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Using serum and bronchoalveolar lavage (BAL) fluid collected from 20 healthy adults (23-37 years, 55 % female)
in the United States, we measured immunoglobulin (Ig) A, IgG, and neutralising activity against respiratory
syncytial virus (RSV) and influenza A (HIN1) virus. RSV-binding IgA and IgG measurements in serum were
positively correlated with those in BAL. For influenza A (HIN1) virus, serum and BAL IgA antibodies were

positively correlated, whereas IgG antibodies did not show a significant correlation. RSV-specific and influenza A
(H1IN1)-specific neutralising activity did not correlate between serum and BAL samples. These results demon-
strate virus-specific correlations between antibodies in the serum and BAL that may not necessarily reflect
correlations in functional activity. Further work is needed to confirm our preliminary observations, and define
the immune correlates of neutralising activity to these and other respiratory viruses in the lower respiratory tract.

1. Background

Respiratory viruses, including respiratory syncytial virus (RSV) and
influenza, remain a major cause of morbidity and mortality worldwide
[11, with vulnerable populations including younger children and older
adults who are disproportionately impacted by lower respiratory tract
(LRT) complications, such as bronchitis, bronchiolitis and pneumonia
[reviewed in [2]]. Although the lungs are an early site of immune
interaction with respiratory viruses and the primary setting for pathol-
ogy in severe viral respiratory disease [reviewed in [3,4]], measuring
immunity in the human LRT is challenging due to the need for speci-
alised sampling methods, notably bronchoalveolar lavage (BAL) [5].
Despite these limitations, measurement of immunity against respiratory
viruses in the LRT is important for understanding differences between
mucosal and systemic immune responses to natural infection and
vaccination. Using the unique availability of paired serum and BAL

samples from 20 healthy adults in the United States, we measured virus-
specific immunoglobulin (Ig) A, IgG, and neutralising activity against
RSV and influenza A (H1N1) virus.

2. Methods

As part of a parent research study on primary lung macrophages in
cystic fibrosis [6], serum and BAL fluid were obtained from 20 healthy
adults (i.e., from the control arm) who were enrolled between 20
January 2015 and 20 January 2016 at Dartmouth-Hitchcock Medical
Center (Lebanon, New Hampshire, USA). This study was approved by
the Dartmouth Hitchcock Institutional Review Board (protocol
#22781). All participants provided written informed consent allowing
for future use of samples in ancillary studies, such as the one described in
this manuscript. As previously described [6], following local anaesthesia
and systemic sedation, BAL fluid was obtained by five lavages, each with
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instillation of 20 mL 0.9 % saline and 10 cc air, into three subsegmental
bronchi of the right lung via bronchoscopy, and 100 mL of blood was
obtained by peripheral intravenous (IV) catheter. Serum and BAL sam-
ples were aliquoted and stored frozen at —80 °C until use. Participants
were eligible for inclusion if they: (i) were non-smokers and (ii) had no
underlying cardiopulmonary or immunological medical conditions.
Participants were excluded if they: (i) were on any immunosuppressive
medication, (ii) had received oral or IV antibiotics over the past 28 days,
or (iii) had an active upper respiratory tract infection.

Concentrations of total IgA and total IgG, as well as virus-specific IgA
and IgG and neutralising activity against RSV and influenza A (HIN1)
were evaluated in paired serum and BAL samples.

Samples were tested for antibody binding to recombinant RSV post-
fusion F-protein, and influenza A/California/09 (H1N1) using a multi-
plex assay developed by coupling viral antigens to fluorescently coded
magnetic microspheres as reported previously [7]. Data were acquired
using a Luminex (Austin, TX, USA) analyser for all but the total BAL IgG,
which utilised a Meso Scale Diagnostics (Rockville, MD, USA) reader.
Anti-isotype primary antibodies were used to quantify the total amount
of each immunoglobulin isotype per sample relative to a purified isotype
control (presented in pg/mL) using a sigmoidal curve fit (GraphPad
Prism, San Diego, CA, USA). Virus-specific IgA and IgG levels were re-
ported as median fluorescence intensities (MFIs) after subtracting the
mean background signal (i.e., the measurement for the assay wash
buffer [phosphate buffered saline (PBS, 1x) + 0.1 % bovine serum al-
bumin (BSA) + 0.05 % Tween 20)]). Of note, IgA was measured with
goat anti-human IgA (2050-01, Southern Biotech, Birmingham, AL,
USA), which detects both monomeric and dimeric IgA.

Virus-specific neutralising activities were determined using micro-
neutralisation assays and recombinant reporter viruses, as previously
described [8,9]. Neutralising activity was quantified for RSV using a
recombinant RSV-Renilla luciferase virus (rA2-Rluc) [10] in HEp-2
target cells; and for influenza using a luciferase-expressing A/Califor-
nia/04/2009H1N1 virus (CA/09) [11] in Madin-Darby Canine Kidney
cells. Samples were diluted 2-fold (1:4 to 1:128,000) and incubated with
a standardised amount of reporter virus prior to adding to the target
cells. The titre of neutralising activity was calculated as the reciprocal of
the highest sample dilution needed to achieve 60 % neutralisation of a
luciferase-expressing virus when compared to virus-only positive con-
trols with no added sample, as described in [8]. Negative controls
included wells with no added virus or sample. Undetectable neutrali-
sation titres (i.e., <4) were recorded as 2.

Correlations between immune markers were estimated using
Spearman’s rank correlation coefficients and visualised as scatter plots
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on logarithmic scales. Statistical analyses were conducted in Stata
(version 18.0, College Station, TX, USA). All P values are from two-sided
statistical tests, and P values <0.05 were considered to be statistically
significant.

3. Results

Twenty healthy adults (age range: 23-37 years; 55 % female)
participated in this study. In serum samples, the median total IgA was
380 pg/mL (IQR = 228, 470), and the median total IgG was 12,450 pg/
mL (IQR = 11,400, 16,475; Table S1). In the BAL, the median total IgA
was 2.85 pg/mL (IQR = 2.22, 3.90), and the median total IgG was 12.08
pg/mL (IQR = 8.48, 13.59), although it is important to note that there is
substantial dilution by the buffer in the lavage process (Table S1). For
both serum and BAL samples, IgG was measured at higher concentra-
tions than IgA, with a median ratio for total IgG to total IgA of 37.1 (IQR
= 27.7, 59.6) in serum and 4.16 (IQR = 1.51, 6.03) in BAL fluid
(Table S1).

Serum and BAL RSV-specific IgA levels were positively correlated
with each other (tho = 0.46, p = 0.041; Fig. 1A, and summarised in
Table S2), as were serum and BAL RSV-specific IgG (tho = 0.56, p =
0.011; Fig. 1B). In contrast, RSV-specific neutralisation titres were not
correlated between individuals’ serum and BAL samples (rho = 0.10, p
= 0.68; Fig. 1C). Notably, RSV-specific neutralising activity in BAL
samples was undetectable in 30 % (n = 6/20) of participants. In serum,
RSV-specific neutralising activity was strongly correlated with IgG (rho
= 0.60, p = 0.006) but not IgA (rho = 0.24, p = 0.30; Fig. 2). The
opposite pattern was observed in BAL samples, where RSV-specific
neutralising activity was strongly correlated with IgA (tho = 0.70, p
= 0.0009) but not IgG (tho = 0.29, p = 0.22; Fig. 2).

Serum and BAL influenza-specific IgA levels were positively corre-
lated with each other (rho = 0.60, p = 0.0065; Fig. 3A, and summarised
in Table S3), whereas serum and BAL influenza-specific IgG were not
(rho = 0.38, p = 0.095; Fig. 3B). Influenza-specific neutralising activity
was not correlated between serum and BAL samples (rho = 0.44, p =
0.055; Fig. 3C). In serum samples, influenza-specific neutralising ac-
tivity was strongly correlated with IgG (rho = 0.68, p = 0.0013) but not
IgA (rho = 0.43, p = 0.056; Fig. 4). In BAL samples, influenza-specific
neutralising activity was also strongly correlated with IgG (rho =
0.61, p = 0.0052), but not IgA (rho = 0.09, p = 0.70; Fig. 4).

4. Discussion

The findings from this study contribute to the scarce evidence base
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Fig. 1. Correlations between serum and BAL immunoglobulins and neutralising activity against RSV in healthy adults - United States. Correlations between
serum and BAL (A) IgA MFI, (B) IgG MFI and (C) neutralising titres against RSV. Correlations estimated using Spearman’s rank correlation coefficients. Abbrevi-
ations: Bronchoalveolar lavage (BAL), immunoglobulin (Ig), respiratory syncytial virus (RSV), median fluorescence intensity (MFI).
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Fig. 2. Correlations between immunoglobulins and neutralising activity against RSV in the serum and BAL of healthy adults - United States. Correlations
between (A) IgA MFI and (B) IgG MFI and neutralising titres against RSV in the serum and BAL. Correlations estimated using Spearman’s rank correlation co-
efficients. Abbreviations: Immunoglobulin (Ig), bronchoalveolar lavage (BAL), respiratory syncytial virus (RSV), median fluorescence intensity (MFI).
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Fig. 3. Correlations between serum and BAL immunoglobulins and neutralising activity against influenza virus A (HIN1) in healthy adults - United
States. Correlations between serum and BAL (A) IgA MFI, (B) IgG MFI and (C) neutralising titres against influenza virus A (H1N1). Correlations estimated using
Spearman’s rank correlation coefficients. Abbreviations: Bronchoalveolar lavage (BAL), immunoglobulin (Ig), median fluorescence intensity (MFI).

that has directly investigated binding and neutralising antibodies in the
LRT secretions of humans. Leveraging paired serum and BAL samples,
we measured total and virus-specific binding antibodies as well as
functional neutralising activity against RSV and influenza A (HIN1),
both of which may replicate in epithelial cells of the lower respiratory
tract [reviewed in [3,4]]. Although the sample size and statistical power
of the current study are limited due to the methodological challenges of
sampling the LRT in humans, our findings identify both similarities and
differences in the serum and BAL antibody patterns between RSV and
influenza A (HIN1) and provide evidence that the functional anti-viral
antibody responses in the LRT may not necessarily reflect those associ-
ated with systemic immunity.

Our results demonstrate detectable levels of both IgA and IgG in
mucosal secretions from the LRT of healthy adults. Given the dilution
that inevitably occurs during the BAL procedure, we were unable to
determine immunoglobulin levels representing those in situ, which will
be considerably higher than the measured concentrations, and were
limited to defining relative levels of IgA and IgG in BAL fluid. Consistent
with earlier research, we observed that IgG appeared to be the dominant

immunoglobulin isotype in the serum [12] and to a lesser extent in the
LRT [reviewed in [13]], with a median ratio for total IgG to total IgA of
37.1 in serum and 4.2 in BAL fluid.

We then compared virus-specific binding and neutralising antibodies
between and within serum and BAL samples. For both RSV and influenza
A (H1N1), we observed: (i) virus-specific serum and BAL IgA levels were
positively and statistically significantly correlated, (ii) virus-specific
serum and BAL neutralising activities were not statistically signifi-
cantly correlated, and (iii) within serum samples, virus-specific neu-
tralising activity was strongly correlated with IgG, but not IgA. In
contrast between the viruses, we also found: (i) IgG was positively and
statistically significantly correlated between serum and BAL for RSV, but
not for influenza A (H1N1) and (ii) within BAL samples, virus-specific
neutralising activity was more strongly correlated with IgA in the case
of RSV and IgG in the case of influenza A (HIN1).

We hypothesise that the discrepancies in neutralising and
immunoglobulin-class specific antibodies against RSV and influenza A
(H1N1) likely reflect differences in participants’ routes of prior exposure
to these respiratory viruses. At the time of sample collection (i.e., 2015



A.L Raja et al.

A 18 {Serumrho = 0.43, p = 0.056
BAL rho=0.09, p=0.70

16

14 /
b4 a

124 y
10

u] =] 0
6 5]
]

44

Influenza neutralisation (Log:)

2_

0_

T T T

0 2 4 6
Influenza IgA (Log o)

Serum B BAL

Vaccine 53 (2025) 126936

18 4{Serumrho =068, p =0.0013
BAL rho =061, p =0.0052

Influenza neutralisation (Log>)

T T T

0 2 4 .
Influenza IgG (Log 1¢)

Serum = BAL

Fig. 4. Correlations between immunoglobulins and neutralising activity against influenza virus A (H1N1) in the serum and BAL of healthy adults — United
States. Correlations between (A) IgA MFI and (B) IgG MFI and neutralising titres against influenza virus A (HIN1) in the serum and BAL. Correlations estimated
using Spearman’s rank correlation coefficients. Abbreviations: Immunoglobulin (Ig), bronchoalveolar lavage (BAL), median fluorescence intensity (MFI).

to 2016), RSV-specific binding antibodies would have exclusively re-
flected participants’ prior natural seasonal infections. In contrast,
influenza-specific binding antibodies among the young adult partici-
pants would have reflected a potential combination of both natural
seasonal infections and intramuscular (i.e., systemic) vaccination, the
latter of which is known to induce robust humoral responses but have a
limited impact on mucosal antibodies [reviewed in [13]] [14]. For the
2015-16 season, influenza vaccination coverage in the USA was 32.3 %
among 18-49 years olds [15], with a 2011 systematic review and meta-
analysis reporting cumulative incidences of influenza for healthy
working adults to be 5.4 % among unvaccinated individuals and 1.2 %
among vaccinated individuals [16]. Additionally, infection with respi-
ratory viruses, such as influenza, RSV, coronavirus and adenovirus, are
associated with the formation of inducible bronchus-associated
lymphoid tissue (iBALT), which is important for both humoral and
cellular immune responses to pathogens [reviewed in [17]]. However, it
remains unclear whether systemic vaccination against these respiratory
viruses are able to induce the formation of iBALT [18], which may in
part explain some of the differences seen between responses to RSV and
influenza A (H1N1) in our study.

While participants’ prior infection histories were not available in this
study, we hypothesise that it would be unlikely that there were sub-
stantial discrepancies in the incidence and recency of natural seasonal
RSV and influenza infections within the study population. Although
evidence on the comparative incidence of RSV and influenza in healthy
adults remains scarce, a community-based study of older adults (>60
years) in Belgium, the Netherlands, and the United Kingdom reported
approximately similar cumulative incidences between the viruses during
two seasons (2017-2018 and 2018-2019) of 4.2 % and 7.2 % for RSV
and 2.7 % and 3.7 % for influenza A [19].

There may also be potential intrinsic factors that explain the differ-
ences observed in our study. Clear differences have been reported be-
tween RSV and influenza virus in the induction of innate and adaptive
immunity in the lungs [reviewed in [20]]. Specifically, defects in IgA
memory responses to RSV are postulated to contribute to recurrent RSV
infection [21]. Our cross-sectional study did not permit examination of
changes in RSV-specific IgA in BAL over time, nor did we know the in-
terval since last exposure to the virus. However, we found evidence of
RSV-specific IgA binding in BAL samples from all participants, most
likely reflecting recent respiratory exposure to the virus [22]. Although
RSV-specific functional neutralising activity in BAL samples was only

detected in 70 % of participants, we did observe a correlation between
the level of RSV-specific IgA and neutralisation in the BAL, suggesting
the possibility of a functional contribution of mucosal IgA in controlling
RSV replication in the LRT. A similar correlation was not found between
RSV-specific IgA and neutralisation in serum samples, emphasizing
distinctions between the systemic and LRT compartments following
natural infection. Additionally, we found correlations between neu-
tralisation of RSV and RSV-specific IgG in serum but not BAL samples. A
prior report found that high titres of RSV-specific serum IgG and neu-
tralising activity and nasal IgA were associated with protection from
natural infection in adults [23].

In contrast to RSV infection, influenza infection induces long-lived
strain-specific IgA and IgG memory responses in the lungs [reviewed
in [20]]. In BAL samples, we only found correlation between influenza-
specific IgG and neutralisation. However, the extent to which influenza-
specific IgG is induced locally in the LRT or is transported from the
serum into the LRT remains uncertain. The lack of correlation between
influenza-specific IgA and neutralisation in the BAL is consistent with
prior research reporting that vaccination with an inactivated influenza
vaccine does not effectively induce nasal IgA responses [14]. In serum
samples, we found correlations between influenza-specific IgG and IgA
and neutralisation, which are consistent with exposure to influenza
either through infection and/or vaccination [24,25].

Overall, these results open avenues for further exploration and
contribute to our understanding of mucosal immunity to respiratory
pathogens in the LRT. Although the small number of participants and
lack of exposure history limits our study, our findings provide pre-
liminary evidence that there are important differences in anti-viral im-
munity to respiratory viruses as measured in serum and BAL fluid. It
does not appear from our results that measurement of serum antibody,
even if immunoglobulin class-specific, can definitively predict func-
tional adaptive immunity in the LRT.

Funding statement

This work was supported by the US National Institutes of Health
(grant number RO1HL174700), the Bill & Melinda Gates Foundation
(grant number GC10058), the Munck-Pfeffercorn Novel Interactive
Grant Initiative and the Dartmouth International Vaccine Initiative.



A.IL Raja et al.
CRediT authorship contribution statement

Amber I. Raja: Writing — review & editing, Writing — original draft,
Visualization, Methodology, Formal analysis, Data curation. Ruth I.
Connor: Writing — review & editing, Validation, Methodology, Investi-
gation, Data curation. Alix Ashare: Writing — review & editing, Re-
sources, Methodology, Investigation. Joshua A. Weiner: Writing —
review & editing, Validation, Methodology, Investigation, Data cura-
tion. Wendy F. Wieland-Alter: Writing — review & editing, Validation,
Methodology, Investigation, Data curation. Audrey Godin: Writing —
review & editing, Visualization, Methodology, Formal analysis. John F.
Modlin: Writing - review & editing. Margaret E. Ackerman: Writing —
review & editing, Methodology, Investigation. Elizabeth B. Brickley:
Writing — review & editing, Visualization, Supervision, Resources,
Project administration, Methodology, Formal analysis, Conceptualiza-
tion. Peter F. Wright: Writing — review & editing, Writing — original
draft, Supervision, Resources, Project administration, Methodology,
Investigation, Funding acquisition, Conceptualization.

Appendix A. Supplemental data

Appendix A. Supplementary data

Vaccine 53 (2025) 126936

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
Data will be made available on request.
Acknowledgements

We thank Dr. Michael Teng from the University of South Florida for
providing a recombinant RSV-Renilla luciferase virus (rA2-Rluc). We
also thank Dr. Andrew Mehle from the University of Wisconsin-Madison
for providing a luciferase-expressing A/California/04/2009H1N1 virus
(CA/09). Published as part of the ongoing efforts of the Dartmouth In-
ternational Vaccine Initiative.

Supplementary data to this article can be found online at https://doi.org/10.1016/j.vaccine.2025.126936.

References

[1

—

Estimates of the global. Regional, and national morbidity, mortality, and
aetiologies of lower respiratory infections in 195 countries, 1990-2016: A
systematic analysis for the global burden of disease study 2016. Lancet Infect Dis
2018;18(11):1191-210.

Gopallawa I, Dehinwal R, Bhatia V, Gujar V, Chirmule N. A four-part guide to lung

immunology: Invasion, inflammation, immunity, and intervention. Front Immunol

2023;14:1119564.

Herold S, Becker C, Ridge KM, Budinger GRS. Influenza virus-induced lung injury:

pathogenesis and implications for treatment. Eur Respir J 2015;45(5):1463.

Collins PL, Graham BS. Viral and host factors in human respiratory syncytial virus

pathogenesis. J Virol 2008;82(5):2040-55.

[5] See A, Toh ST. Respiratory sampling for severe acute respiratory syndrome

coronavirus 2: An overview. Head Neck 2020;42(7):1652-6.

Aridgides DS, Mellinger DL, Armstrong DA, Hazlett HF, Dessaint JA, Hampton TH,

et al. Functional and metabolic impairment in cigarette smoke-exposed

macrophages is tied to oxidative stress. Sci Rep 2019;9(1):9624.

[7] Brown EP, Licht AF, Dugast AS, Choi I, Bailey-Kellogg C, Alter G, et al. High-

throughput, multiplexed IgG subclassing of antigen-specific antibodies from

clinical samples. J Immunol Methods 2012;386(1-2):117-23.

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(1):1126.

Karlsson EA, Meliopoulos VA, Tran V, Savage C, Livingston B, Schultz-Cherry S,

et al. Measuring influenza virus infection using bioluminescent reporter viruses for

in vivo imaging and in vitro replication assays. Methods Mol Biol 2018;1836:

431-59.

[10] Fuentes S, Crim RL, Beeler J, Teng MN, Golding H, Khurana S. Development of a
simple, rapid, sensitive, high-throughput luciferase reporter based
microneutralization test for measurement of virus neutralizing antibodies
following respiratory syncytial virus vaccination and infection. Vaccine 2013;31
(37):3987-94.

[11] Tran V, Moser LA, Poole DS, Mehle A. Highly sensitive real-time in vivo imaging of
an influenza reporter virus reveals dynamics of replication and spread. J Virol
2013;87(24):13321-9.

[12] Conley ME, Delacroix DL. Intravascular and mucosal immunoglobulin a: Awo

separate but related systems of immune defense? Ann Intern Med 1987;106(6):

892-9.

[2

—

[3

=

[4

[

[6

[}

[8

—

[9

[}

[13] Krammer F. The human antibody response to influenza a virus infection and
vaccination. Nat Rev Immunol 2019;19(6):383-97.

[14] Bean R, Giurgea Luca T, Han A, Czajkowski L, Cervantes-Medina A, Gouzoulis M,
et al. Mucosal correlates of protection after influenza viral challenge of vaccinated
and unvaccinated healthy volunteers. mBio 2024;15(2):e02372-423.

[15] Lu PJ, Hung MC, O’Halloran AC, Ding H, Srivastav A, Williams WW, et al. Seasonal
influenza vaccination coverage trends among adult populations, U.S., 2010-2016.
Am J Prev Med 2019;57(4):458-69.

[16] Kuster SP, Shah PS, Coleman BL, Lam PP, Tong A, Wormsbecker A, et al. Incidence
of influenza in healthy adults and healthcare workers: A systematic review and
meta-analysis. PLoS One 2011;6(10):e26239.

[17] Silva-Sanchez A, Randall TD. Role of iBALT in respiratory immunity. Curr Top
Microbiol Immunol 2020;426:21-43.

[18] Gao X, Liu C, Wang S. Mucosal immune responses in the lung during respiratory
infection: The organization and regulation of iBALT structure. hLife 2023;1(2):
71-82.

[19] Korsten K, Adriaenssens N, Coenen S, Butler C, Ravanfar B, Rutter H, et al. Burden
of respiratory syncytial virus infection in community-dwelling older adults in
Europe (RESCEU): An international prospective cohort study. Eur Respir J 2021;57
(4):2002688.

[20] Ascough S, Paterson S, Chiu C. Induction and subversion of human protective
immunity: contrasting influenza and respiratory syncytial virus. Front Immunol
2018;9:323.

[21] 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(9):1040-9.

[22] Green CA, Sande CJ, de Lara C, Thompson AJ, Silva-Reyes L, Napolitano F, et al.
Humoral and cellular immunity to RSV in infants, children and adults. Vaccine
2018;36(41):6183-90.

[23] Walsh EE, Falsey AR. Humoral and mucosal immunity in protection from natural
respiratory syncytial virus infection in adults. J Infect Dis 2004;190(2):373-8.

[24] Abreu RB, Clutter EF, Attari S, Sautto GA, Ross TM. IgA responses following
recurrent influenza virus vaccination. Front Immunol 2020;11:902.

[25] Li ZN, Lin SC, Carney PJ, Li J, Liu F, Lu X, et al. IgM, IgG, and IgA antibody
responses to influenza a(H1N1)pdmO09 hemagglutinin in infected persons during
the first wave of the 2009 pandemic in the United States. Clin Vaccine Immunol
2014;21(8):1054-60.


https://doi.org/10.1016/j.vaccine.2025.126936
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0005
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0005
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0005
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0005
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0010
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0010
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0010
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0015
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0015
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0020
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0020
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0025
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0025
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0030
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0030
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0030
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0035
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0035
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0035
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0040
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0040
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0040
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0045
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0045
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0045
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0045
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0050
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0050
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0050
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0050
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0050
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0055
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0055
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0055
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0060
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0060
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0060
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0065
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0065
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0070
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0070
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0070
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0075
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0075
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0075
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0080
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0080
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0080
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0085
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0085
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0090
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0090
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0090
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0095
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0095
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0095
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0095
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0100
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0100
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0100
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0105
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0105
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0105
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0105
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0110
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0110
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0110
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0115
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0115
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0125
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0125
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0130
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0130
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0130
http://refhub.elsevier.com/S0264-410X(25)00233-6/rf0130

	Binding and neutralising antibodies to respiratory syncytial virus and influenza A virus in serum and bronchoalveolar lavag ...
	1 Background
	2 Methods
	3 Results
	4 Discussion
	Funding statement
	CRediT authorship contribution statement
	Declaration of competing interest
	datalink4
	Acknowledgements
	Appendix A Supplemental data
	Appendix A Supplementary data
	References


