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Ocular toxocariasis: clinical features, diagnosis,
treatment, and prevention
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Despite being one of the most common zoonotic infections worldwide, human toxocariasis has been one of the neglected tropical
diseases. Although most human infections are asymptomatic, two main syndromes of human toxocariasis are classically recognized:
systemic toxocariasis, which encompasses diseases in major organs; and ocular toxocariasis (OT), disease in the eye or optic nerve,
caused by the migration of Toxocara larvae into the eye. OT is usually a unilateral disease, which typically presents as retinal granuloma,
a yellowish or whitish inflammatory mass, in the posterior pole or peripheral retina. Granuloma itself or other comorbid conditions such
as epiretinal membrane, macular edema, and retinal detachment can lead to permanent retinal damage and visual loss in eyes with OT.
OT is diagnosed clinically by identification of clinical signs on ophthalmologic examination. Serological tests, such as enzyme-linked
immunosorbent assay (ELISA) for detection of serum antibody against the Toxocara larvae, can confirm the diagnosis. In addition,
serum immunoglobulin E and detection of ocular fluid antitoxocara antibody by ELISA may give additional aid to the diagnosis.
Standard treatment of OT is corticosteroid in patients with active intraocular inflammation. Although the role of anthelmintic therapy is
unclear, favorable outcome has been reported by combined corticosteroid and albendazole therapy in eyes with active inflammation.
Prevention, by increasing public awareness and reducing the risk of infection, is also important. Recently, the association between
ingestion of uncooked meat or liver and toxocariasis was reported, especially in adult patients. Future research on the potential source

of infection, diagnosis, and treatment should be performed.
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Diagnosis and treatment of ocular toxocariasis

TOXOCARIASIS, OCULAR TOXOCARIASIS

Toxocariasis is one of most common zoonotic infections
worldwide mostly caused by Toxocara canis and less frequently
by other roundworms such as Toxocara cati [1, 2]. Geographic
distribution of toxocariasis is worldwide and seropositivity of
toxocara antibody varies from 2.4% [3] to 76.6% [4]. Historically, in
1952, Beaver et al. [5] identified the etiologic agent, T. canis larvae,
in eosinophilic granulomata in liver biopsies taken from three
children. Four years later, Nichols [6] demonstrated the presence
of the second-stage larvae of T. canis in histological sections of
24 eyes enucleated under suspicion of intraocular malignancies.
These findings led to a common etiology for systemic and ocular
diseases, human toxocariasis.

Individuals become infected with Toxocara when they
unintentionally ingest embryonated eggs or larvae that have
been shed in the feces of infected animals or uncooked paratenic
hosts (Fig. 1) [1, 2, 7]. After a human ingests the eggs, infective
larvae are released in the small intestine and subsequently, these
penetrate the intestinal wall, enter the circulation, and migrate to
organs where they induce inflammatory reactions and symptoms
[1, 2]. Clinical spectrum of toxocariasis in humans varies from
asymptomatic infection to severe organ injury, depending on
the parasite load, the sites of larval migration, and the host's
inflammatory response [1]. In particular, depending on the
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Fig. 1. A simplified figure showing the life cycle of Toxocara canis and its
transmission route and migration in human.
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involved organ, two well-defined clinical syndromes can occur:
systemic toxocariasis (also known as visceral larva migrans) and
ocular toxocariasis (OT) [1].

OT is a clinically well-defined manifestation of intraocular
infection by Toxocara larvae [1, 7]. OT affects both children and
adults, with a mean age at onset ranging from 6.4 [8] to 51.7 [9]
years in different studies. This is known to be an important cause
of visual impairment during childhood [10]. Although human
toxocariasis is one of the most common zoonotic infections
worldwide, there are only a few reports that estimate the
frequency of OT. For instance, the number of cases seen in eye
clinics for vision loss in Alabama over a 6-month period was 11
cases per 1000 patients, and one case per 1,000 persons in the
general population was estimated to have OT [11]. A study in Irish
estimated the OT prevalence as 9.7 per 100,000 school children
(4-19 years of age) [12]. In Asia, one Japanese epidemiologic
survey showed that OT accounted for 1.1% of all uveitis cases [13].
In the past, most OT has been considered to develop in pediatric
patients. However, recently, adult patients are predominantly
affected by OT especially in Asians, which may be related to their
food habit [9, 14, 15]. In Korea, systemic toxocariasis has been the
major reason, accounting for 67-87%, of the high prevalence of
eosinophilia (4.0-12.2%). In patients with systemic toxocariasis,
about 60-90% had a history of raw cow liver ingestion [15]. Lack of
knowledge and negligence leave many patients with toxocariasis
abandoned and a part of the patients may suffer from OT.

As OT remains relatively unknown to the public as well as
clinicians, the clinical features, diagnosis, treatment, and prevention
of OT are reviewed here, with the focus on new developments in
serologic diagnosis and novel findings from clinical studies in the
literature.

CLINICAL FEATURES

The age at presentation in patients with OT may vary from one
to 77 years of age [9, 16, 17]. Most of the previous studies reported
that it is more common in males, as the male:female ratio was
usually greater than 1.1 [8, 12, 18-22], up to 4.5:1 [23]. Most of the
cases were unilateral and bilateral cases were less than 40% [20] in
the literature. Its clinical presentations can be classified in one of
the four forms: posterior pole granuloma, peripheral granuloma,
nematode endophthalmitis, and atypical presentations [16].

Posterior pole granuloma (Fig. 2), a focal, whitish subretinal or
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intraretinal inflammatory mass usually less than 1 disc diameter
with or without pigmentation, present in the posterior pole
with or without signs of acute inflammation and hazy vitreous
[16]. Wilkinson and Welch [24] showed that this form is the most
common form of clinical presentation, consisting of 44% of OT
cases. Macular lesions are most likely to be symptomatic and,
hence, prompt patients to seek medical attention, which possibly
explains the predilection of posterior pole granuloma.

Peripheral granuloma (Fig. 2), a focal, elevated, white nodule
in the retinal periphery, may present with varying degrees of
surrounding membranes and pigmentary changes [16]. In some
of the patients with peripheral granuloma, inflammation may
be diffuse and appear as a “snowbank” [10]. Fibrocellular bands
may be observed running towards the posterior retina or optic
nerve, sometimes forming a retinal fold. Localized traction on
the retina may also result in tractional retinal detachment or
rhegmatogenous retinal detachment by generating retinal holes
or tears.

Nematode endophthalmitis is a type of panuveitis manifesting
as a red, painful eye with diffuse intraocular inflammation [16].
Hypopyon and dense cellular infiltrate in vitreous can be observed
in severe cases. Retinal granuloma may be observed through
the vitreous haze as the vitreous opacity clears [24]; therefore,
meticulous effort for the detection of retinal granuloma is
important for the differential diagnosis. Patients with nematode
endophthalmitis tend to be slightly younger than those with a
localized granuloma.

Atypical presentations include inflammation and swelling
of the optic nerve head (manifesting as optic neuritis), motile
subretinal larvae, and diffuse chorioretinitis [1, 7, 10]. Anterior
segment findings, such as conjunctivitis, keratitis, iridocyclitis, focal
iris nodules, and cataract can also be observed [1]. In our recent
report, small, round, white granuloma-like opacity moving in the
subcapsular level of lens was observed in eyes with OT [25].

In addition to ocular inflammation and granuloma-associated
presentations, comorbid conditions in eyes with OT require careful
consideration as these can be other sources of vision loss and may
progress if untreated. Such vitreoretinal comorbidities in OT include
epiretinal membrane, vitreous opacity, tractional/rhegmatogenous
retinal detachment, macular edema, cataract, and macular hole
[9, 10]. Although typical presentation of OT, granuloma with
intraocular inflammation, may be treated medically, cases with
combined vitreoretinal comorbidities sometimes require surgical
management for anatomic and visual recovery.
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Several reports suggested causes of vision loss in patients
with OT. Stewart et al. [10] reported that vitritis is the most
common cause of vision loss in OT, followed by cystoid macular
edema, tractional retinal detachment, and epiretinal membrane.
Additionally, in eyes with macular granuloma, granuloma itself
can lead to significant vision loss as it damages the involved
retina and photoreceptors [9]. Thus, the causes of vision loss in
eyes with OT can be grouped into 3 categories: retinal damage
caused by granuloma itself, retinal comorbidities, and intraocular
inflammation. In our case series of OT, the average best-corrected
visual acuity was 20/64 Snellen equivalent at baseline, which was

(A (B)

Fig. 2. Fundus photographs of retinal granuloma in a 67- (A) and
31-year-old male (B) patients with ocular toxocariasis. (A) Posterior pole
granuloma appears as an oval, white lesion in the posterior pole of the
retina. (B) Peripheral granuloma presents with an amorphous whitish
mass with tractional membrane and retinal detachment.

1 Month

Fig. 3. Two migration patterns of Toxocara granuloma: continuous (A)
and discontinuous (B). (A) Granuloma moves into the temporal side one
month after the initial visit (A, left). The dotted line in panel A denotes a
reference line connecting two reference points. (B) Compared to baseline,
two novel granulomas appear in the macula and inferotemporal retina.
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Diagnosis and treatment of ocular toxocariasis

comparable to 20/56 Snellen equivalent at the final visit when
intraocular inflammation was mostly subsided [9]. It indicates that
in cases of visual decline, other causes, such as retinal damage by
granuloma or other comorbid conditions should be considered
and thoroughly evaluated during the clinical examination in
patients with OT.

Remarkably, a unique feature of OT, compared to other
inflammatory or retinal diseases, is intraocular migration (Fig. 3)
[9, 26, 27]. Two case reports individually demonstrated intraocular
migration of granuloma [26, 27]. There were two types of
intraocular migration, continuous (granuloma migrated adjacent
to the originally observed location) or discontinuous (a new
granuloma far from the original location) [9]. During the clinical
course, continuous and discontinuous granuloma migration was
observed in 12.9% and 4.3% of eyes with OT, respectively [9]. As
the migrating granuloma is pathognomonic for OT, this unique
feature may be helpful in differentiating OT from other retinal
diseases, such as ocular toxoplasmosis, sarcoidosis, tuberculosis,
and fungal infections [9].

DIAGNOSIS

Definitive diagnosis of ocular toxocariasis can be obtained by
histological demonstration of the toxocara larva or its fragments
from biopsy of infected tissue. However, the collection of suitable
biopsy material is risky and difficult in eyes with OT and rarely
justified on clinical grounds. Thus, current diagnosis of OT is made
clinically by the identification of the typical ophthalmologic signs
and by the presence of serum antibody to the Toxocara larvae [1, 7,
16].

As mentioned above, clinical presentation of localized
granuloma in the retinal posterior pole or periphery is typical
for making the presumed diagnosis of OT. In cases of nematode
endophthalmitis in which fundus examination is not possible due
to vitreous opacity, specific ancillary tests such as ultrasonography
(depiction of highly reflective mass with or without vitreous band)
can be helpful for differential diagnosis and the presence of retinal
granuloma should be re-evaluated for definite diagnosis when the
vitreous becomes clear [1, 24].

Serologically, the standard, current test for diagnosing human
toxocariasis is an indirect enzyme-linked immunosorbent assay
(ELISA) based on the excretory-secretory antigens of T. canis. The
ELISA (Biokema-Affinity Products, Crissier-Lausanne, Switzerland)
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[28] at a serum titer greater than 1:32 has 78% sensitivity for the
detection of toxocariasis [29] and Hagler et al. [30] suggested that
a serum titer of 1:8 is sufficient to support a diagnosis of ocular
toxocariasis if the patient has signs and symptoms compatible with
that disorder. In addition to the commercial ELISA kit, serodiagnosis
by ELISA using crude antigen of toxocara larvae developed by
researchers in Seoul National University in South Korea also
showed acceptable diagnostic value with 92.2% sensitivity and
86.6% specificity [31]. It has been reported that recombinant
antigens [32] can offer further solutions for serologic diagnosis by
providing increased sensitivity and specificity compared to native
excretory—secretory antigens. However, because of the inability
of the parasite to mature into an adult form in humans, a search
for T canis or T. cati ova in human feces is unnecessary. Nationwide
survey in the United States showed 17 of 25 patients (68%) with
OT in which ELISA results were reported had positive test results
[16]. However, the sensitivity and specificity of the ELISA for the
diagnosis of OT has not been fully evaluated in large samples.
Furthermore, unfortunately, such antibodies may often be
undetectable or the titer may be below the cutoff level in the sera
of OT patients [33], possibly due to the relatively low parasite loads
in patients with OT. Therefore, the absence of serum antibodies
does not rule out the diagnosis of OT. In this case, other ancillary
tests can be helpful for confirming Toxocara infection.

As an ancillary test, the role for detection of immunoglobulin
E (IgE) antibody has been identified in patients with human
toxocariasis [7, 34]. Regarding the role in OT, our case series on OT
showed 69.6% of clinically and serologically diagnosed patients
showed elevated IgE levels, suggesting that IgE may provide a
supplementary role for the diagnosis of OT [9]. Furthermore, levels
of IgE showed a decrease after treatment in human toxocariasis,
indicating that it may be useful for monitoring therapeutic effect.
This necessitates further investigation on the role of IgE antibody
among patients with OT.

Although systemic eosinophilia is an important feature of
systemic toxocariasis [14, 35-38], eosinophil count is not usually
elevated in OT patients. For example, our case series showed only
11.6% (10 of 86) of patients with OT had eosinophilia [9]. Thus,
eosinophil count may not be as helpful as the ELISA test or total
IgE level; however, eosinophilia may indicate the possibility of co-
occurring systemic and ocular toxocariasis [1, 34], which requires
systemic evaluation and appropriate treatment.

It was suggested by several authors that improved sensitivity
can be achieved using an ELISA analysis of intraocular fluids [17, 33,
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39]. However, using the same cutoff value with serum antibody,
the positive rates of ELISA on vitreous fluid was as low as 33%
among the patients with OT, which requires further investigation
on the suitable cutoff value for the detection of OT [9]. In surgically
treated cases, remnants of Toxocara organisms have occasionally
been detected from vitrectomy specimens obtained during
surgery, which provide direct evidence of intraocular infection of
Toxocara larva [40]. Cytologic examination of aqueous humor or
vitreous samples may also be helpful in confirming the diagnosis
of OT. However, currently no available data exist on the detection
rate of vitreous cytology or biopsy among eyes with OT and thus,
cytology and biopsy may be reserved for patients with suspected
OT preplanned for vitreoretinal surgery.

TREATMENT

Eyes with OT can be treated medically or surgically, depending
on the severity of intraocular inflammation and comorbid
conditions. First, medical therapy should be considered in cases
of active inflammation. Current standard treatment for ocular
toxocariasis is corticosteroid administration in patients with active
intraocular inflammation. Topical and systemic corticosteroids
are useful in managing intraocular inflammation and may reduce
vitreous opacification and membrane formation [9, 24, 39, 41, 42].

The role of anthelmintic therapy in OT remains controversial
as there have been no randomized controlled trials on the use of
anthelmintic agents for OT. The results from only a few controlled
trials of anthelmintic drugs for systemic toxocariasis have been
published [43, 44]. Since parasitological cure cannot be assessed
exactly, the outcome used in the published trials has simply been
an improvement in the clinical signs and symptoms. Albendazole
(400 mg given twice a day for 7-14 days) is the recommended
standard drug for systemic toxocariasis and seems to be superior
to thiabendazole (given at 50 mg/kg/day for 3—7 days) [43], which
also strongly inhibits larval migration [45]. Diethylcarbamazine
(given at 3—4 mg/kg/day for 21 days, starting at 25 mg/day for
each adult patient and increasing the dose progressively) was also
found to be effective for the treatment of systemic toxocariasis [44].

However, it is not proven that the anthelmintic therapy can
kill intraocular Toxocara larvae as intraocular pharmacokinetic
and pharmacodynamic studies on anthelmintic agents have not
been performed. Therefore, the role of anthelmintic therapy in
OT remains unclear. Nonetheless, the use of anthelmintic drugs
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combined with corticosteroids has shown favorable outcomes in
many studies. For example, Barisani-Asenbauer et al. [41] reported
that systemic albendazole (800 mg twice a day for adults and 400
mg twice a day for children) combined with steroid resulted in
visual improvement without recurrences of uveitis in 5 patients
throughout the 13.8-month observation period. In our study,
combined corticosteroid and albendazole therapy significantly
reduced 6-month recurrence (17.4%), as compared with the
corticosteroid only group (54.5%), although the therapeutic
improvement in inflammation and vision was similar with and
without albendazole therapy [9]. The death of larva is considered
to be associated with an inflammatory reaction, which has not
been proven. However, albendazole monotherapy in OT patients
with inactive intraocular inflammation showed no aggravation in
intraocular inflammation [9]. Regarding the appropriate dosage of
systemic albendazole therapy, there has been no consensus over
clinicians. For instance, 200 mg twice a day for one month and 400
or 800 mg twice a day for 2 weeks were recommended for the
dose of oral albendazole therapy for patients with OT, which have
never been compared in a single study [9, 41].

A report in which motile subretinal larva destroyed with
photocoagulation also exists [46]. In another report, intravitreal
ranibizumab was shown effective for the treatment of choroidal
neovascularization secondary to OT [47].

Medical therapy with systemic or topical corticosteroid is
effective to reduce intraocular inflammation and improve
inflammation-associated symptom but it has limited efficacy to
resolve structural complications in the retina. Retinal detachment,
epiretinal membrane, and persistent vitreous opacity are common
surgical indications for vitreoretinal surgery performed in eyes
with OT and several authors reported the outcome of the
surgical treatment. Giuliari et al. [48] reported good anatomic
and functional outcome of surgical treatment in 45 patients with
OT. In our case series, 32 out of 101 patients (31.7%) required
surgical treatment, each for epiretinal membrane (n = 19), vitreous
opacity (n = 9), and/or retinal detachment (n = 2). Successful
surgical outcome was achieved in 68.4%, 88.9%, and 50% of
patients with epiretinal membrane, vitreous opacity, and retinal
detachment, respectively, [9]. By providing structural modification,
i.e, membrane peeling, removing vitreous opacification, or retinal
reattachment, surgery in OT may result in stability or improvement
in visual function.
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PREVENTION

Under the lack of sufficient awareness of OT, increasing public
awareness on toxocariasis and reducing human exposure to
Toxocara species are important for prevention of the disease.
To reduce the risk of infection, source of transmission should be
understood first.

Previous studies have established ownership of a dog or cat
as a risk factor for infection with Toxocara. Direct contact with
untreated, infected puppies has been considered to be an
important source of transmission. However, nationwide survey
performed in the United States showed percentages of pet
ownership among OT patients were less than 50% (45% for dog
and 26% for cat), suggesting that exposure to untreated, infected
puppies may not sufficiently explain the sources of transmission.
Accidental ingestion of embryonated eggs by geophagia was also
suggested as another important source of transmission [1, 2, 71.
As the disease usually occurs in children, good hygiene practices,
such as hand washing, especially after exposure to high-risk areas
such as sandboxes, outdoor park, and playgrounds should be
emphasized. Indeed, sandboxes, outdoor parks, and playgrounds
can be highly contaminated with embryonated eggs of Toxocara
as people routinely walk their pets at these places [2, 49-52] and
under warm conditions, embryonated eggs may remain viable for
years [53]. Also, pet owners should be counseled to dispose pet
feces promptly, to clean their pet’s living area frequently, and to
take their pets to the veterinarian for reqular deworming [16].

In adult patients, source of transmission can be somewhat
different to that in children as accidental ingestion of embryonated
eggs is less likely to occur. The association between raw meat,
especially raw cow liver, and toxocariasis has been recently
reported in adult population [9, 14]. In some Asian countries,
uncooked meat is consumed, mostly by adults, which may
increase the number of adult patients with toxocariasis [15]. In
Korea, a history of raw cow liver ingestion was found in 60-90% of
systemic toxocariasis patients and in 80.8% of OT. The odds ratios
of OT were 14.9 for raw cow liver ingestion and 2.28 for raw meat
ingestion [9]. This indicates that the infection source of toxocariasis
and demographic features of the patients may differ based on
geographic and behavioral (especially, food habits) patterns. Public
health practitioner should consider the local cultural context
when identifying the probable infection sources in patients with
toxocariasis and educate the people not to eat uncooked meat to
prevent Toxocara infection.
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CONCLUSIONS

Our current understandings of the diagnosis, treatment,
and prevention of human toxocariasis and ocular involvement
are limited, although it is one of the most common zoonotic
infections worldwide. OT can be clinically diagnosed with specific
signs. However, serologic diagnosis which provides evidence on
Toxocara infection may greatly support the diagnosis in patients
with presumed OT. Thus, further diagnostic improvement is
necessary for better detection and prompt diagnosis of OT. In
particular, future research should explore the potential sources of
infection and standardize medical and surgical treatment for OT,
to minimize anatomical and functional sequelae. Public education
and campaign on preventing digestion of raw animal food,
especially liver, may also reduce the morbidity of toxocariasis and
oT.
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