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SUMMARY. Avian metapneumovirus (aMPV) is a significant respiratory pathogen of turkeys and chickens, causing substan-
tial economic losses worldwide in both meat and egg production. This review provides a comprehensive overview of aMPV cir-
culation in Europe, the Middle East, and North Africa, characterized by diverse poultry production systems and varying
capacities for disease surveillance, resulting in uneven availability of epidemiologic data. The distribution and detection of the
various aMPV subtypes are examined, highlighting the predominance of subtype B and the absence of clear genetic differentia-
tion between strains infecting turkeys and chickens. The possible roles of wild birds, the live poultry trade, and biosecurity prac-
tices in influencing viral transmission dynamics are explored, especially in light of recent epidemiologic changes associated with
the emergence of subtypes A and B in North America. Knowledge gaps, particularly in underreported areas, are identified as key
priorities for future research. A deeper understanding of the regional epidemiology of aMPV is critical for enhancing surveillance,
optimizing vaccination strategies, and fostering coordinated international control efforts.

RESUMEN. Estudio Recapitulativo - Una historia de negligencia: Epidemiología del metapneumovirus aviar (aMPV) en
Europa, Oriente Medio y el Norte de �Africa.

El metapneumovirus aviar (aMPV) es un patógeno respiratorio importante en pavos y pollos, que causa pérdidas económicas sustan-
ciales en todo el mundo, tanto en la producción de carne como de huevos. Esta revisión ofrece una visión general completa de la
circulación del metapneumovirus aviar en Europa, Oriente Medio y el Norte de �Africa, regiones caracterizadas por diversos sistemas de
producción avícola y diferentes capacidades de vigilancia epidemiológica, lo que resulta en una disponibilidad desigual de datos
epidemiológicos. Se examinó la distribución y detección de los diversos subtipos de metapneumovirus aviar, destacando el predominio
del subtipo B y la ausencia de una clara diferenciación genética entre las cepas que infectan a pavos y pollos. Se exploraron los posibles
roles de las aves silvestres, el comercio de aves comerciales vivas y las prácticas de bioseguridad en la dinámica de transmisión viral,
especialmente considerando los recientes cambios epidemiológicos asociados con la aparición de los subtipos A y B en América del
Norte. Se identificaron las lagunas de conocimiento, particularmente en áreas con escasa información, como prioridades clave para
futuras investigaciones. Una comprensión más profunda de la epidemiología regional del metapneumovirus aviar es fundamental para
mejorar la vigilancia, optimizar las estrategias de vacunación y fomentar esfuerzos coordinados de control a nivel internacional.
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Abbreviations: AMPV ¼ avian metapneumovirus; hMPV ¼ human metapneumovirus; HPAI ¼ highly pathogenic avian

influenza; hRSV ¼ human respiratory syncytial virus; IBV ¼ infectious bronchitis virus; NDV ¼ Newcastle disease virus;
NGS ¼ next-generation sequencing; ORT ¼ Ornithobacterium rhinotracheale; RT ¼ reverse transcription; SHS ¼ swollen
head syndrome; TRTV ¼ turkey rhinotracheitis virus

The poultry industry is continuously facing new challenges;
among them, infectious diseases and their changing patterns play a
pivotal role. In particular, rapidly evolving viruses are trending topics,
since previously neglected pathogens can emerge and ravage the pro-
ductive sectors. Avian metapneumovirus (aMPV) has been known for
over 50 years, although it has received limited attention, but recent
epidemiologic developments have revolutionized our perspective.

ETIOLOGY

The aMPV is an enveloped virus with a nonsegmented, negative-
sense, single-stranded RNA genome, classified within the Metapneu-
movirus genus of the Pneumoviridae family, in the speciesMetapneu-
movirus avis (1). Initially classified under the Paramyxoviridae
family, aMPV and human metapneumovirus (hMPV) were

reclassified by the International Committee on Taxonomy of
Viruses in 2016 into the newly established family Pneumoviridae,
based on the absence of nonstructural proteins NS1 and NS2, and a
distinct gene order compared to orthopneumoviruses such as
human respiratory syncytial virus (hRSV) (2).

The aMPV genome is approximately 14 kb in length and consists of
eight genes arranged in the order 30-N-P-M-F-M2-SH-G-L-50, encod-
ing nine proteins due to two open reading frames in the M2 gene
(M2-1 and M2-2). These include nucleoprotein (N), phosphoprotein
(P), matrix protein (M), fusion protein (F), small hydrophobic protein
(SH), attachment glycoprotein (G), and the large RNA-dependent
RNA polymerase (L) (3). The nucleocapsid has a helical structure and
is surrounded by the matrix protein and a lipid envelope embedded
with three membrane glycoproteins, F, SH, and G, which play key
roles in viral entry, assembly, and immune evasion (4,5,6).

The F protein is a trimeric type I membrane glycoprotein synthe-
sized as a precursor (F0) and cleaved by host proteases into F1 and
F2 subunits, enabling membrane fusion and syncytium formation
(6). The G protein is a highly glycosylated mucin-like type II
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membrane protein, critical for viral attachment and likely involved
in modulating host immune responses (6,7). Unlike the hemaggluti-
nin-neuraminidase protein of paramyxoviruses, which is commonly
used for molecular subtyping and epidemiologic studies, the aMPV
G protein exhibits remarkable variability in both length and
sequence, even among isolates of the same subtype. Finally, sero-
logic and molecular studies have shown that the N gene is relatively
conserved within subtypes and can serve as a target for more inclu-
sive diagnostic assays (6,8,9).

HISTORICAL BACKGROUND

The aMPV primarily affects turkeys (Meleagris gallopavo) and
chickens (Gallus domesticus), which represent the main species of
economic importance due to the significant financial burden associ-
ated with both preventive vaccination strategies and losses resulting
from infection (10).

It was first identified in South Africa in 1978, where it caused a
severe respiratory disease in turkeys, characterized by sneezing, rales,
swollen sinuses, and nasal discharge, progressing rapidly to respira-
tory distress, with increased mortality (up to 30%) and airsacculitis
sustained by Escherichia coli secondary infection (11,12). Initially
referred to as turkey rhinotracheitis virus (TRTV), the virus was
shown to be closely related to hRSV and pneumonia virus of mice,
supporting its classification as the first pneumovirus identified in
avian species (10,13,14,15,16). Following its initial detection in
South Africa, aMPV was rapidly reported in turkey farms in France
and the U.K., then across Western Europe (17,18), and subse-
quently in Asia (19,20) and South America (21,22,23,24,25).

Soon, chickens (Gallus domesticus) were also found to be suscepti-
ble to the virus. In broiler chickens, the infection was associated
with a condition known as swollen head syndrome (SHS), initially
attributed to mixed infections with E. coli and coronavirus
(12,26,27). In broiler breeders, the virus appeared to affect the
reproductive tract, causing egg production losses up to 10%, leading
aMPV to be also acknowledged as a primary pathogen of chickens
(28). With growing epidemiologic and experimental evidence of the
susceptibility of other domestic avian species, such as pheasants (Pha-
sianus colchicus) (29,30,31,32) and guinea fowl (Numida meleagris)
(33), the original TRTV designation was rendered obsolete, and the
virus was more appropriately named avian pneumovirus, before its
abovementioned reclassification into the genusMetapneumovirus.

The identification of further genetic variability within aMPV was
made possible in the 1990s, following the introduction of advanced
molecular and serologic diagnostic tools. These studies led to the
classification of different viral subtypes based on genetic and anti-
genic features (34,34,35,36). Subtypes A and B were initially identi-
fied in Europe and appeared to exhibit distinct geographic
distributions: Subtype A predominated in the U.K. and France,
while subtype B circulated mainly in Spain, Italy, and Hungary
(34). However, this geographic segregation was later contradicted
by reports of both subtypes cocirculating in multiple European
countries and in both turkeys and chickens (37).

In 1996, a novel subtype, aMPV-C, was isolated in Colorado,
United States, and formally recognized the following year after
extensive outbreaks of respiratory disease in turkeys (35). Serologic
detection was initially hampered due to the significant genetic diver-
gence of subtype C from the previously known types (38). Phyloge-
netically, subtype C is genetically different from subtypes A and B

(35) and is closer to hMPV (39), now reclassified as Metapneumovi-
rus hominis (2), which is considered to have evolved from aMPV-C
after a host jump (5,40). Initially restricted to North America,
aMPV-C primarily affected turkeys and wild birds, which have been
considered important drivers in its epidemiology (41,42,43,44).
Various wild species have been reported to be infected by the
aMPV-C subtype: American coots (Fulica americana), Canada geese
(Branta canadensis), American black ducks (Anas rubripes), Ameri-
can wigeons (Mareca americana), blue-winged teals (Spatula discors),
northern shovelers (Spatula clypeata), mallards (Anas platyrhynchos),
wood ducks (Aix sponsa), English sparrows (Passer domesticus), barn
swallows (Hirundo rustica), European starlings (Sturnus vulgaris),
house sparrows (Passer domesticus), and snow geese (Anser caerules-
cens) (42,44,45,46). Nonetheless, sporadic detections of aMPV-C
strains in other countries and other species have been reported over
the years, widening the geographic and host ranges of this subtype.
Further studies revealed the presence of aMPV-C strains outside of
North America as well, although they belonged to separate lineages
(47) with peculiar host tropism and geographic distribution: While the
North American lineage appears to be more adapted to turkeys (46),
the viruses detected in birds across Europe (46,48,49,50,51,52,53) and
Asia (54,55,56,57) (and thus belonging to the so-called Eurasian line-
age) were found in Muscovy ducks (Cairina moschata), chickens, pheas-
ants, and wild birds such as mallards, Eurasian wigeon (Mareca
penelope), greylag goose (Anser anser), and common gull (Larus canus)
(48,49,50,51,52,53,54,55,56,57). Experimental studies have con-
firmed the epidemiologic differences between the two lineages. How-
ever, it remains uncertain whether their divergence was driven by
geographic isolation or host-specific adaptation (58).

Another distinct subtype, aMPV-D, was retrospectively isolated
in samples collected from French turkey flocks in 1985. This sub-
type was both antigenically and genetically divergent from the previ-
ously identified strains. Since its initial detection, aMPV-D has not
been reported again and is speculated to represent a spillover event
from an unidentified wild bird reservoir (36,59). Other aMPV sub-
types have also been reported. In 2019, a highly divergent strain was
isolated in the United States from a monk parakeet (Myiopsitta mon-
achus) that died of bacterial and cryptosporidium infections likely
due to immunosuppression (60). That same year, a different strain
was detected in live nonsymptomatic great black-backed gulls (Larus
marinus) in Canada (61). This isolate appeared to be phylogeneti-
cally intermediate between subtype C and other aMPV subtypes
(48). While subtypes D and the parakeet-associated strain cluster
more closely with subtypes A and B, the gull strain aligns more
closely with the aMPV-C clade. These less common subtypes have
not been detected since, also because they need dedicated diagnostic
tests and efforts targeting less monitored species (51).

In recent years, the interest towards aMPV has grown signifi-
cantly, partly due to changes in its epidemiology and the emergence
of the virus in new ecologic niches. The global spread of aMPV has
raised questions about the role of migratory birds in its dissemina-
tion. As seen with other avian pathogens such as highly pathogenic
avian influenza (HPAI), the interface between wild and domestic
birds may facilitate viral introduction into poultry flocks (62). This
concern has intensified in the wake of the severe acute respiratory
syndrome coronavirus 2 pandemic, which has underscored the
importance of wildlife in the transmission dynamics of zoonotic and
animal pathogens (63).

In this context, several surveillance studies have been carried out
over the years to investigate the presence of aMPV in wild birds and
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to explore the susceptibility of different species and their possible
role in viral dissemination. While aMPV-C is commonly reported
in wild birds in North America, aMPV detection in wild avifauna
in other parts of the world appeared to be less consistent. In Europe,
aMPV-C has been detected in a Eurasian wigeon (Mareca penelope)
sampled in 2007 in Italy (49), in greylag geese (Anser anser) and
common gulls (Larus canus) sampled in 2009–10, and in mallards
sampled in 2017 and 2019 in the Netherlands (48) and in 2018 in
Italy (51). The aMPV-B has been reported so far only in a northern
shoveler (Spatula clypeata) sampled in Italy in 2021 (64). Free-rang-
ing ring-necked pheasants (Phasianus colchicus) have been found to
be aMPV positive in northwestern Germany, although the subtype
was not characterized (31). To date, no confirmed detection of
aMPV-A has been reported in wild birds in Europe.

In contrast, subtype A and B detections seem to be more frequent
in wild birds in South America: Subtype A has been reported in
wood duck (Aix sponsa), mandarin duck (Aix galericulata), white-
faced whistling duck (Dendrocygna viduata), rock dove (Columba
livia), American kestrel (Falco sparverius), and white-eyed parakeet
(Psittacara leucophthalma), and in white-cheeked pintail (Anas baha-
mensis), rusty-margined guan (Penelope superciliaris), and Orinoco
goose (Neochen jubata) from Brazil (22,65); subtype B has been
identified in white-cheeked pintail (Anas bahamensis), whistling
duck (Dendrocygna viduata), and rock dove (Columba livia) from
Brazil and in a stygian owl (Asio stygius) and rock dove (Columba
livia) from Colombia (22,65,66). Subtype B has been reported in
Eurasian teal (Anas crecca), common blackbird (Turdus merula), and
Eurasian woodcock (Scolopax rusticola) sampled in a live market in
Iran (67). This difference in the viral presence in wild birds between
Europe and the American continents might have set the premise for
the most important change in aMPV epidemiology in recent times:
the appearance of A and B subtypes in the domestic poultry popula-
tion of North America (68,69,70).

In early 2024, U.S. laboratories confirmed the involvement of
subtypes A and B in ongoing outbreaks of respiratory disease deeply
affecting poultry production, both turkeys and chickens, since the
second half of 2023 (68,69,70). Several hypotheses regarding the
introduction of the virus have been proposed. Wild birds and water-
fowl could have favored aMPV dispersal along the American conti-
nent and potentially between distant countries, as has been
documented for HPAI H5N1 (69). This is supported by the close
phylogenetic relationship between subtype A strains circulating in
the United States and Mexico (69). For subtype B, its initial detec-
tion in U.S. states along the Atlantic flyway is consistent with a wild
bird–mediated introduction, similar to HPAI dispersal patterns
(68). However, the phylogenetic similarity between American and
East Asian subtype B suggests that other routes, such as commercial
trade and international movements of animals or products, may also
have played a role in viral dissemination (71).

CLINICAL DISEASE, COINFECTIONS, AND IMMUNITY

The aMPV is primarily transmitted through direct contact, and
infection reaches high morbidity in flocks where birds are reared at
high densities (72). However, indirect transmission through con-
taminated water, equipment, feed vehicles, and human movement
and airborne transmission can also contribute to viral dissemination
between farms (10). Furthermore, migratory birds have been impli-
cated in the epidemiology of aMPV, with outbreaks in poultry often

coinciding with migratory seasons (73). Although vertical transmis-
sion has been occasionally hypothesized, particularly in cases of
rapid outbreak spread in young poults from infected turkey breed-
ers, there is currently no definitive evidence supporting efficient
transmission from breeders to progeny (74,75).

In turkeys, aMPV causes turkey rhinotracheitis, a condition typi-
cally observed in young birds and characterized by sneezing, nasal
and ocular discharge, tracheal rales, conjunctivitis, and infraorbital
sinus swelling. In severe cases, especially when complicated by sec-
ondary bacterial infections, mucopurulent exudates and submandib-
ular edema can develop. In chickens, aMPV has been associated
with SHS, a multifactorial disease involving periorbital and infraor-
bital edema, head swelling, torticollis, disorientation, and opisthoto-
nos. SHS typically arises in the presence of coinfections and
environmental stressors such as poor ventilation, high ammonia lev-
els, and overcrowding (10,26,76,77,78). Although aMPV infection
alone can reproduce the condition experimentally, it is frequently
found in combination with other pathogens, especially E. coli. The
aMPV has been described as a synergistic or “door-opener” patho-
gen, predisposing and enhancing the severity of respiratory disease
induced by coinfecting pathogens (10,79,80). Coinfections with a
wide range of bacterial and viral pathogens have been documented,
including infectious bursal disease virus (81), infectious bronchitis
virus (IBV) (70,82,83), avian influenza virus (84), Newcastle disease
virus (NDV) (85,86), turkey hemorrhagic enteritis virus (87),
E. coli (70,88), Mycoplasma gallisepticum (89,90), Mycoplasma syno-
viae (84), Ornithobacterium rhinotracheale (ORT) (84), and Chla-
mydia psittaci (91). In both turkeys and chickens, aMPV presence
enhanced ORT pathogenicity (92); in turkeys, a similar interaction
was demonstrated with Bordetella avium (93), Pasteurella spp. (72),
Mycoplasma gallisepticum (94), Mycoplasma imitans (95), Riemerella
anatipestifer (96), NDV, and E. coli (97), whereas very few data are
available on coinfections in chickens.

Experimental studies have shown that subtype A replicates at
higher titers in turkeys and penetrates deeper into the lungs than
subtype B, suggesting a stronger tropism for this species (58,98).
Conversely, experimental infections and subtype comparison in
broilers produced opposite results, with subtype B having a broader
tropism, longer persistence, and higher virulence (79).

The virus also impacts the reproductive system, causing drops in
egg production and quality in both turkeys and chickens, likely due
to viral tropism for the oviduct (75,79,99,100,101). Moreover, spo-
radic cases of orchitis and infertility in roosters have been reported,
leaving some aspects linked to transmission still open (102).

From an immunology point of view, humoral response generally
appears after 5–7 days postinfection in turkeys and 10 days postin-
fection in chickens (75,79,103,104). In laying turkeys, antibodies
against aMPV-A have been shown to persist at high levels up to
89 days postinfection. However, humoral immunity alone does not
confer complete protection against infection or clinical disease
(75,96). The role of maternal-derived antibodies remains unclear;
while they do not fully protect from the clinical disease, they seemed
to modulate the immune response to vaccination, leading to
reduced seroconversion, although protection was not necessarily
jeopardized (105,106,107). Overall, a weak correlation has been
proposed between antibody levels and protection against clinical dis-
ease, suggesting that cellular immunity and mucosal responses may
play a more prominent role in disease control (108).
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Table 1. List of aMPV detections available in literature from Europe, the Middle East, and North Africa (dash indicates data not available).

Country References

Detection

year Host species

aMPV

subtype

Age

(range) Type of detection

Algeria (89) 2012–13 Turkeys (meat) B — Direct: molecular

Austria (131) — — — — Indirect: serologic

Belarus (129) 2005–11 Chickens (broilers, breeders, layers), turkeys (meat) A and B — Direct: molecular

Belgium (110) 1998 Turkeys (meat) A and B 4 wk Direct: molecular þ indirect: serologic

(91) 2001 Turkeys (meat) B 10 wk Indirect: serologic þ direct: molecular

Bulgaria (132) 2017 Fancy chicken breeds — 2 wk–4 mo Indirect: serologic

Croatia (127) — Turkeys (meat) — — Indirect: serologic

Egypt (146) 2013 Turkeys (meat) A — Direct: molecular

(148) — Chickens (broilers) B — Direct: molecular

(186) — Turkeys (meat) — — Direct: molecular þ indirect: serologic

(147) — Chickens (broilers) B — Direct: molecular

France (50) 1999 Ducks C — Direct: molecular

(36) 1985 Turkeys (meat) D — Direct: molecular

(59) 1985 Turkeys (meat) D — Direct: molecular þ indirect: serologic

(9,126) 2017–19 Chickens, turkeys (meat), and guinea fowl B — Direct: molecular

(187) — Turkeys (meat) — — Direct: molecular

(109) 2017–18 Chickens (broilers) B — Direct: molecular

Germany (37) 1997, 1998, 1990 Turkeys and chickens (breeders) A and B — Direct: molecular

(188) 2011–15 Wild pheasants — — Indirect: serologic

(189) 2014–15 Wild pheasants — — Direct: molecular

Greece (123) 2016–17 Chickens (broilers, layers, backyard) B — Direct: molecular

(122) 2016 chickens (broilers, layers, backyard) B .35 days Direct: molecular

Hungary (111) 1989 Turkeys (meat) B — Direct: molecular

Iran (190) 2016–2020 Chickens (broilers) B — Direct: molecular

(191) 2009–10 Chickens (broilers, breeders) — .6 wk Indirect: serologic

(139) 2012–13 Chickens (broilers) — — Direct: molecular þ indirect: serologic

(81) 2018–19 Chickens (broilers) — — Direct: molecular þ indirect: serologic

(138) 2016–18 Chickens (broilers) B — Direct: molecular

(67) 2016 Chickens, turkeys (meat), wild birds B — Direct: molecular

(137) 2014–15 Turkeys (meat) B — Direct: molecular

Iraq (141) 2021–22 Chickens (broilers) — 6–8 wk Indirect: serologic

(140) 2018–19 Chickens (broilers) B 3–6 wk Direct: molecular

Israel (192) Late 1980s Turkeys (meat) — — Direct: virologic þ indirect: serologic

(145) 2006–07 Turkeys (meat), chickens (broilers) A and B 4 wk Direct: molecular þ indirect: serologic

(193) 2002–04 Chickens (broilers, breeders) — — Direct: molecular

(193) 2002–04 Turkeys (meat) A and B — Direct: molecular

Italy (29) 1992–94 1998 Pheasants — — Indirect: serologic

(64) 2021 Wild birds B — Direct: molecular

(173) 2022–23 Chickens (broilers) — 44 days Indirect: serologic

(51) 2018 Wild birds C — Direct: molecular

(49) 2007 Wild birds C — Direct: molecular

(53) 2019 Ducks C — Indirect: serological

(119) 2006–07 Chickens (layers) B 14 wk Direct: molecular þ indirect: serologic

(168) 1986–2007 Turkeys (meat) B — Direct: molecular

(167) 2004 Turkeys (meat) B 2 wk Direct: molecular

(83) 2014–16 Chickens (broilers) B 30 d Direct: molecular

(9,126) 2010–19 Turkeys (meat), chickens, guinea fowl B — Direct: molecular

Jordan (194) 2004–05 Chickens (broilers, layers) B .4 wk Direct: molecular þ indirect: serologic

(86) 2005–07 Chickens (broilers) — — Direct: molecular

Morocco (187) — Turkeys (meat) — — Direct: molecular

(151) 2020–21 Chickens (broilers) — — Indirect: serologic

(152) — Chickens (broilers) A and B 23 d Direct: molecular

(150) 2022 Chickens (broilers) B — Direct: molecular

Netherlands (48) 2017–19 Ducks C — Direct: molecular

Oman (144) 2012 Backyard chickens B — Direct: molecular

Poland (133) 1993 Chickens (broilers), turkeys (meat, breeders) — — Indirect: serologic

Romania (9,126) 2016–17 Turkeys (meat) B — Direct: molecular

(124) 2016 Chicken (broilers) B — Direct: molecular

Russia (130) — — — — Indirect: serologic

(129) 2005–11 Chickens (broilers, breeders, layers), turkeys (meat) A and B — Direct: molecular

Saudi Arabia (142) 2007–08 Chickens (broilers) — 11 wk Indirect: serologic

(143) 2019 Backyard chickens — — Indirect: serologic

Spain (9,126) 2014–19 Turkeys (meat) B — Direct: molecular
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EPIDEMIOLOGY IN EUROPE, THE MIDDLE EAST,
AND NORTH AFRICA

The aMPV was first identified in Europe in 1985, with initial
reports of circulation in turkeys from France (18,64,109) and the
U.K. (17). In the following years, aMPV rapidly spread and was
detected across several European countries, including Germany
(37), Belgium (110), Hungary (111), Italy (112) and the U.K.
(113), where further diagnostic investigations led to the identifica-
tion of multiple subtypes. During the 1990s, numerous vaccines
were developed, and live vaccination became common practice, par-
ticularly in turkeys (114,115,116,117). Conversely, in broilers, vac-
cination has been generally applied less frequently due to cost-
benefit considerations (37).

Other than the sporadic aMPV-C detections, aMPV subtypes A
and B have been reported in many European countries over time
(49,50,51,53) (Table 1). In Italy, A and B subtypes have been docu-
mented in turkeys (87,118) as well as in both short- and long-lived
chicken productive categories and in the rural sector (83,119,120,121);
in Greece, subtype B has been identified in chicken broilers, layers, and
backyard flocks (122,123); in Romania (124), Spain (9,125,126), and
Croatia (127), subtype B has also been detected, often associated with
clinical signs. In Sweden, subtype A has been reported in broiler breed-
ers and turkeys (128); in Belgium (91,110), both subtypes A and B
have been identified in turkeys; in Russia, subtypes A and B have been
detected in chickens and turkeys (129,130); in Ukraine and Belarus,
both subtypes A and B have been documented (129). The aMPV has
also been reported in Austria (131), in Bulgaria (132), and in Poland
(133), where serologic investigations confirmed its circulation in chick-
ens, turkeys, and fancy chicken breeds.

After the first period of cocirculation of the two main subtypes,
subtype B has largely replaced subtype A in both species and all pro-
ductive categories, although sporadic subtype A detections have
been reported (9,121,126). Phylogenetic analyses have revealed a
geographic clustering of the strains, suggesting local viral evolution
and widespread interspecies transmission, particularly in regions
with high poultry density (Fig. 1) (9,126). The rapid viral spread of
aMPV since the 1990s appears to have been facilitated by the
expansion of the live poultry trade and the establishment of the
European Single Market (9). Major poultry-producing countries,
such as Poland, Spain, France, Germany, and Italy, have played a
significant role in shaping both viral dissemination and evolutionary
dynamics (134).

As for North Africa and the Middle East, aMPV has been reported
from several countries, although comprehensive epidemiologic data are
still lacking for many others. Nonetheless, subtype B appears to be the
predominant subtype in the region (Fig. 2). In Turkey, aMPV-B was
identified in turkeys and broilers (135,136); in Iran, its circulation has
been acknowledged since 2012 (67,81,137,138,139); and in Iraq, it
has been documented both directly and indirectly in broilers
(140,141). In Saudi Arabia, commercial and backyard chicken flocks
have shown seroconversion (142,143), while in Oman, subtype B was
confirmed in backyard chicken flocks at low prevalence (144). In Israel,
subtypes A and B were identified despite vaccination application both
in turkeys and chickens (145). In Jordan, only subtype B has been
reported in chickens, while in Egypt, both subtypes have been found
(143,146,147,148), including serologic evidence of infection in duck
flocks (149). In Morocco, aMPV-B has been recently characterized,
and cocirculation of both subtypes was confirmed, following earlier
reports of high seroprevalence in broilers (150,151,152). Subtype B has
also been identified in Algeria and Tunisia, often in association with
other pathogens (84,89,153). Moreover, aMPV has been reported in
Yemen, although available data remain limited (154).

Viral circulation and exchange over long distances have been
proven for other major poultry pathogens, highlighting the tight
commercial interconnection between neighboring, but also distant,
countries (155,156,157,158,159). The intensive nature of poultry
production, the trade expansion, and the increasing scale of live
bird, hatching egg, and poultry product movements contribute to
the establishment of viral persistence and transmission across regions
(160). Moreover, the rapid development of the poultry sector in sev-
eral developing countries has created optimal conditions for acceler-
ating the spread of infectious agents, particularly because the
expansion of high-density farming and integrated production sys-
tems often is not properly mirrored by adequate biosecurity measure
refinement. These patterns emphasize the importance of coordi-
nated surveillance and biosecurity strategies at both national and
international levels to mitigate the risks posed by viral pathogens cir-
culating within these dynamic trade and production networks.

In addition to commercial poultry farming, different niches may
support aMPV persistence and circulation. Wild birds appear to act
as reservoirs for all three major subtypes (A, B, and C), although the
true extent of their involvement is difficult to assess. Limitations
include challenging logistics for sampling wild populations, the lack
of standardized sampling, and insufficient availability of broad-spec-
trum serologic tests capable of detecting antibodies across species

Table 1. Continued.

Country References

Detection

year Host species

aMPV

subtype

Age

(range) Type of detection

Sweden (128) 1998 Chickens (breeders), turkeys (meat) A — Indirect: serologic þ direct: molecular

Tunisia (84) 2018–20 Chickens (broilers) B — Direct: molecular

(153) 2015–19 Chickens (broilers) B 4 wk Direct: molecular

Turkey (135) 2017–18 Chickens (broilers) B — Direct: molecular

(136) 2008–09 Turkeys (meat) B 7 wk Direct: molecular

(195) 2017 Chickens (broilers, layers) — — Direct: molecular

Ukraine (129) 2005–11 Chickens (broilers, layers, breeders), turkeys (meat) A and B — Direct: molecular

U.K. (9,126) 2014–19 Turkeys (meat) B — Direct: molecular

(196) 2015–16 Chickens B — Direct: molecular

(197) 1985 Chickens (broilers, layers, breeders) — 18 wk Indirect: serologic

(198) 1996 Chickens (broilers) A and B — Direct: molecular

(113) 1994–95 Turkeys (meat) B 32 days Direct: molecular

Yemen (154) — — — — Indirect: serologic
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and distinguishing subtypes. Furthermore, the short persistence of
the virus in the host and the inability to specifically target symptom-
atic individuals likely contribute to the underestimation of aMPV
prevalence in wild populations (48,49,51,64).

In the productive context, other than turkey and chicken farming,
additional sources of viral maintenance have been identified. The
aMPV-C antibodies have been identified in commercial mallards in
Italy, attesting to viral circulation in the domestic population and possi-
bly exposing other poultry sectors to this particular subtype (53). Rural
sector and backyard farming systems have been also confirmed as possi-
ble niches for viral maintenance in the territory, with the recent retrieval
of a less frequent subtype A strain in a mixed-species rural farm (121),
and with high aMPV seroprevalence reported in hobby poultry flocks in
Belgium (161). These findings highlight the importance of continuous
surveillance across different production systems and host species, particu-
larly in contexts where biosecurity practices are limited or inconsistent.

The use of live vaccines has further complicated the epidemio-
logic landscape (9,109,126,162). Live attenuated vaccine strains

may persist and disseminate, especially in case of suboptimal vacci-
nation coverage, inadequate disinfection, or insufficient biosecurity
measures (163). In such scenarios, vaccine-derived strains have been
shown to cause disease in unvaccinated flocks (120), and this has
been also confirmed under experimental conditions (163).

When clinical signs are observed in the absence of vaccination and
coinfections, the detected strains could be considered revertant strains
or field-like variants. While a clear knowledge of flock vaccination his-
tory, combined with sequencing, can allow the identification of unex-
pected vaccine-like strains, the phylogenetic distinction between field
and vaccine-derived strains becomes more complicated when sequences
are uploaded into public databases without sufficient contextual meta-
data. This can lead to database overcrowding and impairs phylogenetic
classification efforts (9). On the other hand, viral detections in litera-
ture are also not always accompanied by sequence availability, limiting
the epidemiologic representation of aMPV circulation.

For classification purposes and to distinguish vaccine and field
viruses, vaccine-specific genetic markers have been identified, but
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Fig. 1. Maximum likelihood phylogenetic tree based on the partial G gene sequence, depicting the relationship between aMPV subtype B
strains collected in Europe, the Middle East, and North Africa. The circles surrounding the tree represent different features associated with the
sampled strains. In the inner circle, strains are classified as vaccine (i.e., reference sequences of commonly used vaccines), vaccine-like (i.e., genetic
distance lower than 0.5% compared to the most closely related vaccine), and field strain (i.e., genetic distance higher than 0.5%). The middle and
outer circles depict, with different colors, the host species and country of collection, respectively.
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their routine evaluation is often limited due to partial sequencing
for diagnostic purposes (120,163,164,166). Moreover, multiple
potential pathways leading to reversion to virulence, vaccine batch
variability, and ongoing field virus evolution, also driven by the
immune pressure induced by vaccination itself, challenge the reli-
ability of such markers (165,167,168).

DIAGNOSIS AND CONTROL

Several diagnostic methods have been developed and validated over
the years for aMPV detection and characterization, ranging from tradi-
tional techniques such as viral isolation, electron microscopy, and anti-
genic differentiation to more recent phylogenetic analysis and
classification (6,16,34,35,36,39,169,170). Considering the economic
impact of aMPV and its high mutation and recombination rates, typi-
cal of RNA viruses, genetic surveillance is essential for tracking viral
evolution, identifying emerging variants, and ensuring the continued
effectiveness of vaccination programs (21,123,171,172). Molecular
techniques, particularly reverse transcription PCR (RT-PCR) and
quantitative assays (RT-qPCR), are currently the most widely used
diagnostic tools for aMPV detection in the field. These assays typically
target the G gene due to its high genetic variability, which allows for
both virus detection and subtype identification (6,173). Although
molecular detection improves the effective time windows compared to
virus isolation, the short persistence in host tissues after clinical signs
onset still poses significant diagnostic challenges, and sample collection
must occur within a narrow time window (79,174,175). A second fac-
tor compromising assay sensitivity is represented by genome variability.
While the use of different primer sets targeting various genomic regions
can improve the overall sensitivity, it is often impractical for a single
laboratory and it complicates the comparison and interpretation of
results among laboratories. Additionally, the emergence of novel or
uncommon subtypes in previously unaffected countries may go

undetected in the absence of inclusive assays, contributing to further
viral spread (60,61,68,69). In this context, regular surveillance of both
domestic and wild bird populations, including the screening for non-
conventional subtypes, is essential (51). Such monitoring efforts can
provide early warning of virus introduction and help to identify the
establishment of new epidemiologic niches.

To address these limitations, advanced sequencing techniques
have become increasingly important. Sanger sequencing and next-
generation sequencing (NGS) allow for precise mutation detection
and genome characterization. While Sanger sequencing is limited to
short DNA fragments (500–900 bp) and mainly used for point
mutations, NGS enables the simultaneous sequencing of millions of
fragments, offering greater speed, sensitivity, and the ability to char-
acterize entire viral genomes. Despite its potential, the application
of NGS to aMPV routine diagnosis remains limited, with most
studies focusing on hMPV. In avian species, diagnosis still predomi-
nantly relies on RT-PCR or RT-qPCR (176,177,178,179).

Complementary to molecular diagnostics, serologic assays, especially
ELISA-based methods, are employed to assess aMPV circulation in
flocks, particularly toward the end of the production cycle (173). Titers
tend to increase with age in broilers, revealing also late infections during
the cycle and increasing the possibility to detect the virus passage within
the flock; moreover, serology is essential when monitoring long-lived
birds, in which it could be more difficult to spot the exact time for virus
detection, often without overt respiratory clinical signs (173). Although
serology is cost-effective and suitable for large-scale monitoring, it is also
affected by antigenic variability, which may lead to subtype-specific sen-
sitivity or specificity, but it is also dependent on the availability of sec-
ondary antibodies, often narrowing the diagnostic application to the
most common poultry species, such as chickens and turkeys.

Vaccination remains the primary strategy for aMPV prevention
and control. Both live attenuated and inactivated vaccines are com-
mercially available and used differently depending on the poultry

Fig. 2. Historical range of different aMPV subtypes in Europe, the Middle East, and North Africa according to available studies and pub-
lished sequences. Countries where aMPV was detected with diagnostic means that did not allow for subtyping are indicated as undetermined.
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type and production system. Subtype A– and B–based vaccines are
widely distributed in Europe and Asia, whereas subtype C vaccines
were used until eradication in North America, where only this sub-
type circulated (69,180).

Vaccines based on subtypes A or B generally confer cross-protec-
tion against each other and against subtype C; however, the reverse is
not consistently true (181). Live attenuated vaccines are usually
administered to day-old or week-old birds via spray, oculo-nasal
drop, or drinking water. These vaccines induce a rapid primary
immunity response that can be boosted in the field in meat-type
birds, especially in turkeys, where the cycle is longer, whereas broilers
could be protected throughout the cycle by a single administration
(10,180). In long-lived birds, such as layers and breeders, combined
vaccination protocols are often employed, consisting of live priming
followed by inactivated vaccine boosters prior to the laying period, to
prevent oviduct colonization and minimize production losses.

Interactions among aMPV and other live vaccines have been
observed. For example, co-administration with IBV live vaccines
may enhance IBV replication while reducing aMPV-specific anti-
body responses (182). Weaker interactions have been reported with
NDV vaccines, where a transient suppression of aMPV vaccine rep-
lication was observed but with minimal to no impact on seroconver-
sion (183,184). Importantly, bird protection against challenge was
not compromised, even in studies involving simultaneous vaccina-
tion against aMPV, NDV, and IBV (185).

CONCLUSIONS

Although numerous reports have documented the presence and
circulation of aMPV in Europe, the Middle East, and North Africa,
the available data remain fragmented both temporally and geographi-
cally, leaving significant knowledge gaps in several countries. The
absence of standardized protocols for epidemiologic data collection
hinders accurate assessments of viral distribution and its impact on
poultry production. Additionally, the variability in diagnostic meth-
ods and control strategies across regions contributes to heterogeneous
and shifting viral dynamics. To address these challenges, coordinated
and systematic efforts are needed to consolidate existing data, identify
underreported areas or production sectors, and guide future diagnos-
tic and research initiatives. Regular updates of the epidemiologic
landscape are essential to support evidence-based control measures
and to enhance preparedness against the evolving threat of aMPV.
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