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Visual assessment includes the evaluation of: ophthalmo-
logical and orthoptic characteristics, detecting possible re-
fractive errors (assessed in cycloplegia), anterior segment
and ocular fundus abnormalities, strabismus, ocular motility
deficit, abnormal eye movements; oculomotor functions
(fixation, smooth pursuit, and reactive saccades), and per-
ceptual visual function (visual acuity, contrast sensitivity,
and visual field). With regard to oculomotor functions,
fixation is defined as present (stable formore than 3 seconds)
or impaired (unstable or not elicited); smooth pursuit is
defined as present (continuous) or impaired (discontinued
with stopping abruptly or difficult to elicit); saccadic eye
movements are defined as present (both latency and ampli-
tude of saccade were normal) or impaired (dysmetric and/or
with increased latency). Visual acuity, evaluated under max-
imum refractive correction with test suitable for patient’s
age and cooperation (e.g., Teller Acuity Cards, Lea Symbols, or
letter optotypes) are categorized as follows: blind/very low
vision (visual acuity <0.5 tenths or <1.6 cycles per degree
[cy/°]); low vision (<3 tenths or <9.6 cy⁄°); near-normal
vision (3–8 tenths, or between 9.6 and 26.0 cy⁄°); normal
vision (>8 tenths, or>26.0 cy/°). Contrast sensitivity (altered
or normal) is evaluated using the Hiding Heidi Low Contrast
“Face” Test. The ability to locate targets presented in different
areas of the visual field is evaluated using kinetic perimetry,
based on the child’s behavioral reactions (e.g., movements of
the head, eyes, or a limb toward the target) and is classified as
normal or reduced.

Griffiths Mental Development Scales-Revised (GMDS-R)
assesses the child’s strengths and weaknesses in all develop-
mental area from 0 to 2 years of age. This scale examines five
domains of functioning, which are individually scored: Lo-
comotor, Personal-Social, Hearing and Speech, Eye and Hand
Coordination and Performance. A Total Score called Develop-
mental Quotient (DQ) is obtained from the average of thefive
domains. All the quotients are reported in standard scores
(DQ: mean 100 SD 12; five domains: mean 100, SD 16). The
patients were rated as follows: more than �1 SD, normal;
between�1 SD and�2 SD, borderline; less than�2 DS, delay.

Wechsler Preschool and Primary Scale of Intelligence III
edition (WPPSI-III) assesses the Full-Scale Intelligence Quo-
tient, Verbal Intelligence Quotient, and Performance Intelli-
gence Quotient; all the quotients are reported in standard
scores (mean 100, SD 15). The patients are rated as follows:
more than �1 SD, normal; between �1 SD and �2 SD,
borderline; less than �2 SD, delay.

The battery for the assessment of language in children
aged 4 to 12 (BVL 4–12) is a standardized battery for
evaluation of the oral language development. Four subtests
were performed: (1) the naming test (children are required
to name 77 visual stimuli that refer to words with different
articulatory characteristics, frequency, grammatical class,
and semantic features—this test allowed us to obtain Articu-
latory and Naming scores); (2) the Lexical Comprehension
test (subjects are asked to identify which of the four pictures
represent the meaning of the word pronounced by the
examiner. The four pictures represent a target stimulus, a
semantic, a phonological, or an unrelated distracter); (3) the
Syntactic Comprehension test (participants need to select
one of the four pictures that matches with the meaning of a
sentence pronounced by the examiner. The four pictures
represent a target stimulus and three morphosyntactic dis-
tracters); (4) the Sentence Repetition test (Children were
asked to repeat 20 sentences progressively longer and com-
plex uttered by the examiner). Results were compared with
normative data and expressed as z-scores, considered im-
paired if z-score< �2.

The Test for Listening Comprehension (TOR 3–8) is used to
evaluate the narrative oral comprehensionwithout involving
expressive skills in children between 3 and 8 years. Specifi-
cally, the test asks children to listen to two stories and to
answer multiple-choice questions. There are 10 textual
questions (based on explicit information) and 10 inferential
questions (based on inferences to be generated) evaluating
comprehension of the narrative text and the ability of
making inferences. One point is credited for each correct
answer and the sum of the correct answers for the two types
of questions are converted into centiles. A score <5 degree
centiles is considered impaired.

Vineland Adaptive Behavior Scales (VABS II) is composed of
three domains: communication (subdomains: receptive, expres-
siveandwrittencommunication), daily living skills (subdomains:
domestic, personal and community skills), and socialization
(subdomains: interpersonal relationships, play/leisure, coping
skills). Scores of each domain were expressed in centiles and
considered impaired when <5 degrees.

Checklist for autism spectrum disorder (CASD) is a quick
and validated instrument for screening and diagnosing the
ASD in children aged from 1 to 17 years. The 30 CASD
symptoms, scored as present or absent, cover six domains:
problems with social interaction, perseveration, somatosen-
sory disturbance, atypical communication and development,

Supplementary Fig. S1 Color photos of retinal hypopigmentation.
Color fundus photos of both the eyes show a decreased concertation
of pigment in the retinal pigment epithelium which allows visualiza-
tion of the choroidal vessels.
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mood, and problems with attention and safety. Scores of 15
or higher are considered to be within the autism range;
scores of 10 to 14 are in the autism spectrum range, and
scores less than 10 characterize children with typical devel-
opment or different diagnoses. Autism Diagnostic Observa-
tion Schedule (ADOS) consists of semi-structured subtests

that involve different components of social interactions and
communication. The assessment has five modules that are
chosen on the base of the expressive language level and the
chronological age of the individual. Algorithm scores are
compared with cut-off scores to yield one of three classi-
fications: autism, autism spectrum, and nonspectrum.
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