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Abstract: Human metapneumovirus (hMPV), first isolated in 2001 in the Netherlands, has emerged as a significant respiratory 
pathogen with global health implications. This paramyxovirus, classified within the Pneumoviridae family, shows remarkable 
genetic and antigenic diversity through its two major genetic lineages (A and B) and their corresponding subtypes (A1, A2a, A2b, 
B1, and B2). The virus causes a spectrum of respiratory illnesses, ranging from mild upper respiratory tract infections to severe 
bronchiolitis, pneumonia, and exacerbation of chronic respiratory conditions. Clinical manifestations often mirror those of 
respiratory syncytial virus (RSV) infections, presenting diagnostic challenges in clinical settings. The pathogenesis involves direct 
viral cytopathic effects and immunopathological responses, with the fusion (F) and attachment (G) glycoproteins playing crucial 
roles in viral entry and host immune response modulation. The virus spreads primarily through respiratory droplets and fomites, 
with an incubation period of 3-6 days. While hMPV infections occur across all age groups, severe disease manifestations 
predominantly affect young children (<5 years), older adults (>65 years), and immunocompromised individuals. Recent data 
suggest that hMPV accounts for 5-15% of hospitalizations due to respiratory tract infections in these vulnerable populations. 
Current diagnostic methods include reverse transcription polymerase chain reaction (RT-PCR), multiplex PCR panels, and rapid 
antigen detection tests, each offering different advantages in terms of sensitivity, specificity, and turnaround time. Treatment 
remains primarily supportive, focusing on symptom management and respiratory support when necessary.  
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1. Introduction 

Human metapneumovirus (hMPV), first isolated in 2001 from respiratory specimens of young children in the Netherlands, 
represents a significant advancement in our understanding of viral respiratory pathogens [1]. The virus belongs to the Pneumoviridae 
family, a classification revised in 2016 based on detailed genomic and structural analyses [2]. As a negative-sense, single-stranded 
RNA virus, hMPV possesses a genome approximately 13 kilobases in length, encoding eight genes that produce nine essential 
proteins [3]. The virus's genome organization reveals remarkable similarities to respiratory syncytial virus (RSV), though hMPV lacks 
the non-structural proteins NS1 and NS2, which may explain distinct variations in host immune responses [4]. The viral genome 
encodes several crucial proteins: nucleoprotein (N), phosphoprotein (P), matrix protein (M), fusion protein (F), small hydrophobic 
protein (SH), glycoprotein (G), large polymerase (L), and two matrix-2 proteins (M2-1 and M2-2) [5]. 

 
Figure 1. Structure of Human Meta Pneumovirus (hMPV) 
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Genetic analyses have identified two primary lineages, A and B, each further subdivided into A1, A2, B1, and B2 subgroups [6]. 
These distinct genetic variants exhibit temporal and geographical distribution patterns, contributing to the virus's evolutionary 
dynamics and potential for reinfection [7]. The discovery of hMPV filled a crucial gap in our understanding of respiratory infections, 
as retrospective studies revealed its presence in archived specimens dating back to the 1950s [8]. The global impact of hMPV became 
apparent through extensive epidemiological studies, demonstrating its presence in approximately 4-16% of acute respiratory 
infections [9]. The virus shows a distinct seasonal pattern in temperate climates, typically coinciding with or following RSV seasons, 
while tropical regions may experience different temporal distributions [10]. 

2. Molecular Virology 

2.1. Viral Structure 

The hMPV virion exhibits a pleomorphic morphology, ranging from spherical to filamentous forms, with dimensions varying from 
150 to 600 nanometers [11]. The virus's structural organization follows the typical pattern of pneumoviruses, with a lipid envelope 
containing three surface glycoproteins: fusion (F), attachment (G), and small hydrophobic (SH) proteins [12]. 

2.2. Genome Organization  

The viral genome's organization reflects evolutionary adaptations for efficient replication and transmission. The nucleoprotein (N) 
forms a helical nucleocapsid complex with viral RNA, providing protection against cellular nucleases [13]. The phosphoprotein (P) 
serves as an essential cofactor for the viral RNA-dependent RNA polymerase (L protein), facilitating efficient genome replication 
[14]. 

2.3. Viral Entry and Replication 

The infection cycle begins with viral attachment to host cells through interactions between the G protein and cellular 
glycosaminoglycans, particularly heparan sulfate [15]. The F protein then mediates membrane fusion, allowing viral contents to enter 
the cytoplasm. Within the cell, the viral RNA-dependent RNA polymerase complex initiates transcription of viral genes in a 
sequential manner, following the conserved gradient of gene expression characteristic of negative-strand RNA viruses [16]. 

3. Epidemiology 

Human metapneumovirus shows distinct seasonal patterns that vary by geographical location and climate. In temperate regions, 
peak infection rates typically occur during late winter and early spring, often following or overlapping with RSV seasons [17]. 
Surveillance data from 2014-2024 indicates shifting seasonal patterns post-pandemic, with altered timing of peak incidence and 
modified co-circulation patterns with other respiratory viruses [18]. 

The highest infection rates occur in young children, particularly those aged 6 months to 4 years, with seroprevalence studies 
indicating that nearly all children encounter hMPV by age 5 [19]. In 2019, epidemiological studies documented approximately 
473,000 hospitalizations related to hMPV in older adults globally, with higher positivity rates observed in high-income countries 
[20]. The virus demonstrates a bimodal age distribution of severe disease, affecting both young children and elderly adults most 
significantly [21]. Regional differences in hMPV prevalence and genetic diversity have been documented worldwide. Studies from 
Asia indicate prevalence rates of 4-12% among patients with acute respiratory infections, while European surveillance data suggests 
rates of 7-15% [22]. In tropical and subtropical regions, viral activity often correlates with rainfall patterns and humidity levels, 
leading to less distinct seasonal boundaries [23]. 

Table 1. Clinical and Epidemiological Characteristics of hMPV Infections by Age Group (2020-2024) 

Age Group Prevalence Rate (%) Common Presentations Hospitalization Rate (%) Mortality Rate (%) 
0-2 years 15-20 Bronchiolitis, Pneumonia 8-12 0.1-0.3 
2-5 years 10-15 URTI, Wheezing 5-8 0.05-0.1 
5-18 years 5-8 URTI, Bronchitis 2-4 <0.05 
18-65 years 3-6 URTI, Bronchitis 1-3 0.1-0.2 
65 years 8-12 Pneumonia, COPD 10-15 0.5-1.0 
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4. Transmission and Pathogenesis 

4.1. Transmission Mechanisms 

4.1.1. Primary Routes 

The virus primarily spreads through respiratory droplets and close contact with infected individuals. Viral particles can remain viable 
on environmental surfaces for several hours, facilitating indirect transmission through fomites [24]. The incubation period typically 
ranges from 3-6 days, with viral shedding continuing for 1-2 weeks in immunocompetent hosts [25]. 

4.1.2. Environmental Factors 

Temperature and humidity significantly influence viral stability and transmission efficiency. Studies indicate enhanced viral survival 
in conditions of lower temperature and moderate humidity, partially explaining seasonal infection patterns [26]. 

4.2. Pathogenic Mechanisms 

4.2.1. Cellular Entry and Replication 

Upon entering the respiratory tract, hMPV primarily targets ciliated epithelial cells. The viral F protein mediates membrane fusion, 
while the G protein facilitates initial attachment to host cell surface molecules [27]. Following entry, viral replication occurs in the 
cytoplasm, with new virions assembling at the plasma membrane [28]. 

4.2.2. Host Immune Response 

The host immune response to hMPV infection involves both innate and adaptive components. Initial recognition occurs through 
pattern recognition receptors, including TLR4 and RIG-I, triggering production of type I interferons and proinflammatory cytokines 
[29]. The adaptive immune response generates virus-specific antibodies and T cells, though immunity appears to be incomplete and 
temporary, allowing reinfection [30] 

Table 2. Environmental Stability of hMPV Under Different Conditions 

Condition Survival Time Infectivity Rate (%) Prevention Strategy 
Room temperature (20-25°C) 4-8 hours 40-60 Regular surface disinfection 
Low temperature (4°C) 24-48 hours 70-80 Cold chain maintenance 
High humidity (>80%) 2-4 hours 30-50 Humidity control 
Dry conditions (<30%) 8-12 hours 50-70 Environmental monitoring 
Direct sunlight 1-2 hours 10-20 UV protection 
Fomites (plastic/metal) 6-12 hours 40-60 Surface cleaning protocols 

5. Clinical Manifestations  

5.1. Clinical Spectrum of Disease 

The clinical presentation of hMPV infection varies significantly, ranging from mild upper respiratory symptoms to severe lower 
respiratory tract disease. Upper respiratory manifestations include rhinorrhea, cough, and pharyngitis, while lower respiratory 
involvement presents as bronchiolitis, pneumonia, or exacerbation of underlying respiratory conditions [31]. The severity of 
symptoms correlates strongly with host factors, including age, immune status, and presence of comorbidities [32]. 

5.2. Age-Specific Presentations 

5.2.1. Pediatric Manifestations 

In children, hMPV frequently causes bronchiolitis characterized by wheezing, tachypnea, and hypoxemia. Studies indicate that 5-
15% of hospitalized children with bronchiolitis test positive for hMPV [33]. Fever occurs in approximately 50-75% of pediatric 
cases, often accompanied by decreased appetite and lethargy [34]. 

5.2.2. Adult Presentations 

Adults typically experience milder symptoms, though elderly individuals and those with compromised immunity may develop severe 
disease. Common manifestations include prolonged cough, sputum production, and dyspnea [35]. In patients with chronic 
obstructive pulmonary disease (COPD), hMPV infection frequently triggers acute exacerbations [36]. 
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5.3. Complications 

Severe complications predominantly affect high-risk populations. Acute respiratory distress syndrome (ARDS) develops in 
approximately 2-5% of hospitalized cases, particularly in immunocompromised patients [37]. Secondary bacterial infections occur 
in 15-20% of severe cases, most commonly involving Streptococcus pneumoniae and Haemophilus influenzae [38]. Extrapulmonary 
manifestations, though rare, include myocarditis, encephalitis, and hepatitis [39]. 

6. Diagnosis 

6.1. Molecular Diagnostic Methods 

6.1.1. Reverse Transcription PCR 

RT-PCR represents the gold standard for hMPV detection, offering high sensitivity and specificity. Real-time RT-PCR assays can 
detect viral loads as low as 10-100 copies per milliliter of respiratory specimen [40]. Multiplex PCR platforms enable simultaneous 
detection of hMPV alongside other respiratory pathogens, enhancing diagnostic efficiency [41]. 

 

Figure 2. Diagnostic Algorithm for hMPV 

6.1.2. Next-Generation Sequencing 

Advanced sequencing technologies facilitate detailed genetic characterization and surveillance of viral strains. These methods have 
revealed emerging variants and aided in understanding viral evolution patterns [42]. 

6.2. Serological Testing 

Enzyme-linked immunosorbent assays (ELISA) detect virus-specific IgG and IgM antibodies, primarily useful for epidemiological 
studies and retrospective diagnosis [43]. Neutralization assays provide information about protective immunity but require specialized 
laboratory facilities [44]. 

6.3. Culture-Based Methods 

Although less frequently used for routine diagnosis, viral culture in specific cell lines remains valuable for research purposes and 
characterization of new viral strains. LLC-MK2 and Vero cells support hMPV growth, showing characteristic cytopathic effects 
after 10-14 days [45]. 
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Table 3. Comparison of Diagnostic Methods for hMPV Detection 

Method Sensitivity (%) Specificity (%) Turnaround Time Cost Level Main Advantages 
RT-PCR 95-99 98-100 2-4 hrs High Gold standard 
Rapid Antigen Testing 70-85 90-95 15-30 min Low Quick results 
Cell Culture 60-80 100 7-14 days Medium Virus isolation 
Serology (IgG/IgM) 80-90 85-95 1-2 days Medium Retrospect. diagnosis 
Multiplex PCR 90-95 95-98 2-6 hrs High Multiple pathogens 

7. Therapeutic Management 

7.1. Supportive Care 

Current management of hMPV infections primarily focuses on supportive measures. Mild cases typically resolve with adequate 
hydration, rest, and antipyretics [46]. For moderate to severe cases, oxygen supplementation maintains appropriate saturation levels, 
with targets above 92% in previously healthy individuals and 88-92% in those with chronic respiratory conditions [47]. 

 

Figure 3. Treatment of hMPV 

7.2. Advanced Respiratory Support 

Severe cases may require intensive care intervention. High-flow nasal cannula (HFNF) therapy has shown efficacy in managing 
respiratory distress, reducing the need for mechanical ventilation in 60-70% of cases [48]. For patients requiring mechanical 
ventilation, lung-protective strategies with low tidal volumes (4-6 mL/kg) and appropriate positive end-expiratory pressure (PEEP) 
optimize outcomes [49]. 

7.3. Antiviral Drugs 

Ribavirin, a broad-spectrum antiviral agent, demonstrates in vitro activity against hMPV, though clinical evidence supporting its use 
remains limited [50]. In immunocompromised patients, combination therapy with intravenous immunoglobulin (IVIG) and ribavirin 
has shown potential benefit in small observational studies [51]. 

Novel antiviral compounds targeting the viral fusion protein show promise in preclinical studies. Small molecule inhibitors and 
peptide-based fusion inhibitors have demonstrated efficacy in animal models [52]. Additionally, broadly neutralizing monoclonal 
antibodies targeting conserved epitopes of the F protein represent a potential therapeutic strategy [53]. 
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8. Prevention And Control 

8.1. Infection Control  

Implementation of standard and droplet precautions effectively reduces transmission in healthcare settings. These measures include 
proper hand hygiene, use of personal protective equipment, and appropriate patient isolation [54]. Environmental cleaning with 
virucidal agents inactivates hMPV on surfaces, though the virus shows variable environmental stability depending on conditions 
[55]. 

8.2. Development of Vaccine  

Multiple vaccine platforms are under investigation, including live-attenuated, subunit, and vector-based approaches. Live-attenuated 
vaccine candidates, generated through reverse genetics, show promising immunogenicity profiles in preclinical studies [56]. The 
development of stabilized prefusion F protein immunogens has enhanced vaccine design strategies [57]. 

The main challenges in vaccine development include achieving broad protection against multiple viral strains and maintaining long-
term immunity. Novel approaches, such as mRNA-based vaccines and virus-like particles, offer potential solutions to these 
challenges [58]. 

Table 4. Vaccine Development Status  

Vaccine Type Platform Technology Development Stage Immune Response Challenges 
Live Attenuated Classical attenuation Phase II Broad cellular & humoral Safety in infants 
Subunit F protein based Phase I/II Mainly humoral Adjuvant selection 
Vector-based Adenovirus Preclinical Balanced response Pre-existing immunity 
mRNA Lipid nanoparticle Phase I Strong humoral Storage requirements 
VLP Protein assembly Preclinical Balanced response Manufacturing complexity 

9. Current Research 

Recent advances in structural biology have revealed detailed mechanisms of viral entry and fusion. Cryo-electron microscopy studies 
of the F protein in its pre- and post-fusion conformations guide rational drug design [59]. Host-pathogen interaction studies identify 
cellular factors essential for viral replication, potentially offering new therapeutic targets [60]. Recent drug discovery efforts focus 
on targeting conserved viral proteins. Structure-guided design of fusion inhibitors has yielded compounds with nanomolar potency 
against multiple hMPV strains [61]. Novel therapeutic approaches include development of small interfering RNAs (siRNAs) 
targeting essential viral genes and peptide-based entry inhibitors [62]. 

Investigation of host immune responses has identified potential immunomodulatory interventions. Targeting specific inflammatory 
pathways, particularly those involving IL-6 and TNF-α, may reduce disease severity in severe cases [63]. Development of therapeutic 
antibodies targeting both viral proteins and host immune factors represents a promising approach [64]. Emerging diagnostic 
platforms incorporate CRISPR-based detection methods, offering rapid and sensitive viral detection. These systems demonstrate 
sensitivity comparable to RT-PCR while providing results in under 30 minutes [65]. The combination of artificial intelligence 
algorithms with molecular diagnostics improves accuracy and prediction of disease severity [66]. 

10. Conclusion 

Human metapneumovirus is a major respiratory pathogen, with diverse epidemiological patterns and clinical significance across 
different population groups. Recent molecular and diagnostic studies have significantly improved our ability to detect and 
characterize hMPV infections, enabling more timely and accurate patient care. While current management primarily centers on 
supportive measures, several promising therapeutic candidates are in development. The main priorities for this pathogen of concern 
are to develop effective antiviral treatments, particularly for severe cases in high-risk populations, development of vaccine candidates 
through clinical trials, with special attention to cross-protection against multiple viral strains and implementation of standardized 
molecular surveillance systems for better tracking of viral evolution and emergence of new variants.  
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