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Efficacy of human immunoglobulin injection and effects on serum
inflammatory cytokines in neonates with acute lung injury
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Abstract. The present study aimed to explore the efficacy
of intravenous immunoglobulin (IVIG) injection in neonates
with acute lung injury (ALI) and assess its effects on serum
inflammatory cytokine levels. The research subjects were
140 neonates with ALI who were evenly distributed into
a control group (COG) and a study group (STG). The COG
patients were treated routinely, whereas patients in the STG
were administered IVIG in addition to the standard treat-
ment received by the COG. The arterial partial pressure of
oxygen (Pa0,), PaO,/fraction of inspired oxygen (FIO,),
mechanical ventilation time and hospitalization time were
compared between the two groups. ELISA was used to deter-
mine the levels of interleukin-6 (IL-6) and tumor necrosis
factor-a (TNF-a) in the patients before treatment and at 12,
24 and 36 h after treatment. The Kaplan-Meier method was
used to analyze the survival of the patients, including their
survival for 30 days after treatment. The patients were divided
into high and low cytokine expression groups based on their
mean expression levels of serum IL-6 and TNF-a before treat-
ment. After treatment, PaO, and PaO,/FiO2 were significantly
higher and mechanical ventilation and hospitalization time
were reduced in the STG in comparison with the COG (all
P<0.001). At 12, 24 and 36 h after treatment, serum IL-6 and
TNF-a levels in the STG were lower than those in the COG
(both P<0.05). The 30-day survival rate after treatment was
not significantly different between the two groups (P>0.05).
The 30-day survival rate in the high IL-6 and high TNF-a
expression COG was lower than that in the low IL-6 and low
TNF-a expression COG (both P<0.05). The results of the
present study indicate that IVIG may improve pulmonary gas
exchange, shorten the course of disease and reduce the inflam-
matory response in neonates with ALI.
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Introduction

Acute lung injury (ALI) is characterized by high morbidity
and mortality. Neonates are prone to ALI, particularly when
they have infection, hypoxia or shock (1). The primary
clinical manifestations of ALI are progressive hypoxemia
and respiratory distress. ALI may lead to multiple organ
dysfunction syndrome, multiple system organ failure and
other life-threatening complications (2). Acute respiratory
distress syndrome (ARDS) is a severe form of ALI (3). ARDS
accounts for approximately 1-4% of all admissions to pedi-
atric intensive care units, and 8-10% of patients with ARDS
require mechanical ventilation worldwide. Despite progress in
management of ARDS in pediatric intensive care units, ARDS
still has a high mortality of 20-75% (4) worldwide. Currently,
there is no specific method in clinical practice for the treat-
ment of ALI, though it is usually treated using mechanical
ventilation and treatment methods for secondary organ injury
and primary underlying diseases, and prognosis in patients is
poor (5). Therefore, development of a more effective and safe
treatment would be highly beneficial for children with ALI.

Intravenous immunoglobulin (IVIG) is a plasma product
extracted from healthy human blood, with abundant immuno-
globulin G (IgG) antibodies, which has an immunosuppressive
and anti-inflammatory effect.Ithas been widely used in the treat-
ment of various autoimmune and inflammatory diseases (6,7),
such as Kawasaki disease, sepsis and viral encephalitis (8-10).
However, few studies have been conducted on the application
of IVIG in neonates with ALI (11,12). Currently, the pathogen-
esis of ALI is under investigation. An inflammatory cascade
reaction triggered by lung injury can activate a variety of
inflammatory cells to release a large number of inflammatory
cytokines, including interleukin-6 (IL-6) and tumor necrosis
factor-o (TNF-a). These inflammatory cytokines may damage
pulmonary alveoli and pulmonary capillary structure by
binding with receptors on endothelial cells in lung capillaries
and alveolar epithelial cells. Therefore, a number of studies
have suggested that inflammatory responses play an important
role and are involved in the occurrence and development of
ALI (13-15).

Currently, research into the treatment of ALI in neonates
mainly focuses on mechanical ventilation and pulmonary
surfactants and few studies have reported treatment with
IVIG (16). Therefore, the present study was designed to explore
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the efficacy of IVIG and its effects on serum inflammatory
cytokines in neonates with ALI.

Materials and methods

Research subjects. The research subjects were 140 neonates
with ALI who were admitted to the Neonatal Intensive Care
Unit of Longhua People's Hospital (Shenzhen, China) between
May 2016 and December 2018. Subjects were randomly
assigned to the control group (COG) or the study group (STG),
with 70 patients in each group. After 30 days' treatment,
there were 60 patients alive in the COG and 66 patients alive
in STG. The inclusion criteria were that all patients met the
diagnostic criteria for ALI (17). Patients with congenital heart
disease or congenital lung development defects, patients whose
families disagreed to their participation or whose etiology
was unclear, and patients with a length of labor >1 day were
excluded. The parents or guardians of the patients signed the
informed consent forms after understanding the study, and the
experiment was approved by the Medical Ethics Committee
of Longhua People's Hospital (Shenzhen, China; approval
no. 20180713).

Treatment methods. The patients all underwent chest X-ray,
oxygenation index and oxygen partial pressure examinations.
Patients in the COG were treated with the following routine
treatment scheme: At 0, 12, 24 and 36 h, each of the patients
was hooked up to a ventilator in pressure support ventilation
and synchronized intermittent mandatory ventilation mode
[exhaled tidal volume, 6 ml/kg; arterial partial pressure of
oxygen (Pa0,),>8.24 kPa; arterial carbon dioxide partial pres-
sure (PaCO,),<5.34 kPa), and they were also provided water and
treatment to ensure the same electrolyte balance, anti-infection
and nutritional support at the same time. Patients in the STG
were treated with IVIG (cat. no. S10980061; Shanghai RAAS
Blood Products Co., Ltd.) in addition to the treatment used for
the COG. IVIG was administered by intravenous drip at 1 g/kg
weight /day for 2 days consecutively. Standard treatment was
administered for the subsequent 5 days. Both groups were
treated for 7 days.

Observation indices. The PaO, and fraction of inspired
oxygen (FIO,) at 1 h before treatment and the mechanical
ventilation status and hospitalization time of patients in the
two groups were recorded and their 30-day survival rates were
analyzed.

Determination of inflammatory cytokine levels. Venous blood
from the elbow of the arm (3 ml) was sampled from each
patient in the two groups at 1 h before and at 12,24 and 36 h
after treatment, respectively. The clotted sampled blood was
centrifuged at 300 x g to extract the supernatant, which was
stored in a refrigerator at -20°C for subsequent analysis.
ELISA was used to determine the serum IL-6 and TNF-a
levels of patients from the two groups in accordance with
the manufacturer's instructions [human IL-6 ELISA (cat.
no. KIT10395A; Sino Biological Inc.) and human TNF-a
ELISA (cat. no. FK-R0122; Shanghai FKBIO Co., Ltd.)]. A
well for samples to be determined, a standard well and a
blank well were set. No enzyme-labeled reagent or sample

was added into the blank well, and 100 gl of samples and
100 pl of standards were added into the well for samples to
be determined and standard well, respectively, and mixed
well. Both samples to be determined and standard wells were
covered with a film and incubated at 37°C for 2 h. The liquid
was discarded and the plate was patted dry, and 100 ul each
of working fluid A and fluid B was added. The optical density
of each well at a wavelength of 450 nm was measured using
an enzyme mark instrument (Wuhan USCN Business Co.,
Ltd.), and the cytokine concentration of each sample was
calculated.

Statistical analysis. The data were statistically analyzed
using SPSS 21.0 (IBM Corp.) and visualized in figures
using GraphPad Prism 7 (GraphPad Software, Inc.). Patient
numbers are presented as [n(%)], and differences in rates
were analyzed using y* test. Measurement data are presented
as the mean + SD. Measurement data between two groups
were analyzed using an independent samples Student's t-test.
Two-way ANOVA was employed to analyze the data in Fig. 1.
Comparison between the groups was performed by analyzing
the data with Bonferroni's post hoc test.

Repeated measures data were analyzed using a repeated
measures ANOVA with Bonferroni's post hoc test. The
Kaplan-Meier method was used to draw survival curves of the
patients and log-rank test was adopted for analysis. P<0.05 was
considered to indicate a statistically significant difference.

Results

Comparison of general data between the two groups. The
COG consisted of 40 male and 30 female neonates, with
a mean age of 7.92+3.36 h, a mean fetal age of 36.23+2.21
gestational weeks and a mean weight of 2.79+0.33 kg. In terms
of primary diseases, the COG had 29 patients with asphyxia,
18 with pneumonia, 13 with septicemia and 10 with meconium
aspiration syndrome. In terms of delivery mode, 31 patients
were delivered through vaginal and 39 through cesarean
delivery. The STG consisted of 32 male and 38 female
neonates, with a mean average age of 8.64+2.88 h, a mean
fetal age of 35.81+£2.68 gestational weeks and a mean weight
of 2.87+0.41 kg. In terms of primary diseases, the COG had
21 patients with asphyxia, 25 with pneumonia, 9 with septi-
cemia and 15 with meconium aspiration syndrome. In terms
of delivery mode, 26 patients were delivered through vaginal
delivery and 44 through cesarean. General data, including sex,
age, fetal age, weight, primary diseases and delivery mode
were not significantly different between the two groups (all
P>0.05; Table I).

Comparison of PaO, and PaO,/FIO, before and after treat-
ment between the two groups. PaO, and PaO,/FIO, were not
significantly different before treatment between the two groups
(P>0.05), whereas PaO, and PaO,/FIO, significantly increased
after treatment (both P<0.05). PaO, and PaO,/FIO, in the STG
were higher than those in the COG (both P<0.05; Fig. 1).

Comparison of mechanical ventilation and hospitalization
time between the two groups. The mechanical ventilation and
hospitalization times of the STG patients were 54.53+10.17 h
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Table I. Comparison of general data between the two groups.

Characteristic Control group (n=70) Study group (n=70) ¥/t-statistic P-value
Sex 1.830 0.176
Male 40 (57.14) 32 (45.71)
Female 30 (42.86) 38 (54.29)
Mean age, days 0.33+0.14 0.36+0.12 1.361 0.176
Fetal age, weeks 36.23+2.21 35.81+2.68 1.012 0314
Average weight, kg 2.79+0.33 2.87+0.41 1.478 0.142
Primary diseases 2.935 0.231
Asphyxia 29 (41.43) 21 (30.00)
Pneumonia 18 (25.71) 25(35.71)
Septicemia 13 (18.57) 9 (12.86)
Meconium aspiration syndrome 10 (14.29) 15 (21.43)
Delivery mode 0.740 0.390
Vaginal delivery 31 (44.29) 26 (37.14)
Cesarean delivery 39 (55.71) 44 (62.86)
Data are displayed as n (%) or the meanzstandard deviation.
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Figure 1. Comparison of PaO, and PaO,/FiO, before and after treatment between the STG and COG. (A) Comparison of PaO, before and after treatment
between the two groups. (B) Comparison of PaO,/FiO, before and after treatment between the two groups. "P<0.05 vs. the respective before treatment group; and
"P<0.05 vs. COG after treatment. PaO,, partial pressure of oxygen; FiO,, fraction of inspired oxygen; COG, control treated group; STG, study treatment group.

and 17.46+3.76 days, and of the COG patients 75.45+13.30 h and
3.64+4.27 days. Thus,the STG patients experienced significantly
shorter durations of mechanical ventilation and hospitalization
time than the COG patients (both P<0.001; Table II).

Comparison of serum IL-6 and TNF-a levels before and
after treatment between the two groups. The serum IL-6 and
TNF-a levels at 12, 24 and 36 h after treatment in the two
groups were significantly lower than those before treatment
(all P<0.05). The serum IL-6 and TNF-a levels at 24 and 36 h
after treatment were lower than those at 12 h after treatment
(both P<0.05). The serum IL-6 and TNF-a levels at 36 h after
treatment were lower than those at 24 h after treatment (both
P<0.05). The serum IL-6 and TNF-a levels before treatment
were not significantly different between the two groups (both
P>0.05), whereas the serum IL-6 and TNF-a levels at 12, 24
and 36 h after treatment in the STG were significantly lower
than those in the COG (P<0.05; Fig. 2).

Comparison of 30-day survival rate after treatment between
the two groups. The follow-up results showed that the 30-day
survival rate was not different between the COG and STG
patients [94.28% (66/70) vs. 85.71% (60/70); P>0.05; Fig. 3].

Effects of IL-6 and TNF-a levels on the survival rate of
patients. The patients in the COG were divided into high
(n=41; expression =185.45 pg/ml) and low (n=29; expression
<185.45 pg/ml) IL-6 expression groups based on their mean
serum IL-6 level before treatment. They were also divided into
high (n=32; expression =121.13 pg/ml) and low (n=38; expres-
sion <121.13 pg/ml) TNF-a expression groups based on their
mean serum TNF-a level before treatment. The 30-day survival
rate of the high IL-6 expression group was significantly lower
than that in the low IL-6 expression group [68.29% (28/41) vs.
96.55% (28/29); P<0.05] and that in the high TNF-a expression
group was also lower than that in the low TNF-a expression
group [65.63% (21/32) vs. 92.11% (35/38); P<0.05; Fig. 4].
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Table II. Comparison of mechanical ventilation and hospitalization time between the two groups.

Mechanical Hospitalization
Group ventilation time, h t-statistic P-value time, days t-statistic P-value
Control group (n=70) 75.45+13.30 10.454 <0.001 23.64+4.27 9.088 <0.001
Study group (n=70) 54.53+10.17 17.46+3.76
Data are presented as the mean + standard deviation.
A === Study group B —=— Study group
—e— Control group —e— Control group
250 1 150 -
#
# *
200 4 * _ #
= £ 100+ .
£ 150+ # 2 ¢
2 &
© # N
= 1004 z
= 504
50 4
0 T T L] T 0 T T T T
€ € € € c < € <
Q Q [} [ Q Q Q (]
£ £ £ E £ £ £ £
[ ®© [ © [ © 3] ©
o @ o o @ o o @
S T
ko) < < < o < < <
m K= < < om K= =t <
& X 8 o 3 8

Figure 2. Comparison of serum IL-6 and TNF-a levels at different time points between the STG and COG. (A) Comparison of serum IL-6 level at different time
points between the two groups. (B) Comparison of serum TNF-a level at different time points between the two groups. ‘P<0.05 vs. COG; "P<0.05 vs. before
treatment. COG, control treated group; STG, study treatment group; IL-6, interleukin-6; TNF-a, tumor necrosis factor-a.
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Figure 3. Comparison of the survival rate between the STG and the COG.
COG, control treated group; STG, study treatment group; OS, overall survival.

Discussion

The pathological basis of ALI is that damaged lung capillary
endothelial cells and alveolar epithelial cells cause edema in
pulmonary alveoli and the pulmonary interstitium, leading to
acute hypoxic respiratory insufficiency or failure and patho-
physiological characteristics, such as lung volume reduction,
lung compliance decline and severe ventilation/blood flow

disproportion (18). ALI is usually treated with respiratory
support measures in clinical practice. In addition, with the
continuous progress of studies on ALI, most researchers
support the hypothesis that anti-inflammatory treatment can
be beneficially applied in ALI (19,20). Clinically, nonspe-
cific anti-inflammatory treatment is administered with
use of glucocorticoid, immunoglobulin and non-steroidal
anti-inflammatory preparations (21). However, glucocorticoid
and non-steroidal anti-inflammatory preparations can lead
to various noxious toxic side effects when used in neonates;
thus, they are not suitable for the treatment of ALI in this
group of patients (21). Therefore, the present study adopted
IVIG combined with mechanical ventilation to treat neonates
with ALIL

With the ability to regulate macrophage activity, IVIG
not only can inhibit macrophage overactivation but can
also suppress T lymphocyte and natural killer cell activity,
thus lowering autoimmune reactions (22). In addition, IVIG
contains a large number of specific antibodies that can regu-
late synthesis and release of inflammatory cytokines; hence,
it has a strong anti-inflammatory effect (23,24). The efficacy
of respiratory support is judged on monitored respiratory
mechanics. PaO, can directly reflect hypoxemia and its
severity, and PaO,/FIO, can reflect the extent of damage to
pulmonary vessels and alveoli (25). Therefore, the present
study selected PaO, and PaO,/FIO, as evaluation indices
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Figure 4. Comparisons of the 30-day survival rate between the high and low IL-6 expression groups and between the high and low TNF-a expression groups.
(A) Comparison of the survival rate between the high and low IL-6 expression groups. (B) Comparison of the survival rate between the high and low TNF-a
expression groups. IL-6, interleukin-6; TNF-a, tumor necrosis factor-a; OS, overall survival.

for pulmonary function of neonates with ALI. In addition
to measures of mechanical ventilation and PS, the present
study additionally used IVIG through intravenous injection
to neonates with ALI. Subsequently, PaO, and PaO,/FIO,
in the STG were significantly higher than those in the COG
patients, and the STG patients experienced significantly
shorter mechanical ventilation and hospitalization times than
the COG patients, suggesting that mechanical ventilation and
intravenous injection of IVIG could improve pulmonary gas
exchange in neonates with ALI. Subsequently, the 30-day
survival rate of neonates with ALI in the two groups was
analyzed, and no significant differences were found between
the two groups, indicating that though mechanical ventila-
tion and intravenous injection of IVIG appeared to improve
pulmonary gas exchange in neonates with ALI it had no effect
on their short-term survival rate.

ALI is a stage of systemic inflammatory response
syndrome and an earlier study indicated that the inflammatory
response is one of the main reasons for progression of ALI into
ARDS (26). Due to ALI, inflammatory cells are activated,
and these cells release a large number of pro-inflammatory
cytokines, causing cell metabolism dysfunction and aggrega-
tion of a large number of neutrophil cells to inflammatory
sites, where they then release a large number of oxygen free
radicals, causing oxidative stress injuries (27,28). IL-6, a
pro-inflammatory and immunomodulatory cytokine, can help
the host defend against infection and tissue damage, and its
abnormal expression in the human body can lead to various
diseases, such as dyslipidemia, hyperinsulinemia, diabetes,
hypertension and cardiovascular diseases (29). TNF-a is a
protein produced by activated macrophages and monocytes,
which participates in the human inflammatory and immune
response, and is crucial in maintaining homeostasis (30).
Lowering TNF-a levels or blocking TNF-a binding to its
receptors can alleviate inflammatory injury (31). A study
by Chu et al (32) showed that TNF-a and IL-6 were highly
expressed in ALI mouse models and that their expression
levels decreased after treatment. A study by Wang et al (33)
indicated that children with ALI treated with probiotics
had significantly decreased serum IL-6 and TNF-a levels
than control patients, which were negatively correlated with

pulmonary artery pressure. The results of the present study
showed that in both groups there was a significant decrease in
serum IL-6 and TNF-a levels after treatment when compared
with pre-treatment levels, and the STG showed a more signifi-
cant decrease, similarly to the above cited study results (33),
suggesting that IVIG can effectively reduce inflammatory
response in neonates with ALI. If large doses of IVIG are
used frequently, IVIG may inhibit the production of immuno-
globulins in autoimmune cells. However, IVIG is an allergen
to the human body and excessive use can cause allergic reac-
tions (34).

In the present study, the mean serum IL-6 and TNF-a levels
in patients in the COG before treatment were taken into consid-
eration to analyze the effects of their high and low expression
levels on the survival rate. Patients with high expression levels
of serum IL-6 and TNF-a showed a significantly lower 30-day
survival rate than those with low expressions, suggesting that
the probable survival of neonates with ALI can be evaluated
by determining their serum IL-6 and TNF-a expressions.

The research subjects in this study were selected in strict
accordance with inclusion and exclusion criteria, and no
significant differences were found between the two groups
in general data, including sex, age, fetal age, weight, primary
diseases, and delivery mode, which reduced effects of other
factors on the study results and ensured the preciseness of the
study. However, this study has some limitations. The survival
rate of patients was only recorded for 30 days after treatment
and long-term follow-up to understand their long-term survival
rate was not performed. In addition, the mechanism of action
of IVIG in treating neonates with ALI was neither thoroughly
or comprehensively explored as it was not possible to assess the
optimal dosage, treatment course and applicable conditions of
IVIG. Inflammatory chemokines, such as monocyte chemoat-
tractant protein-1 (MCP-1) are also important in ALI (35) and
were not assessed in the present study. These limitations will
be addressed in the future.

In summary, IVIG treatment may improve the pulmonary
gas exchange of neonates with ALI, shorten their course of
disease and reduce the inflammatory response. However, few
studies have reported on IVIG as treatment for neonates with
ALI and therefore more research is needed.
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