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 In the present study the subtype B aMPV, strain aMPV/B/IT/GuineaFowl/1818/12, 

was detected in guinea fowls affected by respiratory signs, sequenced and 

molecularly characterized. Comparisons among several F and G gene full sequences 

of aMPVs subtype B, showed that no consistent pattern related to host-tropism 

could be identified. Moreover, analysis of partial G gene revealed the perfect 

identity of the guinea fowl strain with four Italian aMPVs isolated from turkeys or 
chickens in a time frame of three years, in the same geographic area. Phylogenetic 

analysis of both genes showed an evolutionary trend of subtype B circulating in 

Northern Italy from its first appearance in 1987, to date. The co-presence in the 

same geographic area of farms housing different avian species sensitive to aMPV, 

vaccinated with different vaccination programs or not vaccinated (like guinea 

fowls), and often belonging to the same integrate poultry company, could be a 

crucial factor for the establishment of an endemic infection. 
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INTRODUCTION 

 

Avian Metapneumovirus (aMPV) belongs to the family 

Pneumoviridae, order Mononegavirales (Rima et al., 2017). 

aMPV contain a non-segmented, negative-stranded RNA 

genome, of approximately 13 kb in length constituted by 

eight genes (3’-N-P-M-F-M2-SH-G-L-5’) which encode 

for nine proteins. Four subtypes (A, B, C and D) have been 

recognized based on nucleotide sequence differences. 

Turkeys and chickens are the most affected species 

worldwide; evidence of aMPV infection has been reported 

in other domestic and wild birds (Cecchinato et al., 2016). 

Turkeys are the most susceptible species and the related 

disease is referred as Turkey rhinotracheitis (TRT). Natural 

and experimental infection has been reported in chickens 

due to subtypes A, B or C (Catelli et al., 1998, 2004; Aung 

et al., 2008; Cecchinato et al., 2012; Wei et al., 2013; 

Tucciarone et al., 2018). 

aMPV subtype A or B infection naturally occurs in 

pheasants (Catelli et al., 2001) and recently subtype C has 

been detected too (Lee et al., 2007). Waterfowls show a 
different subtype spectrum sensitivity. Muscovy ducks, 

Pekin ducks and geese seem to be sensitive only to 

subtype C as reported in Europe, USA and China 

(Cecchinato et al., 2016). 
Guinea fowls were shown to be sensitive to 

experimental infection with an un-typed strain of aMPV 
isolated from turkeys affected by TRT (Picault et al., 
1987) and to aMPV subtype A (Gough et al., 2002) and 
the virus has been isolated from field outbreaks of 
respiratory disease and swollen head syndrome in this 
species in France (Kles et al., 1987) and in the 
Netherlands (Litjens et al., 1989). 

Moreover, clinical infection has been reported in feral 
guinea fowls, which were commonly found around 
poultry houses in South Africa, suggesting they may have 
played a role in the transmission of aMPV. So far 
molecular data on aMPV strains circulating in guinea 
fowls are lacking. This paper reports, for the first time, the 
molecular characterization of an aMPV strain detected 
from guinea fowls during an outbreak of respiratory 
disease. In order to identify if genetic differences related 
to the host tropism do exist, F and G genes were 
sequenced, aligned and compared with other aMPVs 
isolates from turkeys and chickens. 
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MATERIALS AND METHODS 

 

Farm: Rhino-pharyngeal swabs were collected during an 

outbreak of respiratory disease occurred in a farm of 

approximately 20,000 guinea fowls, situated in a densely 

populated poultry area of Northern Italy (Veneto Region) 

and belonging to an integrated poultry company. The farm 

was constituted of two flocks.  

Sneezing, nasal exudates, conjunctivitis and ocular 

discharge were observed from 70 days of age. Some birds 

showed oedematous periocular swelling (Fig. 1). Feed 

intake was reduced. Birds were treated with Colistin for 4 

days. Mortality did not exceed 1%. Birds were only 

vaccinated for Newcastle disease (B1 strain), by spray at 

day-old and 22 days of age. 

 

 
 
Fig. 1: Swollening of periorbital tissues in a guinea fowl from the flock 

affected by aMPV infection. 

 

Sampling: Because of the high infectivity of aMPV in 

poultry, the expected prevalence was set at 30%. In each 

flock the population of birds was ≥3500, so 10 

samples/flock were collected to be 95% certain of 

detecting the infection (Canon and Roe, 1982). The swabs 

were air-dried for approximately 30 minutes and 

thereafter kept at room temperature prior to be processed 

in pools of 10, according to the sampled flock. 

 

Subtype specific qRT- PCR for aMPV: A subtype 

specific qRT-PCR based on SH gene sequence, able to 

differentiate A and B subtypes, was used to detect and 

type aMPV from dry swabs. RNA was extracted from the 

pools using the QIAamp® Viral RNA Mini Kit (QIAGEN 

S.r.l., Milan, Italy) according to the manufacturer’s 

instructions and qRT-PCR was performed using the 

method described by Cecchinato et al. (2013b). 

 

Sequencing of aMPV F and G genes: In order to 

sequence the entire F and G protein genes of the detected 

strain (aMPV/B/IT/GuineaFowl/1818/12), the protocol 

described by Cecchinato et al. (2010) was used. 

Amplified DNA products were purified using the 

Wizard® SV Gel and PCR Clean-Up System (Promega 

Italia S.R.L., Milan, Italy). Sequencing was performed at 

Macrogen (Amsterdam, the Netherland).  

Phylogenetic analysis: Nucleotide sequences were edited 

and assembled using Bioedit software and aligned against 

analogous gene sequences of aMPV subtype B isolated in 

Italy or published on GenBank, using Clustal W. 

Independent phylogentic trees were reconstructed for the 

complete F and G gene using the Maximum likelihood 

(ML) approach implemented in PhyML (Guindon et al., 

2010). The best substitution model was selected based on 

the Akaike information criteria (AIC), calculated using 

JmodelTest (Darriba et al., 2012). The best tree search 
method included the combination of two branch swapping 

algorithms: nearest neighbor interchange (NNI) and 

subtree pruning and regrafting (SPR). The branch support 

was evaluated using 1000 bootstrap replicates. Raw 

genetic distances among sequence pairs and the related 

heatmaps were calculated using the ape (Paradis et al., 

2013) and phytools (Revell, 2012) R libraries, 

respectively. 

To benefit of a higher sequences number, a 

phylogenetic tree was also reconstructed based on a 

partial G gene alignment using the previously described 
approach and a slightly modified version of the sequence 

dataset (Tucciarone et al., 2017). 

 

RESULTS  

 

The aMPV subtype B was detected from both bird 

flocks. The sample that showed the lower cp by qRT-PCR 

was named aMPV/B/IT/GuineaFowl/1818/12 and was 

selected for attempting the molecular characterization of 

the complete F and G genes. The nucleotide sequences 

obtained were deposited in GenBank with the following 

accession numbers: KC542808 (F gene) and KC960435 
(G gene). 

The phylogenetic trees based on complete nucleotide 

or amino acid sequences of F and G genes showed a 

similar topology, characterized by the presence of one 

main cluster comprising all Italian strains isolated after 

2001, including the aMPV detected from guinea fowl 

(aMPV/B/IT/GuineaFowl/1818/12) (Fig. 2).  

In the G gene, strain IT/GuineaFowl/1818/12 showed 

the highest homology with the Italian strain 

IT/Ty/2009/13 (99.8% of homology). A lower homology, 

ranging from 98.1 to 99.7% was observed with other 
Italian strains isolated after 2001 (Table 1). Italian strains 

detected before 2001 were genetically more distant 

(homology ≤97.6%). Similar results were obtained 

comparing F genes sequences (Table 1). The comparison 

of the guinea fowl strain with the other Italian aMPVs 

demonstrated a decrease in genetic identity, which 

correlates to the strain isolation year. A higher distance 

was observed with viruses isolated in Russia (93.4-97.3% 

of homology), Ukraine (94.3%) and Israel (95.6%). 

Comparison of partial G gene was moreover 

performed, due to the availability of larger number of 

sequences. Results showed the perfect identity of the 
guinea fowl strain with four Italian aMPVs isolated from 

turkeys (strain IT/Ty/2009/13) or chickens (strains 

IT/Ck/569-03/2015, IT/Ck/575-03/2015 and IT/Ck/575-

04/2015) in a time frame of three years, in the same 

geographic area (Fig. 3). These strains were part of a 

cluster including other Italian viruses (from 2001-2013) 

and aMPVs detected in Spain and Greece in 2016 (Fig. 3). 
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Fig. 2.  Phylogenetic tree based on the alignment of complete G gene nucleotide sequences of subtype B AMPVs, constructed using the maximum 

likelihood method implemented in the PhyML software. A yellow box highlights a main cluster comprising all Italian strains isolated after 2001, 

including the aMPV detected from guinea fowl (red font). 

 
Table 1: Percentage of nucleotide (nt) and amino acid (AA) homology 

between G and F gene sequences of the strain aMPV/B/IT/GuineaFowl/ 

1818/12 and aMPV subtype B Italian strains isolated from 1987 to 2015 

Strain 
Year of  

detection 

Homology (%) 

G gene F gene 

nt AA  nt AA 

aMPV/B/IT/Ty/Vr240/87 1987 97.6 95.3 97.5 98.5 

It2119 NA 97.6 95.3 NA NA 

Italy16/91 1991 97.4 95.3 97.4 98.8 

aMPV/B/IT/Ty/2a/01 2001 98.7 97.4 98.7 99.0 

aMPV/B/IT/Ck/33a/02 2002 98.7 97.4 98.6 98.8 

aMPV/B/IT/Ck/34a/02 2002 98.8 97.6 98.5 98.7 

aMPV/B/IT/Ty/129-18/04 2004 98.4 97.4 98.5 98.7 

aMPV/B/IT/Ty/205-16/04 2004 98.5 97.1 98.5 98.8 

aMPV/B/IT/Ty/1348-01/07 2007 98.4 97.4 NA NA 

aMPV/B/IT/Ty/53/09 2009 98.5 97.9 99.2 99.4 

aMPV/B/IT/Ty/1077-02/09 2009 98.1 97.6 99.2 99.4 

aMPV/B/IT/Ty/1213/10 2010 99.3 98.9 NA NA 

aMPV/B/IT/Ty/531/10 2010 99.7 99.4 99.5 99.6 

aMPV/B/IT/Ty/532-01/10 2010 99.4 99.2 99.5 99.6 

aMPV/B/IT/Ty/1997/12 2012 99.2 98.4 99.5 99.4 

aMPV/B/IT/Ty/2009/13 2009 99.8 99.7 99.6 99.4 

aMPV/B/IT/Ck/164/13 2013 98.6 97.4 99.3 99.0 

aMPV/B/IT/Ck/570-02/15 2015 99.4 98.9 99.5 99.4 

IT/Ck/2060/13 2013 NA NA 99.2 99.4 

Italy.182.88 NA NA NA 97.2 98.3 

IT/Ty/132-08/04 2004 NA NA 97.7 98.5 

IT/Ty/129-08/04 2004 NA NA 97.7 98.5 

NA=Not available. 

 

DISCUSSION 

 

In the present study a subtype B aMPV strain 

(aMPV/B/IT/GuineaFowl/1818/12) detected in guinea 

fowls affected by respiratory signs was sequenced and 

molecularly characterized. To our knowledge, this is the 

first time that sequences of an aMPV from guinea fowls 

are made available to the scientific community and 

compared with strains originating from different species.  

F and G genes of the analysed strain were 1,617bp or 
1,242 bp in length, respectively, as reported for aMPVs of 
subtype B isolated from turkey and chickens (Cecchinato 
et al., 2010). Comparisons among several F and G gene 
full sequences of aMPVs subtype B, showed that while 
numerous individual sequence differences between 
viruses isolated in different avian species are present, no 
consistent pattern related to host-tropism could be 
identified. In particular, the guinea fowl aMPV strain 
showed high homology with aMPVs subtype B isolated 
from turkeys or chickens in the specific geographic area, 
indicating that the strains do not possess peculiar 
differences linked to the species of origin since a 
substantial identity among aMPV sequences detected in 
the same period from broiler, turkeys and guinea fowls. 
Therefore, it is likely that similar strains are circulating in 
more than a single target species. Moreover, phylogenetic 
analysis of both genes shows an evolutionary trend of 
subtype B circulating in Northern Italy from its first 
appearance in 1987 to 2015 (to which date back our latest 
sequences), as previously reported (Cecchinato et al., 
2010, Tucciarone et al., 2018). It is likely that the Italian 
aMPVs subtype B are accumulating progressive mutations 
from a common progenitor, potentially because of vaccine 
induced immune pressure (Catelli et al., 2010). 
Furthermore, the co-presence in the same geographic area 
of farms housing different avian species sensitive to 
aMPV, vaccinated with different vaccination programs or 
not vaccinated (like guinea fowls), and often belonging to 
the same integrate poultry company, could be a crucial 
factor for the establishment of an endemic infection 
(Cecchinato et al., 2013a), reversion to virulence of 
vaccines and environmental spread of vaccine-derived 
strains (Catelli et al., 2006; Brown et al., 2011; Lupini et 
al., 2011; Cecchinato et al., 2014; Listorti et al., 2014).  
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Fig. 3: Phylogenetic tree based on the alignment of partial G gene nucleotide sequences of subtype B AMPVs, constructed using the max imum 

likelihood method implemented in the PhyML software. A yellow box highlights a main cluster comprising Italian strains isolated after 2001, including 

the aMPV detected from guinea fowl (red font), Greeks and Spanish strains detected in 2016. 
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