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ABSTRACT

A serious respiratory infection, human metapneumovirus (hMPV) was
discovered for the first time in the Netherlands in 2001. The genus
Metapneumovirus,  subfamily ~ Pneumovirinae, and  family
Paramyxoviridae are its members. In all age groups, but especially in
small children, the elderly, and people with impaired immune systems,
hMPV is a major contributor to respiratory tract infections. It shares a
strong relationship with the respiratory syncytial virus (RSV). hMPV is
found all over the world and causes a significant number of respiratory
diseases. Usually occurring in late winter or early spring, seasonal
outbreaks coexist with other respiratory viruses such as influenza and
RSV. By the age of five, practically all children have been exposed to
hMPV, and reinfections are frequent throughout life. From minor
upper respiratory tract infections to serious lower respiratory tract
diseases, hMPV can cause a wide range of respiratory ailments. The

respiratory tract's epithelial cells are the main target of hMPV

infection. It triggers an inflammatory reaction marked by the production of cytokines and the

infiltration of immune cells. Similar to RSV, it can cause mucus formation and epithelium

damage, which can clog airways. The virus is a target for vaccine development because it

uses the fusion (F) protein for viral entrance and cell-to-cell dissemination while lacking

hemagglutinin and neuraminidase. A major respiratory pathogen that causes acute respiratory

infections all throughout the world is the human metapneumovirus. Despite having many
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clinical and epidemiological similarities to RSV, more study is necessary to create efficient

therapies and vaccines that will lessen the disease's impact on public health.

KEYWORDS: Human metapneumovirus, Respiratory diseases, Viral pneumonia, Clinical
features of hMPV, hMPV Diagnosis.

INTRODUCTION

Childhood mortality is primarily caused by acute respiratory infections (ARI). Setting health
care priorities requires estimates of the number of children who die from ARI globally. In
order to demonstrate a correlation between ARI-related deaths and all-cause deaths in
children under five, we show that the percentage of deaths directly related to ARI decreases
from 23% to 18% and then 15% (95% Cls range from +2% to +3%) as the annual mortality
rate for children under five drops from 50 to 20 and then to 10/1000. There is evidence that
the use of verbal autopsy contributes significantly to the variation in estimates of ARI in
children. According to this data, ARI killed 1-9 million (95% CI 1-6-2-2 million) children
worldwide in 2000, with 70% of those deaths occurring in Africa and Southeast Asia.%
Children in underdeveloped nations are more likely to get pneumonia (10-20% versus 3-4%
in developed nations).** Despite the fact that upper respiratory tract infections are typically
less severe, they nevertheless have a substantial negative impact on society due to missed
work, missed school days, and increased medical expenses. Determining the etiological
agents of these infections is crucial because of this. We have established the significance of
recognized viral infections such as the coronavirus, rhinovirus, influenza virus, parainfluenza
virus, and human respiratory syncytial virus (hRSV) via decades of study and
epidemiological investigations. Nevertheless, a significant percentage of respiratory tract
infections remain unattributable to any recognized pathogen in spite of these
investigations.™ Although hMPV mainly affects children, it can also infect adults and others
with weakened immune systems. The sickness brought on by a hMPV infection might
manifest clinically as anything from a minor upper respiratory tract infection to potentially
fatal acute pneumonia and bronchiolitis. The Paramyxoviridae family, which is divided into
the subfamilies Paramyxovirinae and Pneumovirinae, is a member of the order
Mononegavirales. The two genera Pneumovirus and Metapneumovirus comprise the
subfamily Pneumovirinae. hMPV belongs to the genus Metapneumovirus, whereas hRSV is
classified under the genus Pneumovirus. Two genotypes of hMPV, A and B, have been

identified by whole genome analysis. The attachment (G) and fusion (F) surface glycoprotein
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sequence variability further subdivides these two genotypes into subgroups Al, A2, B1, and
B2. A2a and A2b are the new divisions of subgroup A2.[% There may be a new subgroup
developing inside the A major subgroup since one study described a strain that is under main
subgroup A but does not belong to subgroups Al or A2.[8l Nevertheless, the majority of
retrospective studies had drawbacks, such as being small, not include patients who tested
positive for other viruses, providing only a cursory description of the disease's clinical
characteristics, and lacking information on the severity of the illness and death rates.
Furthermore, because these investigations lacked a control group, they were unable to
distinguish between HMPV as a pathogenic or colonizing virus. More recently, Stockton et
al. found HMPV RNA in 2.2% of 405 specimens from influenza-like illness patients who saw
general practitioners in England, despite the fact that few swabs were taken from children
under the age of five.’’! The development of reverse genetics platforms marked a significant
advancement in the study of the molecular biology of hMPV, however a trustworthy vaccine
to prevent hMPV infection is still lacking. Here, recent discoveries in hMPV molecular

virology, diagnosis, and control methods are examined.

Molecular Virology

The size of the hMPV virion ranges from 150 nm to 600 nm, and it is pleomorphic. Similar to
other Paramyxoviridae family members, hMPV has a similar genomic orientation. The
structure of the avian pneumovirus (aMPV), especially type C, and hMPV are fairly similar.
The genomes of hMPV and hRSV are very similar, with the exception of a few variations in
the gene order and the hMPV genome's lack of non-structural genes. Both the NS1 and NS2
nonstructural proteins have been found to be strong multifunctional antagonists of the
interferon (IFN) signaling pathways for hRSV.2% T he difference in the degree of host innate
immune response seen during hRSV and hMPV infections may be due to the absence of these
proteins.*® The hMPV genome has eight genes that code for nine proteins and is made up of
negative-sense single-stranded RNA. From 30 until the end of the genome, the genes are
arranged as follows: N-P-M-F-M2-SH-G-L. These proteins include the viral polymerase
(L protein), the attached glycoprotein (G protein), the small hydrophobic glycoprotein (SH
protein), the phosphoprotein (P protein), the matrix protein (M protein), the fusion
glycoprotein (F protein), the putative transcription factor (M2-1 protein), the RNA synthesis
regulatory factor (M2-2 protein), and the nucleoprotein (N protein).*? The lipid envelope
envelops the RNA core, which is encircled by the M protein. The F, SH, and G surface

glycoproteins are present in this envelope as spikes that range in size from 13 to 17 nm. A
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nucleocapsid with a diameter of 17 nm is formed by the core nucleic acids, which are linked
to the P, N, L, M2-1, and M2-2 proteins. Heparan sulphate receptors on the cell surface are
where hMPV binds and fuses with the aid of the G and F proteins. Following the fusion
process, the viral nucleocapsid replicates by entering the host cell's cytoplasm. The freshly
created viral genome travels toward the host cell membrane after joining the viral P, N, L,
and M2 proteins. The F, SH, and G proteins are now visible on the membrane's outer side
when the virion sprouts out of the cell.**! During virus replication, the P protein stabilizes
the L protein, enabling the creation of the virus ribonucleoprotein (RNP) complex. Through
its interactions with the RNP complex, the M protein is essential for virus assembly and
budding. The viral genome is encapsulated by the N protein, which shields it from nuclease
activity. By lowering the host's innate immunity, the M2-2 protein contributes significantly to
virulence in addition to controlling viral transcription and replication.*>*®! Similar to other
Paramyxoviridae family members, hMPV uses particular ways to impede the host's innate
immune system. By controlling pattern recognition receptors, including toll-like receptors,
retinoic acid-inducible gene-like receptors, and other signaling molecules, the virus
counteracts cellular reactions. Infection decreases antigen-specific T cell activation and
disrupts dendritic cell function. As a result, virus removal is still not complete, and the
likelihood of re-infection rises.*”*®! Human metapneumovirus (hMPV) virion structure with
viral proteins and their function. Schematic representation of the hMPV viral particle (A) and
viral genome with encoded proteins (B):nucleoprotein (N), phosphoprotein (P), matrix
protein (M), fusion protein (F), matrix-2 proteins (M2-1 and M2-2), small hydrophobic (SH)

protein, glycoprotein (G), and large (L) polymerase protein were shownt*?% (Figure:1).
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Figure 1: Schematic representation of the hMPV viral particle (A) and viral genome
with encoded proteins (B):nucleoprotein (N), phosphoprotein (P), matrix protein (M),
fusion protein (F), matrix-2 proteins (M2-1 and M2-2), small hydrophobic (SH) protein,
glycoprotein (G), and large (L) polymerase protein.

Epidemiology and Clinical Features

hMPV exhibits a seasonal distribution and has been isolated on every continent. The spring
and winter seasons—January to March in the northern hemisphere and June to July in the
southern hemisphere—are when outbreaks generally happen.[? According to a recent study,
the RSV and influenza infection seasons are followed by March and April, when the peak of
hMPV seasonal cases occurs.??? The hMPV infection season and the RSV infection season
coincide, according to another study.’! According to global epidemiological research, the
majority of children under the age of five will already have a hMPYV infection. Ten percent of
all hospitalized respiratory viral infections will be caused by hMPV, forty percent by hRSV,
and five percent by adenoviruses. Between 4% and 5% of severe acute respiratory disorders
in adults are brought on by hMPV.¥ The human respiratory tract's ciliated epithelial cells
are the specific target of hMPV. The virus takes four to six days to incubate, then it excretes
over the course of five to two weeks.”™ In children, HMPV often causes 5-15% of
hospitalizations for lower respiratory tract infections, and its clinical manifestations
frequently mimic those of bronchiolitis.”® Young adults who are infected typically just

exhibit flu-like symptoms; however, older or immune compromised patients may experience
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more serious infection. There have been reports of significant hMPV infection outbreaks in
long-term care facilities, with case fatality rates close to 10%. Interestingly, it has also been
discovered that older mice have significantly more clinical severity.[?"?! Although children
are diagnosed with hMPV more frequently, recurrences are more common in the elderly. This
would imply that immune responses that are not fully protective and/or infection by distinct
virus genotypes could be the cause of hMPV re-infection in adulthood. On the other hand, it
has also been proposed that excessive levels of glycosylation of the G protein are the cause of
the weakened immunological response.” Although asymptomatic children exhibited
considerably lower virus loads than symptomatic children, hMPV was nevertheless detected
by real-time RT-PCR in these children. Regardless of genotype, there was a strong
correlation between higher hnMPV viral loads and the severity of the sickness and the duration
of illness.B%*Y Acute sickness was followed by one to two weeks of high hMPV virus
shedding. A kid undergoing chemotherapy for acute lymphoblastic leukemia may be at risk
for hMPV-associated deadly pneumonia.l®?**3* A patient who received an allogeneic
hematopoietic stem cell transplant and died from an infection that caused severe alveolar cell
destruction along with interstitial and intra-alveolar pneumonitis. An increased risk of
morbidity and death may be linked to hMPV infection in the first week following a
hematopoietic stem cell transplant.5%®! Lung transplant recipients may experience a variety
of infections as a result of hMPV, ranging from a minor upper respiratory tract infection to a
serious lower respiratory tract infection.®”) A modest to moderate increase in C-reactive
protein (CRP) levels, decreased peripheral blood lymphocytes, and an elevated monocyte
ratio were the hallmarks of the early phases of hMPV infection in a prospective trial
involving patients with severe physical and intellectual impairments. As symptoms subsided,
the ratio of peripheral blood lymphocytes to monocytes returned to normal, although the CRP
levels remained elevated for a while. Some hospitalized children infected with hMPV were
also observed to exhibit leukopenia and leukocytosis in addition to high serum CRP
levels.283

Pathogenesis

A limited and delayed immune response, as well as delayed cytotoxic T cell activity and
compromised viral clearance after primary infection, may be the cause of persistent h(MPV
infection.By infecting dendritic cells, hMPV prevents superantigen-induced T cell activation.
As a result, the development of long-term immunity is hampered and the proliferation of

antigen-specific CD4+ T cells is limited.[***™ Cytokine responses are known to be modulated
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by respiratory viruses. Several cytokines, including interleukin (IL)-12, tumor necrosis factor
alpha (TNF-a), IL-6, IL-1b, IL-8, and IL-10, are less effectively induced by hMPV than by
RSV and influenza.[*? BALB/c mice and cotton rats that are infected with hMPV experience
pulmonary inflammatory changes, which raise the levels of interleukins (IL-2, IL-8, and IL-
4), interferon (IFN-a), macrophage inflammatory protein 1a, and monocyte chemotactic
proteins in the lungs and bronchoalveolar lavage fluid. Perivascular and peribronchiolar
infiltration and inflammation are further consequences of these alterations.**4!
Immunological and histological studies reveal the development of intra-alveolar foamy and
hemosiderin-loaded macrophages, smudge cells, alveolar damage, and hyaline membrane
disease. Cellular signaling that is dependent on toll-like receptors is known to be induced by
hMPV infection. It is uncertain, therefore, how toll-like receptor-mediated signaling
contributes to the host's defense against pulmonary hMPV infection and pathogenesis. A
recent study found that following intranasal infection with hMPV, MyD88-deficient mice
exhibited considerably lower levels of pulmonary inflammation and related illness in
comparison to wild-type C57BL/6 mice.”! Figure 4 depicts the molecular processes involved
in the etiology of hMPV. As of yet, it is unclear if hMPV is confined to the respiratory
system during infection or if it can spread throughout the body. Although further research is
required, there is some indication that the latter is feasible. For example, one study found
hMPV in middle ear fluid, and another found hMPV RNA in the brain tissue of a patient who

passed away from encephalitis[figure 2].14”
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Figure 2: Molecular processes in the hMPV infection pathogenesis. TRF and MYD88
are two immune system adaptor molecules that are activated when a virus attaches to
the toll-like receptors (TLR) of macrophages and/or dendritic cells. This, in turn,

activates nuclear factor kappa beta (NFkb). When the cytoplasmic RIG1-like receptor
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(RLR) detects the RNA of an internalized virus, it activates the transcription activators
interferon regulatory factors 3 and 7 (IRF-3 and IRF-7) and mitochondrial antiviral
signaling protein (MAVS), which in turn activates NFkb. Lastly, the production of
several interleukins and interferons is induced by NFkb and IRFs.[*]

Diagnosis

The African green monkey kidney cell line (Vero) has since been used to produce hMPV,
which was initially isolated and grown on a rhesus monkey cell line (LLC-MK?2). Certain
hMPV strains can be supported in their reproduction by other cells (Hep2 and HepG2).2 It
has a long and challenging growth period in cell culture, and its cytopathic effects (CPESs) can
vary. The rounding of infected cells, their subsequent separation from the cell culture matrix,
and sporadically the appearance of tiny syncytia—which often do not show up before the
second week of culture in LLC-MK2 cells—are the hallmarks of hMPV-induced CPE.1* The
comparatively late finding of hMPV can be partially explained by the common requirement
for early blind passages before such virological traits can be recognized. It is also possible to
employ quicker diagnostic methods like ELISA-based antigen detection or direct
immunofluorescence (DFA).[“8#! Upon entering the cytoplasm, proteins P, N, and L separate
from the viral RNA and subsequently bond to one another to form the polymerase complex.
Therefore, in the cytoplasm of infected cells, the genomic RNA can act as a matrix for viral
transcription and replication.®® At the cell membrane surface, the freshly generated proteins
P, N, L, and M2 combine with neosynthesized viral genomes to create new nucleocapsids,
which are then integrated into the virions during budding. The envelope glycoproteins (F, G,
and SH) travel to these areas of membranous accumulation through the golgi apparatus and
join them to become visible on the surface of the infected cells. Viral-induced syncytia
development has also been used to track the infection's progression in cell culture.?%? By
this mechanism Viral genomes can spread when infected cells combine with neighboring

cells through the action of viral fusion proteins that are visible on their surface.

Treatment and Control

The majority of hMPV infection therapies now on the market are supportive. However,
several studies have suggested that ribavirin, immunoglobulin, fusion inhibitors, and tiny
interfering ribonucleic acids could be used to treat and manage hMPV infection.!”! Various
approaches taken to treat hMPV infection. Numerous hMPV vaccination candidates have

been tested in non-human primate and rodent models. None have been tested on human
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volunteers yet, despite their encouraging results. There might be issues: when tested in mice,
a heat-inactivated viral vaccination against hMPV exacerbated pulmonary illness.
Immunomodulation by hMPV challenge has been demonstrated to be decreased by T cell
epitope vaccinations. Following a hMPV challenge, mice inoculated with a hMPV cytotoxic
T cell epitope vaccine generated fewer Thl and Th2 type cytokines than mice who were not
immunized. A few studies have also assessed the effectiveness of chimeric vaccines in
preventing hMPV infection. Chimeric vaccines for hMPV have been demonstrated to
produce neutralizing antibodies and provide protection against a challenge with the wildtype
in hamsters and African green monkeys.®™** It has been demonstrated that a subunit
vaccination that uses the hMPV fusion protein can give hamsters cross-protective immunity
against hMPV challenge. When tested on rats, hamsters, and non-human primates, a number
of hMPV F subunit vaccines have demonstrated high levels of protection.**® A recent study
examined hMPV virus-like particles (VLPs) as a potential vaccination candidate by
simulating the characteristics of the viral surface of both subgroups A and B. These VLPs
demonstrated the ability to elicit a robust humoral immune response in mice against both
homologous and heterologous pathogens. Even though a hMPV-VLP vaccine appears to be a
promising strategy, further study is necessary to create a vaccine that will work against every
hMPV subgroup. The development of plasmid-based reverse genetics techniques has greatly
accelerated the search for a live vaccination to prevent hMPV infection.’”*® The virus
replication levels of recombinant hMPVs with deletions in the SH, G, or M2-2 genes have
been assessed, and it has been demonstrated that the deletion of these genes has no effect on
the virus's immunogenicity or antigenicity. A live attenuated vaccine strain of hMPV was
created in a recent study by altering the F protein's glycosylation location. Even with a
challenge 56 days after inoculation, this vaccine was found to provide full protection against
homologous virus challenge and some protection against heterologous viral challenge.[59’6°]
All of these results point to the need for a more thorough understanding of the molecular

pathophysiology of hMPV before an effective vaccine against it can be created.

CONCLUSIONS

Despite being a relatively new virus, human metapneumovirus (hMPV) seems to be just as
harmful as hRSV in terms of morbidity and mortality. Knowing the pathophysiology of
hMPV and the molecular limitations causing severe disease is crucial for both treating
infections and creating an efficient vaccine against this significant respiratory virus. We can

now access live vaccination candidates and gain some insight into hMPV pathogenesis thanks
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to recent research employing reverse genetics technologies and animal models for hMPV
infection. We must now start clinical trials to assess the various hMPV infection therapy

techniques.
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