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Abstract

Early and late onset sepsis is a major health care issue with an annual global
mortality in excess of one million lives. The early neonatal period after birth is highly
critical which is evident from the fact that 75% of all neonatal deaths occur during
the first 7 days of life. This study aimed to evaluate the laboratory biomarkers (CRP,
IL-6, Il-17, INF-γ, procalcitonin and E-selectin) in early and late onset sepsis for better
understanding in the outcome of the neonatal sepsis. A total of 270 subjects were
included in this study. A prospective cross-sectional study was conducted among
neonates admitted to Neonatal Intensive Care Unit (NICU) at King Abdulaziz Medical
City, Riyadh, KSA during the period of January 2013 to August 2015. The study based
on three study groups categorized according to clinical symptoms and blood culture
result. Study groups include healthy control neonates (n=80), Early Onset Sepsis
(EOS) group with clinical signs of sepsis and blood culture positive result (n=80), and
Late Onset Sepsis (LOS) group (n=80). Microbiological investigations in this study
indicate that gram negative Escherichia coli was associated with EOS (n=54, 68 %).
However, group B streptococcus (gram +ve) was more common in LOS group (n=38,
48 %). The results of this study observe a significant increase in inflammatory
biomarkers CRP, IL-6, IL-17 and INF-γ in LOS group compared to EOS group (P<0.05
for all). However, E-selectin and PCT was statistically indifferent between early and
late onset groups (p =0.68, and 0.28 respectively). It was concluded that the severity
of neonatal infections is greater in late onset sepsis in terms of immunological
markers and cytokines rather than other chemical biomarkers and the pattern of
cytokine activation is influenced by neonatal age.
Key words: Neonatal sepsis, cytokines, Procalcitonin, E-selectin, CRP, EOS, LOS.
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INTRODUCTION
Neonatal sepsis is defined as an invasive bacterial infection which occurs in the first 4 weeks
of life. The clinical manifestation of sepsis in newborn infants is usually non-specific. Because
of the high morbidity and mortality which is associated with neonatal sepsis [1-3]. Also
defined as a systemic infection occurring in infants at 28 days of life and is an important
cause of morbidity and mortality of newborns [4].
According to the onset of age, neonatal sepsis is divided into early-onset sepsis (EOS) and
late-onset sepsis (LOS). Early-onset neonatal sepsis (EOS) has been variably defined based on
the age at onset, with bacteremia or bacterial meningitis occurring at 72 h in infants
hospitalized in the neonatal intensive care unit (NICU), versus 7 days in term infants. In
preterm infants, EOS is most consistently defined as occurring in the first 3 days of life and is
caused by bacterial pathogens transmitted vertically from mother to infant before or during
delivery [5-7]. Late-onset sepsis (LOS) is sepsis occurring after 72 h in NICU infants and 7
days of life in term infants, has been variably defined as occurring up to the age of 90 or 120
days, and may be caused by vertically or horizontally acquired pathogens [7-10]. Early-onset
neonatal infections of viral or fungal etiology may also occur at 7 days of life and must be
distinguished from bacterial sepsis [11,12].
Late-onset neonatal sepsis is a common serious problem in preterm infants in neonatal
intensive care units. Diagnosis can be difficult because clinical manifestations are not
specific and none of the available laboratory tests can be considered an ideal marker. In
older medical literature, late-onset-sepsis (LOS) was considered to be disease that
manifested beyond 1 week of age. More recently, most authors consider LOS as that which
manifests more than 72 hours after birth [13,14]. Meanwhile, the incidence of LOS has
increased in parallel with the improved survival of premature infants, especially in those
with very low birth weight (VLBW), indicating the role of hospitalization and life-sustaining
medical devices in the pathogenesis of neonatal LOS [2-15].
Although isolation of the causative microorganisms by using blood culture has been the
golden standard method for its diagnosis, other markers are usually used for the diagnosis of
neonatal sepsis such as C-reactive protein (CRP) and, more recently, procalcitonin (PCT) may
be useful [16].
Laboratory sepsis markers complement the evaluation of clinical signs and risk factors in
diagnosis of neonatal sepsis. CRP and procalcitonin are the two most commonly studied
acute-phase reactants in neonatal sepsis [17]. C-reactive protein (CRP) is one of the most
studied and most used laboratory tests for neonatal sepsis, meanwhile, some studies have
shown that CRP has a limited use in the diagnosis of neonatal sepsis. It synthesized by the
liver, which does not reliably differentiate between the systemic inflammatory response and
sepsis. As part of the acute-phase reaction to infection, it plays a central role in the humoral
response to bacterial invasion [18,19].
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CRP has its best predictive value if measured within 24 to 48 h of onset of infection. An
increasing CRP level is a better predictor than individual values. Two normal CRP
determinations (8 to 24 h after birth and 24 h later) have been shown to have a negative
predictive value of 99.7% and a negative likelihood ratio of 0.15 for proven neonatal sepsis.
Thus, repeatedly normal CRP values are strong evidence against bacterial sepsis and can
enable antibiotics to be safely discontinued. Avalue of 10 mg/liter is the most commonly
used cut off in most published studies. Viral infections are not usually associated with an
elevated CRP level, and if the CRP level is elevated, it is usually 5 mg/liter [20,21].
Procalcitonin is a propeptide of calcitonin produced mainly by monocytes and hepatocytes
that is significantly elevated during infections in neonates, children, and adults, half-life is
about 24 h in peripheral blood, normal level for neonates 72 h of age is usually 0.1 ng/ml, it
has the advantage of increasing more rapidly after contact to bacterial endotoxin with levels
rising after four hours and peaking at six to eight hours It was Being used as a guide in
managing infections in real time by clinical laboratories. In a recent meta-analysis the
sensitivity and specificity in the diagnosis of early onset sepsis were 76% (range 68–82%)
and 76% (60–87%) [22-25]. It is more sensitive for earlier detection of sepsis than is CRP. The
procalcitonin level is more likely to be elevated during bacterial infections than during viral
ones and declines rapidly with appropriate therapy, also useful for detecting neonatal
nosocomial sepsis [27,28].
Cytokines are important chemical mediators in progenitor cell maturation in bone marrow,
inflammatory cascade regulation, and innate and adaptive immunity. Increased cytokine
concentrations in blood can precede clinical and laboratory evidence of infection [13].
IL-6 is a pleotropic cytokine with both pro-inflammatory and anti-inflammatory properties, is
produced by a variety of cells—especially macrophages, fibroblasts, and smooth muscle
cells—in response to stimuli from IL-1β, TNF-α, increases early and induces production of
acute phase reactants, but its half-life is short and its sensitivity decreases after 12 to 24
hours of infection, inducing false-negative results. The association of IL-6 with C-reactive
protein (CRP) or procalcitonin (PCT) can improve diagnostic accuracy. IL-6 is associated with
increased severity and mortality in sepsis [29-31].
Interferon-γ (IFN-γ) was first named Immune IFN, then later Type II IFN. The major sources
of IFN-γ are natural killer (NK) cells, T cells and NKT cells. IFN-γ can induce both pro- and
anti-inflammatory responses, and its ability to induce these two responses is critical for a
balanced immune response. In addition to its function in activating innate immune cells, IFNγ is an extraordinarily pleotropic cytokine. It can not only heighten both the innate and
adaptive immune response against pathogens and tumors, but also has the ability to
maintain immune homeostasis. Since the effects of IFN-γ are cell and tissue specific, it is
important to consider the recent advances in IFN-γ signaling in the context of different
diseases. Also IFN-gamma contributes to lung inflammation [33-35].
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Interleukin 17A , is a 155-amino acid protein that is a disulfide-linked, (4)originally identified
as a transcript from a rodent T-cell hybridoma in 1993, it is a pro-inflammatory cytokine
produced by T-helper cells and is induced by IL-23 to elicit its functions. Numerous immune
regulatory functions have been reported for the IL-17 family of cytokines, the most notable
role of IL-17 is its involvement in inducing and mediating pro-inflammatory responses,
induces the production of many other cytokines such as IL-6, G-CSF [36-39]. The current study
aims to evaluate the level of CRP, IL-6, IL-17, IFN-g, E-selectin and procalcitonin in early and late
onset neonatal sepsis.

MATERIALS AND METHODS
Study design and area
A prospective cross-sectional (hospital base) study was conducted among neonates
admitted to Neonatal Intensive Care Unit (NICU) at King Abdulaziz Medical City, Riyadh, KSA
during the period of January 2013 to August 2015.
Study population and sample size
Patients were selected based on the international criteria of Centre for Disease Control
(CDC) for diagnosis of neonatal sepsis as have postnatal signs of sepsis and a positive blood
culture from sample of peripheral or central venous lines [40].
The study based on three study groups categorized according to clinical symptoms and
blood culture results. Group I (control) is 80 healthy neonates who were born normally at
King Abdulaziz Medical City (KAMC) without any abnormal signs or symptoms of infection.
Group II Early Onset Sepsis (EOS) includes 80 neonates admitted to NICU at KAMC with
clinical signs of sepsis appeared in first or second day of life, and their blood culture was
positives. Second subgroup Late Onset Sepsis (LOS) includes 80 neonates admitted to NICU
at KAMC with clinical signs of sepsis appeared after three day of life, and their blood culture
was positives.
Inclusion criteria
Neonates with three or more of the following clinical signs were selected in patient group: 1.
Respiratory manifestations 2. Bradycardia 3. Hypotonia or seizures 4.Poor skin color or
capillary filling time >2 second; and 5.Irritability or lethargy. The symptoms were recorded
by the resident neonatologist at NICU, KAMC
Exclusion criteria
Neonates diagnosed with congenital malformations, congenital infections associated with
the TORCH complex, and refusal of parents were excluded from this study. Neonates who
were either delivered by a mother that was using antibiotics or had used antibiotics before
were excluded from the study.
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Sampling
Before starting the antimicrobial therapy, total of 5 ml of venous blood sample was obtained
at respective time and separated into two tubes. First tube was used for blood culture and
second tube for analysis of CRP, IL-6, INF-γ, IL-17, PCT and E-selectin. Plasma was separated
in second tube within 30 minutes of collection and stored at -20 C for analysis.
Laboratory methods
Plasma C-reactive protein, IL-6, INF- γ, IL-17 and E-selectin were determined by sandwich
enzyme linked immunosorbent assay kit (Abcam®, Cambridge, UK) following the
manufacture instructions. Unknown samples, standards and control were analyzed in
duplicate and mean value was determined for each test. The assay uses two antigen-specific
monoclonal antibodies that bind to respective analyte (as an antigen) at different binding
sites. One of these antibodies was biotinylated specific monoclonal antibodies and the other
is coated in microtiter plate wells. Streptavidin-HRP was used as enzyme conjugate that bind
to secondary antibodies. TMB substrate was then added to each well to produce color
reaction. A stop solution was added to reaction and plate was read using VeraMax Reader.
An immunoluminometric assay (LIAISON BRAHMS, Germany) was used for the specific
measurement of PCT in serum (detection limit 0.10 ng/ml) following the instructions of the
manufacturer. The assay uses two antigen-specific monoclonal antibodies that bind PCT (as
an antigen) at different binding sites (the calcitonin and katacalcin segments). One of these
antibodies was luminescence labelled (the tracer), and the other was coated on with
magnetic particles (solid phase).
Ethical Consideration
This study was approved from Institutional review board (IRB) at King Abdullah International
Medical Research Center (KAIMRC) and informed consent. A written informed consent was
obtained, all participants were informed of the study aims and health education was also
provided to all participants.
Statistical Analysis
Descriptive and analyzing tests (Mann-Whitney rank-sum test, Student t-test, Kruskal Wallis
H test, Chi-square test, Pearson correlation and Spearman rank correlation) were performed
by using SPSS software 16 for windows (Chicago, Illinois, USA). Statistical significance was set
at P <0.05.Variables are presented as mean ± standard error of mean (SEM). For comparison
of serum CRP, PCT,E-selectin, IL-6, IL-17 and INF- γ between the groups, Mann-Whitney test
were employed to compare EOS and LOS groups.
RESULTS
A total of 240 subjects were investigated in the present study. Samples were classified into
healthy control (n=80), EOS group (n=80), and LOS group (n=80). As indicated in (Table 1),
age of control group was ranged between one to six days as to match with both patient
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groups (EOS and LOS). Mean ± SD of age was 2.6 ± 2.1 days for control, 1.03 ± 0.2 days for
EOS group, and 5.3 ± 1.2 days for LOS group. Birth weight was significantly decrease in EOS
group compared to control and LOS group (P < 0.001).
Table 1: Age, Weight and Temperature in study groups
Study Groups

Age/ days
Wight
(Mean ± SD)
(Mean ± SD)
Control
2.6 ± 2.1
3609 ± 483
EOS
1.03 ± 0.2
1681 ± 382
LOS
5.3 ± 1.2
2478 ± 471
* Kruskal Wallis H test is significant at P<0.05.

Temp
(Mean ± SD)
36.9 ± 0.4
35.3 ± 0.3
38.1 ± 1.4

P Value
<0.001
<0.001
<0.001

Clinical characteristics of sepsis neonates
As shown in table 2, some clinical characteristics showed a significant difference between
EOS and LOS neonates. For instance, unstable temperature was significantly higher in LOS
group (n=49, 61 %) compared to EOS group (n= 2, 2.5 %), P value <0.001. While unstable
respiration was more frequently occur in EOS neonate (n=61, 76 %) compared to LOS
neonates (n= 41, 50 %) P value= 0.001. In contrast, presence of bradycardia or tachycardia,
hypoglycemia, acidosis and jaundice were statistically indifferent between sepsis groups (p =
0.81, 0.78, 1.0 and 0.69 respectively). Gender was distributed equally between study groups
and the P value was 0.8.
Table 2: Clinical data in patients groups
EOS (n=80)
LOS (n=80)
Clinical Characteristics
No
%
No
%
Male
41
51 %
40
50 %
Sex
Female
39
49 %
40
50 %
Stable
78
97.5 %
31
39 %
Temperature
Unstable
2
2.5 %
49
61 %
Stable
19
24 %
39
50 %
Respiration
Unstable
61
76 %
41
50 %
No
32
40 %
64
80 %
Rash/Skin
Infection
Yes
48
60 %
16
20 %
No
69
86 %
70
87 %
Bradycardia/
Tachycardia
Yes
11
14 %
10
13 %
No
72
90 %
73
91 %
Hypoglycemia
Yes
8
10 %
7
9%
No
66
82 %
66
82 %
Acidosis
Yes
14
18 %
14
18 %
No
76
95 %
77
96 %
Jaundice
Yes
4
5%
3
4%
*Chi Square test is significant at P<0.05.

P value
0.874
<0.001
0.001
<0.001
0.815
0.786
1.0
0.699
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Microbiology in neonatal sepsis groups
Four microorganisms were isolated from blood sample of neonates with proven sepsis.
Gram negative Escherichia coli was associated with EOS (n=54, 68 %). However, Group B
Streptococcus (gram +Ve) was more common in LOS group (n=38, 48 %). Details about
microorganism isolated are mentioned in Table 3.
Table 3: Causative bacteria according to onset of sepsis
EOS (n=80)
Causative Bacteria

LOS (n=80)

No

%

No

%

Escherichia coli (gram -ve)

54

68

18

22

Hemophilusinfluenza (gram -ve)

21

27

2

3

Group B streptococcus (gram +ve)

5

6

38

48

Staphylococcus aureus

0

0

22

27

Biomarkers in sepsis groups
Using non-parametric statistical analysis, the current study reveals a significantly increased
in all biomarkers in sepsis patients compared to healthy control neonates, P value <0.001 for
all. In reference to Mann witnny U test showed in table 4, this study observe a significant
increase in inflammatory biomarkers CRP, IL-6, IL-17 and INF-γ in LOS group compared to
EOS group (P<0.05 for all). However, E-selectin and PCT was statistically indifferent between
early and late onset groups (p =0.68, and 0.28 respectively).
Table 4: Comparison of biomarkers between early and late onset sepsis
EOS

LOS

Neonatal Sepsis

P Value
Mean

S.E.M

Mean

S.E.M

CRP ng/mL

3.8

0.2

7.3

0.2

<0.001

IL-6 ng/mL

929

31.9

1052

35

0.02

IFN-g ng/mL

52

2.9

79

5.4

0.002

IL-17 ng/mL

41

0.8

72

5.9

<0.001

E-selectin ng/ml

177

3.5

182

3.7

0.68

Procalcitonin µg/L

5.6

0.4

6.3

0.4

0.28

*SEM= Standard error of mean.
** Mann-Whitney U test is significant at P<0.05.
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DISCUSSION
Early and late onset neonatal sepsis was proven by positive blood culture at respective time
according to national healthcare safety network definition [40]. Lack of exact gestational age
is one of the methodological limitations in this study. However, relatively large number of
proven cases and collecting samples before starting of antibiotic administration will
strengthen the results of the study.
Gram negative Escherichia coli and Group B Streptococcus (gram +Ve) were the most
common organisms associated with EOS and LOS respectively. This result is inconsistent with
Chapagain et al., [35] who reported that Staphylococcus aureus was the most common
organism associated with neonatal sepsis. However, there were a divergence in finding
regarding the etiologic agent of neonatal sepsis over time, and they vary markedly from
region to region. Prematurity, frequent antibiotic resistance, use of total parenteral nutrition
and frequent use of catheters were all reported as causes of change in the etiology of
neonatal sepsis.
Increasing biochemical and immunological markers in neonatal sepsis are intensively
investigated and confirmed by many studies [41-43]. Similar results were observed in this
study in which the level of CRP, IL-6, IL-17 IFN-g E-selectin and procalcitonin was significantly
increased in proven sepsis neonates when compared to health control. This suggested that
all studied biomarkers may have some diagnostic utility.
CRP is produced by the liver and the production is stimulated by IL-6 within eight hours after
exposure of infection and reach peak level 24 to 48 hours later [44,45]. The mean value of
CRP is significantly increased in LOS sepsis compared with early onset sepsis and this finding
is agreed with J David et al., [46] who reported a higher level of CRP in LOS. In contrast,
relatively same levels of E-selecting and Procalcitonin are found in both types of neonatal
sepsis, This result is consistent with Zeitoun et al [47]. Given the “in-born” nature of the
innate immune response, it has been surprising that the innate immune response actually
develops with age [48] and recently, it has been reviewed that innate immune response in
early life of neonates is distinct from that of elders [49,50]. Acute phase reactant proteins,
particularly CRP and procalcitonin, are generally produced by liver in response to
inflammatory cytokines and play an important role in well-functioning innate immune
system [51]. These proteins enhance the recognition and phagocytosis of infected cells and
the pathogens and also it regulate the inflammatory response. Presence of acute
inflammation during the neonatal life increases secretion of acute phase proteins and this
causes adverse reactions leading to a condition of hyper-inflammatory situation. Optimum
levels of acute phase proteins are essential to ensure steady and effective immune defense
[52]. Increased levels of E-selectin in circulating blood may be due to endothelial injury
rather than to immunological activation. However, various studies have showed that-Eselectin is shed from cultured endothelial cells that are activated but have no evidence of
injury or detachment [53].
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CONCLUSION
We conclude that the severity of neonatal infections is greater in late onset sepsis and this
indicated by increased production of immunological markers and cytokines rather than
other chemical biomarkers and furthermore, the pattern of cytokine activation is influenced
by postnatal age.
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