory, Inc, USA. NE-a1-AT complex
was quantified by ELISA (Calbiochem).

Monocytes (%)
CRP (μg/mL)

[Table/Fig-1]: Baseline characteristics of study and control groups.
Values are expressed as Mean±SD

hand, the mean a1-AT levels were decreased significantly in patients
with dengue (66.25±7.75) compared to controls (123.35±25.66)
and in patients with pneumonia (116.06±63.91). However, the
comparison of levels of a1-AT between controls and pneumonia did
not reveal any significance. The mean a2-MG levels were significantly
decreased in patients with dengue (162.75±24.16) and increased in
patients with pneumonia (262.73±46.99) when compared to controls
(209.42±31.15). When plasma NE-a1-AT complex was compared,
the pneumonia cases exhibited significant increase reflective of the
increased levels of NE and a1-AT, while the dengue cases presented
marginal increase which was not statistically significant (p=0.068).
Disease

Plasma
Elastase
Activity (U/mL)

Plasma a1-AT
(mg/dL)

Plasma a2MG (mg/dL)

Plasma NEa1-AT complex
(ng/mL)

Control

0.35±0.21

123.35±25.66

209.42±31.15

214.89±13.05

Dengue

0.78±0.20

66.25±7.75

162.75±24.16

*238.38±62.47

Pneumonia

0.70±.09

*116.06±63.91

262.73±46.99

356.30±31.81

[Table/Fig-2]: Plasma elastase activity, a1-AT, a2-MG and NE-a1-AT complex in
the study groups.
Values are expressed as Mean±SD. *Statistically non-significant

Correlation studies were carried out with parameters which were
significantly increased or decreased in comparison to the normal
values. In pneumonia, the base parameter neutrophil counts
correlation with NE and a2-MG presented positive associations.
While neutrophil counts with elastase and a1-AT correlated negatively
in dengue patients [Table/Fig-3].

Statistical Analysis
The data was statistically analysed by SPSS software version
22 (licensed version). The results are expressed as Mean±SD.
Differences between groups were analysed using ANOVA (Analysis
of Variance) with post-hoc test for normally distributed parameters
and Kruskal-Wallis test for not- normally distributed parameters.
Pearson’s correlation coefficient was used to analyse the correlation
between continuous variables. A p-value ≤0.05 was considered
statistically significant and <0.001 as highly significant.

Results
Baseline characteristics of the study groups are presented in the
[Table/Fig-1]. The mean age was 48 years in control and dengue
group while it was 57 years in pneumonia group. Gender distribution
among the studied groups was statistically non-significant. There
were significant changes in haematological parameters between
control and patient groups which reflect the clinical symptoms.
Plasma levels of elastase activity, a1-AT, a2-MG and NE-a1-AT
complex in the study groups are depicted in the [Table/Fig-2]. The
mean plasma elastase activity were significantly higher in both
dengue (0.78±0.20) and pneumonia (0.70±0.09) patients than in
healthy subjects (0.35±0.21) with p-value <0.001. On the other
2

[Table/Fig-3]: Linear correlation plots: a) between neutrophil count and NE in
pneumonia (r=0.098, p=0.500); b) between neutrophil count and a2-MG in pneumonia
(r=0.121, p=0.449); c) between neutrophil count and NE in dengue (r=-0.146, p=0.315);
d) between neutrophil count and a1-AT in dengue (r=-0.215, p=0.139).
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DISCUSSION
Pathophysiologic differences are seen in the degree of tissue
destruction between dengue and pneumonia infection. Bacterial
pneumonia is reflected by neutrophilia whereas dengue is
characterised by neutropenia. Pro-inflammatory cytokines produced
in response to bacterial and dengue virus infection are shown to
activate neutrophil functions and thus are involved in the migration and
activation of neutrophils [9,10,12]. The most significant observation
of this study was elevated levels of elastase activity in dengue and
pneumonia patients than in normal subjects and this could be
attributed to enhanced neutrophil activation and degranulation. This
finding also validates the central role of NE in acute pathogenesis and
support future exploration of the therapeutic window. This finding is
in accordance with the previous studies conducted [9,10].
Though an increased level of a1-AT was expected in the patient
groups to counter the elevated elastase activity as natural defence
mechanism, the level of the inhibitor was decreased in disease
groups which were highly significant in dengue and statistically
not significant in pneumonia cases. It is known that the patients
suffering from infection exhibit an increase in oxidative stress and
generate free radicals [13]. These free radicals have been shown
to destroy a1-AT [10]. Accordingly the decrease in the level of this
inhibitor observed in this study may be due to the destruction of
this molecule by free radicals. However, a possible explanation
for the drastic decrease in dengue infection could be attributed to
neutropenia caused by increased destruction of neutrophils and
release of excessive Reactive Oxygen Species (ROS) which in turn
destroy a1-AT [14,15]. Though in the current study an analysis of ROS
had not been done, the data available in the literature is reflective
of explanation cited above and notwithstanding the possibilities of
involvement of gene expression of a1-AT.
With regard to the levels of a2-MG, the patients suffering from
pneumonia had higher levels in comparison to controls. a2-MG
is shown to possess antiplasmin activity and abnormalities in
coagulation cascade observed in pneumonia could be attributed to
this [16]. In contrast the levels of a2-MG were decreased in dengue
almost reflecting the pattern of a1-AT. The levels of both a1-AT
and a2-MG are decreased significantly in dengue while the pattern
of change was reflected only in a2-MG in case of pneumonia.
The complex formation between NE and a1-AT was increased
in pneumonia which was reflective of the increased NE and near
normal levels of a1-AT. There was no significant increase in the levels
of NE-a1-AT complex in dengue patients as expected on account of
the decreased levels of a1-AT. Thus, it is evident that the decreased
a1-AT observed in dengue fever is distinct and reflective. This study
opens up a concept that in bacterial infection there is an increase
in a2-MG and in viral infection decrease in a1-AT. Though, it is
premature to emphasis on this concept, the question whether these
are characteristics of host response in bacterial and viral diseases or
otherwise need to be studied.
In this study, a significant elevation in elastase and α2-MG were
observed in pneumonia and a significant increase in the levels of
elastase along with a decrease in its primary inhibitor α1-AT in dengue
patients which were correlated with neutrophil count. The outcomes

of the correlation study indicate that the measurements of α2-MG
in pneumonia and α1-AT levels in dengue are relevant as adjunct
diagnostic parameters along with the routine clinical examinations
and laboratory investigations. Further, in dengue group a negative
correlation between neutrophils and elastase was observed in
this study which signifies the protective role of neutrophils against
dengue virus and also destructive effect of elastase leading to further
complications seen in severe forms of dengue.

CONCLUSION
This study establishes an elevated NE activity in both viral and
bacterial infections in conformity with characteristics of inflammatory
processes. A significant decrease observed in the levels of a1-AT
in dengue, a viral infection and an increase in the a2-MG levels in
bacterial pneumonia are of significance as differential inflammatory
markers in these disease conditions. However, further studies have to
be conducted on other viral and bacterial diseases to confirm whether
these findings are unique to these infectious agents or otherwise.
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