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Abstract. Steroid Sa-reductase type 3 congenital dis-
order of glycosylation (SRD5A3-CDG) is a severe
metabolic disease manifesting as muscle hypotonia,
developmental delay, cerebellar ataxia and ocular
symptoms; typically, nystagmus and optic disc pal-
lor. Recently, early onset retinal dystrophy has been
reported as an additional feature. In this study, we
summarize ocular phenotypes and SRD5A3 variants
reported to be associated with SRD5A3-CDG. We
also describe in detail the ophthalmic findings in a
12-year-old Czech child harbouring a novel homozy-
gous variant, ¢.436G>A, p.(Glul46Lys) in SRD5A3.
The patient was reviewed for congenital nystagmus
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and bilateral optic neuropathy diagnosed at 13 months
of age. Examination by spectral domain optical co-
herence tomography and fundus autofluorescence
imaging showed clear signs of retinal dystrophy not
recognized until our investigation. Best corrected
visual acuity was decreased to 0.15 and 0.16 in the
right and left eye, respectively, with a myopic refrac-
tive error of —3.0 dioptre sphere (DS) / -2.5 dioptre
cylinder (DC) in the right and -3.0 DS / -3.0 DC in
the left eye. The proband also had optic head nerve
drusen, which have not been previously observed in
this syndrome.

Introduction

Congenital disorders of glycosylation (CDG) are a
group of metabolic disorders caused by deficient glyco-
sylation of proteins and/or lipids. Detection of CDG has
been traditionally performed by isoelectric focusing
(IEF) of serum transferrin (Jacken et al., 1984; Guillard
etal., 2011).

Steroid 5a-reductase type 3 congenital disorder of
glycosylation (SRD5A3-CDG) (OMIM 612379) is a
rare autosomal recessive disorder. In addition to muscle
hypotonia, intellectual disability, and cerebellar ataxia,
patients with SRD5A3-CDG have variably associated
hepatic, cardiac, skeletal, coagulation and ophthalmic
abnormalities. Ocular manifestations include micro-
phthalmia, cataract, chorioretinal coloboma, glaucoma,
optic nerve hypoplasia/atrophy, and nystagmus (Cantagrel
et al., 2010; Morava et al., 2010; Taylor et al., 2017).
Recently, a case series of 10 individuals showed that
early-onset severe retinal dystrophy (EOSRD) is also a
feature of this condition (Al-Sarraj et al., 2014; Taylor et
al., 2017; Gupta et al., 2018; Khan, 2018).

SRD5A3-CDG is caused by pathogenic variants in
SRD5A3, encoding an enzyme responsible for doli-
chol synthesis, and when defective, leading to impaired
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N-glycan biosynthesis in the endoplasmic reticulum
(Morava et al., 2010).

In this study, we report clinical and molecular genetic
findings in a 12-year-old child harbouring a novel
SRD5A3 homozygous variant. We particularly focus on
her ocular phenotype. We also summarize all disease-
causing variants identified in SRD5A43 to date and ocular
phenotype observations in patients with genetically con-
firmed SRD5A3-CDG.

Material and Methods

The study was approved by the Ethics Committee of
the General University Hospital in Prague and adhered
to the Declaration of Helsinki.

Clinical examination

A child investigated since birth for a CDG metabolic
defect, which was later proved to be SRD5A3-CDG, at
the age of 12 years underwent ocular examination that
included spectral domain optical coherence tomography
(SD-OCT) and BluePeak blue laser fundus autofluores-
cence (FAF) imaging (Spectralis, Heidelberg Engineer-
ing GmbH, Heidelberg, Germany).

Molecular genetic analysis

DNA from the proband and her parents was extracted
from peripheral leucocytes using the salting-out method.
Targeted sequencing of 79 CDG-related genes (Table 1)

was performed in the patient in a SOLiDTM 4 System
(Life Technologies, ThermoFisher Scientific, Foster City,
CA) using a custom SeqCap Enrichment kit according
to the manufacturer’s protocol. Sequence reads were
aligned to the reference genome (hgl9) using Novo-
alignCS version 1.08 (Novocraft, Selangor, Malaysia)
with default parameters. Conversion of SAM format to
BAM, duplicate removal and sequence variants were
identified using the SAMtools (http://www.htslib.org/)
package version 0.1.12. The high confidence variant list
was annotated with the ANNOVAR (http://annovar.
openbioinformatics.org/) tool (hgl9). For further analy-
sis, sequence variants with a minor allele frequency <
0.005 as per the Genome Aggregation Database (gno-
mAD, http://gnomad.broadinstitute.org/) were prior-
itized. Conventional Sanger sequencing was used to
verify the presence of the identified variant considered
pathogenic and for targeted screening in first-degree
relatives. The detected variant considered likely patho-
genic was subjected to in silico analysis using six differ-
ent tools (Table 2).

Analysis of pathogenic variants in SRD5A3 and
ocular phenotypes associated with SRD5A3-CDG

Sequence variants in SRD5A3 previously reported as
causing SRD5A3-CDG were searched for in the litera-
ture, manually curated and aligned to the reference se-
quence NM_024592.4. The population frequency of the

Table 1. Genes implicated in congenital disorders of glycosylation screened by next-generation sequencing in the proband

ALGI B3GALTL DKI GALE CHST6 MAN2B2 PIGN SLC3542
ALGI1I B3GAT3 DPAGTI GALK1I CHSYI MAN2CI1 PIGO SLC35C1
ALGI2 B4GALTI DPM1I GALNTI12 ISPD MGAT2 PIGV SLC35D1
ALGI3 B4GALT7 DPM?2 GALNT3 LARGE MPDUI1 PMM?2 SRD5A43
ALG2 COoG5 DPM3 GALT LFNG MPI POMGNTI ST3GAL3
ALG3 coGg7 EXTI GCSI MAGTI NGLYI POMTI ST3GALS
ALG6 COGS8 EXT2 GFPTI MANIAI PGAP2 POMT?2 TMEMI165
ALGS cosMc FKRP GNE MANIBI PIGA RFTI TUSC3
ALGY DDOST FKTN CHSTI14 MANICI PIGL SEC23B XGPTI
ATP6V0A2 DHDDS G6PC3 CHST3 MAN2A2 PIGM SLC3541

Table 2. In silico analysis of SRD5A3 homozygous missense variant identified in the proband. Six different algorithms

were used to predict the effect of c.436G>A; p.(Glul46Lys) (reference sequence NM_024592.4).

Prediction algorithm

SIFT

PolyPhen2

MutPred2

MutationTaster

SNPs&GO

PROVEAN

Damaging

Probably damaging*

Probably disease-causing

Disease causing

Disease

Deleterious

*overall score > 0.5

Web Resources:

SIFT (Sorting Intolerant From Tolerant), http:/sift.jcvi.org/

PolyPhen2 (Polymorphism Phenotyping v2), http://genetics.bwh.harvard.edu/pph2/

MutPred2, http://mutpred.mutdb.org/
MutationTaster, http://www.mutationtaster.org/
SNPs& GO, http://snps.biofold.org/snps-and-go/

PROVEAN (Protein Variation Effect Analyzer), http://provean.jcvi.org/
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variants was retrieved from gnomAD, providing se-
quencing data from more than 138,000 unrelated indi-
viduals of various ethnic backgrounds, and 4,528 Czech
control chromosomes available through the projects of
the National Centre for Medical Genomics (https://
ncmg.cz/en/). The associated phenotypic features were
reviewed.

Results
Systemic findings

A child born to a consanguineous white Czech family
was investigated at six weeks of age because of muscle
hypotonia, nystagmus, irritability and developmental
delay. She was also documented at the age of 19 months
to have antithrombin III, factor XI and protein C defi-
ciency. The coagulopathy dramatically worsened during
acute infections in preschool years accompanied by a
mild stroke-like episode resolving within 72 h at 2.5
years of age. Thereafter, she had recurrent hepatic vein
thrombosis and elevation of liver enzymes requiring ad-
ministration of anticoagulants. Pubertal development
was normal. There were no signs of cardiomyopathy,
facial dysmorphism, dermatitis or marphanoid habitus.

At the last examination at 12 years of age, she had non-
progressive cerebellar ataxia with stereotypic move-
ments, mild intellectual disability (IQ = 64), obesity,
kyphoscoliosis and genua valga. Mild liver dysfunction
and coagulopathy persisted. The patient had never expe-
rienced seizures.

Sequence variant analysis

An N-glycosylation metabolic defect was suspected
based on the presence of neurological symptomatology,
hepatopathy and coagulopathy, and confirmed at the age
of two years by isoelectric focusing of serum transfer-
rin. The definitive diagnosis was made when the patient
was 7.5 years old by next-generation sequencing. The
homozygous variant ¢.436G>A, p.(Glul46Lys) in
SRD5A3 (NCBI reference sequence NM_024592.4, htt-
ps://www.ncbi.nlm.nih.gov/) was identified and predicted
to be pathogenic (Fig. 1, Table 2).

Ocular examination

The proband had congenital nystagmus from birth.
Review of the clinical notes documented temporal pal-
lor of the optic discs at 13 months of age. Right exotro-
pia and amblyopia were documented at two years, re-
quiring strabismus surgery at the ages of six and eight

A B 145 146 147 C 145 146 147
1:1  Phe Glu/Lys Cys II:1  Phe Lys Cys
Il ! | | | Il
1:1 1:2 wt’T T c\ ’l; [} I:HT [ c‘ wt'T T CHG A GHT G C‘
€.436G>A/wt c.436G>A/wt ™tT T € A A & T & ¢C mET T @ A & T &€
I:1 \ M
c.436G>A/c.436G>A \

D Bos = 0 6meeemmmeee——- GGELALSAFLVLVFLWLHSLRRLEECVYVSVFSNAVIH
Canis = = -——————————-- GSELALSAFLVLVFLWLHSLRRLEECLYVSVFSNAVIH
Castor @ = -———-——————e- GGELALSAFLVLVFVWLHSLRRLEECFYVSVFSSAVIH
Cervus ———————————- GGELALSALLVLAFLWLHSLRRLEECLFVSVFSNAVIH
Dasypus = = -——————————-- GSELVLSAFLVLAFLWIHSLRRLEECFYVSVFSNAVIH
Desmodus @ = -----—————e- GGELALSAFLVLVFLWLHSWRRLEECLYVSVFSSSVMH
Equus = =  —-——mmmeeee- EGELALSAFLVLVFLWLHSLRRLEECFYVSVFSNVMIH
Homo = ~ W - GGELALSAFLVLVFLWLHSLRRLEECLYVSVFSNVMIH
Loxodonta @ = -----—————-- GGEPALSAFLVLVFLWLHSLRRLEECFYISVFSNATIN
Mesocricetus ALEMESKASQMLVGELALSAFLVLVFLWVHSVRRLEECFYISVFSNAVMH
Mus ALEMESKASRMPAAELALSAFLVLVFLWVHSLRRLEECFYVSVFSNAAIH
Oncorhynchus R RQVPQVSAVLVQVLLWVHSLRRLLEICHLVSVFSDGVIH
Oryzias D-————m———e SPVPQLSTVLVQLLVWVHSLRRLLECLFVSVFSDGVMH
Rattus ALGMESKASRIQAGELALSTFLVLVFLWVHSLRRLEECFYVSVFSNTAIH
Terrapene D-———————— VGDKHLSVLLVLMLLWLHSFRRLIEICLCISVFSSGVIH
Xenopus Q-—————————- VLGGELSVVLAFSLLWLHSLRRLLECLFVSIFSNGVIH

Fig. 1. Pedigree and segregation of the identified variant in SRD5A3

The affected individual is homozygous, while her parents are heterozygous carriers (A). Sequence chromatograms show-
ing ¢.436G>A in a heterozygous (B) and homozygous state (C). T-Coffee (https://www.ebi.ac.uk/Tools/msa/tcoffee/)
multiple sequence alignment of the SRD5A3 protein; amino acid at position 146 in the human SRD5A3 protein sequence
is indicated by a rectangle; high degree of evolutionary conservation is observed (D).



Vol. 65

Early-Onset Retinal Dystrophy Is a Feature of SRD5A3-CDG

137

years. At the age of seven years, documented decimal
best corrected visual acuity (BCVA) was 0.33 in both
eyes and at the age of 12 years, 0.15 in the right and 0.16
in the left eye, with a refractive error of —3.0 dioptre
sphere (DS) /2.5 dioptre cylinder (DC) in the right and
—-3.0 DS /-3.0 DC in the left eye.

Retinopathy had not been suspected until 12 years of
age, when dilated fundus examination was performed.
Tilted optic discs with temporal pallor and subtle mot-
tling of the retinal pigment epithelium in the retinal pe-
riphery were observed (Fig. 2A, B, E). Retinal atrophy
with photoreceptor degeneration was evident in SD-OCT
imaging (Fig. 2C, D). FAF in the right eye identified a
perimacular ring of increased signal (Fig. 1F); in the left
eye, it was not possible to obtain an image due to limited
compliance. In addition, superficial drusen at the optic

disc margin were observed bilaterally (Fig. 2A, B, F).
Perimetry, retinal nerve fibre layer measurements and
ocular electrophysiology could not be performed.

Review of pathogenic variants in SRD5A3

Including this study, only 15 pathogenic variants ob-
served in 25 families with SRD5A3-CDG have been
identified (Table 2). Eleven variants were not present in
the gnomAD dataset, and the remaining four had a very
low minor allele frequency (< 0.00003), in keeping with
being pathogenic in an autosomal recessive disorder.
Most cases had variants in a homozygous state and were
from consanguineous families or endogamous popula-
tions. Only two probands were compound heterozygotes.
Eleven variants were predicted to introduce premature
stop codons, consequently leading either to truncation of

Fig. 2. Ocular findings in a 12-year-old patient with steroid 5a-reductase type 3 congenital disorder of glycosylation

Fundus photographs of the right (A) and left (B) eye showing fine granularity of the retinal pigment epithelium in the
retinal periphery, temporal optic disc pallor and small superficial drusen at the optic disc margin (arrow). Horizontal SD-
OCT macular scans in the right eye (C) and left eye (D). Note widespread loss of outer retinal lamination in the macular
periphery including lack of the external limiting membrane, ellipsoid zone or interdigitation zone with relative preserva-
tion at the central macula. White arrows indicate borders of intact layers (1,975 um nasally and 2,423 um temporally and
1,940 pm nasally and 1,948 um temporally from the fovea, in the right and left eye, respectively). Asterisks indicate loss
of retinal ganglion cells. (E) Horizontal SD-OCT papillary scan in the right eye documenting tilted optic disc. Fundus
autofluorescence imaging of the right eye (F) detects a hyperautofluorescent ring around the macula (demarcated by tri-
angles) and small superficial drusen at the optic disc margin (arrow). The quality of the retinal imaging was limited by
compliance and nystagmus.
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the encoded protein, or degradation of aberrant tran-
scripts by nonsense-mediated mRNA decay. One variant
was a large deletion completely disrupting gene tran-
scription, and only three variants, including the novel
variant reported herein, were predicted to be missense.

Summary of ocular phenotypes and their
correlation with the detected genotypes

Including this study, ocular examination has been re-
ported for 37 patients with molecularly confirmed
SRD5A3-CDG (summarized in Table 4). Nystagmus, in
keeping with severe early onset visual impairment, was
the most common clinical manifestation, and was noted
in 34 patients. The second most common reported ocu-
lar pathology was optic disc pallor, atrophy or hypoplas-
ia, found in 24 individuals. EOSRD was documented in
10 patients, and three further patients had severe retinal
dystrophy described later in their life (Al-Sarraj et al.,

2014; Kara et al., 2014; Wheeler et al., 2016; Taylor et
al., 2017; Gupta et al., 2018; Khan, 2018). Childhood-
onset cataract was less frequently documented (six indi-
viduals) (Kahrizi et al., 2009; Cantagrel et al., 2010;
Wheeler et al., 2016). Retinal and/or optic disc colobo-
mas were present only in nine patients (Al-Gazali et al.,
2008; Kahrizi et al., 2009; Cantagrel et al., 2010;
Kasapkara et al., 2012; Tuysuz et al., 2016; Wheeler et
al., 2016).

Discussion

Awareness of the presence of EOSRD in systemic
disorders is important for establishing a timely diagno-
sis and as such, paediatric ophthalmologists/retina spe-
cialists play an essential role in this process (Morava et
al.,2010; Wheeler et al., 2016; Taylor et al., 2017; Gupta
et al., 2018; Khan, 2018). The case described here fur-
ther supports the observations that EOSRD is a feature

Table 4. Summary of ocular phenotypes reported in patients with genetically confirmed steroid Sa-reductase type 3 con-
genital disorder of glycosylation. All findings related to the eye structure and visual functions as stated in the original

report have been entered.

. BCVA
No. | Age* | Ocular findings' Reference
RE |LE
9y Nystagmus, strabismus, astigmatisms, hyperopia, no RP (ERG not done) NA |NA |(Assmann et al., 2001)
2 6y Nystagmus NA |[NA | (Grundahl et al., 2012)
3 38y Horlzonta}l nystagmus, posterior subcapsular cataract, optic nerve CF CF
hypoplasia/atrophy, RP
X - ; (Kara et al., 2014)
Horizontal nystagmus, posterior subcapsular cataract, optic nerve
4 |40y ° HM |[HM
hypoplasia/atrophy, RP
Horizontal nystagmus, wide-set eyes, optic nerve hypoplasia/atrophy
3 12.5y (noticed at 4 m), no coloboma, no cataract, no RP NA | NA
6 1 Horizontal nystagmus, rolling eyes up frequently, RE iris coloboma, LE NA  INA
Y |ovoid shape of the pupil, optic disc coloboma, no cataract, no RP
7 11y |Horizontal nystagmus, optic nerve hypoplasia/atrophy, no cataract, no RP [NA |NA |(Wheeler et al., 2016)
Nystagmus, optic nerve hypoplasia/atrophy (diagnosed in childhood), deep-
8 |34y <0.1 [<£0.1
set eyes, no coloboma, no cataract, no nystagmus, no RP
9 |33 Nystagmus, optic nerve hypoplasia/atrophy, cataract (diagnosed in NA  |NA
Y childhood), no coloboma, RP (diagnosed in proband’s 20°s)
10 |17m Horizontal nystagmus, lack of chlar fixation at 4 m, strabismus convergens NA |NA | (Prietsch et al., 2002)
alternans, optic nerve hypoplasia/atrophy
Multiplanar nystagmus, nyctalopia from 6 y, mild myopia (SE —1.0
1 |20 RE/—1.25 LE), optic disc pallor, foveal hypoplasia, granular appearance of 003 1003
y peripheral retina, attenuated retinal vasculature, hyperfluorescent ring, ERG | ™ ’
— rod-cone impairment
Multiplanar nystagmus, strabismus, progressive myopia from 2 m, (SE —5.0
12 |13y |RE/—6.0 LE by 3 y), nyctalopia from 7 y, temporal optic disc pallor, 0.05 |0.06
attenuated retinal arterioles, hyperfluorescent ring
Nystagmus, strabismus, myopia from 18 m (SE —4.75 RE/=5.5 LE), tilted
optic disc with temporal pallor and peripapillary atrophy, attenuated retinal (Taylor et al., 2017)
13 | 18.5y |vasculature, hyperfluorescent ring, OCT — widespread loss of outer retinal | 0.125 | 0.160
structures with relative preservation of foveal structures, including
photoreceptors
Nystagmus, roving eye movements from 3 m, nyctalopia, photophobia,
high myopia (SE —7.25 BE), tilted optic discs, attenuated retinal
14 | 14.5y |vasculature, subtle mottling in the retinal periphery, hyperfluorescent ring, |0.1 0.16
OCT — widespread loss of outer retinal structures with relative preservation
of foveal structures

to be continued P
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Roving eye movements and nyctalopia from <1 y, exotropia from 16 y, high
15 |16 myopia (SE —15.5 RE/ —13.5 LE), tilted optic discs, attenuated retinal NA  |NA
y vasculature, subtle mottling in the retinal periphery, OCT — widespread loss
of outer retinal structures and complete absence of the photoreceptor layer
Roving eye movements from 2—3 y, nyctalopia, high myopia (SE —8.75 RE/
16 |14 —7.0 LE), exophoria, tilted optic discs, attenuated retinal vasculature, subtle NA  |NA
y mottling in the retinal periphery, hyperfluorescent ring, OCT — widespread (Taylor et al., 2017)
loss of outer retinal structures with relative preservation of foveal structures
Nystagmus, high myopia (SE —7.25 LE/-7.5 RE), optic disc pallor,
attenuated retinal vasculature, hyperfluorescent ring, OCT — widespread
17 |24y |loss of outer retinal structures with relative preservation of foveal 0.1 0.1
structures, ERG — profoundly electronegative, grossly delayed cone-specific
responses
18 |4y Nystagmus, mild optic disc pallor, RP NA [NA (Gupta et al., 2018)
19 |13y Eendular nystagmgs, exotropia, —1.25 BE, attenuated vessels, RP, CME, 013 |0.13 | (Khan, 2018)
yperfluorescent ring
20 |0-3 m |Nystagmus, optic nerve hypoplasia/atrophy, iris and chorioretinal coloboma | NA |NA
21 |4.5y |Nystagmus, optic nerve hypoplasia/atrophy, LE chorioretinal coloboma NA |NA
22 (2y Nystagmus, iris and chorioretinal coloboma, optic nerve hypoplasia/atrophy [NA  |NA | (Al-Gazali et al., 2008)
23 |5y Nystagmus, LE strabismus, optic nerve hypoplasia/atrophy, LE NA  |NA
microphthalmia
24 |8y Nystagmus, optic nerve hypoplasia/atrophy <0.5 |<05
25 |5y Nystagmus, optic nerve hypoplasia/atrophy NA [NA |(Morava et al., 2009)
26 |2y Nystagmus, strabismus, glaucoma NA |NA
27 |NA Nystagmus, optic nerve hypoplasia/atrophy NA |NA
28 |NA Nystagmus, iris and chorioretinal coloboma, microphthalmia, cataract NA [NA |(Cantagrel et al., 2010)
29 |[NA Nystagmus, optic nerve hypoplasia/atrophy, cataract NA |NA
30 |4m Nystagmus, iris coloboma, glaucoma, corneal clouding NA |NA |(Tuysuzetal., 2016)
Nystagmus, convergent strabismus, optic nerve atrophy/hypoplasia, RE iris,
31135y chorioretinal and optic disc coloboma, chorioretinal atrophy NA INA | (Kasapkara et al., 2012)
32 |12y |Nystagmus, optic nerve hypoplasia, myopia, visual impairment NA |NA .
; ] ; (Al-Sarraj et al., 2014)
33 |5y Nystagmus, optic nerve atrophy, ERG — diffuse retinal dystrophy NA |NA
34 |45y | LE iris coloboma, cataract (documented since adolescence) NA |NA
35 |42y | Cataract (documented since adolescence) NA |NA |(Kahrizi et al., 2009)
36 [40y |Iris coloboma, cataract (documented since adolescence) NA |NA
Nystagmus, tilted optic discs, optic nerve hypoplasia/atrophy, subtle
peripheral mottling of the retinal pigment epithelium, myopia (SE —4.25
37 |12y RE/—-4.5 LE), OCT — widespread loss of outer retinal structures with 0.15 10.16 | Current study
relative preservation of foveal structures

Best corrected visual acuity is extrapolated to decimal values. Abnormality of the optic disc is denoted due to insufficient consensus

between the individual reports as hypoplasia/atrophy.
* Age at examination
*Unless specified, clinical findings are assumed to be bilateral.

y = years, m = months, NA = not available, ERG = electroretinography, RP = retinitis pigmentosa (pigmentary retinopathy), RE = right
eye, LE = left eye, SE = spherical equivalent, OCT = optical coherence tomography, BE = both eyes, CME = cystoid macular oedema,
BCVA = best corrected visual acuity, CF = counting fingers, HM = hand movement

of SRD5A3-CDG (Taylor et al., 2017; Gupta et al.,
2018; Khan, 2018). We also report the finding of optic
head nerve drusen in this syndrome, which to the best of
our knowledge has not been previously observed.

The reason why retinopathy in patients with
SRDS5A3-CDG has not been recognized until recently
is likely due to several factors. In most cases, nystag-
mus and poor visual behaviour could have been attrib-
uted to optic disc pallor, which is found in the majority
of patients, and thereby visual failure is incorrectly
considered to be due to optic nerve hypoplasia/atrophy

(current evidence is insufficient to determine which of
the two terms is correct) (Morava et al., 2010; Taylor et
al., 2017). In addition, ophthalmic evaluation in indi-
viduals with SRD5A3-CDG is often not comprehen-
sive due to the significant learning difficulties present
in the vast majority of patients (Kahrizi et al., 2009,
2011; Wheeler et al., 2016). As fundus examination
may not reveal typical pigmentary changes in the early
stages and patients may not be able to undergo pe-
rimetry or ocular electrophysiology, SD-OCT and FAF
examination are particularly valuable methods to de-
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tect retinal abnormalities in these subjects (Taylor et
al., 2017; Khan, 2018).

In summary, patients with SRD5A3-CDG are unique
in that they develop abnormal ocular phenotypes includ-
ing EOSRD, which can now be considered to be dis-
ease-delineating features. Description of more cases and
long-term follow-up is necessary to better characterize
the optic nerve and retinal pathology in SRD5A3-CDG.
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