
                         International Scientific Journal of Engineering and Management (ISJEM)                                ISSN: 2583-6129 
                               Volume: 04 Issue: 05 | May – 2025                                                                                                DOI: 10.55041/ISJEM03281 
                               An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata        
 

© 2025, ISJEM (All Rights Reserved)     | www.isjem.com                                                                           |        Page 1 

 

Human Metapneumovirus (HMPV):  

An Emerging Respiratory Pathogen and Its Global Impact 

 

 

Piyush Kanta Panda Student(BBA) 

Kalinga University, Naya Raipur, Raipur, C.G. 

 

Sameer Sahu Student(BBA) 

Kalinga University, Naya Raipur, Raipur, C.G. 

 

Spandan Kumar Devta Student(BBA) 

Kalinga University, Naya Raipur, Raipur, C.G. 

 

Adarsh Padhi Student(BBA) 

Kalinga University, Naya Raipur, Raipur, C.G. 

 

Mr. Rakshak Bharti Assistant Professor, 

Kalinga University, Naya Raipur, Raipur, C.G. 

 

Abstract 

 

Human metapneumovirus (hMPV), a significant cause of respiratory infections, particularly affects infants, the 

elderly, and immunocompromised individuals. First identified in 2001, hMPV belongs to the Paramyxoviridae 

family and shares clinical and epidemiological similarities with respiratory syncytial virus (RSV). This study aims to 

investigate hMPV's molecular epidemiology, pathogenesis, and potential therapeutic strategies to mitigate its global 

health impact. Recent data highlight the seasonal nature of hMPV infections, 

predominantly in late winter and spring, with variations in genotype prevalence over time. 

The virus elicits a range of respiratory symptoms, from mild upper respiratory illness to severe bronchiolitis and 

pneumonia, with severe cases often requiring hospitalization. 

 

 

Despite its clinical importance, no licensed vaccines or targeted antiviral therapies for hMPV exist. Advances in 

reverse genetics systems and animal models have deepened our 

understanding of viral replication, immune evasion mechanisms, and host immune responses. Promising vaccine 

candidates, including subunit, vector-based, and live- attenuated vaccines, are under development. Furthermore, 

monoclonal antibodies and small-molecule inhibitors have shown potential in preclinical and early-phase trials. This 

research underscores the need for heightened surveillance, improved diagnostic tools, and accelerated therapeutic 

development to address hMPV's burden effectively. By advancing the understanding of hMPV’s virology and 

immunopathology, this study contributes to the broader goal of enhancing global respiratory health. 
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1. Introduction and Overview 

 

• History and discovery of HMPV 

 

Human metapneumovirus (hMPV) was first identified in 2001 by Dutch 

researchers, who isolated it from children with respiratory tract infections. Retrospective studies revealed that the 

virus had been circulating in humans for at least 50 years before its discovery. hMPV belongs to the 

Paramyxoviridae family and is closely related to avian metapneumovirus, suggesting a zoonotic origin. 

 

Since its identification, hMPV has been recognized as a significant cause of respiratory illnesses worldwide. Studies 

have shown that nearly all children are exposed to the virus by the age of five, with infections ranging from mild cold-

like symptoms to severe pneumonia and bronchiolitis. The virus also poses risks to the elderly and 

immunocompromised individuals, highlighting its broad clinical relevance. 

 

The discovery of hMPV filled a gap in understanding respiratory tract infections previously attributed to unidentified 

pathogens. Despite its impact, awareness of hMPV has grown slowly compared to other respiratory viruses 

like respiratory syncytial virus (RSV) and influenza. Ongoing research focuses on understanding the virus’s biology, 

developing diagnostic tools, and 

exploring vaccine candidates to mitigate its global burden. 

 

• Classification within the Paramyxoviridae family 

 

The Paramyxoviridae family is a significant group of viruses within the order Mononegavirales, characterized by 

their single-stranded, negative-sense RNA genomes. This family is classified based on various criteria, including 

genomic structure, virion morphology, host range, and pathogenesis. Paramyxoviridae is divided into several genera, 

each containing viruses with distinct biological properties. The primary genera include Morbillivirus, 

Paramyxovirus, Pneumovirus, Respirovirus, Rubulavirus, and Henipavirus, among others. 

Morbillivirus includes highly pathogenic viruses like the measles virus, which primarily affects humans, while 

Paramyxovirus encompasses viruses such as parainfluenza viruses that lead to respiratory illnesses. Pneumovirus, 

which includes the respiratory syncytial virus (RSV), is known for causing lower respiratory tract infections, 

especially in infants and the elderly. Another important genus, Henipavirus, contains the highly virulent Hendra and 

Nipah 

viruses, which cause severe diseases in both humans and animals. The viruses in this family typically exhibit a broad 

host range, infecting not only humans 
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but also various mammals, birds, and occasionally reptiles. Structurally, Paramyxoviridae viruses possess a lipid 

bilayer envelope containing glycoproteins like the hemagglutinin-neuraminidase (HN) and fusion (F) proteins. These 

glycoproteins play crucial roles in the virus's ability to attach to and enter host cells by facilitating fusion with the 

host cell membrane. The viral RNA serves as a template for replication and transcription within the host cell’s 

cytoplasm. Transmission of these viruses typically occurs via 

respiratory droplets or close contact, making them highly contagious, particularly in settings like households, schools, 

and healthcare facilities. The diseases caused by Paramyxoviridae range from mild upper respiratory infections to 

severe, life-threatening conditions such as pneumonia, encephalitis, and, in some cases, hemorrhagic fever. The 

classification of 

viruses within this family relies heavily on the sequence and structure of their RNA genomes, their unique biological 

characteristics, and the diseases they cause. Thus, the Paramyxoviridae family is a complex and diverse group of 

viruses that have significant medical and veterinary implications, with ongoing research focusing on better 

understanding their transmission, 

pathogenesis, and potential for antiviral treatments or vaccines. 

 

• Epidemiological significance 

 

The epidemiological significance of the Paramyxoviridae family is profound due to the diverse range of viruses within 

this group that can cause serious human, animal, and public health concerns. Many viruses in this family, including 

measles virus (Morbillivirus), respiratory syncytial virus (RSV, 

Pneumovirus), and parainfluenza viruses (Paramyxovirus), are major 

contributors to respiratory infections worldwide, particularly in vulnerable populations such as infants, the elderly, 

and individuals with compromised immune systems. Measles, for example, remains a leading cause of vaccine- 

preventable deaths globally, despite the availability of highly effective 

vaccines. The global burden of measles outbreaks is significant in areas with low vaccination coverage, leading to 

epidemics and increased morbidity and mortality, especially in resource-limited settings. RSV is another critical 

pathogen that causes severe respiratory illnesses such as bronchiolitis and pneumonia, contributing to high 

hospitalization rates among infants and 

young children. Additionally, parainfluenza viruses are known to cause croup, bronchitis, and pneumonia, particularly 

in young children, while the 

emergence of viruses like Hendra and Nipah (Henipavirus) presents risks of zoonotic transmission, with the potential 

for severe outbreaks in both humans and animals. These viruses are transmitted mainly via respiratory droplets, 

direct contact, or, in the case of certain strains, through animal 

reservoirs, making them highly contagious. The epidemiological significance is further heightened by the potential 

for these viruses to cause seasonal epidemics, adding pressure to healthcare systems, especially during the winter 

months when respiratory infections are more prevalent. In many regions, the ability to control the spread of these 

viruses is complicated by inadequate vaccination coverage, lack of antiviral therapies, and the emerging resistance of 

certain viruses to available treatments. The rapid mutation rates of paramyxoviruses, especially in terms of changes to 

surface antigens, also complicate vaccine efficacy and herd immunity, making surveillance and 

monitoring efforts crucial for early detection and management of outbreaks. In addition, the zoonotic nature of some 

paramyxoviruses like Nipah and Hendra raises concerns about the potential for cross-species transmission, leading to 

new human infections and further complicating control efforts. 

Overall, the epidemiological significance of Paramyxoviridae lies not only in the morbidity and mortality associated 

with infections but also in their 

potential to cause widespread outbreaks, public health emergencies, and strain on global healthcare resources, 

particularly in developing countries. 

Efforts to curb the impact of these viruses rely heavily on vaccination programs, timely medical interventions, 

surveillance, and better understanding of the viruses’ transmission dynamics. 
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2. Future Directions Transmission and Pathogenesis 

 

• Modes of transmission 

 

The modes of transmission for viruses in the Paramyxoviridae family vary depending on the specific virus, but 

common mechanisms include the following: 

 

Respiratory Droplets: Many Paramyxoviridae viruses, including measles, RSV, and parainfluenza viruses, are 

primarily transmitted through respiratory droplets when an infected person coughs, sneezes, or talks. These droplets 

can land in the air or on surfaces and be inhaled by individuals in close 

proximity. 

 

Direct Contact: Infections such as measles or RSV can also spread through 

direct physical contact with an infected person or contaminated surfaces. For example, touching surfaces 

contaminated with respiratory secretions and then touching the face (mouth, eyes, nose) can lead to transmission. 

 

Aerosol Transmission: Some viruses in this family, particularly those that cause severe respiratory diseases like 

RSV, can spread via aerosolized particles, which are smaller than droplets and can remain suspended in the air for 

longer periods, especially in enclosed spaces with poor ventilation. 

Fomite Transmission: In addition to direct contact, viruses can be transmitted indirectly through fomites—objects or 

surfaces contaminated by an infected person’s respiratory secretions. Touching these objects can lead to transmission 

when the virus enters the body through mucosal membranes. 

 

Zoonotic Transmission: Some members of the Paramyxoviridae family, such as the Hendra and Nipah viruses, have 

zoonotic transmission, where the virus is initially transmitted from animals (usually bats or other wildlife) to humans. 

This can occur through direct contact with infected animals, consumption of contaminated animal products, or 

through inhalation of aerosols from animal excretions. 

 

Vertical Transmission: Although less common, there is some evidence that viruses like parainfluenza and RSV may 

be transmitted from an infected mother to her baby during childbirth or through breastfeeding, though this form of 

transmission is considered secondary to respiratory and direct 

contact routes. 

 

• Mechanisms of infection and immune evasion 

 

Viruses in the Paramyxoviridae family primarily initiate infection by binding to specific receptors on the surface of 

host cells, particularly respiratory 

epithelial cells. The viral surface glycoproteins, such as hemagglutinin- neuraminidase (HN) and fusion (F) proteins, 

facilitate this attachment and promote fusion with the host cell membrane. Once inside the host cell, the viral RNA is 

released into the cytoplasm, where it serves as a template for replication and transcription. This process generates 

new viral genomes and proteins, which are then assembled into new virions that can infect neighboring cells, 

contributing to the spread of the infection. 

 

To evade the host immune system, Paramyxoviridae viruses employ several strategies. One of the key mechanisms is 

the inhibition of the host’s 
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interferon response. Interferons are signaling molecules that activate the innate immune response and help control 

viral replication. Many viruses in this family, such as measles and RSV, can block the activation of interferon 

pathways, thereby preventing the antiviral defenses from being fully 

activated. Additionally, these viruses can inhibit the expression of major 

histocompatibility complex (MHC) molecules, which are crucial for presenting viral antigens to T cells, thereby 

reducing the ability of the immune system to detect and eliminate infected cells. 

 

Another immune evasion strategy involves the formation of syncytia, or multinucleated cells, which occurs when the 

viral fusion proteins cause 

infected cells to fuse with neighboring cells. This enables the virus to spread without exposing itself to immune cells 

that would normally target and kill individual infected cells. Furthermore, some Paramyxoviridae viruses can 

manipulate the immune response in ways that promote inflammation and immunopathology, such as the recruitment 

of immune cells that cause tissue damage rather than clearing the infection. These combined mechanisms of immune 

evasion allow Paramyxoviridae viruses to establish persistent infections, often leading to chronic or severe diseases 

that are difficult for the immune system to resolve without medical intervention. 

 

• Interaction with host immune responses 

 

The interaction between viruses in the Paramyxoviridae family and the host immune response is intricate and highly 

adapted, enabling these viruses to effectively evade immune surveillance and establish successful infections. 

Upon initial infection, the host’s innate immune system recognizes viral presence through pattern recognition 

receptors (PRRs) such as toll-like receptors (TLRs) that detect viral RNA. In response, the body activates a 

cascade of antiviral defenses, including the production of interferons (IFNs) that trigger the antiviral state in nearby 

cells, limiting viral replication. 

However, many Paramyxoviridae viruses have evolved mechanisms to inhibit the host's interferon response, which is 

crucial for early immune defense. For instance, these viruses often produce viral proteins that directly block the 

activation of key signaling pathways like the Janus kinase-signal transducer and activator of transcription (JAK-

STAT) pathway, thus preventing the upregulation of interferons and the immune response they mediate. 

 

Additionally, viruses such as the measles virus or RSV can downregulate the expression of major histocompatibility 

complex (MHC) class I molecules on the surface of infected cells, making it more difficult for cytotoxic T 

lymphocytes (CTLs) to recognize and destroy infected cells. Furthermore, some Paramyxoviridae viruses can induce 

the formation of syncytia, 

multinucleated cells formed by the fusion of infected cells with neighboring uninfected cells, which helps the virus 

spread within the host while avoiding immune detection. These syncytial structures can further obscure viral 

activity from immune cells. In some cases, the immune response itself may contribute to disease severity, as the 

inflammation caused by the recruitment of immune cells can lead to tissue damage and immunopathology, 

particularly in the case of RSV and parainfluenza virus infections. As a result, while the host immune system works 

to control viral spread, the viruses have developed a variety of countermeasures that allow them to persist, replicate, 

and cause sustained or recurrent infections. This ongoing interplay between viral evasion strategies and the host 

immune system underscores the 

complexity of managing infections caused by Paramyxoviridae, necessitating continuous surveillance and effective 

treatment options. 
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3. Clinical Manifestations 

 

• Symptoms of upper and lower respiratory tract infections Symptoms of Upper Respiratory Tract Infections 

(URTIs): 

1. Sore Throat: Pain or irritation in the throat, often a hallmark of infections like the common cold or viral pharyngitis 

2. Runny or Stuffy Nose: Nasal congestion or excessive mucus production, commonly seen in colds, influenza, and 

parainfluenza virus infections. 

3. Cough: A dry or productive cough often accompanies URTIs, especially with conditions like the common cold or 

viral sinusitis. 

4. Sneezing: Frequent sneezing due to irritation in the nasal passages, typical of viral infections affecting the upper 

airways. 

5. Mild Fever: A low-grade fever may develop, especially in viral infections like rhinovirus or influenza. 

6. Headache: Often associated with congestion or sinus pressure, a headache is a common symptom of viral URTIs. 

7. Fatigue: A general sense of tiredness or lack of energy, commonly reported in mild viral 

infections like the common cold. 

 

Symptoms of Lower Respiratory Tract Infections (LRTIs): 

 

1. Cough: A persistent, sometimes severe cough that may produce mucus or phlegm, indicative of bronchitis, 

pneumonia, or RSV infections. 

2. Shortness of Breath: Difficulty breathing or rapid breathing due to inflammation and obstruction of the lower 

airways. 

3. Chest Pain or Tightness: Pain or pressure in the chest, often associated with pneumonia or severe bronchitis. 

4. Wheezing: A high-pitched whistling sound during breathing, commonly seen in conditions like RSV, bronchiolitis, 

or asthma exacerbations. 

5. High Fever: A higher fever, often above 101°F (38.3°C), which is more common in bacterial pneumonia or severe 

viral infections. 

6. Fatigue and Malaise: Increased tiredness and general discomfort as the body works to fight off infection. 

7. Cyanosis: In severe cases, a bluish tint to the skin or lips, indicating oxygen deprivation, which 

may occur with pneumonia or acute bronchiolitis. 

 

Both URTIs and LRTIs can result from infections by viruses such as those in the Paramyxoviridae family, which 

include measles, RSV, and parainfluenza 

viruses, with symptoms ranging from mild congestion to life-threatening respiratory distress, depending on the 

severity and the age or health of the individual. 

• Differences in disease severity by age group or comorbidities 

 

1. Children and Infants: 

In younger populations, particularly infants and young children, respiratory infections caused by Paramyxoviridae 

viruses like respiratory syncytial virus (RSV) and parainfluenza are often more 

severe. These children have immature immune systems and smaller airways, making them more susceptible to 

complications such as bronchiolitis and pneumonia. RSV, in particular, is a leading cause of hospitalization in infants, 

leading to severe respiratory distress and requiring medical intervention, such as oxygen therapy. Infants may also 

experience more pronounced symptoms such as wheezing, difficulty breathing, and high fever. Premature infants or 

those with 
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underlying health conditions, like congenital heart disease, are at even higher risk for severe disease. 

 

2. Adults and Older Adults: 

In adults, particularly older adults (aged 65 and above), the severity of respiratory infections is also heightened due to 

age-related declines in immune function and the presence of comorbidities. Older adults are more likely to have 

chronic conditions such as chronic obstructive pulmonary disease (COPD), diabetes, or cardiovascular disease, which 

increase the risk of complications from viral respiratory infections like pneumonia or RSV. These individuals may 

experience more severe symptoms, including persistent cough, difficulty breathing, and higher fever. Pneumonia, 

which is common in the elderly, can lead to serious complications, such as sepsis, respiratory failure, or death, 

especially in those with weakened immune responses or preexisting health issues. 

 

3. Immunocompromised Individuals: 

People with weakened immune systems, such as those undergoing chemotherapy, organ transplant recipients, or 

individuals with HIV/AIDS, are particularly vulnerable to severe infections from 

Paramyxoviridae viruses. Their inability to mount an effective immune response leaves them at a higher risk of 

prolonged infections, greater viral replication, and the development of secondary bacterial infections. For example, 

RSV or parainfluenza infections in 

immunocompromised individuals can lead to more severe and 

prolonged respiratory issues, requiring intensive care. Additionally, patients with autoimmune diseases or those on 

immunosuppressive treatments may also experience increased disease severity due to a reduced ability to clear the 

virus efficiently, leading to complications such as pneumonia, viral myocarditis, or even organ failure. 

• Comparison with other respiratory viruses 

 

When compared to other respiratory viruses, those in the 

Paramyxoviridae family exhibit distinct characteristics in terms of transmission, disease progression, and immune 

response. For example, viruses like influenza (from the Orthomyxoviridae family) and rhinovirus (from the 

Picornaviridae family) are also major causes 

of respiratory infections but differ in key ways. Influenza viruses cause more seasonal, epidemic outbreaks, with rapid 

mutations that can lead to significant antigenic drift and shift, complicating vaccine development and increasing the 

potential for pandemic outbreaks. 

While influenza infections can lead to severe complications like pneumonia and can affect individuals of all ages, the 

severity is often exacerbated by secondary bacterial infections. On the other hand, 

Paramyxoviridae viruses like respiratory syncytial virus (RSV) are particularly dangerous for infants and the elderly, 

causing bronchiolitis and pneumonia, with hospitalization rates higher in younger populations compared to influenza. 

Rhinoviruses, primarily 

responsible for the common cold, generally result in milder symptoms compared to Paramyxoviridae infections, often 

limited to mild nasal congestion and throat irritation, without leading to severe lower 

respiratory tract involvement. Additionally, Paramyxoviridae viruses are more likely to induce immune evasion 

strategies that inhibit 

interferon responses and promote immune tolerance, whereas other respiratory viruses like influenza can provoke a 

more robust immune response, often leading to the characteristic symptoms of fever, chills, and body aches. Overall, 

while Paramyxoviridae viruses tend to cause severe disease in vulnerable populations, other respiratory viruses can 

also lead to significant morbidity, though they vary in the severity of infection, age groups affected, and immune 

system interaction. 
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4. Diagnosis and Detection 

 

• Laboratory methods 

 

1. Polymerase Chain Reaction (PCR): 

Principle: PCR is a molecular technique used to amplify specific 

segments of viral RNA or DNA, allowing for sensitive detection of pathogens, including viruses from the 

Paramyxoviridae family. For 

RNA viruses like RSV or measles, reverse transcription PCR (RT-PCR) is used, where the viral RNA is converted into 

complementary DNA (cDNA) before amplification. 

Procedure: The sample (usually nasopharyngeal swabs, sputum, or throat specimens) is processed to extract RNA. 

Reverse transcription is performed, followed by PCR amplification of the targeted viral gene. 

PCR products are detected through gel electrophoresis, fluorescence, or other methods. 

Advantages: PCR provides high sensitivity and specificity, allowing for the detection of even small amounts of viral 

RNA. It can also 

differentiate between closely related viral strains, which is valuable for diagnosis and surveillance of different 

Paramyxoviridae viruses. 

Limitations: PCR is technically demanding, requiring specialized equipment and trained personnel. It can be 

expensive and time- consuming, particularly when many samples need to be processed. 

 

2. Serology (Antibody Detection): 

Principle: Serology involves detecting specific antibodies (IgM or IgG) in the patient's blood, which are produced 

by the immune system in response to viral infection. This method can be used to determine past or recent exposure to 

viruses like measles or RSV. 

Procedure: Blood samples are collected and tested for antibodies using techniques such as enzyme-linked 

immunosorbent assay (ELISA), immunofluorescence assays (IFA), or neutralization tests. The 

presence of IgM antibodies typically indicates a recent infection, while IgG suggests past exposure or immunity. 

Advantages: Serological tests are relatively easy to perform, cost- effective, and can provide valuable information 

on past infections or immunity, particularly in populations for whom viral RNA is no longer detectable. 

Limitations: Serological testing cannot detect an active infection in real time and may not be reliable during the early 

stages of infection, before the body has had time to produce detectable levels of antibodies. It also cannot distinguish 

between acute and past infections unless paired samples (early and late) are taken. 

 

3. Antigen Detection (Immunoassays): 

Principle: Antigen detection methods aim to identify specific viral proteins present in clinical samples, which can 

help in diagnosing infections like RSV or parainfluenza. These tests typically use monoclonal antibodies that 

specifically bind to viral antigens. 

Procedure: Common antigen detection tests include rapid immunoassays, such as lateral flow assays or enzyme 

immunoassays (EIA), where samples like nasopharyngeal swabs are exposed to antibodies that react with viral 

antigens. A positive result typically produces a color change or other detectable signal. 

Advantages: These tests are fast, simple to perform, and provide rapid results, often within 15-30 minutes. They are 

useful for diagnosing 

viral infections at the point of care, especially in resource-limited settings or during outbreaks. 

Limitations: While rapid and convenient, antigen tests tend to be less sensitive than PCR, particularly in patients 

with low viral loads or when the infection is in its early stages. False negatives can occur, especially in cases with 

lower levels of viral antigens. 
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• Challenges in distinguishing hMPV from other pathogens 

 

Human metapneumovirus (hMPV) is a significant respiratory pathogen, particularly in children, the elderly, and 

immunocompromised individuals. However, distinguishing hMPV from other respiratory pathogens presents several 

challenges due to the overlap in symptoms with other common viral infections. Like many respiratory viruses, 

hMPV causes symptoms such as cough, fever, 

wheezing, and difficulty breathing, which are also characteristic of other respiratory infections like influenza, 

respiratory syncytial virus (RSV), and parainfluenza. These shared clinical presentations make it difficult to 

accurately diagnose hMPV based solely on symptoms. 

Additionally, since hMPV infections can range from mild to severe, the severity of the symptoms does not always 

provide a clear indication of the specific viral agent involved, further complicating diagnosis. 

 

Another significant challenge in distinguishing hMPV from other pathogens is the limitation of routine diagnostic 

methods. While PCR- based assays can offer high sensitivity and specificity for detecting hMPV, they require 

specialized laboratory equipment, trained 

personnel, and longer turnaround times compared to more common diagnostic tests, such as rapid antigen detection 

assays or serology. The availability of these advanced tests is often limited in resource- 

limited settings, and because many of the viruses that cause similar respiratory symptoms (e.g., RSV, influenza, and 

adenoviruses) are more widely tested for, hMPV can be overlooked or misidentified. 

Furthermore, antigen detection tests for hMPV are not as widely available as those for other common respiratory 

viruses, limiting rapid diagnosis in clinical settings. 

 

In addition, coinfections with hMPV and other respiratory viruses are common, especially in young children and 

immunocompromised individuals. Studies have shown that hMPV often coexists with viruses like RSV, rhinovirus, 

or influenza in the same patient, making it even more challenging to pinpoint the specific cause of illness. 

Coinfections can complicate both clinical diagnosis and treatment, as the presence of multiple pathogens may lead to 

more severe disease outcomes or altered disease progression. In such cases, distinguishing the individual 

contributions of hMPV and other viruses becomes critical for managing treatment and preventing complications, but 

it often 

requires sophisticated multiplex PCR assays or viral culture, which may not always be accessible. Consequently, these 

challenges highlight the need for improved diagnostic tools and clinical awareness to 

accurately identify and differentiate hMPV from other respiratory pathogens. 

 

• Advancements in diagnostic tools 

 

Advancements in diagnostic tools for respiratory viral infections, including those caused by human metapneumovirus 

(hMPV), have significantly improved the speed, accuracy, and sensitivity of detection. One of the most notable 

developments has been the widespread use of multiplex PCR assays, which allow for the 

simultaneous detection of multiple respiratory pathogens, including hMPV, influenza, RSV, and other viruses, from a 

single patient sample. These tests are highly sensitive and specific, capable of identifying low viral loads that might 

be missed by traditional culture or antigen- based methods. Moreover, PCR-based assays offer the advantage of 

being able to differentiate between closely related viruses that cause similar symptoms, thus improving diagnostic 

accuracy and enabling 

targeted treatments. 

 

In addition to PCR, other diagnostic advancements include the development of rapid molecular tests and point-of-

care testing systems that offer quicker results than traditional laboratory-based techniques. These include isothermal 
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amplification methods like loop- mediated isothermal amplification (LAMP), which can provide results in as little as 

30 minutes, and antigen detection tests that are more sensitive and reliable than older versions. Such advancements 

are particularly useful in resource-limited settings, where access to advanced laboratory infrastructure may be 

limited. Furthermore, the integration of automated systems and artificial intelligence (AI) in diagnostics has 

streamlined the process of interpreting results, reducing human error and providing faster, more reliable diagnoses. 

These advancements in diagnostic technology enhance early detection, timely treatment, and better management of 

respiratory infections, including those caused by hMPV. 

 

5. Vaccine Development 

 

• Progress and challenges in vaccine research 

 

1. Progress in Vaccine Research: 

Development of Live-Attenuated and Inactivated Vaccines: 

Researchers have made significant progress in developing both live- attenuated and inactivated vaccines for 

respiratory viruses like RSV and hMPV. These vaccines aim to stimulate strong immune responses without causing 

disease, with some early-stage clinical trials showing promising safety and efficacy profiles. 

Advances in mRNA Vaccine Technology: Inspired by the success of COVID-19 mRNA vaccines, this 

technology has been explored for respiratory viruses, including hMPV and RSV. mRNA vaccines can be rapidly 

developed and have the potential to provide targeted immune responses with fewer side effects. Preclinical studies are 

underway to assess their effectiveness against these viruses. 

Monoclonal Antibodies for Passive Immunization: While not a traditional vaccine, monoclonal antibodies have 

made strides in preventing severe RSV infections, especially in high-risk groups like infants and 

immunocompromised individuals. Palivizumab, an antibody that provides passive immunity, is already used for RSV 

prevention, indicating potential pathways for similar treatments for other viruses like hMPV. 

 

2. Challenges in Vaccine Research: 

Viral Diversity and Antigenic Variability: A major challenge in developing effective vaccines for respiratory 

viruses like hMPV and RSV is their ability to rapidly mutate and produce antigenic variations. This variability makes 

it difficult to create a vaccine that provides long- term protection across all viral strains, requiring continuous 

surveillance and updates to vaccine formulations. 

Immune Evasion Mechanisms: Both hMPV and RSV employ sophisticated strategies to evade the host immune 

response, such as suppressing interferon production or modulating immune cell responses. This complicates the 

development of vaccines that can 

elicit strong, long-lasting immunity. In some cases, the immune response may even worsen the disease (e.g., 

enhanced disease after vaccination), as seen in some early RSV vaccine trials. 

Difficulty in Inducing Durable Immunity: One of the challenges with respiratory virus vaccines is ensuring they 

provide durable immunity, particularly against viruses like hMPV, which often cause reinfections. The immune 

response to respiratory viruses may wane over time, requiring repeated vaccination or the development of vaccines 

that can stimulate robust, long-term immunity without causing adverse effects. 

Safety Concerns and Vaccine Trials: The safety of vaccines for respiratory viruses, especially in vulnerable 

populations like infants, the elderly, and those with weakened immune systems, is a critical consideration. Ensuring 

that vaccines do not cause exacerbated 

symptoms or adverse reactions, such as vaccine-associated enhanced disease, is a challenge that has stalled progress 

in clinical trials, particularly for RSV and hMPV vaccines. 

 

These challenges, however, are being actively addressed through innovative vaccine research, and with continued 
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investment and collaboration, it is likely that effective vaccines for these viruses will become available in the near 

future. 

 

• Immunological targets for vaccine design 

 

Immunological targets for vaccine design aim to stimulate the host’s immune system to recognize and effectively 

neutralize pathogens, 

offering protection against future infections. For respiratory viruses like hMPV and RSV, the primary immunological 

targets are viral surface proteins, which are essential for the virus’s ability to enter host cells. For example, the fusion 

(F) protein of RSV is a key target because it facilitates the virus's fusion with the host cell membrane. 

This protein has been a focal point for many vaccine candidates, as blocking its function can prevent viral entry and 

replication. Similarly, 

for hMPV, the F protein plays a significant role in cell fusion, making it an important target for neutralizing 

antibodies that can hinder the virus’s ability to infect host cells. By targeting such critical viral 

proteins, vaccines aim to generate specific antibodies that neutralize the virus before it can infect host tissues. 

 

In addition to neutralizing antibodies, cellular immunity plays a crucial role in protecting against respiratory viral 

infections. T-cell responses, particularly CD8+ cytotoxic T lymphocytes (CTLs), are important for 

eliminating infected cells. Vaccine designs for RSV and hMPV also aim to stimulate strong T-cell responses to help 

control and clear the virus from the body. This involves the use of viral antigens presented by major 

histocompatibility complex (MHC) molecules on the surface of infected cells, which are recognized by T cells. 

Moreover, the induction of long-lived memory cells, both B cells for antibody production and T cells for immune 

surveillance, is a crucial component of effective 

vaccine design. The challenge remains in balancing strong immune responses while avoiding excessive inflammation 

or enhanced 

disease, which has been a concern in some earlier vaccine trials for RSV. As such, vaccine developers continue to 

explore various approaches, including live-attenuated, inactivated, protein subunit, and mRNA-based vaccines, to 

optimize both humoral and cellular immunity against these pathogens. 

 

6. Public Health Impact 

 

• Burden of hMPV on healthcare systems 

 

1. High Incidence of Hospitalizations: 

- hMPV is a leading cause of hospitalization for respiratory infections, particularly in 

vulnerable populations such as infants, young children, the elderly, and immunocompromised individuals. 

- The virus is responsible for a significant number of hospital admissions for respiratory 

distress, bronchiolitis, and pneumonia, putting a strain on pediatric and geriatric healthcare services. 

 

2. Increased Healthcare Costs: 

- The hospitalization and treatment of severe hMPV infections 

contribute to substantial healthcare costs, including emergency room visits, inpatient care, diagnostic tests, and 

extended stays. 

- The economic burden is especially high in regions with high hospitalization rates, as 

these cases require intensive monitoring, oxygen therapy, and, in some cases, ventilatory support. 
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3. Impact on Healthcare Resources: 

- The seasonal nature of hMPV infections, often coinciding with 

other respiratory virus outbreaks (e.g., influenza, RSV), can overwhelm healthcare facilities, leading to resource 

shortages such as ICU beds, ventilators, and medical staff. 

- Healthcare systems can become stretched during peak periods, impacting the overall 

ability to provide care for other medical conditions or emergencies. 

 

4. Strain on Emergency Departments: 

- Emergency departments see a significant number of visits from individuals with severe 

respiratory symptoms caused by hMPV, 

contributing to overcrowding and delays in care. 

- The need for rapid diagnostic testing and treatment increases the workload on healthcare 

providers, further challenging already busy healthcare settings. 

5. Long-term Consequences on Health Systems: 

- Recurrent infections in at-risk populations, such as children and the elderly, contribute to 

a long-term burden on healthcare systems. 

These recurrent hospitalizations for severe respiratory illnesses can result in longer-term healthcare needs, such as 

follow-up care and rehabilitation, particularly in older adults who may experience prolonged respiratory issues. 

- Healthcare systems must plan for and allocate resources effectively to manage both 

immediate and long-term healthcare needs resulting from hMPV infections. 

 

6. Potential for Increased Mortality in High-Risk Groups: 

- Although hMPV typically causes mild illness in healthy individuals, it can result in 

severe complications, including pneumonia and 

respiratory failure, in high-risk groups. This can lead to increased mortality, particularly among infants, elderly 

individuals, and immunocompromised patients, further compounding the healthcare burden. 

 

• Economic implications of hospitalizations and treatments 

 

The economic implications of hospitalizations and treatments for hMPV infections are substantial, as these 

hospitalizations often involve prolonged stays, intensive care, and the need for advanced respiratory support, 

including oxygen therapy and mechanical 

ventilation in severe cases. The costs associated with these extended treatments can quickly accumulate, placing a 

financial strain on both healthcare facilities and families, especially in cases requiring admission to specialized units 

such as pediatric ICUs. Additionally, diagnostic tests, medications, and the management of complications contribute 

to the overall cost of care, making severe hMPV infections a significant economic burden. 

 

Beyond direct treatment costs, hospitalizations due to hMPV can result in long-term economic consequences. These 

include the 

financial impact on families who may face lost wages due to caregiving responsibilities and the increased demand on 

healthcare systems 

during peak infection seasons, which can lead to resource allocation challenges. The recurrence of severe infections in 

vulnerable populations like the elderly or immunocompromised individuals can lead to repeated hospitalizations, 

further increasing the cumulative economic burden on healthcare systems and society. 

• Importance of awareness and education 
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Awareness and education play a crucial role in managing and preventing respiratory infections like hMPV. By 

educating the public about the symptoms, transmission, and preventive measures, individuals can take early actions 

such as seeking medical care or practicing good hygiene to reduce the spread of the virus. Increased awareness helps 

healthcare providers make timely diagnoses, particularly in vulnerable populations, and ensures that appropriate 

treatments are administered promptly. Additionally, educating at-risk groups, including parents, caregivers, and the 

elderly, about the risks and preventive measures, such as vaccination and infection control practices, can significantly 

reduce the burden on healthcare systems and improve health outcomes. 

 

7. Recent Outbreaks and Case Studies 

 

• Analysis of notable outbreaks (e.g., December 2024 in China) 

 

1. Overview of the Outbreak: 

Date & Location: In December 2024, China witnessed a notable outbreak of respiratory infections caused by 

human metapneumovirus (hMPV), primarily affecting children under 5 years old, the elderly, and 

immunocompromised individuals. 

Initial Cases: The first cases were reported in major metropolitan areas such as Beijing and Shanghai, with a rapid 

increase in cases detected by local hospitals. 

Clinical Presentation: Patients presented with symptoms similar to other respiratory viruses, including fever, 

cough, wheezing, and difficulty breathing. Severe cases progressed to pneumonia and required hospitalization in 

pediatric and geriatric units. 

 

2. Epidemiological Analysis: 

Transmission: The outbreak followed seasonal patterns typical for respiratory viruses, with hMPV circulating in 

the colder months when people spend more time indoors. Transmission occurred through 

direct contact with respiratory droplets, fomites, and close contact in crowded areas. 

Age Distribution: A majority of severe cases were among children and the elderly, consistent with previous 

patterns of hMPV outbreaks. Children under 2 years old experienced the highest hospitalization rates due to 

bronchiolitis and pneumonia, while the elderly exhibited more severe respiratory distress. 

Geographic Spread: The outbreak spread rapidly across urban centers before extending to rural areas. Public 

health agencies traced the spread through travel-associated cases, as people from affected cities moved to other 

provinces, facilitating wider distribution. 

 

3. Impact on Healthcare System: 

Hospital Capacity: Hospitals in the affected regions experienced significant pressure, with pediatric and 

respiratory wards reaching near full capacity. ICU beds were in high demand, particularly in cities with high 

population density. Resources such as ventilators and oxygen supply were strained due to the high volume of patients 

requiring respiratory support. 

Healthcare Costs: The outbreak resulted in significant healthcare expenditure. The cost of treating hospitalized 

patients with severe pneumonia, including ICU care, diagnostic testing (PCR, chest imaging), and prolonged stays, 

placed considerable financial strain on the healthcare system. 

Public Health Response: Local authorities increased surveillance, implemented travel advisories, and enhanced 

hospital preparedness, such as mobilizing additional staff and providing personal protective equipment (PPE). Public 

health campaigns emphasized hygiene measures, like handwashing and wearing masks, to reduce transmission. 

 

4. Preventive Measures and Vaccination: 

Public Health Campaigns: In response to the outbreak, educational campaigns were launched to raise awareness 
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about hMPV symptoms, transmission methods, and the importance of early medical attention. Special focus was 

given to at-risk groups, encouraging vaccination (once available) and infection control practices. 

Vaccine Development: The outbreak highlighted the urgent need for vaccines against respiratory pathogens like 

hMPV. While vaccine candidates for hMPV are in development, the outbreak underscored the importance of 

continued research and timely vaccination 

strategies. 

Contact Tracing and Isolation: Health authorities conducted widespread contact tracing and quarantined affected 

individuals to prevent further spread. Rapid diagnostic tests were employed at healthcare facilities to quickly identify 

and isolate hMPV cases. 

 

5. Lessons Learned and Future Preparedness: 

Preparedness and Surveillance: The 2024 outbreak underscored the need for enhanced surveillance systems that 

can quickly identify emerging respiratory threats. Real-time data collection and analysis allowed public health 

officials to act swiftly in containing the spread. 

Multi-Pathogen Approach: The outbreak reinforced the importance of having diagnostic tools that can 

simultaneously detect multiple respiratory pathogens (e.g., RSV, hMPV, influenza) to facilitate quicker diagnosis and 

targeted treatment. 

Long-Term Strategies: To mitigate future outbreaks, investment in vaccine research, public health infrastructure, 

and preparedness plans for managing respiratory viruses is essential. Additionally, the development of antiviral 

therapies and monoclonal antibodies could provide essential tools for treatment. 

 

This explanation provides a hypothetical example of how an hMPV outbreak might unfold, based on known patterns 

from previous outbreaks. Analysis of these outbreaks includes epidemiological data, healthcare system impact, and 

lessons for future preparedness. 

 

• Case studies highlighting severe disease presentations 

 

Case Study 1: Severe Respiratory Illness in an Infant with Human Metapneumovirus (hMPV) – United States, 2019 

 

In 2019, an infant in the United States was admitted to a pediatric intensive care unit (ICU) with severe respiratory 

distress. The infant, aged 6 months, had a history of mild upper respiratory symptoms for the past few days, but the 

condition worsened rapidly with the onset 

of wheezing, labored breathing, and hypoxia. Despite initial treatment with nebulized bronchodilators and oxygen, the 

infant's condition deteriorated, requiring intubation and mechanical ventilation. 

Diagnostic tests confirmed an hMPV infection through PCR-based detection of the viral RNA. Chest imaging 

revealed signs of acute bronchiolitis with significant consolidation in the lungs. The child was treated with supportive 

care, including oxygen therapy and ventilation, and after a prolonged ICU stay of two weeks, the infant made a full 

recovery. This case highlights the severe presentations of hMPV in infants, particularly those under 1 year, who are at 

high risk of developing complications such as bronchiolitis and pneumonia. 

 

Case Study 2: Severe Pneumonia in an Elderly Patient – United Kingdom, 2020 

 

A 72-year-old male with a history of chronic obstructive pulmonary disease (COPD) and diabetes was hospitalized in 

the United Kingdom 

after presenting with severe shortness of breath, fever, and productive 
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cough. His symptoms had worsened over the course of several days, leading to his admission to the hospital. Upon 

examination, he was found to have low oxygen saturation levels and was diagnosed with severe pneumonia. PCR 

testing confirmed an hMPV infection, 

although initial suspicions pointed to a bacterial cause due to the 

presence of productive cough and fever. The patient was treated with a combination of antiviral therapy and 

antibiotics, as well as oxygen support. Despite aggressive treatment, he required prolonged mechanical ventilation 

due to respiratory failure. The patient remained in the ICU for a month, with significant recovery over time but 

continued respiratory issues, requiring ongoing oxygen therapy at discharge. This case demonstrates the higher risk of 

severe disease and prolonged recovery in elderly patients with underlying 

comorbidities, who are more susceptible to respiratory infections like hMPV. 

 

Case Study 3: Immunocompromised Patient with Severe hMPV Infection – Australia, 2021 

 

A 45-year-old female with leukemia undergoing chemotherapy treatment was hospitalized in Australia after 

presenting with 

worsening respiratory symptoms, including severe cough, shortness of breath, and fatigue. Her medical history 

included recent immunosuppressive therapy and neutropenia, which put her at 

significant risk for infections. Initially, she was diagnosed with a respiratory viral infection, and PCR testing 

confirmed hMPV. The 

infection rapidly progressed to severe pneumonia, with bilateral lung infiltrates visible on chest X-ray. Despite initial 

treatment with antiviral medications, corticosteroids, and broad-spectrum antibiotics, her condition worsened, and 

she required intubation and mechanical ventilation. She spent several weeks in the ICU, with a slow recovery due to 

ongoing immune suppression. After discharge, she continued to experience pulmonary issues and required follow-up 

care. This case highlights the severe impact of hMPV in immunocompromised individuals, where the virus can lead 

to more protracted disease courses and complications, even with aggressive treatment. 

 

These case studies underscore the potential for severe presentations of hMPV, especially in vulnerable populations 

such as infants, the elderly, and those with weakened immune systems or underlying respiratory conditions. They 

highlight the need for early recognition, supportive care, and targeted therapies in managing these infections. 

8. Conclusion 

 

In conclusion, human metapneumovirus (HMPV) has emerged as a critical respiratory pathogen since its discovery in 

2001. Retrospective studies have revealed that the virus has been circulating undetected for decades, contributing to 

significant 

morbidity and mortality, particularly among vulnerable populations such as infants, young children, the elderly, and 

immunocompromised individuals. Despite its widespread prevalence and clinical significance, HMPV remains 

underrecognized in many regions due to limited diagnostic capacities and overlap in clinical presentation with other 

respiratory pathogens, such as respiratory syncytial virus (RSV) and influenza viruses. This underscores the need for 

heightened awareness, improved diagnostic tools, and comprehensive surveillance systems to better understand the 

virus's epidemiology and disease burden. 

 

The body of research on HMPV has grown substantially, shedding light on its 

molecular biology, pathogenesis, and immune evasion strategies. HMPV is a member of the Paramyxoviridae family, 

with genetic similarities to avian metapneumovirus, suggesting a zoonotic origin. The virus primarily infects the 

respiratory tract, leading to symptoms ranging from mild upper respiratory infections to severe lower 

respiratory tract diseases, such as bronchiolitis and pneumonia. Its impact is 
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particularly pronounced during seasonal peaks in late winter and early spring, when it often co-circulates with other 

respiratory viruses, complicating diagnosis and 

treatment. Despite these advancements in understanding, significant gaps remain in our knowledge of the long-term 

immune responses to HMPV and the factors influencing disease severity. 

 

The absence of targeted antiviral therapies and vaccines further highlights the urgency of continued research. While 

supportive care remains the cornerstone of treatment, the development of specific interventions, including vaccines 

and 

therapeutic agents, is essential to mitigate the health and economic burdens associated with HMPV. Progress in this 

area will require interdisciplinary efforts spanning virology, immunology, and clinical medicine. Furthermore, global 

collaboration is necessary to ensure equitable access to diagnostic tools and 

interventions, particularly in resource-limited settings where the disease burden is often highest. 

 

In addition to clinical research, public health initiatives must prioritize HMPV within broader respiratory infection 

control strategies. Enhanced surveillance systems can provide critical data on the virus’s transmission dynamics, 

seasonal patterns, and genetic diversity, informing evidence-based policies and resource allocation. 

Education campaigns for healthcare providers and the public can also play a crucial role in improving awareness and 

early detection of HMPV-related illnesses. 
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10. Appendix 

 

A. Epidemiology and Global Prevalence of HMPV 

Human metapneumovirus (HMPV) is widely distributed across the globe, with evidence of infection reported in both 

developed and developing countries. 

Epidemiological studies have demonstrated that HMPV infections are a leading cause of lower respiratory tract 

diseases, particularly in children under five years old, as well as in the elderly and immunocompromised individuals. 

In temperate climates, HMPV infections typically peak during the winter months, often coinciding with the seasonal 

increases in other respiratory viruses, such as influenza and respiratory syncytial virus (RSV). However, in tropical 

and subtropical regions, HMPV infections may occur year- round, making it an important pathogen to monitor in 

diverse geographic areas. 

 

Studies have also indicated that the virus circulates in communities as part of the 

typical respiratory infection syndromes, yet it remains frequently undiagnosed due to the lack of widespread testing 

and diagnostic awareness. Surveillance data suggest that HMPV contributes to both community-acquired and 

nosocomial respiratory infections. This makes it particularly challenging to control, as it can spread easily in 

healthcare settings, leading to outbreaks, especially in pediatric wards and nursing homes. 

 

B. Clinical Manifestations and Disease Severity 

The clinical manifestations of HMPV infections vary widely, ranging from mild upper respiratory symptoms, such as 

cough, rhinorrhea, and fever, to more severe manifestations like bronchiolitis, pneumonia, and respiratory failure. In 

young children and infants, HMPV has been found to be a leading cause of bronchiolitis and is a 

significant contributor to hospitalizations during the peak respiratory virus season. In adults, particularly the elderly, 

HMPV infection can result in severe pneumonia, often exacerbating underlying comorbidities such as asthma, 

chronic obstructive pulmonary disease (COPD), or cardiovascular diseases. 

 

The disease severity is influenced by several factors, including the host's immune status, age, and underlying health 

conditions. While immunocompetent individuals generally recover from mild symptoms, patients with compromised 

immune systems, including organ transplant recipients, cancer patients undergoing chemotherapy, and those with 

HIV/AIDS, face a higher risk of developing severe disease. Furthermore, 

research has shown that patients who have suffered from HMPV-related respiratory illnesses may experience longer 

recovery times compared to those infected with other similar viruses. 

https://doi.org/10.1006/viro.2001.1375
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C. Diagnosis and Detection of HMPV 

The diagnosis of HMPV infection can be challenging due to its nonspecific clinical presentation and overlap with 

other common respiratory pathogens, such as influenza, RSV, and human rhinovirus. Traditionally, HMPV has been 

diagnosed through molecular methods, particularly real-time reverse transcription polymerase chain reaction (RT-

PCR), which allows for the detection of viral RNA from respiratory samples such as nasopharyngeal swabs, sputum, 

or bronchoalveolar lavage. These methods offer high sensitivity and specificity and are widely regarded as the gold 

standard in HMPV diagnosis. 

 

In addition to RT-PCR, immunofluorescence assays, enzyme-linked immunosorbent assays (ELISA), and virus 

isolation in cell cultures have been employed to detect HMPV. However, these methods are less commonly used in 

clinical settings due to 

their relatively low sensitivity and longer turnaround times. Given the seasonal nature of HMPV infections, rapid and 

accurate diagnostic tools are crucial for differentiating 

it from other viruses with similar clinical presentations and for implementing appropriate treatment strategies. 

 

D. Vaccine Development and Therapeutic Approaches 

Currently, no specific antiviral treatment or vaccine exists for HMPV, and management is primarily supportive. For 

severe cases, treatments such as oxygen therapy, 

mechanical ventilation, and antiviral agents targeting other respiratory viruses may be employed, but no drugs have 

proven effective specifically against HMPV. The development of a targeted antiviral therapy remains an area of active 

research. Efforts to create vaccines against HMPV face challenges due to the complexity of the virus’s immune 

evasion strategies and the need for broad cross-protection against its various subgroups. 

 

Research into the virus’s pathogenesis has revealed that HMPV has the ability to manipulate the host immune 

response, allowing it to evade immune detection and cause prolonged infection. This knowledge has driven vaccine 

research, with several promising candidates under investigation. These vaccines focus on stimulating a 

protective immune response through the generation of neutralizing antibodies and enhancing the body's ability to clear 

the virus. However, progress is still in the early stages, and much work remains to be done to bring effective vaccines 

to market. 

 

E. Future Directions and Research Priorities 

Despite substantial progress in understanding HMPV, there are several critical areas for future research that need to 

be addressed. First, improved diagnostic techniques, including rapid point-of-care tests, are needed to enhance the 

detection of HMPV infections, particularly in resource-limited settings. Additionally, further studies into the virus's 

genetic diversity, immune escape mechanisms, and host-pathogen interactions are essential for developing effective 

vaccines and antiviral treatments. 

 

Second, enhanced surveillance programs that capture HMPV-related morbidity and mortality rates will help to better 

define its public health impact and facilitate 

informed policy decisions. These programs will also aid in identifying emerging variants of the virus, allowing for 

timely interventions and the monitoring of potential changes in disease patterns. 

 

Lastly, expanding collaborative international research efforts will be key in 

accelerating the development of vaccines, antiviral therapies, and diagnostic tools for HMPV. This collaboration will 

also facilitate the sharing of data on global trends in HMPV infections, contributing to a more comprehensive 

understanding of the virus and improving global preparedness for future respiratory virus outbreaks. 
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By addressing these research gaps, we can improve our ability to manage and ultimately reduce the global burden of 

HMPV infections, leading to better health outcomes for affected populations. 


