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Abstract: IL-6 is thought to be involved in the prognosis of extremely low birth weight infants, in whom it leads to newborn
organopathy. IL-6 also influences various processes in vivo, including thrombocytopoiesis. In the present study, we
investigated whether the influence of IL-6 in the fetal period could be evaluated using the actual number of infant platelets,
which is an index of thrombocytopoiesis. We retrospectively examined the perinatal information of extremely low birth
weight infants, IL-6, the number of platelets (Plt), and the number of immature platelets fraction (IPF). The study population
included 81 infants. The mean gestational age of the infants was 26.1+£2.5 weeks and the mean birth weight was 729+161 g.
The immature platelet count (PItxIPF) was positively correlated with the IgM level (R=0.45, p<0.01) and the membrane
rupture time (R=0.095, p<0.01). In addition, the PItxIPF in the group in which the cord blood IL-6 level was >11 pg/mL was
significantly higher than that in the group in which the cord blood IL-6 was <11 pg/mL (p<0.01). The PItxIPF value at birth
was associated with the IL-6 level in extremely low birth weight infants, which suggests the possibility that it may be used to
evaluate fetal inflammation.

Keywords: Extra-low Birth Weight Infants, Platelet Count, Immature Platelet Fraction, Chorioamnionitis,
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1. Introduction

Recently, the survival rate of extremely low birth weight
infants has improved, and now efforts are being made to
improve the prognosis of neurological development. A
number of factors have a major influence on the prognosis of

neurological development, including short-term
complications, including intraventricular —hemorrhage,
necrotizing enterocolitis, bronchopulmonary dysplasia,

retinopathy of prematurity and periventricular leukomalacia.
Regarding these complications, it is reported that the more
premature the infant, the stronger the relationship with
chorioamnionitis or intrauterine pathogenic microbe infection.
Furthermore, in addition to causing premature rupture of the
membranes or premature birth, intrauterine inflammation is
associated with a younger gestational age and reduced birth

weight, indicating a relationship with the short-term prognosis
[1].

When inflammation occurs in utero, the levels of various
cytokines, including IL-6, increase within the mother's body.
In a previous study, the analysis of the blood of mothers who
delivered a premature infants based on the presence or
absence of histological chorioamnionitis, revealed that the
median amniotic fluid IL-6 level in mothers with
chorioamnionitis was higher than that in mothers without
chorioamnionitis [2]. Furthermore, it is reported that
inflammatory cytokines affect the fetus, resulting in
hypercytokinemia in the fetus [3]. The breakup of the
intrauterine environment leads to the exposure of the fetus to
external viruses or inflammation.
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In cord blood, cytokines are mainly produced by monocytes
and macrophages. Cytokines are also produced—to a lesser
extent—by T lymphocytes, B lymphocytes and neutrophilic
cells. Proinflammatory cytokines are involved in the
mechanism leading to the damage of the lung and the brain
that accompanies inflammation in premature infants, and
respiratory distress syndrome and chronic lung disease in
newborns are said to be related to the activity levels of
cytokines such as IL-6. T-cell activation and cytokine
production within the uterus are related to brain lesions in
extremely premature newborns. Dembinski et al. [4] reported
that the incidence of brain lesions in extremely premature
newborns was significantly associated with the IL-6 activity
within 24 hours after birth. In other words, the
proinflammatory cytokine level increases through the mother,
and the response of the fetus itself causes impairment of the
organ function or inhibition of the normal development of the
fetus, which manifests as various diseases, including chronic
lung disease, after birth [1]. This is recognized as fetal
inflammatory response syndrome (FIRS) and an increase in
the levels of cytokines, such as IL-6, is thought to lead to
organopathy [5].

Cytokines that increase with fetal inflammation are also
involved in thrombocytopoiesis. Many substances have been
reported to be associated with thrombocytopoiesis, including
IL-6. We hypothesized that the platelet count and immature
platelet fraction (IPF) might predict the level of
inflammation. However, it is a fact that thrombocytopoiesis
is affected by many factors, including the gestational age at
birth, birth weight and SD score [8]. Therefore, in an
individual comparison of the platelet count or IPF, it is
necessary to consider multiple factors. We therefore focused
on the real number of immature platelets, which is the
product of the platelet count and IPF, as a new index, and
examined whether it was influenced by gestational age, birth
weight or SD score. We also evaluated the relationship with
intrauterine infection.

2. Materials and Methods

The study population included extremely low birth weight
infants who were admitted to the Japanese Red Cross Medical
Center NICU between January 2013 and December 2017. The
inclusion criteria were hospitalization within 24 hours after
birth and the absence of chromosome aberrations or
anomalies.

Based on the patients’ medical records, we retrospectively
examined the stage of premature rupture of membranes, the
time to delivery, gestational age, birth weight, Apgar score,
placental pathological findings, cord blood IgM and IL-6,
platelet counts and IPF within 24 hours after birth. The platelet
count and IPF value were measured using an XE-2100
multiparameter automated hematology analyzer (Sysmex
Corp.).

We investigated whether there was a correlation between the
product of the platelet count and IPF value (PltxIPF) and the
examined factors. Moreover, using a cut-off value of IL-6 of 11
pg/mL, which is a criterion for FIRS, we examined P1txIPF.

The Mann-Whitney U test, Fisher's direct probability and
Spearman’s rank-order correlation coefficient matrix were
used as statistical analyses. In all analyses, two-tailed p values
of <0.05 were considered to be statistically significant. All
statistical analyses were performed using BellCurve for Excel
(v. 3.20; Social Survey Research Information Co. Ltd.).

This study is approved by Japanese Red Cross Medical
Center organization screening committee.

3. Results

The characteristics of the 81 infants examinedare shown in
Table 1. Forty-one of the infants (50%) were male, the mean
gestational age was 26.1+2.5 weeks, and the mean birth
weight was 729+161g. The mean SD score was -0.97+1.52,
the mean IPF value was 5.0+2.3% and the mean PItxIPF value
was 98.3+50.8x104/uL.

Table 1. Overall characteristics that was the subjects of this study.

Subjects (N=81)

Male infant

Gestational age

Birth weight

SD score

Apgar score at 1 minute
Apgar score at 5 minutes
Primiparity

Mode of delivery vaginal birth
Cesarean section

platelet count (x10%/uL)

IPF (%)

platelet countxIPF (x10%uL)
IgM (mg/dL)

Cord blood IL-6 (ng/mL)
CAM stage 1

CAM stage 2

CAM stage 3

41 (50%)
26.1£2.5
729+161
-0.97+1.52

442

7+1

49 (60%)

24 (30%)

57 (70%)
21.449.6

5.0£2.3
98.3£50.8
Median 6 (2-227)
Median 17.0 (1.0-10810.0)
10 (12%)

7 (8%)

26 (32%)

IPF; Immature platelet fraction, CAM; Chorioamnionitis.
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The analysis of the correlations between the Plt<IPF value,
and the gestational age, birth weight, SD score, cord blood
IgM value, time (membrane rupture time) from membrane
rupture to delivery, and the ante partum mother CRP value, are
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shown in Figure 1. Significant correlations were recognized
between PItXIPF and IgM (R=0.45, p<0.01) and the
membrane rupture time (R=0.095, p<0.01).
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Figure 1. Correlation between PltxIPF and each item Correlations are observed between Plt xIPF and gestational age, birth weight, SD score, IgM, membrane

rupture time and maternal CRP.

Regarding the relationship between cord blood IL-6 and PItxIPF, the PItxIPF value in the IL-6 >11 pg/mL group was
significantly higher than that in the IL-6 <11 pg/mL group (p <0.01) (Figure 2, Table 2).
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Table 2. Characteristics in patients with IL-6 levels of >11 pg/mL and <11 pg/mL.

IL-6 levels of >11 pg/mL (N=35) IL-6 levels of <11 pg/mL (N=46) p value
Male infant 15 (42%) 26 (56%) 0.26
Gestational age 27.1£2.3 25.4+2.4 <0.01
Birth weight 7494171 714+154 0.38
SD score -1.54+1.45 -0.54+1.43 <0.01
platelet count (x10%pL) 16.9£7.3 24.849.7 <0.01
IPF (%) 5.0£2.0 5.0£2.6 0.57
platelet countxIPF (x10? /uL) 77.3+£26.2 114.3+£58.9 <0.01
IgM (mg/dL) Median 6 (2-58) Median 8 (2-227) 0.04

IPF; Immature platelet fraction.

PItxIPF value (10° /uL)

350
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Figure 2. PltxIPF and cord blood IL-6 PltxIPF values in patients with IL-6
levels of >11 pg/mL and <11 pg/mL.

4. Discussion

There was no correlation between PItxIPF and gestational
age, birth weight or SD score; however, positive correlations
were recognized between PItxIPF and IgM as well as the
membrane rupture time. When cord blood IL-6, which is a
criterion of FIRS (along with maternal intrauterine
inflammation) was compared using a cut-off value of 11
pg/mL [9], the PIt<IPF value was significantly higher in the
IL-6 >11 pg/mL group.

It has been pointed out that chorioamnionitis is highly
associated with spontaneous preterm birth and abortion in
early to intermediary pregnancy [l1]. When a microbe
invades the amniotic cavity, a strong local inflammation
response is induced, and the concentrations of
proinflammatory cytokines, such as IL-6 remarkably

increase [1, 10, 11]. It has been shown that proinflammatory
cytokines play an important role in the pathogenesis of tissue
lesions and organ dysfunction under circumstances such as
neonatal infection, hypoxia and ischemia. Among these
cytokines, IL-6 is a core cytokine with multifaceted effects in
the cytokine cascade [12, 13].

Generally, the CRP value is used as an index of
inflammation. However, the maternal CRP value is not
associated with chorioamnionitis, and it is considered to
have low prognostic value in cases of intrauterine
inflammation [14]. The present study revealed relationships
between PItxIPF and the maternal membrane rupture time,
IgM value of the infant and cord blood IL-6 value, rather
than the maternal CRP wvalue. Cytokines are the main
mediator of acute phase reactions, and IL-6 is considered to
be very important as an index of inflammatory influence on
the fetus [15-18], leading to the concept of FIRS [19]. The
diagnostic criteria for FIRS, reported Gomez et al. [9],
include an intranatal cord blood IL-6 value of >11 pg/mL.
Increased cytokine levels cause result in decreased
biophysical activities, which manifest as a tendency to
somnolence or decreased breathing exercise, as effects of the
central nervous system. These are considered to be "clinical
symptoms of the fetus" in FIRS, while premature birth and
PPROM are thought to be maternal symptoms [9].
Furthermore, FIRS is related to the risk of BPD, PVL and
NEC of premature infants [1, 2, 20].

Recently, in cases of acute chorioamnionitis with or without
microorganisms [1], danger signals of non-microbial origin
have been thought to be a main factor in sterile intra-amniotic
inflammation [21]. Thus, intra-amniotic inflammation is
diagnosed based on an amniotic fluid IL-6 value of >2.6 ng/ml
[21]. However, we refer to the pathological diagnosis of
chorioamnionitis after birth because of the test is associated
with risks in the mother and infant, and is less precise than a
pathological examination.

Thus, IgM is an important blood test value in premature
infants. Since IgM does not have placental permeability,
the IgM value of the cord blood is reported to be
approximately one-tenth of the adult level [19]. In addition,
the fetus has the ability to produce IgM. IL-6 elevation
stimulates the B cells of the fetus, which promotes antibody
production and an increase in IgM. The measurement of the
newborn blood IgM value is therefore important for the
diagnosis of infectious disease in utero [19]. In CAM, in
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which the incidence rates of intrauterine infection and
inflammation are high, the serum IgM value has been
reported to be increased and to be predominately related to
BPD [22, 23], and the serum IgM value is reported to be
useful for predicting the prognosis of newborns. However,
similarly to other in vivo-produced substances, the
production of IgM takes time, and it is therefore impossible
to judge whether the intranatal IgM value is the actual
maximum IgM value based on a single measurement at
birth. Consequently, the ability to predict the neonatal
prognosis based on IgM alone is limited.

Regarding the time required for thrombocytopoiesis in
humans, it is reported that it takes approximately five days for
megakaryocytes to complete polyploidization of platelets,

mature and release platelets [24]. In a murine study, the peak
of thrombocytopoiesis for the production of IL-6 was reported
to occur at around 10 days [7]. In other words, we need to
combine the results of tests that are measurable at birth to
assess the inflammation exposure of the fetus or predict the
prognosis of the newborn in greater detail. We connected these
processes of intra-amniotic inflammation to the fetal
immunologic response as well as the hemopoiesis mechanism,
as illustrated in Figure 3. In an infant in whom IL-6 was
increased due to intra-amniotic inflammation, which led to
premature birth, we hypothesized that we could indirectly
evaluate the proinflammatory cytokine levels at birth by IPF,
and that this might be factor that predicts whether increased
IL-6 will cause PVL or BPD.

1. Increase from lower genitals

2. Hematogenous
Mother’s

bod
A\ measures

3. Accompanied by amniocentesis, percutaneous cord blood collection, fetoscopy and invasive

4. Antidromicdissemination from the oviductthrough the abdominal cavity

Microbialinvasion to the amniotic cavity

“danger signals”

Acute chorioamnionitis

Proinflammatory cytokines
Cellularresponse
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gut, skin and ears via amnioticfluid Cellularresponse
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Figure 3. The influence of acute chorioamnionitis from the fetal period to birth Maternal inflammation spreads to the fetus, leading to FIRS, in which IL-6
increases. This shows the relationship between the increase in IL-6 in the fetus and intranatal IgM and an immature platelet count (Plt XIPF).
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Thrombocytopoiesis is related to various factors including
cytokines. IL-6 also interacts with various factors and
regulates the growth of progenitor cells in the late phase of
hematopoiesis [6, 7]. Meanwhile, we previously reported that
IPF, an index of thrombocytopoiesis, is affected both the
platelet count and the condition of the infant, including the
gestational age, birth weight and SD score [8].

Thus, in the present study, we hypothesized that PltxIPF
could be used as a new index. There is a negative correlation
between the platelet count and IPF. We considered this
because the PItxIPF value showed the actual IPF value and
more subtly represented the influence of IL-6 on
megakaryocytic maturity and production. Actually, there was
no correlation between the PltxIPF value and gestational age,
birth weight or SD score, whereas relationships were found
with IgM, membrane rupture time and IL-6, which are indices
that suggest intrauterine inflammation. These results suggest
that PItxIPF value may be a useful index that indirectly
indicates intrauterine inflammation.

The present study was associated with some limitations.
The targeted infants were from a single institution and the
study population was relatively small. Furthermore, with
regard to intrauterine inflammation, only the pathological
diagnosis of CAM was used, and we did not investigate
whether the patients had sterile or bacterial intrauterine
inflammation, such as by performing tests to investigate the
presence or absence of a primary causative organism.
Nevertheless, since performing a detailed analysis of the
inflammatory cytokines in a newborn baby requires large
blood samples, it is thought that this value, which can be
evaluated by a simple test that is necessary to perform on
admission, is a useful index.

Future studies are expected to investigate the detailed
causes of preterm birth and the relationship with other factors.
We expect that the PItxIPF value will be used as a new index
to predict the prognosis of premature infants.

5. Conclusion

A positive correlation was found between the product of
platelet count and IPF at birth in extremely low birth weight
infants, neonatal IgM, and the maternal membrane rupture
time at birth. In addition, based on the classification by cord
blood IL-6, the PItxIPF value was found to be significantly
high in the group that met the criteria of FIRS. The results
suggest that the PItxIPF value might be useful for predicting
the prognosis of preterm infants.
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