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ABSTRACT

Avian metapneumovirus (aMPV) is one of the respiratory viruses that cause global
economic losses in poultry production systems. Therefore, it was important to design a
comprehensive review article that gives more information about aMPV infection regarding
the distribution, susceptibility, transmission, pathogenesis, pathology, diagnosis, and
prevention. The aMPV infection is characterized by respiratory and reproductive disorders
in turkeys and chickens. The disease condition is turkey rhinotracheitis in turkeys and
swollen head syndrome in chickens. Infection with aMPV is associated with worldwide
economic losses, especially in complications with other infections or poor environmental
conditions. The genus Metapneumovirus is a single-stranded enveloped RNA virus and
contains A, B, C, and D subtypes. Meat and egg-type birds are susceptible to aMPV
infection. The virus can transmit through aerosol, direct contact, mechanical, and vertical
routes. The disease condition is characterized by respiratory manifestations, a decrease
in egg production, growth retardation, increasing morbidity rate, and sometimes nervous
signs and a high mortality rate, particularly in concurrent infections. Definitive diagnosis
of aMPV is based mainly on isolation and identification methods, detection of the viral
DNA, as well as seroconversion. Prevention of aMPV infection depends on adopting
biosecurity measures and vaccination using inactivated, live attenuated, and recombinant
or DNA vaccines.
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disease (Tucciarone et al., 2018). Infection
with aMPV is associated with poor feed
conversion ratio, a drop in egg production
with alterations of egg quality, and
mortalities, especially in complications.

In 1978 in South Africa, aMPV induced
a disease condition in turkey named ‘turkey
rhinotracheitis’ (TRT) (Buys et al., 1989).
However, in 1984 in France and the United
Kingdom, the same virus was first termed
in chickens and described as ‘swollen head
syndrome’ (SHS) (Morley & Thomson,
1984). In the 1980s, aMPV was detected
in turkeys and commercial fowl in some
European countries and elsewhere in
the 1990s, such as the United States of
America (USA). The previous infections
aMPV induced were avian infectious
pneumoniae, avian pneumovirus, and avian
rhinotracheitis (Alkahalaf et al., 2002).

The virus mainly affects turkeys,
chickens, and other avian species with
variable mortality rates (Brown et al.,
2019; Tucciarone et al., 2022). Air is the
main method of aMPV transmission.
However, direct contact with wild birds is
possible (Alkahalaf et al., 2002). Concurrent
secondary infections dramatically
exacerbate the virus infection. Escherichia
coli, Bordetella avium, Ornithobacterium
rhinotracheale (ORT), Riemerella
anatipestifer, Mycoplasma gallisepticum,
Avibacterium paragallinarum,
Chlamydophila psittaci, Newcastle disease
virus (NDV), infectious bronchitis virus
(IBV), avian orthoavulavirus-1, infectious
laryngotracheitis virus, or Aspergillus
fumigatus can considerably enhance the

incidence and severity of aMPV infection
(Croville et al., 2018). The aMPV infections
are globally distributed in poultry-producing
areas with adverse economic losses. Based
on reactivity against monoclonal antibodies,
serological tests, and nucleotide sequence
analysis, subtypes A, B, C, and D of aMPV
are found to be antigenically distinctive
(Cook et al., 1993). Recent sequence
analysis of the virus showed the presence
of additional subtypes in wild and game
birds of North America. Based on L gene
sequences, the phylogenetic analysis of
aMPV revealed that the new subtypes are
close to the subgroup C (Retallack et al.,
2019; World Organisation for Animal Health
[WOAH], 2022). Vaccination against aMPV
has been adopted to protect flocks from
infection with variable immune responses.
Several attempts have been carried out
to develop inactivated, living attenuated,
and recombinant vaccines against aMPV
infection in commercial turkey and chicken
flocks (Smiatek et al., 2021).

This review article was designed to give
more information about aMPV infection
regarding distribution, susceptibility,
transmission, pathogenesis, pathology,
diagnosis, and prevention.

THE VIRUS

Avian metapneumovirus is a member

of Mononagavirales, the family
Paramixoviridae, the sub-family

Pneumoviridae, and the genus
Metapneumovirus (Pringle, 1998).
There are two genera in the family of

Pneumoviridae: the Orthopneumovirus and
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the Metapneumovirus. The virus is a single-
stranded, negative-sense RNA, enveloped,
linear, non-segmented, and pleomorphic (80
to 200 nm) or spherical. The viral genome in
a nucleocapsid is about 14 kilo-bases with
a helical symmetry (M. Yu et al., 2019).
The viral gene order is 3'-leader-N-P-M-
F-M2-SH-G-L-trailer-5" (Ling & Pringle,
1988). Moreover, the aMPV characteristics
differ from mammalian pneumoviruses at
the molecular level (Kuhn et al., 2020).
As aMPV has no hemagglutination or
neuraminidase activity in G attachment
protein, it could be distinguished from other
paramyxoviruses.

Avian metapneumovirus has 4 subtypes:
A, B, C, and D, according to the nucleotide
and amino acids sequences of the G
attachment gene as well as the serological
properties (Chacon et al., 2007), and they
are circulating in many countries all over
the world. Subtypes A and B of aMPV were
first recognized in the 1980s (McDougall
& Cook, 1986), and they are prevalent,
especially in Europe (Giraud et al., 1986;
Naylor, Shaw, et al., 1997). However, the
field reports of aMPV pointed to the higher
incidence of subtype B over subtype A in
some countries for unclear reasons (Chacén
et al., 2011). Moreover, sub-populations of
subtype B may be found due to escaping of
vaccine mutants with inadequate protection.
Subtype C of the virus was demonstrated
in turkey flocks of the USA (Seal, 1998)
and wild avian populations (Turpin et al.,
2008). Moreover, subtype C was detected
in breeder flocks of ducks in France and
China (Wei et al., 2013). In Europe, a second
distinctive lineage of subtype C has been

found (Toquin et al., 2006). In the USA,
though strains of aMPV are classified as
subgroup C, a novel subgroup showed a
higher genetic similarity to human MPV
than avian types (Govindarajan & Samal,
2004). Later, subtype C was distributed
in France (Toquin et al., 2006) and South
Korea in avian species. Also, in France
(Béyon-Auboyer et al., 2000) and other
countries (Cook et al., 2000), subtype D of
aMPV was isolated from turkeys. Subtypes
A, B, and D of the virus are nearly similar.

The presence of an envelope in aMPV
increases the sensitivity of the virus to
the lipid solvents and some physical and
chemical agents (Townsend et al., 2000).
The viability of aMPV can be decreased
after exposure to some disinfectants
including ethanol, quaternary ammonium
compounds, iodophor, phenol, and sodium
hypochlorite (L. Zhang et al., 2002). The
virus may remain active for up to 26 weeks
at -20°C and 60 days at 12°C (Velayudhan
et al., 2003).

DISTRIBUTION

Since aMPV was isolated in the late 1970s,
the virus has been distributed worldwide.
The virus infection is characterized by a
rapid spread and distribution within the
flock and between flocks such as those of
European countries (Franzo et al., 2020;
Mescolini et al., 2021). The distribution
of aMPV depends on hygienic measures,
shedding rate, seasonal variation, and
stocking density (Jardine et al., 2018).
Despite the development of management
and hygiene measures and vaccination
programs, the incidence of aMPV is still
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high in many countries and continents
worldwide, including Japan (Mase et
al., 2003), Israel (Banet-Noach et al.,
2005), Korea (Kwon et al., 2010), China
(S. Sun et al., 2014), Romania (Franzo
et al., 2017), Greece (Tucciarone et al.,
2017), Bangladesh (Ali et al., 2019), Brazil
(Rizotto et al., 2019), Pakistan (Umar et
al., 2019), and Italy (Graziosi et al., 2022;

There are limited data about the incidence
of aMPV in the Middle East region, possibly
due to other more significantly important
respiratory viruses. However, the virus
was detected in some of the Middle East
countries such as Egypt, Iraq, Iran, Jordan,
Morocco, Algeria, and Turkey (Table 1).

Legnardi et al., 2021).

Table 1

The incidence of avian metapneumovirus in some countries of the Middle East region

. o Method of
Country History Findings detection Reference
Serum samples were Six of 38 serum ELISA Youssef
collected from 30-38- samples were and Ahmed
week-old broiler breeder  serologically positive (1996)
chickens for aMPV
Seventy-five serum High seroprevalences  ELISA Aly et al.
samples were taken from  to aMPV were found (1997)
20 and 52-day-old broiler  in the 14 flocks.
chickens representing Antibodies were
15 farms in different detected in broilers
provinces. Ten farms had  from apparent healthy
respiratory signs, and farms
the other 5 farms were
apparent healthy
Egypt

Ten oropharyngeal swabs  Subtype A of aMPV RT-PCR Abdel-
were collected from was identified Azeem et
3-week-old turkey poults al. (2014)
with upper respiratory
disease in Fayoum
province
Oropharyngeal and nasal ~ Subtype B of aMPV Embryonated  Arafa et al.
sinus swabs were taken strains was detected chicken eggs, (2015)
from 100 broiler turkeys in 8 samples, which Vero cells,
representing 10 farms and were very close to the RT-PCR,
showed respiratory signs ~ VCO3 vaccine strain ~ and genetic
in Giza, Beni-Suif, and analysis

Cairo provinces
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Table 1 (Continue)

. L Method of
Country History Findings detection Reference
Serum samples were taken  Five out of 23 broilers, ELISA Nagy et al.
from 40 chicken flocks (23 6 out of 17 layers, (2018)
broilers and 17 layers), and 1 out of 6 Pekin
8 duck flocks (6 Pekin and  ducks, and 1 out of 2
2 Muscovy) Muscovy ducks were
serologically positive
for aMPV
Trachea, lung, and choanal Subtype B of aMPV RT-PCR and  Abdelmoez
Egypt cleft were collected from was detected. In real-time etal. (2019)
broiler chicken flocks in addition to co- polymerase
different provinces infection with E. coli,  chain reaction
Proteus mirabilis, (qPCR) for
and Pseudomonas viral detection.
aeruginosa Besides
conventional
bacteriological
examination
and PCR
Swabs from the trachea, Detection of ORT as Conventional  Al-Hasan et
sinuses, lungs, and air one of the etiological ~ bacteriological al. (2021)
sacs were collected from factors that cause SHS ~ examination
67 3-6-week-old broiler in poultry and RT-PCR
chickens with SHS in
Baghdad, Wasit, Karbal, Al
Muthanna, Al-Najaf, and
Al-Qadisiyyah provinces
Iraq Sixty-seven swabs from Subtype B of aMPV RT-PCR Al-Hasan et
the trachea, sinuses, lungs, was found in 16 al. (2022)
and air sacs were taken (23.8%) samples;
from 3-6-week-old broiler 51 (76.11%) were
farms in Baghdad, Wasit,  negative from typical
Karbal, Al Muthanna, Al-  SHS-infected flocks,
Najaf, and Al-Qadisiyyah  and no positive
provinces samples for other
subtypes were found
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Table 1 (Continue)

. . Method of
Country History Findings detection Reference

A total of 540 serum Serologically, 92.59% ELISA Sheikhi and
samples were collected were positive, while Masoudian
from 27 broiler breeder 2 were suspected (2011)
flocks in 11 provinces of aMPV infection.

Besides, 92.77% were

positive, 3.70% were

suspected, and the

others were negative
Oropharyngeal and Subtype B of aMPV RT-PCR Hosseini
turbinate swabs were was isolated and
collected from un- Ghalyanchi-
vaccinated 4 broiler Langeroudi
chickens with swollen (2012)
heads, and 10% mortality
in Alborz province

Iran A total of 525 blood Ten (28.5%) of ELISA and Seifi et al.

samples and trachea/ flocks had positive RT-PCR (2015)
nasal turbinates swabs antibodies to aMPV.
were taken from 35 non- Of the 35 flocks, 8
vaccinated broiler flocks (23%) were positive
with respiratory signs in aMPV
northern Iran
Tissue samples of broiler ~ Subtype B of aMPV RT-PCR Hosseini et
chickens were taken was identified based al. (2017)

on the fusion (F) gene
Sixty-three meat-type Twenty-six samples RT-PCR Mayahi et
unvaccinated turkey from three flocks al. (2017)
flocks from several (4.10%) were positive
provinces were sampled in  for the virus RNA,
major turkey abattoirs while all viruses were

detected as aMPV

subtype B
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Table 1 (Continue)

. o Method of
Country History Findings detection Reference
Tracheal swabs were Thirteen out of 20 RT-PCR Zahirabadi
collected from 20 broiler  flocks were infected etal. (2017)
chicken farms that had with aMPV, which
respiratory disease accounted for 65
complex in Qazvin infection rates of the
province flocks
Four hundred and fifty The aMPV subtype RT-PCR Chaboki et
oropharyngeal samples B was detected in al. (2018)
were taken from 8 30.60%, including
migratory and local chickens (37%),
species of birds from live  turkeys (33%),
Iran  bird markets in Gilan Eurasian teal (25%)),
province common blackbirds
(33%), and Eurasian
woodcock (25%)
Samples from the trachea, Thirty out of 85 RT-PCR Darebaghi
choana, and sinuses of (35.3%) flocks were et al. (2021)
more than 3-week-old positive for aMPV.
broiler chickens were Besides, 28 positive
collected from 85 broiler ~ samples were subtype
flocks in Semnan province B, and the other 2
were non-subtype B,
possibly A, C, or D
In northern and central Antibodies against ELISA and Gharaibeh
Jordan, 38 chicken flocks aMPV were detected in RT-PCR and
(23 broilers, 8 layers, 5 of 23 broiler chickens Algharaibeh
and 7 broiler breeders) (21.7%), 6 of 8-layer (2007)
were tested for serology. chickens (75%), and
However, 150 chicken 7 of 7 (100%) broiler
flocks (133 broiler flocks,  breeder chickens.
Jordan  7-layer flocks, and 10 Molecularly, aMPV was
broiler breeder flocks) detected in 17 broiler
were tested for molecular  flocks (12.8%) and
virus detection 3-layer flocks (42.9%).
All the broiler breeder
chickens were negative.
All aMPV isolates were
subtype B
Pertanika J. Trop. Agri. Sci. 46 (3): 971 - 1002 (2023) 977
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Table 1 (Continue)

Method of

. Reference
detection

Country History Findings

Jordan

Morocco

Algeria

Trachea swabs from 115
diseased broiler chicken
flocks were tested for
avian influenza virus
(AIV) subtype HON2, IBV,
NDYV, and aMPV

Serum samples were
taken from 48, 5-week-old
non-vaccinated broiler
chicken flocks in different
bioclimatic zones

Tissues were collected
from the respiratory tract
of broiler chickens

Thirteen and 14.8%
were infected

with NDV and

IBYV, respectively,
whereas 5.2, 6.0,
9.6,10.4,11.3, and
15.7% were infected
with Mycoplasma
gallisepticum (MQG)
and NDV; aMPV and
MG; NDV and IBV;
MG and IBV; AIV
and NDV; as well as
AIV and IBV, in a
respective manner.
Moreover, 2.6%
showed aMPV, NDV,
and IBV infections.
However, 11.3% were
negative for all these
respiratory viruses

PCR

From 1,142 sera, 912
(79.86%) samples
were positive
serologically to
aMPV. The arid
zone had the highest
seroprevalences.
Moreover, 94.16%
during winter and
84.82% during spring
were positive

ELISA

Subtype B of aMPV RT-PCR
was detected with IBV,

ALV, and MG

PCR and RT-

Roussan et
al. (2008)

Mernizi et
al. (2022)

Sid et al.
(2015)

978
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Table 1 (Continue)

. o Method of
Country History Findings detection Reference
A total of 624 tracheal Out 0f 62,418 (2.9%)  Vero cells, Ongor et al.
samples were taken from  of 624 tracheal chicken (2010)
a local turkey abattoir. samples and 18 of embryo
Besides, 20 tracheal 20 tracheal swabs fibroblast
swabs were collected from were aMPV positive.  cells, and RT-
turkeys with respiratory Moreover, 1 of 23 PCR
problems. In addition, healthy and 4 flocks
23 vaccinated healthy with signs were aMPV
turkey flock positive. Thirty-six
Vaccinated turkey flocks samples were positive
with a subtype A of aMPV  for subtype B of
vaccine were healthy, aMPV
while the others that were
immunized with a subtype
Turkey B virus vaccine showed
respiratory signs
Trachea tissues and swabs  Eight out of 110 RT-PCR Bayraktar et
were taken from 110 non-  (7.2%) broiler farms al. (2018)

vaccinated broiler flocks

distributed in different
geographical regions

were positive for
subtype B of aMPV.
Three aMPV isolates
were clustered closely
with Israel isolate, and
the remaining 5 ones
were closely related to
a vaccine strain from
nearby vaccinated
turkey farms

Note. AIV = avian influenza virus; aMPV = avian metapneumovirus; IBV = infectious bronchitis virus; MG
= Mycoplasma gallisepticum; NDV = Newcastle disease virus; ORT = Ornithobacterium rhinotracheale;

SHS = swollen head syndrome

SUSCEPTIBILITY

Species

Turkeys and chickens are the natural hosts of
aMPV subtypes Aand B (M. Yuetal., 2019).
However, all aMPV subtypes are adapted to
Galliformes, particularly turkeys. Subtype

however, chickens and turkeys showed
seroconversion and positive virus isolation.
It has been investigated that aMPYV strains
of chicken origin are antigenically closely
related to those of turkey origin (Cook et
al., 1993). Chickens showed less frequency
of aMPV infection, which may be due to

C of duck origin is well adapted to ducks;
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the low shedding capability of this species,
as the virus tends to cluster at the temporal
and geographical levels (Brown et al.,
2019). Chicken flocks are also susceptible
to subtype B of aMPV, and they showed
seroconversion without signs or shedding
of subtypes A and C of turkey and duck
lineages. Despite the tropism of subtype
C for ducks, chickens could be infected by
this subtype (Wei et al., 2013). Turkeys are
susceptible and transmit all aMPV subtypes
except for subtype C of the duck lineage
(S. Sun et al., 2014). They showed clinical
signs following an experimental challenge
of ducks with subtype C of aMPV (Brown
et al., 2019). Antibodies to aMPV have
been detected in non-vaccinated, apparently
healthy Pekin and Muscovy duck flocks for
the first time in Egypt (Nagy et al., 2018).
Jardine et al. (2018) isolated subtype C
from wild waterfowl (37-44%) in Canada.
Recently, Tucciarone et al. (2022) in Italy
molecularly detected subtype C of aMPV
in a mallard duck and concluded that the
short period of the virus infection and
transmission reduces the possibility of its
detection and increases its significance.
In Northern Italy, a mallard duck flock
was found to be seropositive for subtype
C at slaughter (Legnardi et al., 2021). The
virus also was demonstrated in wild geese
(Bennett et al., 2005).

In the USA, aMPV originated from
wild bird populations and was detected in
turkeys. Moreover, pheasants (Gough et
al., 2001) and Guinea fowl (Cecchinato
et al., 2018) are susceptible to infection
and development of swollen head signs.

Ostriches were found to be seropositive
for aMPV (Cadman et al., 1994). In Brazil,
a subtype A of aMPV has been reported
in some wild populations of ducks (wood
ducks, mandarin ducks, and white-faced
whistling ducks), American kestrels, and
white-eyed parakeets (Rizotto et al., 2019),
but subtype B has been found in rock
pigeons, white-faced whistling, and white-
cheeked pintails (Felippe et al., 2011). The
RNA of subtype C of the virus was detected
in black, mallards, wood ducks, geese, blue-
winged teals, shovelers, wigeons, sparrows,
barn swallows, and starlings in the USA
(Bennett et al., 2004; Shin, Njenga, et al.,
2000; Shin, Rajashekara, et al., 2000), as
well as in mallards, greylag geese, and
common gulls in Europe (van Boheemen et
al., 2012). Additionally, the RNA of aMPV
was found in snow geese, house sparrows,
blue-winged teal, earns, and round-billed
gulls in Canada (Jardine et al., 2018).
Seroconversions against aMPV have been
detected in American crows, American
coots, Canadian geese, rock pigeons, and
cattle egrets in the USA (Turpin et al., 2008).
The recent results of aMPV sequencing
revealed the presence of 2 new subtypes in a
monk parakeet and a great black-backed gull
(Canuti et al., 2019). These subtypes may be
intermediate between the avian clusters of
A, B, C, and D and the human clusters of A
and B (Retallack et al., 2019).

Age

All age groups can get infected with aMPV.
Broilers are more susceptible to the virus
infection than layers and breeders (Tamam
et al., 2015). Turkeys are susceptible
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for TRT infection at 3 to 12 weeks old.
However, 4 to 9 weeks old turkey poults are
severely affected. The aMPYV tends to affect
birds older than 26 days of age (Franzo et
al., 2020).

MODE OF INFECTION AND
TRANSMISSION

Infection withaMPV is most likely horizontal
(airborne) via aerosol or dust particles
(Alkahalaf et al., 2002). The virus is highly
infectious and characterized by a rapid
spread. Direct contact between susceptible
birds and infected, contaminated objects
is the main route of aMPV transmission
(Alkahalaf et al., 2002; Cha et al., 2013).
However, the short releasing period of the
virus from the infected birds allows for a
quick absence of it from the surrounding
environment (J. Sun et al., 2014).

Wild and migratory free-living birds
are another important means of aMPV
transmission (Shin et al., 2002). Bennett et
al. (2004) found a 95% nucleotide sequence
identity between the strains of aMPV
isolated from wild birds and those isolated
from turkeys. Wild birds can spread the virus
from one region to another. For instance,
migratory birds have been incriminated in
the early immigration of aMPV from South
Africa to European countries (M. Yu et al.,
2019; S. Sun et al., 2014). Therefore, free-
living birds may act as virus reservoirs for
commercial poultry flocks (Jardine et al.,
2018). Since migratory birds may have
repeated contact with domestic birds in
farming regions, a particular correlation has
been found between aMPV isolated from

wild and domestic birds.

Vertical transmission of subtype C of
aMPV has been documented in specific
pathogen-free laying turkey hens, as
the virus has been isolated following
experimental contamination of eggs up to 7
days post-infection (PI) (Cook et al., 2000;
Jones et al., 1988). However, this pathway of
virus transmission may be short-lived with
slight importance (Ganapathy et al., 2007).

Mechanical transmission of aMPV via
vectors, including contaminated feeders,
drinkers, litter, bedding materials, people,
and vehicles, is considered an indirect
transmission (Alkahalaf et al., 2002).

PATHOGENESIS

The pathogenesis of aMPV is affected by
several factors, including the degrees of
macroscopic and microscopic damage,
immunity, virus shedding, and clinical
outcomes (Cha et al., 2013).

After the respiratory affection of the bird
with aMPV, the target tissue of the virus is
mainly the upper respiratory tract epithelial
layer. Moreover, the virus will likely spread
in layers and breeders from the respiratory
tract to the reproductive organs.

The attachment of aMPV to the
epithelial cells is mediated by the G-protein,
while the envelope of the virus fuses with
the cell membrane of the host through the F
protein. Following that, the virus’s genome
is released in the host cell cytoplasm
with a rapid and multiple propagation or
multiplication of the virus (Q. Yu et al.,
2013). An attenuated or virulent strain of
aPMYV replicates in the upper respiratory
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tract, followed by a short stage of viremia
and persistence of the virus for almost 10
days PI (Van de Zande et al., 1998). In this
stage, the virus shows fast dissemination and
shedding in the surrounding environment.
The clinical signs usually appear to concur
with the viral shedding and may be first
detected during 2 to 10 days PI, while the
severity of the signs is the greatest between
5 to 7 days PI (Choi et al., 2010). Cook
(2000) reported on the limited replication of
aMPV in the trachea, lung, or other tissues
following natural infection.

For routine isolation of aMPV, the
samples should be taken from day 1 till 10
PI. However, the viral genomes could be
present in the nasal cleft swabs for up to 28
days PI. When layering turkeys with aMPYV,
the virus can be detected in the respiratory
and genital tracts for up to 9 days after
infection. It poses a significant challenge
in terms of replication and detection. The
presence of virus carriers is limited as the
viral shedding is very short. Gharaibeh and
Shamoun (2012) correlated the presence
or absence of aMPYV in the respiratory
mucosa with the existence or recovery
of microscopic lesions, respectively. The
histopathological and immunohistochemical
results showed that on the second day PI,
aMPV could replicate in the turbinates
tissues causing serious rhinitis and increased
glandular activity. Besides, the virus could
induce epithelial damage and decilliation,
congestion, and infiltration of mononuclear
inflammatory cells and intracytoplasmic
eosinophilic inclusions in the ciliated
epithelial cells and submucosa. However,

on the third and fourth day, PI, catarrhal
rhinitis, mucopurulent exudate, exfoliation
of the epithelium, and moderate to severe
submucosal mononuclear inflammatory cell
infiltration could be observed. Temporary
lesions were seen in the trachea, with few or
no lesions in the conjunctiva and the other
organs (Majo et al., 1995).

It was detected that transient
immunosuppression of birds may occur
during the acute stage of aMPV infection
(Timms et al., 1986). Multiplication of the
virus in the cilia of the upper respiratory cells
reduces the amount of mucoid secretion and
consequently enhances bacterial replication
(Jirjis et al., 2004). Moreover, the virus
could reduce the thymus weight in turkey
poults (Timms et al., 1986). The early
stage of aMPV infection may inhibit the
later efficacy of the turkey hemorrhagic
enteritis virus vaccine and induces immune
suppression of vaccinated birds (Chary,
Rautenschlein, et al., 2002).

PATHOLOGY

The severity of clinical signs, mortality
rate, and aMPV lesions is affected by other
infectious and non-infectious complications
(Figure 1).

The incubation period of aMPV usually
ranges from 3-7 days (Jones et al., 1987).
Some infected cases show a sudden onset
of signs and rapid virus transmission. An
acute, highly contagious upper respiratory
disease is usually associated with aMPV
infection. Affected birds show unilateral
and/or bilateral swelling of the infraorbital
sinuses, facial edema, and accumulation
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Bacteria

Escherichia coli

Mycoplasma gallisepticum

Bordetella avium

Environment Ornithobacterium rhinotracheale .
Riemerella anatipestifer Virus
- Avibacterium paragallinarum
Temperature o
Humidity Paramyxovirus
Ventilation Corona virus
Stocking density Avian orthoavulavirus-1
Ammonia Herpes virus
Dust Avian
metapneumovi rus
infection

Figure 1. Factors affecting the severity of avian metapneumovirus infection in poultry flocks

of discharge in nostrils, sinuses, and eyes
(Jirjis et al., 2002). Snicking, sneezing,
periorbital and submandibular edema, and
watery frothy to mucopurulent nasal and
ocular discharges are the upper respiratory
signs that are mostly observed, especially
in young birds (Pringle, 1998). Coughing,
gasping, dyspnea, and rales can also be
detected in the later stages, especially with
complications (Jones et al., 1988). General
signs, including depression, anorexia,
ruffled feathers, and reduced growth and
egg performance parameters, are usually
associated with respiratory manifestations
(Seifi & Boroomand, 2015). Besides the
mild respiratory manifestations, aMPV-
affected adult layers may exhibit a 10-40%
decrease in egg quantity and changes in
eggshell quality (Sugiyama et al., 2000).
It has been documented that chickens
with SHS may show upper respiratory

manifestations, cerebral disorientation,
torticollis, and opisthotonos (Morley &
Thomson, 1984). Concurrent infection with
aMPV and IBV may be associated with
reduced fertility and orchitis in roosters
(Villarreal et al., 2007).

Infection with aMPV is generally
characterized by high morbidity (40—100%)
and low mortality (1-5%) rates (Sun et
al., 2014b) depending on the presence of
many factors, including the age of birds,
secondary infections, and constitution of
the affected flock (Umar et al., 2019). For
instance, the mortality rate ranges from
0.5% in adults to 80% in young turkeys
(Van de Zande et al., 1998). In cases with
concomitant secondary bacterial infection,
the mortality rate reached 90% (Awad et
al., 2014).

Sudden onset and rapid recovery of
aMPV could be observed within 7-10 days
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PI, especially in experimentally infected
birds with a good constitution and absence
of complications (Jones et al., 1988).
However, a prolonged disease course for
several weeks may be seen in cases reared
under poor hygienic conditions and other
infections (Zuo et al., 2018). It is assumed
that there i1s no latent or carrier status,
and the shedding time of aMPV virus is
limited. Without complications, aMPV
could be re-isolated from infected birds
only for a few days under natural and
experimental conditions (Bayon-Auboyer
etal., 1999; Choi et al., 2010). However, in
complication, the virus could be detected for
up to 7 days following infection.

Differences in replication ability and
virulence of aMPV subtypes have been
noticed following experimental infections
of ducklings, turkeys, and chickens (Aung
et al., 2008; dos Santos et al., 2012). For
instance, the challenge of domestic chickens
with aMPV revealed less severe clinical
signs than those in turkeys. Chickens seem
vulnerable to experimental but not natural
infection with the USA “Colorado” strain
or subtype C of aMPV (Cook et al., 1999).
Moreover, this subtype in ducks may induce
respiratory manifestations and a drop
in egg production (Toquin et al., 2006).
It is important to note that some aMPV
infected flocks did not show any respiratory
manifestations, but serological evidence of
specific neutralizing antibodies indicates
infections in the infected birds (Owoade et
al., 20006).

The post-mortem lesions of aMPV
revealed the presence of excessive
exudates in the respiratory tract, which

represented rhinitis, conjunctivitis, sinusitis,
laryngitis, and tracheitis. Lower respiratory
infections, including airsacculitis,
pneumonia, pericarditis, and perihepatitis,
could be observed in the presence of
concomitant bacterial infection (Zuo et
al., 2018). Furthermore, osteomyelitis and
subcutaneous head edema may be noticed
(Cha et al., 2007; Jirjis et al., 2002).

The histopathological examination of
aMPV-affected tissues revealed the presence
of necrosis and damage of upper respiratory
mucosa, loss of cilia, severe infiltration
with inflammatory or lymphoid cells in the
submucosa, and substantial tracheitis (Cha
et al., 2007; Chary, Rautenschlein, et al.,
2002). The virus or the intracytoplasmic
inclusion bodies could be seen in the
epithelial cells of the respiratory tract
following the second or third day of PI.

LABORATORY DIAGNOSIS

The observation of signs and post-mortem
lesions of aMPV infection can be considered
a preliminary diagnostic step for the
diagnosis. However, many similar bacterial,
viral, and fungal diseases may be confusing.
Therefore, the laboratory diagnosis is very
important to confirm the aMPV infection.
The aMPV diagnosis relies on virus
detection using molecular techniques and
serology. Sometimes, isolation of aMPV
from chicken tissues is harder than from
turkey tissues, possibly due to secondary
E. coli infection concurrent with SHS.
Moreover, other viruses in samples may
overcome AMPYV propagation during the
isolation process on tissue cultures.
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Isolation and Identification

The sampling time is crucial, as aMPV is
only detected in the upper respiratory organs
in the early first week of infection. Sample
collections for virus isolations should be
done during the early phase of the infection
because the virus is present in the sinuses,
choanal clefts, and turbinates for a very
short time. It is why early sampling in acute
infection is commended (Jones et al., 1988).
The isolation process of aMPV, a few days
of PI, may be difficult because the secondary
bacterial infections with the short shedding
period of the virus create difficulties in the
isolation process (Cook et al., 2001). Swabs
from the secretion and tissues of the upper
respiratory organs and trachea in the acute
phase of aMPV infection are the samples
of choice (Cook & Cavanagh, 2002). The
virus could be isolated from the trachea,
lungs, and sometimes visceral tissues of the
infected young turkeys. Successful isolation
of the virus from birds in chronic stages of
infection is rare. Samples should be kept on
ice and immediately transported or frozen
for further processing.

Samples could be processed for the
conventional isolation techniques. Primary
isolation of aMPYV could be applied through
yolk sac inoculation of 6—8-day-old specific
pathogen-free embryonated chicken or
turkey eggs (Buys et al., 1989). Positive
AMPYV samples show stunting and few
deaths of the embryos within 7-10 days.
However, the virus may need 2 to 9 embryo
passages to induce embryonic lesions and
deaths.

Moreover, the yolk sac membrane
homogenate could be inoculated on a specific
tissue culture to detect the viral cytopathic
effect (Coswig et al., 2010). However, this
method for isolation is laborious, slow,
expensive, and needs successive repeated
passages to detect the virus. The tracheal
organ culture from turkey embryos or
turkey poults (Cook & Cavanagh, 2002),
chicken embryo fibroblast cells (Coswig
et al., 2010), Vero cells (Shin et al., 2002),
chick embryo rough cells (Dani et al., 1999),
and QT35 quail cells (Coswig et al., 2010)
have been used for conventional isolation
of aMPV. The virus may take 7 days on
the primary passage (Jones et al., 1991),
but mostly, cultures should be kept under
observation for 11 days with 7 to 8 blind
passages (Coswig et al., 2010) to produce
ciliostasis and a characteristic cytopathic
syncytia formation. Immunofluorescence
and staining could be done for confirmation
of cryostasis (Bhattacharjee et al., 1994).

Because of the fastidious nature of
aMPV, molecular techniques are now
applied as alternatives to the traditional
isolation methods for rapid virus detection
(Mo et al., 2022). Reverse transcription-
polymerase chain reaction (RT-PCR) can
be used as a highly specific, sensitive,
and rapid technique for the detection and
subtyping of aMPV from mouth, nose,
and tracheal swabs (Marianna et al., 2019;
Lemaitre et al., 2018). The primer sequences
for the RT-PCR have been designed using
targeted M, F, N, and G genes (Biyon-
Auboyer et al., 1999). Isolates of aMPV
are molecularly heterogenic. Therefore,
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most RT-PCR techniques are subgroup-
specific and cannot identify all subgroups
(Pedersen et al., 2000). Primers should
be directed to the conserved regions of N
and G genes to obtain broader specificity
and to detect all subtypes (Lwamba et al.,
2005). Sequencing techniques can confirm
the PCR product identity. Quantitative
RT-PCR has also been applied to detect
the viral load in a sample (Guionie et al.,
2007). Virus sequencing using RT-nested
PCR or restriction endonuclease digestion
is essential for differentiating between the
vaccine and field virus strains (Listorti et
al., 2014) and detecting subtypes A and
B viruses (Cook & Cavanagh, 2002).
The subtype C of aMPV was detected by
isolation and RT-PCR up to 6 days PI of
3-weeks-old turkeys (Jirjis et al., 2000).

Other techniques, such as
immunohistochemistry staining (Shin
et al., 2002), immunofluorescent assay
(Cook & Cavanagh, 2002), and in situ
hybridization (Velayudhan et al., 2005) have
also been applied for the detection of aMPV.
Although monoclonal antibodies are used
to characterize and detect subtypes A and B
(Cook etal., 1993), they are laborious, time-
consuming, and costly (Cook & Cavanagh,
2002).

Serological Tests

The success of aMPV isolation from turkeys
displaying severe chronic symptoms is rare
(Naylor & Jones, 1993). It is important
to note that the serological response to
aMPYV infection in chickens is weaker
than in turkeys. However, serology is the

most common diagnostic tool for the virus,
especially in non-vaccinated flocks where
seroconversion is a clear indicator of field
virus contact (Cook, 2000). Moreover,
serology is a common detection method
due to difficulties isolating and identifying
aMPV.

Some serological tests such as enzyme-
linked immunosorbent assay (ELISA) (Ali et
al., 2019; Nagy et al., 2018; Zuo et al., 2018)
and serum neutralization (SN) (Kapczynski
et al., 2008) test is used for serological
monitoring and screening of antibodies
against aMPV. Commercial ELISA kits
containing aMPV-specific monoclonal
antibodies have broad specificity and
sensitivity for every subtype in various avian
species (Aly et al., 1997). Some commercial
ELISA kits can detect subtypes A and B
of aMPV without differentiation, as both
belong to a common serotype (Toquin et
al., 1996). However, ELISA kits cannot
detect antibodies to aMPV subtype C with
subtypes A and B antigens. Choi et al.
(2010) suggested that detecting antibodies to
aMPV infection in layer chickens using yolk
ELISA may be an appropriate substitute
for serum. It has been found that there is
a close relation between ELISA and other
serological tests but subtypes A and B of
the virus showed a cross-reaction in the SN
test (Cook & Cavanagh, 2002; Jones et al.,
1988). The commercial ELISA kit detected
aMPV during the first 10 days of PI, while
the competitive ELISA started to detect
antibodies as early as 5 days of PI (Choi et
al., 2010). The competitive ELISA showed
specificity and sensitivity of 100 and 98.0%,
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respectively, compared to the SN test (Choi

etal., 2010).
Additionally,

immunofluorescence, virus neutralization,

indirect

and immunodiffusion tests may be applied
to tissue sections to detect specific aMPV
antibodies. It is well known that aMPV
does not cause hemagglutination of red
blood cells. Thus, the hemagglutination-
inhibition test cannot be used to detect
specific antibodies.

THE IMMUNE RESPONSE
AGAINST AMPV INFECTION

Both the humoral and cell-mediated immune
response plays a role in aMPV infection.
The immune reaction against aMPV in
broiler chickens differs from that in turkeys.
Experimental infection of broiler chickens
with subtypes A and B of aMPV of turkey
origin provoked a mild respiratory sign,
correlated with the induction of local
and systemic virus-neutralizing specific
antibodies (Rautenschlein et al., 2011). The
neutralizing antibodies began to rise at the
peak of signs (6 days PI), while [gG-ELISA
titers were high between 24 and 28 days
PI (Rautenschlein et al., 2011). The levels
of specific IgA-ELISA and neutralizing
antibodies in tracheal washes decreased
by 10 and 14-days PI, respectively, which
may clarify the re-infection with the field
AMPV (Rautenschlein et al., 2011). Both
subtypes A and B induced up-regulation of
the nasal interferon-y mRNA expression but
only subtype A enhanced this expression in
the Harderian gland of the eye. Moreover,

aMPV-infected broiler chickens showed
CD4 and T cells in the Harderian gland,
while turkeys showed increased CD8alpha
and cells at 6-day PI (Rautenschlein et
al., 2011). In the study of Liman and
Rautenschlein (2007), the local and systemic
humoral and cell-mediated immune
reactions following infection of turkeys with
an attenuated vaccine strain of a subtype B
of aMPV and virulent strains of subtypes
A and B were investigated. The results
indicated that the neutralizing antibodies
were seen in the tracheal washes and the
serum 5—7 days PI and then declined, while
the level of ELISA antibody appeared from
14-28 days PI. Moreover, subtypes A and
B of aMPV infection induced humoral and
cell-mediated immunity in comparison with
subtype C infection.

PREVENTION AND CONTROL

Biosecurity measures and vaccination
programs play an important role in
preventing deaths, drops in egg production,
and changes in egg quality resulting from
aMPV infection. Vaccines succeeded in
providing cellular and humoral protective
immune responses against the virus.

Biosecurity

Good biosecurity measures should be
adopted in the farms to prevent and control
aMPV. Prohibit multiage sites as they are
always at risk. It is important to decrease
stress on the respiratory tract that may
predispose birds to secondary bacterial
infections. For example, controlling air
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quality, ventilation, heating, and misting of
dry litter is very important. Control measures
should be carried out after aMPV infection,
including depopulation, hygienic disposal
of carcasses, washing, a reasonable period
between batches, marketing restrictions, and
good hygienic measures.

Vaccination

Inactivated Vaccines. Oil emulsion or
water adjuvant inactivated aMPV vaccines
containing subtypes A and B have been
used. These vaccines provoke long-term
protection of aMPV infection, replication,
excretion, reduction of clinical picture
severity, and prevention of egg quantity and
quality changes (Hess et al., 2004; Tamam
et al., 2015). They are given before laying
in breeder and layer turkeys (Van de Zande
et al., 2000). Intramuscular vaccination of
breeder turkeys with aMPV inactivated
vaccine at 30 weeks old after priming with
a live attenuated vaccine at 7 days of age
prevented the drop in egg production at
38 weeks of age. Also, broiler breeders
and layers may be given a live aMPV
vaccine at 10 to 12 weeks, followed by a
killed vaccine at 16 to 20 weeks. Turkey
breeders could be primed with a coarse
spray of a live aMPYV vaccine at 2 weeks old,
followed by inoculation of the inactivated
vaccine at 22 weeks old (Cook et al., 1996).
However, the usual program in turkey’s
vaccination includes the administration of
an inactivated aMPV vaccine 4-6 weeks
of age following the last vaccination with
a live vaccine up to 28 weeks of age but
avoid the last 4 weeks before laying.
Turkey poults could be vaccinated with an

inactivated aMPV vaccine with promising
results. In the Egyptian study of Tamam et
al. (2015), the findings indicated that the
locally prepared aMPV inactivated vaccine
provoked significant high humoral and
cell-mediated immune responses as well as
protection rates up to 100% in vaccinated
and challenged 3-week-old-turkey poults.

Live Attenuated Vaccines. Living
attenuated vaccines against TRT infection
were first described in Europe in the
early 1990s. These vaccines are given
for growing turkey poults to prevent the
development of clinical respiratory signs
in young and to prime inactivated vaccines
in future breeders. Live vaccines could
successfully control TRT infection (Cook,
2000). Live attenuated TRT vaccines have
been derived from aMPV subgroups A and
B in Europe and from a subgroup C in the
USA. According to the dominant subtype
of aMPV in the region, subtype B and A
live vaccines may maximize protection.
A single dose of live vaccine can enhance
the poor immune response when compared
with infection with a virulent field aMPV.
These vaccines have been applied to provide
excellent local and cell-mediated immune
responses in the absence of maternal-
derived antibodies. Accordingly, turkeys
that received live attenuated aMPV vaccines
showed activation of CD8+ and CD4+ T
lymphocytes in both the Harderian glands
of eyes and tracheal mucosa as well as
production of immunoglobulin (Ig) A.
Whereas, there is a minor role of humoral
immune response in the protection of turkey
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poults against TRT infection (Jones et al.,
1992; Naylor, Worthington, et al., 1997).
The development of humoral immune
response and, consequently, the efficacy
of the vaccination process against TRT
might be affected by the maternal-delivered
antibodies (Rubbenstroth & Rautenschlein,
2009; Smiatek et al., 2016, 2021). It has
been documented that the titers of serum
antibodies rapidly increased during the
first 7 days after immunization of turkeys
having low maternal antibodies (Smiatek
et al., 2015). Some interference between
maternal-derived antibodies and living TRT
vaccines may occur in young turkeys with
higher maternal immunity. Turkeys with
maternally derived antibodies displayed
low virus-specific interferon (IFN)-gamma-
secreting cells after vaccination with the
TRT vaccine (Smialek et al., 2020).

Different vaccination protocols have
been applied for the live TRT vaccine.
The first one is the vaccination of turkeys
one day till 7 days old, while the second
protocol may be applied around 3 to 6
weeks old or after 6 weeks old. Repeated
vaccinations may be important to induce a
prolonged immune response and to prevent
interference with maternal immunity to the
hemorrhagic enteritis virus vaccine that is
given concurrently with the TRT vaccine.

Birds can receive live vaccines against
aMPV in the form of a spray, drinking
water, or eye drops. Spray or drinking
water routes gave satisfactory protection
against the development of the clinical
picture compared with the ocular-oral route
(Ganapathy et al., 2010).

Subtypes A and B of aMPV could be
detected in immunized and non-immunized
birds. Moreover, a vaccine containing a
subtype A strain may become virulent and
distributed in turkey flocks inducing typical
TRT signs (Lupini et al., 2011). Some reports
showed that live vaccines against TRT may
return to their virulence after repetitive
passages in susceptible hosts (Catelli et al.,
2006; Lupini et al., 2011). Besides, mutation
of the field aMPV in response to sustained
vaccination is evident (Catelli et al., 2010).
Some variant strains of aMPV showed an
increased capability to resist the immunity
provoked by the used vaccines (Catelli et
al., 2010). Formulating new vaccines that
do not revert to virulence has gained a great
effort. Accordingly, new methyltransferase-
defective live attenuated aMPV vaccines
have been developed to reduce the viral
return to virulence and stop the emergence
of field strains that may disturb the vaccine
immunity (Y. Zhang et al., 2016).

The cross-protection between the live
aMPYV vaccine and the subgroups A or B
of the challenging virus has been detected
(Velayudhan et al., 2005). Vaccines of
aMPV containing subtypes A and B gave
some protection against the challenge
with subtype C but not vice versa (Jones,
2010). Though the presence of good cross-
protection between subtypes A and B in
the live aMPYV vaccines (Cook et al., 1995;
Toquin et al., 1996), vaccinated birds still
show the disease in different countries with
high stocking density (Catelli et al., 2010;
Chacon et al., 2011). Unfortunately, some
studies in Brazil and Italy revealed that the
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current vaccines are not completely efficient
against the novel isolates of aMPV (Banet-
Noach et al., 2009). In Brazil, dos Santos et
al. (2012) found full heterologous protection
induced by a live vaccine containing
subtypes A and B of aMPV, and they
expected that subtype A replicated less
efficiently than the subtype B isolates.
Moreover, the field viruses may multiply
in the immunized birds and shed into the
environment.

Infections with aMPV are caused in
different ways, including infection by a
field subtype that is not involved in the used
vaccine (Banet-Noach et al., 2005, 2009),
genetic variations between the vaccine and
the field strains causing immune evasion
(Banet-Noach et al., 2009; Catelli et al.,
2010), or insufficient vaccine dose that
leads to returning the virus to its virulence
(Catelli et al., 2006). Some reports showed
a genetic deviation between the field
aMPV of subtype B origin and the vaccine
strain, which resulted in the absence of
homologous protection (Banet-Noach et
al., 2009; Catelli et al., 2010). The field
virus could overcome the immune response
provoked by the vaccine-virus strain owing
to the variation in the amino acids between
both viruses in the G gene products and
SH, respectively. Although a live aMPV
vaccine containing subtype B gave 100%
protection against clinical disease, one of
10 challenged chicks was positive by virus
isolation or RT-PCR after challenge at 21 or
49 days of age (Ganapathy & Jones, 2007).

Some live vaccines may contain aMPV
and other viruses such as IBV or NDV (bi or

tri-valent vaccine). The interaction between
these viruses in one vaccine has been
studied. Cook et al. (2001) found that the
IBV vaccine interfered with the replication
of aMPV vaccine due to the competition
of both viruses for the respiratory cell
receptors and consequently causing the
damage of cells and the reduction of
aMPV replication. To avoid the problem
of vaccine interference in chickens, live
aMPV vaccines should be given at different
intervals from IBV vaccines. Besides, dual
vaccination against aMPV and NDV induced
temporary suppression of aMPV replication,
but the virus was found for up to 24 days
post-immunization of chickens (Ganapathy
et al., 2005). Therefore, immunization
against NDV and aMPV did not affect
their efficacies (Jones, 2010). Despite other
reports showing that the produced protection
by live vaccines of IBV, NDV, and aMPV
did not cooperate when the vaccines were
given concurrently in dual or triple mixtures,
the humoral immune response to aMPV
may be insufficient (Awad et al., 2015). In
addition, giving live vaccines containing
subtype B of aMPV, NDV, alongside the
classical and variant strains of IBV vaccines,
to maternal antibodies-positive day-old
broiler chicks did not restrict any protection
produced against these viruses (Ball et al.,
2019).

Recombinant and DNA Vaccines.
Recombinant and DNA vaccine, which
encodes fusion glycoprotein (F) of aMPV
and a fowlpox virus, has been produced
and successfully investigated in turkeys
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(Qingzhong et al., 1994). Reduction of
clinical manifestations, post-mortem lesions,
and the virus multiplication in the respiratory
system was reported after vaccination and
challenge with the virulent aMPV. The
same results were also observed after the
vaccination of turkeys with DNA vaccines
containing N protein (Kapczynski & Sellers,
2003). Hu et al. (2011) demonstrated that a
single dose vaccination of turkeys with a
recombinant NDV, encoding glycoprotein G
of subtype C of aMPV, provoked moderate
immune response and partial protection
against aMPV but satisfactory immune
response to NDV. The vector vaccine
containing the F and G genes of subtype C of
aMPV and NDV has been recently produced
in turkeys, and the vaccinated birds showed
specific antibodies against both viruses and
resisted the challenges with both virulent
viruses (Hu et al., 2017). Furthermore,
the DNA vaccine with bacterial vectors
encoding the F gene revealed significant
prevention from subtype B of aMPV
infection in chickens (Madbouly et al.,
2014) and in turkeys (Kapczynski & Sellers,
2003). A recombinant vaccine containing
subtype C of aMPV and expressing M and
N glycoproteins proteins (Chary et al., 2005)
and virosome (Kapczynski, 2004) showed
a good immune response in vaccinated
turkeys.

In addition, in ovo, vaccination with
DNA or subunit aMPV vaccines has been
shown to be an effective and practical
method for protecting chicks and turkey
poults against early infection (Jones, 2010).

CONCLUSION

The aMPYV is an important infection that
affects a wide range of domestic and
wild poultry species with different ages.
Such infections are widely distributed
and recorded in many continents and
countries worldwide. Adverse effects on
the growth and egg-laying performance
parameters have usually been recorded
in different aMPV infections, particularly
environmental and infectious complications.
Despite the development of inactivated,
live, and recombinant aMPV vaccine, the
different subtypes of the virus are still
circulating in the commercial broiler and
turkey production system. Therefore,
regular surveillance and monitoring
of the circulating aMPV and adotping
strict biosecurity measures are essential
for preventing such infection. Besides,
preventing predisposing or concurrent
infections is a must to avoid increasing the
incidence and severity of aMPV infection.
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