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Abstract
Human Metapneumovirus (hMPV) is a significant respiratory pathogen that predominantly affects
children, immunocompromised individuals, and the elderly. Since its identification in 2001, hMPV
has been recognized as a leading cause of acute respiratory infections, contributing to substantial
morbidity and mortality worldwide. Recent studies indicate that hMPV accounts for approximately
5-15% of respiratory infections, with a particularly high burden in children under five years old,
where it is associated with severe outcomes such as bronchiolitis and pneumonia. The clinical
manifestations of hMPYV infection can vary widely, ranging from mild upper respiratory symptoms
to severe lower respiratory tract diseases that may require hospitalization. Current research
explores the potential of favipiravir, an antiviral agent known for its efficacy against various RNA
viruses, as a treatment option for hMPV infections. Additionally, the ongoing COVID-19 pandemic
has highlighted the need for improved diagnostic capabilities and therapeutic strategies for
respiratory viruses, including hMPV, due to the potential for co-infection and increased morbidity.
Continued research efforts are necessary for preventive measures and to develop effective
vaccines and treatments to mitigate the impact of hMPV on vulnerable populations. Recent reports
of rising hMPV cases in China, particularly among children under 14, underscore the need for
heightened vigilance and global surveillance. The virus shares similarities with COVID-19 in
symptoms and transmission methods, yet it follows distinct seasonal patterns, peaking during

winter and spring. This article explores the epidemiology, clinical manifestations, and prevention
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strategies of hMPV, highlighting its public health implications and the need for coordinated global

efforts.
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INTRODUCTION

Human Metapneumovirus (hMPV) is a crucial viral pathogen that has appeared as a principal cause of acute
respiratory infections (ARIs) worldwide. h(MPV is an RNA virus first discovered in 2001; it is a member of Preumoviridae
family and has a close connection with the respiratory syncytial virus [1,2]. This pathogen primarily affects children,
the elderly, and immunocompromised individuals, leading to a spectrum of respiratory illnesses ranging from mild
upper respiratory tract infections to severe lower respiratory tract infections (LRTIs), such as bronchiolitis and
pneumonia [1,3]. This article aims to offer a comprehensive overview of hMPV, focusing on its epidemiology,
pathogenesis, clinical features, diagnostic methods, treatment options, and future direction of research on it.
DISCUSSION
Epidemiology of Human Metapneumovirus (hMPV)

Human Metapneumovirus (hMPV) has been characterized as a substantial respiratory pathogen from a global
perspective and has become a leading cause of acute respiratory infections (ARIs). Since its discovery in 2001,
epidemiological itinerary demonstrates that hMPV is accountable for a significant proportion of respiratory illnesses,
predominantly in vulnerable populations such as young children, the elderly, and immunocompromised individuals
[3.4].

hMPYV infections display seasonal patterns, with a peak of incidence rates during the winter season in temperate
regions. However, the timing and intensity of hMPV outbreaks can vary significantly based on geographic settings and
regional environment factors [3,6]. Study findings demonstrate that hMPV often co-circulates with other pathogenic
viral entity that particularly causes respiratory infections, such as respiratory syncytial virus (RSV) and influenza,
intricating the epidemiological landscape [6].

In children, hMPV is a major contributor to hospitalizations due to respiratory illnesses. Among ARIs in the pediatric
population, hMPV contributes approximately 5% to 15%, and a higher rate is observed among infants and young
children [7,8]. Among hospitalized children under the age of five years due to acute lower respiratory infections (ALRIs),
hMPV is responsible for 58% of them, while it contributes to 71% of in-hospital deaths associated with this specific
scenario [8]. The prevalence of this disease burden is higher in low- and middle-income countries, where healthcare
resources are limited. The impact of respiratory infections is exacerbated by factors such as malnutrition and co-
morbidities [9].

The genetic scrutinization demonstrates that hMPV can be categorized into two main genotypes, A and B, with
additional subdivisions based on genetic variations, particularly in the G gene [8]. The A2 subgroup has shown
significant genetic variability, with variants such as the A2c<sub>111nt-dup</sub> emerging as predominant strains
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in various territories, including China [10]. This genetic diversity is crucial for understanding the epidemiology and
potential vaccine development for hMPV, as it may influence the virus’s transmissibility and virulence [8,10].

The emergence of new hMPV variants and their association with severe disease outcomes demands ongoing
research to screen viral evolution and its implications for public health [11]. Improved surveillance efforts are
indispensable to better understand the epidemiological trends of hMPV, particularly from the perspective of co-
infections with other respiratory pathogens, which can complicate clinical outcomes and intensify the severity of illness
[11,12].

Pathogenesis of Human Metapneumovirus (hMPV)

The pathogenesis of Human Metapneumovirus (hMPV) is a complicated interplay between the virus and the host’s
immune response, directing diverse clinical manifestations, specifically respiratory illnesses. For the development of
effective therapeutic strategies and preventive measures, it is crucial to understand the mechanistic scaffold of hMPV-
induced disease.

Viral entry and replication

hMPV primarily infects the epithelial cells of the respiratory tract. The virus enters host cells through receptor-
mediated endocytosis, employing specific cellular receptors for attachment and entry. The glycoproteins on the viral
surface, particularly the fusion (F) protein and the attachment (G) protein, play key roles in this process [2]. The F
protein enables the fusion of the viral envelope with the host cell membrane, allowing the viral RNA to enter the
cytoplasm and initiate replication [13]. Upon entering the host cell, hMPV hijacks the cellular machinery to replicate
its RNA genome and produce viral proteins. This replication process leads to the assembly of new virions, which are
subsequently released from the host cell to infect neighboring cells, leading to viral propagation [14]. The rapid
replication of hMPV can overwhelm the host’s immune defenses, contributing to the severity of the disease.

Immune response and inflammation

Both innate and adaptive elements characterize the host immune response to hMPV infection. The host’s immune
system recognizes the infected viral components through pattern recognition receptors (PRRs), which activate signaling
pathways to induce the production of pro-inflammatory panels such as cytokines and type I interferons (IFNs) [15].
These cytokines play a pivotal role in coordinating the immune response and promoting the recruitment of immune
cells to the infected site. However, hMPV has evolved mechanisms to evade the host immune response. hMPV can
inhibit type [ IFN signaling to evade the host immune response, which allows it to replicate efficiently within the host
[16]. A pool of viral proteins, including G protein and small hydrophobic (SH) proteins, mediate inhibitory function for
the host’s antiviral signaling pathways [17]. The hMPV-modulated imbalanced immune response may lead to excessive
inflammation and tissue damage.

The inflammatory response to hMPV infection is often skewed towards the T helper type 2 (Th2) immune response,
characterized by the production of cytokines such as 1L-4, IL-5, and [L-13 [18]. Furthermore, the Th2-skewed response
can lead to the development of chronic airway diseases, such as asthma, in individuals with a history of hMPV infection
[16,17]. The upregulation of OX40L on dendritic cells (DCs) during hMPYV infection has been implicated in promoting
this Th2 response, which may exacerbate airway inflammation [18].

T cell responses and immune evasion

To respond to HMPV infection, the host adaptive immune response involves activating T cells, particularly CD4+
T helper cells and CD8+ cytotoxic T cells. These cells are crucial in controlling viral replication and clearing infected
cells. However, chronic or severe hMPV infections can impair T-cell responses [17,18]. hMPV can cause a reduction
in the induction of CD4+ T cells in the infected lungs, which can lead to an overall compromised immune response,
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contributing to prolonged viral persistence [18]. The presence of regulatory T cells (Tregs) during hMPV infection may
also reduce the immune response, allowing the virus to escape clearance [19].
Co-infections and disease severity

hMPV often co-infects with other respiratory viruses, such as influenza, RSV, and rhinoviruses, leading to
complicated clinical outcomes and disease severity [20]. The interaction between hMPV and co-infecting partners can
increase the inflammation and severity of the respiratory symptoms. For instance, hMPV and RSV co-infection can
result in a more pronounced inflammatory response, leading to increased morbidity in affected individuals [20,21].
hMPYV can cause severe damage to immunocompromised individuals who do not have an effective immune response.
Prolonged hMPV infection among the immunocompromised group of individuals leads to severe respiratory
complications, including pneumonia and acute respiratory distress syndrome (ARDS) [21,22].

Clinical features of h(MPV infection

HMPV infections can present various clinical symptoms, ranging from cough and rhinorrhea for mild upper
respiratory tract symptoms to wheezing, dyspnea, and hypoxemia for severe lower respiratory tract infections (In
children, hMPYV infection is often associated with bronchiolitis, which can lead to hospitalization, especially in infants
under one year of age [23,24].

A number of factors, such as patients’ age, underlying health conditions, and the presence of co-infected respiratory
viruses, can modulate the severity of hMPV infections [23]. Co-infection of hMPV with RSV and influenza results can
result in severe clinical outcomes [24].

In immunocompromised adults, hMPV can cause severe respiratory illness and complications, including pneumonia
and acute respiratory distress syndrome (ARDS) [24]. A case report highlighted the potential for hMPV to cause
pericardial effusion and tamponade in adults, featuring the virus's ability to affect multiple organ systems [24].
Diagnosis of hMPYV Infection

Clinical presentation and laboratory testing are primary testing approaches for hMPV infection. Traditional viral
culture and serology testing methodologies have been replaced by more advanced and sensitive rapid molecular
techniques, including real-time reverse transcription polymerase chain reaction (RT-PCR) [25]. These methods enable
the detection of hMPV RNA in respiratory specimens, facilitating timely diagnosis and management.

Multiplex PCR assays that can detect multiple respiratory viruses simultaneously have become increasingly popular,
providing a comprehensive understanding of the viral topography in patients with ARIs [25]. However, distinguishing
hMPYV from other respiratory viruses, particularly in pediatric populations where symptoms overlap significantly, is a
critical challenge [25].

Treatment and management of Human Metapneumovirus (hMPV) infection

There is no specific treatment or vaccine against hMPV infections. The management of hMPV primarily focuses on
supportive care, as the virus typically causes self-limiting respiratory illness. However, understanding the potential
therapeutic options and future direction for research is key to improving patient outcomes.

Supportive care

Supportive care is the key basis for managing hMPV infections, including ensuring adequate hydration,
administering oxygen therapy for patients experiencing hypoxemia, and providing bronchodilators to alleviate
wheezing and respiratory distress [26]. In critical cases, particularly for immunocompromised patients and young
children, hospitalization may be required for intensive care and intervention [26].

In managing hMPV-related bronchiolitis in pediatric patients, particularly infants, for clearing the secretions,
suctioning may be required, and in case of inadequate oral intake, intravenous fluids may be administered [27]. The
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use of corticosteroids is controversial and generally not recommended unless there is a certain indication of coexisting
conditions, such as aggravated asthma [26,27].
Antiviral therapies

While no specific antiviral agents are approved for hMPV, several candidates have been investigated for their
potential efficacy. Ribavirin, a nucleoside analog known for its activity against various RNA viruses, has shown in vitro
activity against hMPV [28]. However, clinical studies have yielded mixed results regarding its effectiveness in treating
hMPYV infections. Clinical studies of ribavirin are indicated as a potential candidate for reducing the risk of progression
from upper respiratory tract infections (URTIs) to lower respiratory tract infections (LRTIs) in specific populations,
particularly in immunocompromised patients [28,29]. Targeting host factors instead of pathogenic factors such as viral
proteins is another promising approach for treatment. Studies suggested that inhibitors for host protease, such as
SPINT2, may inhibit the activation of hMPV and other respiratory viruses, offering a broader therapeutic approach
[29]. This strategy could potentially guide the development of novel antiviral therapies that are less likely to induce
developing resistance than direct-acting antivirals.

Immunomodulatory therapies

Immunomodulatory therapies are being explored as potential treatment options for hMPV because of the
association between hMPV pathogenesis and host immune response. Interferons, especially type [ and type III
interferons, play a critical role in the antiviral response [29]. Study findings indicate that administering interferons may
increase the host’s immune response to hMPV infection, substantially reduce viral load, and improve clinical outcomes
[29]. Additionally, using monoclonal antibodies targeting the hMPV fusion (F) protein is an active research area. These
antibodies have the potential to neutralize the virus and prevent infection, like the approach taken with a respiratory
syncytial virus (RSV) [30]. However, clinical trials are required to establish their safety and efficacy in humans.

Future directions

The development of effective vaccines against hMPV is a high priority. Current research is focused on understanding
the immune responses elicited by hMPV and identifying potential vaccine candidates, including live attenuated and
subunit vaccines [30]. The success of RSV vaccine candidates may provide valuable insights for hMPV vaccine
development. In addition, continued research into host-targeted antiviral therapies, such as protease inhibitors and
immunomodulators, could lead to the development of effective treatments for hMPV infections. Understanding the
molecular mechanisms of hMPV pathogenesis will be crucial for identifying new therapeutic targets. Improved
surveillance systems and diagnostic methods are essential for better understanding the epidemiology of hMPV and its
co-infections with other respiratory viruses [30]. Rapid and accurate diagnostic tests will facilitate timely treatment and
management of h(MPV infections.

Given the frequent co-infection of hMPV with other respiratory viruses, further research is needed to elucidate the
interactions between these pathogens and their impact on disease severity [31]. This knowledge will inform clinical
management strategies for patients with respiratory infections. Moreover, raising awareness about the impact of hMPV
on public health is essential for driving research and funding for vaccine and therapeutic development [31]. Increased
recognition of hMPV as a significant respiratory pathogen will help prioritize its study and management in clinical
settings.

Limitations

Despite the advancements in understanding hMPV, several limitations exist in the current body of research. Firstly,
the lack of large-scale, randomized controlled trials evaluating the efficacy of antiviral treatments for hMPV limits the
ability to draw definitive conclusions regarding their effectiveness. Most existing studies are observational or case
reports, which may introduce biases and limit generalizability. Secondly, the variability in clinical presentation and
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disease severity among different populations complicates the understanding of hMPV pathogenesis. Factors such as
age, underlying health conditions, and co-infections with other respiratory viruses can significantly influence clinical
outcomes, making it challenging to establish standardized treatment protocols. Additionally, the limited availability of
reliable animal models that accurately mimic human hMPV infection poses a challenge for studying the virus's
pathogenesis and testing potential therapeutic interventions. Most studies rely on in vitro models or small animal
models that may not fully replicate the complexities of human disease. Finally, the evolving nature of hMPV, including
the emergence of new variants, necessitates ongoing research to monitor changes in epidemiology and virulence. The
impact of these variants on disease severity and treatment efficacy remains an area requiring further investigation.
CONCLUSIONS
Human Metapneumovirus (hMPV) is a serious public health concern, especially for vulnerable populations such as
the elderly, children, and immunocompromised individuals. Complex interactions between the virus and the host
immune system define the pathophysiology of hMPV, which results in a range of respiratory diseases from minor upper
respiratory infections to serious lower respiratory tract infections. Since there are no licensed vaccinations or specific
antiviral therapies for hMPV, supportive care is the main focus of current therapeutic efforts. Nonetheless, there is hope
for better patient outcomes from continuing research into possible immunomodulatory medicines, antiviral
medications, and vaccine development. Comprehending the epidemiology, pathophysiology, and clinical
consequences of hMPV is essential to creating effective public health initiatives. Improved monitoring and diagnostic
skills depend on prompt detection and treatment of hMPV infections, especially when co-infections with other
respiratory pathogens are present. To lessen the burden of respiratory diseases linked to hMPYV, future studies should
concentrate on clarifying the molecular processes of hMPV pathogenesis, investigating new treatment targets, and
creating potent vaccinations.
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