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Onchocerca lupi	infection	is	reported	primarily	in	symp-
tomatic	dogs.	We	aimed	to	determine	the	infection	in	dogs	
from	areas	of	Greece	and	Portugal	with	reported	cases.	Of	
107	dogs,	9	(8%)	were	skin	snip–positive	for	the	parasite.	
DNA	sequences	of	parasites	in	specimens	from	distinct	dog	
populations	differed	genetically	from	those	in	GenBank.

Zoonotic onchocercosis has been attributed to species 
that primarily infest cattle (Onchocerca gutturosa), 

horses (O. cervicalis), the European deer (O. jakutensis), 
and wild boars (O. dewittei japonica) (1). In their defini-
tive hosts, all these species localize in subcutaneous tis-
sues, muscular fasciae, or cervical ligaments, whereas in 
humans, O. gutturosa and O. cervicalis also have an ocular 
localization (reviewed in 2).

O. lupi is a recently recognized parasite causing nodu-
lar lesions associated with ocular disease (i.e., conjunctivitis, 
ocular swelling, photophobia, lacrimation, discharge, exoph-
thalmia) in dogs (3). The zoonotic potential of this filarioid 
has been suspected (4) but has only recently been demon-
strated in a patient from Turkey (5). Ocular cases in humans 
are increasingly being reported worldwide, including in Iran 
(6), Turkey, and Tunisia (7). In addition, O. lupi infection 
was recently diagnosed near the spinal canal in a 22-month-
old child from Arizona, USA (2).

Since its first description in a Caucasian wolf (Canis 
lupus) from Georgia in 1967 (8), O. lupi remained almost 

unknown for decades until being reported in dogs from 
southern Europe (Greece, Portugal) and central Europe 
(Germany, Hungary) (Figure 1, panel A) (reviewed in 3). 
In the western United States, canine onchocercosis (9) has 
been attributed to species parasitizing other hosts (i.e., cat-
tle, horses, or wild ungulates), but such cases were prob-
ably caused by O. lupi, as recently confirmed morphologi-
cally and molecularly in 2 cats (10) and 4 dogs (11).

Several aspects of the biology and ecology of O. lupi 
remain unknown and the knowledge of its actual distribution 
is limited to a few case reports. We conducted an epidemio-
logic survey to estimate the occurrence of O. lupi infection 
in dog populations from areas of Greece and Portugal where 
multiple (12) or single (13) cases, respectively, have been 
reported. The genetic make-up of the parasites in the speci-
mens collected from both canine populations was assessed 
by comparing them with sequences available in GenBank.

The Study
In June 2011 and November 2012, we sampled a total 

of 107 dogs of different ages, sexes, and weights from a 
site in Greece (site A, 23 dogs) and a site in Portugal (site 
B, 84 dogs). Briefly, site A was located within the bound-
aries of Amaxades (25°04′27″E, 41°07′12″N, altitude 56 
m), a small village of ≈1,000 inhabitants between Xanthi 
and Komotini, on the border between Greece and Turkey. 
This is a traditionally agricultural and poor dry area, with 
tobacco and sunflower plantations among the most impor-
tant cultivations. Site B was in Olhão (southern Portugal, 
7°50′33″O, 37°01′42″ N, altitude 8 m), a municipality with 
45,000 inhabitants representing ≈10% of the population of 
the Algarve, a region in which tourism is a major economic 
activity (Figure 1, panel A). Both sites are located along or 
near the seacoast, where small river streams run during the 
rainy season and dry out during the summer. Animals from 
site A were shepherd dogs living in small rural communi-
ties with sheep and goats; animals from site B were stray 
dogs kept according to Portuguese regulations in a shelter 
until they were adopted or euthanized. The shelter was sur-
rounded by a large area of salt water in open facilities at 
which sea salt was collected.

Skin samples were collected by using a disposable 
scalpel over an area of ≈0.2 × 0.2 × 0.2 cm from inter 
ocular frontal area of the head and soaked at 37°C in sa-
line solution for 1 h. Sediments (20 μL) were individu-
ally observed under light microscopy (i.e., 1 field of 18 × 
18 mm coverslip). Microfilariae were counted, identified 
according to morphologic keys (3,14), and differentiated 
from those of filarioid species most commonly retrieved 
in dogs from the Mediterranean region (15). Briefly, mi-
crofilariae of O. lupi had a short flattened unsheathed 
body (mean length 110.1 ± 7.5 µm, width 6.8 ± 1.2 µm) 
with a rounded head bearing a tiny tooth on the cephalic 
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edge. The body was blunt with a short bent tail of ≈11.7 
µm (Figure 1, panel B).

Of 107 dogs, 9 (8%; 2 from site A and 7 from site B) 
were positive for O. lupi microfilariae, with a maximum 
of 480 microfilariae detected in a single sample. Animals 
positive for O. lupi at site A displayed a range of ocular 
alterations from conjunctival swelling and mucopuru-
lent discharge (Figure 1, panel C) to blindness (Figure 
1, panel D). Conversely, all animals from site B were 
asymptomatic.

After microscopic observations, microfilariae were re-
moved with a 10-mL pipette and placed in saline solution 
in single tubes at –20°C, before DNA was extracted and 
partial (582 bp) cytochrome c oxidase subunit 1 (cox1) and 
12S rDNA (304 bp) gene fragments amplified as described 
elsewhere (7). In accordance with the morphologic identifi-
cation, the BLAST analysis (http://blast.ncbi.nlm.nih.gov/
Blast.cgi) of both genes showed a high overall nucleotide 
homology with sequences of O. lupi available in GenBank 
(i.e., 99% for 12S rDNA: GU365879; from 98% to 100% 
for cox1 accession numbers reported in Figure 2).

All cox1 sequences available in GenBank for O. lupi 
were analyzed by using MEGA5 (www.megasoftware.
net) and showed a low intraspecific variability (mean 
0.7%, range 0%–2.1%). All cox1 sequences of O. lupi 
were identical according their geographic provenience 
(i.e., 2 in Greece, 1 in Turkey, 2 in Hungary, 9 in Por-
tugal, and 7 in the United States) and had a high nucleo-
tide similarity (mean 99.2%, range 99.6%–100%), except 
for those from Portugal, which differed considerably 
from the others (mean 98.2%, range 97.9%–98.2%). The  

phylogenetic analysis using cox1 sequences by MEGA5 
under the neighbor-joining method confirmed that O. 
lupi clustered with those in the genus, to the exclusion of 
other filarioids. In particular, specimens of O. lupi from 
Portugal formed a sister clade (with a strong nodal sup-
port) with those from other origins (Figure 2). Sequences 
were deposited in GenBank under accession numbers 
KC686701–KC686702 and KC686703–KC686704 for 
cox1 and 12S rDNA, respectively).

Conclusions
Our data clearly showed that O. lupi infection oc-

curred in dogs from both sampling areas (overall positiv-
ity 8%), and that dogs exhibited different clinical features 
that ranged from no apparent clinical sign to blindness. 
The lack of any ocular lesions in O. lupi–infected dogs 
from site B might be due to differences in sampling times 
(i.e., during summer, site A, and late autumn, site B), and 
thus in adult worm development and/or in the pathogenic-
ity of the populations of parasites, which might reflect the 
variations documented in cox1 sequences of individuals 
from Portugal and those populations of O. lupi from dif-
ferent geographic areas. In addition, aberrant infection of 
adult nematodes in dogs cannot be ruled out, as recently 
demonstrated in a human patient from Arizona in whom 
O. lupi was found in the spinal canal (2). Whether asymp-
tomatic animals can be a source of O. lupi infection for 
the vectors (which remain unknown) needs to be assessed 
(16 in online Technical Appendix, wwwnc.cdc.gov/EID/
articlepdfs/19/12/13-0264-Techapp1.pdf ). Despite the in-
creasing number of O. lupi infections reported in animals 

Figure	1.	A)	Areas	 (in	gray)	and	
localities	 (black	 dots)	 where	
Onchocerca lupi	 infections	 were	
reported	 and	 sampling	 sites	
(asterisk)	 from	 Greece	 (site	 A)	
and	 Portugal	 (site	 B).	 Scale	 bar	
=	 500	 km.	 B)	 Light	 microscopy	
image	 of	 microfilariae	 of	O. lupi 
detected	 at	 the	 skin	 sediment.	
Scale	 bar	 =	 20	 µm.	 Original	
magnification	×100.	Dog	positive	
for O. lupi	 had	 conjunctival	
swelling	 and	 a	 purulent	 mucus	
discharge	 (C),	 or	 blindness	 with	
severe	keratitis	and	uveitis	(D).
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and humans, the difficulties in achieving a reliable diag-
nosis through the skin-snip technique and the unwilling-
ness of some pet owners to allow collection of a piece of 
skin from the animal’s head, might explain the scant data 
on O. lupi. Therefore, population-based surveys should 
be performed to estimate the distribution of the infection 
in dogs and to assess the risk to humans. In addition, fur-
ther studies are needed to improve understanding of the 
biology of this parasite, including its hosts and vectors. 
The reliability of the tools and procedures for diagnosing 
O. lupi infection in dogs and in humans, especially in as-
ymptomatic individuals, also needs to be assessed. Final-
ly, our data should alert physicians and ophthalmologists 
about the potential risk for O. lupi infection in humans 
and their pets (cats and dogs).
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