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ABSTRACT: Serologic evidence for canine dis-
temper virus (CDV) has been described in grey
wolves but, to our knowledge, virus strains
circulating in wolves have not been character-
ized genetically. The emergence of CDV in
several non-dog hosts has been associated with
amino acid substitutions at sites 530 and 549 of
the hemagglutinin (H) protein. We sequenced
the H gene of wild-type canine distemper virus
obtained from two free-ranging Iberian wolves
(Canis lupus signatus) and from one domestic
dog (Canis familiaris). More differences were
found between the two wolf sequences than
between one of the wolves (wolf 75) and the
dog. The latter two had a very high nucleotide
similarity resulting in identical H gene amino
acid sequences. Possible explanations include
geographic and especially temporal proximity
of the CDV obtained from wolf 75 and the
domestic dog, taken in 2007–2008, as opposed
to that from wolf 3 taken more distantly in 1998.
Analysis of the deduced amino acids of the viral
hemagglutinin revealed a glycine (G) and a
tyrosine (Y) at amino acid positions 530 and
549, respectively, of the partial signaling
lymphocytic activation molecule (SLAM)-re-
ceptor binding region which is typically found
in viral strains obtained from domestic dogs.
This suggests that the CDV found in these
wolves resulted from transmission events from
local domestic dogs rather than from wildlife
species.
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During the last two centuries, wolf
(Canis lupus) populations have suffered
dramatic declines in Europe, leading to
genetically isolated subpopulations (Luc-
chini et al., 2004; Ramirez et al., 2006).
Two subpopulations are recognized in
Portugal (Blanco et al., 1992; Pimenta et
al., 2005). The larger subpopulation, north
of the Douro River valley, is connected to

the main Iberian population whereas the
smaller subpopulation, south of the Douro
River, has been demographically isolated
for decades. In the context of conserva-
tion, infectious diseases may have a
considerable impact on population size
(Daszak et al., 2000; Woodroffe et al.,
2004; Woolhouse and Gowtage-Sequeria,
2005). Canine distemper is a disease that
may cause mortality in wildlife species, as
recently described in Europe (Martella et
al., 2010; Sekulin et al., 2011). Serologic
evidence for canine distemper has been
described in wolves (Johnson et al., 1994;
Sobrino et al., 2008; Santos et al., 2009)
but, to our knowledge, virus strains
circulating in wolves have not been
characterized genetically. The canine dis-
temper virus (CDV) is covered by an
envelope containing the surface glycopro-
tein H (hemagglutinin) which is crucial for
attachment to its host cell receptor, the
signaling lymphocytic activation molecule
(SLAM; Tatsuo et al., 2001; von Messling
et al., 2001). The emergence of CDV in
non-dog hosts has been assessed and
amino acid substitutions at sites 530 and
549 of the H protein are possibly involved
in the determination of host tropism (Seki
et al., 2003; McCarthy et al., 2007; Sekulin
et al., 2011). Here we describe the genetic
characterization of the H gene of wild-
type CDV obtained from two young, free-
ranging Iberian wolves and a domestic dog
(Canis familiaris; Fig. 1).

Wolf 3, a subadult male, was found
dead in 1998 in northeastern Portugal
(41u499280N, 6u419360W). Necropsy re-
vealed emaciation and atelectasis and
intense red hepatization of the lungs. Wolf
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75, a male pup of the population south of
the Douro River (41u09300N, 7u549300W),
was found dead in 2008. Necropsy re-
vealed emaciation, dehydration, oral hem-
orrhages and edema, emphysema, and red
hepatization of the lungs. Lung tissue
samples were collected from both animals
and preserved at 230 C until further
analyses. For comparison, the CDV H
gene from a domestic dog obtained in
2007 from Braga District (41u239060N,
8u249420W) was also sequenced. This
sample consisted of peripheral blood
mononuclear cells from a dog with clinical
canine distemper confirmed by diagnostic
PCR (Mochizuki et al., 1999). RNA was
extracted from the supernatant of tissue
homogenates using the QIAamp Viral
RNA Kit (Qiagen, Hilden, Germany).
The extractions of the wolf samples were
made separately from the canine sample.
Complementary DNA was synthesized
using random priming and Moloney mu-
rine leukemia virus [M-MLV] reverse
transcriptase (Invitrogen, Carlsbad, Cali-
fornia, USA). Four overlapping primer
pairs were designed using the software
Primer3 (Rozen and Skaletsky, 2000):
Primers 1F: 59-GGGCTCAGGTAGTC-
CARCAA-39 and 1R: 59-CCTCCGGA-
GAGTGCTGATAA-39; primers 2F: 59-

GCGATACAATTGGGATCAGA-39 and
2R: 59-TGGGTGAGCAACAGGTATCA-
39; primers 3F: 59-TAGGGATATTTGG-
GGCAACA-39 and 3R: 59-TCCATAAT-
CTGGGATGTTTGAA-39; and primers
4F: 59-ATCCCCCATGTGTTGACATT-39

and 4R: 59-RGACCTCAGGGTATA-
GAATCTGG-39. An annealing tempera-
ture of 57 C was used. The amplicons
were directly sequenced in both directions
using the amplification primers above.
Sequences were aligned with other H
gene sequences obtained from GenBank
using the software Bioedit Version 7 (Hall,
1999). Phylogenetic analyses were carried
out by the neighbor-joining method using
the software Mega4 (Tamura et al., 2007).
The GenBank accession numbers are
HM563057–9.

The nucleotide sequences obtained
from wolf 75 and the domestic dog were
very similar, displaying only two synony-
mous nucleotide polymorphisms at posi-
tions 960 and 1065 of the H gene. In
contrast, the sequence obtained from wolf
3 had 33 and 31 nucleotide polymor-
phisms when compared to sequences from
wolf 75 and the domestic dog, respective-
ly, resulting in 15 amino acid polymor-
phisms. A phylogenetic analysis was per-
formed for the H gene sequences of
representative CDV sequences from the
six recognized lineages (genotypes): Asia-
1, Asia-2, Europe, Arctic, America-1, and
America-2 (Haas et al., 1997; McCarthy et
al., 2007). The Portuguese wolf and dog
sequences clustered within the genogroup
‘‘Europe’’ near CDV sequences obtained
recently from domestic dogs in Austria
(Fig. 2). Deduced amino acid sequences
of the H protein had six to seven
polymorphic sites between wolf 75 and the
Austrian dog sequences (GenBank refer-
ences GQ214384, GQ214376, GQ214380,
GQ214378). Between wolf 75 and the
Austrian dog sequences, 12–13 variable
amino acids were found.

In a report of a recent serosurvey, we
suggested that CDV infection was epi-
demic in free-ranging Canidae in Portugal

FIGURE 1. Sampling sites of two grey wolves
(Canis lupus) and one domestic dog (Canis famil-
iaris) infected with canine distemper virus. Wolf 3
was obtained in 1998 and wolf 75 in 2008; the
domestic dog was obtained in 2007.
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(Santos et al., 2009). Here, we present the
characterization of the H gene of CDV
obtained from two free-living wolves.
Possible explanations for the close genetic
similarity between wolf 75 and the dog
include geographic and especially tempo-
ral proximity; both were taken in 2007–
2008 within a distance of 60 km. The
sample of wolf 3 was taken 10 yr earlier
approximately 150–200 km distant. Similar
geographic and temporal clusters have
been observed for canine CDV sequences
obtained in Denmark in 1991, Germany in
1996, Austria in 2001, and in fox and
badger sequences obtained in 2008 in
Germany (Blixenkrone-Møller et al., 1993;
Sekulin et al., 2011). Sequence analysis of
the H gene of all three Portuguese CDV

strains revealed a glycine (G) and a
tyrosine (Y) at amino acid positions 530
and 549 of the partial SLAM-receptor
binding region. This is typically found in
viral strains obtained from dogs, suggest-
ing that the CDV found in these wolves
resulted from transmission events from
local domestic dogs rather than from other
wildlife. In other wildlife species, amino
acid substitutions have been found at
these sites, suggesting a functional role of
residue 549 in host switches (von Messling
et al., 2001; McCarthy et al., 2007; Sekulin
et al., 2011). It is possible that mutations at
these sites are not required due to the
genetic proximity between dogs and
wolves. To our knowledge, this is the first
partial genetic characterization of CDV

FIGURE 2. Phylogenetic tree based on the complete nucleotide sequence of the canine distemper virus H
gene of strains representing the two main clusters of ‘‘Europe’’ (upper branch) and ‘‘European wildlife’’ (lower
branch, containing X84999, Z47759, DQ228166). The sequences obtained in Portugal, from two grey wolves
(wolf 3 and wolf 75) and a domestic dog, are shown in capital letters. Bootstrap values .70% are indicated at
the nodes. A phocid distemper virus was used to root the tree.
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circulating in wolves. In Europe, both
directions of CDV transmission have been
described; distemper in dogs resulting
from spillover from wildlife (Martella et
al., 2010) and vice versa (Meli et al., 2010).
Because domestic dogs are abundant
within the distributions of wolves in
Portugal, and regular vaccination of dogs
in rural areas is not common, we postulate
that dogs may act as reservoirs of infection
for wildlife. Considering the particular
vulnerability of the Iberian wolf, the
introduction of active control measures,
such as increasing the vaccine coverage in
local domestic dog populations, would be
desirable and could reduce the impact of
CDV.

We acknowledge the Instituto de Con-
servaão da Natureza e Biodiversidade for
providing access to the wolf samples
maintained by the Sistema de Monitor-
izaão de Lobos Mortos.
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