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Abstract: Ocular toxoplasmosis is the most common cause of posterior uveitis that is caused by Toxoplasma gondii infection.
Humans can be infected congenitally or postnatally. The typical lesion of ocular toxoplasmosis is focal necrotizing retinitis with
overlying vitritis, which lead to hyperpigmented retinochoroidal scar at resolution of lesion. Macula involvement can cause substantial
visual impairment. The high incidence of disease reactivation may lead to greater risk of vision loss. Optical coherence tomography
angiography (OCTA) is a non-invasive imaging method to visualize the vascular and density perfusion of the retina and choroid, which
cannot be obtained by conventional Optical Coherence Tomography (OCT). In this case report, we present two cases of active ocular
toxoplasmosis with multiple recurrences to study pathological changes in retinal and choroidal microvasculature. The findings reveal
the involvement of all of the retinal layers in the choroid, with distinct changes in the deep retinal layer.
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Introduction
Ocular toxoplasmosis represents the leading cause of posterior uveitis worldwide,' with the highest incidence reported in
Brazil was 20%.> In immunocompetent individuals, ocular toxoplasmosis is responsible for 30-50% of all cases of
posterior uveitis.>> A study by La Distia Nora et al reported that ocular toxoplasmosis is the cause of 63% of all
infectious uveitis.* Individuals can be infected congenitally or acquired postnatally, even though recent studies have
reported that acquired infection is more common.>>*° Typical features of congenital ocular toxoplasmosis predominantly
affect the macula and its high tendency for recurrence increases the burden of this disease.>> Congenital infection tends
to produce larger macular scars that are more likely to be bilateral, which may cause significant loss of vision.™’ In spite
of the presence of blood-retinal barriers, parasites are still capable of reaching the eye through several mechanisms. Once
inside, it remains encysted lifelong within the retina, and recurrences of the disease cannot be completely avoided.®
Diagnosis of ocular toxoplasmosis is made based on typical clinical features, the focal necrotizing retinitis that is
mostly found in the macula, and it has an overlying vitreous haze, with or without adjacent hyperpigmented retinochor-
oidal scar, that is called classic “headlight in the fog” appearance.>® Serologic titer helps to confirm exposure to the
parasite but only has value in ruling out diagnosis if immunoglobulin titer is negative.” Other examinations that can help
to establish a diagnosis in atypical cases are Polymerase Chain Reaction (PCR) and Goldman-Witmer Coefficient
(GWC)." The new imaging modalities that are commonly used to visualize retinal and choroidal layers anatomy is
OCT ie, spectral domain optical coherence tomography (SD-OCT) and the OCTA.'>!"" The OCTA has some advantages:
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the shorter acquisition time and that it is a non-invasive procedure, compared to the conventional fluorescein and
indocyanine-green angiography (FA/ICGA) that requires an injectable dye which takes time to reach retinal vessels and
may be associated with systemic adverse effects and even anaphylactic reactions.'?

Optical coherence tomography angiography is the newest non-invasive imaging technique that utilizes motion
contrast imaging for high-resolution volumetric blood flow data to produce angiographic images.” Optical coherence
tomography provides visualization of individual vascular plexus and determines which vascular layers are affected.'”
OCTA may provide information about microvascular changes in ocular toxoplasmosis, which cannot be gathered in
conventional OCT. Studies reporting analysis of retinal and choroidal vascular changes in ocular toxoplasmosis are
limited. Previous studies compared OCTA findings in acute, recurrent, and inactive ocular toxoplasmosis,'* or demon-
strated OCTA findings for treatment follow-up.” We report OCTA findings in two cases of recurrent toxoplasmic
retinochoroiditis with distinct nature of the infection.

Case Description
Case #1

A 19-years-old woman was admitted to the outpatient clinic with a complaint of floaters on both eyes that have been
increasing in the last few weeks on the left eye. She also complained of blurred vision in both eyes for a few years, which
was more severe in the right eye, but the left eye became blurrier after 3 weeks. The patient had the same symptoms
about 4 years ecarlier and was given topical eye drops at a remote hospital, but no significant improvement was
experienced by the patient. There was no history of family eye diseases. Further history revealed that the patient was
born with normal spontaneous delivery and the toxoplasmosis infection was denied. The patient had no pets and used the
water spring as a source of water for daily consumption and needs.

Ophthalmology examination revealed visual acuity (VA) of the right eye was 0.25 and the left eye was 0.63, both were
unable to be corrected. The anterior segment examination in both eyes was unremarkable. The vitreous was clear in the right
eye but 1+ vitreous cells were found in the left eye. The intraocular pressure (IOP) examination on the right eye was 15 mmHg
and the left eye was 14 mmHg. Indirect ophthalmoscopy examination revealed a wagon-wheel retinochoroidal scar on the
macula and a pale optic disc on the right eye, and on the left eye we found multiple retinochoroidal scars in the perifoveal area
with perivascular sheathing and mild exudate noted at the outer margin of the previous retinochoroidal scar (Figure 1).

The SD-OCT of both eyes showed macular thinning, where the thickness of central subfield on the right eye was 85
um and the left eye was 162 pum, but the average thickness was thicker on the left eye (273 um) compared to the right eye

Figure | Color fundus photographs of the first case. (Left) Fundus photograph of the right eye indicated a wagon-wheel retinochoroidal scar in the macula, with no active
lesions. (Right) Fundus photograph of the left eye showed multiple retinochoroidal scars in the parafoveal area, with retinal exudates and vascular sheathing noted at the
temporal margin of the previous scar (yellow arrow).
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Figure 2 The OCT image of the first case. The examination revealed macular thinning in both eyes. The average thickness of the left eye (right) was thicker than the right
eye (left). The SD-OCT reveals thinning of retinal layers and epiretinal membrane formation in the left eye.

(216 pm). Horizontal brightness scan (B-scan) of the left eye showed full thickness retinal thinning and epiretinal
membrane formation (Figure 2).

The OCTA image of the left eye (Figure 3A-D) showed hypointense areas in the superficial and deep retinal layers,
which revealed decrease in perfusion, and it was also found in the choriocapillaris layer, while choroidal layer only
showed multiple dark spots. The horizontal section of retinal layers (Figure 3E) showed full thickness retinal thinning
with disruption of the retinal pigment epithelium (RPE) with formation of epiretinal membrane. A quantitative analysis
of the vessel density of superficial retinal capillary plexus was conducted in 6x6 mm area using Cirrus HD-OCT 5000
(Zeiss). The right-eye examination was focused on the center of the retinochoroidal scar and focused on the active lesion
in the left eye. Using the Angioplex Metrix, the vessel density was 15.5 mm/mm? and 13.9 mm/mm? in the right and left
eye, respectively.

Serological titers were also measured to confirm the exposure. Serum IgM anti-Toxoplasma gondii was negative, and
IgG anti-Toxoplasma gondii was 635.2 IU/mL. The patient was diagnosed with inactive ocular toxoplasmosis in the right
eye and recurrent toxoplasmic retinochoroiditis in the left eye. The patient was then treated with oral Cotrimoxazole
(80 mg trimethoprim and 400 mg sulfamethoxazole) 2 tablets twice daily, followed by oral prednisone 30 mg daily with
a tapered dose, which started on the third day after initiating oral antibiotics and is planned for regular follow-up.

Case #2

A 42-year-old woman was presented to our outpatient clinic because of blurred vision in right eye that worsened in the
last 2 months. She also complained of intermittent redness and floaters in the right eye over the last 2 years. The patient
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Figure 3 The left eye OCTA image of the first case. The analysis of the superficial retinal layer (A) and deep retinal layer (B) showed hypointense areas marked as dark
areas, which revealed decreased perfusion. These findings are also noted in choriocapillaris (C), but the choroidal layer (D) only showed multiple dark spots due to the
previous retinochoroidal scar. The horizontal section of retinal layer (E) showed full thickness retinal thinning with disruption of the RPE and epiretinal membrane formation
(yellow arrow).

had no complaint in the left eye. There was no history of treatment. She had no family history of eye disease. She had
cats as pets with no history of vaccination. They also had some goats as livestock not far from the living house.

Ophthalmology examination revealed the VA of the right eye was 0.1 and unable to be corrected and best corrected
VA of the left eye was 1.0. The anterior segment examination of both eyes was unremarkable. There was 1+ vitreous
cells in the right eye. Indirect ophthalmoscopy examination showed multiple retinochoroidal scars in the right eye, with
retinal exudate at the outer margin of the previous scar (Figure 4). The examination of the left eye was normal. The IOP
of the right and left eye was 17 mmHg and 14 mmHg, respectively. The SD-OCT examination (Figure 5) shows a marked
decrease in central thickness in the right eye (96 pm) with the average thickness was 234 pm. There was also an obvious
disorganization of the retinal structures in the active lesion (right eye) compared to the normal condition (left eye).

The OCTA in 6x6 mm area using Cirrus HD-OCT 5000 by Zeiss examination revealed a lack of perfusion marked
with hypointense area, which was less visible in superficial retinal layer and becomes more distinct in the deeper layer, as
shown in Figure 6A—D. We also noted other pathological conditions caused by the presence of epiretinal membrane,
retinal thinning, and choroidal shadowing (Figure 6E). Quantitative analysis by Angioplex Metrix in the active lesion
area showed the vessel density was 13.6 mm/mm?, less dense compared to the fellow eye (16.8 mm/mm?).

The serological titers were negative for IgM anti-Toxoplasma gondii and positive for IgG anti-Toxoplasma gondii
(571.0 IU/mL). The patient was diagnosed with recurrent ocular toxoplasmosis in the right eye and treated with oral
Cotrimoxazole (80 mg trimethoprim and 400 mg sulfamethoxazole) 2 tablets twice daily, followed by oral prednisone

40 mg daily in tapered dose.
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Figure 4 Color fundus Photograph of the second case. (Left) The posterior pole of the right eye showed multiple retinochoroidal scars in the parafoveal area and yellowish
exudate adjacent to the previous hyperpigmented scar (yellow arrow) represented recurrent infection. (Right) The fundus of the left eye was unremarkable.
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Figure 5 The OCT finding of the second case. (Left) The result revealed macular thinning in the right eye and epiretinal membrane formation, with choroidal shadowing.
(Right) The left eye image was unremarkable.

The Discussion
The first case was presented with a large macular retinochoroidal scar in the right eye, which may indicate a congenital
lesion, and multiple retinochoroidal scar in the left eye due to multiple reactivations. An active lesion. noted at the outer
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Figure 6 The OCTA image in the active lesion showed perfusion loss that marked with hypointense area. The lack of perfusion area related to the active lesion is shown in
the superficial retinal layer (A) and more distinct in the deep retinal layer (B). It is also noted in the choroidal layer (C) and the choriocapillaris (D). The horizontal section of
retinal layer (E) showed full thickness retinal thinning with choroidal shadowing and formation of epiretinal membrane (yellow arrow).

margin of the largest retinochoroidal scar in the left eye, manifested as mild exudate with perivascular sheathing and
minimal overlying vitritis. The second case was most likely an acquired ocular toxoplasmosis, representing unilateral
recurrent ocular toxoplasmosis in older patient, with two retinochoroidal scars and an active lesion noted at the
inferotemporal margin of the previous retinochoroidal scar, accompanied by vascular sheathing and minimal vitritis.
Both active lesions in these cases have similar clinical features. Identifying whether the origin of the ocular toxoplas-
mosis is pre- or postnatal is difficult. Postnatal acquired ocular toxoplasmosis is more common. A postnatal infection
could be confirmed by exclusion of maternal infection.'*

Retinal vasculitis is another common finding of ocular toxoplasmosis, in addition to typical focal necrotizing retinitis.
The retinal vascular endothelium is more vulnerable to Toxoplasma gondii infection compared to other tissues in the
body.'® As seen in this report, these two cases were presented with mild grade of retinitis and vitritis, accompanied by
retinal vasculitis, at the outer margin of previous hyperpigmented scar. The involvement of a deeper retinal layer may
explain a milder degree of vitritis.® Both cases showed multiple retinochoroidal scars that indicated a recurrence process.
Recurrence is an important feature of ocular toxoplasmosis. This term refers to the fact that the new focus of active
retinochoroiditis develops, usually around the scar of the previous lesion. The hyperpigmented scar has been described to
harbor cysts that remain dormant from previous infections until the cyst ruptures and releases the organisms into the
surrounding retina, inducing new foci of retinitis.'® Thereby, with each relapse, the likelihood of successive visual
disturbances is increased.’

The diagnosis of ocular toxoplasmosis relies most heavily on typical clinical findings on the retina; laboratory
examination can support a presumptive clinical diagnosis in the case of positive Toxoplasma gondii serology, or rule it
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out in the case of negative serology.®'* In these cases, titers of IgM anti-Toxoplasma gondii were negative, however both
showed positive IgG anti-Toxoplasma gondii. The positive result of IgG anti-Toxoplasma gondii showed a history of past
infection, and the high titers of IgG anti-Toxoplasma gondii may be related to reactivation of infection.®

Conventional OCT findings in both cases were decreased retinal thickness and epiretinal membrane formation. These
findings may relate to the area of reactivation that is adjacent to the scar of the previous lesion. Reactivated lesions give the
features of increased retinal reflectivity near the retinal thinning due to atrophic scar. The OCT findings of active toxoplas-
mosis lesions include highly reflective intraretinal area corresponding to the retinitis area, thickening and detachment of the
posterior hyaloid overlying the lesion, irregular hyperreflective formation, and shadowing of the underlying choroidal tissue,
while the retinochoroidal scar shown decreased retinal thickness, focal choriocapillaris/choroidal relative hyperreflectivity,
and complete posterior vitreous detachment. In congenital toxoplasmosis, structural changes in the macula consist of retinal
thinning, RPE hyperreflectivity, excavation, intraretinal cysts, and fibrosis.'”

The use of OCTA for the description of retinochoroidal toxoplasmic lesions has recently been introduced. It constitutes
an interesting approach that may be helpful in providing useful information and potential biomarkers. OCTA is a useful
imaging tool for evaluating retinochoroidal inflammatory diseases. The OCTA may describe the disease process in the
retinal layers, starting from the superficial retinal plexus to the choroid. In ocular toxoplasmosis, OCTA can help to provide
information to evaluate the presence of abnormal retinal vascularization.'® OCTA imaging of active lesions showed loss of
retinal and choroidal vascular network in the area of inflammation.'>'® It gives more comprehensive information compared
to conventional OCT, which is very beneficial to evaluate disease progression, treatment follow-up, and even to differ-
entiate clinical findings from other causes of necrotizing retinitis.'>'? Resolution of lesion resulted in hyperpigmented
retinochoroidal scar, which may present the features of ‘satellite dark dots’ in cases with multiple scars."

Below we summarize recent studies reporting the OCTA findings in ocular toxoplasmosis (Table 1). The findings in
each study vary, indicated that the ocular toxoplasmosis infection may affect any layer of retina.'>2% 22

The OCTA findings in our cases showed structural changes in all retinal layers and choroidal layers and showed that the
lack of perfusion occurs more distinctly in the deep retinal layer. This condition correlated with a study by Greigert et al that
more Toxoplasma gondii parasites are present in the inner retinal layer.> Condition affecting all layers of the retina may be
caused by the mobility of tachyzoites that move across the layers of the retina.>” The study conducted by Furtado et al and
Rodriguez et al also mentioned that the tachyzoites were concentrated in the inner retina and in the nerve fiber layer, and
others can also be found in the other retinal layers such as inner plexiform, inner nuclear, outer plexiform, and outer nuclear
layers. This indicates that tachyzoites can actively move through the human retina. This is also possible through the
facilitation of leukocytes, based on the theory of leukocyte transport route infection of ocular toxoplasmosis. It is shown that
even though all dendritic cells (DCs) are able to transmigrate through the retinal endothelium, those infected by 7. gondii

display hypermotility and, therefore, have a better capacity to transmigrate compared to uninfected ones.”* >

Table | Studies Presenting Results of OCTA Examination in Ocular Toxoplasmosis

Authors Year Type of Number | The OCTA Findings
Study of Patients
Tiirkeii et al® | 2016 Case Series 2 - Vascularization patterns was observed in the outer retinal and choriocapillary layer
consistent with choroidal neovascular membrane (CNVM).
Park et al*' 2019 Case Report | - Congested choroidal vasculature.
- Fifteen weeks after treatment, choroidal vasculature are visible within the atrophic
macular lesion.
Perez et al'® 2020 Case Report | An area of absent perfusion at superficial and deep retinal vascular complexes,
including the choriocapillaris.
de Oliveira 2020 Case Series 15 - All patients showed no OCTA decorrelation signal, suggestive of reduced blood
Dias et al*? flow.
- One patient presented with retinal neovascularization.
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As studies regarding OCTA findings in ocular toxoplasmosis are very limited, this report provides information to
understand pathophysiology of ocular toxoplasmosis, and highlights OCTA utilization in assessing ocular findings that
could not be obtained by conventional OCT.

Conclusion

OCTA is a non-invasive tool that can help to investigate retinal lesions in recurrent infection of ocular toxoplasmosis.
The findings in the cases presented can give us more information to understand about the pathology of the disease and the
visual prognosis. Involvement of multiple layers, locations, and structures of the retina, and associated changes, may be
caused by the multiple recurrences and the ability of the parasite activity to navigate across retinal layers.
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