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The goal of the present study is to explore the physiological effects of injected human immunoglobulin on patients
with severe bronchiolitis before and after treatment. 86 young children with severe bronchiolitis were randomly
divided into the observation group (43 cases) and the treatment group (43 cases). On the basis of conventional therapy,
the children in the treatment group were given human immunoglobulin (400 mg/kg, 1–3 times) via intravenous
injection. 60 healthy young children, as determined by a physical examination given at the Zhumadian Central Hospital,
were enrolled as the control group. The T lymphocytes, cytokines, IgA, IgG, and IgM immunoglobulins in the peripheral
blood of all 3 groups were measured. The clinical efficacy of the immunoglobulins to mitigate the effects of
bronchiolitis and the amount of time for the reduction of symptoms to occur were observed. The serum Ca, Fe, and Zn
levels of children with severe bronchiolitis were significantly lower than those of the healthy control group (p < 0.05).
As such, the CD8, IgA, IgG, IgM and IFN-g levels were also significantly lower in the children with severe bronchiolitis
than in the children in the healthy control group (p < 0.05). Furthermore, the CD4, IgE, IL-4, and IL-4/IFN-g levels and
CD4/CD8 ratio were dramatically higher than in the healthy control group (p < 0.05). Serum levels of the
aforementioned indicators either increased or decreased after IVIG treatment. The amount of time required for
coughing, wheezing, and pulmonary rales to seize, and the duration of illness for the children with the severe
bronchiolitis children was significantly shorter for those in the treatment group than for those in the observation group.
Human immunoglobulin via intravenous injection showed active therapeutical effects on trace elements, T
lymphocytes, and cytokines in patients with severe bronchiolitis.

Introduction

Severe bronchiolitis is a lower respiratory tract infectious dis-
ease, a common clinical acute and critical case in pediatrics, and
the leading cause of death among children, and it is more common
in children less than 2 y old. The main symptoms are recurrent
wheezing, difficulty breathing, thus causing hypoxia, endothelial
damage, and platelet activation leading to a hypercoagulable state.
Studies done on broncholitis are rarely reported, making it partic-
ularly important to conduct new studies on this topic.

Intravenous immunoglobulin (IVIG) contains plenty of anti-
bodies with high potency. It possesses dual therapy effect of
immune replacement and immune regulation. It is an immuno-
globulin G (IgG) antibody with broad-spectrum anti-virus, bac-
teria or other pathogenic function. By inhibiting Th2 and
activating Th1, IVIG can restore the imbalance of Th1/Th2

where bronchiolitis exists and can prevent the occurrence of air-
way inflammation. By directly neutralizing immunoglobulin E
(IgE) and inhibiting interleukin-4 (IL-4) production of inter-
feron-g (IFN-g), IVIG lowers levels of IgE indirectly, prohibit-
ing the type I allergy of severe bronchiolitis and reducing the
release of inflammatory mediators. Additionally, IVIG can also
neutralize inflammatory mediators and cytokines, causing a
decrease in their concentrations as well as mitigating the harm to
the body caused by inflammatory mediator cytokines. This leads
to a restoration of the tracheal epithelium as soon as possible and
shortening of the course of disease.1 Research also shows that
large doses of IVIG have certain effects on preventing severe
bronchitis from developing into asthma.2 IVIG can reduce the
abnormal activation of immunization, reduce levels of cytokines,
and improve clinical symptoms.3 The exact pathogenesis of bron-
chiolitis is uncertain. The vast majority of current research
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considers the disease to be an immune dysfunction disease stimu-
lated by infection, with a variety of immune cells and cytokines
involved in the pathogenesis. The specific pathogenesis has not
been clear. By detecting and analyzing the trace elements and T-
cell subset levels in the serum of young children with severe bron-
chiolitis, this study aims to investigate the internal relations
between immunology and the pathogens of severe bronchiolitis.
The ultimate goal is to provide an experimental basis for explor-
ing the pathogenesis of bronchiolitis and to develop new thera-
peutic methods and early intervention protocols.

Results

Comparing the levels of trace elements before and after
treatment in the severe bronchiolitis group and control group

As observed in Figure 1, the serum levels of Ca, Fe, and Zn in
the severe bronchiolitis group were significantly lower than those
in the healthy control group, reaching a level of significant differ-
ence (p < 0.05, Fig. 1A, B, and C). After IVIG treatment, the
Ca, Fe, and Zn levels in the severe bronchiolitis group all
increased to some extent, and they also reached a level of signifi-
cant difference (p < 0.05, Fig. 1A, B, and C) compared with lev-
els observed before treatment.

Comparing the levels of T cell subsets before and after
treatment in the severe bronchiolitis group and control group

As can be seen in Figure 2, CD3 and CD8 levels in serum of
the severe bronchiolitis group declined to a certain degree when
compared with those of the control group, but the reduction level
was not significant (Fig. 2A). However, the CD4 level was signif-
icantly higher in the severe bronchiolitis group than in the con-
trol group (p < 0.05, Fig. 2A). After IVIG treatment, the level
of T-cell subsets, compared with that before treatment, increased
or decreased in varying degrees without significant difference
(Fig. 2A). The ratio of CD4/CD8 is an important indicator of
the body’s immune system homeostasis, the imbalance of which
will lead to a variety of immune diseases. The CD4/CD8 ratio of
the bronchiolitis group was greatly higher that of the control
group before treatment (Fig. 2B), indicating that changes may
exist in T-cell subsets in the bronchiolitis group and that an
excessive T-cell differentiation may occur to CD4 in the

bronchiolitis group. This would lead to the imbalance of CD4/
CD8 ratio and the abnormal immunological mechanisms
involved in the pathogenesis of bronchiolitis. The ratio of CD4/
CD8 reduced dramatically post-treatment, and the difference
from the pre-treatment ratio was significant (p < 0.05, Fig. 2B).

Comparing the levels of serum immunoglobulin before and
after treatment in the severe bronchiolitis group and control group

Figure 3 shows that serum immunoglobulin A (IgA), IgG,
and immunoglobulin M (IgM) levels in children with severe
bronchiolitis were significantly lower than those in the control
group. IgG was significantly different (p < 0.05, Fig. 3B)
between groups, and IgA levels showed extremely significant dif-
ferences (p < 0.01, Fig. 3A) between groups. Compared with
the previous controls, the IgE level was significantly higher (p <

0.01, Fig. 3D). IgA, IgG, and IgM levels of patients were higher
after IVIG than before treatment, with IgA and IgG being signifi-
cantly different (p < 0.05, Fig. 3A, B). IgE levels also achieved a
significant decrease after treatment (p < 0.05, Fig. 3D), illustrat-
ing that immunoglobulin levels in children with severe bronchi-
olitis are abnormally expressed. After IVIG treatment, content of
serum immunoglobulins had improved to some extent.

Comparing the levels of serum inflammatory cytokines
before and after treatment in the severe bronchiolitis group and
control group

Figure 4 demonstrates that serum IFN-g level of children
with severe bronchiolitis showed a highly significant decrease in
comparison with controls (p < 0.01, Fig. 4B), and IL-4 levels
and the IL-4/IFN-g ratio were significantly higher than the con-
trols (p < 0.05, Fig. 4A, C). After IVIG treatment, IL-4, IFN-g,
and IL-4/IFN-g levels decreased or increased in varying degrees,
reaching a significant difference (p < 0.05, Fig. 4A, B and C).
This suggests a Th1/Th2 imbalance. Th1 function declined in
patients prior to treatment, but inflammatory cytokines in the
serum had been somewhat recovered and conditions had
improved after treatment.

Comparing the clinical symptoms and signs disappeared
time between the severe bronchiolitis group and control group

Table 1 shows that the disappeared time of cough, wheezing,
and pulmonary rales of children with severe bronchiolitis and

Figure 1. Comparing the levels of trace elements before and after treatment in the severe bronchiolitis group and control group (mg/L).
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length of stay were significantly shorter than those in the observa-
tion group (p < 0.01).

Discussion

Severe bronchiolitis seriously affects the respiratory function
of infants and young children. If not treated promptly, more
than 30% of them will have cases that develop into asthma.4 The
pathogenesis of bronchiolitis is related to many factors; in

addition to the airway mucosal injury caused by a viral infection,
the virus can induce a relevant immune response, resulting in
imbalance and damage of immune function5,6 and a production
of a large number of cytokines and chemokines. Studies have
shown that severe bronchiolitis is a risk factor for the occurrence
of bronchial asthma. Children with severe bronchiolitis present
deficiencies in certain aspects of immune function and regulatory
function, which is often accompanied by an onset of symptoms
such as breathing and heart failure.7 This also contributes to the
frequent occurrence of immune sensitization, repeated wheezing,

Figure 3. Comparing the levels of serum immunoglobulin before and after treatment in the severe bronchiolitis group and control group (g/L).

Figure 2. Comparing the levels of T-cell subsets before and after treatment in the severe bronchiolitis group and control group (%).
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and bronchial asthma.8 Moreover, many clinical symptoms of
bronchiolitis are associated with the bronchial hyper-responsive-
ness.9 Data increasingly support the notion that bronchiolitis is a
complex clinical syndrome that is subject to an interaction
between infectious inflammation and allergic inflammation. The
pathogenesis of bronchiolitis is closely related to the damage of
immunological function.

Trace elements constitute the material basis of human life,
and their contents in the human body can directly or indirectly
affect human health. Therefore, calcium, iron and zinc play an
important role in maintaining the body’s vital movement. The
results by Miaoling Cai (Cai et al) indicated that the amount of
zinc deficiency comes first among children under 1 y old, lead
comes second and the amount of calcium deficiency comes
third.10 By studying serum trace elements and state of immune
function in recurrent aphthous children patients during their
morbidity, Minhua Qu found that the contents of Fe and Zn in
patients were significantly higher than those of the controls.11 A
study conducted by Guiqin Mu showed that contents of calcium,
iron, and zinc in children with severe bronchiolitis were signifi-
cantly lower than those in the control group.12 This study indi-
cated that serum Ca, Fe, and Zn levels in the severe bronchiolitis
group were significantly lower than those in the control group (p
< 0.05), which was in line with the results of Mu’s study. After
IVIG treatment, Ca, Fe, and Zn levels improved (p < 0.05),
indicating that severe bronchiolitis had some impact on the levels
of these trace elements in children.

The great majority of studies have found that the pathogenesis
and clinical manifestations of bronchiolitis and asthma are very
similar,13 so there are many studies on immune function of
patients with bronchiolitis.14,15 There are a variety of immune
and inflammatory cells, such as T lymphocytes and eosinophils
that play key roles in the development and progression of

bronchiolitis. By secreting cytokines in the immune network,
CD4 T-cells can regulate the biological functions of other cells to
induce and assist cellular immunity and humoral immunity. A
main function of CD8 T-cells is to kill the cells infected by virus
and other pathogens and to provide conditions for the body to
clear infected cells. CD8 cells have cytotoxic effects, and they can
also play a role in inhibiting cellular and humoral immunity.
Studies have shown that CD4 and CD8 T-cells play an impor-
tant role in clearing respiratory syncytial virus (RSV) infection
caused bronchiolitis, especially the CD8 cells.16 Ping Gao, by the
application of Siqikang in bronchiolitis, found that expressions
of CD4 and CD8 T-cells reduced and CD4/CD8 decreased after
treatment, indicating that Siqikang had a certain role in mitigat-
ing bronchiolitis.17 This study showed that serum CD3 and
CD8 levels of the children in the severe bronchiolitis group were
lower than those of the control group; CD4 levels were signifi-
cantly higher than that of the control group (p < 0.05). After
IVIG treatment, all serum T-cell subset levels increased to a cer-
tain degree in comparison with levels before treatment (p <

0.05). The CD4/CD8 ratio in the bronchiolitis group was signif-
icantly higher than that in the controls (p < 0.05). After treat-
ment, the CD4/CD8 ratio decreased, indicating a ration
imbalance between the T-cell subsets in patients, thus resulting
in B-cell proliferation and differentiation, ultimately inducing
specific IgA and IgE increases and subsequent immune damage.
Under the IVIG treatment, however, the proportion of T-cell
subsets improved. The results of this study were consistent with
Gao’s.

Activating CD4 T lymphocytes can lead to the secretion of a
variety of cytokines. Secreted cytokines will be divided into 2
subpopulations: Th1 and Th2. Th1 cells mainly secrete IFN-g,
interleukin-2 (IL-2), and tumor necrosis factor b (TNF-b), while
Th2 cells mainly secrete IL-4, interleukin-5 (IL-5), and

Table 1. Comparing the disappeared time of clinical symptoms and signs

Group Cases Cough (h) Wheezing (d) Pulmonary rales (d) Length of stay (d)

Observation group 43 6.47§1.39 4.67§1.48 5.49§1.61 11.13§2.32
Treatment group 43 5.21§1.42** 3.72§1.23** 4.31§1.27** 8.72§2.13**
t value 6.15 2.81 4.47 6.11

Figure 4. Comparing the levels of serum inflammatory cytokines before and after treatment in the severe bronchiolitis group and control group (g/L).
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interleukin-10 (IL-10). IL-4 can further promote the differentia-
tion of CD4C T-cells into Th2 cells, and Th2 cells secrete more
IL-4. IFN-g is a micro-molecule polypeptide having a regulatory
role on cell function, and it is mainly generated by T-cells and
natural killer (NK) cells. It can promote the differentiation of
Th1 cells and inhibit Th2 cell responses.18 In many of the cyto-
kines, IL-4 and IFN-g are a mutually-antagonistic pair of cyto-
kines, which are often used to reflect the balance of Th1/Th2.
Studies have shown that in addition to their mutual inhibition,
IL-4 and IFN-g are also the positive and negative regulatory fac-
tors of IgE, the ratio imbalance of which is the main reason of
too much IgE synthesis in asthma patients.19 Jian Chang’s study
showed that Th1 cells may not be involved in the pathogenesis of
bronchiolitis and that IL-2 was significantly increased. He pro-
posed that in the course of infection, the release of different cyto-
kines may be relevant to gene polymorphisms. Many studies still
need to be conducted to explore whether the Th1 cellular
immune response in bronchiolitis exists or not.20 In this study,
in comparison to the control group: IL-4 levels increased, IFN-g
levels decreased, the IL-4/IFN-g ratio was significantly reduced,
the CD4 level was elevated, CD8 decreased, and the CD4/CD8
ratio increased of children with severe bronchiolitis, indicating
that the Th1 cytokines were inhibited and Th2 cells experienced
hyperfunction. This led to the production of large amounts of
IL-4 and IL-5, so it could be argued that the T-cell subsets in
body were in an unbalanced state. Additionally, there was a Th1
and Th2 function imbalance. High levels of IL-4 promoted the
proliferation of B lymphocytes and produced large amounts of
IgE. IgE was binded with mast cell (MC) membrane surface.
When the allergen entered into the body once again, the MC
released inflammatory mediators by degranulation, causing
inflammation and hyperresponsiveness and resulting in breathing
episodes. After IVIG treatment, the indicators above all increased
or decreased in varying degrees and had a tendency to convert to
the normal indicators, thus improving the condition.

Generally, IgM and IgG are the main antibodies of humoral
immunity in the immune system. The increase of Th2 cells in
the body will promote B cell proliferation, inducing a large
amount of IgA, IgE, IgG and other antibodies and inhibiting the
cell effector of Th1.21 Research from Xuefeng Qi indicated that
IgM played an important role in the early stage of duck plague
virus (DPV) infection. With the decline in concentration of
IgM, IgG antibodies increased and maintained for a long time,
thus playing its role of immune relay, whereas IgA appeared in
the serum late. In this study, serum IgA, IgG, and IgM levels of
children with severe bronchiolitis were lower than those of the
controls. After IVIG treatment, IgA, IgG, and IgM levels of
patients were higher than those before treatment (p < 0.05). IgE
levels also achieved a significant decrease after treatment (p <

0.05), suggesting that IgA, IgG, and IgM were involved in
decreased levels caused by the antigen-antibody reaction in the
pathogenesis of inflammation. This also explained the existence
of immune dysfunction in severe bronchiolitis patients. This
result was consistent with Chuansheng Liao’s results.22 After
IVIG treatment, IgA and IgG levels increased, indicating that
IVIG had a certain role in the recovery of severe bronchiolitis.

The study also revealed that after IVIG treatment, the disap-
peared time of cough, wheezing, pulmonary rales, and length of
stay of children with severe bronchiolitis clearly decreased in
comparison with the observation group. This indicates that IVIG
had certain effect on improving the clinical symptoms of severe
bronchiolitis, likely by activating Th1 through the inhibition of
Th2. Consequently, the imbalance of Th1/Th2 was restored, the
airway inflammation was prevented, and direct neutralization of
IgE and inhibition of IL-4, the secretion of IFN-g increased and
the generation of IgE was indirectly reduced. Thereby, the occur-
rence of bronchiolitis was blocked.

Conclusions

Through a series of reactions of T lymphocytes and cytokines
in the body, severe bronchiolitis plays its role. Therefore, for
patients with severe bronchiolitis, detecting the related indicators
of peripheral blood upon entering the intensive care unit can
allow for prediction of disease severity and prognosis at an early
stage. This could help doctors provide the right interventions
and evaluate the efficacies in order to effectively adjust the appro-
priate therapeutic measures, providing a theoretical basis for the
development of immunological therapy for diseases and the pre-
vention of repeated wheezing of severe bronchiolitis.

Methods and Materials

General information
86 severe bronchiolitis infants treated at the Pediatric Intensive

Care Unit (PICU) ward of Zhumadian Central Hospital from Jan-
uary 2011 to January 2014 were selected, 47 males and 39 females,
ranging in age from 1 to 13 months with an average age of 9.62
(§1.15) months. There were 43 cases in both the observation
group and treatment group. All of them had been diagnosed as hav-
ing severe bronchiolitis by X-rays and blood oxygen saturation, and
infants with congenital asthma were excluded. 60 healthy infants
who received physical examination in the hospital at the same
period were chosen as the control group, 35 males and 25 females,
aged from 1 to 13 months, with an average age of 10.14 (§1.27)
months. Differences in gender, age, and other general information
was not statistically significant (p< 0.05) between the 2 groups.

The inclusion and exclusion criteria
Inclusion criteria: less than 2 y old, the first onset of the dis-

ease, clinical diagnosis of fever, cough, severe wheezing, shortness
of breath, and other symptoms, the lungs mainly displaying signs
of stridor, the total number and distribution of white blood cells
and C-reactive protein were to be within the normal range, vary-
ing degrees of obstructive pulmonary emphysemas and spot film
shadows on the chest were allowed for inclusion.

Exclusion criteria: mild wheezing, congenital heart disease,
bronchopulmonary dysplasia, whooping cough, rickets, moderate
and severe anemia, foreign bodies in the bronchus, tuberculosis
infection, congenital laryngeal stridor, and other diseases that
may manifest.
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Diagnostic criteria
We referred to the Zhu Futang Textbook of Pediatrics diagnos-

tic criteria to diagnose patients as having severe bronchiolitis.23

Methods

The two groups of patients were given conventional and com-
prehensive treatment, including anti-infection, spasmolysis and
anti-asthma, atomized inhalation (Ventolin C Pulmicort), suc-
tion, oxygen supply, etc. In addition to these, the treatment
group was given an early application of IVIG (1.25 g/branch,
Hualan Biological Engineering Inc.., Xinxiang, Henan, P.R.
China; National Medicine Permission No. S10970031) at a dose
of 400 mg/kg, 1 to 3 times.

Detection of trace elements
Trace elements are necessary for human body. The excessive

or deficient intake, imbalance or a shortage of them will cause
human physiological abnormalities in different degrees or even
disease. Calcium, iron, and zinc have strong ties to the body’s
normal physiological activities. These trace elements have the
ability to affect immune function. If the content of these ele-
ments is reduced, it will lead to a decline in body’s resistance to
the incidence of diseases.24 Zinc is one of the necessary trace ele-
ments. It plays an extremely important role in the physiological
process such as body growth and development, reproduction and
genetics, immune and endocrine. Previous data reports that zinc
deficiency can significantly reduce T-cell function, thus weaken-
ing the body’s defenses. Iron also has a role in promoting immu-
nization; a deficiency in this key element also leads to a decrease
in immunity. Calcium is required to maintain and regulate many
biochemical processes within the body; it maintains the acid-base
balance, maintains the integrity and permeability of the cell
membrane, reduces capillary permeability, prevents exudation,
and controls inflammation and edema.

40 mL of peripheral blood of infants was collected and thor-
oughly dissolved into 1.2 mL of cytolysis fluid. The BH-5100
atomic absorption spectrometer (Beijing Bohui Innovation Tech-
nology Co., Ltd., Beijing, China) was used for detection. All
operations were in strict accordance with the instructions.

Detection of immunoglobulin and T lymphocyte subsets
levels

T lymphocytes are the main immune cells, but they are also an
important indicator for the evaluation of cellular immune

function. IgM plays a key role in the early phase of anti-infection
and it is a vanward antibody against pathogenic microorganisms.
IgG is the major antibody against infection, and it has a high level
in the blood during infection. IgA is a first line of defense for
mucosa resisting pathogenic microorganism and harmful substan-
ces. It is the main effector molecule of humoral immunity.25-27

Two mL of fasting venous blood was taken. The Roche P mod-
ule automatic biochemical analyzer and the matching reagents
were utilized to conduct the immunoturbidimetric immunoglobu-
lin assay. Levels of Cluster of Differentiation 4 (CD4) and Cluster
of Differentiation 8 (CD8) were detected, as these are surface
markers for T-cell subsets. The anti-human T cells monoclonal
antibody APAAP bridge-linked enzyme linked immunosorbent
assay (ELISA) was used to detect T lymphocyte subsets (provided
by Wuhan Institute of Biological Products Co., Ltd.).

Detection of the serum inflammatory factors’ levels
Double-antibody sandwich ELISA was used for quantitative

detection of human IL-4, IFN-g, and IgE. The ELISA kits were
all provided by Beijing SinoSec MicroTest Sci. & Tech. Co. Ltd.
The Qtat-fax-2100 microplate reader produced by US AWARE-
NESS Company was used.

Follow-up
We recorded age, gender, incidence season, pathogen present,

severity, family history of asthma and eczema, among others of the
86 children with bronchiolitis. Every patient was asked to receive a
follow-up every 6 months (clinical or telephone follow-up).

Statistical methods
SPSS17.0 software was used for statistical analysis of

data. Comparison of data between groups was performed
using a t-test.* indicated that the difference was significant
(p < 0.05). ** indicated that the difference was extremely
significant (p < 0.01).
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