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Recurrence of 
Animal Rabies, 
Greece, 2012

To the Editor: Rabies is caused by 
12 recognized virus species within the 
Lyssavirus genus (family Rhabdoviri-
dae) (1) and each year causes 55,000 
deaths worldwide among humans. In 
Europe, the main reservoir and vec-
tor of rabies is the red fox (Vulpes 
vulpes), followed by the raccoon dog 
(Nyctereutes procyonoides) in central 
and Baltic Europe (2). Among these 
virus species, the rabies virus (former  
genotype 1, classical rabies virus) is 
maintained in reservoir mammals, 
mainly carnivores. Despite the suc-
cessful oral vaccination campaigns of 
wildlife that eliminated rabies in large 
parts of Europe (2), the disease still oc-
curs in Europe; 4,884 cases in animals 
were recorded in 2012.

Until 2012, Greece had been free 
of rabies since 1987; the last case oc-
curred in a dog. During 1971–1987, 
a total of 248 cases were recorded in 
domestic animals, of which only 6 
occurred during 1981–1987 (3). The 
wide compulsory vaccination of dogs, 
along with control of stray dogs, were 
the main measures leading to the elim-
ination of rabies in Greece.

Greece shares land borders with 
Turkey, Former Yugoslav Republic 
of Macedonia (FYROM), and Bul-
garia, where rabies is reported in 
wild and domestic animals (4; www.
who-rabies-bulletin.org/). After the 
fox rabies case reported in FYROM 
in 2011, ≈0.3 km from Greece (4), ra-
bies surveillance was improved along 

the northern and eastern land borders 
of Greece, and wild and domestic ani-
mals found dead or suspected of hav-
ing rabies were collected. This pro-
gram was approved by the European 
Commission. The first rabies case was 
diagnosed on October 19, 2012, in a 
red fox in Palaiokastro, 60 km from 
the Albanian border. The animal was 
wandering in the village during day-
time and attacked a dog before being 
killed by local hunters and sent to the 
National Reference Laboratory for 
Animal Rabies (Athens, Greece) for 
rabies testing. The second case, iso-
lated in Ieropigi, 4 km from the Alba-
nian border, was a shepherd dog dem-
onstrating aggressive behavior against 
dogs and sheep of the flock. Seven 
additional cases (6 foxes, 1 dog) were 
reported in December 2012 in 2 pre-
fectures of northern Greece that share 
borders with FYROM (5).

In 2012, a total of 237 domestic 
and wild animals were submitted to 
the National Reference Laboratory 
for Animal Rabies for rabies testing. 
Samples were tested by the fluores-
cent antibody test, rabies tissue cul-
ture infection test, real-time reverse 
transcription PCR, and heminested 
reverse transcription PCR, as de-
scribed (6,7). In brief, viral RNA was 
extracted (Viral RNA Mini Kit, QIA-
GEN, Hilden, Germany) from 140 μL 
of homogenized brain suspension su-
pernatant and subjected to the partial 
nucleoprotein (N) gene amplification 
(positions 71–644 compared with PV 
strain genome). The PCR products 
were bidirectionally sequenced by us-
ing the same primers in a 3130xl Ge-
netic Analyzer (Applied Biosystems, 
Foster City, CA, USA). The phyloge-
netic tree was constructed by using the 
neighbor-joining method with 1,000 
replicates using MEGA5 (8).

Of 237 animals tested, 9 (7 foxes, 
2 dogs) were rabies positive by fluo-
rescent antibody test, rabies tissue cul-
ture infection test, and PCR. Positive 
samples were subjected to sequencing 
analysis of the N gene. The sequence 

analysis of the first 567 nt of the N 
gene of the 3 isolates (GR64C/12, 
GR112C/12, GR238C/12) showed 
99.8% nt identity with the N gene of 
a rabies virus (GenBank accession no. 
JQ973884) isolated from a red fox in 
FYROM in 2011. Nucleotide identity 
was 100% between the 6 isolates from 
Greece (GR177C/12, GR187C/12, 
GR217C/12, GR231C/12, GR236C/12, 
GR242C/12) and isolate JQ973884, as 
well as a Serbia strain (GenBank ac-
cession no. JF973785). This perfect 
nucleotide identity shown with the 
Serbia isolate collected >15 years ago 
suggests the persistence of some viral 
strains over time in the Balkans, in ac-
cordance with previous studies (4,9). 
Amino acid identity was perfect among 
all 9 isolates from Greece.

Phylogenetic analysis of the 
partial sequences of the N gene 
of isolates from Greece compared 
with representative sequences from 
the Balkans (Figure) showed that  
isolates from Greece resolved within 
the East Europe (EE) group of the 
cosmopolitan lineage. The EE group 
encompasses the 9 Greek isolates 
with referenced viral sequences from 
FYROM, Bulgaria, Serbia, Bosnia 
Herzegovina, and Montenegro. With-
in the EE group, <1.5%-nt divergence 
exists between all analyzed N gene 
sequences (567 nt).

The perfect nucleotide identity 
shown between the 6 isolates from 
Greece and 2 strains from Serbia and 
FYROM demonstrates a close genetic 
relationship between them. This find-
ing supports the hypothesis of move-
ment of rabies-infected hosts in the 
western Balkan countries.

Greece was rabies free for 25 years. 
In the 2012 outbreak, the rabies cycle 
appears to be sylvatic, whereas until 
1987, dogs were the main reservoir 
of rabies. Measures including public 
awareness campaigns and intensified 
vaccination of stray animals and shep-
herd dogs, combined with control of 
stray dogs and cats, already have been 
implemented. In accordance with the 
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current European Commission recom-
mendations, Greece continued a rabies 
surveillance and eradication program 
throughout the country in 2013, includ-
ing the implementation of an oral rabies  
vaccination program for foxes in au-
tumn 2013 (10).
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Figure.	Neighbor-joining	phylogenetic	 tree	comparing	9	 isolates	 (7	 red	 foxes,	2	dogs)	 from	
Greece	with	isolates	from	Former	Yugoslav	Republic	of	Macedonia,	Bulgaria,	and	Serbia.	All	9	
samples	were	isolated	in	Greece	during	October	19,	2012–December	28,	2012.	Representative	
isolates	 from	 central,	 western,	 and	 northeastern	 Europe	 and	 from	 Russia,	 extracted	 from	
GenBank,	also	were	included	in	the	phylogenetic	tree.	The	phylogenetic	analysis	was	based	
on	analysis	of	 the	first	567	nt	of	 the	N	gene	by	using	 the	neighbor-joining	method	(Kimura	
2-parameter	 model).	 Bootstrap	 values	 >70%	were	 regarded	 as	 significant	 support	 of	 tree	
topology.	The	GenBank	accession	numbers	of	 the	sequences	are	 included	 for	each	 taxon	
within	the	tree,	as	is	the	country	of	origin.	Abbreviations	for	the	phylogenetic	groups	(NEE,	C,	D,	
SF)	are	indicated	on	the	tree.	Scale	bar	indicates	nucleotide	substitutions	per	site.
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Stable  
Transmission of 

Dirofilaria repens 
Nematodes,  

Northern Germany
To the Editor: Dirofilariosis 

caused by infection with the filarial 
nematode Dirofilaria repens is con-
sidered an emerging zoonosis in Eu-
rope (1). The main reservoirs for this 
parasite are dogs and other carnivores. 
As is the case for other filarial species, 
mosquitoes transmit infectious third-
stage larvae, which develop into fer-
tile adults in their definitive vertebrate 
hosts. Humans may become infected 
as aberrant hosts, and, in most cases, 
these worms remain infertile (1,2). 
Infections in humans usually manifest 
as subcutaneous nodules, which are 
caused by developing worms that are 
trapped by immune mechanisms (2). 
Subcutaneous migration of a worm 
may result in local swelling. Severe 
clinical manifestations have also been 
reported and may affect various or-
gans, including the brain, lung, and 
eye (2,3). Eye infections are found in 
particular during the migratory phase 
of the parasite. 

Transmission of D. repens occurs 
in various regions of the Old World, 
including Europe, Africa, and Asia. 
The primary areas in Europe to which 
D. repens is endemic are countries 
of the Mediterranean region, where 
warm temperatures enable develop-
ment of infectious third-stage larvae 
in mosquitoes. However, during the 
past decade, several autochthonous 
cases of canine and human dirofilaria-
sis have been reported from countries 
farther north, including Austria, the 
Czech Republic, and Poland (4–6). 
Several factors might be responsible 
for this spread to the north, including 
climate change and increased translo-
cation of dogs from southern to cen-
tral Europe.

Until recently, central Europe, in-
cluding Germany, was not considered  

a region to which D. repens was 
endemic. However, a survey in 44 
hunting dogs from the Upper Rhine 
region showed that 3 animals were 
positive for D. repens microfilariae 
(7). In addition, testing of a kennel of 
sled dogs located in the federal state 
of Brandenburg, near Berlin, found 
8 of 28 animals were infected with  
the parasite (8).

To determine whether local trans-
mission of D. repens is taking place in 
Germany, we retrospectively analyzed 
74,547 mosquitoes from a large-scale 
German mosquito-borne virus surveil-
lance program for the presence of fi-
larial DNA. Mosquitoes were collected 
during the main animal-trapping sea-
sons (May–September) 2011 and 2012 
by using carbon dioxide–baited enceph-
alitis virus surveillance or gravid traps 
(9). Mosquitoes were collected from 55 
trapping sites located in 9 federal states 
in the southwest and northeastern parts 
of Germany (Figure), frozen at –70°C, 
and transported to the laboratory at the 
Bernhard Nocht Institute, where they 
were classified morphologically to the 
species level. Up to 25 mosquitoes of 
the same species from individual col-
lection sites were subsequently com-
bined to create a total of 4,113 pools. 
These pools comprised a broad range 
of ornithophilic and mammalophilic 
mosquitoes common in Germany; Cu-
lex spp. and Aedes vexans were the 
most abundant species. 

Nucleic acids were extracted 
from each mosquito pool, and the 
presence of filarial DNA was deter-
mined by PCR using a set of generic 
primers that amplify DNA from a 
broad range of filarial species, includ-
ing those affecting birds and other 
animals (9). A total of 1,050 (25.5%) 
of the 4,113 pools were found to be 
positive for filarial DNA. To further 
determine if any of these pools con-
tained DNA from D. repens, we ana-
lyzed all 1,050 pools by PCR using 
the D. repens–specific primers 5′-GA-
GATGGCGTTTCCTCGTG-3′ and 
5′-GACCATCAACACTTAAAG-3′. 
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