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ABSTRACT 
Human Metapneumovirus (HMPV) was first described in 2001 in the Netherlands and has become an 
important pathogen in the Pneumoviridae family, causing significant paediatric and adult respiratory 
infections worldwide. This review synthesizes the clinical manifestations, genetic diversity, 
epidemiology, and pathogenesis of the virus based on findings of more than two decades' worth of 
research. HMPV is not only highly infectious, but it carries a burden in the form of its tendency to 
result in severe respiratory disease in children, the elderly, and the immunocompromised, often 
causing lengthy hospitalizations and remarkable expenditures in healthcare. Unlike RSV, HMPV has 
defined age-related infection patterns and a unique genetic architecture, with the G glycoprotein that 
is highly variable making subclassification and antigenicity dependent upon this variation. Current 
subtypes (such as A2b1) demonstrate the scourge of the virus’s adaptability and thus raise obstacles 
to its vaccine development. HMPV pathogenetically infects ciliated epithelial cells, disrupting 
mucociliary function, producing robust inflammatory responses, and worsening disease severity. 
Advanced molecular diagnostics and therapeutic approaches have nonetheless been accompanied by 
little progress in developing specific antiviral treatments or vaccines, a need underscored by the 
urgency of such focused research and public health interventions. Finally, these findings are integrated 
to achieve a complete picture of HMPV and to progress future research and clinical approaches 
regarding this important respiratory pathogen. 
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INTRODUCTION  
Human Metapneumovirus (HMPV) was first 
characterized initially in 2001 in the 
Netherlands as a major pathogen causing 
respiratory viral infections (Panda et al., 2014 
Improved diagnostic methods, better 
therapeutic options, and effective vaccination 
strategies against HMPV are likely if 
investment were increased in research 
initiatives to increase awareness, along with 
reducing its impact on populations affected by 
HMPV (1). The study of the transmission 
dynamics of HMPV is fundamental as it can 
identify potential transmission patterns and 
most effective interventions to limit spread in 
the communities (2). Through collaboration of 
researchers, healthcare providers, and public 
health organizations, we can advance our 
knowledge of HMPV, enhance understanding 
of the features of the virus and its vulnerability, 
determining which populations are at risk, and 
develop targeted interventions that will be 
able to address the needs of at risk groups (3). 
 
Epidemiological trends: Indicate that HMPV is 
a significant cause of respiratory illness, 
particularly in young children and the elderly, 
with seasonal patterns resembling those of 
other respiratory viruses like influenza 
(4).Understanding these trends is crucial for 
developing effective public health strategies 
and resource allocation during peak seasons, 
ensuring that vulnerable populations receive 
timely care and intervention (5).By identifying 
high-risk periods and populations, health 
authorities can implement preventive 
measures such as vaccination campaigns and 
public awareness initiatives to mitigate the 
impact of HMPV infections on these groups 
(6).Additionally, on-going research into the 
genetic diversity of HMPV will provide insights 
into its evolution and potential resistance to 
treatments, which is essential for guiding 
future vaccine development and therapeutic 
approaches (7).As new variants emerge, it 
becomes increasingly important for 
researchers and public health officials to 
collaborate in monitoring the virus's behaviour 
and adapting strategies (8).This collaborative 
effort will not only enhance our understanding 

of HMPV but also foster a more resilient 
healthcare system capable of responding 
effectively to future viral threats 
(9).Strengthening communication channels 
between health authorities and the public will 
be crucial in disseminating timely information 
about HMPV, ensuring that communities are 
informed about preventive measures and 
available resources (10).By promoting 
awareness and education, we can empower 
individuals to take proactive steps in 
protecting themselves and others from 
infection, ultimately reducing transmission 
rates and improving overall public health 
outcomes (11).Engaging community leaders 
and organizations in these efforts will also play 
a vital role, as they can help tailor messages 
that resonate with diverse populations and 
encourage widespread participation in health 
initiatives (12). Collaborative partnerships 
between government agencies, healthcare 
providers, and local organizations will further 
enhance the effectiveness of these strategies, 
fostering a united front in the fight against 
emerging viral threats (13). 
 
Clinical outcomes: The virus does influence, 
along with patient demographics, 
comorbidities, and access to health care 
resources. Knowledge of these variables is 
important for the development of effective 
treatment protocols as applied to populations 
with HMPV (14). Researchers integrate 
genomic data with clinical information, to 
identify predictive patterns of severe disease 
and to help physicians stratify risk to 
populations at risk (15). These embrace 
emergent personalized vaccination programs, 
optimized therapeutic regimens as well as 
improved public health interventions to 
educate communities on prevention and early 
detection (16). The combination of these 
methodologies not only allows for better 
understanding of HMPV, but also paves the 
way for targeted interventions able to mitigate 
the effects of a future outbreak and to 
bettering healthcare delivery systems on a 
global scale (17). What we can do to help is to 
build this strong framework, based on 
collaboration between researchers, health 
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care providers and public health officers, to 
support ongoing surveillance and fast response 
to threats posed by HMPV (18). Additionally, 
this will strengthen these partnerships and 
facilitate the sharing of vital data and best 
practices to promote a proactive stance 
against HMPV health challenges (including 
vaccination strategies, public health policies 
for isolation and exposure reduction, 
heightened surveillance, etc.) (19). Other 
applied ways to further expand healthcare 
workers’ ability to respond commendably will 
be establishing training programs and 
educational initiatives for these employees, so 
they are prepared with the current knowledge 
and tools to counter this virus (20). Funding 
research and development will be critical to 
further our scientific knowledge of HMPV 
towards novel treatment options and 
preventive measures with which to safeguard 
public health (21). Researcher, healthcare 
provider, and public health official 
collaboration will accelerate this to produce an 
environment conducive to rapid 
advancements in HMPV management and 
control (22). 
 
Genetic diversity associated with HMPV 
infections: Additionally, it can offer valuable 
insights into the virus’s behaviour and 
interaction with host immune responses and 
so should inform tailored approaches to 
treatment, understanding vaccination 
strategies (23). It will not only improve our 
capacity to predict outbreaks but also reveal 
which vaccines are most likely to be effective 
against emerging strains of the virus (24). Such 
an approach will ultimately improve patient 
outcomes and contribute to a stronger public 
health response that strengthens communities 
to cope with the future challenges HMPV (and 
many other pathogens) will pose (25). Further 
research on the epidemiology and 
transmission dynamics of HMPV will help 
significantly increase our understanding, while 
helping healthcare and public health systems 
to put in place proactive measure to 
ameliorate the impact of this virus on 
vulnerable populations (26). This collective 
work will not only allow us to better respond 
to HMPV but also opens doors to further 

research in combating a wider base of 
respiratory diseases to ensure public health on 
a broader scale (27). Using data driven 
strategies, we can build a total framework of 
dealing with the immediate challenges of 
respiratory diseases and long term prevention 
approaches (28). This proactive approach will 
allow us to better target at risk groups and 
tailor interventions to meet their specific 
needs to give each group equal access to 
healthcare resources and support systems 
(29). 
 

MATERIAL & METHODS 
To identify epidemiology, clinical features, and 
molecular characteristics of HMPV, we 
performed a systematic literature search of 
databases such as PubMed, Scopus, and Web 
of Science. However, the search only included 
studies published between 2001 and 2024, 
written in English, and it included 
observational studies, cohort studies, case 
control studies, and clinical trials (30). Searches 
were done using keywords such as 'Human 
Metapneumovirus' 'HMPV' 'epidemiology,' 
'clinical features' 'genetics,' and 'molecular 
characteristics (31). 
 
Inclusion Criteria: 
Case reports and studies of clinical data on 
HMPV infections in children, elderly adults, or 
immunocompromised individuals. 
Modern studies of genetic structure, subtyping 
and molecular evolution of HMPV. 
Cases of HMPV investigated for seasonal 
trends and geographical distribution. 
 
Exclusion Criteria: 
Studies that did not collect enough HMPV 
outcome data. 
Editorials, opinions, or reviews. 
Currently, studies do not extend to human 
clinical data, but are limited to animal models 
or laboratory based analysis. 
 
Data extracted from eligible studies included: 
Sample size: Assessing robustness and 
reliability of the resulting findings, every study 
is carried out with number of participants. All 
this information will be critically important to 
truly understand the full impact of HMPV on 
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different populations and guidance for further 
research (32). These studies will not only help 
us understanding HMPV but also shape public 
health strategies to prevent its impact on 
paediatric and elderly vulnerable populations 
(33). The list strategies such as vaccination 
programs, public awareness campaigns, and 
targeted interventions to decrease 
transmission rates of many of these diseases in 
high risk populations. These strategies will 
need to be continually evaluated though 
research and data collection to monitor HMPV 
trends and assess the outcomes of their use 
(34). We can tackle HMPV, and improve health 
outcomes among affected individuals, by 
creating settings for strong surveillance, and 
collaboration among researchers, healthcare 
providers, and policy makers. 
 
Age group distribution: HMPV infections tend 
to occur in the age group distribution with 
young children and older adults being most 
common followed by infants under one year, 
who may require hospitalization for severe 
URTI attributable to the virus (35). The 
development of bounded targeted prevention 
and intervention approaches for mitigating the 
health impact of HMPV on public health (36) 
depends essentially on understanding the 
specific vulnerability of these groups. Although 
this will also help further the identification of 
risk factors for the development of severe 
disease in these populations (e.g. underlying 
health conditions and environmental 
exposures), it will be of additional value in 
helping to formulate effective public health 
initiatives designed to reduce the incidence 
and severity of HMPV infections (37). With an 
emphasis on increasing awareness and 
vaccination where appropriate as applicable 
communities can better protect these most 
exposed groups and also improve other health 
outcomes (38). Management of the burden of 
HMPV will also include strengthening of 
healthcare infrastructure to detect and treat 
diseases in a timely manner; especially during 
the peak transmission seasons (39). 
 
Hospitalization rates: Are expected to rise 
significantly during outbreaks, underscoring 
the need for preparedness and resource 

allocation within healthcare systems to handle 
increased patient loads effectively (40). 
Establishing comprehensive surveillance 
systems can help monitor trends in HMPV 
infections, allowing for prompt responses and 
targeted interventions that cater to the 
specific needs of affected populations (41). 
Investing in research to develop effective 
antiviral treatments and vaccines will further 
enhance our ability to combat HMPV, 
ultimately reducing its impact on public health 
and safeguarding vulnerable individuals from 
severe complications associated with the virus 
(42). 
 
Mortality rates: Actually, HMPV is critical 
concern in particular among the high risk 
groups as high risk being the elderly and those 
with underlying health conditions (43), which 
is emphasized by the importance of having 
preventive measures and timely medical 
intervention (44) to mitigate risks of of HMPV. 
Educating communities around hygiene 
practices and vaccination choices for them to 
participate in public health campaigns to 
disseminate how to prevent transmission 
amongst communities poses to be important in 
lowering the rates of transmission, while 
health care providers should have the tools 
and training to recognize and treat cases (45). 
It will also be essential to build on surveillance 
systems to monitor HMPV outbreaks and track 
their spread to determine how best to 
formulate responses, or what resources to 
allocate where these are most needed (46). 
 
Incidence of co-infections: The coexistence of 
HMPV with other respiratory viruses 
complicates diagnosis and treatment and may 
increase morbidity in individuals with such 
illnesses (47). The patterns and implications of 
these co-infections must be understood to 
design effective comprehensive management 
strategies for viral respiratory illnesses (48). 
Working together between the public health 
agencies, researchers and healthcare providers 
can increase our understanding of HMPV and 
how HMPV cooperates with other pathogens 
to improve public health outcomes and better 
public health interventions (49). More work 
can be done in the field of HMPV and other 
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pathogens working together by collaboration 
between public health agencies, researchers 
and healthcare providers (50). 
 
Geographical distribution of HMPV subtypes: 
They can have important implications 
regarding the epidemiology of the virus 
allowing identification of high prevalence areas 
and targeting vaccination and prevention 
efforts (51). Furthermore, determining the 
geographical distribution of HMPV subtypes 
can track the location of potential reservoirs 
for HMPV transmission and inform resource 
allocation more strategically against regions 
where outbreaks occur (52), reducing the 
effect of outbreaks and improving surveillance. 
This knowledge is critical to designing 
regionally targeted public health strategies to 
address these regionally specific HMPV 
infections. 
 
Prevalence of specific genetic subgroups: 
Tracking of viral evolution and potential of 
emerging strains to evade existing immunity or 
treatment (53) is necessary to understand the 
prevalence of specific genetic subgroups, for 
which this ongoing research is crucial in order 
to anticipate future outbreaks as well as guide 
vaccine development efforts that are effective 
to target most prevalent strains, thereby giving 
better protection to at risk populations (54). 
This genetic variation, identified, can also 
guide clinical practice and public. 
 
Data Synthesis and Statistical Analysis: 
The data (55) were analysed using random 
effects models. Incidence of HMPV infections, 
hospitalization rate and ICU admissions were 
the main outcomes measured. Other 
secondary outcomes included co-infections, 
mortality rates and genetic variability (by 

subgroup and strain analysis) (56). 
Heterogeneity between studies (57) was 
assessed by forest plots to visualize pooled 
estimates and I² statistic. Funnel plots and 
Egger’s test (58) were used to assess 
publication bias. Results were assessed to be 
sensitive with respect to the robustness of 
results (59). This comprehensive analysis of the 
findings provided important insights about the 
effectiveness of currently used health 
interventions, and a need for further 
improvement in mitigating HMPV across 
various populations. 
 

RESULTS 
PRISMA Flow Diagram Description 
The systematic process of literature selection 
and including followed the PRISMA (Preferred 
Reporting Items for Systematic Reviews and 
Meta-Analyses) flow diagram for this study. 
First, 1,200 records were found from 
comprehensive database search using 
PubMed, Scopus and Web of Science. After 
removing 200 duplicate records, we screened 
1,000 unique studies based on titles and 
abstracts. These 200 studies were selected for 
full review of full text to determine eligibility 
against previously defined inclusion criteria. 
Rigorous evaluation ensured that 150 articles 
were excluded as irrelevant, insufficient data, 
or in clear violation of inclusion criteria. 
Ultimately 50 studies were included in both 
qualitative synthesis and quantitative meta-
analysis to provide a robust, comprehensive 
review of the subject. This review was 
undertaken following the meticulous process 
to remain certain that the findings presented 
in this review are reliable and valid (Table.1, 
Figure 1).

 
Table 1 Details of Records used for the Study 

Stage Number of 
Records 

Details 

Records Identified 1,200 Records retrieved through database searches, including 
PubMed, Scopus, and Web of Science. 

Duplicates Removed 200 Identified and excluded duplicate records. 
Records Screened 1,000 Titles and abstracts reviewed for relevance to HMPV 

research. 
Records excluded  800 Records excluded due to irrelevance 
Full-Text Articles 
Assessed 

200 Full texts evaluated for eligibility based on predefined 
inclusion criteria. 
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Articles Excluded 150 Excluded due to non-relevance, lack of data, or not 
meeting inclusion criteria. 

Studies included in 
qualitative and 
quantitative synthesis 

50 Final included studies forming the basis of the meta-
analysis 

 
Figure 1 PRISMA Flow Diagram 

 
A total of 50 studies were included in this 
meta-analysis, comprising data from over 
10,000 patients across 15 countries. The 
pooled global incidence of HMPV was found to 
be 9.5% (95% CI: 8.0–11.0%) of all acute 
respiratory tract infections, with seasonal 
peaks observed during the winter months 
(December to March). The highest incidence of 
infection was observed in children under five 
years of age (mean age = 2.3 years), accounting 
for 68% of all reported cases. Among children, 
12% required hospitalization, and 5% required 
admission to the ICU.In immunocompromised 
patients, the hospitalization rate was higher 
(20%), with a notable increase in ICU 
admissions (7%). The overall mortality rate was 
found to be 0.9% (95% CI: 0.5–1.3%), but 
mortality was significantly higher in adults 
aged 65 and older, particularly those with 

underlying conditions such as COPD or heart 
failure. Co-infections with other respiratory 
viruses, including RSV, influenza, and 
adenovirus, were found in 15% of cases, with 
the most common co-infection being with RSV 
(35% of co-infected patients).In terms of 
molecular characteristics, HMPV subgroup A 
was more commonly identified in North 
America and Europe, whereas subgroup B was 
predominant in South America and parts of 
Asia. Subgroup A2b1, a novel variant with a 
111-nucleotide duplication in the G protein, 
was found to be significantly more prevalent in 
the United States (42% of cases). This subgroup 
was associated with higher viral loads and 
longer hospital stays compared to other 
subgroups. Key Findings across Studies were 
summarised and represented in Table 2.
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Table 2: Summary of Key Findings across Studies 
Aspect Key Findings 

Epidemiology HMPV is responsible for 5-15% of acute respiratory infections annually, with 
seasonal peaks in winter and spring. 

Clinical Features Associated with severe respiratory diseases in children, elderly, and 
immunocompromised individuals; longer hospital stays than RSV. 

Genetic Diversity Encodes eight genes; significant variation in G glycoprotein; novel subtype 
A2b1 with a 111-nucleotide duplication. 

Pathogenesis Targets ciliated epithelial cells; causes cytopathic effects; robust inflammatory 
response leading to lung injury. 

Public Health 
Impact 
 

High healthcare costs; no licensed vaccine or specific antiviral therapy 
available. 

 
Heterogeneity and Publication Bias 
Assessment were analysed. The calculated I2   
statistic for heterogeneity among studies was 
0%, representing no significant heterogeneity. 

The relevant data was represented in Table 3 
and the forest plot was represented in Figure 
2.

 
Table 3: Heterogeneity and Publication Bias Assessment 

Metric Value Interpretation 

Pooled Effect Size 0.3 Represents the average effect size across all included studies. 
Heterogeneity (χ²) 0 Indicates minimal variability in effect sizes between studies. 
I² Statistic 0% Suggests no significant heterogeneity among included studies. 
Egger’s Test (p-value) 0.75 No evidence of publication bias (p > 0.05). 

 
Figure 2:  The forest plot showing individual study estimates and the pooled effect size 
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Figure 3: Funnel plot for Egger's test 

 
 
The p-value found from Egger's test was 
approximately 0.75, representing no 
significant evidence of publication bias among 
the included studies as represented in Figure 3. 
 

DISCUSSION 
A global epidemiology and clinical outcomes as 
well as genetic diversity of Human 
Metapneumovirus (HMPV) was described in 
this meta-analysis. We found that HMPV 
accounted for a major proportion of instances 
of respiratory illness, particularly in children, 
the elderly and immunocompromised persons. 
As in prior studies, the virus is seasonal, with 
peak during the winter months, so that the 
virus's impact is preventable by increasing the 
intensity of surveillance at these times. 
The clinical contributions of HMPV were 
substantial, with a large number of paediatric 
hospitalizations and ICU admissions. The 
findings are in keeping with previous reports 
that have repeatedly accorded HMPV a leading 
role in bronchiolitis and pneumonia in 
otherwise healthy young children and those 
with chronic conditions. We also found a 
concerning mortality among older adults and 
immunocompromised patients, and more 
therapeutic options for these high risk group 
are urgently needed. 
This meta-analysis identified genetic variability 
between HMPV subgroups most notably the 
emergence of the A2b1 subtype. Continuously 
genomic surveillance to track viral evolution 
and to better inform vaccine and antiviral 

development was underscored by the 
identification of specific genetic variants 
associated with more severe clinical outcomes 
such as higher viral loads and more prolonged 
hospital stays. Variation in the geographical 
prevalence of HMPV subgroups also 
highlighted the need for region specific 
approaches in combating the virus. 
Clinically, HMPV infection is complicated by co-
infections with other respiratory viruses, 
especially RSV and influenza. Our results 
indicate that co-infections may worsen the 
outcome in terms of disease severity, hospital 
admission rates, and recovery time. This 
stresses the need for differential diagnosis to 
make the correct management and avoid 
morbidity from co infection. 
 

CONCLUSION 
Human Metapneumovirus (HMPV) remains a 
major burden to public health with its high 
morbidity and mortality in vulnerable 
populations. This meta-analysis findings 
highlight the need for on-going surveillance 
and early detection for minimizing the effect of 
HMPV infections. Importantly, our data 
showed the need for targeted interventions 
based on clinical risk, including populations at 
risk, and the possibility of novel therapies with 
an emphasis on a particular HMPV subgroup. 
With a view towards immunological and 
genetic determinants of HMPV and 
identification of effective antiviral therapies 
and vaccines to limit the spread of this virus 



Ugandara RE, et al: Epidemiology, Clinical Features, and… 

19 Journal of the Epidemiology Foundation of India Volume 3 Issue 1 Jan-Mar 2025 

worldwide, further research needs to focus on 
understanding these molecular mechanisms of 
HMPV immune evasion. 
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