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Abstract The human metapneumovirus has acquired the

attention of the scientific community because it has been

shown to be one of the most important viral pathogens in

respiratory tract infections. Since its discovery in 2001, it

has rapidly been shown that the virus infects all age groups,

but the major burden is observed in pediatric patients. In

this review, we focus on the clinical features of the human

metapneumovirus, its epidemiology, antiviral therapy of

HMPV infections and future treatment options.
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Introduction

Since its discovery in 2001, the human metapneumovirus

[1•] has been the subject of many clinical and laboratory

studies. It has been identified as a serious pathogen in

human airway infection and besides immunosuppressed

and elderly patients mainly affects children.

The majority of childhood infections occur in the upper

and lower respiratory tract. The route of infection is similar

to the transmission of other paramyxoviruses such as para-

influenza viruses 1–4 and the respiratory syncytial virus.

Epidemiology

hMPV was first identified in 2001 as a new causative agent

of RTIs in children and was then detected worldwide [1•].

The exclusive natural reservoir of hMPV is human. The

virus probably spreads in the same way as RSV, from

person to person, generally via the transmission of large

respiratory droplets or by direct contact with respiratory

secretions [2]. Both viruses are relatively labile in the

environment and sensitive to drying [3]. Their transmission

is particularly effective in close-living populations.

Household contact between hMPV-positive children might

lead to more frequent illness and more frequent absences

from work or school than that between RSV-positive

children [4]. The nosocomial impact of hMPV is estimated

to be as high as that for RSV [5, 6].

Information about incubation periods is poorly refer-

enced, but they are estimated to be 4–9 days for both RSV

and hMPV [5, 7]. Viral shedding in infants lasts

2–3 weeks. The duration of virus excretion appears to

correlate with the severity of infection [8]. hMPV viral

RNA was detected for a median of 5 days against 11 days

for RSV in infected children [9]. Both viruses can be

detected for several weeks after infection in immunocom-

promised patients [10, 11].

Epidemics are community acquired. They are annual

and seasonal in temperate climates. They occur mainly

A. Simon
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during winter and at the beginning of spring, and are

slightly offset in time compared with RSV epidemics.

hMPV infections can be detected throughout the year in

particular in warm climates [12]. hMPV isolates have been

classified by phylogenetic analysis into two major groups,

A and B, which are subdivided into four subgroups, A1,

A2, B1 and B2. hMPV diverged from avian metapneu-

movirus C around 200–250 years ago, while the genetic

diversity of the lineages and sublineages occurred recently,

30–50 years ago [13, 14]. The A1 lineage was detected

mostly up to 2003 and has rarely been detected since 2004

[15–17•]. Lineages could be replaced over time with newly

emerging variants. Lineages co-circulate each year inde-

pendently of the location, usually with one alternating as

dominant every 1–3 years [18]. Their periodic emergence

is due in part to geographic and climatic factors and pre-

existing immunity [19, 20]. Seasonal traveling of popula-

tions may also play a role. Reinfections of humans with

genetically distinct hMPV strains are possible [21•, 22].

The F protein is the major target of neutralization [23]. In

animal studies, the conserved F protein mediates cross-

protection, whereas infection by different lineages leads

only to limited cross-protection [16, 23–25]. The antigenic

variation of the G and SH proteins may explain this weak

cross-protection and the dominance of heterologous lin-

eages during subsequent epidemics in human populations.

Unlike the RSV G protein, the hMPV G protein is not a

major target of neutralization [23]. Whether a given hMPV

lineage is associated with disease severity is unclear [4, 15,

26–28].

hMPV infections are observed in all age groups, with a

high prevalence in pediatric patients. Primary infection

occurs early in childhood. In children, the first hMPV

infection appears to take place at 6 months of life, after

which reinfections may occur. High seroprevalence rates

are reached at 5–10 years of age compared with 2 years of

age for RSV [1•, 22, 29, 30]. Two large population-based

prospective surveillance studies of hMPV infection were

conducted in the US among children less than 5 years old

who were hospitalized with ARI or fever [31, 32]. Wil-

liams et al. reported that 42 of 1,104 (3.8 %) children

tested positive for hMPV. hMPV infection was shown to be

associated with a substantial burden of hospitalizations and

outpatient visits among children throughout the first

5 years of life. During this age period, hMPV was detected

in about 6 % of hospitalized children, 7 % of those seen in

outpatient clinics and 7 % of those examined in emergency

departments [31]. The estimated annual burden of outpa-

tient visits associated with hMPV infection was 55 clinic

visits and 13 emergency department visits per 1,000

attending children. The age range of the most hospitalized

infants was less than 6 months of age (3 per 1,000). Chil-

dren hospitalized with hMPV infection were more likely to

receive a diagnosis of pneumonia or asthma, to require

supplemental oxygen and to have a longer stay in the

intensive care unit than those hospitalized without hMPV

infection. Premature birth and asthma were more frequent

among hospitalized children with hMPV infection than

among those without hMPV infection. Children hospital-

ized with hMPV infection are older than those with RSV

infection [33]. The risk of hospitalization is greater in

younger subjects though older children are also at risk of

developing severe hMPV infection [34, 35]. Female gen-

der, hospital acquisition of human metapneumovirus

infection, prematurity and the presence of chronic medical

conditions have been found to be risk factors for severe

hMPV infection and to increases mortality due to hMPV

infection in children [34, 35]. Chronic lung disease, con-

genital heart disease, neuromuscular disorders and trisomy

21 are the underlying medical conditions most frequently

associated with severe hMPV infection [31, 32, 34–36].

Case reports of fatal or persistant hMPV infections have

been reported in immunocompromised children suggesting

that host’s immune response may also play a key role in

disease pathogenesis [10, 37]. A recent retrospective study

in children with cancer reports that hMPV may result in

significant disease but is usually not fatal [38].

Diagnosis

Cell Culture

Primary isolation is mainly done in either LLC-MK2 cells

or Vero cells, and the addition of exogenous trypsin is

needed for virus propagation. The cytopathic effect varies;

some strains induce the formation of syncytia or cause

focal rounding and cell destruction [1•, 39•]. However, the

growth of hMPV in cell culture is too slow to be commonly

used for diagnostic purposes. Primary isolation often

requires several passages before any cytopathic effect

becomes visible. Sensitivity of the cell culture has been

shown to reach 82 % compared with the real-time RT-PCR

method when specimens are collected within 3 days after

the onset of symptoms, but sensitivity decreased consid-

erably thereafter (B50 %) [40].

Fluorescent-Antibody Staining

Indirect Immunofluorescence detection of hMPV was first

developed in in-house assays with a sensitivity C73 %

compared with PCR [41–43]. The use of cytospin-

enhanced slides provides slightly higher sensitivity [44].

All require a well-trained staff. Fluorescent-antibody

staining assay kits then became commercially available.

The detection of viral antigens is now mainly based on
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either direct immunofluoresence assay with monoclonal

antibodies, as proposed by Chemicon/Millipore (Billerica,

MA), or with cytospin-assisted direct immunofluorescence

assay (DFA), as proposed by Diagnostics Hybrids (Athens,

OH) [45, 46]. This company has developed a simple DFA

metapneumovirus identification kit and a format that

allows the identification of eight different viruses, includ-

ing hMPV. This commercial direct fluorescent-antibody

assay allows the rapid detection of hMPV antigens from

clinical samples with [95 % sensitivity compared with

those obtained with RT-PCR [47].

Rapid Immunochromatographic Tests

These could become an interesting approach as they can be

used at the bedside, although they have low sensitivity. So far,

however, rapid diagnostic tests are restricted to the detection

of influenza virus and respiratory syncytial virus (RSV).

Serological Tests

The measurement of seroconversion to diagnose hMPV

infection is of limited value as a rapid diagnosis is neces-

sary, and serological tests tend to be reserved for epide-

miological studies.

RT-PCR

The reverse-transcription PCR (RT-PCR) is most com-

monly used for hMPV diagnosis. Many home-brew RT-

PCR-based assays have been developed for the detection of

hMPV in clinical samples; they usually detect all hMPV

genotypes, but sometimes with different sensitivities. They

are often based on conserved regions within the N gene or

the F gene. Non-specific symptoms associated with respi-

ratory infections, overlapping seasons of respiratory viru-

ses and co-infections have orientated detection demands

toward multiplexing. Large cohorts of patients coinfected

with two or more pathogens have recently been evaluated

using multiplex assays [48–50]. Commercially available

RT-PCR multiplex kits are now available from numerous

diagnostic companies to detect at least hMPV and RSV

[51, 52•]. While the ResPlex II by Qiagen and MultiCode-

PLx by EraGen Biosciences (USA) offer a broader virus

detection range and are easy to use, the xTAG PRV by

Luminex (Canada) showed increased sensitivity to com-

mon viral targets represented in the assays. The Resp-

Finder19 is able to detect 19 pathogens simultaneously,

including 15 respiratory viruses. It was shown to have high

sensitivity (98.2 %) and specificity (100 %) for hMPV

[53]. The RespiFinder assay and the Seeplex RV15 ACE

assay (Seegene, Korea) [54, 55] are more sensitive than

cell culture and comparable to singleplex real-time RT-

PCR. A recent study compared six commercialized multi-

plex PCR kits for the diagnosis of respiratory infections

[56]. The overall sensitivity for hMPV was above 75 % for

all these kits, but below 75 % for some other viruses or

bacteria. The overall specificity was excellent ([94 %) for

all pathogens. The spectrum of tested agents, the hands-on

time and the time to obtain complete results (2 h 30 min to

9 h) can be key factors in the selection of a kit. Multiplex

PCR can be used to detect coinfections and has improved

our understanding of the roles of various viral agents in

acute respiratory disease. Multiplex RT-PCR is increas-

ingly being used to diagnose respiratory infections and has

proved to be more sensitive than viral culture and antigen

detection. However, Multiplexassays are expensive with

estimated costs between 40 and 80 € per sample (list pri-

ces) versus 5–15 € for a singleplex PCR.

Rapid and accurate diagnosis of viral respiratory infec-

tions is crucial to improve the management of patients and

reduce unnecessary exposure to antibiotics. PCR assays are

generally more sensitive than other methods. However,

immunofluorescence or DFA staining of cells from naso-

pharyngeal secretions (IF) offers advantages as a first-line

test and produce a more rapid result in emergency cases or

when PCRs are done at most once a day.

Clinical Features

HMPV has been identified as a prominent viral respiratory

tract pathogen that causes remarkable morbidity in early

childhood, in particular in infants and toddlers with a median

age of 6–12 months in hospitalized children [31, 57, 58].

The most common clinical disease manifestations are

cough, fever/chills, rhinorrhea and bronchitis, bronchiolitis

[59, 60]. Up to 30 % of all HMPV-infected inpatients

complain of otalgia [34]. Upper respiratory tract infection

with HMPV infection may cause or at least pave the way for

acute otitis media [61, 62]. In a recent study, there was no

difference in viral load in children with hMPV-positive

upper respiratory tract infection with or without acute otitis

media complications [63]. HMPV has only rarely been

identified as etiologic agent in children with viral croup [64].

Distinguishing features of HMPV and the respiratory syn-

cytial virus (RSV), to which HMPV is second as a cause of

bronchiolitis in infants, have recently been excellently

reviewed by Papenburg and Bovin [65]. HMPV can cause

LTRI as severe as in RSV-infected children [66, 67•].

Whether HMPV infection can directly involve the central

nervous system in terms of encephalitis is still debated [68,

69]. Papenburg et al. detected convulsions in 3 of 62

HMPV-infected hospitalized children (4.8 %) [34], but these

events may merely represent febrile seizures in children with

genetic susceptibility. In a recently published case series,
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nine cases of CNS illness temporally associated with the

presence of HMPV nucleic acid in the upper airway are

described; all children included in this latter study with

HMPV infections and seizures were hospitalized and three

were intubated because of status epilepticus. Neither HMPV

RNA nor antihMPV-specific IgM was detectable in the CSF

from the five patients for whom CSF was available [70].

In infants and children with severe HMPV infection,

respiratory symptoms are accompanied by diarrhea and

vomiting in up to 40 %. Fever [39 �C, tachypnea, retrac-

tions, nasal flaring, tachycardia, feeding difficulties and

oxygen saturation below 90 % (pulse oximetry) are red

flags indicating severe LRTI in infants. In premature

infants, HMPV infection may cause apnea-bradycardia-

syndrome. The hospitalization rate in otherwise healthy

children has been determined as 2 % [71]. Risk factors for

a complicated course (higher risk of pneumonia, a need for

supplemental oxygen and hospitalization) resemble those

of other respiratory viruses, in particular of respiratory

syncytial virus [34]. Premature infants (gestational age

\32 weeks, birth weight\1,500 g, with or without chronic

lung disease of prematurity) [72, 73], infants and toddlers

with hemodynamically relevant congenital heart disease

[74] and children with severe combined immunodeficiency

or immunocompromised patients [75, 76] face an increased

risk. Age \6 months and having a crowded home (C3

children in the same household) increase the risk of HMPF-

related hospitalization [34, 65]. Children and adults with

asthma [77, 78] or cystic fibrosis [79, 80], and adults with

chronic obstructive pulmonary disease [81] may experi-

ence acute pulmonary exacerbations due to HMPV infec-

tion. Although this population has not been addressed in

detail, children with severe neuromuscular impairment or

Down’s syndrome (trisomy 21) face an increased risk of a

complicated course in any viral LRTI, including HMPV

[82]. The rate of HMPV-infected children with severe

clinical courses requiring pediatric intensive care is low,

and the attributable mortality due to HMPV infection is

even much lower (\0.1 %) [31, 71]. Fatal outcomes have

been described mainly in children and adults with severe

comorbidities such as cancer, stem cell transplantation or

solid organ transplantation [10, 38, 83–87].

On the other hand, not all infants and children admitted to

a PICU because of a severe HMPV LRTI display preexisting

comorbidities or risk factors. Gupta et al. [88] reported the

case of a 32-month-old boy with a previous history of asthma

who developed respiratory failure 2 weeks after onset of

cough and rhinorrhea and required extracorporeal mem-

brane oxygenation (ECMO) for 9 days after failing high-

frequency oscillatory ventilation (HFOV). This case and

other reports from children treated in pediatric intensive care

units confirm that HMPV causes severe and even life-

threatening LRTI in children of all ages [35, 36, 74, 89].

HMPV is capable of surviving and remaining conta-

gious on hands, hand contact surfaces, medical instruments

and fomites [3]. In this regard, HMPC can easily be

transmitted from patient-to-patient in in- and outpatient

health care facilities. Hand disinfection before and after

any patient contact, droplet and contact precautions are

necessary to avoid nosocomial infection of other patients

and of health care workers. Extended outbreaks of HMPV

infection even with case fatalities have been described in

nursing homes for the elderly [90–92].

To distinguish viral and bacterial LRTIs is difficult on

clinical and laboratory grounds (leukocyte counts,

C-reactive protein). In patients with acute HMPV infection

high viral loads have been detected in respiratory speci-

mens [93•–96]. Without any attempt to identify the caus-

ative pathogen, many attending physicians decide to

administer antibiotics to febrile children with HMPV LRTI

[66, 97] or with asthma exacerbation due to HMPV

infection [98, 99]. This common practice represents a

misuse of antibiotics and fosters the selection of resistant

bacteria. Confirming this statement, HMPV positivity has

not been associated with the rate of positive bacterial

cultures of the blood or urine in inpatients in the landmark

epidemiological study of Edwards et al. [31].

Surprisingly, although much is know about sequelae of

RSV infections such as bronchospasm and subsequent

childhood asthma, little is known about late effects of

HMPV infections. So far, no long-term associations have

been identified, probably because of different immune

reactions. However, HMPV can also cause acute exacer-

bations of such chronic diseases and is more frequently

associated with severe disease in adults and the elderly.

Therapy

No specific treatment evaluated in prospective controlled

clinical trials in humans is available for human meta-

pneumovirus. However, in the nucleoside analog ribavirin

with known therapeutic effectivenes against respiratory

syncytial virus (RSV), in vitro antiviral activity has been

shown for hMPV as well. Studies using cell culture and a

mouse model of ribavirin showed significantly decreased

hMPV replication in rhesus monkey kidney epithelial cells

(LLC-MK2 cells) and in the lungs of BALB/c mice after

inoculation of ribavirin intraperitoneally [100, 101].

However, only small case series and observational

studies have described the therapeutic use of ribavirin for

treatment of hMPV infection, often in severely immuno-

compromised patients following solid organ transplantation

or hematological disorders [102–104]. Recently, a retro-

spective study evaluated the effect of oral ribavirin on

clinical outcomes of paramyxovirus infections including
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RSV, parainfluenza virus (PIV) and hMPV in adult patients

with various hematological diseases [105]. A total of 145

patients were analyzed with 114 (78 %) in the ribavirin

group and 31 (21 %) in the nonribavirin group. Although

there were more patients with severe underlying disease

and fewer additional treatments with intravenous immu-

noglobulin (IVIG) in the nonribavirin group, the analysis

revealed no significant differences concerning 30-day

mortality and the underlying respiratory death rate.

Therefore, the authors concluded that ribavirin treatment

does not improve the outcome in patients with hematologic

diseases and infection with paramyxovirus. Nevertheless, it

seems to be unclear whether these data should be trans-

ferred in hMPV-infected children. Case reports and small

case series in pediatric and adult patients with hMPV

infection mostly combined ribavirin with IVIG or corti-

costeroids, but the reports about treatment success are

inconsistent. Whereas Dokos et al. found no effect of

ribavirin combined with IVIG and corticosteroids in a

10-year-old girl with chronic graft-versus-host disease

following allogenic HSCT [86], in a child with lympho-

blastic leukemia and two children with Burkitt lymphoma,

other case reports showed an effective treatment of hMPV

pneumonia with combined administration of oral or i.v.

ribavirin and IVIG [86, 102, 103, 106, 107]. The rationale

for co-administration of IVIG has been motivated by

in vitro studies that likewise found antiviral activity against

hMPV in cell culture for ribavirin [100].

New therapeutic candidates such as fusion inhibitors,

small interfering RNAs (siRNAs) and monoclonal antibod-

ies are under development. The inhibition of the fusion of

the viral and host cell membrane may be feasible by pep-

tides, e.g., heptad repeat A (HRA) and B (HRB) interacting

with the hMPV fusion protein, and they have been shown to

be effective in hMPV-infected BALB/c mice [108]. Fur-

thermore, siRNA has been shown to inhibit the hMPV virus

replication in a murine model by targeting by nucleoprotein

or phosphoprotein messenger RNA (mRNA) [109, 110].

Recently, a human anti-hMPV Fab DS7 antibody neu-

tralized human metapneumovirus in vitro and in vivo

(cotton rats) and may have prophylactic or therapeutic

potential against severe human metapneumovirus infection,

but clinical trials are still lacking [111]. Other monoclonal

antibodies (e.g., MAb338, MPE8) generated against hMPV

F protein or pre-fusion F protein have been shown to

inhibit replication of hMPV in animal models, but clinical

trials in human hMPV infection have not been conducted

[107, 112–115]. This applies for vaccines, too; various

vaccine candidates (e.g., live attenuated vaccines, subunit

vaccines, virus-like particle vaccines) were tested for

immunization of experimental animals and induce protec-

tive neutralizing antibodies, but clinical trials in human are

lacking [116–120].

In conclusion, data on experimental usage of antiviral

agents against hMPV in vitro and in vivo that should

inhibit the replication of hMPV are ambivalent and vari-

ably promising, and even the development of specific

vaccines has not been as successful as suspected yet.

Despite the lack of significant clinical studies, ribavirin and

IVIG seem to be the only therapeutic option, especially in

immunocompromised children, but no general recommen-

dation can currently be made [121].

Severe Extrapulmonary Infections

Although HMPV is clearly a respiratory pathogen, several

case reports and case series have been published showing

that by chance rare neurological symptoms can occur. The

first description of neurological symptoms associated with

an HMPV infection was the case of a toddler who died

from encephalitis [122]. In this patient, HMPV RNA was

detected in both the lung and the brain tissue, thus pro-

viding strong evidence of a causal relationship. Following

this first report, further cases were published: In 2009,

Arnold and coworkers described nine cases identified in the

California Encephalitis Project cohort that suffered from

encephalitis likely associated with human metapneumovi-

rus infection [70]. In addition, Fernandez and colleagues

found HMPV in the cerebrospinal fluid of a 10-year-old

girl suffering from an acute encephalitis [123]. It is worth

noting that a most recent study has identified an association

of status epilepticus with HMPV infection [124]. In this

latter study, two cases of toddlers with this clinical con-

dition were described and were positive for HMPV.

However, further systematic studies are lacking but

required, as this would reduce the diagnostic gap of clinical

cases with viral infection of the central nervous system but

without the detection of a pathogen.

Treatment Lessons Learned from Animal Models

and In Vitro Analyses

Although human metapneumovirus has been known for

more than a decade, so far no specific therapies in the form

of antiviral drugs are available for treatment of severe

infections. A number of small animal models have been

developed so far, including mice, cotton rats, hamsters,

guinea pigs, ferrets and non-human primates such as

African green monkeys and macaques [24, 125]. However,

therapy studies are limited and have been performed in

small rodents exclusively. Thereby, the Mus musculus

strain BALB/c has become the main model as it turned out

to be the most robust model [126–129]. In this mouse

model it was shown that ribavirin can reduce the

160 Curr Pediatr Rep (2014) 2:156–165

123



replication of HMPV in vivo in the lung of infected ani-

mals by up to 5log10 and in concert with glucocorticoids

can significantly reduce the global pulmonary inflamma-

tion [101]. This observation confirms earlier in vitro data

from LLC-MK2 cells infected with HMPV and treated with

ribavirin in which ribavirin displayed an antiviral acitivity

(mean EC50 of 74 ± 35 lM) similar to the inhibition of

RSV replication [100]. It is therefore likely that a similar

effect could also be observed in patients infected with

HMPV. A similar effect could be reached by administering

NMSO3, although this displayed an antiviral effect against

HMPV in vitro but has been not tested yet in vivo [130]. A

novel approach, not yet followed by many groups, could be

the development of specific meroditerpenoids, which were

originally isolated from marine algae and have shown an

antiviral effect against HMPV in infected LLC-MK2 cells

[131].

However, the most promising approach so far is the

development of potent siRNAs that target viral RNA and

thus may inhibit the viral replication. In 2008, the group of

Gyu Boivin identified siRNAs that targeted the replication

complex and a putative fusion inhibitor [108, 110]. The

same target region of the siRNA was identified indepen-

dently by our group and further tested in vivo [109]. We

thereby not only demonstrated that the siRNA is active

in vitro and in vivo but is also well tolerated, reaches the

respiratory tract although no optimized siRNA delivery

tool was used and showed that the siRNA cleaves the viral

RNA in vivo. A further approach from an Australian group

also confirmed that siRNA targeting of HMPV is a prom-

ising arm of antiviral therapy [132].

Conclusions

Despite the fact that symptomatic treatment of HMPV

infections is successful and can be supported by off-label

treatment with ribavirin, specific therapies are still not

available. Unfortunately, efforts to further develop prom-

ising siRNAs for their use in vivo are limited because of

the lack of public funding or commercial interests from the

pharmaceutical industry.

HMPV has been shown to be a serious pathogen in

childhood respiratory infections, but also in other patient

groups, and thus requires the same attention as RSV or

parainfluenza viruses, not least because it is a virus

occurring worldwide.
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