
Case Report
A Novel Pathogenic Variant in the RDH5 Gene in a Patient with
Fundus Albipunctatus and Severe Macular Atrophy

Hyelin You and David Sierpina

Department of Ophthalmology, Loma Linda University Eye Institute, Loma Linda, CA, USA

Correspondence should be addressed to David Sierpina; dsierpina@llu.edu

Received 18 September 2021; Revised 13 March 2022; Accepted 23 March 2022; Published 6 April 2022

Academic Editor: Balraj Mittal

Copyright © 2022 Hyelin You and David Sierpina. )is is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in anymedium, provided the original work is
properly cited.

Purpose. To report a novel 11-cis retinol dehydrogenase gene (RDH5) variant discovered in a 57-year-old male with fundus
albipunctatus (FA) complicated by severe macular atrophy. Methods. )e patient was evaluated with a complete ophthalmic
examination, optical coherence tomography (OCT), color fundus photography, green wavelength fundus autofluorescence, visual
field testing, full-field ERG (ffERG), and multifocal ERG (mfERG). Genetic analysis investigating gene variants involved in
inherited retinal disorders was performed. Results. )e patient presented with a rapid decline in visual acuity and a history of poor
night vision. On fundoscopy, he exhibited a phenotype characteristic of FA accompanied by severe macular atrophy bilaterally.
Heterozygous variants in the RDH5 gene were identified, including a novel missense variant, c.814_815del (p.Leu272Aspfs∗63),
and a known pathogenic nonsense variant, c.160C>T (p.Arg54∗). Fundus autofluorescence demonstrated bull’s eye maculopathy
and hyperautofluorescent perifoveal rings bilaterally. OCTshowed foveal atrophy of the outer retina and scattered hyper-reflective
lesions in the peripheral macula. )e ffERG results showed a severely diminished scotopic and photopic response. )e mfERG
results demonstrated minimal response in the central macula. Conclusions. Fundus albipunctatus is a rare, congenital form of
stationary night blindness caused almost exclusively by the RDH5 gene.)is patient’s clinical presentation, diagnostic studies, and
genetic testing confirmed the diagnosis of FA. Additionally, he exhibited severe macular atrophy, not typically found in FA. Two
RDH5 gene variants were identified, one of which is the novel variant, c.814_815del (p.Leu272Aspfs∗63). We suggest that this
RDH5 genotype may be associated with a more progressive phenotype of FA contributing to macular atrophy.

1. Introduction

Fundus albipunctatus (FA; OMIM #136880) is a rare,
congenital form of stationary night blindness that is char-
acterized by the appearance of numerous small, round,
yellow-white lesions throughout the retina, typically found
in the retinal periphery and perimacular area while sparing
the fovea [1, 2]. Patients with FA classically present with
night blindness from early childhood with an otherwise
stationary clinical course and normal visual acuity, visual
field, and color perception with no progression in rod
dysfunction inmost patients [3]. For instance, while scotopic
full-field electroretinography (ERG) is significantly reduced
after a short (30–40min) period of dark adaptation, the
response has been demonstrated to normalize after a pro-
longed period (2 to 3 hours) of dark adaptation [4–8].

Additionally, the photopic ERG response remains normal in
the majority of FA patients.

However, in recent decades, there have been increasing
reports of a subset of FA patients who progress to develop
macular atrophy and cone dystrophy, particularly in the
older population, with a review of the literature by Skorczyk-
Werner et al. reporting an incidence of up to 30% [7, 9–11].
Additionally, a recent cohort study by Katagiri et al. which
examined 25 Japanese patients with RDH5-related FA fur-
ther demonstrated high frequencies of macular involvement
and cone dysfunction in older patients. In this study, 17 of 23
patients (73.9%) examined with full-field ERG demonstrated
diminished cone responses in addition to severely decreased
rod responses. Macular involvement was noted in 12 pa-
tients (48%), 2 of which (8%) had diffuse macular disruption
and decreased visual acuity [12]. )ese studies suggest that

Hindawi
Case Reports in Genetics
Volume 2022, Article ID 1183772, 7 pages
https://doi.org/10.1155/2022/1183772

mailto:dsierpina@llu.edu
https://orcid.org/0000-0003-1408-1641
https://orcid.org/0000-0003-3752-2390
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/1183772


FAmay have a progressive rather than a stationary course in
certain patients.

)e pathogenesis of FA at the molecular level can be
attributed almost exclusively to a variation in the 11-cis
retinol dehydrogenase gene (RDH5) which produces an
enzyme predominantly expressed in the retinal pigment
epithelium (RPE) of the eye [6, 13]. Currently, as many as 61
variants of the RDH5 gene have been identified to date
worldwide, with variant types consisting of 46 missense/
nonsense variants, 8 small deletions, 4 small insertions/
duplications, 2 small indels, and 1 splicing substitution. Of
these variants, 49 have been reported in association with a
disease phenotype consistent with FA [5–12, 14–27].

Reported cases in the literature demonstrate that dif-
ferent genetic variants can result in a spectrum of phenotypic
presentations of FA, as recent studies have suggested a causal
relationship between certain RDH5 genetic variants and
cone dystrophy or macular degeneration in addition to
nyctalopia [5]. Additionally, certain variants have been as-
sociated with an early reduction (as young as ages 6, 19, and
22) in photopic response, suggesting that some variants have
a greater negative effect on the cone system [5, 14]. Further
characterization of the phenotypic correlation of different
RDH5 variants would be helpful in identifying and coun-
seling the subset of patients that are genetically predisposed
to developing early-onset macular atrophy or cone
dystrophy.

In this report, we present a patient with FA complicated
by severe macular atrophy who was heterozygous for two
identified RDH5 gene variants, one of which is a previously
unreported, novel missense variant of presumed pathoge-
nicity, c.814_815del (p.Leu272Aspfs∗63), as well as a pre-
viously described pathogenic nonsense variant, c.160C>T
(p.Arg54∗) also known as c.343C>T in the literature [10].
We also present color fundus photography, green wave-
length fundus autofluorescence, and spectral-domain optical
coherence tomography (OCT) findings characteristic of FA
in this patient, as well as full-field ERG (ffERG) and mul-
tifocal ERG (mfERG) results demonstrating macular
dysfunction.

2. Case Presentation

A 57-year-old Hispanic male was referred for retinal eval-
uation due to progressive decline of central vision bilaterally,
more prominent in the right eye than the left, that occurred
over the course of 7 months. He complained of difficulty
reading and watching TV as well as bilateral light sensitivity.
He denied new distortion in vision, new floaters, flashing
lights, head or eye trauma, prior eye surgery, and a history of
strabismus or amblyopia. His ophthalmic history was un-
remarkable aside from poor night vision since childhood.
His family history was negative for retinal diseases, and his
two children and seven grandchildren denied night vision
disturbance. His general medical condition was unre-
markable aside from a history of hypertension, well-con-
trolled on lisinopril.

On presentation, visual acuity was measured by counting
fingers at 4 feet OD and counting fingers at 3 feet OS.

Anterior segment exam, pupillary reflexes, and extraocular
movements were normal. Dilated fundus exam as well as
ultra-wide-field confocal scanning laser ophthalmoscopy
showed significant macular atrophy in both eyes, with 3+
diffuse, fine, yellow flecks (Figures 1(a) and 1(b), Optos
California, Marlborough, MA, USA). Green wavelength
fundus autofluorescence (Optos California, Marlborough,
MA, USA) was remarkable for bull’s eye maculopathy and
hyperautofluorescent perifoveal rings bilaterally
(Figures 1(c) and 1(d)). Optical coherence tomography
(OCT, Heidelberg Spectralis, Heidelberg, Germany) showed
foveal atrophy of the outer retina extending from the el-
lipsoid layer to the outer plexiform layer and scattered
hyper-reflective lesions in the peripheral macula extending
from the retinal pigment epithelium to the outer nuclear
layer and corresponding to the flecks observed on fundo-
scopy (Figure 2). Visual field testing (Humphrey Visual Field
Analyzer 3, Carl Zeiss Meditec, Inc., Dublin, CA, USA) was
performed but found to be unreliable due to high fixation
losses bilaterally. Full-field ERG (ffERG) andmultifocal ERG
(mfERG) were recorded using the Espion E3 Electroreti-
nography System (Diagnosys LLC, Littleton, Massachusetts,
USA) according to ISCEV standards [28]. On ffERG, the
responses from both eyes appeared severely diminished to
scotopic flash, photopic flash, and 30Hz flicker stimulation
conditions, suggesting severe electroretinal dysfunction of
both rod and cone systems in the peripheral and central
retina bilaterally, with rod function affected to a greater
degree, consistent with rod-cone dystrophy (Figure 3). On
mfERG, the trace arrays, ring averages, topographic 3D
response density plots, and normal deviation plots appeared
severely depressed in both eyes, suggesting severe electro-
retinal dysfunction of the cone system within the central 30
degrees surrounding the fovea.

Following detailed informed consent, a blood sample
was sent to the Invitae Genetic Testing Laboratory (San
Francisco, CA, USA) where the inherited retinal disorders
panel was performed, consisting of sequence analysis and
deletion/duplication testing of 248 genes for variants asso-
ciated with genetic disorders. Our patient was heterozygous
for two variants in the RDH5 gene: a known pathogenic
variant, c.160C>T (p.Arg54∗), and a novel variant of pre-
sumed pathogenicity, c.814_815del (p.Leu272Aspfs∗63),
which previously have not been reported in association with
an RDH5-related condition. Genetic analysis of the patient’s
35-year-old, asymptomatic son revealed heterozygosity for
one pathogenic RDH5 variant, c.160C>T (p.Arg54∗),
demonstrating in-trans segregation of the variant.

)e novel RDH5 gene variant c.814_815del
(p.Leu272Aspfs∗63), while not reported in the literature in
individuals with FA, was presumed to be pathogenic by the
Invitae Genetic Testing Laboratory, given that this variant
disrupts the C-terminus of the RDH5 protein—a region
disrupted by other variants reported in association with FA.
We confirmed that this variant is present in population
databases (rs765714290). Per the Exome Aggregation
Consortium database, the reported allele frequency is
8.24e−6. )is variant is also listed in the ClinVar database
under the variation ID 281407, however, without literature
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(a) (b)

(c) (d)

(e)

Figure 1: Ultra-wide-field confocal scanning laser ophthalmoscopy (a, b) showing significant macular atrophy with diffuse, fine, yellow
flecks bilaterally, as compared to a normal fundus (e); fundus autofluorescence (c, d) demonstrating bull’s eye maculopathy and
hyperautofluorescent perifoveal rings bilaterally.

(a) (b)

(c) (d)

Figure 2: Continued.
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(e) (f )

Figure 2: Optical coherence tomography (OCT) shows foveal atrophy of the outer retina extending from the ellipsoid layer to the outer
plexiform layer in the right (a) and left (b), and scattered hyper-reflective lesions in the peripheral macula extending from the retinal
pigment epithelium to the outer nuclear layer in the right (c) and left (d), as compared to normal OCT of the right (e) and left (f ) eyes.
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Figure 3: Full-field electroretinography (ERG) demonstrating a severely diminished response to scotopic flash, photopic flash, and 30Hz
flicker stimulation conditions (a), as compared to a normal ERG response in an age-matched control (b), with normative data for amplitude
and latencies of age-matched controls represented by red boxes on each panel.
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evidence for a direct pathogenic association to FA. )e
reference article listed in ClinVar for this variant describes
patients with FA with other RDH5 variants that disrupt the
same C-terminal region of the RDH5 protein as
c.814_815del, however, without report of this specific variant
[17]. To further verify that this variant has not been pre-
viously reported in association with FA, PubMed was
searched using the following search terms, without result:
“RDH5 AND c.814_815del,” “RDH5 AND p.Leu272Aspfs
∗63,” “c.814_815del,” and “p.Leu272Aspfs ∗63.” )e Human
Gene Mutation Database was also searched without a
matching result under small deletions and gross deletions in
the RDH5 gene.

3. Discussion

Fundus albipunctatus is an autosomal recessive form of
stationary night blindness caused primarily by variants of
the RDH5 gene. In most patients, it classically presents as
night blindness from early childhood with an otherwise
stationary clinical course with normal visual acuity, visual
field, and color perception and no further progression to
vision loss. However, since the initial description of the
stationary clinical course of FA in the early 1920s, there has
been an increasing number of reports indicating a more
progressive form of the disorder accompanied by macular
degeneration or cone dystrophy particularly in the elderly
population, as demonstrated in our patient [5, 9, 12, 14, 16].
In these patients, full-field photopic electroretinograms are
severely reduced and often demonstrate a bull’s eye mac-
ulopathy with impaired visual fields and visual acuity [5, 14].
More recent reports suggest that cone dysfunction may
affect approximately 30% of all patients with FA [7, 9–11].
Furthermore, one study demonstrated that as many as 17 of
23 patients (73.9%) examined with full-field ERG showed
diminished cone responses in addition to severely decreased
rod responses [12].

)e pathogenesis of FA at the molecular level can be
attributed almost exclusively to variants in the RDH5 gene
[6, 13]. )e RDH5 protein plays a crucial role in the mo-
lecular transduction of vision, as 11-cis retinol dehydroge-
nase catalyzes the final step in the synthesis of 11-cis
retinaldehyde, the universal chromophore of visual pig-
ments [13]. A disruption in this pathway results in the ocular
findings characteristic of FA. )us, the incorporation of
genetic testing in identifying RDH5 gene variants has fa-
cilitated the accurate diagnosis of FA in patients whose
phenotypic presentation can be clinically confused with
other flecked retina syndromes such as retinitis punctata
albescens.

Several genetic variants in the RDH5 gene have been
identified with reports in the literature which suggest that
different variants are associated with specific phenotypic
presentations of FA. For example, Pras et al. in their case
series reported an 18-year-old patient with a missense
c.565G>A transition variant who developed cone dys-
function at adolescence, while older middle-aged patients
affected by a different variant had not developed functional
photoreceptor cell dysfunction at the time of the study [10].

)e variables that determine the prognosis of FA are still
being investigated, but the available data suggest that one’s
genotype may play a significant role.

In our patient, two RDH5 gene variants were identified:
c.160C>T (p.Arg54∗) and c.814_815del (p.Leu272Aspfs
∗63). )e first variant, c.160C>T (p.Arg54∗), is a nonsense
variant resulting in an absent or disrupted protein product,
which was previously reported in 2012 by Pras et al. in 10
patients with FA from ages 19 to 55 [10]. )e majority of
these patients were found to have a stationary disease course
without associated cone dystrophy. However, one out of the
10 patients with this specific genetic variant, a 55-year-old
male who was homozygous for this variant, was reported to
exhibit a gradual development in cone dysfunction. Overall,
there was a low incidence of macular atrophy in the majority
of patients with this pathogenic variant. Additionally, the
presence of this variant in the patient’s son resulted in a
visually asymptomatic phenotype.

)e second gene variant is the novel missense variant
c.814_815del (p.Leu272Aspfs∗63), which results in a
frameshift mutation in the RDH5 gene that disrupts the last
47 amino acids of the RDH5 protein and extends the protein
by an additional 15 amino acids. )is exact variant has not
been previously reported in the literature in individuals with
RDH5-related conditions such as FA. However, a different
pathogenic genetic variant that affects the same region of the
RDH5 protein (C-terminus) has been reported in a patient
with FA by Liu et al. [17]. )ey described a nonsense variant,
c.832C>T (p.Arg278∗), in a 6-year-oldmale patient with FA
with early-onset cone dysfunction, suggesting not only the
involvement of this variant in the development of FA but
that a disruption in this region may also result in a greater
negative effect on the cone system compared to other RDH5
gene variants.

)e combined effect of these two pathogenic RDH5 gene
variants in our patient presented as the classic fundus
findings of FA as well as macular atrophy that resulted in
late-onset, severe, and bilateral vision loss. Given that the
known c.160C>T variant does not seem to be associated
with macular dysfunction in most patients, this patient’s
phenotypic presentation may suggest that the novel RDH5
missense variant, c.814_815del, could be responsible for the
macular atrophy and visual dysfunction. )is is further
supported by the fact that a different known genetic variant
affecting the same C-terminal region of the RDH5 protein as
the novel variant has also resulted in early-onset of cone
dysfunction.

While the specific roles of the various RDH5 genetic
variants is unclear in the pathogenesis of FA, current lit-
erature seems to suggest a significant role of genetic variants
in determining the prognosis in this patient population.
Different variants of the same gene seem to yield a wide array
of phenotypic presentations, from isolated stationary night
blindness to rapidly progressive total vision loss. )us, the
identification of RDH5 variants with a higher probability of
resultant macular degeneration or cone dystrophy in FA
patients is valuable in clinical practice as we provide patients
with individualized prognostic information on potential
vision loss based on their genotype. We have presented the
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first reported case of the novel gene variant, c.814_815del
(p.Leu272Aspfs∗63), in an individual with FA, which may
exist in a subset of RDH5 variants associated with macular
atrophy or cone dystrophy. To further elucidate the corre-
lation of genotype and phenotype among the various RDH5
variants, additional data and further work in this area is
needed.
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