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Abstract. — The aim of this work was to eval-
uate the relationships among respiratory syncy-
tial virus infection, T cell immune response and
intestinal flora.

Peer-reviewed papers published in English were
collected through extensive searches performed
in PubMed, Web of Science, Google Scholar,
and China National Knowledge Infrastructure
databases. The articles were reviewed to extract
relevant information on the immune responses
of Th1/Th2 and Treg/Th17 to respiratory syncy-
tial virus infection in the body.

RSV (Respiratory syncytial virus, RSV) infec-
tion leads to imbalance between Th1/Th2 and
Treg/Th17 immune cells, resulting in Th2 or Th17
dominant immune responses, which can gen-
erate immune disorder and aggravate clinical
symptoms. Intestinal micro-organisms play very
important roles in maintaining stable immune
environment, stimulating immune system matu-
ration and balancing Th1/Th2 and Treg/Th17 im-
mune systems in children. In our review of var-
ious papers from around the world, we specu-
lated that the steady state of intestinal bacteria
was disturbed after children got infected with
RSV, resulting in intestinal flora disorder. Then,
the imbalance between Th1/Th2 and Treg/Th17
immune cells was increased. Both intestinal flo-
ra disorder and RSV infection could cause cel-
lular immunity imbalance of Th1/Th2 or Treg/
Th17, eventually leading to disease deterioration
and even a vicious cycle. Normal intestinal flora
can maintain immune system stability, regulate
the dynamic balance of Th1/Th2 and Treg/Th17
and prevent or mitigate adverse consequences
of RSV infection.

Because probiotics can improve intestinal
barrier function and regulate immune response,
they can effectively be used to treat children
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with recurrent respiratory tract infections. Us-
ing conventional antiviral therapy strategy sup-
plemented with probiotics in the treatment of
clinical RSV infection may be better for the body.
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Introduction

As the most common pathogen of viral pneu-
monia among children, respiratory syncytial virus
(RSV) can cause interstitial pneumonia and bron-
chiolitis"?. Based on statistics, more than 30 million
children <5 years old are infected with RSV in the
world each year, of which 3-4 million need hospi-
talization and 0.1-0.2 million hospitalized children
experience serious adverse consequences and even
death'?. 70% of children are infected with RSV
at the age of about one year and 100% have RSV
infection in the age range of 2 to 3**°. Although
most children present only mild upper respirato-
ry symptoms, 2-5% develop severe bronchiolitis
and require further treatment®’. In addition, these
children have a high risk of repeated wheezing and
asthma®®. Reasonable treatment strategies for chil-
dren with RSV infection are of great significance
in the efficacy and prognosis of therapy.

Immune responses help the immune system of
body to identify themselves, eliminate alienation
and maintain the balance of body environment.
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The physiological function of the immune system
is mainly fulfilled by immunizing lymphocytes.
Immune response is also described as the process
of antigen recognition by immune lymphocytes,
based on their own activation, proliferation and
differentiation to exert their effect. In immune
response, immunogen only contribute to the se-
lection and triggering of immune lymphocytes.
During antigen recognition, immune lympho-
cytes are activated to form B cell-mediated hu-
moral immunity and T cell-mediated cellular im-
munity, and are mediated in non-activated state to
form immune tolerance'™"'.

As a research hot topic in recent years, gut
microbiota greatly affects human health mainly
in regulating digestion, physiology, nutrition and
immunity. Imbalance of intestinal flora can dis-
turb the regulation of the immune system of body,
damage intestinal mucosal barrier, and induce
chronic inflammatory diseases. Different gut
bacteria might be involved in the differentiation
and functional regulation of various immune cell
subsets. It is believed that RSV not only causes
lung inflammation, imbalances the development
of T cells in lungs and releases related inflamma-
tory agents, but also affects intestinal immune
cell differentiation and intestinal flora homeosta-
sis. Therefore, this paper reviews the relationships
among the mechanisms of RSV infection, T cell
immune response, and intestinal flora, and pro-
vides a theoretical reference for clinical preven-
tion and treatment of RSV, as well as new drug
development.

In this research, a detailed review of published
studies was performed on the works published in
PubMed, Web of Science, Google Scholar, and
China National Knowledge Infrastructure data-
bases using RSV as a search term. Considering
technological progress and recent reports, focus
was placed on the last 30 years and articles pub-
lished from January 1%, 1992, to January 1%, 2022,
were considered. The search returned 176,262 ar-
ticles. Peer-reviewed papers published in English
language were adopted with no restrictions in
terms of article type and geography. Papers re-
lated to RSV infection, T cell immune responses
and intestinal flora were retrieved. To complement
this review, electronic search was supplemented
with a manual search of the references of these
papers. The papers extracted from electronic da-
tabases were screened by reading their titles and
abstracts and the full texts of those considered
likely to be relevant were retrieved. The retrieved
papers were reviewed and critically analyzed.
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RSV Infection and T Cell
Immune Response

T cell-mediated immunity (CMI) is also known
as cellular immune response. Initial T cells (naive
T cell, Tn), also known as non-sensitized T cells,
migrate to peripheral lymphoid tissue after matu-
ration in thymus. Tn cells are gradually differen-
tiated into Thl, Th2, Thl7, regulatory T (Treg),
effector T and similar types of cells through an-
tigenic stimulation or dendritic cell delivery. Th
cells are mainly divided into Thl and Th2 cells'.
Thl cells, so-called inflammatory T cells, secrete
interleukin-2 (IL-2), interferon-o. (IFN-a), [FN-y,
tumor necrosis factor-p (TNF-p), etc. These sub-
stances mediate cytotoxicity and local inflamma-
tion-related immune responses, assist antibody
production, participate in cellular immunity, delay
hypersensitivity and play an important role in body
anti-intracellular pathogen infection'"'?. Th2 cells
mainly secrete 1L-4, IL-5, IL-6, IL-10 and IL-13,
which help the differentiation of B cells into an-
tibody-secreting cells, regulate humoral immune
response and play a key role in the induction of
allergic reactions'". Treg cells are a subpopula-
tion of T cells with immuno-suppressive function.
The most important function of Treg cells is the
suppressing the activation and survival of effector
T cells, avoiding tissue damage and maintaining
the immune balance of body by eliminating 1L-2
and producing IL-10 and TGF-§} during anti-infec-
tive immune responses'*'®. Th17 cells are specif-
ic pro-inflammatory cells that produce 1L-17, and
their main function is the stimulation of inflam-
matory responses, enhancement of the acquired
cellular immune responses, and resisting bacterial,
fungal and viral infections'™!8, IL-17 can also in-
duce pro-inflammatory cytokine and chemokine
expression. The activation of IL-17 receptor, which
is extensively present in epithelial cells, endothelial
cells, monocytes and macrophages, induces infil-
tration and destruction in tissue cells”. The coor-
dination of various T cells plays a critical role in
body protection against external stimuli.

RSV-infected children can cause cellular im-
mune responses and imbalance Thl and Th2
immune responses, especially Th2-dominant im-
mune responses. The severity of clinical symp-
toms is correlated with increased degree of Th2
response’™?!. Animal experiments showed that in
T cell immune response, Tn cells are induced to
differentiate into Thl cells by RSV virus F pro-
tein and Th2 by RSV virus G protein®***. NSI
protein of RSV virus can inhibit Thl, Th2 and



Investigation of the relationships among respiratory syncytial virus infection

Th17 cell differentiations, while NS2 protein in-
hibits Th2 and Th17 cell differentiations's. Thl
response could produce IFN-y, TNF-q, IL-2 and
activate cytotoxic T and NK cells to promote ef-
fective virus removal, which is the most expected
auxiliary T cell response mode after RSV infec-
tion>?°. However, Th2 cells secrete 1L-4 and IL-5
which arise obvious and unfavorable inflammato-
ry responses after re-infection with RSV.

Furthermore, Thl and Th2 can restrain and
lower the activation level of each other?*. Thus,
Th2 superior immune response after RSV infec-
tion decreases the efficiency of virus removal in-
creasing its damage to body***. Clinical exam-
ination?’ revealed that newborns re-infected with
RSV generated Th2-dominant immune responses,
but this phenomenon is not generally observed in
adults. Detecting sera and nasopharyngeal aspirate
samples in RSV-infected children increased 1L-4
concentration and decreased IFN-y concentration,
suggesting Th2-dominant immune response?’26-2%,
A correlation was also found* between IL-4/
IFN-y ratio and disease severity. In 1960s, the tri-
al of FI-RSV vaccine failed since the vaccine not
only could not prevent infants from being infected
by RSV, but also aggravated and worsened original
disease®. In FI-RSV-vaccinated cases, immune re-
sponse was Th2-dominant response and Thl/Th2
ratio was one of the important indicators in mea-
suring the severity of clinical symptoms after RSV
infection®. Tt should be noted that, using Th1/Th2
balance to explain the pathogenesis of RSV infec-
tion is not absolute. For example, in the severe in-
fection of RSV-induced bronchiolitis various types
of immune cells exist.

Disequilibrium of Treg and Thl7 immune
cells leads to inflammation and autoimmune dis-
eases'”?’. Treg cells differentiation was relative-
ly weakened and Thl17 cell differentiation was
increased, resulting in intensified inflammation
response after RSV infection. Research®* on
RSV-infected mice showed that Treg cells pro-
moted RSV clearance and significantly reduced
inflammation degree in mice lungs®**. Treg cells
can modulate immune microenvironment and
avoid excessive inflammatory T cell responses,
including the inhibition of Th2-dominant im-
mune responses™. The number of Treg cells was
decreased and that of Thl7 cells was increased
in IL-10 knock out mice*. After IL-10 knock out
RSV-infected mice, more severe disease develop-
ment, increased pro-inflammatory and chemok-
ines levels and increased pathological changes in
lungs were observed®**,

Breakage between Th1/Th2 or Treg/Thl7 also
affected immune response to Treg/Th17 or Thl/
Th2. In RSV-infected mice, the IL-10 produced
by Treg cells can control inflammatory responses
to ensure effective virus removal, maintain ap-
propriate immune level of the body and reduce
clinical symptoms by inhibiting Th2-based im-
mune responses®*>*’. Th17 cells and IL-17 pro-
duced by them enhance Th2 response, preventing
effective virus removal and enhancing inflam-
matory responses, eventually leading to more
serious clinical symptoms®. In addition, the IL-
17 produced by Thl7 cells could up-regulate the
level of Th2 cytokines in Th2-dominant immune
environments, demonstrating that Th17 immune
response is coordinated with Th2 immune re-
sponse***. Wang et al*® showed that OVA (Ov-
albumin, OVA)-sensitized mouse asthma model
had increased Th17 and insufficient Treg immune
responses, then induced Th2-mediated respirato-
ry inflammation.

The imbalance of Th1/Th2 and Treg/Thl7
immune cells resulted in corresponding clinical
phenotypes. Th1/Th2 and Treg/Th17 have a com-
plex and intimate relationship. The imbalance of
any system can lead to immune system disorders,
eventually resulting in the occurrence of diseases.

Intestinal Flora and Immunity

Intestinal flora is a stable microbial communi-
ty in the intestine of host by long-term evolution,
capable of resisting pathogen stimulation and in-
vasion and regulating a series of physiological and
metabolic processes*!. Normal intestinal flora and
its metabolites contain a great number of immune
stimuli including antigens, toxins, etc., while in-
testinal immune barrier can generate appropriate
responses to different antigens from intestinal
mucosal surface such as immune clearance and
rejection to pathogens. Research has shown*? that
intestinal mucosa could induce immune respons-
es of different CD4+ T cell subsets after colo-
nization and formation of Treg, Thl, Th2, Th17
and T follicular helper (Tfh) cells, revealing the
accurate regulatory mechanism of intestinal im-
munization. Intestinal flora not only is important
to the development and activation of intestinal
mucosal immune system, but also is significant
for extra-intestinal immune system. Constant
stimulation of immune system by normal intes-
tinal microbes is required for its maturation. For
example, lactic acid bacteria could stimulate the
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secretion of 1L-12, IL-18, IFN-y and other cyto-
kines by peripheral blood cells®. Nicaise et al*
also suggested that intact intestinal flora was the
basis for IL-12 production in spleen, which was
an important link to innate immunity and ac-
quired immunity. IL-12 effectively improves cel-
lular immune defense function and promotes the
differentiation of CD4+ T cells into Thl cells. In
recent years, research**’ on intestinal microflo-
ra effects on immune environment stability has
made great progress. Host microbiota can partic-
ipate in adaptive modulation of intestinal mucosa
to maintain normal intestine state while suppress-
ing immune response, resulting in the generation
of inflammatory diseases. Furthermore, microbi-
al composition could affect the susceptibility of
immune-mediated diseases, such as autoimmune
and allergic diseases*®’. Intestinal flora could
regulate the reactivity of immune system through
immune cells and vice versa. Kawamoto et al’'
showed that intestinal immunosuppressive recep-
tor PD-1 affected the composition of intestinal flo-
ra. Under such conditions, intestinal bacteria lose
control resulting in excessive breeding and bacte-
rial translocation when intestinal immune activity
is reduced. That is, intestinal immune system is
inextricably related to systemic immune system.

Flora Imbalance and T Cell
Immune Response

The type, number and distribution of intestinal
flora are not constant and are affected by several
factors such as eating habits, diseases and drugs>.
Under normal circumstances, intestinal flora and
host are in a dynamic equilibrium state through
precise regulatory mechanism. When the number,
type and proportion of normal intestinal flora are
changed, the original stable state of intestinal flo-
ra is broken causing flora imbalance*-*. The main
reason for flora imbalance is irrational application
of antibiotics, especially broad-spectrum antibi-
otics. Experiments have revealed the correlation
between intestinal flora imbalance due to the ap-
plication of antibiotics and occurrence of immune
diseases**. Antibiotics-induced intestinal flora
imbalance can generate Th2 and Th17 cell-domi-
nant immune responses and lead to the deficiency
of Treg cells immune response™. Therefore, anti-
biotic-induced intestinal flora imbalance might be
a risk factor for asthma and other lung diseases.
Immune system could be regulated by probiotics
through balancing Th1/Th2 ratio®. For example,
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lactobacillus pentosus produces IL-10 exerting
an anti-allergic effect by regulating Th1/Th2 bal-
ance’. Studies®™ have shown that application of
probiotics to newborn asthma mice induced the
generation of Treg cells, inhibiting allergic and
respiratory diseases. Normal intestinal flora could
induce Thl immune response and inhibit Th2 im-
mune response, reducing the occurrence of aller-
gic diseases. However, intestinal flora imbalance
can prevent the maturation of Thl cells and pro-
mote Th2 cell differentiation increasing the risk
of respiratory allergies and infectious diseases.
Therefore, probiotics can prevent inflammation
by retrieving immune imbalance*-.

The relationships among RSV, T cell immune
response and intestinal flora are shown in Figure 1.

Discussion

Based on the above discussion, it was concluded
that intestinal microflora possessed regulatory ability
to develop and activate immune system. If the nor-
mal colonization process of neonatal intestinal flora
is damaged, abnormal reactions occur causing lung
allergic immune response when exposed to aller-
gens through ingestion or inhalation®?, Children,
especially infants and young children, are prone to
the establishment of normal microbes. During these
periods, the flora with poor stability and diversity are
fragile and susceptible to various unwanted factors.
However, the establishment of normal microbes is
closely affected by some important physiological
functions, such as development and maturation of
immune, metabolism, and nutrition systems. If the
formation of normal microbes is disturbed during
this period, acute and chronic diseases and even some
adult diseases could occur. Both intestinal flora dis-
order and RSV infection cause cellular immunity
imbalance in Th1/Th2 and Treg/Thl7, eventually re-
sulting in disease deterioration and even a vicious cy-
cle. Normal intestinal flora can maintain the stability
of immune system, regulate Th1/Th2 and Treg/Th17
dynamic balance and prevent or mitigate adverse con-
sequences of RSV infection. Therefore, application of
conventional antiviral therapy strategies supplement-
ed with probiotics to clinical RSV infection treatment
may achieve better treatment results.

Conclusions

Intestinal dysbiosis can aggravate RSV air-
way inflammation by altering local immune
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Figure 1. The relationships among RSV, T cell immunity and intestinal flora.

response in lungs. Supplementation with ben-
eficial bacteria can restore immune dysbiosis
induced by intestinal dysbiosis and reduce RSV
airway inflammation.
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