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Human metapneumovirus (hMPV) is a significant global pathogen that causes acute
respiratory tract infections, especially in infants, young children, the elderly, and
immunocompromised individuals. Despite its increasing prevalence, there are
currently no vaccines or effective treatments available for hNMPV. The pathogenesis
of hMPV infection is a complex process involving a multitude of host factors and viral
receptors. These interactions determine the virus ability to enter host cells, replicate,
and evade the immune response. This review is the first to provide a comprehensive
overview of the current understanding of host—virus interactions in hMPV
pathogenesis. By elucidating these mechanisms, we can identify potential targets
for antiviral drugs and improve the management of hMPV infections.
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Introduction

Human metapneumovirus (hMPV) is an important cause of both upper and lower
respiratory tract infections in infants and in elderly and immunocompromised patients
worldwide (Falsey et al., 2003). Since its discovery in 2001, hMPV has been recognized as a
major contributor to respiratory illnesses, ranging from mild upper respiratory tract disease to
severe bronchiolitis and pneumonia. This results in substantial morbidity and mortality globally
(van den Hoogen et al., 2001). Despite its clinical significance, there are currently no vaccines or
specific antiviral treatments available for hMPV, highlighting the need for a deeper and more
comprehensive understanding of the virus-host interactions that drive its pathogenesis.

HMPV is an enveloped, nonsegmented, negative-sense RNA virus that belongs to the
Pneumoviridae family. Two major genotypes of the virus exist, hAMPV-A and hMPV-B,
with further subdivisions: A1, A2 (including the A2a, A2b, and A2c lineages), B1, and B2
(comprising the B2a and B2b lineages) (Pinana et al., 2023).

The hMPV genome spans approximately 13 kb and consists of eight genes arranged in the
sequence 3'-N-P-M-F-M2-SH-G-L-5" (Figure 1), collectively encoding nine viral proteins. The
M2 gene is unique because its mRNA contains two overlapping open reading frames (ORFs),
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producing M2-1 (putative transcription factor) and M2-2 (RNA
synthesis regulatory factor) proteins (Biacchesi et al., 2007; Zhao
et al,, 2022). The virus expresses three membrane proteins crucial for
host cell infection: F (fusion glycoprotein), G (attachment
glycoprotein), and SH (small hydrophobic glycoprotein). The
remaining viral components include N (nucleoprotein), P
(phosphoprotein), M (matrix protein), and L (viral polymerase)
(Figure 1) (van den Hoogen et al., 2002).

HMPV replication begins when the G and F proteins facilitate
virus attachment and membrane fusion, facilitating the release of the
RNA genome into the cell. The genome then undergoes transcription
and replication, producing viral mRNAs and new genomes for
protein synthesis. The newly synthesized viral genome combines
with the P, N, L, and M2 proteins and becomes encased by the M
protein. Concurrently, F, G, and SH proteins are modified in the
endoplasmic reticulum and Golgi complex. These components then
assemble on the cell membrane to form new virus particles, which
bud from the cell surface (Schildgen et al., 2011; Feuillet et al., 2012;
Panda et al., 2014) (Figure 2).

This review aims to provide a comprehensive overview of the
current knowledge concerning the host factors, receptors and
noncoding RNAs involved in hMPV infection. By elucidating the
mechanisms by which hMPV interacts with host cells, we can
contribute to the development of effective antiviral strategies and
improve clinical outcomes for individuals affected by this pathogen.

Receptors for hMPV infection

HMPYV replicates extensively in airway epithelial cells (AECs) and
persists there after completing its replication cycle (Kuiken et al., 2004;
Soto et al., 2018). Previous studies revealed that infectious viruses were
detectable in the lungs for up to 60 days. The most notable finding was
the extraordinary persistence of viral genomic RNA, which remained
detectable for as long as 180 days post infection, despite the presence of

10.3389/fcimb.2025.1557880

neutralizing antibodies (Alvarez et al., 2004). Although the precise
mechanisms of hMPV immune evasion remain incompletely
understood, multiple viral proteins have been shown to facilitate
hMPV entry into host cells and evade immune responses (Table 1).

The G protein of hMPV plays a crucial role in the initial stages of
infection by interacting with heparan sulfate proteoglycans (HSPGs)
(Thammawat et al., 2008; Chang et al., 2012), dendritic cell-specific
intercellular adhesion molecule-3-grabbing nonintegrin (DC-SIGN)
and liver/lymph node-specific intercellular adhesion molecule-3-
grabbing nonintegrin (L-SIGN) (Le Nouén et al, 2014; Gillespie
et al,, 2016). These interactions facilitate viral attachment and entry
into host cells. The F protein of hMPV mediates viral-host membrane
fusion. Notably, this protein alone can facilitate both attachment and
fusion in the absence of the G protein (Biacchesi et al.,, 2004; Cox and
Williams, 2013). Integrins (Cseke et al., 2009; Cox et al., 2012) and
HSPGs (Chang et al,, 2012) have been implicated in the fusion and
internalization processes mediated by the F protein of hMPV. The
small hydrophobic (SH) protein of hMPV also contributes to the virus
ability to evade the host immune response by inhibiting apoptosis in
infected cells. Among these, HSPGs are important for hMPV
attachment to cell surfaces because of their widespread expression
and ability to bind to viral particles. The G and F proteins are involved
in modulating the host immune response, aiding the virus in more
effectively infecting host cells and evading immune surveillance. These
functions enable hMPV to infect host cells more efficiently and
replicate successfully.

Heparan sulfate proteoglycans

Heparan sulfate proteoglycans (HSPGs) are widely expressed
on the surface of various cell types and in the extracellular matrix
(ECM). HSPGs consist of a core protein with one or more
covalently attached heparan sulfate (HS) chains (Esko et al.,
2009). HSPGs are multifunctional molecules that play vital roles
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(A) Genomic organization of human metapneumovirus. (B) Schematic illustration of hMPV (By Figdraw).
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Schematic representation of host cell receptors and factors essential for the hMPV life cycle.

in cell signalling, tissue organization, and disease progression. They
play a significant role in viral infections by serving as an attachment
and entry receptor for various viruses, such as respiratory syncytial
virus (RSV) (Krusat and Streckert, 1997; Bourgeois et al., 1998),
SARS-CoV-2 (De Pasquale et al., 2021), human immunodeficiency
virus (HIV) (Bartlett and Park, 2011), and herpes simplex virus
(HSV) (Shukla et al., 1999).

The G protein of hMPV has specific regions rich in positively
charged amino acids that bind to the negatively charged HSPGs on the
host cell surface. This interaction is crucial for the initial attachment
and subsequent infection of host cells by hMPV, highlighting the G
protein’s role as a key factor in the virus ability to infect and propagate
within the host (Thammawat et al., 2008). The F protein is responsible
for the fusion of the viral envelope with the host cell membrane,
facilitating the entry of the virus into the host cell. This protein
undergoes conformational changes that enable it to mediate
membrane fusion at the cell surface or within endosomes. The

TABLE 1 Receptors for hMPV infection.

Functions

Receptors

Binding to

binding of the F protein to HSPGs facilitates viral attachment and
enhances infectivity (Chang et al, 2012). Although these two studies
yielded different results, such discrepancy may be attributed to the
distinct experimental approaches employed by different research
groups: Chang et al. conducted experiments using G protein-
deficient recombinant viruses (Chang et al., 2012), whereas
Thammawat et al. primarily focused on characterizing the binding
properties of recombinant G protein (Thammawat et al., 2008).

Dendritic cell-specific intercellular
adhesion molecule-3-grabbing nonintegrin
and liver/lymph node-specific ICAM-3
grabbing nonintegrins

Dendritic cell-specific intercellular adhesion molecule-3-grabbing
nonintegrin (DC-SIGN) is a type IT membrane protein consisting of

Cell/

tissue distribution SEEEEE

HSPGs G protein/F protein

DC-SIGN/L-SIGN G protein

without GAGs

mediate viral fusion and entry; facilitate transcription and
subsequent infection

Integrins F protein
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promoting viral attachment and entry

promoting viral attachment and entry; mediate infection

(Thammawat et al., 2008; Chang

ubiquitous expression
q P et al., 2012)

denderitic cells and (Le Nouén et al,, 2014; Gillespie

endothelial cells et al,, 2016)

(Cseke et al., 2009; Cox

Itiple cell
multiple cell types et al, 2012)
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404 amino acids with three distinct domains (Zhou et al., 2006). Its
homolog, liver/lymph node-specific ICAM-3 grabbing nonintegrin
(L-SIGN or DC-SIGNR), shares 73% identity with DC-SIGN at the
nucleic acid level and has a similar genomic organization (Soilleux
et al,, 2000). These proteins exhibit distinct tissue-specific expression
patterns. DC-SIGN is predominantly expressed on dendritic cells
(DCs) within lymphoid tissues, mucosal surfaces, and the dermis. In
contrast, L-SIGN is mainly found on endothelial cells, specifically in
lymph nodes, placenta, and liver sinusoidal endothelial cells (LSEC:s).
These distinct tissue distributions suggest different functional roles
for these proteins across various anatomical sites (Lozach et al., 2007).

The extracellular domain consists of a stalk that mediates
tetramerization and a COOH terminal carbohydrate recognition
domain (CRD) that belongs to the C-type (Ca2+-dependent) lectin
superfamily (Feinberg et al., 2001). This domain binds with high
affinity to ICAM-3 (intercellular adhesion molecule 3), playing a
role in pathogen recognition and immune response modulation
(Geijtenbeek et al., 2000).

Although macropinocytosis has been identified as the primary
route for hMPV entry into monocyte-derived dendritic cells
(MDDCs), DC-SIGN-mediated endocytosis also plays a
significant role as a supplementary pathway for hMPV entry and
infection (Le Nouén et al, 2014). A study by Gillespie et al.
demonstrated that both DC-SIGN and L-SIGN act as attachment
factors for hMPV, facilitating viral binding to host cells
independently of glycosaminoglycans (GAGs). These receptors
enable hMPV infection through a calcium-dependent mechanism
and a dynamin-mediated endocytosis pathway (Gillespie et al,
2016). These findings highlight the role of DC-SIGN and L-SIGN
in facilitating alternative pathways for hMPV entry, broadening the
understanding of viral infection mechanisms and identifying
potential therapeutic targets.

Integrins

Integrins, widely expressed across diverse cell types, are a family
of cell adhesion receptors that are integral to a variety of cellular
processes, including signal transduction, cell survival, proliferation,
and migration. They are bidirectional signalling molecules that
mediate cell-cell and cell-extracellular matrix interactions
(Hynes, 2002). Integrins are heterodimers of noncovalently
associated o0 and P subunits, each forming a single-pass type I
transmembrane protein (Harburger and Calderwood, 2009). The o
and P subunits have distinct domain structures, with extracellular
domains from each subunit contributing to the ligand-binding site
of the heterodimer. The sequence arginine-glycine-aspartic acid
(RGD) was identified as a general integrin-binding motif, but
individual integrins are also specific for particular protein ligands
(Takada et al.,, 2007). These conformational shifts enable integrins
to bind ligands and connect with the cytoskeleton and signalling
pathways within the cell.

HMPV utilizes integrin receptors to facilitate its entry into host
cells. Specifically, the hMPV fusion (F) protein contains an RGD
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motif, enabling it to interact with multiple RGD-binding integrins,
such as aVB1, aVP5, oVB6, and otV B8 (Cox et al., 2012). Integrin
V1 consists of the oV (alpha V) and B1 (beta 1) subunits, which
are required for efficient hMPV infection. Blockade of the cell
surface aVP1 integrin inhibits hMPV infectivity. Furthermore,
the introduction of oV or B1 cDNAs into nonpermissive cells
conferred hMPV infectivity, whereas the siRNA-mediated
reduction in oV and Bl integrin expression inhibited hMPV
infection (Cseke et al., 2009).

Host restriction factors for hMPV
infection

Host restriction factors are cellular proteins that constitute an
essential component of the innate immune system, providing the
first line of defence against viral infections. These proteins inhibit
viral replication and dissemination within the host by targeting
various stages of the viral life cycle. Host restriction factors are
characterized by the following (1): Germ-Line Encoded: Most host
restriction factors are encoded in the germ line and are present in
almost all cell types. This ubiquity ensures a broad and rapid
defence mechanism against a variety of viral pathogens (2).
Interferon-Inducible and Constitutive Expression: Many
restriction factors are inducible by interferons, a subset of which
is constitutively expressed, allowing for immediate antiviral
responses upon viral detection (3). Targeting Conserved Viral
Components: These factors often target highly conserved viral
components, making them effective against a wide range of
viruses. This characteristic reduces the likelihood of viral escape
through mutation (4). Additional Biological Functions: Besides
their role in immunity, host restriction factors often have other
biological functions, including cellular regulation, which may
contribute to their antiviral activities (Kluge et al., 2015).

Host restriction factors are cellular proteins that inhibit viral
replication and spread, playing crucial roles in antiviral defence.
The key host restriction factors for hMPV include interferon-
induced transmembrane proteins (IFITMs) (McMichael et al,
2018; Smith et al, 2019), retinoic acid-inducible gene I (RIG-I)
(Bao et al., 2008; Liao et al., 2008), and melanoma differentiation-
associated gene 5 (MDAS5) (Ren et al., 2012; Banos-Lara Mdel et al,
2013; Spann et al., 2014) (Table 2).

Interferon-induced transmembrane
proteins

Interferon-induced transmembrane proteins (IFITMs) are small
transmembrane proteins that are ubiquitously expressed and
characterized by conserved domains, including two hydrophobic
regions that enable their integration into cellular membranes
(Brass et al., 2009). At least three human IFITM proteins—IFITM1,
IFITM2, and IFITM3—have antiviral activity; these proteins
restrict early stages of replication in RSV (Everitt et al, 2013;
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TABLE 2 Host factors associated with hMPV infection.

Host factors Functions

Host restriction factors

Cell/tissue distribution

10.3389/fcimb.2025.1557880

References

IFITMs preventing viral entry and membrane fusion

ubiquitous expression (McMichael et al., 2018; Smith et al., 2019)

RIG-I/MDA5 activating NF-kB and IRF transcription factors

Host factors required for hMPV infection

(Bao et al., 2008; Liao et al., 2008; Bafos-

biquitous ession
ublquitous expressio Lara Mdel et al., 2013)

reducing infiltration of inflammatory cells;

(Kolli et al., 2011; Velayutham et al., 2013;

TLR4 facilitating viral ; alteri ious i 11
R4/7 acilitating vira entr}f .a tering various immune cells McMichael et al, 2018)
endosomal conditions
blood cells, epithelial cells and .
PAR-1 promoting viral replication 00 ce' 5> epithetia; cells an (Lé et al,, 2018)
immune cells
TMPRSS2 facilitating viral fusion epithelial cells (Shirogane et al., 2008)

Zhang et al., 2015), influenza A virus (Brass et al., 2009; Huang et al.,
2011), flaviviruses (Brass et al., 2009; Jiang et al., 2010; Huang et al.,
2011), SARS-CoV-2 (Prelli Bozzo et al, 2021), and others by
inhibiting viral entry and fusion.

TFITMS3 restricts endocytosed viral infections by blocking fusion
and preventing viral genome entry into the cytosol, although the
exact mechanism of inhibition remains unknown (Fecley et al,
2011). IFITM3 inhibits hMPV by blocking the virus fusion with
host cell membranes via the hMPV F protein, and importantly,
altering the level, localization, or activity of IFITM3 in cells can
significantly affect h(MPV infection (McMichael et al., 2018).

HMPV utilizes a bifurcated cellular entry strategy, either by
fusing with the plasma membrane or with the endosomal
membrane following endocytosis (Cox et al., 2015). IFITM3 is
located predominantly in late endosomes and lysosomes, whereas
IFITML1 is expressed mainly on the plasma membrane (Bailey et al,
2014; Weston et al., 2014). IFITMI inhibits hMPV infection by
blocking the fusion of the viral envelope with the host cell
membrane, preventing the virus from entering the cytoplasm and
establishing infection (Smith et al., 2019).

Retinoic acid-inducible gene | and
melanoma differentiation-associated
gene 5

The RIG-I-like receptors (RLRs), expressed in most cell types,
comprise retinoic acid-inducible gene I (RIG-I), melanoma
differentiation-associated gene 5 (MDAS5), and laboratory of
genetics and physiology 2 (LGP2) play major roles in sensing
RNA virus infections to initiate and modulate antiviral immunity
(Loo and Gale, 2011). RLRs detect viral RNA or altered self-RNA
within the cytoplasm, initiating innate immune responses and
inflammatory processes, while also regulating gene expression to
manage and counteract infections. RIG-I detects viral RNA
generated during RNA virus replication, whereas MDAS5
primarily recognizes synthetic dsRNA analogues such as poly(I1:C)
(Kato et al., 2006). The activation of RIG-I and MDAJ5 leads to the
production of IFN and other inflammatory cytokines.
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Silencing RIG-I using small interfering RNA (siRNA) or
expressing dominant negative RIG-I mutants significantly
decreases hMPV-induced expression of IFN-B, IL-8, and
RANTES by inhibiting the activation of the NF-xB and IRF
transcription factors, leading to increased viral replication (Bao
et al., 2008; Liao et al., 2008). In hMPV-infected mice, the absence of
MDAS5 can increase the levels of CXCLI, IL-6, IL-10, and G-CSF
and lead to an increased inflammatory response and delayed
recovery, as indicated by prolonged body weight loss and
heightened pulmonary inflammation (Bafos-Lara Mdel et al,
2013). Mitochondrial antiviral signalling protein (MAVS), also
known as interferon-f promoter stimulator 1 (IPS-1), is crucial
for the RLR pathway and facilitates the activation of NF-xB and
IRF3, leading to the production of type I IFNs (Johnson and Gale,
2006; Seth et al., 2006).

Host factors required for hnMPV
infection

Host factors can either promote or inhibit h(MPV infection and
replication. Several host-promoting factors facilitate hMPV
infection and replication within the host. These factors increase
the virus ability to infect cells, evade the immune system, and
propagate within the host. Key promoting host factors have been
reported for hMPV (Table 2): toll like receptor 4 (TLR4) (Kolli et al.,
2011; Velayutham et al, 2013), toll like receptor 7 (TLR7)
(McMichael et al., 2018), protease-activated receptor 1 (PAR-1)
(Lé et al,, 2018) and transmembrane protease, serine 2 (TMPRSS2)
(Shirogane et al., 2008).

Toll like receptors 4 and 7

To date, twelve members of the Toll-like receptor (TLR) family,
predominantly expressed in immune cells, have been discovered in
mammals. These TLRs are type I transmembrane glycoproteins that
feature extracellular domains with varying numbers of leucine-rich-
repeat (LRR) motifs. Additionally, they possess a cytoplasmic
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signalling domain known as the Toll/IL-1R homology (TIR)
domain, which is similar to the domain found in the interleukin-
1 receptor (IL-1R) (Bowie and O’Neill, 2000).

Based on their primary sequences, Toll-like receptors (TLRs)
can be categorized into various subfamilies, each of which
specializes in the recognition of specific pathogen-associated
molecular patterns (PAMPs). TLR7, which recognizes nucleic
acids, is localized within endosomes, whereas TLR4, which is
capable of detecting a diverse array of ligands, is primarily found
on the plasma membrane and can also localize to endosomes upon
ligand binding (Akira et al., 2006; Kagan and Medzhitov, 2006).

TLR4 is crucial for both activating innate immune responses and
contributing to disease pathology during hMPV infection. Compared
with wild-type mice, mice lacking TLR4 exhibit significantly reduced
inflammation and disease severity upon hMPV infection, as evidenced
by less weight loss and airway obstruction. Silencing TLR4 expression
significantly blocked hMPV-induced chemokine and type I interferon
expression in both monocyte-derived dendritic cells (moDCs) and
bone marrow-derived dendritic cells (BM-DCs). However, the ability
to replicate and clear the virus, as well as T-cell proliferation and
neutralizing antibody production, were unaftected (Kolli et al,, 2011;
Velayutham et al., 2013).

The presence of TLR7 leads to enhanced hMPV infection,
revealing an unexpected role of this typically antiviral receptor.
TLR7 and IFITM3 are both endosomal proteins that have opposing
effects on hMPV infection, with TLR7 promoting infection and
IFITM3 restricting it. Additionally, HEK293T cells coexpressing
TLR7 and IFITM3 presented altered infection rates, suggesting a
complex relationship in which TLR7 can modulate the host
antiviral response, potentially impacting the overall dynamics of
hMPYV infection (McMichael et al., 2018).

Protease-activated receptor 1

Protease-activated receptor 1 (PAR-1) is a member of the G protein-
coupled receptor (GPCR) family that is activated by proteolytic cleavage,
particularly by the enzyme thrombin. This 425-amino-acid receptor
contains seven transmembrane-spanning domains and a thrombin
cleavage site between residues 41 and 42 (Sidhu et al,, 2014). PAR-1 is
widely distributed, with expression in all blood cell types as well as
epithelial and immune cells (Liu et al,, 2017). Upon activation, PAR-1
mediates various cellular responses, including platelet aggregation,
endothelial cell activation, and inflammation (Coughlin, 2000).

Inhibiting PAR-1 with the antagonist RWJ-56110 effectively
reduced both viral replication and inflammation associated with
hMPV infection. Specifically, the inhibition of PAR-1 led to
decreased weight loss and mortality in infected mice, highlighting
its detrimental role in these viral infections (Lé et al., 2018).

Transmembrane protease, serine 2

Transmembrane protease, serine 2 (TMPRSS2) is a type II
transmembrane protein with intracellular, LDL receptor class A
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(LDLRA), scavenger receptor cysteine-rich (SRCR), and serine
protease domains (Paoloni-Giacobino et al., 1997). This protease
is predominantly expressed in epithelial cells and shows androgen-
dependent upregulation in prostate cancer (Lin et al., 1999; Afar
et al., 2001). Functionally, TMPRSS2 plays a crucial role in the
infection process of various respiratory viruses, such as SARS-CoV-
2 (Hoffmann et al.,, 2020) and influenza viruses (Bottcher
et al,, 2006).

The generation of Vero cells that constitutively express
TMPRSS2 greatly enhances the cleavage and activation of the
HMPV F protein, which is crucial for the fusion of the viral
membrane with the host cell membrane. This efficient cleavage
and activation of the F protein by TMPRSS2 significantly improves
the replication and multiplication of HMPV in host cells (Shirogane
et al., 2008).

Noncoding RNAs

Noncoding RNAs (ncRNAs) are functional RNA molecules that
play regulatory roles without participating in protein synthesis.
NcRNAs are categorized into two main groups on the basis of their
functions: housekeeping and regulatory ncRNAs. Regulatory
ncRNAs are subdivided according to their length. Short
regulatory ncRNAs (sncRNAs, <200 nucleotides) include PTWI-
interacting RNAs and microRNAs (miRNAs). The long ncRNAs
(IncRNAs, =500 nucleotides) include long intergenic noncoding
RNAs (lincRNAs), pseudogenic RNAs (PGs), natural antisense
transcripts (NATs), and circular RNAs (circRNAs) (Eddy, 2001;
Poliseno et al., 2024).

MiRNAs are (19-24 nucleotides) regulators found in animals,
plants, and viruses. They bind to complementary sequences in the 3’
UTRs of target mRNAs to repress translation and/or trigger mRNA
degradation (Skalsky and Cullen, 2010; George et al.,, 2024).
MiRNAs can have dual effects on viral replication. Some miRNAs
show inhibitory effects, such as miR-24 and miR-93, which target
vesicular stomatitis virus (VSV) RNA and promote antiviral
defence (Otsuka et al., 2007). Others have demonstrated
promotional effects, as exemplified by miR-146a, which enhances
Hendra virus (HeV) replication by suppressing RNF11 (Stewart
et al., 2013).

Analysis of h(MPV infection revealed altered cellular expression
profiles, with miRNA levels increasing from 66.51% to over 86%
after 15 hours. Among these changes, 142 miRNAs were
upregulated, and 32 were downregulated (Deng et al., 2014).
Notably, let-7f was significantly upregulated and exhibited
antiviral effects: its inhibitors increased viral replication, whereas
its mimics reduced it. The viral M2-2 protein regulated miRNAs
such as miR-16 and miR-30a: miR-16 regulation depended on type
I IFN signalling, whereas miR-30a was IFN independent, suggesting
potential therapeutic targets (Wu et al., 2020).

Furthermore, hsa-miR-4634 enhances viral immune evasion by
inhibiting type I interferon responses and interferon-stimulated
genes, increasing viral replication in macrophages and epithelial
cells (Martinez-Espinoza et al., 2023).
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Prospect

Since its discovery in 2001, hMPV has emerged as the second
leading cause of bronchiolitis and pneumonia in children under 5
years of age. Despite its significant impact, no specific antiviral
treatments or vaccines are currently available. Similar to the hRSV
vaccine, formalin or heatinactivated hMPV vaccines led to a low
induction of neutralising antibodies and enhanced immunemediated
respiratory diseases in animal models (Hamelin et al., 2007; Yim et al.,
2007). However, promising candidates are now in the preclinical
research phase, offering hope for future prevention and treatment
options. Notably, two vaccine candidates, one based on mRNAs and
the other on virus-like particles, have progressed to phase I clinical
trials (NCT05664334 and NCT05743881) (Guo et al., 2023).
Furthermore, two additional candidates have already been
evaluated in phase I clinical trials. A live attenuated vaccine
(NCT01255410) was discontinued due to low infectivity and
immunogenicity in seronegative children (Karron et al, 2018).
Moreover, a combination mRNA vaccine (NCT03392389) targeting
both hMPV and parainfluenza virus type 3 (PIV3) has shown
promising safety and tolerability in healthy adults, whereas
protective antibody levels for both hMPV and PIV3 are unknown
(August et al., 2022). Neutralising monoclonal antibodies (nMAbs)
are the core effectors of vaccines and are essential therapeutic
immune drugs against infectious pathogens. The development of
nMAbs against hMPV has accelerated in recent years as a result of
breakthroughs in viral fusion (F) protein structural biology and
experience with hRSV and other enveloped viruses (Guo et al,
2023). Among them, fully human antibodies, representing the
predominant class (51%) of therapeutic monoclonal antibodies,
have gained significant attention due to their low immunogenicity
and excellent safety profile (Lu et al, 2020). To date, over 600
monoclonal antibodies (mAbs) against hMPV have been
developed, with the majority being fully human antibodies derived
from approximately 50 donors. These mAbs exhibit potent binding
affinity and demonstrate broad-spectrum neutralizing capabilities
(Guo et al, 2023). Furthermore, a study has shown that the
incorporation of RSV F protein epitopes into cold-adapted
influenza vaccines provides effective protection against RSV
infection (Xu et al, 2024). Considering the similar respiratory
tropism and infection patterns observed between hMPV and RSV,
the incorporation of hMPV F protein epitopes into cold-adapted
influenza vaccine platforms may represent a rational strategy.

Insufficient knowledge of how hMPV enters cells and interacts
with the immune system has greatly hindered the development of
vaccines and treatments for this virus. Here, we summarize the
receptors, host factors and ncRNAs currently associated with
hMPV infection (Figure 2), providing valuable insights into this
significant respiratory pathogen. This information is crucial for
developing targeted therapeutic strategies, improving our ability to
combat hMPV, and offering prospective vaccines and treatments.

Currently, despite extensive efforts by researchers, the precise
mechanisms of hMPV receptor interactions and host factor
functions remain incompletely understood, and their expression
regulation under pathological conditions is yet to be elucidated.
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Among the aforementioned factors, HSPGs serve as dual-ligand
attachment factors in hMPV infection, interacting with both the
viral G and F proteins during entry, making them attractive
therapeutic targets. The extensive presence of HSPGs across
tissues indicates their possible therapeutic applications. Although
modifying HSPG functions raises concerns about cell stability,
molecules designed to interrupt virus-HSPG binding may
represent promising treatment strategies. Comprehensive research
is needed to validate this therapeutic approach.
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