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Summary

What is already known about this topic?
Human respiratory syncytial virus variant with a 7-
amino-acid extension in the G protein of the BA
genotype (BA-7AA) is associated with severe neonatal
pneumonia outbreak, high intensive care unit
occupancy and death. However, limited data are
available on the epidemiology and transmission
dynamics of the BA-7AA variants.

What is added by this report?

This study integrated publicly available sequences of
the second hypervariable region of the G gene of the
BA-7AA variant with those sequenced in this study to
clarify the emergence and transmission dynamics of the
BA-7AA variant.

What are the implications for public health
practice?

By revealing the circulation of the BA-7AA variant, this
study established a basis for forecasting and warning of
the reemergence of BA-7AA variants associated with

severe cases and outbreaks.

ABSTRACT

Introduction: Human respiratory syncytial virus
(HRSV) BA genotype variant with a 7-amino-acid
extension in the G protein (BA-7AA) has been
associated with severe neonatal pneumonia outbreaks,
high intensive care unit occupancy, and death. It is
vital to understand BA-7AA variant emergence and
global circulation.

Methods: The second hypervariable region of the G
gene (HVR2-G) sequence dataset was integrated with
HVR2-G and whole-genome sequences downloaded
from GenBank prior to September 17, 2025, together
with the sequences obtained in this study from 2013 to
2024 in China. Phylogenetic analysis and transmission
pathways analyses were performed using IQTREE
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v2.3.6 and Bayesian stochastic search variable selection
methods in BEAST v10.5.

Results: The study included 501 BA-7AA HVR2-G
sequences (37 sequenced variants and 464 sequences
downloaded from GenBank). BA-7AA variants were
initially detected in 2013 and spread gradually to 33
countries by 2024, peaking in 2016, when 27.0% of
the BA genotypes were BA-7AA variants. According to
the phylogenetic tree, no distinct clusters circulating
over time or by region were found during the past
decade.

Conclusion: BA-7AA variants circulated worldwide
from 2013 to 2024. This work will allow for extensive
surveillance to identify BA-7AA variants and provide
timely warning of a re-emergence.

Human respiratory syncytial virus (HRSV) is a
leading cause of lower respiratory tract infections in
infants and young children worldwide (7). Eighty-two
HRSV outbreaks were reported worldwide between
1962 and 2025. The highest outbreak rates were
observed during the winter in neonatal intensive care
units (ICUs) (30.49%), with children accounting for
the highest percentage of cases (42.29%). The case
fatality rate was the highest among older adults across
all age groups. The HRSV-B subgroup is the most
frequently reported (2).

In 2019, an outbreak of severe neonatal pneumonia
in a postpartum care center in China caused by the
HRSV-B  BA9 genotype was reported after
phylogenetic analysis of the second hypervariable
region of the G gene (HVR2-G) (3). A 7-amino-acid
(Q-R-L-Q-S-Y-A) extension mutation after the stop
codon of the G protein was identified (BA-7AA
variant). A comparison of the biological properties and
virulence of infectious clones of the wild-type strain
and a clone with a 7-amino-acid deletion revealed that
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the mutated strain exhibited increased adaptability in
mice and enhanced viral virulence (4). In addition,
strains with a 7-amino-acid extension have also been
reported to be associated with a high ICU occupancy
rate and fatalities (5-6).

While BA genotypes have been well established as
the dominant genotype since 2004-2005, limited data
are available regarding the epidemiology and
transmission dynamics of the BA-7AA variant (5-8).
To clarify the molecular epidemiology of the BA-7AA
variant, strains collected in China from 2013 to 2024
were sequenced, and phylogenetic analyses were
performed together with sequences downloaded from
GenBank (https://www.ncbi.nlm.nih.gov/).

Total RNA was extracted from nasopharyngeal or
throat swabs of hospitalized patients with acute
respiratory tract infection from eight regions (Jilin,
Shaanxi, Gansu, Henan, Liaoning, Guangdong,
Shandong, and Beijing) under the Chinese HRSV
surveillance system, using the QIAamp RNA Mini Kit
(QIAGEN, Valencia, CA, USA) according to the
manufacturer’s instructions. Reverse transcription—
polymerase chain reaction (RT-PCR) and sequencing
were performed as previously described (3).

A phylogenetic tree was constructed using IQTREE
(version 2.3.6, https://github.com/iqtree/iqtree2) with
the best-fit model TN+F+I+R3 chosen according to
the Bayesian information criterion. Branch support
values were estimated using an ultrafast bootstrap with
1000 replicates and an approximate likelihood ratio
test with 1000 replicates. Tree visualization and editing
were performed using TVBOT online (version 2.6.1,
heeps://www.chiplot.online/, ~ Shantou  University,
Shantou, China). To understand the transmission
pathways of the BA-7AA wvariant, the Bayesian
stochastic search variable selection (BSSVS) method in
BEAST  software (version 10.5, University of
Auckland, Auckland, New Zealand) was used. The
migration routes were summarized using SpreaD3
(version 0.9.7, https://beast.community/spread3) (9).
A Bayes factor >3 and a posterior probability value >
0.5 were considered to significantly support the
pairwise diffusion pathways. Pathways were visualized
using Gephi software (version 0.10.1, hteps://
github.com/gephi).

The HVR2-G and whole-genome sequences of
HRSV were downloaded from GenBank on September
17, 2025, and the HVR2-G region was extracted from
the whole genome to identify the BA-7AA variant. All
the HVR2-G sequences were aligned with the
reference HVR2-G  sequence. Each sequence was
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truncated to the stop codon of the G protein.
Sequences with terminal deletions at either the 5' or 3'
end exceeding 10% of the sequence length or with
>2.5% ambiguous bases were excluded. The BA-7AA
variant was used for phylogenetic analyses (Figure 1).
To perform BSSVS analyses, one hundred thirty-three
representative BA-7AA variant sequences reported in
each country were collected. The BA-7AA variants
sequenced in this study were submitted to the National
Microbiology Data Center (NMDC) under accession
numbers—-NMDCNO00ATPQ-NMDCNO000ATQU
(https://nmdc.cn/resource/genomics/sequence).

A total of 8,705 sequences were downloaded from
GenBank, including 173 sequences without the 60-nt
insertion that were excluded. Among the remaining
8,532 HVR2-G sequences, representing the dominant
BA genotype between 1996 and 2025, there were 464
BA-7AA variants, which were combined with the 37
BA-7AA variants sequenced in our study to yield a
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FIGURE 1. Dataset construction of HVR2-G of HRSV-B
strains.

Abbreviation: = HVR2=second hypervariable region;
HRSV=human respiratory syncytial virus; WGS=whole
genome sequence; BA=BA genotype.
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total of 501 BA-7AA variants (Figure 1).

The BA-7AA variants were mostly detected between
2016 and 2018, with the highest numbers reported in
Germany, Spain, Kenya, and China (Figure 2A). The
BA-7AA variant was first detected in Shaanxi Province,
China in 2013 (1.1% of the BA genotype). It
accounted for 2.1% of BA cases reported in China,
Germany, and Panama in 2014. By 2015, its
prevalence had increased to 9.5% of BA cases in eight
countries and peaked in 2016, accounting for 27.0%
of the BA genotype, with reports from 12 countries. In
2017, it accounted for 19.6% of BA cases across 17
countries, and in 2018, it accounted for 11.3% of the
BA genotypes across 15 countries. Finally, in 2019, it
accounted for 6.4% of BA genotypes across 12
Thereafter, the
annually, although the BA-7AA variant continues to be
detected in new countries. From 2022 to 2024, as the
number of detected strains decreased, no new country
reported the variant, and it was not detected in

countries. incidence  decreased

countries where it had previously been prevalent. By
2024, only one sequence was detected in Spain and
China. As of September 2025, no BA-7AA variant had
been identified in GenBank (Figure 2B and 2C).

A phylogenetic tree was constructed using the 501
BA-7AA variant sequences and 21 reference genotype
strains. The results demonstrated that all BA-7AA
sequences were grouped into a single cluster with the
BA (BA9) genotype reference strains. Sequences from
different

intermixed and no discernible temporal or geographic

periods and geographic regions were
patterns were observed. Furthermore, after 11 years of
circulation, no distinct branches with high bootstrap
support values were identified in the phylogenetic tree
(Figure 3, the sequence information used for
phylogenetic analysis is available at https://doi.org/
10.57760/sciencedb.011nd).

Based on the phylogenetic tree results, we attempted
to predict the transmission pathways of BA-7AA
variants using BSSVS analysis. Nine transmission
pathways were revealed with a posterior probability
greater than 0.5 using 133 representative variants (The
sequences used for BSSVS analysis are available at
https://doi.org/10.57760/sciencedb.011nd).  Among
these pathways, those from Germany to South Africa
had the highest Bayes factor with a posterior
probability of 0.997. The pathway from China to
Australia received the second highest level of support,
with a posterior probability of 0.992. The Bayes factors
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and posterior probabilities for the remaining seven
pathways were all less than 200 and 0.9, respectively
(Figure 4).

DISCUSSION

As one of the membrane  surface
glycoproteins, the G protein mediates the adhesion of

viral particles to the host cell membrane, facilitating

major

efficient viral binding, cell fusion, and viral release.
The G protein contains a CX3C chemokine mimic
motif, alters leukocyte migration patterns, and inhibits
type I interferon production and antiviral immunity
(10-11). Moreover, HVR2-G was chosen as the target
for virus surveillance because of its highly variable
characteristics, such as a 60-nt duplicated insertion in
HRSV-B (BA genotype) and a 72-nt duplicated
insertion in HRSV-A (ON1 genotype). In 2024, the
HRSV genotyping consensus consortium defined the
criteria for HRSV genetic typing and renamed these
two genotypes, as A.D. and B.D. based on whole-
genome sequences (/2), which have evolved into six
more lineages according to Nextstrain (https://nextstrain.
org/).

Studies have shown that the duplicated region in the
BA strain G protein augments viral attachment and
fitness, and that the 72-nt insertion in the ON1 strain
increases the efficiency of pseudotype lentiviral particle
infection and enhances attachment function (/3—14).
Although the BA-7AA variant has a broad geographic
distribution, it exhibits limited genetic variation during
circulation. Nevertheless, the 7-AA insertion in the BA
genotype improved viral adaptation in mice and
enhanced viral virulence, which may contribute to its
low prevalence and relatively low evolutionary
divergence. Given the cost-effectiveness and practical
utility of the HVR2-G region for virological
surveillance, it is particularly valuable for studies
investigating viral functions and characteristics in
resource-limited regions.

Although the BA-7AA variant first appeared in the
database of this study in 2013, it did not attract
substantial attention until it was associated with the
2019 outbreak. This highlights deficiencies in the
surveillance system, lack of timely coordination
between clinical and public health efforts, and gaps in
epidemiological information. Molecular
epidemiological surveillance should be strengthened to
enable detection  of strains.

prompt variant

Furthermore, although the application of artificial
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FIGURE 2. Temporal and geographic distributions of BA genotypes of HRSV subgroup B and the BA-7AA variants from
2013 to 2024. The total number of BA sequences is shown using a red line by (A) years or (B) regions; (C) Sequence
numbers of BA-7AA by country and year.

Note: The percentages of BA-7AA variant and BA genotype without 7AA are colored with yellow and green bars,
respectively, in panels (A) and (B).

Abbreviation: HRSV=human respiratory syncytial virus; NA=not available; USA=United States of America.
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FIGURE 3. Phylogenetic tree of HVR2-G sequences of HRSV BA-7AA variants from 2013 to 2024.
Note: The inner ring shows the collection country of each sequence, and the outer ring shows the collection year of each

sequence. Reference strains were colored with dots or rings.

Abbreviation: HVR2-G=second hypervariable region of the G gene; HRSV=human respiratory syncytial virus; USA=United

States of America.

intelligence in the field of infectious diseases faces some
challenges, it is possible to integrate Al-based
predictions using a large accumulation of real-world
data to enable an early warning system (75). Therefore,
continuous monitoring of HRSV should be conducted
to identify highly pathogenic strains, prevent
healthcare system overload and outbreaks, and provide
foundational support for the prediction, warning,
prevention, and control of HRSV infection.

This study had

considerable variation in surveillance and sequencing

several limitations.  First,

efforts across countries may artificially inflate or
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obscure certain patterns. Therefore, our results
represent an exploratory descriptive analysis rather than
a definitive account of the global spread of the virus.
The absence of the BA-7AA variant by 2025 may be
due to a delay in the current surveillance system. The
lack of detailed epidemiological data and use of short
fragments may introduce bias in the inference of
transmission routes. Additionally, a comparative
epidemiological analysis between the BA-7AA variants
and BA strains without the 7-AA insertion was not
feasible due to insufficient clinical metadata in our
surveillance database and GenBank. However, the
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FIGURE 4. Spatial dispersal patterns of the HRSV-B BA-7AA variants, determined by Bayesian phylogeographic inference

of HVR2-G sequences.

Note: The size of the circle represents the value of the posterior probability, and the Bayes factor is shown using a gradient

from green to red.

Abbreviation: HRSV=human respiratory syncytial virus; HYR2-G=second hypervariable region of the G gene.

public health implications of BA-7AA require further
investigation using prospective clinical data.

In conclusion, this study demonstrates the
widespread circulation of the BA-7AA variant and
enriches the HRSV surveillance database. Given its
potentially increased pathogenicity, strengthened
virological surveillance is warranted to predict the re-
emergence of variants associated with severe cases and
outbreaks.
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