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Newcastle disease virus (NDV) is one of the most important viral diseases of birds. Wild birds constitute a natural reservoir of
low-virulence viruses, while poultry are the main reservoir of virulent strains. Exchange of virus between these reservoirs repre-
sents a risk for both bird populations. Samples from wild and domestic birds collected between 2006 and 2010 in Luxembourg
were analyzed for NDV. Three similar avirulent genotype I strains were found in ducks during consecutive years, suggesting that
the virus may have survived and spread locally. However, separate introductions cannot be excluded, because no recent complete
F gene sequences of genotype I from other European countries are available. Detection of vaccine-like strains in wild waterbirds
suggested the spread of vaccine strains, despite the nonvaccination policy in Luxembourg. Among domestic birds, only one
chicken was positive for a genotype II strain differing from the LaSota vaccine and exhibiting a so-far-unrecognized fusion pro-
tein cleavage site of predicted low virulence. Three genotype VI strains from pigeons were the only virulent strains found. The
circulation of NDV in wild and free-ranging domestic birds warrants continuous surveillance because of increased concern that
low-virulence wild-bird viruses could become more virulent in domestic populations.

Newcastle disease, caused by virulent strains of the Newcastle
disease virus (NDV), is one of the most important viral dis-

eases in poultry, together with highly pathogenic avian influenza.
NDV, or avian paramyxovirus type 1, is a negative single-stranded
RNA virus belonging to the Avulavirus genus in the Paramyxoviri-
dae family. Based on clinical signs in chickens, several pathotypes
have been defined (1). The sequence of the fusion (F) protein
cleavage site is considered a major virulence determinant, and it
appears that a minimum of three basic amino acids between resi-
dues 112 and 116, followed by a phenylalanine at residue 117, are
required for virulence (1). However, other factors are also in-
volved in the virulent phenotype, as indicated by strains found in
pigeons around the world and in healthy migratory ducks in
Alaska that have a virulent cleavage site motif but are not always
virulent for chickens in standard pathogenicity tests (2, 3).

Besides its phenotypic heterogeneity, NDV is also genetically
diverse; several phylogenetic classes and genotypes (4) or lineages
(5) are recognized, and its diversity is still unfolding (4, 6). Class I
strains and genotypes I and X of class II are mainly constituted by
avirulent strains. Genotype II contains a broad spectrum of
strains, but nowadays, mainly avirulent strains are found. The
other class II genotypes (III to IX and XI to XV) contain almost
exclusively viruses with a virulent cleavage site.

Wild birds constitute a natural reservoir of viruses of low vir-
ulence for chickens. In particular, waterbirds may play an impor-
tant role in NDV epidemiology due to shedding of viral particles
into the aquatic environment more favorable for virus stability
and due to their potential for long-distance dissemination by mi-
gration (7). Although no direct epidemiological link was found,
successions of outbreaks in the United Kingdom, Sweden, Den-
mark, and Finland between 1996 and 2005 were all related at least
on the basis of strain similarity, suggesting multiple introductions
of viruses from the same pool by wild birds (8). Moreover, isola-
tion of similar viruses in wild birds (a goosander in Finland and a
cormorant in Denmark) together with the proximity to water of a

significant number of the affected flocks was suggestive of a wild-
bird reservoir at least of genotype XIII strains in Western and
Northern Europe (9). Another more common threat for poultry
arises from pigeon paramyxovirus type 1 (PPMV-1) strains, variants
of NDV grouping within genotype VI. PPMV-1 strains exhibit a
broad range of pathogenicities for poultry (2), and pathogenicity may
increase after serial passages in chickens (2, 10). On several occasions,
PPMV-1 strains caused outbreaks in chickens (11–13).

During the last decade, virulent viruses from genotypes VI,
VII, and XIII have been detected in wild and domestic birds in
several European countries (9), and avirulent strains of class I
and class II (genotypes I and II) have also been reported sporadi-
cally (http://ec.europa.eu/food/animal/diseases/controlmeasures
/avian/crls_proceedings_en.htm). However, in Europe, only a few
sequences from wild birds are available, despite their importance
for epidemiological surveillance. In this retrospective study, we
examined stored samples collected in the framework of avian in-
fluenza surveillance in Luxembourg to investigate the presence of
avirulent and virulent NDV in wild and domestic birds. All viruses
found had a predicted low virulence, except for three PPMV-1
strains.

MATERIALS AND METHODS
Sample collection. Between January 2006 and July 2010, pooled tracheal
and cloacal swabs (n � 576), cloacal swabs (n � 196), tracheal swabs (n �
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22), and fresh feces (n � 337) were collected during active and passive
surveillance for avian influenza virus. The majority of the samples origi-
nated from wild birds (n � 1,003), but a smaller number of domestic birds
was also sampled, including chickens (n � 120), a turkey (n � 1), a quail
(n � 1), a peafowl (n � 1), and pheasants (n � 2) (see Table 2). Samples
from healthy passerines were mainly collected with mist nests during mi-
gration surveys at three locations: Nospelt, Ubersyren, and Schifflange.
Wild waterfowl, primarily targeted for avian influenza surveillance, were
mainly sampled along the Moselle River in Remich and Wasserbillig.
Some samples from injured or sick animals, especially from birds of prey,
were also collected at a wildlife shelter, while exotic species (n � 3) were
sampled at a zoological park and at the international airport. The other
bird species were sampled throughout the country but with a bias toward
the southern part of the country (Fig. 1).

All swab samples were immediately placed in the field in 500 �l of virus
transport medium (phosphate-buffered saline [PBS; pH 7.0] with 2,000 U
of penicillin/ml, 200 mg of streptomycin/ml, 2,000 U of polymyxin B/ml,
250 mg of gentamicin/ml, 60 mg of ofloxacin/ml, 200 mg of sulfame-
thoxazole/ml, and 2.5 mg of amphotericin B/ml). All samples were kept
refrigerated until delivery to the laboratory. Approximately 100 mg of

fecal samples was homogenized in 500 �l of virus transport medium upon
arrival at the laboratory. A total of 786 samples were processed immedi-
ately and cDNA was kept at �20°C, while 345 samples were stored at
�80°C before being processed. The majority of the samples (86%; 968/
1,131) were stored at �80°C within 48 h after collection.

Nucleic acid extraction, PCR, and sequencing. RNA was extracted
from 140 �l of medium using a QIAamp viral RNA minikit (Qiagen,
Venlo, The Netherlands) or from 50 �l using a MagMAX-96 AI/ND viral
RNA isolation kit (Life Technologies, Merelbeke, Belgium) with King-
Fisher (Thermo Fisher, Waltham, MA). Screening for class I strains was
performed only on the 345 samples collected after June 2007 (according to
the method of Kim et al. [14]). Class II strain detection by nested PCR (6,
15) and sequencing of positive PCR products (6) were carried out as
described previously. Whenever enough material was available, the entire
F gene was amplified using several primer combinations in (semi)nested
PCR formats (Table 1).

Statistical analyses. Statistical analyses to assess whether differences
in sampling or sample processing had an effect on the outcome of the
detection tests were performed using the chi-square test with Yates cor-
rection in SigmaPlot software.

Sequence analyses. Kimura distances were calculated according to the
Kimura 2-parameter model on partial (240-nucleotide [nt]) or complete
(1,662-nt) F gene sequences. The sequence lengths used for distance cal-
culations are mentioned in Results. Phylogenetic relationships were in-
ferred by comparing the Luxembourgish strains with all NDV sequences
available on the NCBI website (downloaded in October 2012) after data
set curation. Data sets were aligned using ClustalW (19). Trees were cal-
culated with the neighbor-joining method, using the Kimura 2-parameter
model and 1,000 bootstrap replicates as implemented in MEGA, version
5.03, software (20). Representative strains were selected based on these
preliminary analyses and are displayed in Fig. 2 and 3. The classification
nomenclature of Diel et al. (4) was used, and the nucleotide numbering of
the F gene sequence was done according to the method of Kho et al. (15).

Nucleotide sequence accession numbers. Sequences were submitted
to GenBank under accession numbers HE972209 to HE972217. The fol-
lowing strain nomenclature was used: host/country/strain number/year.

RESULTS

None of the 345 samples tested for class I strains was positive for
these strains. A total of 9 samples out of 1,131 were positive in the
PCR detecting class II NDV strains (Table 2), corresponding to an
overall prevalence of 0.8% during the period from 2006 to 2010
(4/619 in 2006, 4/349 in 2007, 1/84 in 2008, 0/67 in 2009, and 0/12
in 2010). However, prevalences may be somewhat underesti-
mated, since virus isolation and some reverse transcription-PCR
(RT-PCR) protocols may be more sensitive. Statistical analyses
revealed that the type of samples, the time between collection and
storage (categorized as less or more than 48 h), or the type of
material used in the PCR (cDNA stored at �20°C or freshly pre-
pared from original samples stored at �80°C) had no significant
effect on the number of positive samples per group (P values �
0.816, 0.847, or 0.583, respectively). The apparent absence of
NDV in 2009 and 2010 as well as in the northern part of the
country (Fig. 1) was most probably due to a suboptimal surveil-
lance effort rather than a disappearance of NDV in Luxembourg
or the existence of regional differences.

Phylogenetic analyses of partial (9 strains) (Fig. 2) and com-
plete (5 strains) (Fig. 3) F gene sequences revealed equal distribu-
tions of the samples in three class II genotypes.

Genotype I. Three similar strains (Kimura distances from 0
to 0.5% [1,662 nt]) from ducks, including one mallard (Anas
platyrhynchos), clustered in genotype I. They clustered together
with strains from waterfowls from Finland, the Far East, and

FIG 1 Geographic distribution of collected samples by municipalities in Lux-
embourg. The shading corresponds to the number of samples collected per
municipality. The numbers indicate the origins of isolates as follows: 1, duck/
Luxembourg/26/2006 and pigeon/Luxembourg/119/2006; 2, great cormo-
rant/Luxembourg/2547/2006; 3, chicken/Luxembourg/2871-18/2007; 4,
duck/Luxembourg/3785/2007 and duck/Luxembourg/3786/2007; 5, pigeon/
Luxembourg/3821-1/2007; 6, mallard/Luxembourg/4178/2008. The strain
pigeon/Luxembourg/2657-2/2006 originated from an animal rescued at the
animal wildlife shelter in Dudelange (7). Template map © Origine Cadastre:
Droits Réservés è l’Etat du Grand-Duché de Luxembourg (2012).
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China (Fig. 2 and 3) and were most closely related to each other
based on complete F gene sequences (Fig. 3). They all had a
Kimura distance of 0.4% (240 nt) to mallard/Finland/9360/
2010. The deduced amino acid sequence of the F protein cleav-
age site 112GKQGR*L117 (where the asterisk indicates the site of
cleavage of the precursor protein, F0, into its subunits, F1 and
F2) was typical of avirulent genotype I strains.

Genotype II. Three samples from a chicken, a great cormorant
(Phalacrocorax carbo), and a duck clustered in genotype II, to-
gether with the commonly used vaccines LaSota and B1. Kimura
distances (240 nt) to the LaSota and B1 vaccines ranged from 0
(duck/Luxembourg/26/06) to 1.3% (chicken/Luxembourg/2871-
18/07). Both duck/Luxembourg/26/06 and Great Cormorant/
Luxembourg/2547/2006 exhibited a cleavage site typical of aviru-
lent genotype II strains, 112GRQGR*L117, while the chicken/
Luxembourg/2871-18/07 strain encoded 112GGQGR*L117 due to a
nonsynonymous A-to-G substitution at nucleotide position 380.

Genotype VI. The last three sequences from pigeons (Columba
livia var. domestica) clustered in genotype VI, together with recent
isolates mainly found in Columbiformes worldwide. Kimura dis-
tances ranged from 0.4% between pigeon/Luxembourg/2657-
2/06 and pigeon/Luxembourg/119/06 (240 nt) to 2.6% between
pigeon/Luxembourg/119/06 and pigeon/Luxembourg/3821-1/07
(1,662 nt). All genotype VI strains encoded virulent fusion cleav-
age site motif 112RRQKR*F117, as defined by the World Organiza-
tion for Animal Health standard (1), and were similar to the cleav-
age site sequences of other previously described PPMV-1 strains.

DISCUSSION

There is increasing evidence that wild waterbirds are natural car-
riers of avirulent class I and class II genotype I and X strains (21–
25). It was thus not surprising to find five out of nine positive
samples from waterbirds, including three avirulent genotype I
strains in ducks, in our study. Based on the full F gene sequences
(Fig. 3), these genotype I strains formed a monophyletic cluster,
which may suggest that they evolved from a recent common an-
cestor and resulted from a single introduction event in Luxem-
bourg. In this scenario, the detection of similar strains in 2007 and

2008 would indicate that avirulent viruses could be maintained in
the local bird population throughout the year. However, their
relationship with NDV isolates recently identified in migratory
species in Finland (23, 26) could not be further clarified on the
basis of the short Finnish sequences. Wild Anatidae, such as Eur-
asian teals, mallards, and northern shovelers, have different mi-
gratory routes, which mainly depend on weather conditions and
the availability of food resources. These three species, among oth-
ers, are also commonly observed at migratory stopovers in Lux-
embourg. Similarly, the three ducks sampled in August 2007 and
in October 2008 in Luxembourg could have arrived in Luxem-
bourg shortly before being sampled. It is therefore possible that
genotype I strains have been introduced by migratory species on a
single occasion or several occasions. Complete F gene sequences
from other European countries, as well as more detailed informa-
tion on the bird species sampled, would be required to further
address this possibility.

The strains of genotype VI found in three Luxembourg pigeons
probably originate from separate introduction events, as they do
not share a direct common ancestor and are interspersed with
strains found in other countries (Fig. 2 and 3). While PPMV-1
strains initially circulated mainly in racing and show pigeons, they
are now considered enzootic in feral pigeons and doves in coun-
tries such as Germany and Italy (13, 27). Cases in pigeons have
been detected almost every year between 2000 and 2009 in the
neighboring countries (9), and dissemination to Luxembourg is
not unexpected.

While genotype I and X (class II) and class I strains are often
detected in waterfowl, vaccine-like strains of genotype II are
mainly found in poultry and are usually associated with the use of
live vaccines (6, 28, 29). In this respect, our finding of a vaccine-
like strain in a great cormorant and a duck in Luxembourg is
somewhat unusual. The detection of vaccine strains in nonvacci-
nated flocks suggested that lentogenic vaccine strains can spread at
least within poultry (30). In addition, wild-type virus transmis-
sion between wild and domestic birds was already suspected to be
at the origin of the similarity of strains found in wild birds and

TABLE 1 Sequences of primers used to amplify and sequence partial or full F genes

Primer Orientation Sequence (5=–3=) Localization Reference

FOP1 Forward TACACCTCATCCCAGACAGGGTC F gene 15
FOP2 Reverse AGGCAGGGGAAGTGATTTGTGGC F gene 15
FIP1 Forward TACTTTGCTCACCCCCCTT F gene 15
FIP2 Reverse CATCTTCCCAACTGCCACT F gene 15
M610 Forward CTGTACAATCTTGCGCTCAATGTC M gene 16
P1 Forward ATGGGCYCCAGAYCTTCTAC F gene 17
F581 Reverse CTGCCACTGCTAGTTGTGATAATCC F gene 16
F-4639f Forward TGAYGGCAGGCCTCTT F gene This study
F-4932f Forward CAACCGCTGCACAGATAA F gene This study
F-4954f Forward AGCTGCGGCYCTRATACAA F gene This study
F-5042f Forward GAGGTCACYGACGGATTAT F gene This study
F-5488f Forward TCAGCACTTGTCCCAAA F gene This study
F-1258-R Reverse ACATTGCATGAWTGTCTRTC F gene 18
F-5566r Reverse CAGTATGAGGTGTCAAGTT F gene This study
F-5749f Forward AGACCCTCCAGGYATCA F gene This study
F-5888f Forward GGCTCAGTGGGGAAT F gene This study
F-6086f Forward GGTACACTTAGCCTGRTHTT F gene This study
F-6146r Reverse CTTYTGTTGCGCCTTT F gene This study
F-7979-R Reverse AGRGCCACYTGCTTRTATA HN gene 18
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FIG 2 Phylogenetic analysis of partial F gene sequences based on nucleotides 332 to 571. Sequences generated in this study are indicated by the circles (strains
presented in Fig. 2 and Fig. 3) and squares (strains presented in Fig. 2 only). Previously published sequences are indicated with their accession numbers. Only
bootstrap values of �50% are shown. The scale corresponds to number of base substitutions per site.
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domestic birds in live-bird markets (22, 31) or in flocks with pos-
sible contacts with wild birds (7), and of the spill-back of virulent
strains into wild birds (29, 32). Therefore, it seems reasonable to
expect that vaccine strains may also be exchanged between poultry
and wild birds. Similar cases of strains close to LaSota or B1 vac-
cines in wild birds have been reported elsewhere, including Asia
(China, India, and Malaysia), Argentina, and France (Fig. 2). Al-
though NDV vaccination is not allowed in Luxembourg, vacci-
nated animals are sometimes imported (S. Losch, personal com-
munication). Also, bridge species, such as sparrows, that live in
close proximity with domestic birds (29), in particular in regions
where backyard chickens are commonly reared, or food or water
contamination (11, 33) may have contributed to the transmission
of vaccine-like strains to waterbirds in Luxembourg. On the other
hand, wild birds may have been infected in other European coun-
tries which sometimes allow vaccination. Since great cormorants
tend to migrate late during the season, it is difficult to known
whether the bird infected with a genotype II strain sampled in

April spent the winter locally or was sampled during its northward
migration. Unfortunately, the species of the other bird infected
with a genotype II strain was not known.

The only strain found in a domestic bird belonged to genotype
II, but it did not seem to be directly related to a vaccine strain
because of three mutations in a short region of the F gene leading
to two amino acid substitutions, one being in the cleavage site. To
our knowledge, this particular cleavage site sequence has not been
reported before, but this strain is probably not virulent for chick-
ens, as it contains only one basic amino acid between residues 112
and 116 and a leucine at residue 117. Unfortunately, no further
information about potential clinical signs in the flock was avail-
able.

No virulent NDV strains were found in wild or domestic birds
in Luxembourg, except for the three PPMV-1 strains. Although
these are normally found in pigeons, PPMV-1 transmission to
poultry was reported on a few occasions in Europe during the past
decade (9). Even if most cases occurred in small backyard flocks

FIG 3 Phylogenetic analysis of complete F gene sequences (1,662 nt). Symbols are as in Fig. 2. Only bootstrap values of �50% are shown. The scale corresponds
to number of base substitutions per site.
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with low biosecurity, the circulation of PPMV-1 in pigeons repre-
sents a potential threat for the poultry industry. The presence of
avirulent strains in wild birds may also be a risk for poultry. Al-
though excessively rare in the field, virulent strains may develop
from low-virulence strains after mutation, as was postulated for
outbreaks that occurred in Ireland (34) and Australia (35). This
was also demonstrated by serial experimental passages in chickens
(36), which may have given minor populations of virulent NDV in
field isolates a selective advantage (37). All these scenarios high-
light the importance of virological surveillance and preventive
measures to reduce the intermingling of wild and domestic birds.

In conclusion, we found avirulent genotype I strains in water-
fowls in Luxembourg similar to those circulating in wild migra-
tory birds in Finland, suggesting that these viruses represent typ-
ical avirulent strains found in European wild birds and that
migratory birds may contribute to their spread. Detection of vac-
cine-like strains in wild waterbirds suggests the spread of vaccine
strains, despite the nonvaccination policy in Luxembourg. Al-
though the three PPMV-1 strains from pigeons were the only vir-
ulent strains found in Luxembourg, the presence of NDV in wild

and free-ranging domestic birds justifies the need for continuous
surveillance in wild and domestic birds.
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