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An Interaction of LPS and RSV Infection in Augmenting
the AHR and Airway Inflammation in Mice
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Abstract—Respiratory syncytial virus (RSV) is the leading cause of acute lower respiratory tract
infection (LRTI) in children under 5 years of age, especially infants with severe bronchiolitis. Our
preliminary clinical experiments showed that bacterial colonization was commonly observed in children
with virus-induced wheezing, particularly in those with recurrent wheezing, suggesting that bacterial
colonization with an accompanying viral infection may contribute to disease severity. In most cases,
RSV-infected infants were colonized with pathogenic bacteria (mainly Gram-negative bacteria). LPS is
the main component of Gram-negative bacteria and acts as a ligand for Toll-like receptor 4 (TLR4).
Relevant studies have reported that the TLR family is crucial in mediating the link between viral
components and immunologic responses to infection. Of note, TLR4 activation has been associated
with disease severity during RSV infection. In the present study, we identified that LPS aggravated RSV-
induced AHR and airway inflammation in BALB/c mice using an RSV coinfection model. We found
that the airway inflammatory cells and cytokines present in BALF and TRIF in lung tissue play a role in
inducing AHR and airway inflammation upon RSV and bacteria coinfection, which might occur through
the TRIF-MMP-9-neutrophil-MMP-9 signalling pathway. These results may aid in the development of
novel treatments and improve vaccine design.
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INTRODUCTION

Respiratory syncytial virus (RSV) is the leading cause
of acute lower respiratory tract infection (LRTT) in children
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under 5 years of age [1, 2], especially in infants with severe
bronchiolitis, who require hospitalization and are at in-
creased risk of developing recurrent wheezing or childhood
asthma [3-5]. Cooper BS et al. [6] reported that coinfection
of bacteria and viruses had a synergistic effect, leading to
more severe disease and hospitalization. It was also report-
ed that up to 40% of children with severe RSV bronchiol-
itis requiring admission to the PICU were coinfected with
bacteria in their lower airways and were at increased risk
for bacterial pneumonia [7]. Our preliminary clinical ex-
periments showed that bacterial colonization was common
in children with virus-induced wheezing, particularly those
with recurrent wheezing, suggesting that bacterial and viral
coinfection may contribute to the severity of wheezing [8].
Bacterial infection is frequent in preschool children with
persistent wheezing, and NTHi (Haemophilus influenzae),
Streptococcus pneumonia, and Moraxella catarrhalis are
the main pathogens involved in this process [9]. More
frequently, RSV-infected infants are colonized with
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pathogenic bacteria and have a higher proportion of Gram-
negative bacterial colonization compared to healthy age-
matched controls [10].

Several studies have reported that RSV infection is
often associated with secondary bacterial [11] or enhanced
bacterial colonization of the respiratory epithelium, which
permits microorganisms to overcome physical barriers to
infection and evade innate immune responses [12]. An im-
portant family of immune-modulating receptor molecules
that might be crucial to mediating the linkage of viral com-
ponents and immunologic responses is the Toll-like receptor
(TLR) family of immune-recognition receptors. Particularly,
the role of TLR4 has been extensively studied in recent years.
TLR-4 contributes to immune reorganization of RSV, and the
ability to up-regulate TLR4 is closely linked to disease
severity [13, 14]. Our previous results showed that TLR4
plays a critical role in LPS-mediated IL-6 responses in RSV-
infected epithelial cells and might be an important factor that
influences the cytokine-chemokine profile of epithelial cells
by interacting with virus and endotoxin, which is correlated
with the phenotypes of RSV disease [15]. TLR family mem-
bers typically bind evolutionary conserved structures of a
wide range of pathogens that are essential for the survival
of these pathogens (pathogen-associated molecular patterns)
and include bacterial carbohydrates, N-formylmethionine,
lipoproteins, and fungal glucans. Mainly, there are two
TLR4 signalling pathways that lead to production of either
interleukins, such as IL-6 and IL-8, or type I IFNs. The first
pathway acts via myeloid differentiation primary response
gene 88 (MyD88). The second pathway acts via the adaptor
protein TICAM-1 (TIR domain containing adaptor mole-
cule-1)/TRIF (TIR domain containing adaptor protein-
inducing interferon o).

Matrix metalloproteinase-9 (MMP-9) is a member of a
subgroup of zinc endopeptidases that has been identified to
degrade basement membrane components, including colla-
gen type IV, fibronectin, and gelatine. MMP-9 is therefore
considered to be essential for PMN migration and alveolar
capillary leakage. Therefore, MMP-9 inhibition is promising
for reduction or prevention of lung impairment. In an influ-
enza infection mouse model, MMP-9 expression is required
for neutrophil migration, which is correlated with disease
severity [16, 17]. Previous studies have shown that MMP-9
production occurs via the MyD88 pathway following focal
cerebral ischemia [18]. In addition, RSV-infected infants
colonized with Gram-negative bacteria have an increased
concentration of plasma IL-6 [10].

Despite previous reports stating that bacterial coloniza-
tion (mainly Gram-negative bacteria) and coinfection with
virus may contribute to the severity of LRTI, there are few
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comprehensive studies on this subject. Thus, there is poor
knowledge of the pathophysiology and a lack of efficient
data of therapeutical interventions. LPS, which is the main
component of Gram-negative bacteria, is a TLR4 ligand [10,
19]. In our pre-clinical study, we utilized an LPS- and RSV-
superinfected mouse model to explore underlying pathogen-
esis. According to the effects of airway inflammation-
associated cytokines (such as MMP-9, IL-6) in BALF and
MyDB8S8/TRIF in lung tissue, we examined the pathogenesis
of RSV coinfection with Gram-negative bacteria. The find-
ings from this study may assist in the development of novel
treatments and improve vaccine design.

METHODS AND MATERIALS

RSV and LPS Preparation

A stock of human A2 strain RSV was propagated and
titered as previously described [20]. Virus pools were
aliquoted, quick-frozen on dry ice/alcohol, and stored at
—80 °C. The supernatants of uninfected Hep-2 cells were
generated under the same condition. LPS (Escherichia coli
055:B5, Sigma), was assayed using the limulus hemocya-
nin agglutination assay.

Animal and Inoculation Procedure

Adult 6- to 8-week-old female BALB/c mice were
purchased from Chongqging Medical University Animal
Laboratory. All animals were housed in sterile
microisolator cages with sterile food and water provided
ad libitum and were maintained according to the guidelines
of the Animal Welfare Act. The institutional animal care
and use committee approved all experimental procedures.

Mice were divided into four groups:

The control group: Mice were sham-infected under anaes-
thesia by intranasal inoculation with DMEM medium
containing 2% FBS on day 0 and were then inoculated
with 50 ul of PBS over the following 3 days in the same
way.

The LPS group: Mice were sham-infected under anaesthe-
sia by intranasal inoculation with DMEM medium con-
taining 2% FBS on day 0 and were then inoculated with
LPS (10 ng/50 ul PBS) over the following 3 days in the
same way.

The RSV group: Mice were infected under anaesthesia by
intranasal inoculation with RSV (107 PFU in 100 pl of
virus supernatant) on day 0 and were then inoculated with
50 pl of PBS over the following 3 days in the same way.
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The RSV + LPS group: Mice were infected under anaes-
thesia by intranasal inoculation with RSV on day 0 and
were then inoculated with LPS (10 ng/50 ul PBS) over
the following 3 days in the same way.

Our previous work demonstrated that mice assessed
during the first 7 days post-RSV infection showed signif-
icant differences (including the severity of the disease
parameters, inflammatory cellular types, and proinflamma-
tory cytokines) in contrast to mice assessed during the later
stages of infection (from day 14 on). Based on these
observations, the acute phase of RSV infection was indi-
cated as the first 7 days and the chronic phase was indicated
as the time period after day 14 [21, 22]. To examine the
acute and chronic phases simultaneously, we chose 5, 7,
and 14 days post-RSV treatment for our studies.

Determination of the Viral Loads

Viral loads were determined by Tag-probe after RSV
infection. Briefly, total RNA was extracted from whole-
lung tissue, and then, cDNA was synthesized. Primers
specific for the nucleocapsid (N) gene of RSV were used
[23]. A real-time PCR instrument (Applied Biosystems)
was used with the following conditions: 1 cycle at 50 °C
for 2 min, 1 cycle at 95 °C for 10 min, 40 cycles at 95 °C
for 15 s, and 1 cycle at 60 °C for 1 min. The RSV load
values were expressed as the log10 copy number of RSV-
RNA/ml. The RSV subtype A plasmid was used as a
positive control. Negative controls and serial dilutions of
the positive controls were included in every PCR assay.

Bronchoalveolar Lavage Fluid (BALF) Analysis

After functional airway measurements, mice were
deeply anaesthetised by an i.p. injection of pentobarbi-
tal (90-mg/kg body weight). Then, sections of the
abdominal vessels were obtained from mice. The lungs
were lavaged, in situ, six times with 0.5 ml of ice-cold
PBS. The BAL fluid was centrifuged (2500 rpm,
5 min). The supernatants were stored at —80 °C prior
to cytokine profile characterization. The cellular pellets
were resuspended in 1 ml of PBS, and the total cell
number was counted. Data are shown as cells/ml
BALF. For differential cell counts, 250 ul of the re-
suspended cells was spun onto microscope slides, air-
dried, and stained (Giemsa). For each sample, 200 cells
were counted for the number of macrophages, eosino-
phils, neutrophils, and lymphocytes.

Lung Histology

For histological analysis, lung tissue was removed
and fixed immediately in 10% (vol/vol) neutral buffered
formalin for more than 24 h, embedded in paraffin, cut into
5-um thick sections, and stained with haematoxylin and
eosin (H&E; Sigma). Lung sections were microscopically
reviewed and semi-quantitatively assessed for the degree
and distribution of inflammation by a pathologist who was
blinded to the treatment conditions using a previously
published scoring system [24]. Each inflammatory param-
eter was independently assigned a value from 0 to 3, with
higher scores reflecting greater inflammatory changes in
the lung.

Measurement of AHR

AHR was measured in mice using a whole-body
plethysmography (Emca instrument; Allmedicus, France)
as previously described [20]. After a brief acclimatization
to the chamber, the mice received an initial baseline chal-
lenge of PBS followed by increasing doses of a
methacholine solution (3.125, 6.25, 12.5, 25, and 50 mg/
ml; Sigma) in PBS for 3-min exposures. Afterwards,
bronchoconstriction was recorded for an additional 5-min
post-methacholine treatment. AHR was expressed as an
enhanced pause (Penh). Penh, a dimensionless parameter,
which is used to measure pulmonary resistance, was cal-
culated by the changes in the chamber pressure induced by
methacholine challenge during inspiration and expiration.
The Penh values are reported as an average.

Measurement of Inflammatory Mediators in BALF

The cytokine levels in BALF were measured by
ELISA. IFN-y, IL-6 (Sizhengbai, Beijing, China) and
MMP-9 (R&D) were performed according to the manufac-
turer’s directions.

Western Blot Analysis

Total protein extracts from lung tissues were obtained
by using a total protein extraction kit (KeyGEN, Nanjing,
China), and the protein concentration was determined
using BCA assay reagents (Bioteke) according to the man-
ufacturer’s protocol. Lung protein extracts containing
equal quantities of protein were separated on a 10% SDS-
PAGE (sodium dodecyl sulphate-polyacrylamide gel elec-
trophoresis) gel and transferred to polyvinylidene
difluoride (PVDF) membranes (Millipore, Billerica, MA).
After blotting, the membranes were blocked in blocking
buffer containing 5% non-fat dried milk in 0.1% Tween 20
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for 1 h at room temperature prior to incubation overnight at
4 °C with primary antibodies (TRIF, Enzo Life Sciences;
MyDS88, Santa Cruz Biotechnology; f3-actin, Abio, Bei-
jing, China). Next, membranes were washed and sequen-
tially incubated with rabbit anti-goat Ig (Minneapolis).
Finally, antibody-labelled proteins were visualized using
ECL (Bio-Rad) and an imaging system (Bio-Rad). Signals
were quantified by use of Quantity One software (Bio-Rad,
Hercules, CA) and normalized relative to 3-actin.

Statistics

GraphPad Prism 5.0 software (GraphPad Software
Inc., La Jolla, CA, USA) was used to analyse the data.
Data were expressed as the mean + SEM. Analysis of
variance (ANOVA) was used to determine the level of
significant differences among all groups. Groups were
compared by using the unpaired ¢ test. The P value for
significance was set to 0.05.

RESULTS

RSV Replication in a Murine Infection Model

To examine RSV replication in RSV-infected mice,
lung tissue was collected on 5, 7, and 14 days post-RSV
treatment. As shown in Fig. 1, on day 5, there was a
significant decrease in the gene copy number for the
RSV + LPS group compared with the RSV group
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Fig. 1. Viral copy numbers of RSV infection mice in lung tissues (log;
copy number of RSV-RNA/mL). The results are expressed as the mean-
+S.E.M. the RSV + LPS group vs. the RSV group: *©®P <0.001. n =4
S/group.
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(P < 0.001). There were no differences between the two
groups on days 7 and 14. Over time, the RSV gene copy
number decreased.

The Interaction of LPS and RSV Infection Increased
the Inflammatory Reaction

To evaluate the effect of coinfection of LPS and RSV
on inflammatory reactions in the lung, total and differen-
tial cell counts in the BALF were measured. On days 5, 7,
and 14, the total number of cells of the RSV + LPS group
was higher than those of the RSV (P < 0.05) and LPS
groups (P < 0.001) (Fig. 2A). On days 5, 7, and 14, the
lymphocyte number of the RSV + LPS group was lower
than that of the RSV group (P < 0.001, P < 0.001,
P < 0.05) (Fig. 2C). On days 5, 7, and 14, the neutrophil
number of the RSV + LPS group was higher than that of
the LPS group (P < 0.05, P < 0.001, P < 0.05) (Fig. 2B).
On days 5, 7, and 14, the macrophage number of the
RSV + LPS group was higher than those of the RSV
(P < 0.05, P <0.05 P < 0.01) and LPS groups
(P <0.05, P<0.05, P<0.01) (Fig. 2D).

Lungs of infected mice were analysed using histopa-
thology. Inflammation around the bronchioles and
perivascular tissue as well as alveolitis in the lung were
examined at days 5, 7, and 14 post-infection. Compared to
the control group, there was an overall dramatic increase of
lung inflammation in the LPS, RSV, and RSV + LPS
groups on days 5 and 7. On day 14, mononuclear cell
recruitment in the bronchioles and perivascular tissue as
well as alveolitis of the RSV + LPS group were still
increased, while they were decreased in the LPS and
RSV groups (Fig. 3).

The Interaction of LPS and RSV Infection Increased
the AHR

AHR was evaluated by a Penh value calculation
(enhanced pauses) at 5, 7, and 14 days after RSV infection.
On day 5, the Penh values for the LPS, RSV, and
RSV + LPS groups were higher than those of the control
at a methacholine concentration of 50 mg/m (P < 0.001),
and no significant difference was identified among the
three groups (Fig. 4A). On day 7, the Penh value of the
LPS was comparable to that of the control group. The Penh
value for the RSV group was higher than that of the control
at a methacholine concentration of 50 mg/m (P < 0.001).
Meanwhile, the Penh value for the RSV + LPS group was
higher than that of the control at methacholine concentra-
tions of 0, 3.125, 6.25, 12.5, 25, and 50 (P < 0.05, P< 0.01,
P <0.01, P<0.01, P<0.05 P < 0.001). There was no
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Fig. 2. Total cell number and differential cell number in BALF. The results are expressed as the mean + S.E.M. vs. control: *P < 0.05. **P < 0.01. ***-
P <0.001. The RSV + LPS group vs. the RSV group: P < 0.05. ®®®P < 0.001. n = 7/group.

significant difference between the RSV and RSV + LPS
groups (Fig. 4B). On day 14, the Penh value for the RSV
group was higher than that of the control group at
methacholine concentrations of 50 mg/m (P < 0.01). In
addition, the Penh value of the RSV + LPS group was

higher than that of the control at methacholine concentra-
tions of 25 and 50 mg/m (P < 0.01, P < 0.001). The Penh
value of the RSV + LPS group was higher than that of the
RSV group at methacholine concentration of 25 and
50 mg/ml (P < 0.05, P < 0.001) (Fig. 4C).
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Fig. 3. Histopathological changes of mouse lung (H&E staining, x200). The results are expressed as the mean + S.E.M. vs. control: ***P < 0.001. The
RSV + LPS group vs. the RSV group: ®P < 0.05. “®®P < 0.001. n = 3/group.

The Interaction of LPS and RSV Infection Changed ELISA-based assays were used to determine the IFN-y,
Cytokines MMP9, and IL-6 concentrations at 5, 7, and 14 days post-
RSV infection. On day 5, production of IFN-y in the RSV

To evaluate cytokine profile changes, the presence of and RSV + LPS groups was significantly increased com-

IFN-y, MMP9, and IL-6 in the BALF was investigated. pared to that of the control group (P < 0.001, P < 0.001).
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##4P < 0.001. The RSV + LPS group vs. the RSV group: ©P < 0.05. ®©©P < 0.001. n = 10/group.



An Interaction of LPS and RSV Infection in Augmenting the AHR and Airway Inflammation in Mice 1649

The concentrations of IFN-y between the RSV and
RSV + LPS groups were almost equivalent on day 5
(Fig. 5A). On day 7, production of IFN-y in the RSV
group was significantly higher than that of the control
group, but was decreased in the RSV + LPS group
(P < 0.05, P>0.05) (Fig. 5B). On day 5, the production
of MMP-9 in the LPS and RSV + LPS group was signif-
icantly increased compared to the control group (P < 0.001,
P < 0.001). The concentration of MMP-9 in RSV + LPS
group was higher than that of the RSV group on day 5
(P <0.001) (Fig. 5D). On day 7, production of MMP-9 in
the RSV + LPS group was still significantly higher than

Day 5

1200 o " 1200

1000 1000

-3
=3
t=3

IFN-y

[N
o o
S o

]

that of the control group, yet it was decreased in the LPS
group (P <0.05, P>0.05) (Fig. 5E). On days 5, 7, and 14,
production of IL-6 in all groups was similar (Fig. 5G, H,
and I). On day 14, production of IFN-y and MMP-9 in
both groups was reduced (Fig. 5C and F).

The Relative Expression of TRIF/MyD88 in Different
Groups of Mice

We next detected the relative expression of TRIF and
MyD8S8 in lung tissue. We found that the relative expres-
sion of TRIF in the RSV + LPS group was significantly
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higher than that of the control group (P < 0.01). Moreover,
increased expression of TRIF in the LPS and RSV groups
was not evident compared to that of the control group.
There was no change in My88 expression in each group
studied (Fig. 6).

DISCUSSION

In this study, we utilized the LPS and RSV coinfec-
tion model to investigate the role of LPS in aggravating
AHR and airway inflammation in BALB/c mice. In addi-
tion, we found that airway inflammatory cells and cyto-
kines present in BALF and TRIF in lung tissue play a role
in this reaction. We conclude that TRIF-MMP-9-neutro-
phil-MMP-9 might be the main signalling pathway by
which the interaction of LPS and RSV occurs.

We analysed the types of inflammatory cells in BALF.
The results indicated that neutrophils significantly contrib-
ute to airway inflammation in the RSV + LPS group.
Infection of the airway mucosa with inflammatory cells
was thought to be an important factor in the pathogenesis
of a broad spectrum of airway disorders. As first line
defence cells, rapid recruitment and efficient activation of
PMNs are of critical importance. Lymphocytes were
shown to be the primary inflammatory cells in the RSV
group and neutrophils in the LPS group. Furthermore, we

a
Control
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found that neutrophils were the main inflammatory cell
type detected in the RSV + LPS group, which is consistent
with previous studies [25, 26] performed in severe RSV-
infected children and mice. Colonization by pathogenic
bacteria was associated with higher blood neutrophil per-
centages and a greater number of nasal wash WBC, espe-
cially in those colonized with Gram-negative bacteria [10].
Neutrophils may play a crucial role in this process in the
following ways: (1) Neutrophils play a vital role in innate
immune reactions and contribute to the immune response
of the airway; (2) neutrophils can cause tissue damage via
production and release of oxygen radicals, proteases, and
soluble mediators of inflammation (e.g., cytokines and
chemokines); and (3) neutrophils are involved in airway
remodelling, which eventually leads to an enhanced re-
sponse to MCh [27]. It had been demonstrated that
neutrophil-mediated inflammation is involved in the path-
ogenesis of tissue destruction and augmentation of bron-
chial reactivity in RSV [19]. All of these data indicate that
neutrophils play an important role in the copathogenesis of
RSV and bacteria-infected mice.

We examined the inflammatory cytokines in BALF
and showed that MMP-9 was expressed at higher levels in
the RSV + LPS group compared to the LPS and RSV
groups. MMP-9 is essential for PMN migration and pivotal
to the initiation of inflammation [26, 28]. Similarly, our
results revealed a relationship between MMP-9 and neu-
trophils. Hence, MMP-9 inhibition is a promising target for
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Fig. 6. Expression of TRIF and MyD88 in lung tissues. The results are expressed as the mean + S.E.M. vs. control: *P < 0.01. n = 3.
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reduction or prevention of lung impairment. Increased
MMP-9 activity had been demonstrated in BALF follow-
ing CPB in a swine model [29]. These findings suggest that
MMP-9 plays an important role in RSV-infected mice
colonized with Gram-negative bacteria. Moreover, our re-
sults show that LPS shifts the expression of the inflamma-
tory cytokine IFN-y to MMP-9 in RSV infected mice,
which may explain why RSV-infected mice colonized with
Gram-negative bacteria display high AHR and airway
inflammation.

Our preliminary work demonstrated high levels of
TRIF expression in RSV-infected mice [20]. In this study,
expression of TRIF in the RSV group was also higher than
that in the control group. In addition, TRIF expression was
higher in the RSV + LPS group compared to the RSV
group. At the same time, there was no change in MyD88
expression in all groups tested, which is inconsistent with
our new study, which showed that the SARM-TRIF-
signalling pathway is involved in regulating MMP-12
overproduction [21].

Neutrophils can cause tissue damage via production
and release of oxygen radicals, proteases, and soluble
mediators of inflammation (e.g., cytokines and
chemokines) [27]. The rapid recruitment and efficient ac-
tivation of neutrophils as the first line of defence are of
critical importance. MMP-9 is considered to be essential
for PMN migration and plays a pivotal role in the initiation
of inflammation [26, 28]. Neutrophil-mediated migration
to the respiratory tract in response to influenza infection
requires MMP-9 and is dependent on extrinsic TLR-
signalling [30]. Therefore, MMP-9 is considered to be
essential for PMN migration and alveolar capillary leak-
age. Moreover, MMP-9 inhibition is a promising target for
the reduction or prevention of lung impairment. We spec-
ulated that TRIF-MMP-9-neutrophils might be the main
pathway utilized by bacteria upon RSV coinfection in
mice. McNamara PS et al. [31] reported that MMP-9
expression was present at high concentrations in neutro-
phils, which are the major immune cells present in human
BALF from RSV patients. In combination with our results
that showed that neutrophils, TRIF, and MMP-9 were
higher in the RSV + LPS groups, we conclude that TRIF-
MMP-9-neutrophil-MMP-9 might be the main pathway
utilized by bacteria upon RSV coinfection in mice.

In our experiment, the viral load of RSV in the RSV
group was not lower than that of the RSV + LPS group. In
other words, LPS did not increase AHR and airway in-
flammation by up-regulating the viral load, which does not
conform with existing results. Previous work has shown a
direct correlation between a high viral load and increased

disease severity in patients coinfected with HBoV 1, which
suggests that HBoV1 could cause LRTTIs, but a symptom-
atic HBoV infection was only observed in the context of a
high viral load [32]. A high load of HRV-A in the lower
respiratory tract may be connected with disease severity in
children younger than 2 years [33]. Disease severity corre-
lated positively with viral load during primary RSV infec-
tion [34]. However, other studies have reported conflicting
results, which may be confounded by the presence of risk
factors, such as cardiopulmonary disease, by RSV immu-
nization or by the occurrence of coinfections since none of
the mentioned studies considered copathogens during RSV
infection. Hence, we speculate that LPS changes the viral
load of RSV. Previous reports have shown that TLR4-
deficient mice challenged with RSV exhibit impaired viral
clearance compared to mice expressing TLR4. These find-
ings suggest that Toll-like signalling pathways play an
important role in innate immunity to RSV [35]. LPS, a
TLR4 specific agonist, could stimulate TLR4 to promote
viral clearance and may be the reason that the viral load of
RSV in the RSV + LPS group was lower than that of the
RSV group. The RSV gene copy number decreased over
time, so the difference in viral load between the two groups
disappeared. Our results were completely in agreement
with Caballero’s report, which showed that there was no
association between the severity of RSV disease and viral
titers detected in respiratory secretions [36].

In conclusion, the interaction of RSV and bacteria
functions to induce AHR and airway inflammation, possi-
bly through the TRIF-MMP-9-neutrophil-MMP-9 signal-
ling pathway. In future studies, we plan to use specific
blockers of this interaction to explore the direct relationship
between cytokine expression and airway inflammation.
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