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ABSTRACT
Human Metapneumovirus (HMPV) is a significant etiological agent of acute respiratory tract 
infections, with its most pronounced impact observed in the pediatric population. It also poses 
a substantial threat to elderly individuals and immunocompromised adults, often leading to 
severe complications. Despite being formally identified in 2001, serological evidence indicates 
the virus has been circulating in humans since at least the late 1950s, with its delayed discovery 
largely due to its fastidious growth requirements in cell culture. Human Metapneumovirus shares 
considerable genetic homology with avian metapneumovirus, suggesting a potential zoonotic 
origin, and is classified within the  Metapneumovirus  genus alongside Respiratory Syncytial 
Virus (RSV). The clinical manifestations of Human Metapneumovirus infection, which include 
bronchiolitis and pneumonia, closely mirror those of RSV, complicating differential diagnosis 
based on symptomatology alone. Confirmatory diagnosis relies on molecular methods such as 
PCR. At present, no targeted antiviral therapy exists; clinical management is primarily supportive, 
encompassing oxygen supplementation and fluid maintenance. Prevention centers on stringent 
hygiene measures and, for select high-risk groups, immunoprophylaxis. A comprehensive 
understanding of HMPV's pathology, diagnostic approaches, and therapeutic limitations is vital 
for mitigating its public health burden, particularly among vulnerable groups.
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INTRODUCTION

Human Metapneumovirus (HMPV) is a prominent cause of acute 
respiratory disease worldwide, especially among infants and 
young children. Although it was first isolated and characterized 
in 2001, retrospective analyses of serum samples confirm its 
presence in human populations for several decades prior. The 
initial challenges in identifying the virus were related to its poor 
growth in conventional cell cultures, as it replicates slowly and 
requires specific additives like trypsin for propagation. These 
technical hurdles impeded research until modern virological 
methods, particularly molecular techniques, facilitated its 
detection and classification.

Phylogenetically, Human Metapneumovirus is closely aligned 
with avian metapneumovirus, a pathogen affecting poultry, 
hinting at a possible historical cross-species transmission event. 
In the Metapneumovirus genus, only Human Metapneumovirus 
and Respiratory Syncytial Virus (RSV) are established human 
pathogens, both inducing a similar spectrum of respiratory 

diseases. Human Metapneumovirus is a leading cause of 
bronchiolitis and pneumonia in children, and its clinical features 
are often nonspecific, overlapping significantly with RSV and 
other common respiratory viruses, making etiological distinction 
impossible without laboratory confirmation.

While pediatric infections are most frequent, Human 
Metapneumovirus can also lead to serious disease in adults, 
particularly the elderly and immunocompromised. Infections 
in these demographics are associated with higher rates of severe 
morbidity and hospitalization. Given its substantial impact on 
global health across all ages, Human Metapneumovirus continues 
to be a critical focus of infectious disease and virological research 
(Hoogen et al., 2001; Garcia-Moliner, 2013).

ETIOLOGY

Human Metapneumovirus (HMPV) is an enveloped, 
negative-sense, single-stranded RNA virus. It was originally 
classified within the  Paramyxoviridae  family but was 
subsequently reclassified into the  Pneumoviridae  family under 
the  Metapneumovirus  genus in 2016. The primary mode 
of human-to-human transmission is through inhalation of 
infectious respiratory droplets expelled by infected individuals; 
indirect transmission via fomites is also possible  (Uche and 
Guerrero-Plata, 2018; Panda et al., 2014).
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Populations at elevated risk for severe Human Metapneumovirus 
disease include infants born prematurely, immunocompromised 
patients, and those with underlying chronic medical conditions 
such as respiratory diseases (e.g., COPD, asthma), cardiovascular 
disorders, or neurological impairments. These comorbidities can 
amplify the severity of the viral infection, potentially leading to 
serious complications that necessitate hospital admission and 
intensive supportive care. The significant disease burden imposed 
by Human Metapneumovirus underscores the necessity for 
ongoing research into effective preventive measures (Freymuth et 
al., 2008; National Library of Medicine, 2025).

EPIDEMOLOGY

First identified in 2001 in nasopharyngeal samples from 
Dutch children with acute respiratory infections, Human 
Metapneumovirus (HMPV) has since been recognized as a 
globally significant pathogen. Serological evidence indicates 
the virus has been circulating in humans since at least the late 
1950s, suggesting a long history of undetected infection prior 
to its discovery. The delay in identification was primarily due 
to the virus's poor growth in conventional cell cultures, which 
was overcome with the use of tertiary monkey kidney cells and 
trypsin-containing media (Van den Hoogen et al., 2001).

Molecular Epidemiology and Genotypes

Human Metapneumovirus is an enveloped negative-sense 
single-stranded RNA virus belonging to the family Pneumoviridae, 
genus  Metapneumovirus. Molecular analysis reveals two major 
genetic lineages, A and B, which are further subdivided into four 
subgroups: A1, A2, B1, and B2. These subgroups are defined 
by genetic variation, particularly in the surface glycoproteins 
(Fusion [F] and Attachment [G]), which are major targets for the 
host immune response. All four subgroups co-circulate globally 
with considerable genetic diversity, and multiple subgroups are 
often detected within a single season. There is no consistent 
evidence that any one subgroup is associated with more severe 
disease, though some studies suggest temporal and geographical 
variations in subgroup dominance may influence seasonal 
incidence and clinical presentation (Inagaki et al., 2020).

Seasonal and Geographic Trends

Human Metapneumovirus demonstrates a distinct seasonal 
pattern in temperate climates, with annual epidemics typically 
occurring in the late winter and early spring, often following 
or overlapping with the Respiratory Syncytial Virus (RSV) and 
influenza season. This seasonality is less pronounced in tropical 
regions, where transmission can occur year-round with increased 
activity during the rainy season. The virus is endemic worldwide, 
with nearly all individuals seroconverting by the age of 5-10 years 
(Inagaki et al., 2020; Vinci et al., 2018).

Disease Burden
The pediatric population, especially young children, bears the 
highest disease burden. The peak incidence of severe infection 
occurs in children under two years of age, with the average age 
of first infection around 22 months. Human Metapneumovirus 
is a leading cause of Acute Lower Respiratory Tract Infections 
(ALRTI), accounting for 5-10% of pediatric hospitalizations for 
pneumonia and bronchiolitis. Infants under six months old are 
at the greatest risk, exhibiting hospitalization rates three times 
higher than those of children aged 6 months to 5 years (Inagaki 
et al., 2020).

A key feature of Human Metapneumovirus epidemiology is 
its capacity for re-infection throughout life due to incomplete 
and transient immunity following natural infection. While 
re-infections in healthy adults are usually mild or asymptomatic, 
the virus remains a significant cause of morbidity and mortality 
in older adults (≥65 years), immunocompromised individuals, 
and those with underlying cardiopulmonary conditions. In these 
high-risk groups, Human Metapneumovirus infection can lead 
to severe complications, including exacerbations of Chronic 
Obstructive Pulmonary Disease (COPD), asthma, congestive 
heart failure, and pneumonia requiring hospitalization (Vinci et 
al., 2018; Haas et al., 2013).

PATHOPHYSIOLOGY

Human Metapneumovirus spreads primarily through respiratory 
droplets when infected individuals cough or sneeze. Following 
exposure, the virus typically incubates for 3-5 days before 
symptoms appear, though this period may vary. Infection begins 
when viral particles colonize the nasopharyngeal mucosa, 
subsequently migrating to the lower respiratory tract. The viral 
genome contains eight genes that generate nine proteins crucial 
for host cell invasion. Among these, two structural proteins - the 
attachment Glycoprotein (G) and Fusion glycoprotein (F) - are 
particularly important for pathogenesis. The F protein specifically 
interacts with host cell integrins, facilitating viral entry through 
membrane fusion. After penetration, the viral genetic material is 
released into the host cell cytoplasm, initiating replication.

The host immune system responds to Human Metapneumovirus 
infection by producing an array of inflammatory mediators, 
including IL-6, IFN-alpha, TNF-alpha, IL-2, and macrophage 
inflammatory proteins. These signaling molecules promote 
immune cell migration, resulting in characteristic peribronchiolar 
and perivascular infiltration. The inflammatory cascade involves 
monocyte and lymphocyte recruitment to airway tissues, creating 
localized inflammation. These pathological changes underlie the 
typical clinical presentation of HMPV infection, which includes 
respiratory manifestations such as productive cough, fever, mucus 
hypersecretion, and breathing difficulties (dyspnea). The severity 
of symptoms often correlates with the extent of pulmonary 
inflammation.
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	 •	 Key features of HMPV pathogenesis.

	 •	 Respiratory droplet transmission with 3- 5-day 
incubation.

	 •	 Initial nasopharyngeal infection progressing to lower 
airways.

	 •	 Viral entry mediated by F glycoprotein-integrin 
interaction.

	 •	 Robust cytokine/chemokine response (IL-6, TNF-α, 
etc.).

	 •	 Inflammatory cell infiltration causing airway 
obstruction.

	 •	 Characteristic respiratory symptom constellation.

This complex interplay between viral replication and host 
immune response determines both disease presentation and 
clinical outcomes in infected individuals (Freymuth et al., 2008b).

SIGNS AND SYMPTOMS

In young children, Human Metapneumovirus and Respiratory 
Syncytial Virus (RSV) infections produce nearly identical 
symptoms, often leading to diagnoses of pneumonia, 
bronchiolitis, or bronchitis. Common clinical features include 
fever, cough, wheezing, hypoxia, and concurrent upper and 
lower respiratory tract involvement (Panda et al., 2014; Boivin 
et al., 2003). While fever typically persists for about 10 days in 
hMPV-infected children, its intensity may fluctuate throughout 
the illness. Wheezing is particularly prominent in pediatric cases 
of Human Metapneumovirus-associated lower respiratory tract 
infections (Williams et al., 2005).

Although fever is uncommon in Human 
Metapneumovirus-infected adults, reinfected individuals may 
exhibit mild cold- or flu-like symptoms. Most cases present as 
self-limiting upper respiratory infections (rhino-pharyngo-
laryngitis), resolving within a week  (Hamelin et al., 2005). The 
most frequent symptoms include cough (90% of cases), rhinitis 
with nasal congestion and discharge (70%), and hoarseness 
(50-67%). Notably, while fever occurs in only 4% of adults, it 
affects 50-80% of pediatric cases (Falsey and Walsh, 2006).

Older adults with Human Metapneumovirus reinfections face 
an elevated risk of severe complications, including pneumonitis 
and fatal outcomes (Falsey et al., 2003). Emerging research also 
suggests a potential link between pediatric HMPV infections and 
central nervous system disorders, such as encephalitis and febrile 
seizures (Arnold et al., 2009).

Accurate diagnosis based solely on clinical presentation remains 
challenging, as Human Metapneumovirus symptoms overlap 
with those of other respiratory viruses. The pathogen can cause 
a wide range of infections, from upper respiratory conditions 

(rhinitis, pharyngitis, otitis media, conjunctivitis) to lower 
respiratory diseases (pneumonia, bronchiolitis) (Spaeder et al., 
2013). Additional high-risk groups include pregnant individuals, 
who may experience severe complications (Lenahan et al., 2015), 
and lung transplant recipients, in whom HMPV infection can 
contribute to chronic allograft dysfunction (Zwart et al., 2021).

DIAGNOSIS

The diagnostic landscape for Human Metapneumovirus is fraught 
with challenges that impede rapid and accurate identification.In 
vitro  studies demonstrate that Human Metapneumovirus 
produces characteristic cytopathic effects in cell culture, though 
these develop slowly and may include syncytia formation, cell 
rounding, and detachment from the culture surface. The virus's 
sluggish replication kinetics necessitate combining traditional 
culture methods with ancillary techniques for optimal detection. 
Immunological methods such as direct fluorescent antibody 
testing and ELISA, which employ HMPV-specific antibodies to 
identify viral antigens, significantly improve diagnostic sensitivity 
compared to relying solely on cytopathic observation, yet their 
availability is often limited to specialized laboratories (Tollefson 
et al., 2010).

A critical analytical challenge is the widespread implementation 
gap between advanced molecular techniques and routine clinical 
practice. While modern diagnostics have shifted from cell culture 
to molecular methods, with RT-PCR and real-time RT-PCR 
emerging as gold standards due to their superior sensitivity 
and specificity, many clinical laboratories still lack access to 
these technologies. Recent advances include the development 
of multiplex PCR assays capable of simultaneously detecting 
hMPV alongside other respiratory pathogens, offering more 
comprehensive diagnostic capabilities. However, the high cost 
and technical expertise required for these assays create significant 
barriers to adoption, particularly in resource-limited settings 
(Bellau-Pujol et al., 2005; Litwin and Bosley, 2013).

Consequently, many facilities still rely on less sensitive 
first-line methods like direct fluorescent antibody testing and 
immunofluorescence, reserving RT-PCR only for confirmation 
of negative specimens. This diagnostic algorithm can lead to 
underreporting and misdiagnosis, as the clinical presentation 
of HMPV is nonspecific and mimics other respiratory viral 
infections. The absence of standardized, accessible, and 
cost-effective diagnostic tools remains a substantial obstacle to 
understanding the true burden of HMPV and implementing 
appropriate infection control measures (Jokela et al., 2010; Ma 
et al., 2010).

In cases where neurological involvement is suspected, brain MRI 
may reveal multiple cortical and subcortical lesions suggestive of 
HMPV-associated encephalitis. Cerebrospinal fluid analysis with 
PCR has successfully identified viral presence in some reported 
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cases, providing definitive diagnostic confirmation, though this is 
not part of routine practice (Schildgen et al., 2005).

MANAGEMENT

The management of HMPV presents substantial clinical challenges 
due to the absence of approved targeted antiviral therapies. 
Current practice emphasizes supportive care as the mainstay 
of treatment, which, while essential, highlights a significant 
therapeutic gap. Several investigational therapies show potential 
but face considerable hurdles (Wyde et al., 2003b; Kitanovski et al., 
2013b; Ulbrandt et al., 2006b). Experimental approaches under 
investigation include ribavirin, intravenous immunoglobulins, 
fusion inhibitors, and RNA interference technologies (siRNAs) 
(Corti et al., 2013; Deffrasnes et al., 2007; Darniot et al., 2012). A 
critical analysis of ribavirin reveals a complex profile. While it 
demonstratesin vitro  antiviral activity against HMPV through 
its guanosine analog structure that disrupts viral transcription, 
its clinical efficacy remains uncertain and poorly documented 
in controlled studies. The drug may also modulate host 
immune responses, further complicating its therapeutic profile. 
Additionally, ribavirin exhibits teratogenic properties requiring 
strict handling protocols, presents administration challenges 
as aerosolized delivery necessitates specialized equipment and 
trained respiratory therapists, and carries high treatment costs 
that create accessibility barriers (Park et al., 2012).

For severely immunocompromised patients (e.g., transplant 
recipients or oncology patients), combination therapy with 
ribavirin and immunoglobulins may be considered as a last 
resort, despite inconsistent evidence regarding outcomes. The 
lack of robust clinical trial data means such decisions must rely on 
anecdotal evidence and individual clinician experience, requiring 
careful risk-benefit analysis and shared decision-making 
between clinicians and patients (Raza et al., 2007; Hamelin et al., 
2010).  More promisingly, the engineered monoclonal antibody 
mAb 338, which targets the HMPV fusion protein, has shown 
effectiveness in animal studies, but human data are still lacking 
(Bergh et al., 2022).

The use of anti-inflammatory corticosteroids has been employed 
empirically in some cases, though robust clinical data supporting 
their efficacy are lacking, and their immunosuppressive effects 
might theoretically worsen viral replication in certain scenarios 
(González et al., 2018). This underscores the fundamental 
challenge in HMPV management: balancing inflammatory 
response control without compromising viral clearance.

Supportive measures remain fundamental, including antipyretics 
(acetaminophen/ibuprofen) for fever management and IV 
rehydration when oral intake is inadequate  (Choi et al., 2019; 
Velayutham et al., 2022). Severe respiratory cases, particularly 
in high-risk patients, may require advanced oxygen support, 
including mechanical ventilation. Fortunately, most patients 
achieve full recovery with appropriate supportive care. Infection 

control measures should include droplet precautions, while 
vaccine development remains an urgent unmet need in the global 
effort to reduce HMPV morbidity and mortality  (Siegel et al., 
2007).

PREVENTION

Effective prevention of Human Metapneumovirus (HMPV) 
transmission currently relies on non-pharmaceutical 
interventions, which present implementation challenges in both 
community and healthcare settings. Rigorous hand hygiene, 
droplet precautions, and minimizing direct contact with infected 
individuals form the cornerstone of prevention strategies. 
However, the effectiveness of these measures is often limited 
by variable compliance and the fact that infected individuals 
may shed the virus for extended periods-ranging from days to 
weeks-during both active illness and early recovery, often before 
symptoms appear or after they resolve (Siegel et al., 2007).

A significant logistical challenge in healthcare settings involves 
cohorting patients to prevent nosocomial transmission. 
HMPV-positive patients should be isolated from those with 
Respiratory Syncytial Virus (RSV) to reduce the risk of severe 
co-infections. This requires rapid and accurate diagnostic 
capabilities that many facilities lack. Special care must be taken 
to limit exposure to immunocompromised individuals, who are 
most vulnerable to severe disease but are often concentrated in 
healthcare environments where exposure risk is highest.

Emerging evidence suggests that vaccination may play a 
future role in mitigating HMPV-related complications, but no 
licensed vaccine currently exists. Interestingly, the nine-valent 
Pneumococcal Conjugate Vacciogne (PCV9) has been associated 
with decreased hospitalization rates and reduced severity of 
HMPV illness, particularly in vulnerable pediatric populations 
such as children with HIV, possibly due to prevention of bacterial 
superinfection (Sepúlveda-Pachón et al., 2024). This indirect 
benefit highlights the complex interplay between viral and 
bacterial pathens but does not address the fundamental need 
for a specific HMPV vaccine, the development of which remains 
hampered by incomplete understanding of correlates of immune 
protection and the technical challenges of creating a vaccine 
that provides lasting immunity against multiple HMPV strains 
(Hermos et al., 2010).

DIFFERENTIAL DIAGNOSIS

The clinical presentation of Human Metapneumovirus 
(HMPV) infection often resembles various other respiratory 
conditions, necessitating comprehensive diagnostic evaluation. 
Non-infectious respiratory disorders, including acute asthma 
attacks and COPD exacerbations, can produce symptoms nearly 
identical to HMPV infection. The differential diagnosis should 
also include bacterial pneumonia, which shares many clinical 
features with severe HMPV cases.
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Furthermore, HMPV infection must be distinguished from other 
viral respiratory pathogens, particularly:

	 •	 Coronaviruses (including seasonal varieties and 
SARS-CoV-2).

	 •	 Rhinovirus.

	 •	 Adenovirus.

	 •	 Parainfluenza viruses.

	 •	 Respiratory Syncytial Virus (RSV).

	 •	 Influenza viruses (types A and B).

Accurate diagnosis requires careful clinical assessment combined 
with appropriate laboratory testing to differentiate between these 
potentially overlapping conditions (Schildgen et al., 2011).

PROGNOSIS

Most patients with Human Metapneumovirus (HMPV) 
infection experience complete recovery with supportive care, 
demonstrating an overall positive prognosis. However, healthcare 
providers should conduct thorough evaluations of comorbid 
conditions and vigilantly monitor for clinical indicators of severe 
disease progression, including:

	 •	 Respiratory distress (dyspnea).

	 •	 Oxygen desaturation (hypoxia).

	 •	 Increased work of breathing evidenced by accessory 
muscle use.

Notably, natural infection does not confer long-term immunity, 
leaving individuals susceptible to recurrent HMPV infections 
due to the transient and partial protective immune response 
generated following initial exposure (Schildgen et al., 2011).

COMPLICATIONS

Human Metapneumovirus (HMPV) poses significant risks for 
immunocompromised individuals and those with pre-existing 
cardiopulmonary conditions, often resulting in serious 
complications requiring inpatient management. These high-risk 
patients frequently develop severe respiratory compromise that 
may progress to acute respiratory failure. Clinical management 
often involves escalating respiratory support, ranging from 
high-flow oxygen therapy to invasive mechanical ventilation 
in critical cases. Due to the potential for rapid clinical 
deterioration, such patients typically necessitate Intensive Care 
Unit (ICU) admission for continuous monitoring and specialized 
interventions (Vinci et al., 2018; Haas et al., 2013).

DETERRENCE AND PATIENT EDUCATION

Effective containment of Human Metapneumovirus (HMPV) 
requires comprehensive patient and family education regarding 
transmission prevention.

Key preventive measures include:

Environmental disinfection  - Regular cleaning of high-touch 
surfaces with appropriate disinfectants.

Hand hygiene - Frequent handwashing with soap and water or 
alcohol-based sanitizers.

Respiratory etiquette - Implementation of droplet precautions, 
including proper mask usage and cough hygiene.

These evidence-based interventions can significantly reduce viral 
transmission in both household and community settings (Vinci 
et al., 2018).

PEARLS AND OTHER ISSUES

Current research continues to evaluate novel treatment 
approaches for Human Metapneumovirus (HMPV). Among 
the most promising candidates is ribavirin, a nucleoside analog 
antiviral currently approved for Respiratory Syncytial Virus 
(RSV) management. Preliminary evidence indicates potential 
therapeutic benefits when combining ribavirin with Intravenous 
Immunoglobulin (IVIG), particularly for vulnerable populations 
including immunocompromised individuals and preterm 
neonates.

In vitro  investigations demonstrate ribavirin's capacity to 
inhibit HMPV replication and attenuate associated pulmonary 
inflammation. Limited clinical data from a trial involving nine 
immunocompromised patients receiving combination therapy 
(oral/aerosolized ribavirin plus IVIG) showed partial efficacy, 
with two cases demonstrating positive outcomes. However, 
several limitations constrain widespread adoption:

Safety concerns: Ribavirin exhibits teratogenic properties 
requiring strict handling protocols.

Administration challenges: Aerosolized delivery necessitates 
specialized equipment and trained respiratory therapists (with 
pregnancy contraindications).

Economic factors: High treatment costs present accessibility 
barriers.

These findings underscore the need for larger, controlled studies 
to establish definitive efficacy and safety profiles before clinical 
implementation (Shahda et al., 2010).
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CONCLUSION

Human Metapneumovirus (HMPV) is a significant and 
pervasive respiratory pathogen with a substantial global 
health impact, particularly on young children, the elderly, and 
immunocompromised individuals. Despite its identification 
over two decades ago, clinical management remains reliant on 
supportive care, as no vaccines or specific antiviral therapies are 
approved for use. The challenges in culturing the virus and its 
clinical similarity to other respiratory infections, especially RSV, 
continue to complicate diagnosis and surveillance.
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SUMMARY

Significant knowledge gaps persist, underscoring urgent research 
priorities.  First, the development of an effective vaccine is 
paramount. While some monoclonal antibodies show promise in 
preclinical studies, their translation to clinical practice requires 
accelerated investment and research to protect vulnerable 
populations.  Second, there is a critical need for affordable, 
rapid, and accessible diagnostic tools. The current reliance on 
PCR-based methods limits timely diagnosis in resource-limited 
settings, hindering appropriate patient management and 
obscuring the true burden of disease. Finally, enhanced genomic 
surveillance, particularly in Low- and Middle-Income Countries 

(LMICs), is essential to understand the global circulation of 
HMPV genotypes, its seasonality, and its contribution to pediatric 
mortality in regions with high rates of respiratory illness.

Addressing these priorities-vaccine development, the creation 
of point-of-care diagnostics, and the establishment of robust 
surveillance systems-is crucial to mitigating the impact of this 
silent respiratory threat and reducing the global health burden 
of HMPV.
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