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Abstract
Background: Neonatal sepsis is the single most important cause of neonatal deaths in the community. It remains a major cause of mortality in
newborn and life- threatening disorder in infants.
Aim: To assess the validity of using diagnostic markers in predicting neonatal sepsis.
Methodology: This was a systematic review and meta- analysis. More than 200 potentially relevant studies were collected in 2 years standing from
2012 to 2014 but only 42 of them met the inclusion criteria. A standard method for meta- analysis of diagnostic markers evaluation was performed
using Biostat, Comprehensive Meta- analysis version 3.0
Results: Meta- analysis was performed on 2722 neonates divided into 2 groups according to their clinical manifestations of neonatal sepsis and
laboratory findings. PROM was the commonest risk factor predisposing to sepsis. Klebsiella and staphylococcus aureus were the most common
isolated organism. Based on the results from included studies in this review, 6 predominant markers were used to evaluate early diagnosis of
neonatal sepsis, PCT, IL- 6, TNF- a, CD64, sSICAM and Eselectin. Procalcitonin was highly significantly elevated with sensitivity (0.93) whereas
specificity was (0.87) and it had the most diagnostic accuracy (0.95). SICAM was the most sensitive marker (0.95) its diagnostic accuracy and
specificity were (0.93) and (0.90), TNF- o had diagnostic accuracy (0.92) sensitivity and specificity were (0.86), the sensitivity of Eselectin was
(0.92), its diagnostic accuracy and specificity were (0.91) and (0.82). IL6 had diagnostic accuracy (0.93); the specificity and sensitivity were (0.90)
and (0.88). CD64 was the most specific biomarker for predicting neonatal sepsis (0.91), sensitivity (0.87) accuracy (0.92).
Conclusion: Based on results from the studies included in this review, it was clear that serum sICAM had a high sensitivity for diagnosis of
neonatal sepsis; CD64 had a high specificity and serum procalcitonin had the most diagnostic accuracy.
Key words: Neonatal sepsis, Noanatal markers, Meta- analysis, procalcitonin, SICAM
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Introduction:

Neonatal sepsis is defined as a clinical syndrome of bacteremia with
systemic signs and symptoms of infection in the first 4 weeks of life. It is
estimated that up to 20% of all live births develop an infection easily,
because their immune system is not adequately developed, approximately
4 million deaths occur annually, attributable mostly to infection, birth
asphyxia, and consequence of premature birth and low birth weight
(Bernhard et.al., 2014).

A variety of factors contributed to this serious disease including
maternal risk factors as premature rupture of membrane and others,
besides neonatal risk factors as prematurity and invasive procedures.
Clinical diagnosis of sepsis in newborn infants is not easy because
symptoms and signs are nonspecific. There is no laboratory test with 100%
specificity and sensitivity. The current practice of starting empirical
antibiotic therapy in all neonates showing infection- like symptoms results
in their exposure to adverse drug effects, nosocomial complications, and
in the emergence of resistant strains (Alireza et.al., 2012).

Accurate and quick diagnosis is therefore essential for both protecting
the infant from the consequences of the bacterial invasion and preventing
damages deriving from the unnecessary use of antibiotics (Lutsar et.al.,
2014). Clinical judgment and laboratory tests such as complete blood cell
count and the ratio between immature to total neutrophils (I/T ratio)
showed to be useful in the early diagnosis of neonatal septic infection
(PrabhuDas et.al, 2011). The microbiological cultures are the gold
standard for diagnosis of neonatal sepsis but they are not available until at
least up to 72h and do not identify most infected infants. During the last
decades efforts have been made to improve the laboratory diagnosis of
neonatal sepsis by studying a large variety of inflammatory markers with
diverse success (Bhat et.al., 2016).

In view of such data, the aim of this study was designed to elucidate
the use of multiple analyses as a tool to amalgamate the results of several
Egyptians studies concerning markers of neonatal sepsis.

Materials And Methods:

The present study is based on collection of the target studies from
several faculties of medicine across the country through attending the
central libraries of Ain Shams, Cairo and Al Azhar Universities.

Raw data were collected while focusing on the results of previous
Egyptian studies evaluating diagnostic markers of neonatal sepsis in the
last 10 years (2000- 2010). More than 200 potentially relevant studies were
collected in 2 years standing from 2012 to 2014 but only 42 met the
inclusion criteria.

Sources Of Data:

The online search was done using the site of the Egyptian Universities
Libraries Consortium (EULC) other than the three main universities. The
search terms were "Neonates", "Sepsis", "Septicemia", "Biomarker", and
"Meta- analysis".

X All studies concerning diagnostic markers of neonatal sepsis in

Egyptian studies in both full term and preterm in the first month of life
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were included..

X Studies concerning sepsis with multiple congenital anomalies and
metabolic disorders or evaluating sepsis after the first month of life, or
didn’t have enough data for calculating sensitivity and specificity were
excluded.

Data Extraction:

The information was extracted from the selected studies include:

X The first author, publication year, title of the study, Type of the study
design, Size and characteristics of the study population, number and
specific characteristics of the patients in the septic and non- septic
groups.

X Laboratory tests (e.g. complete blood cell count, the ratio between
immature to total neutrophils (I/T) and C- reactive protein (CRP).

X Microbiological culture results (the gold standard for neonatal sepsis
diagnosis.

X Types of markers used for diagnosis of neonatal sepsis.

X Sensitivity, specificity, diagnostic accuracy for neonatal sepsis

diagnosis were extracted.

Total number of screened studies
N=200

Studies excluded according to the
first screening of titles and
abstracts

y

Studies met all inclusion and
exclusion criteria
N=42

Twenty studies were excluded because
of insufficient data for sensitivity or
specificity and or accuracy of markers

v

Studies with outcome data useful in
meta-analysis markers were included
N=22 markers.

Investigators select the top 6 of accuracy
score from the 22 markers

Procalcitonin =
SICAM-1 =
TNF-a. =
CD4. =
Interleukin 6. =
E selection. x

Fig (1): Flow diagram of the detailed process of selection of studies.
Statistical Analysis:

Data was analyzed using (SPSS) version 12.0, SPSS version 12, 2004.
Descriptive statistics in the form of mean (x bar) and standard deviation
(SD) were performed for all patients. For quantitative data, student t- test
was used. For comparing qualitative, Chi square test (°) was used. Values
of P< 0.05 were considered significant, values were highly significant if<
0.01.

A standard method for meta- analysis of diagnostic markers evaluation
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was performed using Biostat, Comprehensive Meta- analysis version 3.0
(Biostat, 2015).
Results:

This meta- analysis study included 2722 neonates. They were divided
into 2 groups according to clinical manifestations of neonatal sepsis and
laboratory findings. Comparative statistics between case and control group
as regards, gestational age and birth weight are present in table (1). There
was highly significance difference between case and control groups which
is lower in case group when compared to control group (p= 0.001).
Moreover, PROM was the commonest predisposing factor to sepsis (45%),
followed by maternal fever (20%). As regards results of blood culture,
klebsiella was the most common gram negative microorganism 292cases
(44%), followed by E.coli 72 cases (10%), On the other hand
Staphylococcus aureus was the most common gram positive
microorganism 137 cases (37.3%), followed by GBS 29 cases (8%).

Comparison between cases and control groups as regards laboratory
data of neonatal sepsis were shown in table (2) there was a highly
significant difference in hematological parameters (Hb level, Platelet
count, I/T ratio) between cases and control groups. All septic neonates
had a positive C- reactive protein with a range of 55.9+27.9mg/dl which is
highly significance as compared to the control group 2.2+1.5mg/dl.

Analysis of diagnostic markers of neonatal sepsis revealed 6
predominant markers, as determined by number of publications: PCT, IL-
6, TNF- o, CD64, sICAM and Eselectin. Results of sensitivity, specificity
and diagnostic accuracy of biomarkers in reviewed studies were
demonstrated in table (3), fig (2), fig (3), fig (4) were the SICAM is the
most sensitive marker for prediction of neonatal sepsis (0.95), CD64 is the
most specific marker (0.91) and serum procalcitonin had the most

diagnostic accuracy (0.95).
Table (1) Comparative statistics between case and control groups as regards gestational
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Fig (2) SICAM is the most sensitive marker in predicting neonatal sepsis
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Fig (3) CD64 is the most specific marker in diagnosis of neonatal sepsis
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age and birth weight
Case group  |Control Group
Items (n=1783) (n=939) T Test P Value
MeantSD | MeantSD
Gestational Age (Wks) | 34.9+2.2 36.7£1.5 506.1 0.001**
Birth Weight (Kg) 2.5+0.7 3.0£0.7 313.8 0.001**
Table (2) Comparison between cases and control groups as regards laboratory data of
neonatal sepsis
Case Group |Control Group
Laboratory Data (N=1029) N=939) T- Test P Value
MeantSd MeantSd
Hb level (gm/dl) 12.8+2.8 15.2+1.5 600.14 0.000**
Platelets (109/L) 159.0£62.9 | 233.9+63.2 869.29 0.000**
I/T Ratio 1.8+1.0 0.5£0.3 1514.87 0.000**
CRP (mg/dl) 55.9+27.9 2.2%15 34722 0.000%**
Table (3) Sensitivity, specificity and diagnostic accuracy of biomarkers in reviewed
studies
Name Of Marker Sensitivity%o Specificity% Accuracy%
Procalcitonin 0.93 0.87 0.95
TNF 0.86 0.86 0.92
Sicam- 1- 0.95 0.90 0.93
E Selectin 0.94 0.82 0.91
CD64 0.87 0.91 0.92
1I- 6- 0.88 0.90 0.93

Fig (4) Serum procalcitonin is the most diagnostic accurate marker for diagnosis of
neonatal sepsis.

Characteristics of studies using procalcitonin for predicting neonatal
sepsis are presented in table (4), 5 analyzed studies regarding the value of
serum PCT with the total number of cases (n= 198) and control (n= 110).

Fig (5) shows that serum PCT was highly significantly elevated in
septic groups in comparison to the control group. Its pooled sensitivity
0.93 ranged from (0.86 to 0.96) with (Z) value= 6.6, whereas pooled
specificity 0.87 ranged from (0.83 to 0.91) (Z) value= 10.5 and the
accuracy 0.95 ranged from (0.91 to 0.97) (Z) value= 8.9.
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Table (4) characteristics of studies using procalcitonin for neonatal sepsis
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Accuracy Of Procalcitonin

meta analysis
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Fig (5) sensitivity, specificity and diagnostic accuracy of serum procalcitonin
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Studies using sSICAM as a marker are summarized in table (5). Fig (6),
the total number of cases (n= 166) and the number of control (n= 60).
Studies revealed that SICAM was the most sensitive marker with pooled
sensitivity 0.95 ranged from (0.90 to 0.97) (z) value= 8.1. The specificity
0.90 ranged from (0.85 to 0.93) z value= 9.2 and the accuracy 0.93 ranged

from (0.89 to 0.96) (z) value=9.
Table (5) Characteristics of studies dealing with the role of (SICAM- 1) for predicting NS
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Fig (6) sensitivity, specificity and diagnostic accuracy of surface intracellular adhesion

molecule (SICAM)
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Table (6), Fig (7) presents the detailed data of the studies using CD4 as
a marker of neonatal sepsis. The total number of cases were (n= 167) and
the number of control patient were (n= 70). CD64 was evaluated in three
studies with high statistical significance difference comparing septic and
control group. CD64 was the most specific biomarker with pooled
specificity 0.91 ranged from (0.81 to 0.96) (z) value= 5.01 and the
accuracy 0.92 ranged from (0.88 to 0.95) (z) value= 9.6, pooled sensitivity

0.87 ranged from (0.82 to 0.91) (z) value=9.6.
Table (6) Characteristics of studies dealing with CD4 role for predicting NS

“ Study Population H Sepsis Diagnosis Spedﬁc'ﬂy
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neonates with proven sepsis
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Fig (7): sensitivity, specificity and diagnostic accuracy of CD64
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Discussion:

Neonatal sepsis is the single most important cause of neonatal deaths
in the community. Despite the advances in perinatal and neonatal care
and the use of very potent antibiotics, neonatal sepsis remains a major
cause of admission to neonatal intensive care unit with a mortality rate
ranging from 1.5% in term of almost 40% in very low birth weight infants
(Benitz et.al., 2015 and Lutsar et.al., 2014).

Clinical diagnosis of sepsis in newborn infants is not easy because
symptoms and signs are nonspecific. There is no laboratory test with 100%
specificity and sensitivity. The current practice of starting empirical
antibiotic therapy in all neonates showing infection- like symptoms results
in their exposure to adverse drug effects, nosocomial complications, and

in the emergence of resistant strains (Bernhard et.al., 2014 and Cuna et.al.,

(Diagnostic Biomarkers For Neonatal ...)



2014).

Clinical judgment and laboratory tests such as complete blood cell
count and the ratio between immature to total neutrophils (I/T ratio)
showed to be useful in the early diagnosis of neonatal septic infection. The
microbiological cultures are the gold standard for diagnosis of neonatal
sepsis but they are not available until at least up to 72h and do not identify
most infected infants. During the last decades efforts have been made to
improve the laboratory diagnosis of neonatal sepsis by studying a large
variety of inflammatory markers with diverse success (Berardi et.al.,
2014).

In view of such data, the aim of this study was designed to elucidate
the use of multiple analyses as a tool to amalgamate the results of several
Egyptians studies concerning markers of neonatal sepsis.

More than 200 potentially relevant studies from several faculties of
medicine across the country were collected in 2 years standing from 2012
to 2014 focusing on results of previous Egyptian studies evaluating
diagnostic markers of neonatal sepsis in the last 10 years (2000- 2010) but
only 42 met our inclusion criteria.

This meta- analysis study included 2722 neonates. They were grouped
into 2 groups according to clinical manifestations of neonatal sepsis and
laboratory findings. The first group (proved and suspected or clinical
septic group) included 1783 (65.5%), The second group included 939
(34.5%) healthy neonates acting as a control group.

In the present study comparison of birth weight and gestational age
between septic groups (proved + suspected sepsis) with mean gestational
age 34.9+2.2 week, birth weight 2.5+0.7 kg and the control group with
mean gestational age 36.7+1.5 week, birth weight (3.0£0.7 kg) revealed a
highly significant difference. This was in agreement with Dulcimar et.al.
(2010), Khnichi et.al. (2010) and Vusitalo et.al. (2011) who stated that
there is high statistical significance association existed between septic and
control group as regard birth weight and gestational age.

In the present study PROM as the commonest risk factor predisposing
to neonatal sepsis (45%) followed by maternal fever (20%).T his results
agreed with Kayange et.al. (2010) who found that the duration of ROM of
more than 18 hours before delivery rather than the ROM itself as longer
duration was significantly associated with increased risk of NS. Sagori and
Karen (2012) added that risk of EONS increases with increasing maternal
fever, 1.9% of evaluated infants were infected if maternal fever was
<99.5°F but 6.4% of evaluated infants were infected when maternal fever
>102°F.

The present study showed that there was highly significant difference
in hematological parameters (Hb level, Platelet count, I/T ratio) between
cases and control groups. These results correlated with those of Mannan
et.al. (2010) and Birju and James (2014) who reported that I/T ratio could
be used as a marker for early detection of newborn septicemia. Giving a
range for I/T ratio 0.01- 0.13 and the cut off value for sepsis detection
was0.13. Moreover Mally et.al. (2014) reported that thrombocytopenia is

a common manifestation of bacterial septicemia. They added that
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predisposing conditions to sepsis such as umbilical line placement, birth
asphyxia, and mechanical ventilation have independently caused
thrombocytopenia, in the absence of positive blood culture.

In the current study, all septic neonates had a positive C- reactive
protein with a range of 55.9£27.9 mg/dl which is highly significance
compared to the control group 2.2+1.5 mg/dl. Nearly similar results were
obtained in the study of Hofer et.al. (2013) and DuPont et.al. (2014).

The current study revealed that klebsiella was the most common gram
negative microorganism (44%), followed by E.coli (10%), these results
were in agreement with a study done by Sameh (2013) at Beni Suef
University who found that Klebsilla was the predominant causative
bacteria followed by E.coli, and also the results are in agreement with a
study done by Swarkar et.al. (2012) Rania et.al. (2014)

On the other hand, Staphylococcus aureus was the most common
gram positive microorganism (37.3%), followed by GBS (8%), these
results agree with the retrospective study done byDias and Vigneshwaran
(2010) who stated that The most common organism to be isolated was
Staphylococcus aureus (42.75%) followed by Klebsiella (18.32%), E.coli
(12.21%).

Among the numerous biomarkers in the field of neonatal sepsis
diagnosis, this review identified 6predominant markers, as determined by
number of publications: PCT, IL- 6, TNF-a, CD64, sSICAM and Eselectin.

Regarding results of sensitivity, specificity and diagnostic accuracy of
the markers, the main findings of this meta- analysis reported that serum
PCT was highly significantly elevated in septic groups in comparison to
the control group. It had very good diagnostic accuracy for the diagnosis
of neonatal sepsis 95%, whereas pooled sensitivity and specificity were
93% and 87% respectively.

This was in agreement with a meta- analysis performed by Yu et.al.
(2010) to assess the accuracy of PCT test for diagnosis of neonatal sepsis;
it was included 22 studies published between 1996- 2009, where they
reported that the PCT sensitivity varied between 83%- 100% and
specificity varied between 70%- 100%. Ali et.al. (2015) reported sensitivity
72%, specificity 90%, Moreover, Chiesa et.al. (2015) stated sensitivity
100% specificity 96.5% However, the difference in PCT assay producer,
gestational age, different microbes, severity of sepsis may explain the
studies heterogeneity.

This results support the findings of studies done by Birju and James
(2014) and Mohsen et.al. (2015) who stated that PCT is a good diagnostic
measure of early onset neonatal sepsis.

The current study showed that sSICAM was highly significantly
elevated in septic groups in comparison to the control group. Studies
revealed that SICAM was the most sensitive marker, the pooled sensitivity
95%; whereas specificity and diagnostic accuracy was 90% and 93%
respectively. This finding was consistent with those of Edgar et.al. (2010)
a randomized control study done on 149 neonates undergoing sepsis work
up in a neonatal intensive care unit. There was a highly significant

elevation of SICAM (p< 0.001) in both the infected group, compared with
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the not infected with sensitivity ranged from 85% to 92% and specificity

ranged from 75%- 93%.

These results were in agreement of studies done by Mahmoud et.al.
(2012), Dollner et.al. (2010) and Mahbuba et.al. (2011) who reported that
serum concentrations of SICAM- 1 are a potential marker for diagnosis of
neonatal sepsis at its early stage.

CD64 was evaluated in three studies with high statistical significance
difference comparing septic and control group. CD64 was the most
specific biomarker for predicting neonatal sepsis 91%, sensitivity 87% and
accuracy 92%. This support the findings done by Li et.al. (2014) a meta-
analysis including 3944 patients met the inclusion criteria evaluating the
diagnostic precision of neutrophil CD64 expression, which showed a
pooled sensitivity of 79% and pooled specificity of 91%. Moreover like our
results Chiesa et.al. (2015) who stated that CD64 had high sensitivity
range (94%- 100%), specificity ranged (65%- 85%).

This results support the findings of studies done by Mahbuba et.al.
(2011) Hedegaard et.al. (2015) who believe that neutrophil CD 64 should
be incorporated as useful marker for excluding the diagnosis of neonatal
sepsis.

Conclusion:

Based on results from the studies included in this review, it was clear
that serum SICAM had a high sensitivity for diagnosis of neonatal sepsis;
CD64 had a high specificity and serum procalcitonin had the most
diagnostic accuracy.

Recommendations:

X More researches focusing on the combination of different biomarkers
in different clinical settings are needed to achieve clearer conclusions.

X Several steps are needed to facilitate the uptake of biomarkers as tools
to diagnose neonatal infections; a multi- country and multi- site study
using a harmonized protocol to detect the most promising biomarkers
is initiated to find the most promising biomarkers.

X In addition, the use of multiple markers, in particular, combining an
early sensitive marker with a late specific test will further enhance the
diagnostic accuracy of these mediators in identifying infected cases
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