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oBJecTIVES: The 2022 seasonal respiratory syncytial virus (RSV) epidemic in Sydney, Australia
saw an unprecedented number of RSV detections. We aimed to characterize genomic and im-
munologic factors associated with the surge in RSV cases.

meTHoDS: Whole genome sequences of RSV were generated from 264 RSV-infected infants and
linked to case-matched clinical data from the 2022 southern hemisphere RSV season. We then
performed an immunologic analysis of baseline RSV-specific humoral immunity in women of
childbearing age before and throughout the coronavirus disease 2019 pandemic.

resuLts: Clinical analysis revealed a high burden of disease across patients of all health back-
grounds. More than one-half of RSV-related health care visits by infants resulted in hospitali-
zation, and one-quarter required high-flow respiratory support or a higher level of care. Viral
phylogenetic analyses revealed that 2022 Sydney RSV sequences were closely related to vi-
ruses that had been circulating globally since 2017, including those detected in recent US out-
breaks. Nonsynonymous mutations within the palivizumab and nirsevimab binding sites were
detected at low frequencies. There was no difference in baseline RSV-neutralizing antibody
titers between 2020 and 2022.

concLusions: Collectively, these findings suggest that neither the emergence of a novel RSV ge-

notype nor hypothesized immune debt was associated with the surge of RSV cases and hospi-
talizations in 2022. Continued genomic and immunologic surveillance is required to further
understand the factors driving outbreaks of RSV globally, and to inform guidelines for the roll-

out and ongoing use of recently developed immunotherapeutics and vaccines. @
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Respiratory syncytial virus (RSV) causes millions of hospi-
talizations and up to 118000 child deaths per year glob-
ally, with annual epidemics typically occurring during
winter months.! However, seasonal patterns of RSV, like
many respiratory viruses, have been dramatically impacted
by public health measures employed since 2020 in re-
sponse to the coronavirus disease 2019 (COVID-19) pandemic.
The 2020 winter season saw an absence of pediatric RSV
cases, followed by unusual off-seasonal summer epidemics
occurring in Australia (late 2020) and globally (mid-
2021).>* The absence of cases in 2020 also led to a shift
in the median age of pediatric cases in subsequent seasons
(Supplemental Information), and in 2022, peak RSV case
numbers in the state of New South Wales were ~4-fold
higher than in 2021 (Fig 1).> Comparably large seasonal
outbreaks of RSV accompanied by increased numbers of
hospitalization were reported in the northern hemisphere
during this time.®"® Because of recent genomic analyses of
2022 outbreaks in the United States, it was hypothesized
that the surge in RSV case numbers resulted from COVID-19
pandemic-related immune debt because the detected geno-
types (GA2.3.5 and GB5.0.5.a) have been circulating glob-
ally since 2017.>° However, immunologic data are needed
to better understand the dynamics of RSV outbreaks, par-
ticularly with the imminent availability of novel vaccines
and immunotherapeutics.

Until now, the only pharmacological measure for RSV
prevention or treatment has been immunoprophylaxis with
the monoclonal antibody (mAb) palivizumab.!' Although
available for >20 years, palivizumab use is limited to vul-
nerable infants in high-resource settings because of cost
and the requirement of multiple doses throughout the RSV

season. Novel therapeutics and vaccines for RSV prevention
are now becoming available for clinical use. A single-dose
mAb therapeutic, nirsevimab, has been approved for use by
the European Medicines Agency (November 2022) and the
United States Food and Drug Administration (FDA, June
2023) as a passive immunization strategy for newborn
and infant populations; although it is not yet available in
Australia, it is currently under review by the Therapeutic
Goods Administration."?™*

Vaccines targeting maternal and older adult populations
are also undergoing or completing phase 3 clinical trials.'®
These therapeutics are designed to generate host-neutraliz-
ing antibodies (NAbs) and provide passive immunization
to infants. Current vaccines are directed against one of the
antigenic proteins of RSV, the fusion protein, which is re-
quired for the virus to fuse with and infect cells.'® Al-
though the fusion protein is highly conserved, molecular
surveillance is required to monitor the emergence and fre-
quency of potential resistance mutations because both nat-
urally occurring and therapy-driven resistance variants
have been detected with the use of recently developed
mAb and antiviral treatments,!’"2° and the intention is for
new RSV therapeutics to be used broadly.

To provide granular data pertaining to unseasonal
surges of RSV and evaluate the role mAbs might play in
preventing the current morbidity and mortality caused
by this virus, whole viral genome sequences of RSV were
generated from RSV-infected infants and linked to case-
matched clinical data from the 2022 southern hemi-
sphere RSV season. We report factors affecting disease
outcomes, characterize local RSV sequences in the con-
text of globally circulating genotypes and newly available
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The number of weekly RSV detections by polymerase chain reaction (PCR) in the Southeastern Sydney Local Health District over the past 5 years (blue line,
left axis) and the proportion of positive RSV test results (black bars, right axis, Supplemental Table 7). The shaded pink area represents serum sampling in
women of childbearing age for assessment of RSV-NAbs. Statewide detection data are also available.®
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RSV therapeutics, and determine baseline RSV-specific
humoral immunity in women of childbearing age before
and throughout the COVID-19 pandemic.

METHODS

Sample and Clinical Data Collection

Nasopharyngeal swabs discarded after routine diagnostic
testing were collected from RSV-positive infants (aged
<12 months) who presented with respiratory symptoms
to Sydney Children’s Hospital Randwick, Australia between
May and September 2022. RSV infection was diagnosed by
using the Allplex Respiratory Panel 1 (Seegene, South Korea)
at the Serology and Virology Division, New South Wales
Health Pathology. Specimens (for which there was a suffi-
cient remaining sample) were collected immediately after
diagnostic reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) and frozen at —80°C until genomic
sequencing (Supplemental Information).

Clinical details for identified cases were ascertained via
retrospective medical record review to extract data on dem-
ographics, comorbidities, level of respiratory support, level
of care (outpatient, ward, intensive care), length of hospitali-
zation, and death (Supplemental Information). Treatment
with palivizumab did not exclude infants from the study.
For analysis, severity was grouped as mild, moderate, or se-
vere. Patients who (1) did not require treatment or received
low-flow oxygen were determined to have mild disease, (2)
required high-flow oxygen, noninvasive ventilation, or con-
tinuous positive airway pressure were determined to have
moderate disease, and (3) required mechanical ventilation,
or extracorporeal membrane oxygenation or more invasive
management, were determined to have severe RSV disease.

Continuous variables were summarized by using median
and interquartile range. Comparisons of continuous varia-
bles between groups were performed by using 2-tailed
Mann-Whitney U tests. x-square tests with Yates’ continu-
ity correction were used for the analysis of categorical var-
iables, and Fisher’s exact test was used when the expected
value of a cell was <5.

RSV Whole-Genome Sequencing and Analysis

Hybridization-capture sequencing of RSV-positive speci-
mens was performed as described in the Supplemental
Information. Taxonomic classification of viral reads in all
samples was achieved by using CZ ID v7.1, a cloud-based
open-source bioinformatics pipeline for metagenomic se-
quencing data. Viruses other than RSV that were detected
at=100 reads based on nucleotide alignments were
deemed positive and included in coinfection analysis. De-
duplicated host-filtered reads were downloaded from CZ
ID for in-house variant calling, consensus genome assem-
bly, and phylogenetic analysis, as described in detail in
the Supplemental Information.
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Analysis of consensus variants focused on nonsynony-
mous mutations that were supported by a minimum of
20 reads at the consensus level (allele frequency =50%).
We also investigated minor variants (MV), defined as
those variants with an allele frequency of =3% and
<50% that occurred at genomic positions with a mini-
mum depth of coverage of 200 reads (ie, =6 reads sup-
porting the MV out of =200 total). Fisher’s exact tests
were performed to evaluate variants differentially occur-
ring between mild and severe disease groups.

Neutralization Assay

Discarded clinical sera of women 20 to 40 years of age
were convenience sampled from the Serology and Virology
Division New South Wales Health Pathology Laboratory se-
rology archive before each RSV outbreak occurring be-
tween 2020 and 2022 in the Southeastern Sydney Local
Health District. Twenty samples were collected during each
time period, which included February 2020 to March 2020,
October 2020, February 2021 to March 2021, and February
2022 to March 2022 (Fig 1). NAb titers to RSV-A and RSV-
B were measured by plaque reduction neutralization test in
duplicate, as we have previously described.?* Ninety-per-
cent inhibitory concentrations (ICyq) were calculated by us-
ing 4-parameter dose-response curves (GraphPad Prism).
Unpaired, 2-sided Student t tests were used for statistical
comparison between groups.

Ethics Statement

This study was approved by the Sydney Children’s Hospitals
Network Human Research Ethics Committee (2020/ETH00718).

RESULTS

Clinical Characteristics

Capture-hybridization sequencing was performed on 297
nasopharyngeal swabs collected from 264 RSV-infected
infants <12 months of age in Sydney, Australia. There
were 104 RSV-A (39.4%) and 160 RSV-B (60.6%) cases.

Clinical data were available for all 264 patients, although
severity information was unavailable for 1 patient. Based on
the level of respiratory support intervention, 71 (27%) in-
fants were determined to have severe disease. Younger
patients (median age 79 days), and those presenting in
the month of July 2022 were significantly overrepresented
in the severe disease group (P = .0001 and P = .0005, re-
spectively). Patient sex, comorbidities (including cardio-
vascular, respiratory, and immunologic), prematurity, RSV
subtype, and RSV RT-qPCR cycle threshold value were not
significantly associated with disease severity (Table 1 and
Supplemental Table 4).

Viral coinfections were detected by using capture-
hybridization sequencing in 66 (25.1%) infants (Table 1).
In order of frequency, coinfecting viruses included non-
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TABLE 1 Characteristics of Infant RSV Cases in Sydney, Australia, 2022

Total® Mild Moderate—Severe P
Infants 264 192 71
Sex, n A
Male 148 (56.1%) 101 (52.6%) 46 (64.8%)
Female 116 (43.9%) 91 (47.4%) 25 (35.2%)
Age at presentation, median d (IQR) 141 (56—-245) 175.5 (66.3-266.5) 79 (41-169) .0001
Subtype, n 87
RSV-A 104 (39.4%) 77 (40.1%) 27 (38.0%)
RSV-B 160 (60.6%) 115 (59.9%) 44 (62.0%)
Ct Value, median (IQR) 20.6 (18.0-25.4) 20.5 (18.1-25.8) 21.3 (18.0-25.4) 72
Sampling (mo), n .0005
May 97 (21.6%) 49 (25.5%) 8 (11.3%)
June 85 (32.2%) 69 (35.9%) 16 (22.6%)
July 101 (38.3%) 61 (31.8%) 39 (54.9%)
August 15 (5.7%) 11 (5.7%) 4 (5.6%)
September 6 (2.3%) 2 (1.0%) 4 (5.6%)
Coinfections detected, n 66 (25.1%) 53 (27.6%) 13 (18.3%) A7
Previous health status, n .68
High-risk (preterm or comorbidity) 37 (14.0%) 25 (13.0%) 12 (16.9%)
Otherwise healthy 227 (86.0%) 167 (87.0%) 99 (83.1%)

Ct, cycle threshold; IQR, interquartile range.
@ Severity data incomplete for 1 patient.

SARS coronaviruses, picornaviruses, bocavirus, adenovirus,
parainfluenza virus, and influenza A virus (H3N2; Table 2).
There was 1 case with 2 co-detections and 1 case with 3
co-detections. Coinfection with any specific virus was not
significant (P = .61).

Genotyping and Phylogeny

Sequencing was performed in 4 batches of 22, 70, 58, 80,
and 67 samples, respectively (Supplemental Table 3). Among
specimens from which a complete RSV genome was ob-
tained (>95% coverage), genotyping of the G gene revealed
that all RSV-A sequences were GA2.3.5 lineage (ON1-like)
and all RSV-B sequences were GB5.05a lineage (BA-like).
Phylogenetic analysis with publicly available sequences col-
lected since 2017 revealed that 2022 Sydney RSV (Syd-RSV)
sequences generated as part of this study were closely re-
lated to RSV viruses circulating globally (Fig 2). All Syd-RSV-
A sequences were most closely related to historical US and
UK viruses. Syd-RSV-B were clustered with Australian RSV
sequences detected during an off-peak RSV outbreak from
late 2020 to early 2021 and sequences from the United
States (collected from mid- to late 2022), Spain, the United
Kingdom, and the Philippines (collected in 2019).

Detection of Antigenic Viral Variants

For variant analysis, we excluded (1) any consensus-level
variants (allele frequency =50%) occurring at genomic
positions with a total read depth of <20 and (2) minor
variants (allele frequency =3% and <50%) occurring at
genomic positions with a total read depth of <200. The
distribution and allele frequencies of nonsynonymous

4

mutations across the fusion gene are shown in Fig 3. An-
tigenic sites @ (targeted by nirsevimab) and II (targeted
by palivizumab) are the target of currently licensed pro-
phylactic mAbs. Antigenic site IV is the target of an mAb
undergoing phase 3 clinical trials (clesrovimab), and site
V is the target of the discontinued mAb suptavumab.

At the consensus level, for RSV-A, there were 1, 1, and
2 mutations within the antigenic sites II, IV, and V, re-
spectively. For RSV-B, there were 3, 1, 3, and 2 consen-
sus-level mutations detected, within antigenic sites @, II,
IV, and V, respectively (Fig 3, Supplemental Table 5).

Of note, 1 patient (1%) who was receiving palivizumab
prophylaxis had RSV-B with a single-nucleotide polymor-
phism resulting in K272Q, which has been reported to
result in complete loss of palivizumab activity.?? Within
the nirsevimab epitope (site @), 1 RSV-B sample (1%)
contained the minor variant 164M, which has not been
reported elsewhere. The site @ 1206M:Q209R polymor-
phism detected in the majority of RSV-B samples within
our cohort became frequent worldwide between 2015
and 2021, with [206M reported to reduce the neutraliza-
tion potency of nirsevimab 5-fold.?*** Likewise, S211N
(detected in 7% of RSV-B genomes) has been extensively
characterized and, as a single amino acid change, has no
known effect on neutralization by nirsevimab. Across the
whole genome, no specific mutations were statistically as-
sociated with disease severity.

Assessment of RSV-Specific Antibody Responses

The possibility of waning population immunity to RSV
since the beginning of the COVID-19 pandemic was
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TABLE 2 Viruses Co-Detected by Capture Hybridization Sequencing (=100 Reads) in RSV Infection (25.1% of Cases)

Coinfection Detected, n (%) Total (n = 66)° Mild (n = 53) Moderate-Severe (n = 13)®
Adenovirus 9 (13.6%) 6 (11.3%) 3 (23.1%)
Bocavirus 3 (19.7%) 1 (20.8%) 2 (15.4%)
Influenza A virus (H3N2) 2 (3.0%) 2 (3.8%) 0 (0.0%)
Parainfluenza virus-3 4 (6.1%) 4 (7.5%) 0 (0.0%)
Coronaviruses 25 (37.9%) 19 (35.8%) 6 (46.2%)
229F 8 (12.1%) 6 (11.3%) 2 (15.4%)
0643 15 (22.7%) 12 (22.6%) 3 (23.1%)
SARS-CoV-2 2 (3.0%) 1 (1.9%) 1.(7.7%)
Picornaviruses 16 (24.2%) 14 (26.4%) 2 (15.4%)
Coxsackievirus 3 (4.5%) 3 (5.7%) 0 (0.0%)
Enterovirus D68 1 (1.5%) 1 (1.9%) 0 (0.0%)
Echovirus 1 (1.5%) 0 (0.0%) 1.(7.7%)
Rhinovirus 1 (16.7%) 10 (18.9%) 1.(7.7%)

@ 66 cases of coinfection, including n = 1 with 2 co-detections and n = 1 with 3 co-detections.
® No co-detected virus was significantly associated with severity of RSV infection (P = .61).

investigated by using serum from women of childbearing
age collected at baseline of the past 4 Syd-RSV epidemics
(Fig 1). These were tested for NAbs to both RSV-A and
RSV-B. The geometric mean of RSV NAb titers did not

A

significantly differ between any of the collection time points
for both subtypes (Fig 4). Across all time points, mean neu-
tralizing titers were 318.9 (SD factor 2.66) for RSV-A and
105.1 (SD factor 3.08) for RSV-B (Supplemental Table 6).

FIGURE 2

Maximum-likelihood phylogenetic trees of complete (A) RSV-A and (B) RSV-B genomes sampled globally from 2017 to 2022. Syd-RSV sequences generated in
the current study are represented by red circles at branch tips. Global RSV genomes are represented by orange (other, Australia), violet (Asia), blue
(Europe), and green (Americas) circles. The scale bar indicates nucleotide substitutions per site. Diamonds at nodes represent bootstrap support (%),

which is a measure of confidence for the phylogenetic estimate at a particular node (black = 100%, gray = 95%—99%, white = 80%—95%, and pink<<80%).

Files for complete phylogenetic trees are included in the Supplemental Information.
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FIGURE 3

Nonsynonymous mutations within the Fusion gene of 118 RSV-A and 179 RSB-B specimens from the 2022 southern hemisphere winter season (Sydney,
Australia). Shaded regions represent epitopes of the monoclonal antibodies nirsevimab (blue, antigenic site @), suptavimab (gray, antigenic site V), palivizumab
(green, antigenic site Il), clesrovimab (yellow, antigenic site IV), and 101F (red, antigenic site IV).

DISCUSSION

The significant clinical burden of RSV infection occurs for
both immunocompromised and healthy children.?® In keep-
ing with this notion, our study revealed that in RSV-infected
infants <12 months of age, more than one-quarter of hos-
pital visits by otherwise healthy children resulted in admis-
sion and receipt of high-flow oxygen support. Although not
statistically associated with disease severity, we frequently
(25.1%) detected viral coinfections with a hybridization-
capture sequencing method utilizing a panel targeting 29
respiratory viruses (>41000 probes). Although reported
rates of viral coinfection with RSV vary widely, partly due
to historical limitations in multiplexing capacity and clinical
awareness,”*"?® such a high frequency of viral coinfections
in our cohort is likely reflective of the coinciding resur-
gence of other respiratory viruses after recent years of dis-
rupted circulation during the COVID-19 pandemic.®*
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FIGURE 4

The Syd-RSV genotypes detected in our cohort largely
reflect those circulating worldwide since 2017, similar to
recently reported RSV outbreaks in the United States.”'°
Evolutionary rates for RSV-A and RSV-B have recently
been estimated at 1.48 x 10> and 1.92 x 102 nucleotide
substitutions per site per year, respectively.>® The branch
lengths separating Syd-RSV sequences from historical in-
ternational samples (collected between 2017 and 2022)
are consistent with these published estimates of the evo-
lutionary rates. The close phylogenetic relationship be-
tween some RSV-A and -B sequences with recent viruses
sampled globally suggests several viral introductions
from the northern hemisphere into Sydney in 2022. This
follows the dramatically reduced RSV genetic diversity
observed in Australia throughout 2020 and 2021 when
public health measures related to the COVID-19 pan-
demic were implemented.®> Together, our findings reveal
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(A) Neutralizing RSV-A and (B) RSV-B titers in women of childbearing age since the beginning of the COVID-19 pandemic in Australia. Serum (n = 80) collected
before the previous 4 local RSV outbreaks (Fig 1) were assayed in duplicate by using a plaque reduction neutralization test, and titers were presented as the
reciprocal of the highest serum dilution to inhibit 90% of viral plaque formation in vitro. Three RSV-B samples fell to less than the lower limit of detection
(20). Data are presented as geometric mean + geometric SD. Unpaired, 2-sided Student’s ¢ tests revealed no statistical significance between any groups.
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both the continued endemicity of RSV in Australia during
this time period (through clustering of Syd-RSV-B with
historical Australian sequences) and a rapid rebound in
local genomic diversity after the resumption of interna-
tional travel.

Repeated maternal viral exposure is considered an im-
portant factor in maintaining protective antibody levels
in infants. In the absence of circulating RSV infection,
NAD titers have been shown to wane rapidly.>! Indeed, a
recent study revealed significant differences in peak-
trough NADb titers in 2021 after an absence of RSV cases
during the 2020 season.®? However, although NAb titers
vary significantly from peak-trough after an RSV out-
break, we found no difference in the baseline (preout-
break) NAb titers of serum from women of childbearing
age collected before each of the past 4 RSV epidemics oc-
curring in Sydney. These contrasting findings are due to
differences in the timing of specimen collection between
the 2 studies.>® Our data indicate that before the 2022
season, antibody-mediated immunity to RSV was, at the
population level, no lower than in previous seasons.

Across all seasons, the mean RSV-A neutralizing titers
were 3-fold higher than RSV-B neutralizing titers. This may
be a consequence of previous immunity to RSV-A in the
population stemming from previous epidemics. Whether
this contributed to the predominant circulation of RSV-B
seen in our study (in contrast to the RSV-A outbreaks ob-
served in the northern hemisphere) requires further inves-
tigation. High RSV-A neutralizing titers have previously
been associated with protection against all RSV infections,
suggesting a level of protective antibody cross-reactivity.**
The authors of ongoing studies will investigate subtype-
specific NAbs in the population after the RSV-B-dominated
2022 season.

An absence of RSV exposure in 2020 resulted in de-
layed off-season outbreaks seen globally in 2021. Al-
though both the detection of globally established RSV
genomes and the high frequency of coinfecting viruses ap-
pear to support hypotheses of immune debt as a signifi-
cant contributor to the size and burden of RSV outbreaks
during the 2022 season,”'%** our findings suggest that a
more complex interplay of unknown factors, and not wan-
ing antibody-mediated immunity, led to the increased
RSV case numbers and disease burden observed in 2022
outbreaks. It is also important to note that significant
changes in infrastructure, social attitudes, and clinical
practice since the COVID-19 pandemic have led to an in-
creased frequency of testing for respiratory infections,
making direct comparisons of pre- and post-pandemic
RSV detections and rates of positivity difficult. Although
the observed surge in cases may be partially attributed to
the increased frequency diagnostic of testing, combined
clinical and hospital surveillance reports of corresponding
RSV outbreaks in the northern hemisphere suggest a

PEDIATRICS Volume 153, number 2, February 2024

genuine rise in RSV transmission and clinical severity in
2022.4%10 [n combination with testing data, the consider-
ation of clinical presentations and hospitalization rates is
needed in comprehensive epidemiologic studies to pro-
vide a holistic understanding of RSV dynamics post-
COVID-19.

Because of challenges in developing an infant RSV vac-
cine, passive immunization through virus neutralization
with mAbs is the primary therapeutic option to protect in-
fants against infection in the first 6 months of life, when
they are most vulnerable to RSV-induced lower respiratory
tract disease. The recently European Medicines Agency- and
FDA-approved nirsevimab has high neutralizing activity and
enhanced stability and has revealed promising results in
protecting infants against severe RSV disease.>*3® However,
prophylaxis with mAbs relies on a high level of conservation
with viral epitopes. A primary concern of the enhanced
global use of mAbs is the potential selection for, and spread
of, mAb-resistant viral variants. We detected the palivizu-
mab resistance mutation K272Q in the sole patient in the
cohort receiving palivizumab for RSV. Breakthrough infec-
tions by resistant RSV variants are detected in ~5% of pa-
tients treated with palivizumab.? Although palivizumab-
resistant viruses reveal impaired fitness in vitro and only
occur at low frequencies within the community,>” molecular
surveillance programs remain important for monitoring
therapeutic resistance. For example, in the 2015 to 2017
RSV seasons, a phase 3 clinical trial of mAb suptavumab
failed because of the rapid emergence of a high-frequency
neutralization-resistant RSV-B variant.

The detection of a single minor 164M variant within an-
tigenic site @ in our study has not been described else-
where to date. This amino acid mutation does not alter the
polarity from the wild type; however, the characterization
of this binding site substitution should be investigated to
understand functional changes potentially affecting nirsevi-
mab neutralization. Although conservation within the nir-
sevimab binding site is high, consensus-level resistance
mutations at fusion protein positions 68 and 201 have
been found at low frequencies (<1%) in other studies.?*>®
It is unknown whether low-frequency variants detected in
RSV molecular surveillance programs will be selected over
time with widespread mAb prophylaxis in infants. With
the recent approval of the first RSV vaccine for older adult
populations by the FDA and UK Medicines and Healthcare
products Regulatory Agency,>**° ongoing RSV surveillance
is also needed to assess selective pressure potentially ap-
plied by mAbs and vaccines at the population level and to
understand implications of a changing RSV genome for
therapeutic efficacy and potential clinical phenotypes.

Limitations of our study include the convenience sam-
pling method evaluating clinical specimens from a single
tertiary pediatric hospital, excluding infants with mild
RSV illness not seeking medical attention. Although RSV
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became a nationally notifiable disease in Australia in 2022,
this did not change clinical practice with respect to testing
or treatment because all children presenting with respira-
tory symptoms at Sydney Children’s Hospital Randwick
are tested for RSV as standard of care. Because of sample
availability, we also measured RSV-neutralizing titers in
women of childbearing age as a proxy for pediatric sam-
ples. Ideally, prospective clinical, virological, and immuno-
logic data from a broad range of infections, including
community cases from a larger cohort of infants would en-
able a more comprehensive analysis of variables related to
RSV. However, our data are broadly reflective of the local
and international reports of increased RSV detections and
burden during the COVID-19 pandemic.>”’

CONCLUSIONS

Our findings suggest that a complex interplay of factors,
beyond a simplistic reduction in population antibody-
mediated immunity, contributed to the variability of sea-
sonal RSV epidemics. Continued genomic and immunologic
surveillance programs are required to understand these
factors and devise optimal strategies for managing RSV
outbreaks, particularly in the context of the evolving

landscape of immunotherapeutics. Such studies can in-
form the future design and use of vaccines, particularly
mRNA redesign postvaccine utilization.

ACKNOWLEDGMENTS

We would like to thank all authors who generously shared
RSV genome data on GenBank.

ABBREVIATIONS

COVID-19: coronavirus disease 2019

ECMO: extracorporeal membrane oxygenation

FDA: US Food and Drug Administration

[C90: 90% inhibitory concentrations

mADb: monoclonal antibody

MV: minor variants

NADb: neutralizing antibody

RSV: respiratory syncytial virus

RT-qPCR expansion: reverse transcription-quantita-
tive polymerase chain reaction

Syd-RSV: Sydney respiratory syncytial virus

**Contributed equally as co-senior authors.

DOI: https://doi.org/10.1542/peds.2023-063667
Accepted for publication Nov 14, 2023

Address correspondence to Gregory Walker, PhD, Virology Research Laboratory, Prince of Wales Hospital and University of New South Wales, High St, Randwick, NSW

2031, Australia. E-mail: gregory.walker@unsw.edu.au

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License (https://
creativecommons.org/licenses/by-nc-nd/4.0/), which permits noncommercial distribution and reproduction in any medium, provided the original author and source

are credited.

FUNDING: Laboratory consumable costs were supported by the Thrasher Research Fund (Early Career Award, GW). This study was partly supported by
MRFF (#2023323, PW, AB) and NHMRC (#2006755, AK, WR) grants. The funders had no role in the design or execution of the study.

CONFLICT OF INTEREST DISCLOSURES: The authors have indicated they have no potential conflicts of interest relevant to this article to disclose.

DATA SHARING: Nonhost sequencing reads generated by this study are publicly available on the Sequence Read Archive (BioProject ID: PRUINA1037681).

REFERENCES

1. Shi T, McAllister DA, O'Brien KL, et al; RSV Global Epidemiology
Network. 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 model-
ling study. Lancet. 2017;390(10098):946—958

2. Marriott D, Beresford R, Mirdad F, et al. Concomitant marked de-
cline in prevalence of severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) and other respiratory viruses among
symptomatic patients following public health interventions in

8

Australia: data from St Vincent’s Hospital and associated screen-
ing clinics, Sydney, NSW. Clin Infect Dis. 2021;72(10):e649-e651

3. Eden J-S, Sikazwe G, Xie R, et al. Off-season RSV epidemics in Aus-
tralia after easing of COVID-19 restrictions. Nature Communica-
tions. 2022;13(1):2884

4. Bardsley M, Morbey RA, Hughes HE, et al. Epidemiology of respi-
ratory syncytial virus in children younger than 5 years in En-
gland during the COVID-19 pandemic, measured by laboratory,
clinical, and syndromic surveillance: a retrospective observa-
tional study. Lancet Infectious Diseases. 2023;23(1):56—66

WALKER et al

Downloaded from http://publications.aap.org/pediatrics/article-pdf/153/2/e2023063667/1593353/peds.2023-063667.pdf

bv auest


https://doi.org/10.1542/peds.2023-063667
mailto:gregory.walker@unsw.edu.au
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

(2]

20.

. New South Wales Health. COVID-19 weekly data overview - epide-

miological weeks 51 and 52, ending 24 and December 31, 2022.
Available at: https://www.health.nsw.gov.au/Infectious/covid-19/
Pages/weekly-reports-archive.aspx. Accessed January 14, 2023

. GDC Health Alert Network. Increased respiratory virus activity, es-

pecially among children, early in the 2022-2023 fall and winter.
Available at: https://emergency.cdc.gov/han/2022/han00479.asp.
Accessed May 1, 2023

. Genters for Disease Control and Prevention. RSV-NET interactive

dashboard. Available at: https://www.cdc.gov/rsv/research/rsv-net/
dashboard.html. Accessed May 1, 2023

. Munkstrup G, Lomholt FK, Emborg HD, et al. Early and intense ep-

idemic of respiratory syncytial virus (RSV) in Denmark, August to
December 2022. Euro Surveill. 2023;28(1):2200937

. Adams G, Moreno GK, Petros BA, et al. Viral lineages in the 2022 RSV

surge in the United States. N Engl J Med 2023;388(14):1335—1337

. Goya S, Sereewit J, Pfalmer D, et al. Genomic characterization of

respiratory syncytial virus during 2022-23 outbreak, Washington,
USA. Emerg Infect Dis. 2023;29(4):865—868

. Group TI-RS. Palivizumab, a humanized respiratory syncytial virus

monoclonal antibody, reduces hospitalization from respiratory
syncytial virus infection in high-risk infants. Pediatrics. 1998;102(3):
531-537

. Hammitt LL, Dagan R, Yuan Y, et al; MELODY Study Group. Nirsevi-

mab for prevention of RSV in healthy late-preterm and term in-
fants. N Engl J Med. 2022;386(9):837—846

. Therapeutic Goods Administration. Prescription medicines under

evaluation: BEYFORTUS AstraZeneca Pty Ltd. Available at: https://
www.iga.gov.au/resources/prescription-medicines-under-evaluation/
beyfortus-astrazeneca-pty-Itd. Accessed July 1, 2023

.US. Food & Drug Administration. BEYFORTUSTM (Nirsevimab) for

the prevention of RSV lower respiratory tract disease in infants
and children. Available at: https://www.fda.gov/media/169228/
download. Accessed July 1, 2023

. Mazur NI, Terstappen J, Baral R, et al. Respiratory syncytial virus

prevention within reach: the vaccine and monoclonal antibody
landscape. Lancet Infect Dis. 2023;23(1):e2—e21

. McLellan JS, Ray WC, Peeples ME. Structure and function of re-

spiratory syncytial virus surface glycoproteins. Curr Top Micro-
biol Immunol. 2013;372:83—104

. Choudhary MG, Chew KW, Deo R, et al. Emergence of SARS-CoV-2

escape mutations during Bamlanivimab therapy in a phase Il ran-
domized clinical trial. Nature Microbiology. 2022;7(11):1906—1917

.Moghadasi SA, Heilmann E, Khalil AM, et al. Transmissible SARS-

CoV-2 variants with resistance to clinical protease inhibitors. Sci
Adv. 2023;9(13).eade8778

. Rockett R, Basile K, Maddocks S, et al. Resistance mutations in

SARS-CoV-2 Delta variant after Sotrovimab use. N Engl J Med.
2022;386(15):1477-1479

Simoes EAF, Forleo-Neto E, Geba GP, et al. Suptavumab for the pre-
vention of medically attended respiratory syncytial virus infection
in preterm infants. Clin Infect Dis. 2021;73(11):e4400—-e4408

PEDIATRICS Volume 153, number 2, February 2024

bDownloaded from http://publications.aap.org/pediatrics/article-pdf/153/2/e2023063667/1593353/peds.2023-063667.pdf
v auest

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Homaira N, Binks M, Walker G, et al. Transplacental transfer of
RSV antibody in Australian First Nations infants. J Med Virol.
2022;94(2):782—786

Zhu Q, McAuliffe JM, Patel NK, et al. Analysis of respiratory syncytial
virus preclinical and clinical variants resistant to neutralization by
monoclonal antibodies palivizumab and/or motavizumab. J Infect
Dis. 2011;203(5):674—682

Wilkins D, Langedijk AC, Lebbink RJ, et al. Nirsevimab binding-site
conservation in respiratory syncytial virus fusion glycoprotein
worldwide between 1956 and 2021: an analysis of observational
study sequencing data. Lancet Infect Dis. 2023;23(7):856—866

Sun Y-P, Lei S, Wang Y-B, et al. Molecular evolution of attach-
ment glycoprotein (G) and fusion protein (F) genes of respiratory
syncytial virus ON1 and BA9 strains in Xiamen, China. Microbiol
Spectr 2022;10(2):e0208321

Rha B, Curns AT, Lively JY, et al. Respiratory syncytial virus-asso-
ciated hospitalizations among young children: 2015-2016. Pediat-
rics. 2020;146(1):€20193611

Franz A, Adams 0, Willems R, et al. Correlation of viral load of re-
spiratory pathogens and co-infections with disease severity in
children hospitalized for lower respiratory tract infection. J Clin
Virol. 2010,48(4):239-245

Marguet C, Lubrano M, Gueudin M, et al. In very young infants se-
verity of acute bronchiolitis depends on carried viruses. PLoS
One. 2009;4(2):e4596

Emanuels A, Hawes SE, Newman KL, et al. Respiratory viral coin-
fection in a birth cohort of infants in rural Nepal. Influenza Other
Respir Viruses. 2020;14(6):739—-746

Martinez PP, Li J, Cortes CP, et al. The return of wintertime respi-
ratory virus outbreaks and shifts in the age structure of inci-
dence in the southern hemisphere. Open Forum Infect Dis.
2022;9(12):0fac650

Yu J-M, Fu Y-H, Peng X-L, et al. Genetic diversity and molecular
evolution of human respiratory syncytial virus A and B. Scientific
Reports. 2021;11(1):12941

Blunck BN, Aideyan L, Ye X, et al. A prospective surveillance study
on the kinetics of the humoral immune response to the respira-
tory syncytial virus fusion protein in adults in Houston, Texas.
Vaccine. 2021;39(8):1248—1256

Reicherz F, Xu RY, Abu-Raya B, et al. Waning immunity against re-
spiratory syncytial virus during the coronavirus disease 2019
pandemic. J Infect Dis. 2022;226(12):2064—2068

Buchwald AG, Graham BS, Traore A, et al. Respiratory syncytial vi-
rus (RSV) neutralizing antibodies at birth predict protection
from RSV illness in infants in the first 3 months of life. Clin Infect
Dis. 2021;73(11):e4421—e4427

Billard M-N, Bont LJ. Quantifying the RSV immunity debt following
COVID-19: a public health matter. Lancet Infect Dis. 2023;23(1):3-5

Zhu Q, McLellan JS, Kallewaard NL, et al. A highly potent extended
half-life antibody as a potential RSV vaccine surrogate for all in-
fants. Sci Trans! Med. 2017,9(388):eaaj1928

Muller WJ, Madhi SA, Seoane Nunez B, et al; MELODY Study
Group. Nirsevimab for prevention of RSV in term and late-pre-
term infants. N Engl J Med. 2023;388(16):1533—1534


https://www.health.nsw.gov.au/Infectious/covid-19/Pages/weekly-reports-archive.aspx
https://www.health.nsw.gov.au/Infectious/covid-19/Pages/weekly-reports-archive.aspx
https://emergency.cdc.gov/han/2022/han00479.asp
https://www.cdc.gov/rsv/research/rsv-net/dashboard.html
https://www.cdc.gov/rsv/research/rsv-net/dashboard.html
https://www.tga.gov.au/resources/prescription-medicines-under-evaluation/beyfortus-astrazeneca-pty-ltd
https://www.tga.gov.au/resources/prescription-medicines-under-evaluation/beyfortus-astrazeneca-pty-ltd
https://www.tga.gov.au/resources/prescription-medicines-under-evaluation/beyfortus-astrazeneca-pty-ltd
https://www.fda.gov/media/169228/download
https://www.fda.gov/media/169228/download

37.Zhu Q, Patel NK, McAuliffe JM, et al. Natural polymorphisms and news-events/press-announcements/fda-approves-first-respiratory-

resistance-associated mutations in the fusion protein of respira- syncytial-virus-rsv-vaccine. Accessed May 7, 2023

tory syncytial virus (RSV): effects on RSV susceptibility to palivizu- 40. GSK. Medicines and healthcare products regulatory agency

mab. J Infect Dis. 2012,205(4):635-638 authorises GSK's Arexvy, the first respiratory syncytial virus
38. Lin G-L, Drysdale SB, Snape MD, et al. Distinct patterns of within- (RSV) vaccine for older adults. Available at: https://www.gsk.

host virus populations between two subgroups of human respi- com/en-ghb/media/press-releases/medicines-and-healthcare-

ratory syncytial virus. Nature Communications. 2021;12(1):5125 products-regulatory-agency-authorises-gsk-s-arexvy-the-fir-

39. US. Food & Drug Administration. FDA approves first respiratory st-respiratory-syncytial-virus-rsv-vaccine-for-older-adults/.

syncytial virus (RSV) vaccine. Available at: https://www.fda.gov/ Accessed July 12, 2023

10 WALKER et al

bDownloaded from http://publications.aap.org/pediatrics/article-pdf/153/2/e2023063667/1593353/peds.2023-063667.pdf
v auest


https://www.fda.gov/news-events/press-announcements/fda-approves-first-respiratory-syncytial-virus-rsv-vaccine
https://www.fda.gov/news-events/press-announcements/fda-approves-first-respiratory-syncytial-virus-rsv-vaccine
https://www.fda.gov/news-events/press-announcements/fda-approves-first-respiratory-syncytial-virus-rsv-vaccine
https://www.gsk.com/en-gb/media/press-releases/medicines-and-healthcare-products-regulatory-agency-authorises-gsk-s-arexvy-the-first-respiratory-syncytial-virus-rsv-vaccine-for-older-adults/
https://www.gsk.com/en-gb/media/press-releases/medicines-and-healthcare-products-regulatory-agency-authorises-gsk-s-arexvy-the-first-respiratory-syncytial-virus-rsv-vaccine-for-older-adults/
https://www.gsk.com/en-gb/media/press-releases/medicines-and-healthcare-products-regulatory-agency-authorises-gsk-s-arexvy-the-first-respiratory-syncytial-virus-rsv-vaccine-for-older-adults/
https://www.gsk.com/en-gb/media/press-releases/medicines-and-healthcare-products-regulatory-agency-authorises-gsk-s-arexvy-the-first-respiratory-syncytial-virus-rsv-vaccine-for-older-adults/

