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Neonatal sepsis is a highly inflammatory disease that culminates in septic shock
and multiorgan failure due to uncontrolled activation of the inflammatory system in
response to pathogens.1 The main causative organisms for neonatal sepsis include
group B Streptococcus (GBS), Escherichia coli, Haemophilus influenzae, Listeria
monocytogens, Staphylococcus aureus, and Klebsiella.2 Vertical transmission of bacterial infections from mother to infant contributes to early onset of infections. The late
onset of sepsis on the other hand is usually attributed to environmentally transmitted
infection. Defense against infection, especially in neonates with no immunological
memory and low ability to develop specific antibodies against pathogens to which they
are exposed during intrauterine and postpartum life, is predominantly dependent on
innate immunity, which constitutes the first line of defense.3 The elements of innate
immunity include neutrophils, monocytes, macrophages, dendritic and natural killer
cells, and alternate complement system. Included in these neutrophils and macrophages
are the primary immune effector cells at the site of inflammation that maintain the
inflammatory response.4
The presence of pathogens is detected by the immune cells through germ lineencoded receptors such as Toll-like receptors, which recognize the pathogen-associated

33

submit your manuscript | www.dovepress.com

International Journal of Interferon, Cytokine and Mediator Research 2013:5 33–37

Dovepress

© 2013 Muthukumar and Thangam. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution – Non Commercial
(unported, v3.0) License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted
without any further permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press
Limited. Information on how to request permission may be found at: http://www.dovepress.com/permissions.php

http://dx.doi.org/10.2147/IJICMR.S54301
Powered by TCPDF (www.tcpdf.org)

Abstract: Neonatal sepsis is a systemic inflammatory response to bacterial infection. The innate
immune system which acts as a first line of defense in infants, mounts a powerful inflammatory
response upon pathogenic stimuli marked by elevated levels of inflammatory mediators and acute
phase proteins, in the absence of a proper counteracting anti-inflammatory response. However,
much less is known about the role of degranulation in development of systemic inflammation
and sepsis. The present study reveals differentially regulated granular contents such as neutrophil
elastase, nitric oxide, and myeloperoxidase which might act as key mediators in pathogenesis
of neonatal sepsis. Neutrophil elastase and nitric oxide were found to be upregulated, while
myeloperoxidase was found to be downregulated in neonatal sepsis. In addition, inflammatory
mediators interleukin-6, interleukin-8, C-reactive protein, and procalcitonin were elevated in
both cord blood and peripheral blood of septic neonates. These findings suggest that, in addition to inflammatory mediators, granule-associated mediators are also differentially regulated
in neonatal sepsis and they might be used as sensitive and rapidly responding indicators of
neonatal bacterial infection.
Keywords: systemic inflammation, acute phase proteins, C-reactive protein, neonatal spesis,
myeloperoxidase, interleukin
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molecular patterns. A pathogenic stimulus triggers the
mononuclear phagocytes to secrete various proinflammatory
cytokines, which in turn promote the production of secondary
inflammatory mediators by neutrophils. Soluble mediators
like lysosomal enzymes and antimicrobial compounds are
released by phagocytes and inflammatory cells for the clearance of pathogens. The microbicidal armory of neutrophils
and macrophages consists of oxidative and non-oxidative processes that are activated simultaneously upon phagocytosis.
In addition to phagocytosis, neutrophils release preformed
mediators that are stored in their granules, such as elastase,
myeloperoxidase (MPO), and superoxide dismutase (SOD)
by the process of degranulation.5 There is also production of a
range of potentially damaging but ephemeral, reactive oxygen
species (ROS) such as superoxide anion (O2−) and reactive
nitrogen species (RNS).6 The azurophilic granules of neutrophils largely contain antimicrobial peptides directed towards
microbial killing and digestion, and they are the first to be
reached at the site of infection. MPO, a major component of the
azurophilic granules of neutrophils and monocytes, is essential
for the oxygen-dependent microbicidal effect of neutrophils.7
All these compounds, including ROS, RNS, granular enzymes
such as elastase, SOD, and MPO-derived oxidant hypochlorous acid contribute to polymorphonuclear (PMN) leukocyte/
macrophage-mediated killing of bacteria. An inflammatory
response to pathogenic stimuli is crucial for host defense, which
involves the regulation of both proinflammatory mediators and
counteracting anti-inflammatory mediators. However, excessive
production of proinflammatory mediators in sepsis overwhelms
the anti-inflammatory signaling. While inflammatory responses
are beneficial and protective at a moderate level, an excessive
inflammation and acute phase response is detrimental, as it
leads to tissue damage and organ dysfunction.8 The imbalance
in the inflammatory network results in the suppression of the
innate immune system (especially those of polymorphonuclear
leukocytes) and leads to immunoparalysis and subsequently to
an increased susceptibility to infection.
Hence, early diagnosis and treatment of infants with sepsis
is a key to prevent life-threatening complications. Although
extensive literature exists on single and combination laboratory
tests, associated clinical signs, and risk factors to diagnose
neonatal sepsis, the results have been conflicting, with each
test having its own limitations. Postnatal diagnosis of sepsis
is primarily limited by the requirement of peripheral blood of
the neonate. The utilization of cord blood would be a suitable
alternative, especially in diagnosis of early onset of sepsis.
The present study was aimed to examine the role of
degranulation in development of systemic inflammatory
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response in neonatal sepsis by analyzing the levels of key
mediators that are preformed in cytoplasmic granules of the
immune cells (neutrophil elastase [NE], MPO, SOD, and
nitric oxide [NO]) and also to analyze the proinflammatory
mediators (interleukin [IL]-6 and IL-8) and acute phase reactants (C-reactive protein [CRP] and procalcitonin [PCT]).

Materials and methods
Sample collection
The peripheral blood samples (from Neonatal Intensive Care
Unit) and cord blood samples (from Labor Ward) were collected from SRM Hospital, Chennai, India, with the approval of
the Institutional Ethical Committee and informed consent was
obtained from the parent/guardian of all the subjects enrolled in
this study. Cord blood samples were collected within 15 minutes
of the delivery by squeezing and puncturing the cord using a
clamp. Peripheral blood samples were obtained by vein puncture
or drawn from a dwelling arterial or venous line. Both the samples
were collected aseptically in collection tubes containing 3.8%
sodium citrate as anticoagulant. A total of 68 samples (which
included 42 neonates with early onset sepsis and 26 healthy
neonates) from both male and female neonates were collected.

Isolation of plasma
For plasma isolation, both the blood samples were centrifuged
at 1,700 × g for 20 minutes at 4°C. The plasma was harvested
and stored at −20°C until further analysis.

Estimation of various
inflammatory mediators
Estimation of levels of inflammatory mediators and
granule-associated mediators in plasma was performed by
fully automated assays carried out in duplicate according
to manufacturer instructions for estimation of IL-6, IL-8
(eBioscience, San Diego, CA, USA), CRP (Diagnostics Biochem Canada Inc., London, ON, Canada), PCT (BRAHMS
LIA, Hennigsdorf, Germany), NE (BioVEndor GmbH,
Heidelberg, Germany), MPO (Calbiochem, Billerica, MA,
USA), NO (Quantichrom, Hayward, CA, USA), and SOD
(BioVision Inc., Milpitas, CA USA). The detection limits
for the various assay procedures were 0.92 pg/mL for IL-6,
1.3 pg/mL for IL-8, 1.0 mg/L for CRP, 0.3 µg/L for PCT,
3.0 µg/L for NE, 0.1 µM/L for NO, 0.3 µg/L for MPO, and
0.1 U/mL for SOD. PCT estimations were performed with the
help of a luminometer (Berthold LB 952 [T16] luminometer,
Hennigsdorf, Germany,) while all other estimations were
performed with the help of a microplate reader (Multiskan
Ex, Thermo Scientific, Waltham, MA, USA).
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Statistical analysis
The difference in estimated parameters between the neonates
categories was analyzed by Student’s t-test. All the parameters
were analyzed at 95% confidence intervals, and a P-value of
,0.05 was considered to be statistically significant. Statistical
analysis of the data was performed using GraphPad Prism
version 5.00 for Windows (GraphPad Software, San Diego,
CA, USA).

Results
The present study involved a total of 42 neonates with early
onset sepsis and 26 birth weight and gestational age matched
healthy neonates. Cord blood was collected at the time of
birth and was processed and stored, while peripheral blood
samples were collected at the time of onset of clinical symptoms of sepsis and before initiation of any antibiotic therapy.
Neonates were categorized as septic based on clinical symptoms, hematological parameters, and presence of bacterial
infection. Clinical abnormalities observed in neonates with
sepsis were abnormal body temperature (hypothermia and
hyperthermia), temperature instability, respiratory distress
such as grunting, cyanosis, lethargy, feeding intolerance,
and diarrhea. Hematological abnormalities recorded in
neonates with sepsis were abnormal total white blood cell
count and abnormal levels of immature/total neutrophil
counts. Antenatal risk factors observed in sepsis neonates
were early onset of labor, rupture of membranes, vaginal
discharge, and maternal fever. Neonates categorized as a
sepsis group were further confirmed with high levels of CRP
and PCT in blood.

Levels of inflammatory mediators
The inflammatory mediators IL-6, IL-8, PCT, and CRP were
assessed in both cord blood and peripheral blood samples.
The levels of IL-6, IL-8, PCT, and CRP at onset of clinical
signs of sepsis are summarized in Table 1 for cord blood
and Table 2 for peripheral blood. All the four inflammatory
mediators were significantly upregulated in sepsis subjects
as compared with normal neonates. The increased inflammatory mediators in sepsis samples were observed in both
cord blood and peripheral blood.

Levels of granule-associated mediators
The lytic enzyme NE, the lysosomal peroxidase enzyme
MPO, the antioxidant enzyme SOD, and the free radical
NO were assessed in both cord blood and peripheral blood.
The levels of NE, MPO, SOD, and NO at onset of clinical
signs of sepsis are summarized in Table 1 for cord blood and
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Table 1 Levels of inflammatory mediators and granule-associated
mediators in cord blood
Parameters

Control

Sepsis

IL-6 (pg/mL)
IL-8 (pg/mL)
CRP (mg/L)

20.02±10.20
86.9±13.5
3.0±0.4
0.40±0.02
229.0±14.6
23.6±1.1
86.5±2.7
24.1±8.5

264.1±29.8a
630.9±70.4a
6.7±0.8b
1.6±0.5a
464.2±33.4a
42.2±2.8a
63.1±3.7c
25.7±2.5

PCT (μg/L)
Elastase (μg/L)
NO (μM/L)
SOD activity (%)
MPO (μg/L)

Notes: Values are expressed as mean ± standard error of the mean. aP,0.001;
b
P,0.01; cP,0.05.
Abbreviations: CRP, C-reactive protein; IL, interleukin; MPO, myeloperoxidase;
NO, nitric oxide; PCT, procalcitonin; SOD, superoxide dismutase.

Table 2 for peripheral blood. The granule-associated mediators NE and NO were significantly upregulated in both cord
and peripheral blood of sepsis neonates as compared with
healthy neonates. The level of MPO was downregulated in
peripheral blood, while no change was observed in MPO
levels in cord blood of sepsis neonates. SOD levels were
downregulated in cord blood and upregulated in peripheral
blood of sepsis neonates.

Discussion
Innate immune cells act as a first line of host defense, particularly neutrophils and macrophages, which on activation
upon pathogen entry produce a number of proinflammatory
cytokines and chemokines such as tumor necrosis factor
(TNF)-α, IL-1β, IL-6, and IL-8, and other soluble mediators
to eliminate the pathogens. The release of these mediators
into the circulation results in the development of systemic
inflammation in adults and infants.9 The proinflammatory
cytokines and chemokines released by macrophages are
potent neutrophil-activating agents. The resting neutrophils,
which are primed with inflammatory agonists, get activated
Table 2 Levels of inflammatory mediators and granule-associated
mediators in peripheral blood
Parameters

Control

Sepsis

IL-6 (pg/mL)
IL-8 (pg/mL)
CRP (mg/L)
PCT (μg/L)
Elastase (μg/L)
NO (μM/L)
SOD activity (%)
MPO (μg/L)

19.7±7.7
73.6±17.7
2.1±0.4
0.5±0.1
142.0±8.7
31.0±0.2
35.0±1.4
65.6±6.7

320.9±43.4a
429.5±64.1a
5.4±0.7b
1.5±0.2a
499.2±22.0a
54.2±3.1a
58.9±2.2a
21.2±3.1a

Notes: Values are expressed as mean ± standard error of the mean. aP,0.001;
b
P,0.01.
Abbreviations: CRP, C-reactive protein; IL, interleukin; MPO, myeloperoxidase;
NO, nitric oxide; PCT, procalcitonin; SOD, superoxide dismutase.
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and destroy pathogens by phagocytic and non-phagocytic
processes. The phagocytes produce a number of toxic
chemicals such as O2, H2O2, and hypochlorous acid that are
not only involved in pathogen killing mechanisms but also
contribute to host tissue damage. Upon pathogen invasion,
these granular contents are released by degranulation for the
clearance of pathogens. The present study assessed the levels
of inflammatory and granule-associated mediators in cord
blood and peripheral blood of sepsis neonates.
The study showed an upregulation of inflammatory
mediators in both cord and peripheral blood of sepsis neonates. The results obtained were consistent with previous
reports, where elevated IL-6, IL-8, PCT, and CRP in sepsis
have been documented.10 IL-6 and IL-8 levels increase rapidly
upon exposure to bacterial antigens and is usually known to
precede increase in CRP.11 But IL-6 and IL-8 have very short
half-lives, and their concentration drops to undetectable levels
upon antimicrobial treatment.12 In most hospitals and primary
health care centers in India, an indiscriminate antibiotic treatment is initiated based on clinical symptoms or antenatal
risk factors, even before the time-consuming blood culture
reports are made available to confirm the bacterial sepsis. The
use of biological markers in addition to clinical assessment
would increase the chance of precise diagnosis. Since the
concentration of the cytokines may decrease upon time and
antibacterial treatment, a multi biomarker approach would
help in early detection of sepsis. Usually a combination of
the cytokine assay determination with receptor expression or
modified assay procedures to determine cytokine levels serve
as better alternatives.12 In addition to the inflammatory mediators, incorporation of acute phase protein levels as indicators
of bacterial sepsis would serve as a better alternative.
In newborn infants (premature as well as mature) with
susceptibility to systemic infections, abnormal phagocyte
functions have been reported.13 In this study, we have
demonstrated that an elevated level of PMN-elastase was
observed in both cord blood and peripheral blood of septic neonates as compared with normal. This reflects that
although the concentration of PMN-elastase in healthy
neonates is also reported to be higher during the first 3 days
of life due to increased neutrophil numbers,14 significantly
higher levels were found in neonatal systemic bacterial
infection. Thus, our report is consistent with previous
reports, and PMN-elastase is a sensitive and rapidly
responding indicator of the neonatal bacterial infection,
because it can be directly related to the presence of bacteria
and is independent from the immunological system of the
newborn infant.15
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Several lines of evidence indicate that endogenously
produced mediators such as NO and carbon monoxide are
involved in the pathogenesis of sepsis.16 Previous studies
confirm highly elevated NO concentration is related to the
occurrence of septic shock and organ failure.17 We also
found elevated plasma NO levels in septic newborns in
both peripheral blood as well as in cord blood. Infection and
inflammatory insults lead to NO production by the inducible
form of the enzyme (iNOS) found in macrophages, monocytes, neutrophils, and Kupffer cells. NO has a role in host
defense by killing pathogens. Excessive levels, however,
leads to pathologic loss of vascular tone, a central feature
of sepsis-induced lethality18 and profound vasodilatation,
hypotension, hyperactivity to catecholamines, and inadequate
tissue perfusion.19
MPO, a heme enzyme present in the primary granules
of PMN leukocytes, has been demonstrated to participate in
the microbicidal activity of these cells.20 In this study, the
peripheral blood MPO levels were found to be low in septic
neonates compared to normal neonates, illustrating the presence immature immune system in neonatal sepsis. This MPO
deficiency in PMN from neonates may contribute to their
susceptibility to bacterial infection and systemic inflammatory state due to poor bacterial clearance.21 MPO has also
been suggested to regulate the respiratory activity of PMN
leukocytes during phagocytosis. During phagocytosis, PMN
leukocytes undergo a burst in respiration and, through a series
of single electron transfer, oxygen is reduced to O2− and H2O2.
Although H2O2 alone is microbicidal, its bactericidal activity
is greatly potentiated by the heme enzyme, MPO. Abnormal
O2 consumption, formation, and H2O2 release have been
reported by other researchers and interpreted as evidence
for the impaired ability of MPO-deficient PMN leukocytes
to terminate their respiratory burst.22
Oxidative stress occurs as a consequence of imbalance
between the formation of oxygen free radicals and inactivation of these species by an antioxidant defense system. So,
we also evaluated the level of SOD, which plays a key role
in scavenging free radicals and thus limits oxidative injury
in neonatal sepsis. In cord blood, the SOD level was low
in septic samples when compared with normal samples.
The reduced antioxidant capabilities as observed by low
cord blood antioxidant levels, predisposes the neonate to
sepsis. The body is unable to dispose of superoxide radicals
and H2O2, which can attack all biological molecules and
can cause tissue damage as reported in sepsis.23 We found
increased concentrations of plasma SOD in septic patients
compared with healthy controls, as reported in other data.24
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The increased plasma concentrations of SOD in sepsis cases
might be due to systemic inflammation and tissue damage,
as is the case in several other clinical situations.
Our results suggest that there is a difference in production of inflammatory and granule-associated mediators by
sepsis neonates as compared with that of healthy neonates.
The granule-associated mediators NE and NO were found
to be upregulated, which predispose neonates to a systemic
inflammatory state and tissue damage, while downregulation
of MPO accounts for poor bacterial clearance. In addition to
inflammatory mediators, the granule-associated mediators also
could serve as rapidly responding indicators of neonatal sepsis.
Further analysis of other potent inflammatory mediators and
their role in the development of systemic inflammatory response
in neonatal sepsis is under investigation in our laboratory.
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