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Abstract
Purpose The purpose of this study is to compare the lesion detection rates of ocular toxocariasis (OT) between ultra-wide-
field scanning laser ophthalmoscopy (UWF-SLO) and conventional fundus photography (CFP), and to evaluate the potential
diagnostic ability of UWF-SLO in OT.
Methods A total of 56 patients with serological/immunological confirmed unilateral OT were enrolled. The presence of OT
characteristic features included the posterior granuloma (postG), peripheral granuloma (periG), tractional retinal detachment
(TRD), retinal folds (RF), and vitreous strands (VS) and was analyzed in 36 patients with UWF-SLO and 56 patients with
CFP. Diagnostic tests were employed using the clinical examination as gold standard.
Results In total of the 56 OT eyes, granulomas were identified in 91.1% (51/56) of eyes, including postG in 46.4% (26/56)
of eyes, periG in 41.1% (23/56) of eyes, and combined granulomas in 3.6% (2/56) of eyes. TRD, RF, and VS were found in
28.6% (16/56), 51.8% (29/56), and 83.9% (47/56) of patients, respectively. Although the specificities of the diagnosis in
clinical features were similar by the diagnostic tests, the sensitivities of postG, periG, TRD, RF, and VS using UWF-SLO
were 100%, 100%, 66.7%, 95%, and 81.8%, respectively, which were significantly higher those of CFP (72.2%, 31.3%,
11.1%, 55%, and 48.5%). Additionally, the extent of vitreous haze was milder graded by UWF-SLO compared to CFP
(p= 0.0099).
Conclusions The diagnostic ability of UWF-SLO was superior to CFP using clinical examination as gold standard for the
ascertainment of the characteristic manifestations of OT, especially for granulomas and RF.

Introduction

Ocular toxocariasis (OT), first reported by Wilder in 1950
[1], is an ocular parasitosis caused by infection with Tox-
ocara canis or Toxocara cati larvae, which are the most

ubiquitous gastrointestinal helminths in dogs and cats. The
incidence of OT is more prevalent in geographical areas
where environmental factors and poor sanitary conditions
favor the parasitism between human and animals. OT has
been one of the main causes of pediatric infectious uveitis,
especially in low or middle-income countries, where it is
responsible for 17.7% of posterior uveitis in South America
and 5.1% in São Paulo, Brazil [2]. In the last decade, several
reports have shown an increasing prevalence of OT in
China [3–5].

The spectrum of clinical features in OT is varies
widely, the most common manifestations are peripheral
inflammatory mass, posterior pole granuloma, and
endophthalmitis [6]. It can include signs such as stra-
bismus, band keratopathy, cataracts, cyclitic membrane,
vitreous opacity, retinal folds (RF), retinal detachment,
and epiretinal membranes, which often lead to severe
visual impairment and even complete loss of vision. OT is
mainly diagnosed clinically. Serological tests, such as
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enzyme-linked immunosorbent assay (ELISA) for the
detection of serum antibodies against Toxocara larvae,
provide evidence for Toxocara infection and may greatly
support the process of diagnosis. However, since OT often
develops in pediatric patients, ocular examination can be
particularly challenging [5, 6]. Thus, the development of a
fast, noninvasive diagnostic test that can be easily per-
formed in pediatric populations is necessary for better
detection and prompt diagnosis of OT.

Clinically, comprehensive mydriatic slit-lamp micro-
scopy and fundus photography are essential for the
diagnosis of OT. Conventional fundus photography (CFP)
images with 20–50° fields of view are useful for doc-
umenting the location and effects of posterior granulomas
in eyes with relatively clear media [7]. However, with a
single field image, peripheral involvement may go unde-
tected. With the development of ultra-wide-field (UWF)
retinal imaging techniques, the ultra-wide-field scanning
laser ophthalmoscopy (UWF-SLO) is now used widely in
the diagnosis of retinal vascular diseases, such as retinal
vein occlusion, diabetic retinopathy, vasculitis, and
familial exudative vitreoretinopathy [8–11]. Furthermore,
it has been used in newborns [12] and premature infants
[13].

To date, the imaging features and diagnostic performance
of UWF-SLO and CFP have not been compared in OT
cases. Thus, the purpose of our study is to compare the
imagological characteristics of OT between UWF-SLO and
CFP, and to evaluate the potential diagnostic ability of
UWF-SLO in this disease.

Materials and methods

Patients and study design

This cross-sectional study was conducted in Zhongshan
Ophthalmic Center, Sun Yat-Sen University with the
permission of the Institutional Review Board and adhered
to the tenets of the Declaration of Helsinki. Written
informed consent was obtained from all patients; in the
case of children, informed consent was obtained from
their parents or legal guardians. A total of 56 patients (40
males and 16 females) with unilateral OT were enrolled in
this study between April 2017 and September 2019. We
used clinical diagnosis as the gold standard. The inclusion
criteria were as follows: (1) a clinical diagnosis of OT
confirmed by IgG for Toxocara in serum or aqueous
humor, and an increased Goldmann–Witmer coefficient
(GWC) [14]; (2) either UWF-SLO or CFP was obtained.
The exclusion criteria were as follows: (1) a history of
congenital eye disease or positive family history of any

ocular disease; (2) the presence of other diseases or evi-
dence of any condition other than OT that could affect
visual acuity or cause vitreous haze; and (3) severe opa-
city of the refractive media or incoordination such that
neither UWF-SLO nor CFP could be obtained (seven
patients were excluded due to the severe opacity of the
refractive media, including four with severe cataract, one
with band keratopathy, and two with seclusion pupillae;
four patients were excluded due to the incoordination for
the imaging).

All patients underwent a comprehensive ophthalmic
examination, including measurement of best-corrected
visual acuity (BCVA), intraocular pressure, slit-lamp bio-
microscopy, and careful fundus examination by an experi-
enced pediatric retina specialist (XD). The presence and
location of granulomas (posterior, peripheral, or both),
tractional retinal detachment (TRD), RF, and vitreous
strands (VS) were recorded. Briefly, a granuloma is defined
as a solid yellow or white mass located sub- or intraretin-
ally, which was confirmed further by optical coherence
tomography (OCT), ultrasound biomicroscopy (UBM), or
ultrasonography B scan. TRD is defined as the detachment
of the neurosensory retina due to traction from the granu-
loma or vitreous proliferation, which could be also visua-
lized on a B scan. RF is defined as the presence of
disorganized retinal layers extending from the optic disc to
the peripheral retina. VS are defined as tree-like or lami-
nated dense proliferative vitreal features as seen by fundo-
scopy. Representative examples of these clinical features
are shown in Figs. 1–3.

Image acquisition and analysis

As a novel imaging technique, UWF-SLO has been
equipped in our hospital since 2018. Thus, in our study, 20
patients enrolled in 2017 received CFP only (Visucam 224,
Carl Zeiss, Germany). After complete pupil dilation with
0.5% tropicamide, montaged CFP with the camera’s built-in
software was performed to cover as much as of the retina as
possible. In 36 patients, who were enrolled after 2018, both
CFP and UWF-SLO (Optomap 200Tx, Optos pls) were
performed on the same day in an awakened state.

All images were interpreted by two independent blinded
investigators separately (SL and LS). Any discrepancies in
the data were resolved through reassessment and discussion
with a third senior researcher (XD). The presence of major
photographic biomarkers in OT was recorded and these
included posterior or peripheral granuloma (periG), TRD,
RF, and VS. Vitreous haze due to vitritis was evaluated
based on UWF-SLO or CFP images separately. A pre-
viously reported method using a standardized photographic
scale ranging from 0 to 4+ [15] was employed. Briefly, the
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scale is as follows: 0, no evidence of any vitreous haze; 0.5
+, slight blurring of the optic disc margins and/or loss of
the nerve fiber layer reflex; 1+, mild blurring of the retinal

vessels and optic nerve; 2+, moderate blurring of the optic
nerve head; 3+, marked blurring of the optic nerve head;
and 4+, optic nerve head not visible.

Fig. 2 Presentations of ocular toxocariasis with peripheral granu-
loma. A A UWF-SLO image of a peripheral granuloma (yellow arrow)
with retinal folding (yellow arrowhead) and vitreous strands (red arrow)

in a child (TX09). B B-scan ultrasound of vitreous strands (red arrow)
between the optic disk and peripheral granuloma. C Ultrasound
biomicroscopy of the peripheral granuloma (yellow arrow).

Fig. 3 Presentation of
tractional retinal detachment
and vitreous strands in a
patient with peripheral
granuloma. A, B UWF-SLO
images of nasal tractional
detachment (yellow box),
vitreous strands (red arrow), and
an inferior temporal peripheral
granuloma (yellow arrow) in a
child (TX62).

Fig. 1 Presentations of ocular
toxocariasis with posterior
pole granuloma. A, B A child
(TX51) presenting with a
posterior pole granuloma
(yellow arrow) in macula, and
vitreous strands (red arrow)
around the optic disk.
C, D Optical coherence
tomography of the posterior pole
granuloma (yellow arrow) and
vitreous strands (red arrow) in
the same patient.
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Anti-Toxocara IgG ELISA test

Anti-Toxocara IgG titer were determined in serum or aqu-
eous samples with the T. canis IgG ELISA kit (RE58721,
IBL International, Inc., Germany), as the method reported
by Wang et al. [16]. The value for specific IgG of serum
samples higher than 11U was considered positive. Aqueous
levels higher than the mean plus two standard deviations
(SD) of values obtained in normal controls were considered
to be positive. The GWC value exceeding three was con-
sidered as positive.

Statistical analysis

Statistical analysis was performed using GraphPad Prism
(GraphPad Software, CA, USA) or SPSS (version 16.0,
SPSS Inc., Chicago, IL, USA). Comparisons of dichot-
omous data were performed with Pearson’s chi-squared test
(or Fisher’s exact test when appropriate). Kappa analysis
was performed to examine the intra- and interobserver
agreement between two trained readers masked to the
patient diagnosis and information. Diagnostic sensitivity,
specificity, percentage agreement, and Youden index were
calculated for each parameter. The level of agreement was
determined by Cohen’s κ-analysis. Kappa values were
interpreted as follows: <0, poor agreement; 0–0.20, slight
agreement; 0.21–0.40, fair agreement; 0.41–0.60, moderate
agreement; 0.61–0.80, substantial agreement; and >0.80,
almost perfect agreement. The level of significance was set
at p= 0.05.

Results

Demographic and clinical characteristics

A total of 56 eyes from 56 patients with unilateral OT
confirmed by serological/immunological test were enrolled
in this study. Overall, 71.4% (40/56) of the patients were
male and the mean age was 9.68 ± 7.09 years old (range

1–40, median 7). 89.3% (50/56) of patients were under 18
years old, while 10.7% (6/56) were adults at their first visit
(Table 1).

In general, granulomas (posterior, peripheral, or com-
bined) were found in 91.1% (51/56) of eyes. Posterior pole
granuloma was found in 46.4% (26/56) of eyes, periG in
41.1% (23/56) of eyes, and combined granuloma in 3.6%
(2/56) of eyes. An absence of granuloma was noted in 5.4%
(3/56) of eyes with diffuse vitreous haze even after careful
examination accompanied with multi-model imaging eva-
luation, which were diagnosed as endophthalmitis type.
3.6% (2/56) of eyes exhibited advanced proliferative retinal
detachment in which the granuloma could not be dis-
tinguished. TRD was found in 28.6% (16/56) of eyes. RF
and VS were detected in 51.8% (29/56) and 83.9% (47/56)
of patients, respectively.

Intra- and interobserver agreement in UWF-SLO and
CFP image reading

Intra- and interobserver agreement with regard to describing
the presence of major features, including postG, periG,
TRD, RF, and VS, was demonstrated based on examination
and multimodal imaging. When these five features were
considered, the intra-observer agreements were almost
perfect for both UWF-SLO (κ= 0.986, 0.944, 0.940, 0.986,
and 0.903, respectively) and CFP interpretation (κ= 0.924,
0.983, 0.983, 0.944, and 0.924, respectively). The inter-
observer agreements were good to very good for UWF-SLO
(κ= 0.944, 0.834, 0.840, 0.888, and 0.724, respectively).
However, the interobserver agreements were only achieved
moderate agreement for TRD by CFP (κ= 0.563). For
postG detection, the interobserver agreement was lower for
CFP compared to UWF-SLO (κ= 0.944 vs 0.649)
(Table 2).

Diagnostic tests in 36 eyes with UWF-SLO and CFP

To compare the diagnostic abilities of UWF-SLO and CFP,
a diagnostic test was performed in 36 eyes using both

Table 1 Demographic and
clinical characteristics of
patients (n= 56).

Number of eyes (patients) 56 (56)

Mean age ± SD (range, median), years 9.68 ± 7.09 (1–40, median 7)

Male/female 40/16

OD/OS 32/24

BCVA (logMar) ± SD (range, median) 1.60 ± 1.20 (0–5, median 1.6)

Number of patients with BCVA (logMar 0.4-0.0) (n, %) 6 (10.7)

Mean intraocular fluid anti-Toxocara lgG titer ± SD (range,
median)

23.34 ± 15.52 (3.06–63.94, median 25.70)

Mean serum anti-Toxocara lgG titer ± SD (range, median) 26.81 ± 12.67 (10.54–60.45, median 23.07)

Mean Goldmann–Witmer coefficient ± SD (range, median) 149.95 ± 337.42 (5.23–1816.66,
median 49.05)
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UWF-SLO and CFP. First, we compared the detection rate
of the aforementioned five clinical features by UWF-SLO
and CFP. According to the clinical findings, postG was
detected in 18/36 OT eyes and periG was detected in 16/36
eyes. In the postG group, 100% (18/18) of granulomas were
identified by UWF-SLO, while only 72.2% (13/18) were
seen in CFP (p= 0.045). In the periG group, all (16/16)
granulomas were detected by UWF-SLO, while only 31.3%
(5/16) could be identified by CFP (p < 0.0001). TRD, RF,
and VS were identified clinically in 9 (25.0%), 20 (55.5%),
and 33 (91.7%) eyes. They were detected in 66.7% (6/9),
95.0% (19/20), and 81.8% (27/36) of eyes by UWF-SLO,
which are statistically significantly higher than those by
CFP: 11.1% (1/9), 55.0% (11/20), and 48.5% (16/36) (p=
0.05, 0.0084, and 0.0045, respectively) (Table 3).

Diagnostic sensitivity and specificity by UWF-SLO
and CFP

Considering the high prevalence of these five features in
OT, a diagnostic test was performed. By UWF-SLO, the
detectivity of postG achieved perfect agreement (κ= 1.0)
with a sensitivity of 100% and specificity of 100%. How-
ever, the detection rate by CFP was only moderate agreed
(31/36 cases), with a κ value of 0.722, sensitivity of 72.2%,

and specificity of 100% (p= 0.046 for sensitivity and p=
1.0 for specificity).

The detection of periG also achieved perfect agreement
(κ= 1.0) with a sensitivity of 100% and specificity of 100%
by UWF-SLO. By CFP, an agreement was achieved in 25/
36 cases, with a κ value of 0.313, sensitivity of 31.3%, and
specificity of 100% (p= 0.0001 for sensitivity and p= 1.0
for specificity). In cases with PeriG, only 5/16 cases could
be diagnosed by CFP (Fig. 4).

The detection of TRD by UWF-SLO achieved good
agreement (32/36 cases) with a κ value of 0.680, sensitivity
of 66.7%, and specificity of 96.3%. A consensus was not
reached in four cases. TRD was too subtle to be detected by
UWF-SLO in three eyes and one eye with proliferative
vitreous membrane was wrongly classified as having TRD.
The agreement of TRD detection by CFP was very poor,
with a κ value of 0, sensitivity of 11.1%, and specificity of
88.9% (p= 0.12 for sensitivity and p= 1.0 for specificity).

The detection of RF achieved almost perfect agreement
(35/36 cases) by UWF-SLO, with a κ value of 0.944, sen-
sitivity of 95.0%, and specificity of 100%. A consensus was
not reached in only one patient. The agreement of RF
detection in CFP was fair, with a κ value of 0.464, sensi-
tivity of 55.0%, and specificity of 93.8%. RF were detected
by CFP in only 11/20 cases (p= 0.0084 for sensitivity and
p= 1.0 for specificity).

The presence of VS was noted with good agreement by
UWF-SLO (30/36 cases) with a κ value of 0.659, sensitivity
of 81.8%, and specificity of 100%. A consensus was not
reached in six cases with VS. In CFP, only poor agreement
was achieved (18/36 cases) with a κ value of 0.087, sensi-
tivity of 48.5%, and specificity of 66.7%. VS was not
detectable by CFP in 17/33 cases and one patient presented
with possible VS but without a typical manifestation on the
B scan (p= 0.009 for sensitivity and p= 1.0 for specificity)
(Table 4 and Fig. 4).

Table 3 The detection rate of fundus characters in SLO and CFP.

SLO CFP p

Posterior granuloma (n= 18) 18 (100%) 13 (72.2%) 0.045a

Peripheral granuloma (n= 16) 16 (100%) 5 (31.3%) <0.0001a

Tractional retinal detachment
(n= 9)

6 (66.7%) 1 (11.1%) 0.05a

Retinal folds (n= 20) 19 (95%) 11 (55%) 0.0084a

Vitreous strands (n= 33) 27 (81.8%) 16 (48.5) 0.0045

aFisher test.

Table 2 Interobserver agreement regarding the fundus characters in SLO and CFP.

SLO (n= 36) CFP (n= 56)

Observer 1 Observer 2 Agreement, % Kappa
(95% CI)

Strength of
agreement

Observer 2 Agreement, % Kappa
(95% CI)

Strength of
agreement

+ − + −

Posterior pole
granuloma

+ 18 0 97.20 0.944
(0.837–1.000)

Very good 15 2 83.93 0.649
(0.444–0.854)

Good

− 1 17 7 32

Peripheral granuloma + 16 0 91.70 0.834
(0.657–1.000)

Very good 9 1 94.64 0.824
(0.632–1.000)

Very good

− 3 17 2 44

Tractional retinal
detachment

+ 7 0 94.40 0.840
(0.627–1.000)

Very good 5 3 89.29 0.563
(0.250–0.875)

Moderate

− 2 27 3 45

Retinal fold + 19 0 94.40 0.888
(0.738–1.000)

Very good 13 3 94.64 0.861
(0.709–1.000)

Very good

− 2 15 0 40

Vitreous strands + 24 3 88.89 0.724
(0.473–0.975)

Good 24 4 91.07 0.821
(0.673–0.970)

Very good

− 1 8 1 27
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Comparison of vitreous haze grading between
UWF-SLO and CFP

In 36 patients with both UWF-SLO and CFP images, the
grade of vitreous haze was evaluated using the previously
reported criteria. In CFP, 1 (2.8%), 7 (19.4%), 8 (22.2%),
6 (16.7%), 9 (25.0%), and 5 (13.9%) patients were graded
0, 0.5+, and 1+ to 4+ on the scale for vitreous haze,
respectively. However, the grading of vitreous haze was
significantly lower in UWF-SLO in the same patients with
1 (2.8%), 16 (44.4%), 3 (8.3%), 9 (25.0%), 6 (16.7%), and
1 (2.8%) patients graded as 0, 0.5, and 1+ to 4+, respec-
tively (p= 0.044, chi-square test for trend) (Fig. 5) (Sup-
plementary Table).

Discussion

Because of diverse and occult clinical presentations, the
diagnosis of OT is difficult. Granuloma is one of the fea-
tures with the greatest diagnostic significance in OT.
However, only 20–40% granuloma located in the posterior
pole of the fundus [17]. In our study, periGs were observed
in 41% of patients in the peripheral retina/far-peripheral
retina, which is consistent with 43.7% reported by Sahu
et al. [18]. In addition, most of the patients with OT are
children with the mean age of onset being 7.5 years [19]. In
our current study, the median age of onset was 7 years.
Furthermore, vitreous opacity due to vitritis was presented

in almost all OT patients and further increased the difficulty
of diagnosis.

Recently, many attempts have been made to facilitate
earlier diagnosis of OT using approaches such as ultra-
sonography, UBM, and OCT. In particular, ultra-
sonography was recently employed for OT diagnosis [20].
A solid, highly reflective mass attached to a multi-layered
vitreous membrane is considered a characteristic manifes-
tation of OT [3, 20]. However, the detection of this sign is
greatly dependent on eyeball orientation and it is only
present in a few OT patients with severe vitreous pro-
liferation. UBM has been proven to be valuable in detect-
ing periGs [20, 21], but it requires a plastic or silicone
eyecup to hold a coupling medium. The contact nature of
this instrument may make it impractical for many clinical
scenarios. A subretinal or intraretinal mass on OCT was
described in a patient with granuloma in the posterior pole
[22]. Nevertheless, a clear refractive media is pivotal for
high-quality OCT, which is extremely uncommon in OT
patients. Hence, a simpler imaging technique is still
required in clinical practice for the diagnosis, treatment,
and follow-up of OT.

The last two decades saw the rapid development of UWF
imaging, which has been used widely in retinal screening
for rapid, single-frame photographic access to not only the
posterior pole, but also the middle and far periphery.
According to the Diabetic Retinopathy Clinical Research
network, fundus photography with a field wider than 100°
is considered to be UWF [23]. The 200° wide field of

Fig. 4 Comparisons between
UWF-SLO images and
conventional fundus
photographs of two patients
with ocular toxocariasis.
Conventional fundus
photography (A) and UWF-SLO
(B) was performed in a child
(TX13) to cover as much of the
retina as possible. The area
corresponding to CFP was
marked by yellow circle.
Montaged conventional fundus
photography (C) of a child
(TX39) showed slight vitreous
haze and barely visible fibrosis
along the inferonasal and
inferotemporal arcade. D UWF-
SLO image clearly showed
vitreous strands and an inferior
temporal peripheral granuloma
in the same patient.
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UWF-SLO can provide coverage of 82% of the retina in
adults. In contrast, only 15% of the retina can be visualized
by CFP from a single 45° image [24, 25]. On account of its
noncontact and tolerable nature in comparison with CFP,
UWF-SLO has even been used to obtain high-quality
images in infants [13]. This examination can be carried out
swiftly and more conveniently in pediatric patients.

In our study, the UWF-SLO images provide a wide view
of the retina, even in patients with massive vitreous haze or
cataracts. The 200° wide-field image by UWF-SLO is
beneficial for the detection of characteristic OT manifesta-
tions located in the peripheral retina, such as periG, TRD,
and RF. The detection rates of granulomas were 100% for
both posterior and periGs, with the diagnostic sensitivity
and specificity also being 100%. Conversely, in CFP, only
72.2% of posterior granulomas and 31.3% of periGs could
be detected. Because of the value of granulomas for the
diagnosis of OT, UWF-SLO is highly recommended in
patients who are suspected of having OT. UWF-SLO also
exhibited good to very good agreement in diagnostic tests
for TRD, RF, and VS. In contrast, the agreement of these
three signs was only poor to moderate in CFP. In addition,
UWF-SLO permitted better infiltration through the cloudy
vitreous and lens because of the improved penetrability of
lasers [26]. The grading of the vitreous haze in UWF-SLO
was lower than CFP in 55.6% (20/36) of patients. These
results may explain why UWF-SLO had a better detection
rate for not only peripheral lesions, but also posterior
granulomas. It is worth noting that CFP might be superior
compared with UWF-SLO in quantifying the level of vitr-
eous haze and monitoring the uveitis activity due to the
ability of reflecting the actual vitreous situation. In addition,
although superior diagnostic ability was proven in UWF-
SLO compared with CFP for ascertainment several OT
manifestations, the gold standard for OT diagnosis is still
the clinical examination.

Our study included a moderately large population of OT
patients diagnosed by serology/immunology and involved
the analysis and comparison of the diagnostic value of
UWF-SLO and CFP. Nevertheless, there remain several
limitations. First, patients with clinical OT manifestations
and negative Toxocara antibody were excluded from our
study, which may induce the selection bias. Nevertheless,
the test for Toxocara antibodies may not have high sensi-
tivity, such that some OT patients may have been wrongly
excluded. In addition, since most of the OT cases were
young children who were often uncooperative, the detec-
tivity may been reduced and image quality may be com-
promised. Lastly, the sample size in the current study was
limited due to the rarity of OT, which makes it difficult to
recruit a larger cohort. Further investigations with more
cases in various cohorts are warranted to confirm our
observations.Ta
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In conclusion, UWF-SLO demonstrated excellent diag-
nostic ability compared to CFP for ascertainment of the
most common characteristic manifestations of OT, such as
granulomas and RF.

Summary

What was known before

● The diagnosis of OT is based on the detection of
characteristic features, like granuloma, which could be
particularly challenging.

What this study adds

● Ultra-wide-field scanning laser ophthalmoscopy (UWF-
SLO) is a better imaging system for the ascertainment of
the characteristic manifestations of OT compared with
the conventional camera imaging (CFP), especially for
pediatric patients.
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