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ABSTRACT
In this study, we aimed to demonstrate cord blood immature granulocyte (IG) count and delta neutrophil index
(DNI) values for term neonates. This retrospective study consisted of 126 term newborns born between July
2017 and December 2017. Cord blood samples were collected during delivery and IG count together with DNI
values were obtained. “Beckman Coulter DXH800 System Hematology Analyzer” was used for analysis and
calculations. The median DNI value was found to be 1.0 (interquantile range(IQR) 0.5-1.8%) and the median
gestational age at delivery was 38.4 (IQR 37.6-39.0) weeks. The median birth weight and IG count were 3250
(IQR 2955–3593) g and 66 (IQR 26.5-112.3)/mm3, respectively. In conclusion, we believe that determining the
normal laboratory reference values of IG count or DNI, which are important potential diagnostic markers for
neonatal sepsis, will contribute to future studies on the diagnosis of neonatal sepsis.
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Neonatal sepsis is one of the major causes of
mortality and severe morbidity in neonatal
intensive care units. The overall incidence of
neonatal sepsis ranges from one to five cases
per 1000 live births.1 Due to its rapid and
fatal course, early diagnosis and immediate
initiation of appropriate antimicrobial therapy
are critical. Globally, neonatal sepsis and other
severe infections accounted for approximately
15 percent of all neonatal deaths.1
The clinical signs and symptoms of sepsis in
newborns are nonspecific. The gold standard
diagnostic method for sepsis is the isolation
of the causative microorganism (bacterium
or fungus) in one or more blood cultures.2
However, because the culture results are not
immediately availiable and the procedure
has certain limitations in newborns, blood
cultures are not that useful for early diagnosis
of sepsis during the neonatal period.3 This
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situation has led to the development of several
laboratory methods to facilitate the rapid and
accurate diagnosis of neonatal sepsis. The most
commonly used biomarkers are the immatureto-total neutrophil ratio (I/T), procalcitonin,
C-reactive protein and interleukin-6 values.4-6
Moreover, immature granulocyte (IG) ratio
and delta neutrophil index (DNI) values
seem to be potential predictive markers for
neonatal sepsis.7,8 DNI is defined as immature
granulocyte fraction provided by a blood cell
analyzer which is determined by subtracting
the fraction of mature polymorphonuclear
leukocytes from the sum of myeloperoxidasereactive cells.9 IG count and DNI are reported
to be used widely in diagnosis of sepsis and
determination of disease severity in critically ill
patients.10
Recent technological improvements have
enabled automated hematology analyzers
to determine the IG count and fraction. The
term IG is used to describe the myelocytes,
promyelocytes and metamyelocytes (i.e.,
neutrophil precursors) that are found in the
bone marrow but not in the peripheral blood
35
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after the neonatal period.11 On the other hand,
it has been reported that immature neutrophil
forms enter the circulation during infection.10 In
addition to providing results in a shorter period
of time, automatic IG counts are more accurate
and precise than manual counts.11 Cord blood
(CB) IG count and DNI are candidates to be
used as sepsis markers. However, the normal
range of these counts in neonates has not yet
been established for CB.
We believe that determining the normal
laboratory reference values of IG count and
DNI values as important potential diagnostic
markers for neonatal sepsis will contribute
to future studies on the diagnosis of neonatal
sepsis.
Material and Methods
This retrospective study consisted of 126
term normal pregnancies that were delivered
between July 2017 and December 2017. The
inclusion criteria for CB sampling in this
study were as follows: 1) Presence of written
maternal informed consent for CB collection;
2) Absence of familial inherited diseases; 3)
Negative hepatitis B, hepatitis C, Human
immunodeficiency virus (HIV) and human
T-cell leukemia virus type-I/II (HTLV) serology;
4) Term pregnancy; 5) No history of early
rupture of membrane; 6) Absence of clinical
and/or laboratory findings suggesting infection;
7) Absence of prenatally detected chromosomal
anomalies and congenital abnormalities in the
fetus; 8) Absence of placental abnormalities; 9)
Absence of multiple gestations; 10) Absence
of maternal chronic inflammatory diseases;
and 11) Absence of maternal metabolic and
immunological disorders. Pregnant women
who did not meet these criteria were excluded
from CB sampling.
Cord blood samples were collected from the
umblical vein into EDTA tubes after delivery
of the fetus and IG count together with DNI
values were obtained. The complete blood
count data was obtained using a UniCel DxH
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800 hematology analyzer (Beckman Coulter,
Inc., Brea, CA, USA), and the DNI values were
automatically calculated by this device. The
UniCel DxH 800 uses electrical impedance,
radiofrequency conductivity, and volume,
conductivity and multiangle light scattering to
count and distinguish between the leukocyte
subpopulations.12
A total of 179 healthy full-term neonates (born
between 370/7 weeks and 426/7 weeks of gestation)
were initially recruited for this research. Of
those, fifty-three neonates suspected of having
sepsis and/or with missing laboratory data were
excluded. Thus, the remaining 126 subjects were
included in this study.
Necessary clinical and demographic data
were drawn from the electronic registry of
Hacettepe University Hospital. All statistical
analyses were performed using SPSS version
23.0. A descriptive analysis was performed
for the whole cohort and non-parametric tests
were used according to performed visual and
statistical normality tests. Median values were
given for whole parameters and Interquartile
Ranges were given for the distrubition of the
cases. Prior to conducting this study, ethical
approval was obtained from the Hacettepe
University Ethics Committee (GO-17/824-29).
Results
The demographic and neonatal characteristics
of the 126 patients included in this study are
presented in Table I. The median gestational
Table I. Demographic and neonatal data.
Characteristics

n (%)

Gender (M/F)

57/69 (45.2% / 54.8%)

Gestational age (weeks)* 38.4±1.0 (38.4; 37.6–39.0)
Apgar score (5 min)*

9.7±0.8 (10; 10–10)

Resuscitation at birth

4 (3.17%)

Birthweight (g)*

3272±452 (3250; 2955–3593)

SGA/LGA

5/4 ( 3.96% / 3.17%)

*Mean ± standard deviation (median; 25th–75th percentile)
SGA: small for gestational age, LGA: large for gestational
age
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Table II. Complete blood count values.
Parameters

Mean ± SD (median; 25th–75th percentile)

Hemoglobin (g/dL)

14.8±1.6 (14.9; 13.5–15.8)

Hematocrit (%)

46.2±5.3 (46.0; 42.0–49.6)

Platelet count (/µL)

239730±70077 (244500; 203500–278500)

White blood cell count (/µL)

11393±4120 (10600; 8900–13250)

ANC (/µL)

6550±3240 (5959.5; 4483.8–7763.0)

DNI (%)

1.3±1.0 (1.0; 0.5–1.8)

IGC (/µL)

94±127 (66; 26.5–112.3)

ANC: absolute neutrophil count, DNI: delta neutrophil index, IGC: immature granulocyte count.

age was 38.4 weeks (interquartile range (IQR)
37.6–39.0 weeks), and the median birth weight
was 3250 (IQR 2955–3593) g. Fifty-seven (45%)
of the neonates were males (Table I). Complete
blood count values of the neonates are shown in
Table II. The median DNI value was found to be
1.0 (IQR 0.5-1.8%). Immature granulocyte count
was 66 (IQR 26.5-112.3)/mm3.
Discussion
Sepsis is common in neonatal intensive care
units, and it is responsible for significant
mortality and morbidity. When treating sepsis,
it is critical that therapy targeting the causative
agent is initiated as early as possible. However,
isolating the causative agent requires time, and
it is not always feasible in newborns. Therefore,
sepsis markers are more important in this
patient group.2,3 One of the most significant
markers is the left shift of neutrophils in the
peripheral blood smear, which refers to an
increase in the I/T ratio. A value greater than 0.2
reflects an increase in the number of immature
neutrophils, which is suggestive of sepsis.13
Although the I/T ratio is a valuable marker
in the diagnosis of neonatal sepsis, it can be
unreliable since it is determined based on
counting 100 cells in a peripheral blood smear.
Therefore, its accuracy is directly proportional
to the observer’s (counter’s) experience.12-14 We
believe that novel neonatal sepsis markers are
necessary for better clinical practice.
Nahm et al.15 reported no statistical difference
between the immature neutrophil counts
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obtained from an automated hematology
analyzer and those obtained from a hematologist
who manually counted 200 cells from a
peripheral blood smear. Lee et al.7 observed a
statistically significant difference in the DNI
values between 24 newborns with sepsis and
a control group consisting of 48 newborns
without sepsis (mean gestational age: 37.0±7.2
weeks, mean birth weight: 2910±650 g), with the
sepsis group showing higher values at the time
of diagnosis, 24 hours after the diagnosis, and
72 hours after the diagnosis. In the same study,
the DNI values at the time of diagnosis in the
septic newborns who died, those who survived
and the control group were 6.5±2.4%, 3.7±1.8%
and 1.1±0.7%, respectively. Cimenti et al.12
determined a DNI cut-off value of 1.3% based
on the DNI values of 21 infants diagnosed with
sepsis and 112 controls. In a study by Wiland et
al.8 , the IG percentage of infants with a mean
gestational age of 39±1.6 weeks and a mean
birth weight of 3187±520 g ranged between 0%
and 8.4% within the first 48 hours of life, and
it was greater than 1% in 70% of the samples
before 12 hours. Therefore, they concluded that
the IG percentage threshold of 1% that is used
to diagnose sepsis in adults and children is not
suitable for newborns during the first 48 hours
of life. In their study, Wang et al.16 reported that
the I/T value was the highest at birth (0 hours)
in newborns with very low birth weights.
In our study, the median DNI of the CB samples
of 126 healthy full-term neonates with a median
gestational age of 38.4 weeks (IQR 37.6–39.0
weeks) and a median birth weight of 3250 (IQR
37
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2955–3593)g was 1.0 (IQR 0.5-1.8%). The lowest
DNI value was 0% and the highest was 3.9%.
The median immature granulocyte count was
66(IQR 26.5-112.3)/mm3 and it ranged from
a minimum of 0/mm3 to a maximum of 1153/
mm3. The results of this preliminary study
may be used in clinical practice for the early
prediction of neonatal sepsis. We believe that,
further studies are necessary in this field.
The limitations of this study were the lack of
a neonatal sepsis group and the small number
of cases. On the other hand, this was the first
study to demonstrate the normal IG counts and
fractions exclusively in the CB of healthy fullterm newborns. The fact that preterm infants
were not taken into the study is one of the
limitations.
We believe that determining the normal
laboratory reference values of IG count and DNI
values in CB as important potential diagnostic
markers for neonatal sepsis will contribute
to future studies on the diagnosis of neonatal
sepsis.
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