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Key Words Background: Transfusion-related immunomodulation (TRIM) has been described in adults; how-

blood transfusion; ever, its existence in neonates is not confirmed. The generation of TRIM is attributed to

cytokines; increased concentrations of IL-8, sICAM-1 and other pro-inflammatory cytokines. This study

interleukin 8; aimed to monitor changes in IL-8, sICAM-1 as markers for TRIM in premature infants at different

preterm; postnatal ages.

transfusion-related Methods: Preterm infants with a gestational age between 28 and 32 weeks who were receiving
immunomodulation PRBC transfusion during the first 28 days of life were included in the study. Infants were strat-

ified into two groups according to their postnatal age: Group 1 with postnatal ages of (0—14)
days and Group 2 of (15—28) days. The concentrations of IL-8 and sICAM-1 were measured by
enzyme-linked immunosorbent assay (ELISA) before transfusion, 6 h after the end of transfu-
sion and in the donor’s PRBCs bag immediately before infusion into the baby.

Results: IL-8 concentration in the PRBCs bags correlated with post-transfusion level in Group 2
(r = 0.59, p = 0.002) but not in Group 1 (r = 0.39, p = 0.06). sICAM-1 concentration in the bag
correlated with infants’concentrations in neither group. In Group 1, pre-transfusion
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concentrations of both cytokines (IL-8 and sICAM-1) did not correlate whereas post-transfusion
concentrations did correlate (r = —0.09, p = 0.68 and r = 0.4, p = 0.05 respectively). In
Group 2, the concentrations of both cytokines did not correlate with each other during pre-
transfusion (r = 0.11, p = 0.58) as well as post-transfusion (r = 0.12, p = 0.56). There
was no significant increase in either cytokines after transfusion in each group.

Conclusion: This study showed positive correlation between IL-8 concentration in the transfu-
sion bag and post transfusion in Group 2 infants which could be attributed to passive transmis-
sion from the bags. This study does not support an immune modulatory effect for packed RBC
in preterm infants.

Copyright © 2019, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).

1. Introduction

Blood transfusion is a common intervention in premature
infants. More than 80% of very low birth weight infants
(VLBW) receive at least one transfusion during their hospital
stay.”? Complications related to transfusions in premature
infants are mostly non-infectious.> Premature infants
receiving blood transfusion are at increased risk of chronic
lung disease, retinopathy of prematurity, and necrotizing
enterocolitis (NEC).*> The incidence and severity of these
complications are correlated with the number and volume of
packed red blood cell (PRBC) transfusions received.**®

Transfusion-related immunomodulation (TRIM) has been
described in adults and older children; however, its role in
causing morbidities in premature infants is not clear. With
the increase in identification of such complications, the
need for implementation of blood conservation practices
has become critical.’

TRIM is more potent when whole blood, rather than
PRBC, is transfused. Thus, it is believed to be related to the
infusion of allogeneic leukocytes,® platelet, plasma, or
other micro particles.” As TRIM can also occur after the
administration of plasma and leuko-reduced products,
previous studies related TRIM to allogenic plasma which is
present in the transfused products, including contaminating
mediators that have been built into these components
during the storage period.®°

The endothelium plays an essential role in facilitating
tissue response to inflammatory stimuli. Activation of
endothelial cells during inflammatory responses is typically
induced by pro-inflammatory cytokines, resulting in leuko-
cyte recruitment at the sites of cellular damage."" The
process of leukocyte recruitment occurs through the
expression of several adhesion molecules and chemokines,
such as macrophage migration inhibitory factor (MIF), sol-
uble intercellular adhesion molecule-1 (sICAM-1), and IL-8.
MIF arrests leukocyte rolling. ' sICAM-1 promotes leukocyte
adhesion,"""* and IL-8 helps leukocyte emigration from the
vasculature.” Both MIF and sICAM-1 were found to be
increased post-transfusion while MIF was reported to be
acutely raised in preterm infants with necrotizing entero-
colitis."® The increased concentrations of these factors may
contribute to the generation of TRIM.

The aim in this prospective study on preterm infants was
to assess the impact of PRBC transfusion on IL-8, which is a

pro-inflammatory cytokine and on sICAM-1, which is a
marker of endothelial activation, both of which are essen-
tial factors for the generation of TRIM. We hypothesized
that immunological impact of PRBC might not exist in the
first two weeks of life, but would occur after two weeks.

2. Methods

2.1. Study population

This prospective observational study was conducted at Cairo
University Children’s Hospital, Cairo, Egypt. The study was
approved by the Institutional Review Board (IRB) of the
Children’s Research Center. Parental consent was obtained
before enrollment. The study included preterm infants with
gestational age between 28 and 32 weeks who were to
receive PRBC transfusion during their first weeks of life. In-
fants were excluded from the study if they had gestational
age <28 or >32 weeks, major congenital anomalies, and
clinical or culture-proven sepsis at the time of transfusion.
Since immune responses may differ according to postnatal
age, equal numbers of infants were recruited in two groups:
Group 1 with postnatal ages of (0—14) days and Group 2 of
(15—28) days.

2.2. Study design

2.2.1. Data collection

We collected demographic data including birth weight (BW),
gestational age (GA), sex and maternal age. We also
collected clinical data including mode of delivery, Apgar
scores, duration of respiratory support, culture-proven
sepsis, bronchopulmonary dysplasia (BPD): defined as oxy-
gen requirement or dependent at 36 weeks postmenstrual
age, retinopathy of prematurity (ROP), intraventricular
hemorrhage (IVH), periventricular leukomalacia (PVL),
length of hospital stay and mortality.

2.3. Packed red blood cell transfusion

The decision to transfuse was made by the attending
neonatologist according to a standardized transfusion algo-
rithm.'® Babies were transfused for hematocrit <35% if
symptomatic or if birth weight <1200 g in the first 2 weeks of
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life regardless of their symptoms. These symptoms included
the need for respiratory support or unexplained tachycardia.
Asymptomatic infants or infants <1200 g beyond the first 2
weeks of life were transfused if hematocrit <30% based on an
individualized approach, which considered the reticulocytic
count, post-menstrual age, last time of transfusion, avail-
ability of the same donor blood and/or poor sucking. The
transfused RBCs were O Rh negative in blood type, stored
in citrate-phosphate-dextrose-adenine-1. A volume of
15 ml/kg was given over a period of 4 h.

2.4, Blood sampling

Three blood samples were obtained for each subject: one
from the infant before transfusion, one from the donor’s
PRBC bag immediately before infusion, and the last one
from the infant 6 h after the end of transfusion. Samples
were collected by clean venipuncture from patients under
sterile conditions using acceptable medical techniques to
avoid hemolysis in citrated vacutainers, and the plasma was
preserved in aliquots at —80 °C until analyzed.

2.5. IL-8 and sICAM-1 assays

The concentrations of IL-8 (Assaymax EI1008-1, USA) and
sICAM-1 (Invitrogen #KHS5411, USA) were measured using
commercially available enzyme-linked immunosorbent
assay (ELISA).

2.6. Statistical method

Data were described in mean, standard deviation, median
and range. Comparison between the study groups was done
using Mann—Whitney U test for independent samples.
Within group comparison between pre- and post-transfusion
values were done using Wilcoxon signed rank test for paired
samples. Correlations between various variables were done
using Pearson correlation coefficient for linear relation in

monotonic relation. P values of 0.05 were considered sta-
tistically significant. All statistical calculations were done
using computer program SPSS (Statistical Package for the
Social Science; SPSS Inc., Chicago, IL, USA) release 15 for
Microsoft Windows (2006).

3. Results

Fifty premature infants who received PRBC transfusion
were included in this study. Their demographic and clinical
characteristics are presented in Table 1.

The median IL-8 concentration in Group 1 PRBC bags was
23.5 pg/ml, and in Group 2 bags was 36.5 pg/ml, whereas
for sICAM-1 the median concentration was 190 ng/ml in
Group 1 bags and 140 ng/ml in Group 2 bags. There was no
statistically significant relationship between the cytokine
concentrations and the age of the transfused red cells in
either group. For IL-8 and age of RBC results were as fol-
lows: (r = —0.023, p = 0.29and r = -0.18, p = 0.4 in
Groups 1 and 2 respectively, whereas for sICAM-1 and age of
RBC results were: r = 0.12, p = 0.67 and r = 0.25,
p = 0.37, respectively). There was no significant change in
pre- and post-transfusion concentrations of cytokines.
Fig. 1 illustrates pre- and post-transfusion concentrations
of IL-8 and sICAM-1 in both groups.

IL-8 concentration in the PRBC bags correlated signifi-
cantly with post-transfusion concentration IL-8 in Group 2
(r = 0.59, p = 0.002); however, this correlation was not
significant in Group 1 (r = 0.39, p = 0.06) and it was not
significant for sICAM-1 in both groups (r = —0.32, p = 0.24
and r = 0.33, p = 0.23 in groups 1 and 2, respectively).

Pre- and post-transfusion concentrations for IL-8 did
not correlate in Group 1 or 2 (r = —0.09, p = 0.68 and
r = 0.11, p = 0.58 respectively). Pre- and post-transfusion
concentrations for sICAM-1 correlated in Group 1 (r = 0.4,
p = 0.05) but not in Group 2 (r = 0.12, p = 0.56). Cor-
relations of IL-8 and sICAM-1 with clinical characteristics
are presented in Table 2.

There was a negative correlation between the post-

normally distributed variables and Spearman rank correla- transfusion levels of IL-8 and IVH in all neonates
tion coefficient for non-normal variables/non-linear (r = —0.34, p = 0.02).
Table 1 Demographics and clinical characteristics of the study population (n = 50).
Group 1 (n = 25) Group 2 (n = 25) p value
GA (weeks) 29.5 + 1.6 299 +1.5 0.36
Postnatal age (days) 7.4+ 4.2 22.9 + 4.6 0.009
Weight (grams) 1160 + 233 1331 + 228 0.01
Sex: Male (%) 8 (32) 12 (48) 0.25
Mode of ventilation:
Room air 8 (32) 14 (56) 0.09
Nasal cannula with oxygen 4 (16) 4 (16) 1
Continuous positive airway pressure 1 (4) 1(4) 1
Conventional ventilation 12 (48) 6 (24) 0.07
Feeding at time of transfusion 12 (48) 20 (80) 0.02
Complications:
Pulmonary hemorrhage 3 (12) 0 (0) 0.07
Intraventricular hemorrhage 3 (12) 0 (0) 0.07
Pneumothorax 4 (16) 2 (8) 0.38
Necrotizing enterocolitis 0 (0) 0 (0) NA
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Figure 1  Median pre-transfusion and post-transfusion levels of IL8 and sICAM-1 in Group 1 and 2 neonates.
Table 2 Correlations of IL8 and sICAM-1 measured pre- and post-transfusion with clinical variables (n = 50).
IL8 sICAM-1
Group 1 Group 2 Group 1 Group 2

Gestational age (pre-transfusion) r = -0.2,p =033 r = -0.05,p=0.83 r=-0.29,p=0.17 r= -0.27,p = 0.2
Gestational age (post-transfusion) r = —0.36, p = 0.08 r = —-0.41,p =0.04 r = -0.32,p =0.12 r = —-0.4, p = 0.05
NPO status (pre-transfusion) r=20.02,p=094 r=-043,p=0.03 r=204,p=0.05 r=0.01, p = 0.97
NPO status (post-transfusion) r=20.06,p=079 r=-026,p=0.26 r=0.44,p=0.03 r =0.14, p = 0.49
Mortality (pre-transfusion) r=-0.08, p = 0.57 r =0.25, p = 0.08

Mortality (post-transfusion) r=0.04,p = 0.77 r=0.29, p = 0.04

4, Discussion

This study demonstrated no change in IL-8 and sICAM-1
concentrations after PRBC transfusions. IL-8 concentrations
post-transfusion correlated with IL-8 concentration in the
donor bag in Group 2. Feeding status correlated signifi-
cantly with both cytokines in the two groups. Infants who
were kept NPO had greater concentrations of both factors.
Infants with intraventricular hemorrhage (IVH) had less IL-8
measured post-transfusion.

The median pre-transfusion concentration of IL-8 was
35 pg/ml in Group 1 neonates and 65 pg/ml in Group 2 neo-
nates. These concentrations were greater than previously
reported concentrations by Lusyati et al."” However, the re-
ported concentrations in the current study were in line with
those of Apostolou et al.,'® who reported a median sICAM-1
level in preterm neonates of 469.6 ng/ml and in full term
neonates one of 353.4 ng/ml. They concluded that prema-
turity resulted in increased serum concentration of sICAM1.

In Group 1 neonates the post-transfusion concentrations
of IL-8 tended to exceed the pre-transfusion concentrations
although this was not statistically significant (p = 0.06).
Keir et al.”” reported a significant increase in post-

transfusion levels of IL-8 and sICAM-1 following packed
RBC exposure.

In our study, there was no significant difference in the
pre-transfusion levels of both cytokines between the two
neonatal groups (p = 0. 61 for IL-8 and p = 0.59 for sICAM-
1) or in post-transfusion levels (p = 0.33 for IL-8 and 0.67
for sICAM). The assessment of the IL-8 and sICAM-1 con-
centrations in the blood bag supernatants showed a great
variation in different donor bag. This is in agreement to the
study by Dean et al.,?° who found that the concentration
of biological mediators varied greatly between individual
PRBC units. They reported a donor-donor variation in the
level of sICAM-1 that could reach up to 10 fold difference
between PRBC units.

Correlation studies between the age of PRBC bags and
IL-8 and sICAM-1 levels were not statistically significant in
Groups 1 and 2 neonates. This lack of relationship could be
attributed to the use of fresh PRBC that were all subject to
less than 5 days of storage. This was in agreement to Keir
et al.," who confirmed that the level of mediators (IL-8 and
sICAM) showed no significant relationship with the age of
the leukoreduced PRBC transfused. Other studies showed
progressive accumulation of IL-8 during storage of non
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leukoreduced PRBC, reaching the highest level at day 42 of
storage.”’

There was a positive correlation between the post-
transfusion level of IL-8 and its level in the PRBC bags. This
correlation was of statistical significance in Group 2 neonates
(p = 0.002) and was not significant in Group 1 neonates
(p = 0.06). This finding was consistent with other studies that
showed that the supernatant from non-leukoreduced PRBC
induced the expression of CD11b on PMNs, priming PMNs to
release IL-8.2' However, the correlation between post
transfusion level of sSICAM-1 and its levelin blood bags was not
statistically significant in Groups 1 and 2 neonates.

There was a significant correlation between post-
transfusion levels of IL-8 and sICAM-1 in Group 1 neonates
(p = 0.05), but not in Group 2 neonates (p = 0.56).
Regarding the correlations between concentrations of cy-
tokines and the type of feeding, a positive correlation was
found between TPN and each of pre-transfusion level of
sICAM-1 (p = 0.003) and post-transfusion level of sICAM-1
(p = 0.02) in Group 1. However, this correlation was not
significant in Group 2 neonates. Forty percent of neonates
in Group 1 were on TPN while only 16% of neonates in Group
2 were on TPN. This was in agreement with Ooi et al.,?* who
stated that adequate nutrition through TPN may augment
immune function, and there was significant increase of
mitogen-stimulated lymphocyte proliferation and sICAM-1
level after TPN supply. On the other hand, there was a
negative correlation between TPN and pre-transfusion level
of IL-8 (p = 0.03) in Group 2 and this was in contradiction
with the results of Lavoie et al.,?* who linked inflammatory
responses to parenteral nutrition.

Correlation studies between the post-natal age of neo-
nates and pre- and post-transfusion levels of IL-8 and
sICAM-1 were non-significant in the two neonatal groups.
On the other hand, this study showed a negative correlation
between gestational age and post-transfusion levels of IL-8
in Group 2 neonates (p = 0.04). This was consistent
with Huang et al.,”* who reported a negative relationship
between IL-8 and gestational age of prematurity.

There was a positive correlation between the post-
transfusion levels of sICAM-1 and mortality in all neonates
(p = 0.04). This finding implies that endothelial cell injury as
evidenced by increased sICAM-1 contributes to the patho-
genesis that leads to death. For example, lack of endothelial
integrity and capillary leak are not uncommon in infants with
sepsis who subsequently die. There is a tendency among
clinicians to follow a conservative strategy that minimizes
transfusions as reports showed increased mortalities in in-
fants who received PRBC transfusions.””> However, this
notion is unfounded in premature infants because trans-
fusion could only be a marker of illness; infants who receive
transfusions are usually the sickest. Previous clinical trials
did not show increased mortality with transfusion. In fact,
morbidities were significantly less in infants randomized to
receive transfusions." In addition, the current study did not
show increased immune-related response to transfusions.

5. Conclusion

The positive correlation between the bag IL-8 concentra-
tion and the post-transfusion concentration in preterm

neonates receiving PRBC could be attributed to passive
transmission from the bags. It is not evident in this study
that there is an immune modulatory effect of packed RBCs;
however, further studies with larger sample size that assess
other endothelial markers and cytokines should be
conducted in order to exclude the PRBC TRIM.
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