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Respiratory syncytial virus (RSV) is the primary cause of bronchiolitis-related

hospitalizations among children under 5 years of age, with reinfection being

common throughout life. Maternal vaccination has emerged as a promising

strategy, delivering elevated antibody levels to newborns for immediate protection.

However, limited research has explored the protective efficacy of maternal

antibodies (matAbs) against secondary RSV infections in offspring. To address this

gap, we employed a mouse model of maternal RSV vaccination and secondary

infection of offspring to evaluate lung pathology following RSV reinfection in mice

with varying levels ofmaternal antibody (matAb). Additionally, we aimed to investigate

the potential causes of exacerbated lung inflammation in offspring with high matAb

levels following secondary RSV exposure. Our findings revealed that offspring with

elevated levels of maternal pre-F antibody demonstrated effective protection against

lung pathology following the initial RSV infection. However, this protection was

compromised upon reinfection, manifesting as heightened weight loss, exacerbated

lung pathology, increased expression of RSV-AN genes, eosinophilia, enhanced IL-5,

IL-13, MUC5AC, and eosinophils Major Basic Protein (MBP) production in lung tissue

compared to offspring lacking matAbs. Importantly, these unexpected outcomes

were not attributed to antibody-dependent enhancement (ADE) resulting from

declining matAb levels over time. Notably, our findings showed a decline in

secretory IgA (sIgA), mucosal IgA, and mucosal IgG levels in offspring with high

matAb levels post-primary RSV challenge. We propose that this decline may be a

critical factor contributing to the ineffective protection observed during secondary

RSV exposure. Overall, these findings offer valuable insights intomaternal vaccination

against RSV, contributing to a comprehensive understanding and mitigation of

potential risks associated with maternal RSV vaccination.
KEYWORDS

respiratory syncytial virus, maternal immunization, secondary RSV exposure, mucosal
immunity, type 2 inflammation
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1 Introduction

Respiratory syncytial virus (RSV) is widely recognized as a

common cause of lower respiratory tract infections (LRTI) in

children globally, contributing to approximately 33.1 million

episodes and 3.2 million hospitalizations annually (1). Furthermore,

repeat RSV infections can occur throughout life, even secondary

infections within the same year (2–5). The incidence of RSV

reinfection in early childhood is about 35% (6). Therefore, RSV

infection has a significant disease burden and is considered a global

health priority. Achieving vaccination against RSV in early life poses a

significant challenge. Severe RSV infections are especially common in

infants under 6 months old, a period during which protection heavily

depends on matAb. The pre-fusion conformation of the RSV fusion

protein (pre-F) is being explored as an antigen in the development of

maternal vaccines, due to its capacity to induce high RSV neutralizing

antibody titers, which are correlated with a decrease in disease

severity (7–11). RSVpreF (Abrysvo) is now approved in the United

States as a maternal RSV vaccine to protect infants.

The phase 3 clinical trial demonstrated thatmaternal immunization

with the RSV PreF nanoparticle vaccine effectively transfers matAbs to

infants, correlating with a reduced risk of early-onset medically-

significant LRTI caused by RSV in infants (10). However, it did not

achieve the primary endpoint of reducing medically significant RSV

LRTI in infants within 90 days of birth. In an animal model of maternal

RSV vaccination, Welliver et al. demonstrated that high titers of

neutralizing matAb were associated with the prevention of severe

lung disease (12). These studies provided evidences that the high

neutralizing matAbs produced by the pre-F maternal vaccine

effectively prevent initial RSV infection in both human infants and

animal models. Despite the well-established protective effect of matAb

against initial RSV infection in infants, little is known about the

protective efficacy of matAb against secondary RSV exposure.

Previous studies suggested that initial RSV exposure in neonatal

mice predisposes them to more severe airway disease upon

reinfection, characterized by significant airway hyperreactivity

with marked airway eosinophilia (13, 14). Consequently, if matAb

neutralization prevents initial RSV infection in infants and children,

does it also mitigate the adverse immune response during

subsequent secondary infections? To address this question, we

employed a model involving maternal RSV vaccination and

secondary RSV exposure in offspring. This allowed us to assess

the efficacy and safety of maternal RSV immunization concerning

offspring re-exposure to RSV. Furthermore, we investigated the

factors contributing to the exacerbation of lung inflammation

following secondary RSV infection in the offspring of the high-

level matAb group.
2 Materials and methods

2.1 Mice, immunization, and RSV challenge

Female BALB/c mice were obtained from the Experimental

Animals Center of Chongqing Medical University, China. All

animal experiments were conducted in compliance with the
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guidelines established by the Ethics Committee of the Children’s

Hospital affiliated with Chongqing Medical University.

Eight-week-old female BALB/c mice were immunized with DS-

Cav1 (10 mg per mouse) formulated with Alum (100 mg per mouse)

or 100 ml of phosphate-buffered saline (PBS) alone via

intramuscular injection before conception and during gestation.

Booster immunizations were given at 3-week intervals. The female

mice were divided into four groups: three doses of vaccination (3

DS-Cav1), two doses of vaccination (2 DS-Cav1), one dose of

vaccination (1 DS-Cav1), and the PBS control group. The final

immunization was administered on day 7 of gestation for all groups.

No adverse reactions were observed in maternal vaccination.

Subsequently, the offspring were exposed to intranasal RSV A2

(5x107 PFU/ml, 30 ml per mouse) or PBS (30 ml per mouse) at

postnatal day (PND) 21, and intranasal RSV A2 (5x107 PFU/ml,

100 ml per mouse) at PND 49. The animals were euthanized using

isoflurane and cervical dislocation at either 4 or 21 days post-

infection (dpi). Animal weights were measured daily following the

RSV challenge.

MEDI8897, a recombinant IgG1 human monoclonal antibody

derived from the antibody D25, specifically targets the highly

conserved epitope ø on pre-F. Varying doses (10 mg/kg, 100 mg/
kg, 1 mg/kg, 10 mg/kg) of MEDI8897 were intramuscularly injected

into Balb/c mice at 3 weeks of age to simulate matAbs, while the

control group received PBS (100 ml). After 24 hours, the mice were

exposed to intranasal RSV A2 and subsequently euthanized at either

4 or 21dpi. The viral propagation and quantification procedures

followed previously established methods (15).
2.2 Antibody analyses, cell counting
and cytokine

Infant sera were collected at 1, 3, and 7 weeks postpartum and

analyzed using ELISA to measure RSV pre-F specific IgG levels and

subtype titers. On day 21 after the initial RSV infection in mice,

bronchoalveolar lavage fluid (BAL) was obtained from the right

lung via intratracheal instillation of PBS (1.5 ml) and examined for

mucosal antibodies (sIgA, IgA, and IgG). BALF cells were collected

from mice on day 4 after secondary infection. Differential cell

counts to identify eosinophils were performed blindly on Wright-

Giemsa-stained BALF cell slides, and at least 100 cells were counted

at oil immersion × 1,000 magnification. Supernatants from lung

homogenates 4 days after primary and secondary infection were

collected to test for cytokine production.
2.3 Flow cytometry

The cells derived from Paratracheal lymph nodes tissue were

processed using established protocols (16). These cells underwent

surface staining with a combination of antibodies, including

FVS780 (#565388), IgA-FITC (#553478), IgA-PE (BD Biosciences,

#562141), CD45R/B220-PerCp-Cy5.5 (#552771), and CD19-BV421

(#562701) (all antibodies obtained from BD Biosciences unless

otherwise specified). Flow cytometric analysis was performed
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using FlowJo V10.8.1 Software (FlowJo, OR) on a BD

FACSCanto instrument.
2.4 Histology

At 4dpi, mice were euthanized, and lung tissues were collected

for histological assessment. The left lungs were fixed in 10%

formalin and subsequently stained with hematoxylin and eosin

(H&E) and periodic acid-Schiff (PAS). Following the described

methodology (17, 18), inflammation lesions in the HE-stained

sections were evaluated using a numeric scale, which includes

three scoring components: peribronchial/peribronchiolar

inflammation score, perivascular inflammation score, and alveolar

inflammation score. Peribronchial/peribronchiolar inflammation

was graded as: 0 = no infiltrate, 1 = less than 2 cells thick, 2 = 3

to 5 cells thick, and 3 = more than 5 cells thick. Perivascular

inflammation was graded as: 0 = no infiltrate, 1 = less than 4 cells

thick, 2 = 5 to 7 cells thick, and 3 = more than 7 cells thick. Lung

interstitial spaces inflammation was graded as: 0 = no infiltration,

1 = inflammatory infiltration but no thickening, 2 = significant

inflammatory infiltration and mild thickening, and 3 = significant

inflammatory infiltration and significant thickening. The mean of

these three component scores was then summed up to calculate the

total inflammation score. The abundance of PAS-positive mucus-

containing cells in each airway was assessed numerically as: 0 as

<5% PAS-positive cells, 1 as 5-25%, 2 as 25-50%, 3 as 50-75%, and 4

as >75% (19, 20).
2.5 Quantitative real-time PCR

The RNeasy purification kit (Bioflux) was utilized to extract

total RNA from the right lung tissue. Subsequently, 1 µg of total

RNA was employed to generate cDNA using the QuantiTect

Reverse Transcription kit (Accurate Biology). A standard curve

was established with the DNA plasmid, and the copy numbers of
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the RSV-A N gene were determined using the Applied Biosystem

7900HT and subsequently calculated. DNA samples underwent

relative quantification, and the resulting relative expression units

were normalized to the level of b-actin mRNA. This normalization

process yielded a DCt value for each sample. Finally, the relative

2−DDCt values were graphically represented. The primers and probes

details are shown in Table 1.
2.6 Statistical analysis

The data were analyzed using GraphPad Prism 9 software, and

results were expressed as mean ± standard error of the mean (mean

± SEM). Statistical significance was determined through one-way

analysis of variance (ANOVA), with differences considered

significant at p < 0.05.
3 Results

3.1 Antibody decay and protection against
initial RSV infection in offspring born to
immunized dams

The number of studies assessing the effectiveness of maternal

RSV immunization is increasing (10, 12). However, the impact of

matAbs on lung inflammation following secondary RSV exposure

remains uncertain. Using a maternal immunity model (Figure 1A),

matAb titers in offspring were evaluated. The analysis of matAb

kinetics revealed significantly elevated RSV pre-F IgG levels in

offspring born to DS-Cav1-immunized mothers compared to PBS-

immunized mothers at all time points, despite a gradual decline

over time (Figure 1B). The 3 DS-Cav1 group showed higher RSV

pre-F IgG titers than the 2 DS-Cav1 and 1 DS-Cav1 groups. At

PND7, serum samples from the progeny of DS-Cav1-immunized

mothers exhibited a higher concentration of PreF-specific IgG1

compared to PreF-specific IgG2a (Figure 1C). These findings
TABLE 1 Design of nucleic acid reagents used for real-time reverse transcriptase PCR.

Target Function Sequence

RSV-A N gene Forward primer 5′-AGATCAACTTCTGTCATCCAGCAA-3′

Reverse primer 5′-TTCTGCACATCATAATTAGGAGTATCAAT-3′

Fluorogenic probe 5′-FAM-CACCATCCAACGGAGCACAGGAGAT-BHQ1-3′

MUC5AC Forward primer 5′-CAGGGCTGGTACACCTTGTC-3′

Reverse primer 5′-ACGACATCTGCATCGATTGGA-3′

IL-5 Forward primer 5′-AGAATCAAACTGTCCGTGGGG-3′

Reverse primer 5′-TCCTCGCCACACTTCTCTTTT-3′

IL-13 Forward primer 5′-AGCATGGTATGGAGTGTGGA-3′

Reverse primer 5′-TTGCAATTGGAGATGTTGGT-3′

IFN-g Forward primer 5′-GGTCAACAACCCACAGGTCC-3′

Reverse primer 5′-CGAATCAGCAGCGACTCCTT-3′
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indicated placental transmission of maternal RSV pre-F antibodies

to offspring, dependent on antibody concentration. Furthermore,

maternal antibody levels in offspring serum gradually decreased

over time post-birth.

To assess the protective effect conferred by matAb following the

initial RSV infection early in life, mice were infected with RSV at

PND21. Disease severity was measured by weight loss, with the 3

DS-Cav1 group exhibiting less weight loss compared to PBS

controls (Figure 2A). At 4dpi, the peak of RSV virus replication

in mice, the expression of RSV-A N gene in the lungs was assess

using qRT-PCR. Both the 2 DS-Cav1 and 3 DS-Cav1 groups

showed a significant reduction in the expression of the RSV-A N

gene compared to the PBS group (Figure 2B). These findings

indicate that elevated levels of matAbs effectively suppressed the

expression of the RSV-A N gene in the lungs following initial RSV

infection. The concentrations of IL-5, IL-13, and IFN-g in lung

homogenates were measured by ELISA. Protein levels of IL-5 and

IL-13 were lower, and IFN-g levels were higher in the 3 DS-Cav1

group compared to the PBS group. (Figures 2C–E). MBP is the

major basic protein of eosinophils, and many literatures have shown

that it reflects airway hyperresponsiveness and airflow limitation

(21–24). In order to indirectly validate airway hyperresponsiveness,

MBP protein levels in the lung were measured by ELISA. Following

the initial infection, MBP level was significantly lower in the lungs

of the 2 DS-Cav1 and 3 DS-Cav1 groups compared to the PBS

group (Figure 2F). Mice in the PBS group, after RSV challenge,

exhibited abundant inflammatory cell infiltration in the

peribronchial and perivascular spaces, as well as multifocal

alveolitis (Figure 2G). This pathology was similar to that observed

in mice from the 1 DS-Cav1 group. Notably, mice in the 2 DS-Cav1

and 3 DS-Cav1 groups showed minimal inflammatory pathology in
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the lungs (Figure 2G). The inflammation scores in the 2 DS-Cav1

and 3 DS-Cav1 groups were significantly lower compared to the

PBS group (Figures 2H–K). These findings suggest that the mice in

the 2 DS-Cav1 and 3 DS-Cav1 groups effectively suppressed

pneumonia pathology following primary RSV exposure. In

conclusion, the offspring in the 3 DS-Cav1 group exhibited

elevated matAb titers and superior protection against initial RSV

infection compared to the offspring in the PBS group.
3.2 Impact of high-titer matAbs on lung
pathology during RSV reinfection
in offspring

Given the common occurrence of recurrent RSV infections in

early childhood (6), it is crucial to evaluate the protective efficacy of

matAbs against secondary RSV infections in offspring. Pulmonary

lesions were assessed in mice reinfected with the same RSV subtype

four weeks post-primary infection. All groups experienced rapid

weight loss following secondary RSV infection (Figure 3A).

Notably, mice in the 3 DS-Cav1 group exhibited a more

pronounced degree of weight loss compared to the PBS control

group (Figure 3A). Furthermore, there was a significant increase in

the expression of the RSV-A N gene in the lungs of mice from the 3

DS-Cav1 group after secondary RSV challenge, compared to the

PBS group (Figure 3B). These findings suggest that mice born with

elevated matAb levels demonstrated an increased RSV burden in

the lungs upon secondary exposure. The relative mRNA expression

and protein levels of MUC5AC were significantly higher in the

lungs of the 3 DS-Cav1 group compared to the PBS group

(Figures 3C, D). Histological studies of lung samples were
A

B C

FIGURE 1

Antibody decay in offspring born to immunized dams. Female BALB/c mice (8 weeks of age) immunized with DS-Cav1 formulated with Alum and
PBS vehicle control, with booster immunizations at 3-week intervals. The 3 DS-Cav1 group received immunization at the indicated time (A). All
pregnant Balb/c mice groups received a final dose of PBS or preF/Alum vaccine two weeks prior to delivery. Resultant offspring were weaned at
PND21, and blood samples were collected at PND7, 21, and 49 to assay for RSV pre-F IgG antibodies (B). Serum collected at PND7 was tested for
PreF-specific IgG1 and PreF-specific IgG2a (C). n = 3-6 for each group at each PND age. ****p ≤ 0.0001. ns indicates no significance.
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performed to quantify inflammation scores using H&E staining and

to assess mucin hypersecretion using PAS staining (Figure 3E).

Compared to the PBS group, the 2DS-CAV1 and 3 DS-Cav1 groups

had significantly higher PAS scores following secondary infection

(Figure 3F). Additionally, enhanced lung inflammation was

observed in the 3 DS-Cav1 group compared to the PBS group.

Total inflammation scores were markedly higher in the 3 DS-Cav1

group than in the PBS group, while the scores for the 1 DS-Cav1

and 2 DS-Cav1 groups resembled those of the PBS group

(Figure 3G). Following secondary RSV challenge, inflammation

scores within the lung interstitial spaces were significantly

elevated in the 3 DS-Cav1 group compared to the PBS group

(Figure 3J), with no notable differences observed in scores related

to airways or blood vessels (Figures 3H, I). Overall, these results

suggest that the 3 DS-Cav1 mice exhibited exacerbated pneumonitis

pathology upon secondary RSV challenge.
Frontiers in Immunology 05
Numerous studies have shown that primary RSV exposure in

infancy leads to exaggerated Th2 responses upon RSV reinfection (13,

14, 25). To investigate whether the presence of matAbs during initial

infant RSV exposure affects subsequent Th2 bias upon RSV re-

exposure, the mRNA and protein levels of IL-5, IL-13 and IFN-g in
lung tissues were determined by ELISA and RT-PCR on day 4 after

secondary RSV infection. Notably, compared with the PBS offspring,

the 3 DS-Cav1 group lungs increased mRNA and protein

concentrations of Th2 cytokines, IL-13 and IL-5, and decreased

mRNA and protein concentrations of Th1 cytokines, IFN-g
(Figures 4A–C, E–G). The 2DS-CAV1 group also had significantly

reduced IFN-g at the protein level (Figure 4C). The number of

eosinophils in BALF was significantly increased in the 3 DS-Cav1

group compared to the PBS group (Figure 4D). Additionally,

following secondary infections, MBP levels were significantly

elevated in the lung tissue of the 3 DS-Cav1 group (Figure 4H).
A B D

E F G

IH J K

C

FIGURE 2

High maternal antibody level protect offspring from initial RSV challenge. At PND21, mice were exposed to 5x107 PFU/ml RSV A2 and weighed daily
post-infection (A). At 4 dpi, mice were euthanized, and the right lungs were harvested for the measurement of RSV-A N gene copy numbers using
qRT-PCR (B). IL-5 (C), IL-13 (D), IFN-g (E) and MBP (F) protein levels in lung homogenates were measured by ELISA. The left lungs were filled with
formalin, paraffin embedded, and sectioned for H&E staining. Each panel represents one mouse from the indicated group (scale bar 50 mm) (G).
A blinded independent pathologist performed inflammation scoring in all H&E-stained images. As described in Methods, scoring of peribronchial/
peribronchiolar inflammation, perivascular inflammation, and alveolar inflammation was broken down in more detail was broken down in more detail (H-K).
Data are represented as mean ± SEM (n=4-8 mice per group). *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, and ****p ≤ 0.0001. ns indicates no significance.
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Our findings indicate that the neutralizing matAbs during the initial

infant RSV exposure fails to mitigate the establishment of a Th2-

skewed response upon RSV rechallenge. In summary, these data

underscore the pronounced Th2-skewed response, pulmonary

eosinophilia, and increased MBP in offspring from the 3 DS-Cav1

group compared to the PBS group following secondary

RSV exposure.
3.3 Impact of maternal antibody decay on
lung pathology

While high levels of matAbs provided protection against primary

RSV infection at PND21, reinfection at PND49 resulted in heightened

lung inflammation compared to mice without matAbs. To investigate

whether this increased pathology is caused by the decay of highmatAb
Frontiers in Immunology 06
levels over time, mice received intranasal injections of PBS at PND21

and RSV at PND49. Blood samples were collected prior to PND49

infection and tested for attenuated maternal RSV pre-f IgG antibody

titers (Figure 5A), which had markedly attenuated to quite low levels

in the 3 DS-Cav1 group. The antibody titers in the 1 DS-Cav1 and 2

DS-Cav1 groups were significantly attenuated and close to those of the

PBS group. Weight loss was similar in all groups (Figure 5B). RSV-A

N gene expression in the lungs of mice from the 3 DS-Cav1 group was

not elevated compared to the PBS group (Figure 5C). There were no

significant differences in IL-5, IL-13 and IFN-g protein levels in all

groups. (Figures 5D–F). Lung pathology and inflammation scores in

the 3 DS-Cav1 group were not significantly different from those in the

PBS group (Figures 5G–K). Likewise, the 1 DS-Cav1 and 2 DS-Cav1

groups did not exhibit enhanced lung pathology. These results suggest

that matAbs, which weaken over time, do not exacerbate

lung pathology.
A B D

E F

G IH J

C

FIGURE 3

Impact of maternal antibodies on pulmonary pathological damage after RSV reinfection. Mice were exposed to RSV A2 at PND21 and again at
PND49. Daily weights were recorded post-infection (A), and samples were collected at 4dpi. RT-PCR was performed to determine RSV N gene copy
numbers (B) and the relative expression of MUC5AC mRNA (C) in the right lung. MUC5AC protein in lung homogenates was measured by ELISA (D).
Left lungs were filled with formalin, paraffin-embedded, and sectioned for H&E and PAS staining. Each panel represents one mouse from the
indicated group (scale bar 50 mm) (E). All slides were scored by a blinded independent pathologist according to the methods outlined in the study,
PAS scores (F) and total inflammation scores (G) were provided. Inflammation scores around the airways, blood vessels, and interstitial spaces, respectively
are shown (H–J). Data are represented as mean ± SEM (n=5-8 mice per group). *p ≤ 0.05, ***p ≤ 0.001, and ****p ≤ 0.0001. ns indicates no significance.
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3.4 Reduced secretion of sIgA, mucosal IgA
and mucosal IgG after primary RSV
infection in offspring with high
titer antibodies

Previous studies have highlighted the superior protective role of

mucosal IgA in RSV infection compared to serum antibodies (26,

27). Additionally, mucosal IgG levels exhibit a stronger correlation

with RSV load and inflammation than plasma IgG levels (28).

Therefore, we hypothesized that exacerbated lung inflammation

upon reinfection in the 3 DS-Cav1 group might be linked to

respiratory mucosal antibody responses. To explore how matAbs

alter the respiratory mucosal immune response following initial

RSV infection in offspring, mice were infected at PND21, and

antibodies in BAL were assessed.

In mice with initial RSV exposure at PND21, levels of sIgA,

IgA, and IgG were significantly lower in BAL of the 3 DS-Cav1

group compared to the PBS group (Figures 6A–C), with no

significant difference observed between mice infected at the 1

DS-Cav1 and the PBS group. The proportion of IgA-expressing B

cells at 21dpi was significantly lower in the 3 DS-Cav1 group mice

compared to the PBS group (Figure 6D). The findings indicate that

high titer matAbs inhibit the secretion of sIgA, mucosal IgA, and

mucosal IgG in the offspring subsequent to the initial

RSV infection.
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3.5 Inhibition of mucosal antibody
secretion by pre-existing high levels of
pre-F antibody

To assess the impact of pre-existing pre-F antibodies on

respiratory mucosal immunity following RSV infection, 3-week-

old mice received varying doses of MEDI8897. Evaluation of lung

pathology and inflammation scores (Figures 7A, B) indicated that

the 1 mg/kg and 10 mg/kg groups effectively reduced RSV infection.

As anticipated, mice with high levels of MEDI8897 (10 mg/kg)

exhibited significantly lower levels of sIgA, IgA, and IgG in

BAL after initial RSV exposure compared to the PBS group

(Figures 7C–E). These findings suggest that pre-existing high

levels of pre-F antibodies inhibit the secretion of sIgA, mucosal

IgA, and mucosal IgG following RSV infection.
4 Discussion

Maternal immunization not only avoids the risk of exacerbating

the condition of young infants with early-life RSV vaccination but

also protects them from severe RSV infection in the months

following birth (29). Studies on human serum post-natural

infection have revealed that the most potent neutralizing

antibodies target RSV PreF protein (30, 31), suggesting that
A B D

E F G H

C

FIGURE 4

Impact of maternal antibodies on inflammatory factors and eosinophils in lungs after RSV reinfection. Samples were collected at 4dpi after
reinfection in mice. IL-5 (A, E), IL-13 (B, F), and IFN-g (C, G) mRNA and protein levels in the lungs were detected by RT-PCR and ELISA. Eosinophils
in BALF were counted. (D). Protein levels of MBP was detected in lung homogenates by ELISA (H). Data are represented as mean ± SEM (n=4-8 mice
per group). **p ≤ 0.01, and ***p ≤ 0.001. ns indicates no significance.
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E F G

IH J K

C

FIGURE 5

MatAbs that weakened over time no longer provided significant protection and did not lead to increased pathology. Mice were initially exposed to
PBS at PND21 and subsequently to RSV A2 at PND49. At PND49, blood samples were collected before infection and tested for RSV pre-f IgG
antibody (A). Daily weights were recorded following RSV infection (B), and samples were collected at 4dpi. RT-PCR was performed to determine RSV
N gene copy numbers (C) in the right lung. IL-5 (D), IL-13 (E), and IFN-g (F) protein levels in lung homogenates were detected by ELISA. At 4dpi, the
lung tissues were collected and stained with H&E. Representative photographic images of lung histopathology (E) were captured. Scale bars
represent 50 mm. Inflammation scores were separately assessed at the peribronchial/peribronchiolar, perivascular, and interstitial sites and
summarized (G–K). Data are expressed as mean ± SEM (n=3-7). ns indicates no significance.
A B DC

FIGURE 6

High titer matAbs suppressed the mucosal antibody responses in the offspring. The offspring were exposed to RSV at PND21. BAL was collected at
21dpi and detected by ELISA for sIgA, IgA, and IgG (A–C). Paratracheal lymph nodes were collected, and B cells expressing surface IgA were
measured by flow cytometry (D). Data are expressed as mean ± SEM (n=3-4). *p ≤ 0.05, **p ≤ 0.01, and ****p ≤ 0.0001.
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endowing infants with high levels of anti-RSV PreF antibodies

through maternal immunization could effectively prevent severe

RSV infection in this vulnerable population. While maternal RSV

vaccination has demonstrated efficacy in reducing medically

significant RSV lower respiratory tract infections in infancy (10),

the emphasis has primarily been on the initial RSV infection in

offspring. However, reinfection in infants and young children,

particularly in those with chronic lung or heart conditions, is

common. Few studies have explored the impact of matAbs on

offspring immunity and lung histology during secondary RSV

infection or on mucosal immunity during primary RSV infection.

Our findings indicate that elevated levels of maternal preF IgG

antibodies provide protection to offspring against primary RSV

challenge. However, these antibodies also lead to increased lung

inflammation and a skewed Th2 immune response following RSV

reinfection. Crucially, the decline in matAbs over time did not

correlate with heightened pathology. These findings indicate that

high levels of matAbs might alter the respiratory mucosal immune

response in offspring, potentially exacerbating lung inflammation

during secondary RSV infections. This underscores the importance

of establishing robust mucosal immunity against subsequent

RSV reinfection.

Elevated levels of matAbs confer a protective immunity against

primary RSV infection early in life. However, lung inflammation

during reinfection is more severe compared to mice lacking

matAbs. We hypothesize two possible explanations for this

unexpected finding.

Firstly, known risk factors for ADE include low antibody

affinity, limited neutralizing ability, and low antibody quantity

(concentration). During RSV reinfection, matAbs gradually

decrease from high to low titers over time. Immunization against

the DS-Cav1 protein elicits antibodies targeting six epitopes, with
Frontiers in Immunology 09
those directed against antigenic site ø exhibiting higher affinity and

neutralizing ability than those directed against other epitopes (32).

The presence of those lower-affinity, lower-neutralizing antibodies

may increase the risk for ADE. To assess whether the decline in

maternal RSV pre-F specific IgG levels triggers ADE, leading to

excessive Th2 inflammatory responses and exacerbated lung

damage in mice, offspring received PBS at 3 weeks of age and

intranasal RSV at 7 weeks of age. Our findings indicate that the

diminishing matAbs no longer confer protection and do not

exacerbate lung lesions. This suggests that matAb attenuation in

offspring does not induce ADE in our model, underscoring the

significant impact of the immune response to primary RSV

infection on reinfection.

Secondly, prior researches have demonstrated that viral

infections may trigger persistent germinal center responses and

antibody production within the lungs (33, 34). RSV primarily

infects the body by infiltrating the epithelial cells of the

respiratory mucosa, making the respiratory mucosa the primary

defense against RSV infection. Respiratory mucosal immunity is

primarily mediated by IgA, particularly sIgA, which plays a major

role in fighting against viral invasion (35). Despite their lower

abundance compared to serum antibodies, mucosal IgA exhibits

superior protective efficacy as they directly neutralize the virus

without eliciting complement activation-induced inflammatory

responses (27). In infants infected with RSV, elevated levels of

mucosal IgG were more closely correlated with reduced RSV viral

load compared to plasma IgG levels (28). Our research revealed that

heightened maternal antibody levels hindered the production of

sIgA, mucosal IgA, and mucosal IgG following the initial RSV

infection in offspring. Therefore, the diminished levels of sIgA,

mucosal IgA, and mucosal IgG may partially account for the

heightened lung inflammation observed during reinfection.
A

B D EC

FIGURE 7

High levels of pre-existing MEDI8897 inhibit mucosal antibody responses. Lung tissues were collected from mice on day 4 post-RSV infection for
H&E staining, and representative photographic images illustrating histopathology in the lung are presented (A). Scale bars represent 50 mm.
Inflammation scores of the left lung on day 4 post-infection are depicted (B). BAL was collected at 21dpi and analyzed using ELISA for sIgA, IgA, and
IgG (C-E). Data are expressed as mean ± SEM (n=3-5). *p ≤ 0.05 and ****p ≤ 0.0001.
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Our findings indicate that only elevated levels of matAbs

contribute to heightened lung inflammation following secondary

RSV infection. A study conducted within the Danish National Birth

Cohort concluded that while maternally transmitted RSV

neutralizing antibodies assist in safeguarding infants from RSV-

related hospitalization, high levels of these antibodies may increase

the risk of recurrent wheezing (36). This observation aligns with our

results, suggesting that high levels of RSV matAb may potentially

pose a risk. Therefore, careful consideration is warranted regarding

the quantity of RSV-specific IgG matAb transferred to offspring.

Additionally, our results reveal that offspring from mothers

immunized with the preF/Alum vaccine exhibit higher levels of

IgG1 compared to IgG2a. Future investigations could explore

different vaccine adjuvants to modulate the IgG subclasses

produced, thereby elucidating whether enhancing IgG2a transfer

improves the outcome of RSV reinfection. In addition, the stability

of DS-Cav1 did not meet expectations during the stability

evaluation of recombinant proteins. Subsequent studies should

investigate whether the outcome of secondary RSV infection in

offspring can be improved when the mother is vaccinated with other

more stable pre-F antigen vaccines.

Our data do not contradict the prevailing understanding that

matAbs offer immediate protection against RSV infection.

However, our study underscores the significant impact of matAbs

on mucosal immunity and secondary RSV infection in offspring.

We suggest that, in addition to current maternal vaccine strategies,

infants, especially those prone to recurrent infection following

initial exposure, may benefit from strategies aimed at enhancing

mucosal antibodies to strengthen immunity and prevent severe

disease in subsequent reinfections. MatAb titers alone are

inadequate for predicting the protective and pathological

outcomes of recurrent RSV infections in offspring. Therefore,

determining the optimal quantity and quality of matAbs

transferred to offspring is essential for understanding and

mitigating potential risks associated with maternal RSV vaccines.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The animal study was approved by The Ethics Committee of the

Children’s Hospital affiliated with Chongqing Medical University.

The study was conducted in accordance with the local legislation

and institutional requirements.
Author contributions

JM: Writing – original draft, Writing – review & editing,

Conceptualization, Data curation, Formal analysis, Investigation,
Frontiers in Immunology 10
Methodology, Project administration, Resources, Software,

Supervision, Validation, Visualization. TG: Writing – review &

editing. TL: Formal analysis, Investigation, Methodology, Writing –

review & editing. SL: Formal analysis, Methodology, Writing –

review & editing. LZ: Formal analysis, Writing – review & editing.

XZ: Formal analysis, Writing – review & editing. CM: Formal

analysis, Writing – review & editing. HB: Formal analysis,

Writing – review & editing. ZJ: Methodology, Resources, Writing

– review & editing. XK: Methodology, Resources, Writing – review

& editing. XW: Methodology, Resources, Writing – review &

editing. ZF: Formal analysis, Project administration, Supervision,

Writing – review & editing. DT: Conceptualization, Formal

analysis, Funding acquisition, Project administration, Resources,

Supervision, Validation, Visualization, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This work

was supported by the National Natural Science Foundation of

China (Grant: 8187011078, 8217060624), Program for Youth

Innovation in Future Medicine, Chongqing Medical University

(Number: W0063), General Program of Natural Science

Foundation of Chongqing (Number: CSTB2022NSCQ-MSX0822),

and Zhuhai Innovative and Entrepreneurial Research Team

Program (Number: 2120004000202).
Acknowledgments

We express our gratitude to Zhuhai Trinomab Pharmaceutical

Co., Ltd for their generous donations of vaccine antigens.
Conflict of interest

Authors ZJ, XK, and XW were employed by the company

Zhuhai Trinomab Pharmaceutical Co., Ltd.

The remaining authors declare that the research was conducted

in the absence of any commercial or financial relationships that

could be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1377374
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Ma et al. 10.3389/fimmu.2024.1377374
References
1. Shi T, McAllister DA, O’Brien KL, Simoes EAF, Madhi SA, Gessner BD, et al.
Global, regional, and national disease burden estimates of acute lower respiratory
infections due to respiratory syncytial virus in young children in 2015: A systematic
review and modelling study. Lancet. (2017) 390:946–58. doi: 10.1016/S0140-6736(17)
30938-8

2. Li N, Zhang L, Zheng B, Li W, Liu J, Zhang H, et al. Rsv recombinant candidate
vaccine G1f/M2 with cpg as an adjuvant prevents vaccine-associated lung
inflammation, which may be associated with the appropriate types of immune
memory in spleens and lungs. Hum Vaccin Immunother. (2019) 15:2684–94.
doi: 10.1080/21645515.2019.1596710

3. Varga SM, Braciale TJ. The adaptive immune response to respiratory syncytial
virus. Curr Top Microbiol Immunol. (2013) 372:155–71. doi: 10.1007/978-3-642-38919-
1_8

4. Ohuma EO, Okiro EA, Ochola R, Sande CJ, Cane PA, Medley GF, et al. The
natural history of respiratory syncytial virus in a birth cohort: the influence of age and
previous infection on reinfection and disease. Am J Epidemiol. (2012) 176:794–802.
doi: 10.1093/aje/kws257

5. Nokes DJ, Okiro EA, Ngama M, Ochola R, White LJ, Scott PD, et al. Respiratory
syncytial virus infection and disease in infants and young children observed from birth
in Kilifi district, Kenya. Clin Infect Dis. (2008) 46:50–7. doi: 10.1086/524019

6. Kutsaya A, Teros-Jaakkola T, Kakkola L, Toivonen L, Peltola V, Waris M, et al.
Prospective clinical and serological follow-up in early childhood reveals a high rate of
subclinical rsv infection and a relatively high reinfection rate within the first 3 years of
life. Epidemiol Infect. (2016) 144:1622–33. doi: 10.1017/S0950268815003143

7. Shaw CA, Ciarlet M, Cooper BW, Dionigi L, Keith P, O’Brien KB, et al. The path
to an rsv vaccine. Curr Opin Virol. (2013) 3:332–42. doi: 10.1016/j.coviro.2013.05.003

8. Mazur NI, Horsley NM, Englund JA, Nederend M, Magaret A, Kumar A, et al.
Breast milk prefusion F immunoglobulin G as a correlate of protection against
respiratory syncytial virus acute respiratory illness. J Infect Dis. (2019) 219:59–67.
doi: 10.1093/infdis/jiy477

9. Munoz FM, Swamy GK, Hickman SP, Agrawal S, Piedra PA, Glenn GM, et al.
Safety and immunogenicity of a respiratory syncytial virus fusion (F) protein
nanoparticle vaccine in healthy third-trimester pregnant women and their infants.
J Infect Dis. (2019) 220:1802–15. doi: 10.1093/infdis/jiz390

10. Madhi SA, Polack FP, Piedra PA, Munoz FM, Trenholme AA, Simoes EAF, et al.
Respiratory syncytial virus vaccination during pregnancy and effects in infants. N Engl J
Med. (2020) 383:426–39. doi: 10.1056/NEJMoa1908380

11. Eichinger KM, Kosanovich JL, Lipp M, Empey KM, Petrovsky N. Strategies for
active and passive pediatric rsv immunization. Ther Adv Vaccines Immunother. (2021)
9:2515135520981516. doi: 10.1177/2515135520981516

12. Welliver RC, Papin JF, Preno A, Ivanov V, Tian JH, Lu H, et al. Maternal
immunization with rsv fusion glycoprotein vaccine and substantial protection of
neonatal baboons against respiratory syncytial virus pulmonary challenge. Vaccine.
(2020) 38:1258–70. doi: 10.1016/j.vaccine.2019.11.003

13. Culley FJ, Pollott J, Openshaw PJ. Age at first viral infection determines the
pattern of T cell-mediated disease during reinfection in adulthood. J Exp Med. (2002)
196:1381–6. doi: 10.1084/jem.20020943

14. You D, Becnel D, Wang K, Ripple M, Daly M, Cormier SA. Exposure of neonates
to respiratory syncytial virus is critical in determining subsequent airway response in
adults. Respir Res. (2006) 7:107. doi: 10.1186/1465-9921-7-107

15. Graham BS, Perkins MD, Wright PF, Karzon DT. Primary respiratory syncytial
virus infection in mice. J Med Virol. (1988) 26:153–62. doi: 10.1002/jmv.1890260207

16. Pyle CJ, Uwadiae FI, Swieboda DP, Harker JA. Early il-6 signalling promotes il-
27 dependent maturation of regulatory T cells in the lungs and resolution of viral
immunopathology . PloS Pathog . (2017) 13 :e1006640. doi : 10 .1371/
journal.ppat.1006640

17. Deng Y, Chen W, Zang N, Li S, Luo Y, Ni K, et al. The antiasthma effect of
neonatal bcg vaccination does not depend on the th17/th1 but il-17/ifn-G Balance in a
balb/C mouse asthma model. J Clin Immunol. (2011) 31:419–29. doi: 10.1007/s10875-
010-9503-5
Frontiers in Immunology 11
18. Long X, Li S, Xie J, Li W, Zang N, Ren L, et al. Mmp-12-mediated by sarm-trif
signaling pathway contributes to ifn-G-independent airway inflammation and ahr post
rsv infection in nude mice. Respir Res. (2015) 16:11. doi: 10.1186/s12931-015-0176-8

19. Ford JG, Rennick D, Donaldson DD, Venkayya R, McArthur C, Hansell E, et al.
Il-13 and ifn-gamma: interactions in lung inflammation. J Immunol. (2001) 167:1769–
77. doi: 10.4049/jimmunol.167.3.1769

20. Inoue H, Kato R, Fukuyama S, Nonami A, Taniguchi K, Matsumoto K, et al.
Spred-1 negatively regulates allergen-induced airway eosinophilia and
hyperresponsiveness. J Exp Med. (2005) 201:73–82. doi: 10.1084/jem.20040616

21. Gleich GJ. Mechanisms of eosinophil-associated inflammation. J Allergy Clin
Immunol. (2000) 105:651–63. doi: 10.1067/mai.2000.105712

22. Xue A, Wang J, Sieck GC, Wylam ME. Distribution of major basic protein on
human airway following in vitro eosinophil incubation. Mediators Inflammation.
(2010) 2010:824362. doi: 10.1155/2010/824362

23. Kim CK, Callaway Z, Kim DW, Kita H. Eosinophil degranulation is more
important than eosinophilia in identifying asthma in chronic cough. J Asthma. (2011)
48:994–1000. doi: 10.3109/02770903.2011.623335

24. Jung JW, Kang HR, Lee HS, Park HW, Cho SH, Min KU, et al. Expression levels
of eosinophil granule protein mrnas in induced sputum reflect airway
hyperresponsiveness and airflow limitation. Tohoku J Exp Med. (2014) 233:49–56.
doi: 10.1620/tjem.233.49

25. Dakhama A, Park JW, Taube C, Joetham A, Balhorn A, Miyahara N, et al. The
enhancement or prevention of airway hyperresponsiveness during reinfection with
respiratory syncytial virus is critically dependent on the age at first infection and il-13
production. J Immunol. (2005) 175:1876–83. doi: 10.4049/jimmunol.175.3.1876

26. Habibi MS, Jozwik A, Makris S, Dunning J, Paras A, DeVincenzo JP, et al.
Impaired antibody-mediated protection and defective iga B-cell memory in
experimental infection of adults with respiratory syncytial virus. Am J Respir Crit
Care Med. (2015) 191:1040–9. doi: 10.1164/rccm.201412-2256OC

27. Shehata L, Wieland-Alter WF, Maurer DP, Chen E, Connor RI, Wright PF, et al.
Systematic comparison of respiratory syncytial virus-induced memory B cell responses
in two anatomical compartments. Nat Commun. (2019) 10:1126. doi: 10.1038/s41467-
019-09085-1

28. Vissers M, Ahout IM, de Jonge MI, Ferwerda G. Mucosal igg levels correlate
better with respiratory syncytial virus load and inflammation than plasma igg levels.
Clin Vaccine Immunol. (2015) 23:243–5. doi: 10.1128/CVI.00590-15

29. Giles ML, Krishnaswamy S, Wallace EM. Maternal immunisation: what have
been the gains? Where are the gaps? What does the future hold? F1000Res. (2018) 7.
doi: 10.12688/f1000research.15475.1

30. Ngwuta JO, Chen M, Modjarrad K, Joyce MG, Kanekiyo M, Kumar A, et al.
Prefusion F-specific antibodies determine the magnitude of rsv neutralizing activity in
human sera. Sci Transl Med. (2015) 7:309ra162. doi: 10.1126/scitranslmed.aac4241

31. Capella C, Chaiwatpongsakorn S, Gorrell E, Risch ZA, Ye F, Mertz SE, et al. and
disease severity in infants and young children with acute respiratory syncytial virus
infection. J Infect Dis. (2017) 216:1398–406. doi: 10.1093/infdis/jix489

32. Graham BS. Vaccine development for respiratory syncytial virus. Curr Opin
Virol. (2017) 23:107–12. doi: 10.1016/j.coviro.2017.03.012

33. Adachi Y, Onodera T, Yamada Y, Daio R, Tsuiji M, Inoue T, et al. Distinct
germinal center selection at local sites shapes memory B cell response to viral escape.
J Exp Med. (2015) 212:1709–23. doi: 10.1084/jem.20142284

34. Swarnalekha N, Schreiner D, Litzler LC, Iftikhar S, Kirchmeier D, Kunzli M, et al.
T resident helper cells promote humoral responses in the lung. Sci Immunol. (2021) 6.
doi: 10.1126/sciimmunol.abb6808

35. Woof JM, Russell MW. Structure and function relationships in iga. Mucosal
Immunol. (2011) 4:590–7. doi: 10.1038/mi.2011.39

36. Stensballe LG, Ravn H, Kristensen K, Agerskov K, Meakins T, Aaby P, et al.
Respiratory syncytial virus neutralizing antibodies in cord blood, respiratory syncytial
virus hospitalization, and recurrent wheeze. J Allergy Clin Immunol. (2009) 123:398–
403. doi: 10.1016/j.jaci.2008.10.043
frontiersin.org

https://doi.org/10.1016/S0140-6736(17)30938-8
https://doi.org/10.1016/S0140-6736(17)30938-8
https://doi.org/10.1080/21645515.2019.1596710
https://doi.org/10.1007/978-3-642-38919-1_8
https://doi.org/10.1007/978-3-642-38919-1_8
https://doi.org/10.1093/aje/kws257
https://doi.org/10.1086/524019
https://doi.org/10.1017/S0950268815003143
https://doi.org/10.1016/j.coviro.2013.05.003
https://doi.org/10.1093/infdis/jiy477
https://doi.org/10.1093/infdis/jiz390
https://doi.org/10.1056/NEJMoa1908380
https://doi.org/10.1177/2515135520981516
https://doi.org/10.1016/j.vaccine.2019.11.003
https://doi.org/10.1084/jem.20020943
https://doi.org/10.1186/1465-9921-7-107
https://doi.org/10.1002/jmv.1890260207
https://doi.org/10.1371/journal.ppat.1006640
https://doi.org/10.1371/journal.ppat.1006640
https://doi.org/10.1007/s10875-010-9503-5
https://doi.org/10.1007/s10875-010-9503-5
https://doi.org/10.1186/s12931-015-0176-8
https://doi.org/10.4049/jimmunol.167.3.1769
https://doi.org/10.1084/jem.20040616
https://doi.org/10.1067/mai.2000.105712
https://doi.org/10.1155/2010/824362
https://doi.org/10.3109/02770903.2011.623335
https://doi.org/10.1620/tjem.233.49
https://doi.org/10.4049/jimmunol.175.3.1876
https://doi.org/10.1164/rccm.201412-2256OC
https://doi.org/10.1038/s41467-019-09085-1
https://doi.org/10.1038/s41467-019-09085-1
https://doi.org/10.1128/CVI.00590-15
https://doi.org/10.12688/f1000research.15475.1
https://doi.org/10.1126/scitranslmed.aac4241
https://doi.org/10.1093/infdis/jix489
https://doi.org/10.1016/j.coviro.2017.03.012
https://doi.org/10.1084/jem.20142284
https://doi.org/10.1126/sciimmunol.abb6808
https://doi.org/10.1038/mi.2011.39
https://doi.org/10.1016/j.jaci.2008.10.043
https://doi.org/10.3389/fimmu.2024.1377374
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Exacerbated lung inflammation in offspring with high maternal antibody levels following secondary RSV exposure
	1 Introduction
	2 Materials and methods
	2.1 Mice, immunization, and RSV challenge
	2.2 Antibody analyses, cell counting and cytokine
	2.3 Flow cytometry
	2.4 Histology
	2.5 Quantitative real-time PCR
	2.6 Statistical analysis

	3 Results
	3.1 Antibody decay and protection against initial RSV infection in offspring born to immunized dams
	3.2 Impact of high-titer matAbs on lung pathology during RSV reinfection in offspring
	3.3 Impact of maternal antibody decay on lung pathology
	3.4 Reduced secretion of sIgA, mucosal IgA and mucosal IgG after primary RSV infection in offspring with high titer antibodies
	3.5 Inhibition of mucosal antibody secretion by pre-existing high levels of pre-F antibody

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


