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Introduction

Early-onset neonatal sepsis (EOS) is a common neonatal
disease that occurs in the first 3 days of life and is a major
cause of morbidity and mortality.1 EOS develops with the
transfer of microorganisms frommother to fetus in the intra-
partumperiod. The passage ofmicroorganisms into theblood-
stream may result in inflammation, initially leading to
systemic inflammatory response syndrome (SIRS) with po-
tential progression to multiple organ failure (MOF) and death.
Therefore, earlydiagnosis of sepsismay inhibit theprogression
of SIRS to MOF and therefore reduce the risk of sepsis-related
morbidity and mortality in neonates with EOS.2 The recogni-
tion of maternal risk factors and use of clinical and laboratory

findings areused for thediagnosis of EOS.Maternal risk factors
for EOS include maternal urinary tract infection, vaginitis,
early membrane rupture, and chorioamnionitis.3 Nonspecific
and subtle clinical findings in the absence of sensitive and
specific biomarkers used for the diagnosis of EOS cause a delay
in diagnosis leading to unnecessary hospitalizations, overuse
of antibiotic therapy, and subsequent antibiotic resistance.4

Complete blood count and acute phase reactants, such as C-
reactive protein (CRP) and procalcitonin (PCT), are used in
combination to offset the known inefficiencies of blood cul-
tures which is the gold standard for diagnosis of sepsis. These
inefficiencies include ahigh false-negative rate, the inability to
obtain results before 48 to 72 hours, false-positive results
(contamination), and a low sensitivity of 19.2%.5,6 In
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Abstract By setting out from increased neutrophil count, decreased lymphocyte count, and
increased mean platelet volume (MPV), which is a result of the effect of inflammation
on blood cells, we aimed to investigate whether neutrophil to lymphocyte ratio (NLP)
andMPVcan be used as an auxiliary parameter for the diagnosis of early-onset neonatal
sepsis (EOS). This study was conducted by analyzing term neonates with EOS and
physiological jaundice who were admitted to the neonatal intensive care unit of Izmir
Katip Celebi University Ataturk Training and Research Hospital. A total of 63 neonate
files were examined to include 30 term neonates with EOS, and 77 neonate files were
examined to include 30 term neonates with physiological jaundice as a control group.
NLR had an area under the curve (AUC) of 0.891 for prediction of EOS. At a cut-off level
of 1.42, NLR had a likelihood ratio (LR) of 5.5, sensitivity of 88%, a specificity of 84%, a
positive predictive value (PPV) of 84.6%, and a negative predictive value (NPV) of
87.5%. MPV had an AUC of 0.666 for the prediction of EOS and at a cut-off level of 9.3 fL,
MPV had an LR of 1.23, sensitivity of 84%, a specificity of 32%, a PPV of 55.2%, and an
NPVof 66.6%. In conclusion, this study provides evidence that NLR andMPVcan be used
in addition to conventional parameters in the diagnosis of EOS.
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comparison, biomarkers such as CRP and PCToffer more rapid
results but yet are limited as increases in CRP require up to
12 hours following onset of inflammation, and immediate
rises in PCTwithin 3 to 4 hours subsequently decline to normal
levels within 24 hours. As a result, the search for complemen-
tarybiomarkers for thediagnosis of EOS7,8wouldbeof value to
assist the clinician with rapid identification and management
of EOS. In this study, we aimed to investigate whether the use
of neutrophil to lymphocyte ratio (NLR), and mean platelet
volume (MPV) can be used as complimentary biomarkers for
the diagnosis of EOS.

Methods

This retrospective cross-sectional study was conducted by
analysis of term neonates admitted to the neonatal intensive
care unit (NICU) of Izmir Katip Celebi University Ataturk
Training and Research Hospital betweenMay 2019 and Febru-
ary2020.The recordsof 63neonateswithEOSand77neonates
with unconjugated hyperbilirubinemia (UCH) were examined
from the hospital database fromwhich 30 term neonates with
EOSwere identified as the study group and 30 term neonates
with UCH andwithout infectionwere identified as the control
group in this study. The determination of this appropriate
population base for this study was derived from the study by
Can et al,9 where using the NLR value (2.88� 0.16 and
0.21� 0.12) as a reference, (α¼ 0.05 and p< 0.05), 30 term
neonates with EOS and a control group of 30 term neonates
with UCH the power was calculated to be 100%.10

The studygroup included termneonateswith EOS based on
the criteria proposed by the European Medicines Agency
(EMA) for thediagnosis of sepsis.11 The presence of� 2 clinical
signs (body temperature, skin/subcutaneous lesions, cardio-
vascular instability, respiratory instability, gastrointestinal
instability, and nonspecific findings) and � 2 laboratory signs
(leukopenia/leukocytosis, immature neutrophil count, throm-
bocytopenia, rise in CRP or PCT, hypoglycemia/hyperglycemia,
and metabolic acidosis) constituted a diagnosis of EOS. All
demographic data and laboratory findings were obtained
upon review of patient records. The control group consisted
of neonates admitted to theNICUwith UCHandwithout signs,
symptoms, or risk factors consistent with sepsis. Exclusion
criteria included preterm neonates, term neonates with con-
genital pneumonia or other inflammatory diseases, metabolic
disease, intrauterine growth restriction, perinatal asphyxia,
congenital anomaly, congenital heart disease, chromosomal
anomaly, andneonatal patientswith insufficient data.Written
informed consent was obtained from parents of all study and
control group patients in compliancewith ethical standards as
outlined in the 2008 Declaration of Helsinki.

Statistical Analysis

Statistical analyses was performed utilizing SPSS 22.0 (SPSS
Inc., Chicago, Illinois, United States). We assessed the nor-
mality of continuous data using Kolmogorov–Smirnov test.
Statistical data of study and control groups were compared
using Student’s t-test or Mann–Whitney U-test.

A p-value less than 0.05 was considered statistically
significant. The performance of laboratory biomarkers to
accurately predict the diagnosis of EOS was analyzed using
area under the curve-receiver operating curve (AUC-ROC).

Results

Comparison of the baseline demographic characteristics are
presented in ►Table 1 indicating the presence of well-
matched study and control groups with no significant differ-
ences. Biomarkers to facilitate recognition and subsequent
management of EOS are presented in ►Table 2. There were
statistically significant increases in patients with EOS with
regard to NLR (p¼ 0.000), MPV (p¼ 0.018), CRP (p¼ 0.000),
PCT (p¼ 0.000), and neutrophil count (p¼ 0.000). In contrast,
lymphocyte count (p¼ 0.012) and platelet count (p¼ 0.000)
were significantly lower in neonateswith EOS. TheWBC count

Table 1 Comparison of the demographic characteristics of the
groups

Characteristics EOS group
(n¼ 30)

Control
group
(n¼ 30)

p-Value

GA, wk (mean� SD) 38.4� 1.2 39.1� 0.9 0.112

BW, g (mean� SD) 3,140� 187 3,108� 223 0.256

Male gender, n (%) 18 (60) 16 (53.3) 0.098

VD, n (%) 20 (66.6) 22 (73.3) 0.103

Apgar’s score
(minimum),
median
(minimum–maximum)
1
5

8 (7–9)
9 (7–10)

8 (7–9)
9 (7–10)

0.311
0.286

Abbreviations: BW, birth weight; EOS, early-onset sepsis; GA, gesta-
tional age; SD, standard deviation; VD, vaginal delivery.

Table 2 Comparison of the hematological parameters of the
groups

Parameters
(mean� SD)

EOS Group
(n¼ 30)

Control
Group
(n¼ 30)

p-Value

NLR 3.16� 1.72 0.99� 0.75 0.000

MPV (fL) 10.2� 0.89 9.7� 0.60 0.018

CRP (mg/L) 17.3� 6.6 1.8� 0.4 0.000

Procalcitonin
(ng/mL)

4.88� 2.21 0.34� 0.11 0.000

WBC (�106/L) 18,452� 4,326 15,127� 3,899 0.108

Neutrophil
(�106/L)

13,256� 2,118 5,592� 977 0.000

Lymphocyte
(�/L)

4,664� 1,036 5,234� 433 0.012

Platelet
(�109/L)

277� 86 342� 63 0.000

Abbreviations: CRP, C-reactive protein; EOS, early onset sepsis; MPV,
mean platelet volume; NLR, neutrophil to lymphocyte ratio; SD, stan-
dard deviation; WBC, white blood cell.
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was not statistically different between groups (p¼ 0.108). The
AUC-ROC analysis of laboratory findings to predict EOS in
neonates detected statistically significant difference between
the EOS group and the control group as summarized
in ►Table 3. NLR demonstrated the best AUC-ROC 0.891; at a
cut-off level of 1.42, LRþ 5.5, sensitivity 88%, specificity 84%,
PPV 84.6%, and NPV 87.5% (►Fig. 1). MPV had AUC-ROC 0.666;
at a cut-off level of 9.3 fL, LRþ 1.23, sensitivity 84%, specificity
32%, PPV55.2%, andNPV66.6% (►Fig. 2). CRP revealed anAUC-
ROC 0.826; at a cut-off level of 6.1mg/L, LRþ 2.7, sensitivity
77.8%, specificity 68.3%, PPV 71%, and NPV 75.4%. PCT was
associated with an AUC-ROC 0.865; at a cut of 1.35, LRþ 8.8,
sensitivity of 69.1%, specificity of 97.6%, PPVof 96.6%, and NPV
of 75.9%. In 5 of 30 (16.6%) neonates in the EOS group, blood
cultures were positive for Escherichia coli in four, and Strepto-
coccus agalactiae in one neonate. All CSF cultures were nega-
tive for these organisms.

Discussion

The basis for the pathogenesis of neonatal sepsis is inflamma-
tion. Commonparametersused for thesuccessful diagnosis and

treatment of EOS, except for blood cultures, consist of inflam-
matory biomarkers. Accordingly, the study of inflammatory
biomarkers is an important aspect of sepsis research. In partic-
ular, the effect of inflammation on blood cells such as neutro-
phils, lymphocytes,andplateletshasbecomea focusof research
onthediagnosisof sepsis.Neutrophils quickly react to infection
andrapidlymigrate toward thesiteof inflammation.Asa result,
compensatory increases in production of neutrophils in the
bone marrow results in the release of more young neutrophils
into the bloodstream.12 In addition, neutrophil lifespan is
prolongeddue to delayedapoptosis, activation ofnuclear factor
kappa B, and reduction in caspase-3 levels related to sepsis
induced stimulation of the inflammatory response.13 The
benefit of an increased number of circulating neutrophils
with aprolongedhalf-life is enhancementof thehost’s immune
response by directly killing microorganisms through phagocy-
tosis, release of cytokines, and activation of T-cells.14

Unfortunately, high levels of proinflammatory cytokines
released by the host immune system in response to sepsis
may also cause tissue injury and organ failure. As a result,
compensatory release of anti-inflammatory cytokines in-
duce lymphocyte apoptosis leading to lymphopenia and

Table 3 The performance of laboratory findings in diagnosis of early-onset sepsis

Parameters AUC-ROC Cut -off value Sensitivity % Specificity % LRþ PPV
%

NPV
%

NLR 0.891 1.42 88 84 5.5 84.6 87.5

MPV (fL) 0.666 9.3 84 32 1.23 55.2 66.6

CRP (mg/L) 0.826 6.1 77.8 68.3 2.7 71 75.4

Procalcitonin (ng/mL) 0.865 1.35 69.1 97.6 8.8 96.6 75.9

Abbreviations: AUC-ROC, area under-receiver operator curve; CRP, C-reactive protein; EOS, early-onset sepsis; LRþ , likelihood ratio; MPV, mean
platelet volume; NLR, neutrophil to lymphocyte ratio; NPV, negative predictive value; PPV, positive predictive value.

Fig. 1 Area under the curve-receiver operating curve analysis of
neutrophil to lymphocyte ratio. Diagonal segments are produced by ties.

Fig. 2 Area under the curve-receiver operating curve analysis of
mean platelet volume. Diagonal segments are produced by ties.
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subsequent immunosuppression.15–17 There is even evi-
dence that detection of lymphopenia facilitates prediction
of mortality in patients with sepsis.18,19

In like fashion, platelets, an essential component of the
coagulation system, inflammatory response, and host de-
fensemay undergo changes similar to that of neutrophils and
lymphocytes. Platelet destruction and consumption lead to a
reduction of platelets compensated through a marrow de-
rived enhanced production and release of platelets with a
larger volume thannormal into thebloodstream. Subsequent
sepsis research has been shown that the increase in MPV,
which is the most sensitive parameter of platelet morpholo-
gy, can be used for predicting inflammation.20–22

Accordingly, increased neutrophil count and, decreased
lymphocyte count leading to an increased N/L ratio, and an
increased MPV may serve roles as complimentary biomark-
ers to identify the presence of and severity of neonatal EOS
facilitating prompt and effective therapy leading to improved
outcomes. In this study, we demonstrated that high NLR and
MPV were more sensitive biomarkers than CRP and PCT,
which are conventionally used parameters for the diagnosis
of EOS.

Numerous studies on the diagnostic accuracy of blood
culture and conventional parameters, such as CRP, used for
the diagnosis of sepsis have reported a wide range of values.
It has been reported that the sensitivity of blood cultures is 8
to 73%, and that of CRP (utilizing a cut-off value is 1.5–20 -
mg/L) is 74 to 98% with a related specificity of 71 to 94%.23,24

We are of the opinion that the wide ranges of cut-off values,
sensitivity, and specificity of conventional parameters com-
monly used for the diagnosis of neonatal sepsismay be due to
the differences in gestational age, birth weight, and mode of
delivery. The sensitivity of 83.1% and specificity of 85.9% at
the most commonly accepted CRP-related cut-off value of
10mg/L24 is comparable with the sensitivity of 77.8% and a
specificity of 68.3% at the CRP cut-off value of 6.1mg/L noted
in our study.

Studies evaluating the diagnostic value of NLR in sepsis
have indicated variable results. Dursun et al reported a
sensitivity of 75.6% and a specificity of 38.4%.25 Can et al
reported a sensitivity of 97.4% and a specificity of 100% at a
cut-off value of 6.76, while Omran et al reported a sensitivity
of 80% and a specificity of 57.1% at a cut-off value of 2.7.9,26 In
comparison, our findings of a sensitivity of 88% and a
specificity of 84% at the NLR cut-off value of 1.42, and LR
value of 5.5 contradicts the results of Can et al and Omran
et al. This difference may be explained by the single-center
design of the studies, and the inclusion of varying rates of
proven versus suspected neonatal sepsis in the study groups.
Although there is a wide range in cut-off values between
these studies and our study, our findings support the use of
NLR for the diagnosis of neonatal EOS due to its high AUC-
ROC, sensitivity, specificity, LRþ , PPV, NPV, and ease of use.

The diagnostic cut-off value of MPV in sepsis has been
reported to be 10.4 to 11.4 fL with a sensitivity of 40.5 to
97.8% and a specificity of 78.7 to 100%.27–31 In our study,MPV
was found to have a sensitivity of 84% and a specificity of 32%
at the cut-off value of 9.3 fL.

When the value of NLR and MPV in the diagnosis of EOS
was compared with conventional parameters such as CRP
and PCT, it was found in our study that both NLR and MPV
had higher sensitivity than CRP and PCT. Individually, NLR
had higher specificity, LRþ , and NPV than CRP.

The strengths of our study are that the power of our study
was found to be 100% through the use of an appropriate sized
patient population based on a validated reference study, and
the diagnosis of EOS through use of accepted EMA criteria
which are based on clinical and laboratory findings.

Our study has some limitations. The first is that the
neonates with EOS included in the study were not separated
as to suspected versus proven EOS. The second is the reli-
ability upon results of a single-center study that may not be
generalizable to neonates in other geographic and resource
available locations.

In conclusion, in this study, we offer evidence that NLR and
MPVmay be used in addition to conventional parameters such
as CRP and PCT in the diagnosis and subsequent management
of EOS. In addition, NLR and MPV are inexpensive and readily
available tools in comparison to other relatively more expen-
sive tools such as PCT. However, we recommend that these
results be verified through use of multicenter studies rigor-
ously analyzing our findings through study of large number of
neonates to accurately determine the suitability of NLR and
MPV to aid in the diagnosis of EOS.
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