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Abstract. Fetal inflammatory response syndrome is associ‑
ated with increased neonatal morbidity and mortality. The
aim of the present study was to evaluate the dynamics of
the plasmatic value of pro‑inflammatory cytokines: tumor
necrosis factor‑α (TNF‑α), interleukin‑6 (IL‑6) and neutrophil
activating peptide 78 (ENA‑78) and the anti‑inflammatory
cytokine IL‑10 in the first and third day of life and the corre‑
lation with neonatal morbidities and mortality. The current
research was designed as a prospective case control study
included 80 neonates hospitalized at the 3rd level Neonatal
Intensive Care Unit (NICU), 1st Gynecology Clinic, County
Emergency Hospital, Cluj‑Napoca, Romania. For each patient,
the following parameters were noted: pH at first hour of life,
oxygen saturation, fraction of inspired oxygen (FiO2) and
duration of premature rupture of the membranes (PROM).
Measurements of cytokines were determined from venous
blood in the first and third day of life. The values of all cyto‑
kines were higher in the newborns from mothers with PROM.
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The value of IL‑6 in the study group was higher compared
to the controls during the first day of life and met the highest
value in necrotizing enterocolitis (NEC). ENA‑78 was higher
in the study group (P= 0.037) and decreased during the first
3 days of life. The highest value of ENA‑78 was found in the
neonates with cerebral hemorrhage. IL‑10 also had values with
a significant difference in the first day of life between both
groups (P= 0.02). IL‑10 had the highest value in sepsis cases.
In conclusion, among the inflammatory parameters that were
evaluated, the dynamics of ENA‑78 and IL‑10 were found to
influence the neonatal prognosis of newborns with PROM.
The decrease in ENA‑78 and IL‑10 during the third day of life
could suggest the evolution towards the ending of the inflam‑
matory process and an increase in the survival rate was noted.
Introduction
Fetal inflammatory response syndrome (FIRS) describes a
condition characterized by the presence of a systemic inflam‑
matory response, which is defined by an elevated umbilical
cord interleukin (IL)‑6 level (1). This phenomenon is associated
with increased fetal morbidity and mortality. Most frequently,
FIRS occurs as a result of the activation of the innate immune
system, due to exposure to microorganisms or other non‑infec‑
tious stimuli (e.g. alarmins) (1). The immaturity of the immune
system together with the intensity of inflammation determines
the risk of perinatal complications. The evidence to date
suggests that modulating the immune response using antimi‑
crobial agents, anti‑inflammatory drugs or cell‑based therapy
may reduce infant morbidity and mortality. The repercussions
of the inflammatory imbalance are either systemic, or confined
to an organ, depending on the type of response (1).
The cytokine profile at birth could be indicative of
neonatal morbidity in the preterm newborn with premature
rupture of membranes (PROM) (2). There are several inflam‑
matory markers involved in FIRS. Epithelial cell‑derived
neutrophil activator 78 (ENA‑78), also known as CXCL‑5,
is a good example of a chemokine, which has been strongly
and consistently correlated with the concentration of recruited
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neutrophils in the lung fluids of newborns with respiratory
distress syndrome (RDS) (3). Another example is tissue
necrosis factor‑ α (TNF‑ α), one of the main mediators of
inflammation, mainly involved in lung inflammation (4). Fetal
systemic inflammation is causally related with neuro‑inflam‑
mation, brain injury and or neurodevelopmental disorders (5).
Furthermore, IL‑8, CXCL‑5 and IL‑10 levels are elevated
in infants with necrotic enterocolitis (NEC) compared to
those with sepsis (2). The aim of the present study was firstly
to evaluate the dynamics of the plasmatic values of the
pro‑inflammatory cytokines TNF‑ α, IL‑6 and ENA‑78 and
the anti‑inflammatory cytokine IL‑10. The expression levels of
these inflammatory markers were evaluated in neonates born
from PROM mothers and compared to these levels in neonates
born from mothers without PROM. Second, we looked for the
possible correlations between the patterns of the parameters
studied and their prognostic value regarding survival.
Patients and methods
Study population. The analyzed population in this prospective
study comprised a case group and a control group. Inclusion
criteria were preterm newborns under 37 weeks gestational age
with and without PROM. Exclusion criteria were as follows:
insufficient details in the medical charts of the patients and
newborns with genetic disorders.
The study group contained a total of 36 newborns from
mothers with PROM. The control group comprised 46 healthy
newborns from mothers without PROM. All the neonates were
hospitalized at the 3rd level Neonatal Intensive Care Unit
(NICU), 1st Gynecology Clinic, County Emergency Hospital
Cluj‑Napoca, Romania. In obtaining inform consent and
conducting the evaluations, the study adhered to principles
outlined in the Declaration of Helsinki on experimentation
involving human subjects. We obtained the ethics approval
of the Ethics Committee County Emergency Hospital
Cluj‑Napoca, Romania, no. 140/25.06. 2017.
Measurement of the study parameters. We quantified the
following parameters: the pH in the first hour of life, oxygen
saturation, fraction of inspired oxygen (FiO2) and duration of
PROM.
The parameters were registered on the first and third day
of life for the study group and on the first day of life for the
control group.
Astrup parameters were conducted using a radiometer,
ABL90 Flex Blood gas analyzer (Radiometer). All the subjects
were monitored using the vital functions monitor, Mindray
Patient Monitor, model iPM12 (GE Healthcare), measuring
heart rate, O2 saturation, respiratory rate and blood pressure.
Hematological studies were conducted using the
Hematology Analyzer 5 diff MS 4S. Melet Schoesing
(Biometric Medical Services) from 0.2 ml venous blood.
Measurements of the cytokines [C‑reactive protein (CRP),
IL‑6, ENA‑78, IL‑10, TNF‑α] were determined from venous
blood. Blood levels of the cytokines were measured with
a specific ELISA according to the manufacturer's instruc‑
tions. We used the following kits: RD D6050 Human IL6
Elisa, RD‑D1000B Human IL10 Elisa, RD‑DTA00C Human
TNF‑α, RD‑DX000 CXCL5/ENA‑78 (Quantikine ELISA,

R&D Systems, Inc.) for laboratory analysis. In our study,
TECAN Sunrise machine was used.
Assessment of infant morbidity. The morbidity was evalu‑
ated using criteria for respiratory distress syndrome (RDS),
neonatal sepsis, necrotizing enterocolitis (NEC), cerebral
hemorrhage (CH) and mortality.
RDS. The Vermont Oxford Network (VON) definition for
RDS (6) requires an arterial tension PaO2 <50 mmHg and
central cyanosis in room air, a requirement for supplemental
oxygen to maintain PaO 2 >50 mmHg or a requirement
for supplemental oxygen to maintain a pulse oximeter
saturation >85%.
Neonatal sepsis. Neonatal sepsis is defined as a systemic condi‑
tion of bacterial, viral, or fungal (yeast) origin that is associated
with hemodynamic changes and other clinical manifestations
which results in substantial morbidity and mortality. There are
challenges to assessing neonatal sepsis (7). At present, there
is no universally accepted definition of neonatal sepsis. The
isolation of an infective organism from blood or CSF is one of
the commonest criteria in the current literature (7).
NEC. The Centers for Disease Control and Prevention (CDC)
surveillance definition for NEC is similar to the VON defini‑
tion, with some modifications (6,7). Neonates must have at
least one of the following clinical findings: bilious aspirate
(excluding aspirate obtained from a transpyloric tube),
vomiting, abdominal distention, or occult/gross blood in stools
(with no rectal fissure). In addition, infants must have at least
one of the following imaging findings: pneumatosis intestinalis,
portal venous gas (hepatobiliary gas), or pneumoperitoneum.
If at least one imaging test finding is equivocal, then clinical
correlation with physician documentation of antimicrobial
treatment for NEC is needed (8).
Cerebral hemorrhage. Cerebral hemorrhage is defined as
hemorrhagic lesion of the central nervous system (CNS)
occurring in the fetal, perinatal, or postnatal period (9).
Statistical analysis. The distribution of quantitative vari‑
ables was assessed with the Shapiro‑Wilk test. For the
normal distributed variables, means were compared with the
Student's t‑test. In the event variables did not coincide with
a normal distribution, distributed variables were compared
with the Mann‑Whitney Wilcoxon, Wilcoxon signed rank or
Kruskal‑Wallis test. For all test we assumed a significance
level of 0.05. Even if not all variables were normally distrib‑
uted, to maintain a common approach, all values are expressed
as means ± standard deviation (SD). Statistical analysis was
conducted with the IBM SPSS v.25 (IBM, Corp).
Results
Anthropometric data. The anthropometric data of the groups
are presented in Table I. The average weight of the neonates
in the study group was 2,441.43±926.97 g compared with
2,850.00±948.28 g in the control group. The gestational age of
the study group was 35.71±3.98 weeks vs. 36.64±3.80 weeks
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Table I. Anthropometric data.

Weight (g)
Gestational age (weeks)
PROM (h)
HC (cm)
L (cm)

Study group (n=36)

Control group (n=46)

P‑value

2,441.43±926.97
35.71±3.98
78.40±139.90
32.63±3.48
48.63±6.58

2,850.00±948.28
36.64±3.80
15.00±2.83
35.00±2.96
50.50±5.75

0.183
0.459
0.001
0.030
0.357

PRM, premature rupture of the membranes; HC, head circumference; L, length. Data are presented as the mean ± SD. P‑values were determined
using the Student's t test. Significant P‑values (P<0.05) are indicated in bold print.

Table II. Blood parameters in the study and control group.
Blood parameters

Study group (n=36)

Control group (n=46)

P‑value

pH 1st day
pH 3rd day
Paired comparation
Oxygen saturation (%) 1st day
Oxygen saturation (%) 3rd day
Paired comparation
WBC (‑/mm3) 1st day
WBC (‑/mm3) 3rd day
Paired comparation
Plaquettes (‑/mm3) 1st day
Plaquettes (‑/mm3) 3rd day
Paired comparation
RBC (‑/mm3) 1st day
RBC (‑/mm3) 3rd day
Paired comparation

7.30±0.087
7.32±0.058
0.001
81.26±11.94
90.29±16.45
0.064
14,992±6,398
12,701±3925
<0.001
287,143±119,407
233,608±72,098
0.010
4,239,200±17,852
4,091,000±17,982
0.635

7.31±0.042
7.34±0.42
0.517
89.29±16.45
91.50±8.89
0.111
11,871±3,875
13,125±5,745
0.343
291,397±210,563
309,750±92,312
0.264
3,036,200±16,953
3,192,000±16,872
0.354

0.880
0.497
0.004
0.192
0.044
0.846
0.929
0.059
0.036
0.058

WBC, white blood cells count; RBC, red blood cell count. P‑values were determined using the Student's t‑test. Significant P‑values (P<0.05)
are indicated in bold print.

in the control group (P= 0.459). The analyzed cohort was
homogenous and did not show any significant differences
regarding weight (P= 0.183). Duration of PROM was more
than 72 h in the study group compared with control group
(15.00±2.83 h) (P= 0.001) (Table I). In addition, we found a
statistical difference in head circumference (HC) in the study
group (32.63±3.48 cm) when compared to the control group
(35.00±2.96 cm) (P=0.030).
Hematological parameters and inflammatory markers. The
laboratory studies including hematological parameters and
inflammatory markers (CRP, IL‑6, TNF‑α, ENA 78, IL‑10) the
oxygen need Fi02, and Astrup were measured in the delivery
room, or immediately after admission into the NICU in the
first hour.
In the first determination of Astrup parameters, there were
no differences (P= 0.880) in the pH values in both groups.
All the parameters were within normal range. The pH value
improved significantly (P=0.001) on the third day in the study
group (pH=7.32±0.058) (Table II).

The mean of the oxygen saturation in the 1st day was
significantly lower in the study group (81.26±11.94%),
compared to control group (89.29±16.45%) (P=0.004). On the
third day, the oxygenation parameters were improved in both
groups (P=0.192) (Table II).
At the first evaluation of the hematological studies,
we noted that the white blood cell count (WBC) was
significantly higher in the study group vs. the control group
(14,992±6,398/mm3 vs. 11,871±3,875/mm3) (P= 0.044). In the
study group, WBC and plaquettes had a significant decreased
value in the 3rd day of life compared with the 1st day (P<0.001
for WBC and P=0.010 for plaquettes) (Table II).
Red blood cells (RBC) had a significant higher value
on the 1st day in the study group vs. the control group
(4, 239, 20 0±17,852/m m 3 vs. 3,036, 20 0±16,953/m m 3 )
(P= 0.036).
All the plasmatic values of CRP, IL‑6, TNF‑α and ENA‑78
on the 1st day were higher in the newborns from mothers with
PROM (study group), compared to the control group, but the
difference was not significant for all of them just for IL‑10 and
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Table III. Dynamics of the cytokines and CRP.
Parameters

Study group (n=36)

Control group (n=46)

P‑value

CRP (mg%)
TNF‑α (pg/ml) 1st day
TNF‑α (pg/ml) 3rd day
P‑value
ENA‑78 (pg/ml) 1st day
ENA‑78 (pg/ml) 3rd day
P‑value
IL‑10 (pg/ml) 1st day
IL‑10 (pg/ml) 3rd day
P‑value
IL‑6 (pg/ml) 1st day
IL‑6 (pg/ml) 3rd day
P‑value

0.83±0.85
14.68±28.11
10.08±14.61
0.253b
1,317.98±1,053.56
812.33±901.50
0.049b
55.463±43.59
25.97±18.19
<0.001b
153.67±207.80
46.49±87.96
<0.001b

0.60±0.00
8.99±6.81
3.25±1.91
0.180b
1,172.26±1,095.99
592.70±312.97
0.182b
42.41±58.08
111.10
0.317b
114.23±156.01
84.00±105.36
>0.999b

0.122a
0.207a
0.419a
0.037a
0.893a
0.020a
0.092a
0.298a
0.508a

CRP, C‑reactive protein; TNF‑α, tumor necrosis factor‑α; ENA 78, neutrophil activating peptide 78; IL, interleukin. Data are presented as the
mean ± SD. aKruskal‑Wallis test; bWilcoxon signed rank test. Significant P‑values (P<0.05) are indicated in bold print.

ENA‑78. The dynamics in the first and 3rd day of life for the
cytokines were different between the study group and control
group (Table III).
IL‑6, during the 1st day of life in the study group had
the plasmatic value of 153.67±207.80 pg/ml, higher, when
compared with the control group (114.23±156.01 pg/ml).
Under antibiotic treatment, the value was decreased signifi‑
cantly in the 3rd day of life (46.49±87.96 pg/ml) (P<0.001) in
the study group.
TNF‑α was higher in the first day in the study and control
groups. At the second evaluation, the plasmatic value was lower
in both groups with no statistical differences found (Table III).
In our study, ENA‑78 was significantly higher in the
1st day in the study group compared with the control group
(1,317.98±1,053.56 pg/ml vs. 1,172.26±1,095.99 pg/ml)
(P= 0.037) and in the study group there was a significant
decrease (to 812.33±901.50 pg/ml) on the 3rd day of life
(P= 0.049). On the 3rd day of life we found no significant
difference between the two groups (0.893) (Table III).
We evaluated the dynamics of the cytokines in the group
of survivors, compared to the deceased neonatal group.
In the survival group, the decrease in ENA‑78 (P= 0.026)
and IL‑10 (P<0.001) was significant from the 1st day to the
3rd day. The blood level of ENA‑78 was significant higher
(1,266.60±1,099.16 pg/ml) in the survival group vs. the
deceased group 336.00±462.50 pg/ml (P= 0.037) on the
1st day. ENA‑78 was significantly lower on the 3rd day of
life (737.19±781.39 pg/ml) (P= 0.026) in the survival group
(Table IV). Also, the dynamics of ENA‑78 was significantly
different in the deceased group vs. the survival group, with the
values of ENA 78 higher on the 3rd day vs. the 1st day in the
deceased group.
IL‑6 also exhibited a significant decrease on the 3rd day of
life in the survival group (P<0.001) (Table IV).
IL‑10, also known as the marker of the anti‑inflammatory
response, presented significantly higher values with statistical
differences on the 1st day of life vs. the 3rd day, in the study

group (55.463±43.59 pg/ml vs. 25.97±18.19 pg/ml) (P<0.001).
But the dynamics were significantly different in infants who
had already developed morbidities; the values on the 1st day
were higher compared to the 3rd day. In the study group, the
plasmatic value of IL‑10 on the first day decreased signifi‑
cantly compared to the value on the 3rd day (55.463±43.59 to
25.97±18.19 pg/ml) (P<0.001) (Table III).
Furthermore, we aimed to correlate the plasmatic value of
the cytokines with the major morbidities in the first week of life:
sepsis, RDS, CH, and NEC (Table V). We observed a higher
plasmatic value of TNF‑α in the neonatal cases with cerebral
hemorrhage (36.05±49.53 pg/ml) and sepsis (13.18±25.98 pg/ml)
on the 1st day of life. The highest value of ENA‑78 was found in
newborns with cerebral hemorrhage (1,540.70±1,295.87 pg/ml)
and NEC (1,420.95±1,373.88 pg/ml) on the 1st day (Table V).
IL‑10 had the highest value (63.06±37.22 pg/ml) in newborns
with sepsis on the 1st day of life. IL‑6 had its highest value
(219.27±227.42 pg/ml) on the 1st day in the sepsis group
and the highest value on the 3rd day was in the NEC group
(215.83±256.47 pg/ml) (Table V).
No correlation was found between PROM duration and any
cytokine from the study in the 1st day of life (P=0.36).
We found no correlation of these parameters with infant
mortality (P=0.57).
Discussion
In our study, preterm newborns with premature rupture of the
membranes (PROM) were successfully assessed.
In the event of PROM, a fetus can develop an inflammatory
response following exposure to microorganisms such as bacteria
from the vaginal flora, fungi, or protozoans. This process can
affect an organ, for example the pulmonary inflammation caused
by meconial aspiration, or cause a systemic process caused by
the increase in inflammatory markers in the circulation (4).
Fetuses in pregnancies with PROM are prone to inflamma‑
tion or intra‑amniotic infection. There are multiple studies that
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Table IV. Correlation between cytokines and survival among the study population.
Parameters
CRP (mg %)
TNF‑α (pg/ml) 1st day
TNF‑α (pg/ml) 3rd day
P‑value
ENA 78 (pg/ml) 1st day
ENA 78 (pg/ml) 3rd day
P‑value
IL‑10 (pg/ml) 1st day
IL‑10 (pg/ml) 3rd day
P‑value
IL‑6 (pg/ml) 1st day
IL‑6 (pg/ml) 3rd day
P‑value

Survival group

Deceased group

P‑value

0.78±0.76
13.51±25.01
10.16±14.80
0.124a
1,266.60±1,099.16
737.19±781.39
0.026a
49.15±41.68
28.51±23.41
<0.001a
147.69±200.60
36.16±41.35
<0.001a

0.60±0.00
7.97±7.34
4.70±4.76
0.655a
336.00±462.50
1,518.27±1,730.64
0.109a
84.15±92.70
25.25±13.50
0.180a
82.85±68.73
188.60±279.61
>0.999a

0.461
0.841
0.387
0.037
0.317
0.312
0.782
0.930
0.347

CRP, C‑reactive protein; TNF‑α, tumor necrosis factor‑α; ENA 78, neutrophil activating peptide 78; IL, interleukin. P‑values were determined
using the Kruskal‑Wallis test. Data are presented as the mean ± SD. aWilcoxon signed rank test. Significant P‑values (P<0.05) are indicated in
bold print.

Table V. Association between cytokines and neonatal morbidities.
Neonatal pathology
CRP (mg/dl)
TNF‑α (pg/ml) 1st day
TNF‑α (pg/ml) 3rd day
ENA (pg/ml) 1st day
ENA (pg/ml) 3rd day
IL‑10 (pg/ml) 1st day
IL‑10 (pg/ml) 3rd day
IL‑6 (pg/ml) 1st day
IL‑6 (pg/ml) 3rd day

RDS

Cerebral hemorrhage

Sepsis

NEC

P‑value

0.60±0.00
1.87±0.61
4.73±4.73
387.80±550.49
1,303.13±1,894.33
40.27±9.04
19.67±13.59
113.84±172.72
39.85±43.14

0.90±0.73
36.05±49.53
14.35±20.09
1,540.70±1,295.87
611.65±270.99
50.80±67.20
24.60±27.31
153.70±288.45
33.08±39.23

0.94±1.23
13.18±25.98
7.93±13.79
833.59±485.84
601.88±676.83
63.06±37.22
28.19±14.76
219.27±227.42
18.60±15.31

0.72±0.40
8.96±14.06
11.82±14.887
1,420.95±1,373.88
1,035.48±1042.32
52.73±44.86
25.63±19.36
77.03±44.32
215.83±256.47

0.743
0.207
0.389
0.243
0.566
0.312
0.388
0.451
0.166

RDS, respiratory distress syndrome; NEC, necrotizing enterocolitis; CRP, C‑reactive protein; TNF‑α, tumor necrosis factor‑α; ENA 78, neutro‑
phil activating peptide 78; IL, interleukin. Data are presented as the mean ± SD.

have evaluated this process, but the exact mechanism of the
development of these inflammatory states is not yet completely
understood (1).
In the study group, which was affected by PROM, the
newborns presented with a lower pH and pO2, but following
antibiotic treatment, oxygen therapy or respiratory support,
these values were improved on the third day of life.
Romero et al founded no significant differences in the pH
value in premature babies with fetal inflammatory response
syndrome (FIRS) compared with controls (10).
We assessed the hematopoietic system in our study and
control group. Neutrophils are involved in the host response in
the context of PROM and FIRS. In the study group, we found
significantly higher levels of WBC 14,992±6,398/mm 3 vs.
11,871±3,875/mm3. The mechanism responsible for neutrophil
stimulation is attributed to the secretion of G‑CSF, which
is a cytokine responsible for the activation of neutrophils in

inflammatory response. This has also been observed in fetuses
with FIRS (11).
We also observed a significant decrease in thrombocytes
in the study group from the first to the third day of life. The
thrombocyte count presented differences between the study
and control group on the third day of life, barely missing the
threshold for statistical difference. There is no clear explana‑
tion for this difference, but it does seem like the hematopoietic
system plays a significant role in the pathology of FIRS.
The WBC showed significantly increased numbers on the
1st day of life in the study group. These changes sustain the
FIRS diagnostic in the study group. In addition, Dulay et al
in their study assessing inflammation‑associated preterm
birth and in the absence of hypoxia observed the elevations in
nucleated red blood cells (NRBCs) in the early neonatal period
and considered this fact as a possibility of a direct response of
exposure to inflammatory mediators in utero (12).
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The inflammatory response to infection involves both a
pro‑ and an anti‑inflammatory response (4,13‑15). In our study,
IL‑6 had higher plasmatic values in the study group compared
to the control group. Romero et al report that a value of IL‑6
over 11 pg/ml in fetuses with FIRS leads to an earlier birth,
than those with lower values (10).
In our study, we selected fetuses from pregnancies with
PROM and we analyzed the same parameters. The originality
of our research consists of the 3rd day dynamics of these
parameters in correlation with the neonatal outcome.
Depending on the balance of the cytokines, the newborn
can either present with an inflammatory syndrome, FIRS,
with neonatal sepsis or with another morbidity. In our study
we compared the levels of the abovementioned cytokines in
order to correlate them with a specific complication [sepsis,
respiratory distress syndrome (RDS), necrotizing enterocolitis
(NEC) and cerebral hemorrhage].
We found an increase value of IL‑6 (147.69±200.60 pg/ml)
in the survival group compared with the deceased group
(82.85±68.73 pg/ml) in the 1st day. A value over 11.6 pg/ml
was associated with a higher mortality rate (77.8% vs. 29%)
(P<0.001), pending on the presence of FIRS, as described
by Gomez et al (4). The significant decrease in the third day
of live of the IL‑6 value can be considered a response to the
disease‑specific management and use of wide spectrum anti‑
biotics. IL‑6 is involved in perinatal morbidity such as RDS,
NEC, cerebral hemorrhage and sepsis (16).
The relationship between the infection, inflammation and
respiratory complications is an important research topic in
neonatology.
We noted that ENA‑78 has not been frequently evaluated
as a parameter in FIRS and newborn. We consider that our
study contributes to the understanding of FIRS and how it may
influence neonatal morbidity. In the present study, the highest
value of ENA‑78 was observed in newborns which developed
cerebral hemorrhage (1,540.70±1,295.87 pg/ml) and NEC
(1,420.95±1,373.88 pg/ml).
FIRS is a risk factor for necrotizing enterocolitis (17,18).
Considerable evidence now sustains that fetal inflamma‑
tion and often infections could be related to fetal/neonatal
neuro‑inflammation, brain injury or neurodevelopmental
disorders, including mental illnesses (19,20). The highest value
found in cerebral hemorrhage sustains this observation once
again.
The mechanism of brain injury in FIRS is complex.
Exposure to in utero inflammation initiates a cascade of the
fetal immune response, where pro‑inflammatory cytokines
can cause direct injury to oligodendrocytes and neurons by
activating microglia (21).
The most vulnerable structures are pre‑myelinating
oligo‑dendrocytes (22).
The clinical significance of the pro‑ and anti‑inflammatory
balance in FIRS is mainly to determine an algorithm for
management of these conditions. In our study, IL‑10 (as the
anti‑inflammatory component of fetal inflammatory response),
presented a significant difference between the study and
control groups, a difference which maintained its significance
on the third day of life.
We considered that the balance between the pro‑ and
anti‑inflammatory cytokines may play an important role

in the prevention of neonatal morbidities such as cerebral
hemorrhage or NEC.
We found only a few studies to compare the dynamics of
pro‑inflammatory cytokines and IL‑10 an IL‑8. In one of the
study, Beresford and Shaw sustain the important role of IL‑8
in the inflammatory response to respiratory injury, and also
the difficulty in detecting counter‑regulatory cytokines such
as IL‑10 in the bronchial lavage fluid (23).
Furthermore, IL‑10 deficiency may be a factor in the
etiology of bronchopulmonary dysplasia (BPD). Harris et al
investigated the cytokine secretion in critically ill infants with
bacterial sepsis, NEC, or sepsis syndrome and documented
increased values of IL‑10 and ENA‑78 in newborns which
developed NEC, compared to those who developed bacterial
sepsis (24). Ng et al consider IL‑10 as an early diagnostic
marker of late onset bacterial infection in preterm infants (25).
To our knowledge, there are no studies related to the
dynamics of TNF‑α and ENA‑78 in correlation with neonatal
morbidity and mortality. We analyzed the dynamics of cyto‑
kines comparing the survivor and the deceased groups. IL‑6,
ENA‑78, TNF‑α, IL‑10 had their own contribution depending
on the day of life.
Increased values on the first day of life could be considered
a risk factor for an increased neonatal morbidity, especially for
premature or growth‑restricted babies (26,27). In our research,
ENA‑78 had significantly higher values in the survival
group compared to the pattern of TNF‑ α value. However,
the augmentation of the inflammatory process was revealed
by the increase in ENA‑78 on the third day of life, in cases
complicated with neonatal death.
The decrease in the anti‑inflammatory pattern for ENA‑78,
IL‑10, and IL‑6 on the third day of life was significantly
encountered in the survival group.
The concomitant decrease of ENA‑78 and IL‑10 during
the third day of life could suggest the evolution through the
culmination of the inflammatory process.
FIRS remains an important issue when we want to refer to
the morbidity and prognosis of premature babies, newborns
or babies with intrauterine growth restriction, with premature
rupture of the membranes (28,29).
This study has its limitations. The small number of cases
and the lack of correlation with pathological changes in
umbilical cord or placenta are important, but we consider
that the study of immunological response in preterm can
offer possibilities to better understand the prognosis of these
infants. Studies with more case numbers and more parameters
could provide more clarity towards managing these conditions
more appropriately.
In conclusion, the appearance of a certain FIRS‑associated
disease seems to be influenced by the balance between
pro‑inflammatory and anti‑inflammatory cytokines. A
concomitant decrease in both ENA‑78 and IL‑10, was associ‑
ated with a better survival of the neonates, even though this
association failed to reach significance.
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