Mohammadi et al. Virology Journal ~ (2025) 22:150 Vi ro|ogy Journal
https://doi.org/10.1186/512985-025-02782-y

Human metapneumovirus (hMPV) 2
in 2025: emerging trends and insights

from community and hospital-based

respiratory panel analyses—a comprehensive
review

Keyhan Mohammadi'?", Samireh Faramarzi*", Shakila Yaribash', Zahra Valizadeh?, Erta Rajabi’, Mohammad Ghavam?®,
Reza Samiee’, Bardia Karim®, Mohammadreza Salehi?, Arash Seifi>” and Maryam Shafaati®”"

Abstract

Human metapneumovirus (hMPV) is a significant respiratory pathogen, primarily impacting young, elderly, and
immunocompromised populations. While the clinical presentations are similar to those of other respiratory viruses
such as respiratory syncytial virus (RSV), influenza, and SARS-CoV-2, they can still lead to serious complications. The
virus primarily transmits via respiratory droplets, with outbreaks peaking during winter and spring. In resource-
limited settings, administration of multiplex PCR assays is essential for precise diagnosis, yet it presents significant
challenges. Recent studies indicate a 6.24% infection rate in hospitalized patients presenting with acute respiratory
infections (ARIs). Enhanced surveillance and prevention are essential given the morbidity and mortality rates of
hMPV, which are comparable to those of influenza and RSV. Effective management requires enhanced diagnostic
tools, improved public health strategies, and continuous research into antiviral therapies and vaccines. This

study highlighted the growing importance of hMPV as a respiratory pathogen, focusing on its seasonal patterns,
clinical manifestations in at-risk populations, transmission dynamics, and diagnostic challenges compared to other
respiratory viruses.
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Background

Human metapneumovirus (hMPV) is a significant respi-
ratory pathogen, first identified in 2001, and known for
a broad spectrum of respiratory infections, varying from
mild upper respiratory infections to severe lower respi-
ratory tract diseases, including bronchiolitis and pneu-
monia. The condition especially concerns children, the
senior population, and those with compromised immune
systems [1, 2]. It is worth noting that acute respiratory
infections (ARIs) continue to be a significant contribu-
tor to global mortality, responsible for an estimated
4.25 million deaths, particularly affecting low- or middle-
income countries disproportionately [3]. Numerous viral
pathogens are responsible for acute respiratory infec-
tions (ARIs). However, recent investigations indicate that
hMPV, when combined with respiratory syncytial virus
(RSV) and influenza, can result in serious and sometimes
fatal complications, especially among vulnerable popu-
lations [4, 5]. Recent global burden analyses have high-
lighted the significant impact of respiratory infections,
revealing an estimated 33 million episodes of RSV-asso-
ciated acute lower respiratory infection and 3.6 million
RSV-related hospital admissions worldwide in 2019, par-
ticularly affecting children under five, with approximately
101,400 deaths annually [6]. Lower respiratory infections
(LRTIs) impose a significant burden on both morbidity
and mortality, with a staggering 344 million new cases
and 2.18 million deaths reported globally in 2021 [7].

The recent alerts from the World Health Organization
regarding hMPV outbreaks, including the 2024 outbreak
in China, have underscored the increasing significance
of this virus in public health discussions. Considering its
significant role in ARI-related morbidity and mortality, a
more profound insight into hMPV’s epidemiology, trans-
mission dynamics, and clinical implications is crucial [8].

The Pneumoviridae family comprises two genera:
Metapneumovirus, which encompasses hMPV, and
Orthopneumovirus, which includes RSV [9]. The hMPV
can lead to respiratory tract infections across all age
groups, with symptomatic cases predominantly observed
in young children and older adults [10]. The burden of
hMPYV includes classical and non-classical acute respira-
tory infections, which involve exacerbations of asthma or
chronic obstructive pulmonary disease (COPD) symp-
toms during the disease [11, 12]. Previous data indicate
that hMPV infection is seasonal and frequently occurs
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in co-infection with other respiratory pathogens [13]. A
study showed an hMPV infection rate of 0.2% in 2007,
4.3% in 2008, and 0.3% in 2009 [14]. According to another
study, the estimated rate of hMPV infections among hos-
pitalized cases with ARI was 6.24% [15].

This review represented hMPV epidemiology, patho-
physiology, clinical manifestations in both community
and hospital settings, unique transmission dynamics, and
challenges in diagnosis and therapy. It also compared it to
other respiratory viruses to contextualize its impact and
facilitate future investigation and public health efforts.

Transmission dynamics

hMPYV is distributed worldwide and is among the most
common viruses responsible for ARIs, alongside influ-
enza, coronaviruses, and RSV [16]. hMPV can circulate
within community and healthcare settings, each with
specific pathways. Centers for Disease Control and Pre-
vention (CDC) considers respiratory secretions (from
coughing or sneezing), close contact (such as hand-
shakes), and contaminated objects and surfaces as the
primary modes of hMPV transmission [17].

In temperate regions, hMPV outbreaks follow a sea-
sonal pattern, typically peaking from February to April
(Table 1) [18]. Environmental factors, such as tempera-
ture and humidity, influence transmission rates through
various mechanisms, including changes in viral behavior,
host susceptibility, environmental conditions, and human
behaviors [19]. Wang et al. showed that the number of
cases of hMPV was negatively related to both tempera-
ture and rainfall levels. This indicates that climatic condi-
tions can affect the spread of viruses [13].

Like other respiratory viruses, hMPV transmission
risk factors include crowded settings such as schools and
nursing homes, close contact with infected individuals or
contaminated surfaces, lower socioeconomic status, and
travel to epidemic regions [17, 20]. Close contact with
hospitalized infected individuals, even in asymptomatic
cases, can help spread the infection, especially in set-
tings where aerosol-generating procedures (AGPs) are
administered and among immunocompromised patients
[21, 22]. Asymptomatic carriers are especially important
in crowded settings, including schools and households,
as viral shedding occurs 7-14 days post-infection [23].
Studies have proven that both symptomatic and asymp-
tomatic carriers, as observed among healthcare workers

Table 1 Comparison of seasonal trends of hMPV with other respiratory viruses

Virus Season onset Peak activity Season offset Outbreak duration Seasonal peak

hMPV Early January January-March Early June 12-16 weeks Winter-spring peak

RSV Late October Late December April 16-22 weeks Winter-spring peak

Influenza December January-February March-April 6-8 weeks Winter peak; earlier than hMPV
HPIV-3 April-June May-June Late summer Variable Summer

HPIV-4 September October Autumn Variable Autumn
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(HCWs), contribute to spreading infections in daycare
and households [22]. The COVID-19 pandemic con-
firmed these risk factors, as hMPV incidence decreased
during the implementation of restrictions and subse-
quently increased after removing these measures [24].

Few studies have specifically addressed hMPV trans-
mission rates in community settings. Bell et al. used an
RT-PCR respiratory pathogen panel to study school-aged
children and found that this age group is a major source
of hMPV transmission. The study found that higher
household density correlated with increased transmis-
sion rates, as high as 12.2%, while index-case age nega-
tively correlated with transmission rates. Notably, this
study might not be representative of other age groups or
regions [25]. On the contrary, a study in a daycare center
following the death of a 33-month-old girl from hMPV
pneumonia found that 36% of the remaining 22 children
tested positive for hMPV using an RT-PCR panel [26].
Such discrepancy in transmission rates could be due to
selection bias, differences in study populations, and the
large number of undetected cases, as asymptomatic and
milder cases do not usually seek further testing [27].

Similarly, Matsuzaki et al. reported higher transmis-
sion rates from older index cases, consistent with Bell et
al’s findings. However, it may not apply universally due
to study design or sample limitations [28]. It was thought
by both studies that the time between the first symptoms
in index cases and secondary household cases was about
four to five days. This is in line with the idea that most
viruses are shed during the first week of illness [29]. The
overall transmission rate for hMPV varies among studies.

As noted, hMPV outbreaks have also been reported
in healthcare settings [26, 30]. Respiratory viruses, like
hMPYV, are more likely to spread in healthcare facilities
because of close contact between patients and higher
viral loads in patients with severe symptoms [31]. Addi-
tionally, the extended shedding period in young and
immunocompromised individuals underscores the dif-
ficulties of preventing hMPV propagation in these
conditions.

Since no precise information is available on hMPV
virus transmission rates, such variations complicate
direct comparisons and hinder the generalization of find-
ings across all settings.

Additionally, the World Health Organization (WHO)
alerted that China’s hMPV outbreak is overwhelm-
ing hospitals, raising worries of a worldwide pandemic.
High population density, significant global connection,
and difficulty in providing accurate risk assessments and
conducting swift responses in the COVID-19 era raise
concerns about rapid international transmission from
any Chinese outbreak [32].
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Mechanisms of transmission
Community transmission
hMPYV is mainly transmitted through respiratory droplets
that are released when one speaks, sneezes, or coughs.
Schools, daycare centers, and family settings serve as
major transmission hubs due to frequent and close
encounters among individuals [33]. According to lab
study findings, respiratory droplets carrying hMPV are
more permanent and transmissible at lower humidity and
colder temperatures. In contrast, higher temperatures
and humidity limit viral stability, restricting its transmis-
sion during the warmer months. These seasonal patterns
support epidemiological findings and highlight how envi-
ronmental factors contribute to community spread [33].
The risk of transmission increases with prolonged
shedding, especially in close-contact settings like schools
and childcare centers, and the shedding duration is
dependent on the host’s immune status, age, and viral
load [34]. According to studies, children usually continue
to shed the virus for 7-14 days post-infection. Moreover,
it can occur for up to 28 days or longer in certain situa-
tions, especially in immunocompromised individuals, as
the viral shedding in these individuals can last for a long
time—up to 182 days [35]. Moreover, asymptomatic car-
riers have been reported to shed the virus for an average
of 5-7 days [36].

Hospital transmission

AGPs, defined as any procedure that generates aerosols
that eventually are suspended within the air, such as suc-
tioning, bronchoscopy, and intubation, greatly increase
the risk of virus transmission in hospital settings. Aero-
sols containing infectious virus particles may stay in the
air for an extended time, increasing the risk of inhala-
tion [37]. Improved personal protective equipment (PPE)
rules, high-efficiency particulate air (HEPA) filtering sys-
tems, and getting rid of unnecessary AGPs have all been
used to lower this risk, which has resulted in less noso-
comial hMPV transmission [38]. Depending on envi-
ronmental factors such as temperature, humidity, and
surface type, hMPV can survive on inanimate surfaces
for extended periods. According to laboratory research,
hMPYV can survive for up to 24 to 48 h at room tempera-
ture with moderate humidity on nonporous surfaces such
as plastic and stainless steel. On the other hand, the virus
only lasts a much shorter time on permeable substances
consisting of paper or cloth [39]. Although there is little
direct proof of fomite-based hMPV transmission in clini-
cal settings, there is substantial indirect evidence of its
role. Recent research has shown that viable hMPV exists
on contaminated surfaces in hospitals, such as medical
instruments, doorknobs, and bed railings, which presents
a substantial risk of indirect transmission [40].
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Although, all ages are at risk of h(MPV infection, immu-
nocompromised, and older patients are most at risk.
Despite advances in understanding hMPV, the epide-
miology of the virus in immunocompromised patients,
as well as the possible role of HCWs in transmission,
remain unexplored [37, 41]. Immunocompromised
individuals are more vulnerable to hMPYV, including
those undergoing hematopoietic stem cell transplanta-
tion (HSCT), cancer therapy, or living with primary or
secondary immunodeficiencies [4, 42]. HCWs play an
important role in preventing and potentially exacerbating
the transmission of hMPYV in healthcare settings. HCWs
are more vulnerable to infection and virus transmission
from frequent contact with symptomatic and asymptom-
atic carriers [43]. During the 2003 SARS epidemic, evi-
dence from a nosocomial outbreak underscores this risk,
as HCWs were substantially associated with hMPV infec-
tion. hMPV-RNA was found in 20% of SARS patients’
nasopharyngeal aspirates during the pandemic, demon-
strating how prevalent it is in healthcare settings [44].

Pathogenesis and virology
Genomic structure and replication cycle
hMPV is a single-stranded, negative-sense, non-seg-
mented RNA virus that belongs to the Paramyxoviridae
family and the Pneumovirinae subfamily. The 13.3 kb
genome encodes nine structural proteins in this order:
nucleoprotein (N), phosphoprotein (P), matrix protein
(M), fusion protein (F), M2-1/2 protein, small hydropho-
bic protein (SH), glycoprotein (G), and large polymerase
protein [45]. The F protein is first generated in an inactive
form known as FO, which is subsequently broken into two
components, F2 and F1, to form a functional prefusion
trimer, a protein complex that mediates viral entry into
host cells and is the primary target for vaccine develop-
ment [46, 47]. The activation process is initiated by ser-
ine proteases, including transmembrane serine protease
2 (TMPRSS2), which cleave FO at a particular site. Upon
activation, the F protein proceeds through a permanent
transformation from its initial metastable trimeric form.
The fusion peptide is released during this process, which
enables it to enter into the host cell membrane and facili-
tate the fusion of the viral and host membranes [48]. The
hMPV F protein’s main role in viral entry, coupled with
its propensity to stimulate effective neutralizing antibody
responses in its prefusion structure, makes it a promis-
ing target for vaccine development [49]. Figure 1 depicts
the genomic organization of hMPV and highlights the
unique roles of each protein encoded by the genome.
Attachment, fusion, transcription, replication, assem-
bly, and release are the steps in the hMPV replication
process. The replication of hMPV occurs when its G
protein attaches itself to glycosaminoglycans on respira-
tory epithelial cells. Following the F protein binding, the
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membranes fuse, letting the viral RNA genome enter the
host cell’s cytoplasm [50]. Several steps need to occur for
viral replication. The G protein first attaches to certain
receptors on the surface of the host cell, thus beginning
attachment. Subsequently, the F protein enables the virus
to enter the host cell by promoting membrane fusion.
RNA-dependent RNA polymerase then translates the
viral RNA genome into messenger RNAs and reproduces
it. The following step is assembly, during which viral
components, including proteins and genomes, assem-
ble in the host cell membrane. The host cell ultimately
releases the newly produced virus particles through a
process known as budding [51]. The ciliated epithelial
cells in the respiratory system are primarily affected by
hMPYV, leading to a variety of symptoms. These symp-
toms can range in intensity from mild upper respira-
tory conditions to serious illnesses like bronchiolitis and
pneumonia [52]. Mucociliary clearance relies on ciliated
epithelial cells to protect the respiratory system against
inhaled pathogens. These cells’ usual activity is altered by
hMPYV infection, which reduces ciliary motion. The pri-
mary cause of the typical symptoms of hMPV infection,
including coughing, wheezing, and airway blockage, is
this disturbance [53].

Molecular variability

The hMPV indicates high genetic variability, leading
to its classification into certain subtypes. According to
genomic characteristics, hMPV is classified into two pri-
mary types, A and B, which are further divided into four
primary subtypes: Al, A2, B1, and B2 [54]. More specifi-
cally, A2a and A2b are subtypes of A2. Since 2015, new
mutations have been found in this subtype, such as 111
and 180 nucleotides in the G gene. These findings high-
light hMPV’s continual evolution and emphasize the
importance of constant genomic surveillance to identify
the clinical significance of new variations [55, 56].

Classifying the virus into subtypes has required analyz-
ing the N, M, F, G, and L genes, which are the primary
HMPV genes. The highly conserved F protein, which is
essential for the virus to infect cells, has 95% of its amino
acid sequence shared between groups A and B. However,
there is significant variance in the G gene, with only 53%
commonality between the two groups. The G and SH
genes show a lot of variation across subtypes, according
to studies, whereas the F and N genes show fewer varia-
tions within each subgroup [57].

F and G gene variants have a major impact on hMPV
pathogenicity. Although the F protein is typically con-
served, certain mutations may modify its structure, thus
possibly improving the virus’s ability to infect host cells.
For instance, a study has demonstrated that specific
mutations in the F protein can increase its fusion activ-
ity, resulting in increased viral replication and, as a result,
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Genome Organization of
Human Metapneumovirus
(hMPV)
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Fig. 1 The genomic structure of human metapneumovirus (hMPV) resembles that of respiratory syncytial virus (RSV). The antisense RNA genome of
hMPV has eight open reading frames, organized in 3'N-P-M-F-M2-SH-G-L-5' The N protein is essential for RNA encapsidation. The P protein functions as a
cofactor for the polymerase complex. The M protein participates in viral budding and assembly. The F protein is a membrane fusion protein that facilitates
the binding of a virus to a host cell. The M2 protein participates in the transcription and replication of viral RNA via its subunits 1 and 2. The SH protein may
operate as a viroporin, facilitating viral immune evasion. The G protein facilitates the virus's adhesion to host cells, whereas the L protein serves a catalytic

function in viral replication. This figure was created by BioRender

increased virulence [58]. The G protein shows notable
genetic variability. This variation may impact the virus’s
pathogenicity by influencing its capacity to attach to
host cells and evade the immune system. The hMPV G
protein is constantly changing, according to studies, and
antigenic variability is a result of genetic variation. Such
alterations may enable the virus to evade previous immu-
nity, thereby worsening illness severity [55]. Genetic
variability in hMPV influences its transmissibility, par-
ticularly in its fusion (F) and attachment (G) proteins.
The F protein is extensively conserved, with research
demonstrating no genetic change over decades [59]. The
F protein’s ability to be conserved through lineages allows
efficient host cell entrance, which is essential for viral
transmission. On the other hand, transmissibility may be
impacted by lineage-specific differences that affect fusion
kinetics and receptor binding efficiency [60]. Conversely,
the G protein demonstrates substantial genetic and anti-
genic diversity. In addition to possibly influencing its
transmission dynamics, this variability allows hMPV to
adjust according to different host populations and envi-
ronmental pressures [61]. Epidemiological studies have

documented seasonal shifts in the prevalent hMPV geno-
types, indicating that genetic variation plays a role in the
virus’s capacity to survive in communities. To illustrate
the ever-changing nature of hMPV transmission pat-
terns, studies have shown that genotype prevalence shifts
with the seasons [62]. The genetic variety of the G gene
is the main cause of immune evasion, which is an indi-
cation of hMPV infection. With its antigenic diversity in
the G protein, hMPV can escape neutralizing antibodies,
which weakens the host immune response [63]. Further-
more, the G protein interacts with host immune modula-
tors, such as Toll-like receptor 4 (TLR4), to inhibit innate
immune signaling pathways [64]. In recent genomic
studies, mutations or duplications in the G gene have
been identified as having the potential to enhance these
immune evasion mechanisms, thereby allowing the virus
to survive in the host for extended periods [65]. Through
the prefusion and post fusion conformations of the F pro-
tein, which can boost neutralizing antibody responses,
the F protein indirectly contributes to immune evasion
by changing the immunogenicity of the system [48].
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Population-specificimmune variability

Children have distinct immune response patterns to
hMPV due to their underdeveloped immune systems,
making them highly vulnerable to severe infections
(Fig. 2). According to studies, hMPV infections in chil-
dren frequently result in severe respiratory consequences
such as bronchiolitis and pneumonia, as well as lon-
ger disease courses than in adults. For instance, studies
have reported longer periods of viral shedding (averaging
10-14 days) and higher viral loads in respiratory secre-
tions in children with hMPV [23]. This leads to more
severe clinical symptoms, such as hypoxemia and respira-
tory distress, and higher hospitalization rates, especially
in children under two [16]. Pediatric patients frequently
have lower T-cell-mediated immunity, which causes
delayed viral clearance, in contrast to adults who depend
on stronger cytotoxic T-cell responses [66, 67]. This delay
causes respiratory disorders by facilitating prolonged
viral replication and raising the chance of co-infec-
tions. According to Pelletier et al. [68], 20% of children
with hMPV infection needed intensive care unit (ICU)
admission, highlighting the virus’s clinical burden in this
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susceptible population. hMPV virus loads in children
have been measured in recent research using reverse
transcription-polymerase chain reaction (RT-PCR),
providing important new information. The hMPV viral
loads were not directly associated with the duration of
illness in 18 children hospitalized with lower respiratory
tract infections; however, peak viral shedding occurred
between 6- and 11-days post-infection [69]. The result
implies that viral load influences the dynamics of virus
transmission, but it could fail to be an accurate predic-
tion of clinical outcomes.

In the elderly, hMPV-induced respiratory infections
are prevalent and more severe due to immunosenescence
and pre-existing comorbidities (Fig. 2) [70]. Infection
susceptibility, vaccine efficacy, and infectious illness mor-
tality increase with age due to immunosenescence. Stud-
ies have shown that both innate and adaptive immune
responses are functionally compromised in older adults.
One example is the modulation of pro-inflammatory
cytokine production, which frequently results in inflam-
mation or chronic inflammation [71]. This condition of
immunological failure has been associated with serious

Prevalence:
~5-20%

* hMPV frequently co-infections with RSV,

Risk factors for Human Metapneumovirus (hMPV)

Prevalence:
~5-10%

Prevalence:
Upto 10-15%

* Superinfection with Bacterial Pathogens includes, Streptococcus
pneumoniae, Haemophilus influenzae, and Staphylococcus
aureus (15-20% of cases).

influenza, rhinovirus, and SARS-CoV-2 (10—
30% of cases).

Fig. 2 Age-stratified risk factors and prevalence of human metapneumovirus (hMPV) infection. Three distinct life stages are shown: Early Life (infants and
young children), characterized by immature immunity and prevalence rates of 5-20%; Middle Life (adolescents and adults), showing generally lower risk
(5-10% prevalence) with increased susceptibility in chronic disease patients; and Late Life (elderly), demonstrating elevated risk (10-15% prevalence) due
to immunosenescence and comorbidities. Co-infection patterns are indicated, with viral co-infections (RSV, influenza, rhinovirus, SARS-CoV-2) occurring
in 10-30% of early life cases, and bacterial superinfections (Streptococcus pneumoniae, Haemophilus influenzae, Staphylococcus aureus) in 15-20% of
cases, predominantly in older populations. The figure was created using BioRender
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outcomes in viral infections, including hMPV, which
is particularly concerning given its frequency in older
people during respiratory virus seasons [72]. Multiple
chronic diseases, including diabetes, hypertension, and
COPD, are common among the elderly and can exacer-
bate immune dysfunction. Once these comorbidities are
present, infections frequently provoke a hyper-inflam-
matory response, which may lead to severe clinical con-
sequences [73]. Interferons (IFNs), especially type I IFNs
(IFN-a and IFN-f), activate antiviral defenses. In older
adults, type I IFN production and signaling are severely
compromised, which results in inadequate and delayed
viral clearance [74]. Improving outcomes in hMPV infec-
tions requires addressing weaknesses in IFN responses
and antibody production in aged people. Administering
recombinant IFN-\ or IFN-¢ can improve viral clearance,
reduce illness severity, and prevent excessive inflamma-
tion [75].

Immunocompromised patients have longer viral shed-
ding, more severe illness, and higher mortality rates, in
contrast to healthy individuals who typically experi-
ence self-limiting infections [76, 77]. Despite develop-
ments in understanding hMPV pathophysiology, a lack
of targeted antiviral treatments and vaccines adds to
the illness burden in vulnerable groups [78]. Impaired
innate and adaptive immune responses are the cause of
prolonged hMPV infections in immunocompromised
patients. Viral loads persisted for up to nine days post-
infection in studies employing immunosuppressed cot-
ton rats (Sigmodon hispidus), which showed substantially
higher pulmonary and nasal virus titers than immuno-
competent animals [79]. Delayed pulmonary chemo-
kine expression and histological alterations were found,
indicating an alternative inflammatory response. Clini-
cal research has also shown that immunocompromised
patients frequently experience acute and organizing lung
injury, which frequently necessitates extended hospital
stays [78]. In hMPV-induced pulmonary disease, neu-
trophil infiltration and cytokine dysregulation play a cru-
cial role. In immunosuppressed animals, higher levels of
macrophage inflammatory protein-1 alpha (MIP-1a) and
IFN-gamma-inducible protein-10 (IP-10) have been con-
nected with delayed pathogenesis [79]. This dysregulated
inflammatory response contributes to disease sever-
ity, highlighting the importance of immunomodulatory
therapy. RSV, hMPV, and parainfluenza virus are major
causes of severe respiratory illness that can lead to mor-
tality or need extensive respiration support. A large ret-
rospective study of hospitalized people found that hAMPV
infection increased the chance of getting serious illnesses
(incidence rate ratio [IRR]: 1.82; 95% CI. 1.71-1.93;
p<0.001). Additionally, compared to patients without
respiratory viral infections, hospital admissions were lon-
ger, averaging an additional 0.88+0.28 days [80]. The use
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of corticosteroid medications and cytotoxic treatments
increases vulnerability to acute viral respiratory infec-
tions. In children with cancer, these components lead
to extended viral shedding and a rapid progression from
upper to lower respiratory tract infections [77].

Clinical manifestations

In pediatric and adult populations, hMPV infections
typically manifest as mild and self-limiting respiratory
illnesses [81]. A detailed comparison of clinical manifes-
tations across different age groups and risk categories is
presented in Tables 2 and 3. These infections are often
characterized by symptoms such as coryza, cough, and
low-grade fever, which usually resolve spontaneously
within a relatively short period [16]. However, the precise
relationship between viral shedding dynamics and clini-
cal disease severity remains incomplete due to limitations
in current research methodologies, particularly those
involving human participants. The challenges in moni-
toring viral load excretion and symptom intensity con-
currently in human subjects lead to ongoing uncertainty
in establishing a definitive correlation. Bronchiolitis,
bronchitis, and pneumonia are the most common diag-
noses for hMPV patients [82]. The common symptoms
are almost nonspecific, including fever, cough, hypoxia,
upper respiratory tract infection, lower respiratory tract
infection, rhinorrhea, sore throat, and wheezing [83].
Fever usually lasts 10 days, with a peak during the illness.
In hospitalized cases, the main manifestations are bron-
chiolitis and pneumonia [84].

Community-level cases
Children and adolescents
The hMPV exhibits a broad age distribution, indicating
its presence across diverse demographic groups without
restriction to any particular age cohorts. Nevertheless,
the incidence of hMPYV infection is notably heightened in
pediatric and geriatric populations, signifying that both
young children and older adults are disproportionately
impacted by this virus relative to other age segments
[85]. h(MPYV ranks as the second most prevalent etiologi-
cal agent of LRTIs in young children, surpassed only by
RSV in terms of frequency [86]. The heightened preva-
lence of hMPV as a causative factor in LRTIs within this
vulnerable cohort underscores its critical implications for
pediatric respiratory health. Therefore, it is imperative to
consider hMPV as a prominent pathogen in the differ-
ential diagnoses of respiratory infections. The relatively
frequent occurrences of hMPV-induced LRTIs illustrate
the substantial burden this virus imposes on the health of
young children and the broader healthcare systems.

A cohort study conducted in Finland examined 1,338
children under the age of 13 for viral detection upon pre-
sentation of respiratory infection symptoms. The findings
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Table 2 Comparative outcomes and prognosis of hMPV with other respiratory viruses: At-glance

Viruses HMPV RSV Influenza SARS-CoV-2 Parainfluenza Rhinovirus/Enterovirus Adenovirus
A/B
Outcome
Common Cough, Cough, Fever, cough, Fever, cough, Cough, fever, nasal con-  Runny nose, sore throat, Fever, sore
symptoms  fever, nasal fever, nasal sore throat, shortness of gestion, wheezing cough, sneezing, mild fever  throat,
congestion,  congestion,  muscle breath, loss of cough,
wheezing wheezing aches, head- taste/smell, red eyes,
ache, fatigue  fatigue diarrhea
Average 3-5 3-8 3-7 2-10 3-7 1-3 3-5
duration of
fever (days)
Mortality ~8-10%in  ~8-10%in  0.1-2% 1-3% (original < 5% in hospitalized < 1% in hospitalized patients  <5%in
rate hospitalized  hospitalized  (seasonal); strain); varies by  patients hospitalized
patients patients up to 10% variant patients
(pandemic)
Morbidity  Mild to mod- Mild to mod- Mild to Mild to severe;  Mild; severe in Mild; can lead to bronchitis in - Mild; can
(Severity) erate; severe  erate; severe  severe; can can lead to immunocompromised rare cases lead to
in children in children lead to ARDS pneumonia
andelderly  andelderly  pneumonia in rare cases
Hospitaliza- Hospital- Hospital- Hospitaliza-  Hospitalization ~ Hospitalization in severe  Rarely requires Rarely
tion rate ization in ization in tion in severe in severe cases  cases or in immunocom- hospitalization requires hos-
severe cases, severe cases, Casesorin orin those with  promised patients pitalization

especially in  especiallyin  those with comorbidities
childrenand childrenand comorbidities

elderly elderly

Lengthof  Typically, 5-7 Typically, 5-7 Typically,3-7 Typically, 7-14  Typically, 3-5 days Typically, 2-4 days Typically, 5-7

hospital days days days days days

stay (de-

pends on

severity)

Co-infec- Highriskof ~ Highriskof  Highriskof — High risk of High risk of co-infection  High risk of co-infection with  High risk of

tion risks co-infection  co-infection  co-infection  co-infection with other respiratory other respiratory viruses co-infection
with other with other with bacterial - with bacterial viruses with bacteri-
respiratory respiratory pathogens or pathogens or al pathogens
viruses viruses other viruses  other viruses or other

viruses

Economic  Significant Significant Substantial ~ Substantial cost  Cost associated with Low cost, mostly outpatient  Low cost,

burden cost from cost from cost as- associated with ~ treatment treatment mostly
hospitaliza-  hospitaliza-  sociated with hospitalizations outpatient
tion tion hospitaliza- treatment

tions

Prognosis

Popula- Young chil-  Young chil-  Allages; All ages; elderly  Young children and Young children; generally Young

tion most dren, elderly, dren, elderly, elderly and and those with  immunocompromised mild in adults children and

affected andimmu-  andimmu-  those with comorbidities  individuals immu-
nocom- nocom- comorbidi-  at higher risk nocom-
promised promised ties at higher promised
individuals individuals risk individuals

Reinfection Moderate; High; immu-  Moderate; Moderate; im- High; immunity wanes Moderate; frequent in Moderate;

rate immunity nity wanes  varies by munity wanes  over time children immunity
wanes after  over time strain and over time wanes over
initial vaccination time
infection status

Complica-  Pneumonia, Pneumonia, Pneumonia, ARDS, organ Pneumonia, bronchiolitis  Bronchitis, exacerbation of Pneumonia,

tions bronchiolitis, bronchiolitis, myocarditis,  failure, long-CO- asthma hepatitis, or
secondary secondary exacerbation VID syndrome myocarditis
bacterial bacterial of chronic

infections infections conditions
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Table 2 (continued)
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Viruses HMPV RSV Influenza SARS-CoV-2 Parainfluenza Rhinovirus/Enterovirus Adenovirus
A/B
Preventive  Nolicensed  Palivizumab  Annual Vaccination, hy-  No vaccine; hygiene Hygiene practices; no specific Hygiene
measures  vaccine; (for high-risk  vaccination,  giene practices, practices vaccine practices;
hygiene infants), hygiene masks, social no specific
practices hygiene practices distancing vaccine
practices
Treatment  Supportive  Supportive  Antivirals Antivirals (e.g,  Supportive care; no spe-  Supportive care; no specific ~ Supportive
availability — care;nospe- care;nospe- (oseltamivir,  remdesivir); cific antiviral available antiviral available care; no spe-
cificantiviral ~ cific antiviral ~ zanamivir); supportive care cific antiviral
available available supportive available
care
Seasonal Peaksinlate  Peaksinlate Peaksin Peaks in winter;  Peaks in late fall and early = Year-round; peaks in spring  Year-round;
patterns winter and fall, winter, winter; pandemic winter and fall peaks in
spring and early varies with waves vary spring and
spring geographic  seasonally summer
location

Table 3 Age and risk group-based comparison of clinical manifestations for \MPV

Age group Typical presentations Risk of delayed Severe presentations  ICU ad- Complications
diagnosis missions
rate
Community-Level Cases
Children Runny nose, cough, wheezing, Moderate (symptoms Rare severe bronchiolitis  Low Secondary bacte-
fever resemble common cold) rial infections'
Adolescents Sore throat, cough, mild fever High (symptoms are Rare severe respiratory ~ Very low Asthma
often mild) distress exacerbation
Adults Persistent cough, fatigue, mild High (non-specific Rare severe pneumonia  Very low Chronic respira-
fever symptoms) tory disease
Hospital-Based Cases
Children Severe cough, hypoxia, wheez- Moderate (often misdiag-  Bronchiolitis, respiratory Moderate ~ Secondary bacte-
ing, retractions nosed as RSV) failure rial infections
Adolescents Persistent cough, fever, mild High (atypical Severe pneumonia Low Reactive airway
dyspnea presentations) disease
Adults High fever, dyspnea, chest pain Moderate Severe pneumonia Moderate  ARDS?, sepsis
Elderly Severe dyspnea, confusion, chest  High (non-specific Severe respiratory High Multi-organ
discomfort symptoms) failure dysfunction
High-Risk Groups
Immunocompromised Persistent fever, severe dyspnea, ~ Very high (symptoms Severe pneumonia, High Disseminated
hypoxia overlap with baseline respiratory failure infection, sepsis
disease)
Elderly Weakness, confusion, shortness ~ High Severe respiratory High Exacerbation of
of breath distress, ARDS chronic conditions
Specific groups Depends on underlying condi- Very high Severe respira- High Cardiac arrest,

tion (e.g. asthma, COPD?, heart
disease)

tory or cardiac
decompensation

secondary bacte-
rial infections

1. Secondary infections refer to infections that occur after the primary infection

2. Acute Respiratory Distress Syndrome

3. Chronic Obstructive Pulmonary Disease

indicated that the age-specific incidence of human meta-
pneumovirus (hMPV) infection was notably highest,
at 7.6%, in children younger than 2 years. Among those
diagnosed with hMPV, 97% exhibited a cough, 90% pre-
sented with rhinitis, and 72% experienced fever, with a
median duration of symptomatic illness recorded at 8
days. Wheezing was noted in 10% of the hMPV-infected
cohort, while laryngitis was observed in 8%. The most

prevalent complication associated with hMPV infection
was acute otitis media (AOM), diagnosed via pneumatic
otoscopy, which occurred in 61% of individuals under
3 years of age. Notably, none of these patients required
referral to a hospital [87].

Additionally, a separate investigation aimed to elu-
cidate data collected from children under the age of 14
diagnosed with community-acquired pneumonia (CAP).
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All participants presented with fever, characterized by
an axillary temperature surpassing 38 °C, and exhibited
signs and symptoms consistent with CAP. The results of
the viral testing indicated that respiratory syncytial virus
(RSV) was the most commonly detected pathogen in 188
children (31.7%), followed by rhinovirus (24.3%), bocavi-
rus (10.1%), influenza viruses (9.6%), hMPV (8.2%), coro-
naviruses (5.6%), enterovirus (3.5%), adenovirus (1.8%),
and parainfluenza viruses (1.8%). High-grade fever
(239 °C) was diagnosed more frequently in hMPV-posi-
tive children rather than rhinovirus-positive [88].

Among the various infection types in pediatric popu-
lations, the median temperature (IQR) observed in mild
and severe cases is typically 36.8 (36.5, 37.2) degrees
Celsius. Besides fever, additional clinical manifestations,
such as cough and wheezing, are prevalent in mild and
severe cases. Notably, patients with mild infections tend
to exhibit a higher prevalence of concurrent cough and
fever, whereas wheezing is reported with greater fre-
quency among the severe cases [89]. The concurrence
of fever, cough, and wheezing is particularly character-
istic of patients with more severe presentations [90]. In
pediatric patients under 18 years of age, CAP manifests
with symptoms analogous to those found in adult pop-
ulations, primarily cough and fever. However, younger
patients frequently present with supplementary symp-
toms, including anorexia and dyspnea, which may signify
a more protracted and complex clinical course. Further-
more, the study elucidated that respiratory virus consti-
tute the predominant etiological agents of pneumonia
within this demographic, thereby underscoring the sig-
nificance of considering viral infections in the diagnostic
and therapeutic approaches to pneumonia in pediatric
patients [91].

A comprehensive study evaluating human metapneu-
movirus (hMPV) infection in both outpatient and inpa-
tient populations established that the average age of
affected patients was 11.7 years, with a standard devia-
tion of 14.6 years. The research consistently identified
specific symptoms—namely fever, cough, rhinorrhea, and
dyspnea—across various healthcare settings, underscor-
ing the prevalence of these manifestations as common
indicators of hMPV infection, irrespective of whether
individuals received outpatient care or required hospi-
talization [92]. The hMPV, like many other respiratory
virus infections, is marked by a considerable number of
asymptomatic cases, wherein infected individuals do not
show any clinical symptoms despite harboring the virus.
This characteristic of hMPV infection closely resembles
other well-known respiratory pathogens, highlighting the
challenges in implementing effective disease control and
containment strategies. It emphasizes that the absence of
symptoms in an individual does not necessarily indicate
that they are not infected or potentially contagious [93].
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Adults

Fever is identified as one of the most frequently occur-
ring clinical symptoms in adult patients diagnosed with
hMPYV, as demonstrated in a study [94]. A broad spec-
trum of other symptoms often accompanies this finding,
including myalgia, rhinorrhea, sneezing, cough, sputum
production, sore throat, chills, headache, and muscle
pain, all of which are commonly reported in the outpa-
tient setting among those with hMPV [95].

The similarities with other respiratory viruses become
evident when comparing these symptoms to those of
RSV infection. Patients infected with RSV often pres-
ent with a similar profile, including fever, cough, wheez-
ing, dyspnea, rhinorrhea, and sputum production [96].
Therefore, clinicians must be attentive to the overlapping
symptomatic presentations of hMPV and RSV infections,
especially in adults seeking outpatient care.

Asymptomatic hMPV infection also occurs in adults.
The percentage of asymptomatic infection is most signifi-
cant in the young group compared to the healthy elderly
group and the high-risk group [97].

Inpatient level cases

Children and adolescents

The primary reasons for hospitalization among children
with hMPV infections are the development of acute
lower respiratory tract illnesses, specifically bronchi-
olitis, and pneumonia [98]. Additionally, patients who
have a coinfection with RSV tend to experience more
severe illness, particularly children less than two years
of age, resulting in a greater likelihood of admission to
the intensive care unit and a 10-fold increase in the need
for mechanical ventilation [9, 99]. However, additional
evidence is required to substantiate this hypothesis. The
findings underscore the considerable clinical implications
of hMPV on pediatric respiratory health, as the virus fre-
quently precipitates conditions that necessitate intensive
medical intervention and inpatient care [100]. Age under
six months and household crowding have been identified
as risk factors for hospitalizations due to h(MPV. Further-
more, in hospitalized patients, factors such as female sex,
prematurity, and infection with genotype B are recog-
nized as significant predictors of severe hMPV disease
(Fig. 2) [101].

Some interventions in specific populations, such as
immunization of HIV-infected children with pneumo-
coccal vaccine, could decrease the prevalence of hAMPV-
associated lower respiratory tract illnesses [102]. Among
hMPV-hospitalized children, fever was more frequently
reported. Cough, wheezing, increased work of breath-
ing, loss of appetite, and rhinorrhea have been reported
in almost 80% of cases [101]. Other clinical manifesta-
tions are vomiting, diarrhea, otalgia, and cyanosis. Otitis,
pharyngitis, and conjunctivitis are also reported [103].
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Clinical characterizations of hMPV in a population-
based prospective surveillance study revealed that fever
was less common among children with HMPV infection
than children with influenza. In contrast, symptoms like
difficulty breathing and wheezing were more common in
children with HMPYV than influenza [104].

A recent study investigating the clinical manifestations
of hMPV and RSV infections found that fever is more
commonly observed in individuals infected with hMPV.
Other mild symptoms, such as gastrointestinal (GI)
issues and upper respiratory manifestations, were com-
parable between both hMPV and RSV cases. However,
more severe complications, including seizures, chest
recessions, and hypoxemia, were reported in both hMPV
and RSV infections. Among children hospitalized with
hMPYV, the clinical phenotype indicating lower respira-
tory tract involvement was noted in 90.2% of cases, while
this figure was slightly higher at 95% for RSV cases [96].
Rare presentations, including encephalitis, have been
reported in children with upper respiratory tract hAMPV
disease [105]. The causal link between hMPV and these
cases is unclear, as viral replication is understood to be
mainly limited to the respiratory tract. Sepsis syndrome
occurs less than in hMPV-infected children in compari-
son with other related viruses occurring in <2% of cases
[106].

Adults

Like other viral infections, hMPV can lead to serious
complications that need admission to the hospital and, in
severe cases, can lead to ICU admission due to requiring
mechanical ventilation, hemodynamic management, and
treatment of possible coinfection. In adults with acute
respiratory tract infections (ARTIs), RSV and hMPV are
the main suspicious [107].

In adults, hMPV primarily manifests as an influenza-
like illness, often accompanied by signs of upper and/
or acute lower respiratory tract infections, with a study
revealing that the two most prevalent symptoms were
dyspnea and cough; notably, the combination of fever,
cough, and dyspnea was observed in 42% of patients,
while additional symptoms included nasal congestion,
sputum production, fatigue, wheezing, crackles, and
reports of gastrointestinal issues [108]. The compara-
tive clinical presentations and outcomes of hMPV versus
other respiratory viruses are summarized in Table 2. In
another study, symptoms of hospitalized adults included
shortness of breath, cough, fever, and chest pain [109].
Moreover, the rates of ICU admission, mechanical venti-
lation, hospital length of stay, and ICU duration for adults
requiring hospitalization due to hMPV were found to be
comparable to those associated with RSV and influenza
infections [108]. The clinical manifestations of influenza
and hMPV in hospitalized adults are generally similar,
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and the numbers of patients with symptoms like fever,
cough, and myalgia are comparable. Weakness, head-
ache, and sore throat are primarily presented in influ-
enza infection [108]. The average duration of symptoms
prior to hospitalization was longer for infections caused
by RSV and hMPV compared to those caused by influ-
enza. Patients with hMPV tended to be older than those
with influenza and were more likely to present with acute
heart failure during their hospital stay; however, the rates
of respiratory and cardiovascular complications were
comparable in both groups [110, 111]. During the SARS-
CoV-2 pandemic in China, a case was reported involving
an adult with hMPV infection whose respiratory symp-
toms closely mimicked those of COVID-19 [112]. Fur-
thermore, evidence indicates that smoking may not be a
significant risk factor for hAMPV infection among hospi-
talized adults [109].

Special population

The hMPYV infections in some groups of patients with
underlying conditions could be more complicated. Here,
we summarize data that indicates considerable sig-
nificance in these populations. Table 3 provides a com-
prehensive overview of clinical manifestations across
different age groups and high-risk populations.

Adults with chronic cardiopulmonary disease

Respiratory virus infections are a serious trigger for
COPD exacerbations. These patients have more symp-
tomatic disease in contrast with healthy populations and
are also more likely to use medical care services. Stud-
ies also showed that hMPV in hospitalized patients due
to COPD or asthma exacerbation was frequent [16, 113,
114].

Immunocompromised patients

The incidence of morbidity and mortality is elevated
among immunocompromised patients, whose clinical
trajectories are often prolonged, with respiratory failure
occurring more frequently and presenting commonly
with symptoms such as fever, cough, and rhinorrhea,
especially in immunocompromised children [4, 5, 115].
A major complication in this population is severe lym-
phopenia (defined as <1000 lymphocytes/mL), alongside
elevated liver enzyme levels, and respiratory failure also
significantly contributes to mortality, with bacterial or
fungal co-infections identified as the primary risk factor
for death [5]. In a cohort study, hMPV was detected in six
patients. Four of them were immunocompromised, pri-
marily due to lung transplantation. However, the rate of
hMPV detection was comparable with the RSV detection
[116]. Regarding children with HIV infection, a study
in South Africa indicated that the incidence of hMPV-
associated hospitalization was higher in HIV-infected
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subjects than in HIV-uninfected [117]. In a survey of
immunocompromised hMPV-infected children, 23% of
patients required intensive care unit admission and/or
supplemental oxygen and were more likely to be neutro-
penic [66].

Patients with malignancy were also more likely to be
admitted to ICU level care and had a mortality rate of
hMPYV infection [118]. The burden of hMPV infection
was higher in children and adults with cancer, especially
patients with hematologic malignancies [119]. The hMPV
infection involving the upper and lower respiratory tract
was common in adults with hematologic malignancies.
Respiratory coinfections included five cases of pseudo-
monal pneumonia and six cases of proven invasive fungal
infection. Other complications associated with oxygen
requirement without any significant effect on mortality
[120]. Following hematopoietic stem cell transplantation
(HCT), severe hMPV infections can also occur, espe-
cially with the pattern of progression from upper to lower
respiratory tract disease with the risk factors including
systemic glucocorticoid use and low lymphocyte counts
[35]. In a study that evaluated adults following HCT,
nasopharyngeal hMPV infection was persistent in most
participants for months, although they were asymptom-
atic [121]. Lung transplant patients are also more suscep-
tible to the hMPV complex form of infection based on a
study that a third of hMPV-infected lung transplant cases
presented chronic lung allograft dysfunction (CLAD)
progression in the first year, with lack of early lung func-
tion recovery predicting long-term CLAD progression
[122].

Role of co-infections and comorbidities
Co-infection of hMPV with other respiratory pathogens,
such as RSV, bocavirus, rhinovirus or enterovirus, para-
influenza virus, coronavirus, influenza A, influenza B,
and influenza has been shown in several investigations
(Fig. 2) [83, 123]. Studies have also revealed the super-
infection of hMPV with bacterial pathogens such as
Streptococcus pneumoniae, Mycoplasma pneumoniae,
and Chlamydia pneumoniae [83]. Co-infections with
bacteria, including Streptococcus pneumoniae or Staphy-
lococcus aureus, complicate outcomes by leading to sec-
ondary bacterial pneumonia or sepsis. It is noteworthy
that more than 50% of secondary infections involve the
lower respiratory tract, often occurring concurrently
with primary infections [124, 125]. While several studies
have indicated an association between co-infections and
an elevated rate of ICU admissions, as well as prolonged
hospital stays, other investigations have demonstrated
no significant correlation between co-infection and the
severity of the disease [83, 126].

Co-infections significantly worsen the clinical progres-
sion of hMPV infections, particularly when they occur
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alongside RSV, influenza, or bacterial pathogens, as co-
infection with RSV can lead to serious complications in
the lower respiratory tract, often resulting in ICU admis-
sions due to increased inflammation and airway injury,
especially in children under the age of one who are most
likely to contract these viruses. According to Nair et al.
[127], RSV can cause serious lower respiratory tract dis-
eases in children, such as bronchiolitis, bronchospasm,
pneumonia, and acute respiratory failure. Children, par-
ticularly those presenting with upper or lower respira-
tory tract infections as well as asymptomatic cases, are
primarily affected by human metapneumovirus (hMPV),
with acute bronchiolitis and pneumonia being the most
prevalent conditions leading to hospitalization in this
population [128]. However, immunocompromised per-
sons and the elderly are also at risk. 5 to 10% of hospi-
talizations for children with ARIs are due to hMPV [129,
130]. In children under two years old infected with RSV,
co-infection with hMPV is associated with severe RSV
bronchiolitis and a heightened probability of necessitat-
ing ICU hospitalization [83]. The clinical progression
of hMPV closely resembles that of RSV infection, with
bronchiolitis, pneumonia, and asthma exacerbations
being the principal symptoms [131]. The incidence of
severe hMPV infection in children requiring hospitaliza-
tion in the ICU or respiratory support is relatively low.
Infants with co-infection of both RSV and hMPV face a
tenfold increased risk of needing mechanical ventilation
compared to those with isolated RSV infections [83].

Co-infection with influenza, although less common,
can exacerbate respiratory symptoms and increase the
risk of complications, such as Acute Respiratory Distress
Syndrome (ARDS) [132]. Several factors heighten the risk
of severe human metapneumovirus (hMPV) infection,
including premature birth, young age, a history of health-
care-associated infections, and pre-existing lung, cardiac,
or neurological conditions. A recent investigation into an
hMPYV outbreak in two skilled nursing facilities reported
an 11% fatality rate. Hospitalization rates for hMPV
infection are comparable to the combined rates of influ-
enza and parainfluenza viruses 1, 2, and 3. This under-
scores the critical need for advancing our understanding
of hMPV pathogenesis and ongoing vaccine research
[133, 134].

Comorbidities significantly influence the severity of
hMPYV infections; conditions such as asthma and COPD
can exacerbate symptoms and lead to repeated hospi-
talizations, while cardiovascular issues like heart failure
may further increase respiratory discomfort [135]. More-
over, immunocompromised patients, including those
with HIV or cancer, are more susceptible to severe and
prolonged infections, often complicated by secondary
bacterial or fungal infections [78]. Additionally, meta-
bolic disorders such as diabetes and obesity compromise
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immune function, hindering viral clearance and exacer-
bating clinical outcomes, whereas neurological abnor-
malities increase the risk of respiratory complications
and aspiration pneumonia [16, 136].

Underlying conditions such as COPD, asthma, and car-
diovascular diseases have a profound impact on immune
responses, often increasing the susceptibility to and
severity of respiratory infections like hMPV [137]. COPD
impairs pathogen protection by disrupting mucociliary
clearance, altering the balance of cytokines, and leading
to chronic airway inflammation and structural damage
[138]. In patients with asthma, heightened Th2-driven
immune responses result in hyperresponsive airways and
increased inflammation, which can delay the clearance
of viruses and exacerbate symptoms [139]. Furthermore,
heart failure and other cardiovascular diseases elevate
the risk of severe outcomes by inducing systemic inflam-
mation and diminishing immune cell activation due to
poor blood perfusion and endothelial dysfunction [137].
Together, these altered immune conditions contribute
to slower healing, accelerated disease progression, and a
greater likelihood of recurrent infections.

Diagnostic strategies

ARIs, which affect both the upper and lower respira-
tory systems, are one of the leading causes of mortality
and morbidity globally, responsible for approximately
4.25 million deaths each year. Although infection rates
declined during 2021-2022, a rising trend was noted in
2022-2023. These infections set a considerable burden
on healthcare resources [3]. A range of viral pathogens
is responsible for ARIs across various age groups, with
notable contributors including hMPYV, rhinovirus, ade-
novirus, RSV, influenza, parainfluenza virus, and SARS-
CoV-2 [80, 124, 140-143].

In recent years, advancements in diagnostic measure-
ments, including molecular assays, cell cultures, and
antigen-based tests, have reached their pinnacle in accu-
racy and rapidity [144]. Currently, nucleic-acid-based
techniques (NAAT), including polymerase chain reac-
tions (PCRs), are one of the major diagnostic approaches,
replacing traditional methods, including cell cultures and
immunofluorescence assay (IFA) [145, 146]. Molecular
assay techniques encompass a range of PCR-based meth-
ods, including nested PCR, multiplex PCR, real-time
PCR (rtPCR), reverse transcriptase PCR (RT-PCR), loop-
mediated isothermal amplification (LAMP), and DNA
microarrays [147]. Notably, multiplex RT-PCR is favored
for its high sensitivity, specificity, and convenience,
making it the standard tool for detecting multiple viral
pathogens. This process involves the reverse transcrip-
tion of RNA to DNA, followed by amplification through
PCR after the extraction and purification of nucleic acids
[148].
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Influenza virus diagnosis includes a combination of
clinical judgment and laboratory diagnostic tools. These
techniques include viral culture, enzyme-linked immu-
nosorbent (ELISA)-based, and molecular-based tests
[149]. Although culture is the gold standard diagnostic
measurement, its time-consuming nature and the need
for diagnostic tools with higher accuracy have shifted
the use of molecular assay tests in clinical practice [150].
These methods, including rapid tests (RIDT) and NAATs,
have shown promising results compared to RIDTs and
comprise various methods, including RT-PCR, LAMP,
and DNA-microarray and sequencing tests [149, 151],
commonly used for the detection of HMPV, HPIV, RSV,
SARSCoV-2, adenovirus, and rhinovirus. Despite the
development of NAATS, traditional approaches, includ-
ing cell culture, are still in practice as recently a novel
ELISA method has been developed that detects RSV in
a short period, with a sensitivity and specificity of 94%
and 96.8%, which has attracted the attention of resource-
limited countries due to its cost-effectiveness [152]. RSV
detection tests include viral culture, RADT, direct fluo-
rescent antibody (DFA), and RT-PCR [152-154]. Simi-
larly, NAATSs are widely used for HMPV detection, viral
culture, and IFA [83]. Although shell viral culture is cur-
rently the gold standard diagnostic approach, RT-PCR
and multiplex RT-PCR, two novel NAATSs, are the most
common approaches for HMPV detection [143]. Addi-
tionally, IFA, including DFA and ELISAs, are used along-
side shell viral culture to detect viral antigens, enhancing
specificity and sensitivity. Moreover, previous methods
include serological assays, which are now less frequent
due to the better performance of other methods [143].
SARSCoV-2 is detected mainly via NAATSs, including
RT-PCR, reverse transcription LAMP (RT-LAMP), real-
time RT-LAMP (rRT-LAMP), and real-time RT-PCR
(rRT-PCR) [155-158]. Adenovirus diagnostic methods
are similar to those previously discussed. Traditional
measurements include viral culture, neutralization test
(NT), which is based on the detection of the hexon pro-
tein’s antigenic determinant, indirect ELISA, latex agglu-
tination test (LAT), and enzyme immunoassay (EIA)
[159]. However, the robust reliability of molecular-based
assays, including rtPCR, has outperformed other meth-
ods [160]. IFA, ELISA, complement fixation test (CFT),
hemagglutination inhibition test (HIT), and rRT-PCR
are standard diagnostic methods for rhinovirus, with
the latter accounting for the majority due to its reliabil-
ity, rapidness, high specificity, and sensitivity [161, 162].
Parainfluenza virus diagnostic tests in clinical follow the
same pattern, including traditional viral culture and IFA,
as well as more advanced and novel molecular assays
(PCR) with superior sensitivity and specificity [140, 163].

When comparing the diagnostic precision of various
methods for hMPV and other viral pathogens, RT-PCR
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for hMPV demonstrates a sensitivity of 95-100% and a
specificity of 100%, similar to the results in RSV and
influenza RT-PCR sensitivity and specificities [164].
Moreover, one study reported ELISA superiority regard-
ing sensitivity for RSV compared to hMPV (88% vs. 83%).
Moreover, ELISA specificity was the highest for adeno-
virus (100%) compared to hMPV (92%) and RSV (88%)
[165].

NAATS: are the preferred tests in clinical practice with
increasing accessibility. However, their complexity, lim-
ited equipment, poor infrastructure, high costs, and the
need for professional laboratory technicians impede their
accessibility in resource-limited countries [166, 167]. This
limitation was well observed during the COVID-19 pan-
demic, where the costliness of RT-PCR due to the need
for thermocyclers impeded adequate and timely testing
in these countries, leading to substantial mortality and
morbidity. Moreover, the absence of primary resources
for developing accurate diagnostic tools complicates
this problem in resource-challenged settings. These
include the lack of centrifugation machines required for
serum tests and trained professionals for viral genome
detection [168, 169]. Additionally, technical complex-
ity and the need for multiple primer pairs optimization
to avoid cross-reactivity and -contamination, which
requires trained personnel, the required multiple stages
of amplification and detection, lack of a proper supply
chain infrastructure, and technical troubleshooting sup-
port often unavailable in limited-resources settings, and
limited available equipment including thermocyclers and
fluorescence detectors have hindered their broad admin-
istration in many low- and middle-income countries
[170, 171].

Thus, resource-limited countries rely heavily on tra-
ditional measurements, including ELISA and IFA [172].
The implications of these limitations are significant, as
they underscore the urgent need for more affordable and
accessible diagnostic tools in these regions.

Management and therapeutic approaches

Supportive care

Oxygen therapy remains a cornerstone treatment for
patients with severe hMPV infection, particularly when
hypoxemia is present. This intervention is especially criti-
cal for high-risk groups, including children under five,
older adults, and those with underlying comorbidities
[120, 173, 174]. Proper fluid management is essential to
prevent dehydration, especially in pediatric and elderly
patients who are susceptible to fluid imbalances due to
fever, tachypnea, and reduced oral intake [120, 174].

The balance of electrolyte replacement and careful
monitoring of fluid overload is necessary across all age
groups, given that viral infections can trigger systemic
inflammation. Patients exhibiting significant respiratory
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distress may demonstrate elevated work of breathing,
necessitating an individualized approach to fluid therapy.
Clinical judgment regarding fluid volume, rate, and type
(oral vs. IV) is paramount [174].

Symptomatic management forms another cornerstone
of supportive care. Antipyretics such as acetaminophen
(paracetamol) and occasionally ibuprofen help alleviate
fever, reduce discomfort, and improve overall well-being.
For individuals who exhibit signs of respiratory failure or
significant work of breathing, both non-invasive ventila-
tion (CPAP, BiPAP) and invasive mechanical ventilation
may be necessary [173, 174].

Emerging antiviral options

Currently, there are no hMPV-specific antivirals licensed
for routine clinical use [174]. The primary treatments
remain supportive, particularly for hospitalized infants
and children, focusing on oxygen supplementation and
intravenous hydration. While bronchodilators and corti-
costeroids are used empirically, no data substantiate their
efficacy [100].

Ribavirin, a nucleoside analogue, has been extensively
explored for hMPV treatment. It functions by disrupt-
ing viral purine metabolism and inhibiting viral RNA
polymerase, while also demonstrating immunomodu-
latory effects through up-regulation of CD4 and CD8
T lymphocyte-derived cytokines and down-regulation
of Th2 cytokines like IL-10 [175]. However, evidence of
its clinical benefit remains inconclusive [120]. The vari-
ous administration routes present distinct challenges:
aerosolized delivery raises concerns about high costs,
teratogenicity risks for healthcare workers, and potential
respiratory function deterioration; oral administration
faces bioavailability issues; and intravenous administra-
tion shows limited and conflicting outcomes. Notable
success has been reported when combining ribavirin
with IVIG in immunocompromised patients, particularly
lung transplant recipients and those with hematological
conditions [100, 176].

Research into monoclonal antibodies (mAbs) offers
promising avenues for treatment. Several candidates tar-
get the fusion (F) protein of hMPV, aiming to block viral
entry and replication within respiratory epithelial cells
[174, 177]. Significant developments include MAb 338,
which demonstrates effectiveness against all four hMPV
subtypes, and MPE8, which shows potential for cross-
neutralization with RSV. The 54G10 antibody has also
demonstrated substantial neutralizing capacity in experi-
mental models [175, 176]. Investigations into palivi-
zumab—originally designed for RSV—have suggested
some cross-reactivity, although its efficacy against hA\MPV
remains limited [174, 177]. In immunocompromised
populations, monoclonal antibodies may be deployed
prophylactically to prevent severe complications, echoing
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strategies used for RSV in high-risk neonates. However,
larger-scale clinical trials are needed to confirm their
safety and efficacy for hAMPV [120, 174].

Novel therapeutic approaches under investigation
include fusion inhibitors, which impede viral entry into
host cells, and RNA-based technologies. The HRA2 pep-
tide, derived from heptad repeat domains of the hMPV
F protein, has shown promising results in reducing viral
load and inflammation in animal models. Small interfer-
ing RNAs, particularly siRNA45 targeting the nucleopro-
tein and siRNA60 targeting the phosphoprotein, have
demonstrated potent antiviral activity without inducing
cytokines or off-target effects [176]. These developments
align with broader investigations focusing on inhibiting
viral polymerases and preventing the fusion process by
stabilizing prefusion F protein structures [178—180].

The integration of advanced structural biology tech-
niques, including cryo-electron microscopy, continues
to refine drug design by revealing key vulnerability sites
in hMPV’s protein structures. Accelerating this pipeline
from bench to bedside requires collaborations between
academia, pharmaceutical companies, and public health
agencies. While funding remains a challenge due to
smaller market incentives compared to established
pathogens like influenza, the burden of hMPV hospital-
izations underscores the urgent need for targeted thera-
pies [178-180].

Public health implications and prevention strategies

Role of hygiene, masking, and public education

Infection prevention relies on comprehensive public
health measures, with consistent hand hygiene—via soap
and water or alcohol-based sanitizers—being essential
for reducing transmission. Proper respiratory etiquette,
such as covering the mouth and nose or coughing/sneez-
ing into the elbow, further limits droplet dissemination.
Despite their apparent simplicity, these preventive mea-
sures are both cost-effective and profoundly impactful in
hospital and community environments [181].

Lessons from recent respiratory virus outbreaks, par-
ticularly the COVID-19 pandemic, highlight that mask-
ing and physical distancing can significantly reduce
transmission. Universal masking in healthcare settings,
nursing homes, and schools has proven particularly
effective during seasonal outbreaks. Mask usage, espe-
cially by symptomatic individuals, reduces the release of
infectious droplets, while physical distancing decreases
person-to-person contact [182].

The success of community-level interventions heavily
depends on public education campaigns. By promoting
early symptom recognition, hand hygiene, and appro-
priate mask-wearing, these programs encourage timely
self-isolation, reducing chain transmission. Behavioral
interventions, such as staying home when ill, further
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limit virus spread [183]. These strategies can be opti-
mized for different demographics by adapting successful
approaches from influenza and RSV campaigns.

Potential for vaccination and diagnostic development

An effective vaccine would be a significant step toward
controlling hMPV, with multiple vaccine platforms under
active investigation. Traditional formalin-inactivated
vaccine approaches have proven problematic, show-
ing enhanced disease severity upon challenge. However,
novel approaches using nano emulsion-based inactiva-
tion have demonstrated better safety profiles. Live atten-
uated vaccines, generated through gene deletion or
temperature-sensitive mutations, have shown encourag-
ing results in animal models, with particular success seen
in deletions of the G, SH, and M2-2 genes [175, 176].

Many candidates target the prefusion conformation of
the F protein, leveraging improvements in immunoge-
nicity—a strategy that proved successful in RSV vaccine
research. Subunit vaccines, a category of vaccines includ-
ing specific viral pathogens rather than the entire viral
pathogen, focusing on the F protein have demonstrated
potential, utilizing various delivery systems including
viral vectors and bacterial expression systems. Virus-like
particles represent another promising approach, demon-
strating strong humoral immune responses against both
homologous and heterologous strains. These particles
effectively mimic viral structure while avoiding the risks
associated with live virus vaccines [176, 184].

The genetic diversity of hMPV (genotypes A and B)
poses a challenge, making cross-protection critical. Some
investigators explore multivalent approaches that com-
bine hMPV and RSV antigens to broaden prophylactic
coverage. Though phase 1 results from certain candidates
are promising, more expansive clinical trials are needed
for validation, particularly in infants, the elderly, and
immunocompromised individuals [177, 180, 185].

Better diagnostic tools have markedly improved
hMPV surveillance. Multiplex PCR and next-generation
sequencing (NGS) allow simultaneous identification of
hMPV and co-circulating respiratory pathogens (e.g.,
RSV, influenza, parainfluenza, rhinovirus). Rapid, accu-
rate testing guides patient triage and isolation protocols,
reducing hospital-acquired infections. These advances
also support real-time epidemiological assessments, as
health authorities track which pathogens dominate in
local outbreaks and tailor interventions accordingly [176,
186].

Strengthening surveillance systems with comprehensive
panels

Advanced multiplex PCR panels and NGS platforms
enable simultaneous detection of hMPV alongside other
respiratory pathogens. These technologies support
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real-time epidemiological assessments and allow health
authorities to track pathogen prevalence patterns in
local outbreaks. Investing in high-throughput laborato-
ries capable of multiplex respiratory panels is integral to
robust hMPYV surveillance. Automated platforms shorten
turnaround times, allowing alerts about hMPV surges to
be broadcast in near real-time [186—188].

Integration of laboratory networks and data-sharing
platforms enables rapid detection of outbreak patterns
and facilitates timely implementation of control mea-
sures. This systematic approach supports better resource
allocation, from antiviral stockpiles to intensive care unit
capacity management. Implementing such capacity in
areas with historically limited diagnostics expands out-
break detection and ensures early interventions, particu-
larly for vulnerable populations [181, 189].

Effective communication among hospitals, clinics,
and public health bodies enables real-time data sharing
of laboratory results and clinical outcomes. Healthcare
systems can rapidly detect anomalies—such as spikes in
hMPV-positive tests—and implement prompt control
measures through this coordinated approach [181, 185].

Ultimately, hMPV management hinges on supportive
policies and targeted resources. Governments should
prioritize funding for research on hMPV vaccines,
drawing from RSV and influenza modeling. Expanding
diagnostic capabilities—especially in under-resourced
areas—ensures equitable access to rapid, accurate test-
ing. Sustained public health campaigns can bolster pre-
ventive measures like hygiene practices. Incorporating
hMPYV preparedness into broader pandemic frameworks
acknowledges its significant contribution to pediatric
and geriatric morbidity. Guiding principles for infection
control, antibiotic stewardship, and immunomodulatory
use will further refine clinical standards of care [120, 174,
181].

Conclusion
Human metapneumovirus (hMPV) is a significant respi-
ratory pathogen with profound global health implica-
tions. Its complex transmission dynamics, influenced by
environmental and host factors, particularly affect vul-
nerable populations such as young children, the elderly,
and immunocompromised individuals. The overlap of
hMPV’s clinical manifestations with those of other respi-
ratory viruses, notably respiratory syncytial virus (RSV)
and influenza, alongside a lack of specific antiviral treat-
ments and licensed vaccines, poses substantial challenges
for healthcare providers. The resurgence of h(MPV trans-
mission following the easing of COVID-19 restrictions
further emphasizes the need for robust surveillance and
effective containment strategies.

Advancing hMPV management necessitates focused
efforts in several key areas. These include developing
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antiviral therapeutics targeting viral proteins, especially
the fusion (F) protein, and creating effective vaccines that
offer broad protection against diverse genotypes. Thus,
future research should focus on identifying immune
responses involved in the hMPV infectious process,
developing antiviral treatments that target viral proteins,
and inventing vaccines that provide cross-protection
given the diverse hMPV strains, with special attention
given to immunocompromised individuals and younger
patients due to both the longer viral shedding period and
disease severity.

Additionally, implementing rapid and cost-effective
diagnostic tools for resource-limited settings and estab-
lishing comprehensive surveillance networks to monitor
viral evolution and outbreak patterns are essential. Given
the evolving landscape of respiratory viral infections,
international collaboration is critical in addressing these
challenges, thereby reducing the global burden of hMPV
and enhancing preparedness for future emerging infec-
tious diseases.
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