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INTRODUCTION

Onchocerca lupi is a filarioid nematode which par-
asitizes mainly dogs, but also cats, in Europe and North
America [1,2]. In the last decade, this worm has gained
the attention of the scientific community due to its zoo-
notic potential [3]. Human cases of ocular onchocercosis
in the United States, Germany, Turkey, Tunisia and Iran
have renewed the interest in the biology of this parasite
and its yet unknown vector, as well as its epidemiology,

with coyotes suggested as reservoirs of the nematode [4].

LIFE CYCLE

The life cycle of O. lupi involves canids as definitive
hosts and unknown arthropod species as intermediate
hosts (Figure 1). In the definitive hosts, male and female
adult stages usually develop in the connective tissue of
the subconjunctiva, conjunctiva, eyelids, and nictitating
membrane sitting on top of the sclera until reaching sexu-
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Figure 1. Life cycle of Onchocerca lupi. Dogs act as definitive hosts of the parasite and female and male helminth
adults develop in the top of the sclera of the eye, leading to conjuncitivitis, scleral nodules, and even loss of eyesight
and irreversible ocular damage. Cases have been reported among cats and humans with periocular pathology. Adult
females residing in the eye release microfilariae into the skin of the head, interscapular, and lumbar regions of canids.
Thereafter, microfilariae are ingested by intermediate hosts, presumptively black flies of the genus Simulium, in which
larval development from L1 to L3 will occur. This figure was created using www.biorender.com.

al maturity [5,6]. Aberrant migration to the laryngeal soft
tissue in dogs [7] and spinal cord in humans [8,9] has also
been reported. Although experimental infection of O. lupi
in dogs has not been carried out to date, the lifespan of
adult worms in dogs has been estimated to be between
3 [10] and 8 years [11]. Additionally, cats [12,13] can
also be infected with this nematode, along with dogs and
humans [14-18].

Adults of O. lupi are white, measure 4-12 cm in
length, are slender with rounded anterior ends and have
atrophic musculature, prominent hypodermis and lateral
chords, a small digestive system and a multilayer cuticle
[6,12]. Their cuticle is 4-5 pm thick with characteristic
annular ridges 2-3 um high and wide and evenly spaced
at 25-30 um intervals in its outer layer with transverse
striations 14 um wide and 1 pm thick in its inner layer
(Figure 2) [5,12,19]. Males are 4.3-5 cm long by 0.1-0.2
mm in diameter with two unequal spicules [20]. Females
are usually longer than males, measuring up to 16.5 cm
[20,21], and containing two uteri. However, their exact
length is currently unknown due to the difficulty in remov-
ing complete adult females from tissues [5,19-21]. Males
and females copulate, and the latter develop microfilariae
inside their uterus, which are released to subcutaneous
tissues, especially in the head, inter-scapular, and lumbar

regions of dogs [22]. Microfilariae are straight, measure
between 81-115 um and have a bluntly rounded anterior
end [6]. In addition, their posterior portion ends sharply
with a bent tail [6].

Microfilariae develop further to the infective L3
stage after entering their intermediate host. Black flies
of the genus Simulium are involved as intermediate
hosts of other Onchocerca spp. Simulium damnosum,
Simulium neavei, and Simulium ochraceum are the most
widespread hosts of Onchocerca volvulus, the etiological
agent of river blindness in humans [23]. Moreover, S.
damnosum sensu lato and Simulium ornatum are the hosts
of Onchocerca ochengi [24] and Onchocerca gutturosa
[25], respectively, both species producing skin nodules
in cattle. The arthropod species involved in the life cycle
of O. lupi have not been confirmed so far. Black flies of
the species Simulium velutinum, Simulium reptans, and
Simulium pseudequinum which fed on an O. lupi-infect-
ed dog from Greece did not demonstrate progression of
nematode larval development [26]. However, O. lupi
DNA has been found in Simulium tribulatum black flies
from the US [27]. These findings warrant further studies,
since detection of DNA does not confirm an active role of
the black fly in the life cycle of this nematode. The recent
finding of Onchocerca sp. from the sand fly Psycho-
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Figure 2. Onchocerca lupi female observed under light microscopy. a. Transverse striations and annular ridges

of the cuticle are marked with red and blue triangles, respectively (Bar=25 pm). b. Transverse striations of the cuticle
(Bar=0.4 mm).

dopygus carrerai suggests that insect species other than
simuliids may acquire microfilariae of this onchocercids
[28].

Definitive hosts become infected when the interme-
diate hosts presumably inject L3 into their subcutaneous
tissues while feeding. However, the exact mechanisms
have not been elucidated as experimental infections of
dogs and flies with O. lupi are difficult to perform. There-
fore, the incubation time, as well as prepatent period
remain unknown, although a person from Turkey bitten
by a fly in the upper lid was reported to develop ocular
signs after 30 days [29].

EPIDEMIOLOGY AND DISTRIBUTION

The first case of O. lupi infection was reported in a
wolf (Canis lupus) from the Caucasian republic of Geor-
gia in 1967 [20]. Although canine ocular onchocercosis
caused by Onchocerca spp. was reported in dogs from
the US during the 1990s [30,31], there were no scientific
publications that described O. lupi for more than three
decades thereafter. In 2001, ocular onchocercosis was
reported in four dogs from Hungary [32]. The specimens
collected from the animals were morphologically similar
to the specimens described in the US [30,31] and were
molecularly confirmed as O. lupi [6]. Since then, O.
lupi has been detected in domestic dogs (Canis lupus
familiaris), domestic cats (Felis catus), and humans
in North America, Europe, Asia, and Africa (Figure 3).
Nevertheless, O. lupi might be circulating in additional
geographical locations, and the increased movement of
infected animals between countries might promote the
spread of the parasite to new previously unreported re-
gions. This situation has been described in dogs imported
to Canada from the US [10] as well as a case imported to

Italy from southern Portugal [33]. Therefore, the actual
global presence of infection with this nematode might be
underestimated.

Infection with O. lupi has been studied in dogs
from Europe and the US [2,34]. O. lupi microfilariae
were previously detected in the interocular region from
2/23 and 7/84 dogs in studies from Greece and Portugal,
respectively [34], and none of the O. lupi-positive dogs
showed clinical signs. Furthermore, 4.8% (5/104) of
dogs in a study from southern Spain were positive for
O. lupi microfilariae, with only one of the infected dogs
showing neurological abnormalities, possibly unrelated
to O. lupi-infection [2]. No granulomatous nodules were
detected using imaging tests in the latter case [2] and
neurological signs due to O. lupi infection have not been
reported in dogs to date.

In the US, O. lupi is considered endemic in the states
of New Mexico and Arizona [4,35], although it has been
found in rescued dogs from other southwestern states and
dogs with a travel history to New Mexico [36]. Interest-
ingly, recurrence of clinical signs is a common finding in
dogs [35,36], as opposed to observations made from cases
in Greece, in which treated dogs did not show any further
signs after a year of follow up [37]. This might suggest
ineffective medical or surgical treatment, or possibly that
the parasite circulation is maintained among canid com-
munities, enabling constant infections and reinfections in
dogs. For example, the detection of O. lupi in 5.2% of
707 analyzed skin samples collected from coyotes (Canis
latrans) in eight counties of Arizona and New Mexico [4]
suggests that this wild canid has a role in the maintenance
of the infection in some areas. This highlights the diffi-
culty in controlling the nematode in locations where both
domestic and wild canids are infected by O. lupi.

Clinical cases of O. lupi infection in domestic cats
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Figure 3. Global distribution of O. lupi. Reports of O. lupi infection in domestic dogs, cats and humans. In the
Americas, infection has been detected in Canada and the US. In Europe, O. lupi has been reported in Albania,
Georgia, Germany, Greece, Hungary, Portugal, Romania, Russia, Spain, Switzerland, and Turkey. In Asia, reports of

infection have been from Iran and Israel.

have been reported in Portugal [13] and the US (ie, Utah)
[12]. A survey of 155 apparently healthy stray cats from
Portugal found that only one cat was positive for O. lupi
[13]. These findings suggest that although cats can be
competent hosts of the parasite, their role either as defin-
itive hosts and reservoirs of the nematode might be less
important than that of canids.

Twelve cases of human O. [upi infection have been
confirmed in the US [15], Germany [18], Turkey [16],
Tunisia [38], and Iran [17] between 2011 and 2015. Prior
to this time, three cases of human ocular onchocercosis
from Ukraine [39], Albania [40], and Hungary [41] were
suspected based on their ocular presentation and the
morphology of extracted worms. In 2011, O. lupi was
confirmed as a zoonotic agent when worms extracted
from ocular nodular lesions of an 18-year-old woman
from Turkey were identified as O. lupi based both on
the morphology of the adult worms and on the gene
sequence identity compared with sequences available in
Genbank [14]. Interestingly, spinal onchocercomas have
been reported exclusively in humans [8,9], whereas this
clinical presentation has not been detected in dogs. More-
over, most cases in humans have been reported in 15- to
28-year-old young adults [14,16-18], without gender or
occupation predilection. Importantly, most cases from

the US report travel history to endemic states or indicate
outdoor activities near lakes or rivers.

BIOLOGY AND EVOLUTION

O. lupi has an obligate symbiotic relationship with
Wolbachia bacteria [42], as do most filarial nematodes in-
cluding other Onchocerca spp. [43]. These bacteria have
been observed enclosed in cytoplasmic double-mem-
brane vacuoles from the lateral chords of female and male
adults and in microfilariae [42]. Molecular analysis of the
16S rRNA gene of Wolbachia demonstrated that O. lupi
endosymbionts belong to supergroup C of Wolbachia pip-
ientis and are not identical with those from other Oncho-
cerca spp. [42]. Based on the Wolbachia surface protein
(wsp) and the bacterial cell-cycle fisZ gene sequences, it
was also confirmed that O. lupi-associated Wolbachia di-
verged early from other Onchocerca spp.-Wolbachia [44]
and that O. lupi-derived Wolbachia have coevolved with
its nematode host [45]. The elucidation of this symbiotic
relationship emphasizes the potential implication of Wol-
bachia in the pathology and treatment of the infection
[42] and assisted in the analysis of this worm’s evolution.

The divergence of the genus Onchocerca has been
estimated to occur in the past 2.5 million years [46] and
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independent studies have pointed out that O. lupi has a
recent evolutionary history [44,45]. Indeed, initial phy-
logenetic studies using a fragment of the cytochrome
oxidase subunit 1 gene (cox/) suggested that O. lupi
was clearly separated from O. volvulus and O. ochengi,
O. gutturosa and O. gibsoni, all infecting bovines. This
finding confirms previous observations that O. lupi has
both primitive and evolved morphological traits [44,45].
Furthermore, analyses using seven concatenated O. lupi
markers indicated that this dog parasite is located in a
cluster composed of human and cattle-derived Oncho-
cerca spp. and separated from a second group containing
wild animal and horse-derived Onchocerca spp. [45].
This suggests that the adaptation of O. lupi to dogs and
cats might be related to their domestication [45], occur-
ring between 4,000 and 15,000 years ago [47,48]. In
addition, the presence of genetically identical O. lupi in
cats and dogs might be related to the recent evolutionary
appearance of these hosts species or to the inability of this
worm to diverge in different parasite species, as shown
in cophylogenetic studies [45]. Altogether, these data
suggest that species divergence in the clade containing
Onchocerca spp. of dogs, cats, and humans, including O.
lupi, is more recent than the divergence of the clade con-
taining Onchocerca spp. from wild animals and horses.
The process of domestication of dogs and cats might have
contributed to host switching events that led to speciation
within this clade [45].

O. lupi has two different genotypes, genotype 1 in-
cludes worms from dog, cat, and human hosts from the
Americas and Europe/Asia, and genotype 2 comprises
nematodes from dogs and cats of the Iberian Peninsula
[49]. Due to the sequence homogeneity within genotype
1, which includes nematodes from the US, Greece, Israel,
Germany, Hungary, and Turkey, it has been hypothesized
that O. lupi was imported to the US from Europe [36] as a
recent event [35]. Interestingly, it was suggested that gen-
otype 2 worms induce a subclinical to mild infection in
its hosts [49], since infected dogs and cats from Spain and
Portugal were reported to show minimal clinical manifes-
tations compared to genotype 1 infections [2,13,34]. This
differential pathology observed in separate genotypes
has also been described for Trichinella spp. [50], and
warrants more research focusing on epidemiological and
intrinsic biological factors that underlie this observation.

PATHOLOGY

Onchocercosis is a disease inducing a wide range of
clinical manifestations and affecting many different host
species, yet little is reported on the pathogenic process
which develops following the parasite’s establishment in
the host, except for the infections induced by O. volvulus
and O. ochengi [34]. O. lupi has been reported in several
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anatomical locations, mostly in subconjunctival and sub-
cutaneous tissues from dogs [51], cats [12], and humans
[29,52]. Less frequently, O. lupi has been detected in the
cervical spinal cord in humans [8,9,15]. Ocular infections
in canid and felid hosts may be characterized by acute or
chronic ocular clinical signs [3]. The prepatent period of
acute infections is unknown for O. lupi, but it is estimat-
ed to be at least several months based on what is known
from other Onchocerca spp. [5]. Acute manifestations can
include: periorbital swelling, lacrimation, conjunctivitis,
protrusion of the nictitating membrane, exophthalmia,
chemosis, photophobia, diffuse corneal stromal edema,
scleral indentation, retinal detachment, and less com-
monly, blepharitis, corneal ulcers, anterior and posterior
uveitis, and blindness [3,5,35,53]. Ocular pathology may
lead to a decrease in visual acuity and, in severe instanc-
es, to total destruction of the eye and phthisis bulbi [49].
In some cases, portions of the gravid worm have been
observed on the surface of the conjunctiva or beneath it,
and in ocular and periocular tissues. Moreover, single or
multiple granulomatous nodules or cyst-like formations
affecting one or both eyes [32] were described as the
most common presentation during chronic ocular disease
within the retrobulbar spaces, orbital fascia, conjunctiva,
nictitating membranes, or on top of the sclera [3]. In ad-
dition, a case of aberrant migration of O. lupi lodging in
a single sessile nodule in the larynx was reported in a
dog from Portugal [7]. In this report, a severe reduction
of glottal and tracheal diameter led to dyspnea, tachy-
pnoea, and cyanosis [7]. This parasitic infection in dogs
usually does not manifest cutaneous signs, but dermatitis
due to microfilariae cannot be excluded and should be
distinguished from scabies, demodicosis, and other skin
pathologies [5].

In humans, ocular onchocercosis is usually displayed
as a single conjunctival nodule with mild conjunctival
hyperemia and discomfort and no effect on vision acu-
ity (Table 1) [17]. However, subcutancous manifesta-
tions have also been reported in humans, ranging from
erythematous swollen areas to non-erythematous and
non-pruritic granulomatous cysts [52]. Spinal involve-
ment has been detected in three cases all occurring in
the US in children younger than 13 years old. Cervical
mass lesions localized intra- or extra-durally have been
described between the vertebral neural foramina of C2
and C4. Common symptoms displayed in these patients
include a limited range of motion of the neck due to mod-
erate to severe spinal cord compression, dysphagia, and
headache [15,52]. Interestingly, nongravid female worms
have been detected in all zoonotic onchocercosis cases,
except in those reports with spinal involvement, which
have occurred mostly in children [8,9,15]. This can be
explained by the recovery of O. lupi worms from lesions
before they reach sexual maturity. Alternatively, this
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might suggest that humans act as accidental, dead-end
hosts of O. lupi in which the parasite cannot complete
its life cycle. An immune response against the worms in
adult patients may halt their development, as observed
in human toxocarosis [54]. However, further research is
required to elucidate the involvement of humans in the
life cycle of O. lupi.

DIAGNOSIS

The diagnosis of O. lupi infection is difficult to es-
tablish, due to the variety of its anatomical locations and
manifestations that it induces in its hosts (Figure 4) [3].

For canids and felids, skin snips are the most employed
strategies and the most sensitive procedures for diagnosis
of subclinical infection [1]. Briefly, skin snips consist of
sampling a 0.2 cm® piece of tissue surrounding the intero-
cular cutaneous region of the head, ear tip, interscapu-
lar, and lumbar regions using a scalpel. This superficial
biopsy is stored in saline solution for approximately 12
hours to enable the release of microfilariae into the liquid.
The liquid solution is then centrifuged at 1500 rpm for 3
minutes, the sediment is recovered and viewed under mi-
croscope for the presence of microfilariae [2,34] (Figure
4). Skin snips are commonly used for the diagnosis of
O. lupi because of the high sensitivity of this sampling
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technique in cases with no clinical signs, the ease of iden-
tifying worms and the simple accessibility to this method
in most veterinary clinics. However, taking skin snips can
be time consuming and false negative results may occur
when microfilariae are not concentrated or not present in
some anatomical locations [22,55].

The presence of O. lupi in any anatomical location
can be confirmed using imaging tools, such as magnet-
ic resonance imaging, computerized tomography, and
ultrasound scans for detecting ocular, subcutaneous, or
cervical spinal cord infections in dogs [56] and humans
[15]. These methods analyze the anatomic location of the
nodules or cysts in the hosts and determine if local tissue
damage is present due to helminth migration or a host
inflammatory response [56]. In addition, these imaging
tools are minimally invasive, relatively cost-effective and
helpful in getting a confirmatory diagnosis [56]. More-
over, ophthalmic examination using fundoscopy [18,57]
and biomicroscopy [16] is useful as a preliminary step
in evaluating ocular involvement of O. lupi in dogs and
humans. In addition, in vivo confocal microscopy has
been applied in canids for diagnosing the parasite and
for treatment follow-up [58]. These methods are fast and
non-invasive but cannot accurately identify the specific
agent involved in the observed lesions [57]. Still, for the
identification of the etiological agent, invasive strategies
such as nodule excision and worm extraction are needed
[56], given the fact that no serological diagnostic test is
commercially available for the diagnosis of O. lupi in-
fection.

Preliminary serological tests have been developed
for dogs. An enzyme-linked immunosorbent assay (ELI-
SA) using an Og4C3 monoclonal antibody [59] as well
as a western blot against the protein paramyosin of O.
lupi [55] have shown promising results as preliminary
approaches for detecting infection. Serological diagnosis
is minimally invasive and highly specific if appropriate
antigens are targeted, and it’s useful for large scale epide-
miological surveys [58]. However, the ELISA developed
for detecting O. lupi paramyosin has a sensitivity of 50%,
its potential cross-reactions with closely related parasites
have not been determined, and its clinical usefulness has
not been assessed [59].

Morphological and molecular analyses are recom-
mended for the confirmative identification of O. lupi in
lesions. The nematode observed in histopathological anal-
ysis of formalin-fixed paraffin embedded (FFPE) samples
or extracted from nodular lesions can be morphologically
distinguished from other Onchocerca spp. by carefully
observing the inner and outer layer features of its cuticle.
Some of these characteristics include the presence of
rounded, equally sized, and evenly spaced annular ridges
in the external cuticle with two striae between adjacent
annular ridges [19,60] and the ratio of body diameter to
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the distance between ridges which should be between 6:1
and 10:1 [6]. However, these characteristics are usually
difficult to ascertain, require expertise from the observer,
and thus, more specific assays are needed to accomplish
the identification of collected nematodes.

Polymerase chain reaction (PCR) assays have been
used for the sensitive and specific identification of O. lupi
by amplifying the cox/ [2], 12S ribosome subunit [18]
and NADH dehydrogenase subunit 5 [16] genes from for-
malin-fixed paraffin embedded (FFPE) nodule biopsies
[12], portions of adult worms [18], or microfilariae ob-
tained from skin snips [34]. A qPCR protocol targeting a
90 bp fragment of the cox/ gene of O. lupi was developed
with 100% of specificity and an analytical sensitivity of
8 x 107" fg of adult O. lupi DNA/2ul and 3.6 x 10! pg of
microfilariae DNA/2pl [61]. In addition, a duplex qPCR
amplifying a region of the cox/ discriminated between
O. lupi and O. volvulus, which highlights its potential
use in O. lupi non-endemic regions due to the difficulty
in morphologically distinguishing between these two
species [62]. This duplex qPCR detected 10 out of 11
samples with O. lupi, and all six positive for O. volvulus
[62]. Altogether, these molecular assays are useful for
epidemiological surveys, detection of subclinical infec-
tions, cases with low parasitic loads, and for monitoring
treatment outcomes.

TREATMENT

Currently there are no evidence-based protocols for
treating O. lupi infections [63]. Drugs are administered
based on treatments against other filarial parasites, mainly
O. volvulus [63]. The primary approach has traditionally
been the surgical excision of the adult-containing nodules
or cysts (Figure 4). This strategy may lead to a strong
host inflammatory response against released microfilariae
from gravid female worms [3], as observed in O. volvu-
lus. The extraction of helminths from the lesions in pets
or humans, is usually accompanied by treatment with
anthelminthic drugs, topical steroids, and antibiotics.
Ivermectin is a widely used microfilaricidal employed for
treating human O. volvulus-infections, and in zoonotic
ocular onchocercosis cases [52] and canine infections
[57]. This anthelminthic suppresses microfilariae for-
mation and induces female worm sterilization [52], thus
blocking the transmission of infection for several months.
One of the major disadvantages of the use of ivermectin
is a lack of well controlled studies focusing on long-
term outcomes of this treatment. Studies of dogs with
subconjunctival onchocercosis from Greece treated with
ivermectin have not reported infection recurrence [37].
In contrast, a retrospective study of 16 ivermectin-treated
dogs with ocular onchocercosis from the US showed a
67% of clinical signs recurrence, allegedly because the
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particular strain of O. lupi endemic in this country may
represent a haplotype more difficult to control than the
ones present in Europe [35]. Melarsomine has been em-
ployed in treating ocular infections in dogs as an adulti-
cide by intramuscular injection before ivermectin for the
control of uveitis and orbital disease [3,32,57]. Moreover,
other drugs like oxfendazole have proved inefficient in
reducing ocular lesions and skin-dwelling O. lupi micro-
filariae in dogs [64]. A possible explanation of this may
be due to a low drug concentration that is able to pene-
trate the nodules and act on O. [upi adults, as knowledge
about the vascularization of these lesions is absent [64].

Steroids, mainly corticosteroids, are administered
to control inflammation caused by the presence of the
nematode and to avoid inflammatory reactions after the
elimination of adults [3]. Moreover, antibiotics like dox-
yeycline [35,52] and oxytetracycline [42] are routinely
applied to target the endosymbiont bacteria Wolbachia
[42]. The need for new, accurate, and specific drugs to
treat ocular onchocercosis is highlighted given the limit-
ed knowledge about treatment strategies.

CONCLUSIONS AND OUTLOOK

Onchocercosis caused by O. lupi is a zoonotic in-
fection affecting canine, feline, and human hosts in Asia,
Europe, and North America. This review highlights the
presence of the parasite in wild canid reservoirs as well
as clinically affected and subclinically infected cats and
dogs, which together, may facilitate the spread of the
parasite to different geographical locations if suitable
intermediate hosts are present. Further research should be
carried to identify the intermediate hosts of O. lupi, the
involvement of humans in the life cycle of this nematode,
to design novel diagnostic tools, and to improve treatment
strategies against this zoonotic parasite.
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