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12.1 Introduction

Parasitic and fungal infections of the eye are
major, worldwide distributed causes of infectious
posterior uveitis that may lead to blindness. The
causative agents include several species of
Protozoa and Helminths that have a natural predi-
lection for the eye. These parasitic infections
may be transmitted by vectors, food consump-
tion, or acquired indirectly from the environment.
Ocular involvement can be due to damage
directly caused by the infectious pathogen, indi-
rect pathology caused by toxic products, or the
immune response incited by infections or ectopic
parasitism. Epidemiologic data, clinical features,
diagnostic tools, and management of the clini-
cally important species of parasites involved in
posterior uveitis including toxoplasmosis and
toxocariasis are reviewed in this chapter.
Presumed ocular histoplasmosis syndrome,
which is considered to be of fungal origin, also
will be discussed.
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12.1.1 Toxoplasmosis

Toxoplasmosis is a worldwide distributed infec-
tion caused by the intracellular parasite
Toxoplasma gondii. The parasite was first discov-
ered in Tunis in 1908 by Charles Nicolle and
Louis Manceaux [1].

12.1.1.1 Epidemiology

Toxoplasmosis is the most common cause of
infectious retinochoroiditis (RC) in both adults
and children, accounting for 20—60 % of all pos-
terior uveitis cases [2]. Toxoplasmosis occurs
worldwide, but its incidence is higher in tropical
areas as compared to Europe and Northern
America, and is quite rare in China. The
prevalence increases with age and decreases with
increasing latitude [3]. Ocular disease is more
severe in South America than in other continents
due to the presence of extremely virulent geno-
types of the parasite [2, 4].

12.1.1.2 Life Cycle and Pathogenesis
Toxoplasma gondii is a single-cell obligate intra-
cellular protozoan parasite that exists in three
major forms: the oocyst or soil form (10—12 pm),
the tachyzoite or infectious form (4-8 pm), and
the tissue cyst or latent form (10-200 pm), which
contains as many as 3.000 bradyzoites.

Cats are the definitive hosts of T gondii, and
humans and a variety of other animals serve as
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intermediate hosts [5]. Human infection by T gon-
dii may be either acquired or congenital. The prin-
cipal modes of transmission include ingestion of
undercooked infected meat, contaminated water,
fruits, or vegetables or unpasteurized milk from
infected animal, inadvertent contact with soil,
transplacental transmission, blood transfusion or
organ transplantation, and rarely introduction of
tachyzoites through a break in the skin.

Following ingestion, the organisms will
spread by hematogenous dissemination reaching
muscles, brain, and retina with formation of tis-
sue cysts containing bradyzoites which will
transform into tachyzoites upon cyst rupture and
will invade new cells. A possible infection route
from the brain to the eye via the optic nerve has
been suggested [5]. Although toxoplasmosis
after infancy was considered to be exclusively the
result of reactivation of congenital disease,
acquired infection is now thought to play an
important role in the development of ocular toxo-
plasmosis in children and adults [6].

12.1.1.3 Clinical Features

Main presenting symptoms include unilateral
blurring or loss of vision, central scotoma, and
floaters. An associated mild to moderate granulo-
matous anterior uveitis is frequently observed
and can be hypertensive in nature in 30 % of
cases [7].

Moderate or severe vitreous inflammatory
reaction, usually more intense near the active RC
lesion, is present in almost all cases. In some
cases, vitritis is so severe that visualization of the
fundus is very difficult, giving the classic “head-
light in the fog” appearance.

Active toxoplasmic RC typically presents as a
unilateral, single gray-white retinochoroidal
lesion, with indistinct borders due to surrounding
retinal edema, near or adjacent to a pigmented
and/or atrophic scar indicative of previous toxo-
plasmic infection [8, 9] (Fig. 12.1). However,
25-35 % of eyes with active toxoplasmic RC do
not exhibit associated old scar (Fig. 12.2). RC
lesions may have various sizes and may occur in
the posterior pole, sparing or involving the cen-
ter, in periphery, or occasionally immediately
adjacent to or directly involving the optic disk.

Various associated fundus changes may occur
including focal or diffuse retinal vein sheathing,
retinal arterial involvement especially in the form
of Kyrieleis arteriolitis, retinal hemorrhages,
macular edema, serous retinal detachment (SRD),
and optic disk hyperemia.

The course of toxoplasmic RC is self-limiting
in immunocompetent patients. The inflammation
gradually resolves in 6—8 weeks, and a chorio-
retinal scar replaces the active lesion [7].

Ocular toxoplasmosis is a progressive and
recurrent disease, with new lesions occurring at
the margins of old scars as well as elsewhere in
the fundus. Recurrences are totally unpredictable
and may occur years after the original lesion
resolved. Recurrence rates of 4079 % have been
reported [10].

The classic presentation of congenital toxo-
plasmosis is RC with a predilection for the poste-
rior pole and macula (Fig. 12.3). Congenital
toxoplasmosis may be bilateral in approximately
85 % of affected individuals [11-13] (Fig. 12.3).

RC developing in immunocompromised and
older patients may present with atypical findings,
including large, multiple, and/or bilateral lesions,
with or without associated chorioretinal scars.

Other atypical presentations of toxoplasmic
RC include punctate outer or inner retinal toxo-
plasmosis, neuroretinitis, optic neuritis, intraocu-
lar inflammation without RC, unilateral
pigmentary retinopathy simulating retinitis pig-
mentosa, scleritis, and a presentation in associa-
tion with Fuchs uveitis syndrome [14].

Early and late complications of ocular toxo-
plasmosis include retinal vascular occlusions
(Fig. 12.4), SRD, choroidal ischemia, cataract,
posterior synechiae, significant vitreous opacifi-
cation and organization, rhegmatogenous or
tractional retinal detachment, preretinal neovas-
cularization, vitreous hemorrhage, choroidal
neovascularization (CNV), epiretinal membrane
(ERM), subretinal fibrosis, vasoproliferative
tumor, optic atrophy, glaucoma, and phthisis
bulbi [9, 10, 15].

12.1.1.4 Imaging
Fluorescein angiography (FA) shows early hypo-
fluorescence of active focus of RC, followed by
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Fig. 12.1 (a) Fundus photograph shows an active focus
of toxoplasmic retinochoroiditis adjacent to an old pig-
mented scar located at the superotemporal the superior
vascular arcade in the vicinity of the optic disk. (b) Early-
phase fluorescein angiogram shows hypofluorescence of
both active and old focus. (¢) Late-phase fluorescein
angiogram shows peripheral hyperfluorescence and per-
sistent central hypofluorescence of the active lesion with

vascular leakage and optic disk hyperfluorescence. (d)
Early-phase indocyanine green angiogram shows hypo-
fluorescence of the retinochoroiditis focus. (e) Late-phase
indocyanine green angiogram shows persistence of hypo-
fluorescence of the retinochoroiditis focus with multiple
satellite dark dots and retinal vascular staining. (f) Optical
coherence tomography reveals a subclinical serous retinal
detachment (arrow) with foveal involvement
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Fig.12.1 (continued)

Fig.12.2 (a) Fundus
photograph shows an active
focus of toxoplasmic
retinochoroiditis without old
scar. (b) Optical coherence
tomography shows increased
retinal reflectivity and
thickening of the active
lesion, retinal pigment
epithelial and choriocapillaris
band shadowing, posterior
hyaloid thickening and
detachment, and vitreous
hyperreflective dots

gradual staining starting from the lesion borders
(Fig. 12.1). This imaging modality is useful in
the detection and evaluation of associated
retinochoroidal vascular changes including focal

or diffuse retinal vascular leakage, macular
edema, retinal or choroidal vascular occlusion,
optic disk leakage, CNV, and retinochoroidal
anastomosis [7, 8].
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Fig. 12.3 Fundus photograph shows congenital toxo-
plasmosis involving the macula

Indocyanine green angiography (ICGA)
shows hypofluorescence of the main focus of RC
at all phases of the angiogram (Fig. 12.1) [16].
ICGA also shows in up to 75 % of cases multiple
hypofluorescent satellite dark dots, possibly due
to choriocapillaris hypoperfusion, that disappear
after therapy in the majority of cases (Fig. 12.1).
More pronounced choroidal ischemia could be
confirmed by ICGA in a subset of patients of
patients with toxoplasmic RC [17, 18].

Optical coherence tomography (OCT) is a
noninvasive test that is useful in evaluating and
monitoring active toxoplasmic RC and associ-
ated changes. Findings include increased retinal
reflectivity and thickening of the active lesion,
retinal pigment epithelial and choriocapillaris
band shadowing, posterior hyaloid thickening
and detachment, vitreoschisis, vitreous hyperre-
flective dots, ERM, and SRD (Figs. 12.1 and
12.2). Disorganization of the retinal layers reflec-
tivity with interruption of the inner/outer segment
(IS/0OS) junction due to scar formation may be
observed [18-22]. Imaging of congenital toxo-
plasmosis macular scars reveals retinal thinning,
retinal pigment epithelial hyper-reflectivity, exca-
vation, intraretinal cysts, and fibrosis [23].

Ultrasonography is useful when view of the
fundus is limited by posterior synechiae or vitre-
ous opacity. The most frequent findings include
intravitreal opacities, thickening of posterior hya-
loids, partial or complete posterior vitreous
detachment, focal retinochoroidal thickening,

Fig. 12.4 Color fundus photograph of the left eye of a
patient with ocular toxoplasmosis shows an active focus
of retinochorioretinitis adjacent to old pigmented scars
infero-temporally and an area of retinal whitening along
the inferior temporal arcade consistent with a diagnosis of
branch retinal artery occlusion

and tractional and retinal
detachment.

Visual field testing reveals absolute defects
breaking out to the periphery when scars occur
within one disk diameter to the optic disk [24] or

in case of retinal vascular occlusion [15].

rhegmatogenous

12.1.1.5 Laboratory Investigations

The diagnosis of toxoplasmic RC is primarily
based on typical clinical findings, but laboratory
testing may be required to confirm the diagnosis
in atypical clinical presentations. A positive
serological assay for IgG does not confirm the
diagnosis of ocular toxoplasmosis, given the
high rate of seropositivity in the normal popula-
tion in most countries. The presence of IgM
and/or IgA titer or a rising IgG titer indicates
recent acquired infection. A negative serology
can exclude the diagnosis of ocular toxoplasmo-
sis [25].

The Goldmann-Witmer (GW) coefficient and
the western blot technique are used to demon-
strate local production of antibodies in aqueous
humor or rarely in vitreous fluid. A GW coeffi-
cient of greater than three is considered highly
suggestive of a diagnosis of active ocular toxo-
plasmic infection [26].

Detection of toxoplasma DNA in ocular fluids
by PCR is helpful in the diagnosis of atypical



140

M. Khairallah and R. Kahloun

clinical presentations, particularly in immuno-
compromised patients [27, 28].

12.1.1.6 Differential Diagnosis

Typical toxoplasmic RC can be easily differenti-
ated for other infectious or noninfectious uveitic
entities. Atypical clinical presentations should be
differentiated from other infectious diseases,
including necrotizing viral retinitis, tuberculosis,
syphilis, bartonellosis, rickettsiosis, Lyme dis-
ease, fungal retinitis, bacterial retinitis, and toxo-
cariasis [7, 8].

Toxoplasmic RC should also be differentiated
from noninfectious entities including multifocal
choroiditis, acute posterior multifocal placoid
pigment epitheliopathy (APMPPE), serpiginous
choroiditis, punctate inner choroidopathy, sar-
coidosis, Behget disease, ocular lymphoma, and
other causes of optic nerve involvement [29].

Differential diagnosis of congenital ocular
toxoplasmosis in newborns and young children
mainly includes Rubella, CMV, Herpes, Syphilis,
Toxocariasis, West Nile virus fever, acute lympho-
cytic choriomeningitis, macular coloboma, persis-
tent hyperplastic vitreous, and neoplastic entities
such as retinoblastoma and retinocytoma [29].

12.1.1.7 Treatment

Treatment of ocular toxoplasmosis remains
controversial. However, the generally accepted
criteria for treatment include the following:
involvement of zone 1, especially in patients with
active lesion affecting or threatening the fovea
or optic nerve, lesion size >2 disk diameters,
marked vitritis, retinal vascular occlusion, immu-
nocompromised patients, elderly patients, and
acquired toxoplasmosis [8, 9].

Some clinicians may elect to observe small
lesions in the retinal periphery that are not associ-
ated with a significant decrease in vision or vitri-
tis, while others treat virtually all patients in an
effort to reduce the number of subsequent recur-
rences [9].

Numerous agents have been used to treat
toxoplasmosis over the years [30, 31]. The stan-
dard treatment of ocular toxoplasmosis includes
a combination of pyrimethamine, given in a load-
ing dose of 100 mg on day 1 followed by 50 mg

daily (25 mg in children), sulfadiazine 4 g/day,
and corticosteroids (0.5-1 mg/Kg/day, depend-
ing on the severity of the inflammation). Folinic
acid (25 mg per os two or three times a week) is
added to prevent bone marrow suppression that
may result from pyrimethamine therapy [30, 32,
33].

Corticosteroids should be used orally, always
under anti-toxoplasmic therapy and begun within
48 h. The use of periocular or intravitreal cortico-
steroids should be avoided. Corticosteroids
should also be avoided in immunocompromised
patients. In general, treatment lasts from 4 to 6
weeks, at which time inflammation begins to sub-
side and the retinal lesion shows signs of consoli-
dation. This period may be extended if there is
persistent disease activity.

Other alternatives include oral clindamycin,
spiramycin, and azithromycin [9, 30]. The com-
bination of pyrimethamine and azithromycin
(500 mg on day 1, followed by 250 mg/day) is as
effective, but less toxic, than the classic combina-
tion of pyrimethamine and sulfadiazine [8, 34].

Intravitreal clindamycin injection to treat
toxoplasmosis RC is a promising approach [35].

Newborns with congenital toxoplasmosis are
commonly treated with pyrimethamine and sul-
fonamides for 1 year, in consultation with a pedi-
atric specialist. In cases of newly acquired
toxoplasmosis during pregnancy, spiramycin
400 mg three times daily may be used [36].

Pyrimethamine should be avoided or used in
lower dosage for the management of ocular toxo-
plasmosis in patients with HIV/AIDS who
receive highly active antiretroviral therapy.
Atovaquone is an alternative in these patients
[37].

Vitreoretinal surgery will be required for vit-
reous opacities and for tractional or rhegmatoge-
nous retinal detachment.

CNV can nowadays be successfully treated
with intravitreal injection of anti-vascular endo-
thelial growth factor (VEGF) [38, 39].

Prevention of toxoplasmosis mainly consists
of measures to avoid exposure to infectious agent.
Long-term intermittent use of one tablet of trim-
ethoprim (160 mg)/sulfamethoxazole (800 mg)
every 3 days was shown to decrease the risk of
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reactivation among patients with recurrent toxo-
plasmic RC [40].

12.1.2 Toxocariasis

Toxocariasis is a zoonotic disease caused by the
infestation of humans by second-stage larvae of
the dog nematode Toxocara canis or the cat nem-
atode Toxocara cati. Toxocariasis manifests itself
in one of two disease states: visceral larva
migrans, the systemic form of the disease, or ocu-
lar larva migrans, the ocular form. It is rare for
ocular toxocariasis (OT) to coexist with visceral
larva migrans.

12.1.2.1 Epidemiology

OT is a worldwide distributed infection. It is an
uncommon disease, with a prevalence ranging
between 0 and 3.1 % of all uveitis cases [41, 42].
OT is predominantly a unilateral condition that
occurs primarily in childhood but also can affect
adults. The median patient age was found to be
11.5 years (range, 1-66 years) [43]. OT affects
females and males with approximately equal
frequency.

12.1.2.2 Life Cycle and Pathogenesis
The definitive hosts of Toxocara are dogs and
cats. When infected, these animals pass
Toxocara eggs in their feces into the environ-
ment. Once in the environment, it takes 2—4
weeks for Toxocara larva to develop in the eggs
and for the eggs to become infectious. In dogs
and cats, the life cycle is completed when the
eggs are ingested and the larvae develop into
adult worms in the intestine. Humans and other
animals become infected through the uninten-
tional ingestion of infectious eggs, which are
found in soil contaminated by dog and cat feces.
Infection rarely may occur when a person
ingests undercooked meat from an animal
infected with the Toxocara parasite. Children
who have close contact with dogs, especially
puppies, are at high risk for infection.

Ocular disease is caused by the migration of
Toxocara larva through blood vessels in the
circulatory system into the posterior segment

of the eye [42]. Tissue damage is due to the
host inflammatory reaction more than the
infection itself.

12.1.2.3 Clinical Features

Patients present with unilateral decreased vision
that may be accompanied by pain, photophobia,
floaters, strabismus, or leukocoria. The anterior
segment is typically quiet. However, nongranulo-
matous anterior inflammation and posterior syn-
echiae may be present with severe disease. Posterior
segment findings include three recognizable ocular
syndromes: peripheral granuloma, posterior pole
granuloma, and chronic endophthalmitis [41].

Peripheral granuloma is the most common
clinical presentation of OT, occurring in nearly
half of patients. It usually appears as a focal,
elevated, white peripheral nodule, surrounded
by pigmentary changes and associated with
traction vitreoretinal bands that may extend
from the peripheral mass to the optic nerve head
(Fig. 12.5).

Posterior pole involvement is observed in one
quarter of cases. The retinochoroidal granuloma
may vary in size from less than one to two disk
diameters and may spare or involve the fovea [41].

OT presents in nearly one quarter of patients
in the form of chronic endophthalmitis with ante-
rior uveitis and diffuse vitritis with a poor view of
the fundus. Hypopion and retinal detachment
may occur in severe cases [43—47]. Other less
common clinical presentations of OT are optic
neuritis, neuroretinitis, and mobile living larva in
the eye [46].

Complications of OT include macular hetero-
tropia, amblyopia, cataract, secondary glaucoma,
ERM, retinal folds and tractional retinal
detachment, macular scar from macular granu-
loma, cystoid macular edema (CME), detach-
ment of the ciliary body and anterior choroid
with hypotony, neovascular membranes, and
phthisis bulbi. Visual loss is commonly caused
by inflammation of the vitreous and traction reti-
nal detachment [41, 43].

12.1.2.4 Imaging
On FA, the granuloma is characterized by central
hyperfluorescence with early-phase dye leakage
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(Fig. 12.5). Diffuse ischemic area in the periph-
ery has also been reported [48].

The most characteristic ultrasonographic find-
ings include highly reflective peripheral mass,
pseudocystic transformation of the peripheral vit-
reous, vitreous membranes or retinal fold extend-
ing from the mass to the posterior pole, and
tractional retinal detachment [49].

Ultrasound biomicroscopy (UBM) may be
also useful in patients with opaque media or
hypotony by showing pseudocystic transforma-
tion of the peripheral vitreous, a highly sensitive,
but not specific, finding [50, 51].

On OCT, posterior pole granuloma may
appear as a highly reflective mass protruding
above the retinal pigment epithelium (RPE) [52,
53]. OCT may also show most important vitreo-
retinal tractions on macular region and optic disk
and subretinal fluid.

Computed tomography (CT) and magnetic
resonance imaging (MRI) are helpful for the dif-
ferential diagnosis with retinoblastoma [46].

12.1.2.5 Laboratory and Ancillary Tests

ELISA testing has a high sensitivity and specific-
ity in patients with a presumptive diagnosis of
OT [43]. Current serologic testing for antibody to
the Toxocara parasite does not reliably indicate
active infection. In fact, studies have shown that
the immunoglobulin-G Toxocara antibody can

remain detectable for years after treatment, which
limits the applicability of the test to monitor
treatment success [54]. GW coefficient analysis
in aqueous humor or vitreous may help establish
the diagnosis of OT [55].

12.1.2.6 Differential Diagnosis

The most important differential diagnosis of
OT consideration is retinoblastoma. Other enti-
ties to consider include infectious endophthal-
mitis, toxoplasmosis, pars planitis, sarcoidosis,
syphilis, and congenital retinovascular abnormal-
ities such as retinopathy of prematurity, persis-
tent fetal vasculature, Coats disease, and familial
exudative vitreoretinopathy.

12.1.2.7 Treatment

Although there is no uniformly satisfactory treat-
ment for OT, medical therapy with periocular and
systemic corticosteroids continue to be the thera-
peutic mainstay for eyes with active vitritis to
reduce the inflammatory response to prevent
structural complications [46, 47]. The utility of
antihelminthic therapy such as albendazole, thia-
bendazole, or mebendazole is still controversial.
Vitreoretinal surgery has been successfully used
to manage complications such as rhegmatoge-
nous and tractional retinal detachments, ERM,
and persistent vitreous opacification [56].
Prognosis depends on the age of presentation,

Fig. 12.5 (a) Fundus photograph shows a toxocara
granuloma adjacent to the optic disk inferonasally with
associated vitreoretinal traction (b) Late-phase fluores-

cein angiogram shows heterogeneous hyperfluorescence
of the granuloma and associated retinal vascular
tortuosity
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location of toxocara lesion, and subsequent
complications.

12.1.3 Diffuse Unilateral Subacute
Neuroretinitis (DUSN)

Diffuse unilateral subacute neuroretinitis
(DUSN), first described by Gass et al. in 1978
[57], is an infectious ocular disease caused by an
unidentified motile nematode capable of infiltrat-
ing the subretinal space, causing inflammation
and retinal degeneration that lead to profound
vision loss [58].

12.1.3.1 Pathogenesis

Evidence to date suggests that DUSN is caused
by solitary nematodes of two different sizes that
migrate through the subretinal space. The
smaller worm, measuring 400-1.000 pm in
length, has been proposed to be either
Ancylostoma caninum (the dog hookworm) or
Toxocara canis, the latter being endemic to the
southeastern United States, Caribbean islands,
and Brazil. The larger worm is believed to be
Baylisascaris procyonis (the raccoon round-
worm), which measures 1.500-2.000 pm in
length and has been found in the northern
Midwestern United States and Canada [44, 46].
DUSN appears to involve an inflammatory or a
local toxic tissue effect on the outer retina caused
by the worm by-products left behind, as well as
a more diffuse toxic reaction affecting both the
inner and outer retina.

12.1.3.2 Epidemiology

Initially described in the Southeastern and
Midwestern parts of the United States and the
Caribbean islands, DUSN has also been reported
in other parts of North America, in South
America, in Northwestern Europe, China, and
Africa [44, 46, 59, 60]. In Brazil, DUSN is con-
sidered an important cause of posterior uveitis
in children and young healthy adults. The dis-
ease can affect children and young adults with-
out gender preference or systemic problems. It
is usually wunilateral and occasionally is
bilateral.

12.1.3.3 Clinical Features

The onset of DUSN is usually insidious. Some
patients in the early stages of the disease com-
plain of unilateral paracentral or central scotoma,
ocular discomfort, or transient obscurations of
vision [61]. Patients are usually in good general
health. Clinical findings in patients with DUSN
can be divided into two stages. The early stage is
characterized by mild to moderate vitritis, mild
optic disk edema, and recurrent crops of evanes-
cent, multifocal, yellow-white lesions at the level
of the outer retina and choroid with continued
visual loss and central scotoma (Fig. 12.6). The
white lesions are clustered within a small zone
and fade over a few weeks leaving pigment mot-
tling. Focal retinal hemorrhages and perivenous
exudation may be rarely seen. Careful observa-
tion in the vicinity of the white lesions may show
a small white nematode. Occasionally, a few
patients may demonstrate mild anterior uveitis
with cells, flare, and keratic precipitates. The late
stage of the disease is characterized by optic disk
atrophy, retinal vessel narrowing, and focal or
diffuse RPE degeneration marked by profound
visual loss. The worm can be identified at any
stage of the disease [45].

12.1.3.4 Imaging

FA usually demonstrates mild leakage of dye
from the capillaries on the optic disk and some of
the retinal vessels. The gray-white lesions are

Fig. 12.6 Fundus photograph of a patient with DUSN
shows a cluster of gray-white lesions (Courtesy, Carlos
Pavesio)
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nonfluorescent or hypofluorescent early and stain
in the late phase of the angiogram.

ICGA may reveal hypofluorescent dark spots,
and hyperfluorescence at the macular level [62].
ICGA could be a useful tool for the detection of
subretinal nematodes [63].

Spectral domain OCT showed that RNFL and
central retinal thickness were thinner in DUSN
eyes compared to normal eyes. Late-stage dis-
ease had more pronounced thinning compared to
early-stage patients. This thinning in retinal nerve
fiber layer (RNFL) and central retinal thickness
may reflect the low visual acuity in patients with
DUSN [64].

Electroretinography in the affected eye is usu-
ally reduced quite early in the course of the dis-
ease and is more severely reduced with the
b-wave being affected more than the a-wave in
the later stage of the disease [44, 46]. Goldman
perimetry is useful to evaluate remaining visual
field before and after treatment of the disease.

12.1.3.5 Differential Diagnosis

Early signs of DUSN often are mistaken for mul-
tifocal choroiditis, sarcoidosis, acute posterior
multifocal placoid pigment epitheliopathy, mul-
tiple evanescent white dot syndrome, serpiginous
choroiditis, Behcet disease, ocular toxoplasmo-
sis, nonspecific optic neuritis, and papillitis. Late
features of the disease may be confused with
posttraumatic chorioretinopathy, occlusive vas-
cular disease, toxic retinopathy, unilateral optic
atrophy, and retinitis pigmentosa [61].

12.1.3.6 Treatment

Therapy is limited in patients with DUSN. If
the worm is visualized, laser treatment of the
nematode with confluent laser burns 100-200 p
in size can be highly effective and may improve
visual acuity and inflammatory ocular signs
[46]. The worm can be induced to migrate away
from the macula before treatment by direct-
ing a bright light on it. The worm may also be
surgically removed for identification purposes.
Chemotherapy with anthelmintic drugs, such as
mebendazole, thiabendazole, or albendazole may
be the only treatment available when a worm can-
not be visualized, but success is often difficult to

document. A treatment regimen of albendazole
400 mg daily for 4 weeks seems to be safe and
beneficial for patients with DUSN [65].

Treatment with corticosteroids has shown
transient suppression of the inflammation with-
out altering the final outcome of the disease.
Patients with retinal complications caused by the
inflammation may benefit from surgical interven-
tion in some cases.

12.2 Other Parasitic Diseases
12.2.1 Onchocerciasis

Onchocerciasis, also named river blindness or
Robles disease, is a parasitic disease caused by
the microfilariae Onchocerca volvulus [45].
O. volvulus is transmitted by the bite of the black
Simulium fly, which breeds in rapidly flowing
waters. The clinical manifestations of onchocer-
ciasis range from no skin or eye lesions to very
severe skin involvement and blindness.

12.2.1.1 Epidemiology

Onchocerciasis is endemic in many areas of sub-
Saharan Africa and in isolated foci in Central and
South America. It is rarely seen or diagnosed in
the Western world. According to the World
Health Organization, at least 18 million people
are infected, of whom almost 300.000 are blind
[66]. In hyperendemic areas, every one over the
age of 15 is infected, and half will become blind
before they die.

12.2.1.2 Pathogenesis
Humans are the only host for O. volvulus. The O.
volvulus larvae are transmitted through the bite of
female black flies of the Simulium genus. The lar-
vae develop into mature adult worms that form
subcutaneous nodules. The adult female releases
millions of microfilariae that migrate throughout
the body, particularly to the skin and the eye.
The ocular manifestations of onchocerciasis
are caused by the presence of dead parasites
within the eye. The microfilariae penetrate the
eye by the bulbar conjunctiva at the limbus and
then invade the cornea, aqueous humor, and iris.
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They reach the posterior segment by the circula-
tion or ciliary nerves, which supply the periph-
eral retina and choroid [46].

12.2.1.3 Clinical Features

Anterior segment involvement includes punctate
keratitis, corneal opacity that turns to scar tissue,
producing sclerosing keratitis in late stages [46].
An iridocyclitis also can be seen with atrophy of
the iris, cataract, and glaucoma. Chorioretinal
changes are also common. They typically begin in
the periphery and vary widely in severity. Early
disruption of the RPE is typical with pigment dis-
persion and focal areas of atrophy (Fig. 12.7).
Later, severe chorioretinal atrophy occurs pre-
dominantly in the posterior pole with sheathing of
the retinal vessels and visual field constriction.
Optic disk atrophy is common in advanced dis-
ease. Macular edema can also be found.

12.2.1.4 Laboratory Investigations
Diagnosis of onchocerciasis is made by extraction
of microfilariae or adult worms from skin or sub-
cutaneous nodules by biopsy or by identification
of live microfilariae in the aqueous humor [67].

12.2.1.5 Treatment
Ivermectin, given in a single oral dose of
150 pg/kg, is the first choice to treat onchocercia-

Fig.12.7 Fundus photograph of a patient with onchocer-
ciasis shows peripheral chorioretinal changes with
pigment dispersion, and focal areas of atrophy (Courtesy,
Aniki Rothova)

sis. Annual ivermectin therapy seems to improve
intraocular inflammation [67]. Topical cortico-
steroids can be used to control any anterior uve-
itis. Vector control strategies tend to have limited
success.

12.2.2 Cysticercosis

Cysticercosis is a systemic illness caused by the
Cysticercus cellulosae larvae of the adult tape-
worm Taenia solium and Taenia saginata. The
most frequently reported locations are skin, skel-
etal muscle, heart, eye, and most importantly, the
central nervous system.

12.2.2.1 Epidemiology

Cysticercosis is a common cause of ocular
inflammation in some developing countries such
as Central and South America, India, Southeast
Asia, China, Eastern Europe, and certain parts
of Africa [45, 68]. Ocular cysticercosis is a dis-
order of the young, occurring most frequently
between the ages of 10 and 30 years, without
gender predilection.

12.2.2.2 Pathogenesis

Human infection is caused by Cysticercus cellulo-
sae, the larval stage of the cestode Taenia solium.
Human cysticercosis is caused by ingestion of
water or foods contaminated by the pork tape-
worm. The eggs mature into larvae, penetrate the
intestinal mucosa, and spread hematogenously to
the eye via the posterior ciliary arteries into the
subretinal space in the posterior pole [46].

12.2.2.3 Clinical Features

Although cysticercosis may involve any structure
of the eye and its adnexae, the posterior segment
is most often involved. Depending on the loca-
tion of the intraocular cyst, patients may present
asymptomatically with relatively good vision or
may complain of floaters, moving sensations,
ocular pain, photophobia, redness, and very poor
visual acuity. Larvae within the subretinal space
may cause an exudative retinal detachment or
may perforate the retina, causing a retinal break
that may be self-limiting or associated with
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Fig. 12.8 Fundus photograph in a patient wit cystcerco-
sis shows a live submacular translucent cyst with clear
media (Courtesy, Amod Gupta)

retinal detachment and gain access to the vitreous
cavity. The characteristic clinical appearance is
that of a globular or spherical translucent white
cyst (Fig. 12.8), with a head or scolex that undu-
lates in response to the examining light within the
vitreous or subretinal space [45]. The cyst itself
varies in size from 1.5 to 6 disk diameters. RPE
atrophy may be observed surrounding the pre-
sumptive entry site of the cysticercus into the
subretinal space [46]. Larvae death produces a
severe inflammatory reaction characterized by
zonal granulomatous inflammation surrounding
necrotic larvae on histologic examination.

12.2.2.4 Imaging

B-scan ultrasonography may also be helpful
diagnostically in the presence intraocular cysti-
cerci, revealing a characteristic picture of a sono-
lucent zone with a well-defined anterior and
posterior margin. A central echo-dense, curvilin-
ear, highly reflective structure within the cyst is
suggestive of a scolex, further narrowing the
diagnosis [46]. CT and MRI may reveal intrace-
rebral calcification or hydrocephalus in the set-
ting of neural cysticercosis. High-definition
spectral-domain OCT of the cyst showed a hyper-
reflective coat [69].

12.2.2.5 Laboratory Investigations

Anticysticercus antibodies are detected by
ELISA which was found to be highly sensitive
[46]. Anterior chamber paracentesis may reveal a

large number of eosinophils. Peripheral eosino-
philia may also be present.

12.2.2.6 Differential Diagnosis

The differential diagnosis of ocular cysticercosis
involving the posterior segment includes condi-
tions associated with leukocoria (retinoblastoma,
Coats disease, retinopathy of prematurity, persis-
tent fetal vasculature, toxocariasis, and retinal
detachment) and DUSN.

12.2.2.7 Treatment

Antihelminthic drugs such as praziquantel and
albendazole have been used successfully in the
medical management of active neural cysticerco-
sis. However, these agents are generally not
effective for intraocular disease. They are fre-
quently used in combination with systemic corti-
costeroids, because larvae death is accompanied
by worsening of the ocular disease and panuveitis
[46]. Pars plana vitrectomy is usually required
for posterior segment involvement. The cyst in
vitreous can be removed through the sclerotomy
site or can be aspired through the vitrector hand
piece. In case of ruptured cyst, complete vitrec-
tomy should be done to remove all the vitreous
debris [70].

12.2.3 Gnathostomiasis

Human gnathostomiasis is mostly prevalent in
Southeast Asia and Latin America, but there has
been a progressive increase in its global fre-
quency [71]. Although five different species of
Gnathostoma are known to cause human disease,
Gnathostoma spinigerum is the most common
agent that involves the human eye. Humans
become incidental hosts after intake of under-
cooked or raw meat of the host. After ingestion,
the larvae cross the gastric or intestinal wall and
migrate randomly throughout the body.

Ocular gnathostomiasis is a rare clinical con-
dition, and intravitreal gnathostomiasis is an even
rarer entity (Fig. 12.9). The route by which the
worm can gain access to the eye and enter the
subretinal space is not clear. It has been suggested
that parasite may enter via the retinal arterioles or
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Fig. 12.9 Photograph showing intravitreal gnathostomi-
asis (Courtesy, Jyotirmay Biswas)

through the choroid and RPE after its passage
through the ciliary circulation [72, 73]. The most
common ocular clinical manifestation of gna-
thostomiasis is anterior uveitis. However, lid
edema, conjunctival chemosis and orbital celluli-
tis, and retinochoroidal and vitreous hemorrhage
associated with retinal tear or scarring close to
the optic disk and blindness may also be present-
ing features [72, 74-77].

The treatment advocated for intracameral and
intravitreal Gnathostoma is surgical removal of
the entire worm which was found to be a safe and
effective treatment modality. Laser photocoagu-
lation has been advocated for subretinal worm
distant from the center of the fovea [78].

12.2.4 Trichinellosis

Trichinellosis caused by Trichinella spiralis has a
cosmopolitan distribution, but is generally less
important as an infection of humans in the tropics
than in more temperate regions of the world.
Human transmission occurs by ingestion of
infected meat containing larvae, either in typical
cysts or unencapsulated in the case of several
species [79]. The clinical course is characterized
by a typical syndrome of fever, myalgia, perior-
bital and facial edema, and eosinophilia. Ocular
involvement includes conjunctivitis, chemosis,
macular and retinal hemorrhage, and atrophy of
the RPE as larvae migrate through and into these
ocular tissues [80, 81]. The diagnosis can be sug-
gested from clinical history of ingesting raw or

inadequately cooked meat and confirmed by spe-
cific serological tests. Treatment is based on
albendazole and corticosteroids.

12.2.5 Schistosomiasis

Schistosomiasis caused by Schistosoma mansoni
is a worldwide public health problem present in
the Caribbean Isles, South America, Africa, and
Arabia, with widespread geographical extension
and an increase in prevalence. The parasite
involves humans by attaching to the skin, pene-
trating it, and then migrating through the venous
system to the portal veins where the parasites
produce eggs.

Symptoms of acute or chronic systemic dis-
ease may include fever, cough, chills, blood in
the urine, and painful urination, abdominal dis-
comfort, bloody diarrhea or blood in stools, and
renal, hepatic, and spleen failure. Ocular involve-
ment in schistosomiasis includes keratouveitis,
vascular changes such as retinal hemorrhages,
cotton-wool spots, and hard exudates, optic disk
atrophy, and choroiditis [82-85].

Diagnosis of schistosomiasis is based on iso-
lation of S. mansoni eggs in stool examination.
Blood tests and more recently PCR tests can aid
in confirming the diagnosis, but positive results
might only be an indication of past exposure.
Currently, treatments for this disease include pra-
ziquantel (Biltricide®) and/or albendazole [86].
Ocular schistosomiasis should never be treated
with praziquantel. In fact, parasite destruction
within the eye may cause irreparable damage.

12.3 Fungal Infections

12.3.1 Ocular Histoplasmosis

12.3.1.1 Presumed Ocular

Histoplasmosis Syndrome
Presumed ocular histoplasmosis syndrome
(POHS) is a multifocal chorioretinitis presumed
to be caused by infection with Histoplasma cap-
sulatum, a dimorphic fungus with both yeast and
filamentous forms early in life.
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Epidemiology

POHS is most frequently found in endemic areas
of the United States such as the Ohio and
Mississippi River valleys, where 60 % of indi-
viduals react positively to histoplasmin skin test-
ing. However, POHS has also been reported in
nonendemic areas in this country (Maryland) and
sporadically throughout Europe (the United
Kingdom and the Netherlands) [87, 88]. Areas in
South America, Africa, and Southeast Asia are
also known to have a high prevalence of systemic
histoplasmosis [89]. POHS occurs most fre-
quently in the second to fifth decade of life. There
is no gender preference, but the condition is
found primarily in whites [88, 90, 91].

Pathogenesis
Primary infection occurs after inhalation of the
fungal spores into the lungs. Acquired histoplas-
mosis is usually asymptomatic or may result in a
benign illness, typically during childhood. Ocular
disease is thought to arise as a consequence of
hematogenous dissemination of the organism to
the spleen, liver, and choroid following the initial
pulmonary infection. The choroiditis may sub-
side and leave an atrophic scar and depigmenta-
tion of the RPE, or it may result in disruption of
the Bruch membrane, choriocapillaris, and RPE,
with subsequent proliferation of subretinal ves-
sels originating from the choroid. The initiating
stimulus for the growth of new subretinal vessels
is unknown. However, immune mechanisms in
patients with an underlying genetic predisposi-
tion for the development of this disease have
been implicated. A recent case-control study
demonstrates significantly increased odds of
CNV secondary to POHS in patients who smoke
compared with patients who never smoked [92].
HLA-DRw2 is twice as common among
patients with histo spots alone, whereas both
HLA-B7 and HLA-DRw?2 are two to four times
more common among patients with disciform
scars caused by POHS as compared to control
subjects [93, 94].

Clinical Features
The diagnosis of POHS is based on the clinical
triad of multiple white, atrophic choroidal scars

(histo spots), peripapillary pigment changes, and
a maculopathy caused by CNV in the absence of
cellular reaction in the anterior chamber or vitre-
ous cavity. Most often, both eyes are involved
asymmetrically. Histo spots may appear in the
macula or periphery, are discrete and punched
out (arising from a variable degree of scarring in
the choroid and adjacent outer retina), and are
typically asymptomatic (Fig. 12.10). Histo spots
are noted in 2.6 % of the population living in
endemic areas and in 4.4 % of the endemic popu-
lation with a positive histoplasmosis skin test
[95]. Linear equatorial streaks can be seen in 5 %
of patients. The histo spots are usually stable but
may undergo changes in shape and size. They
have been shown to become larger over time. The
mechanism of change in size and shape of these
lesions is unknown. Long-term follow-up has
shown that 9—16 % of patients will develop new
histo spots [96, 97]. It has also been shown that
50 % of eyes will have changes in atrophic scar-
ring manifested by increased size or by formation
of new scars in the peripapillary, macular, and
peripheral regions.

A ring of peripapillary atrophy (Fig. 12.10)
occurs in the majority of cases of POHS. This ring
is characteristic, with a narrow inner pigment
zone adjacent to the disk edge and a white depig-
mented zone away from the disk. CNV usually
involves the macula (Fig. 12.10). Metamorphopsia
and a profound reduction in central vision are the
most common symptoms of macular involvement
from CNV. On fundus examination, active neo-
vascular membrane appears as a yellow-green
subretinal lesion, frequently arising at the border
of a histo spot, typically surrounded by a pigment
ring and associated with overlying neurosensory
detachment and subretinal hemorrhage. Cicatricial
changes characterize advanced disease with sub-
retinal fibrosis and disciform scarring of the mac-
ula. Over time, new choroidal scars develop in
more than 20 % of patients. However, only 3.8 %
of these progress to CNV. If histo spots appear in
the macular area, the patient has a 25 % chance of
developing CNV within 3 years. If no spots are
observed, the chances fall to 2 %. The risk of
developing CNV in the contralateral eye is high,
ranging from 8 to 24 % over a 3-year period [98].
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shows

fundus
POHS related choroidal neovascular membrane with mac-
ular hemorrhages. (b) Late-phase fluorescein angiogram
shows leakage of the choroidal neovascular membrane.
(¢) Mid-phase fluorescein angiogram shows peripheral
histo spots. (d) OCT shows a subretinal hyperreflective

Fig. 12.10 (a) Color photograph

lesion associated with SRD and cystoid spaces. (e) Color
fundus photograph 12 months after a single intravitreal
injection of Bevacizumab shows macular subretinal
fibrotic lesion with resolution of SRD and persistence of
some retinal cysts on OCT (f)
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Ancillary Tests

Classic choroidal neovascularization is recog-
nized on FA as discrete early hyperfluorescence
with late leakage of dye into the overlying neuro-
sensory retinal detachment. Occult CNV can
occur in two forms: fibrovascular pigment epithe-
lial detachments, which typically appear as stip-
pled leakage associated with elevated RPE, and
late leakage of undetermined source. A lacy pat-
tern within classic CNV is observed more com-
monly in POHS than in other causes of CNV such
as age-related macular degeneration (AMD) [95].

OCT is helpful in the diagnosis and follow-up
of CNV.

The histoplasmin skin test is the most valu-
able laboratory test in the diagnosis of ocular
histoplasmosis. Although 80 % of patients with
POHS have a positive reactions to skin tests, this
is not routinely used in clinical practice because
in endemic regions up to two thirds of the popu-
lation may be positive responders [98]. Serologic
tests are generally not helpful in establishing
causation because antibodies decline to low or
undetectable levels 2-5 years after systemic
infection [95].

Differential Diagnosis

The differential diagnosis of POHS includes enti-
ties other than AMD that is frequently associated
with CNV including high myopia, angioid
streaks, choroidal rupture, idiopathic CNV, mul-
tifocal choroiditis, punctate inner choroidopathy,
and granulomatous fundus lesions that may
mimic the scarring seen in POHS (as in toxoplas-
mosis, tuberculosis, coccidioidomycosis, syphi-
lis, sarcoidosis, and toxocariasis). The atrophic
spots and maculopathy of myopic degeneration
and disciform scarring in AMD may also be con-
fused with POHS.

Treatment
Treatment options for vision-threatening CNV
include thermal laser photocoagulation, photody-
namic therapy (PDT), submacular surgery for
membrane removal, and intravitreal injection of
triamcinolone or anti-VEGF agents [87].

Argon and krypton laser photocoagulation
have proved their efficacy in the treatment of

extrafoveal and juxtafoveal CNV in POHS. The
proportion of eyes experiencing severe visual
loss was significantly reduced with laser photo-
coagulation. Disease progression was seen in
12 % of treated individuals compared with 42 %
of control patients. A high rate of persistent or
recurrent CNV was observed following photoco-
agulation in 26 % of extrafoveal and in 33 % of
juxtafoveal lesions [99].

PDT with verteporfin has been advocated for
the treatment of subfoveal POHS-associated
CNV based on small, prospective, uncontrolled
case series [100-103].

Similarly, intravitreal triamcinolone was
shown to be relatively safe and effective in the
management of POHS-associated juxtafoveal
and subfoveal CNV in small retrospective case
studies [104].

More recently, intravitreal injection of anti-
VEGF proved their efficacy in the management
of CNV complicating POHS (Fig. 12.10) [105,
106]. A recent study showed that there is no sig-
nificant difference in VA outcomes between
intravitreal bevacizumab monotherapy versus
intravitreal bevacizumab/PDT combination ther-
apy after a follow-up of 2 years [107].

Submacular surgery for the removal of
CNV lesions may be considered for patients
with initial VA worse than 20/100 and in
selected cases of extensive peripapillary CNV
[108-114].

12.3.1.2 Histoplasmic Endophthalmitis
Histoplasmic endophthalmitis usually begins as
a peripheral focal retinitis associated with vitri-
tis and iridocyclitis [115]. Histoplasmic endo-
phthalmitis is usually recognized in patients with
disseminated histoplasmosis [116]. It is often
seen in immunocompromised individuals and
is becoming even more common as a result of
the widespread use of chemotherapeutic agents.
The diagnosis of histoplasmic endophthalmitis
is made by cultures of the aqueous and vitre-
ous. Treatment involves the use of systemic
amphotericin B and ketoconazole. Intravitreal
injections of amphotericin B are used in severe
cases that are unresponsive to systemic treat-
ment [115].
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