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Phenotype and genotype of 15 Saudi patients with 
achromatopsia: A case series
Enam Danish1, Amal Alhashem2, Reham Aljehani3, Anan Aljawi4, Manar M. Aldarwish5, Fuad Al Mutairi5,6, Majid Alfadhel5,7, 
Muhammad T. Alrifai6,8,  Saif Alobaisi8

Abstract:
PURPOSE: Achromatopsia is a rare stationary retinal disorder that primarily affects the cone photoreceptors. 
Individuals with achromatopsia present with photophobia, nystagmus, reduced visual acuity (VA), and color 
blindness. Multiple genes responsible for achromatopsia have been identified (e.g. cyclic nucleotide‑gated channel 
subunit alpha 3 [CNGA3] and activating transcription factor 6). Studies have assessed the role of gene therapy 
in achromatopsia. Therefore, for treatment and prevention, the identification of phenotypes and genotypes is 
crucial. Here, we described the clinical manifestations and genetic mutations associated with achromatopsia in 
patients from Saudi Arabia.

METHODS: This case series study included 15 patients with clinical presentations, suggestive of achromatopsia, 
who underwent ophthalmological and systemic evaluations. Patients with typical achromatopsia phenotype 
underwent genetic evaluation using whole‑exome testing.

RESULTS: All patients had nystagmus (n = 15) and 93.3% had photophobia (n = 14). In addition, all 
patients (n = 15) had poor VA. Hyperopia with astigmatism was observed in 93.3% (n = 14) and complete color 
blindness in 93.3% of the patients (n = 14). In the context of family history, both parents of all patients (n = 15) 
were genetic carriers, with a high consanguinity rate (82%, n = 9 families). Electroretinography showed 
cone dysfunction with normal rods in 66.7% (n = 10) and both cone–rod dysfunction in 33.3% (n = 5) 
patients. Regarding the genotypic features, 93% of patients had variants in CNGA3 (n = 14) categorized as 
pathogenic Class 1 (86.7%, n = 13). Further, 66.7% (n = 10) of patients also harbored the c.661C>T DNA 
variant. Further, the patients were homozygous for these mutations. Three other variants were also identified: 
c.1768G>A (13.3%, n = 2), c.830G>A (6.6%, n = 1), and c. 822G >T (6.6%, n = 1).

CONCLUSION: Consanguinity and belonging to the same tribe are major risk factors for disease inheritance. 
The most common genotype was CNGA3 with the c.661C>T DNA variant. We recommend raising awareness 
among families and providing genetic counseling for this highly debilitating disease.
Keywords:
Achromatopsia, activating transcription factor 6, color blindness, cyclic nucleotide‑gated channel subunit 
alpha 3, electroretinography, genetic screening

IntRoductIon

Retinal dystrophies are degenerative diseases 
of the retina with underlying genetic 

mutations. They have many presentations, 
depending on which part of the retina is affected, 
leading to partial or complete blindness. Some 
are relatively stationary rather than progressive. 
Retinal dystrophies present as isolated retinal 
diseases or as a part of a systemic condition.[1,2] 

One such isolated dystrophy that is relatively 
stationary is achromatopsia.[3,4]

Achromatopsia is an autosomal recessive genetic 
disease of cones, also known as rod monochromacy, 
affecting approximately 1:30,000 births.[5] 
Individuals with achromatopsia present with 
an increased sensitivity to light (photophobia), 
nystagmus, visual acuity (VA) of <20/200, 
and variant color blindness depending on 
the amount of residual cone function.[5] It 
is categorized as complete and incomplete, 
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with the former being the more severe form.[5‑10] Multiple 
genes that are important in the phototransduction cascade of 
photoreceptors are associated with achromatopsia, including 
cyclic nucleotide‑gated channel subunit alpha 3 (CNGA3), 
cyclic nucleotide‑gated channel subunit beta 3, G protein 
subunit alpha transducin 2, PED6C, PED6H, and activating 
transcription factor 6 (ATF6).[5,11‑16] The diagnosis of such 
cases is mainly based on high clinical suspicion, particularly 
when a physician encounters a patient with signs, symptoms, 
family history, examination, and ancillary testing that suggest 
achromatopsia; once suspected, the molecular diagnosis can be 
confirmed with genetic testing.[5,7,11] The current management 
methods are mainly dependent on symptom management and 
not on the underlying process of the disease itself. Being a 
disorder caused by genetic mutations, genetic counseling is 
the main consideration in the management plan.[5] Numerous 
studies have investigated methods of gene therapy in retinal 
dystrophies, gene delivery, replacement, sequencing, and 
editing.[17,18] Animal studies have assessed the role of gene 
therapy for achromatopsia, and some have suggested that cone 
function can be restored at many levels of intervention. The 
response to treatment is governed by the age at intervention and 
the amount of damage to the retina and photoreceptors.[5,11,19,20] 
A nonrandomized controlled trial assessed the safety and visual 
outcomes in nine patients with CNGA3‑related achromatopia, 
and this showed the activation of cone photoreceptors in adult 
patients, along with a safe profile for subretinal injections of 
the adeno‑associated virus encoding the gene.[21] The outcomes 
of gene therapy in animals and humans differed ranging from 
no significant improvement to promising changes.[22‑24] A 
study assessed visual cortex changes after gene therapy using 
functional magnetic resonance imaging and size algorithms 
of population‑receptive fields and found evidence for cortical 
changes, described as a decrease in the receptive field size in 
treated eyes, suggesting that the cortex is able to perceive and 
encode new input.[22]

In this case series, we aimed to describe the ophthalmic 
manifestations and pathogenic variants associated with 
achromatopsia in 15 Saudi patients and identify phenotypic 
and genotypic correlations for future treatment and prevention.

methods

This was a consecutive case series study involving 15 
Saudi patients conducted from August 2021 to February 
2023 at King Fahad Armed Forces Hospital of Jeddah and 
Riyadh in Saudi Arabia. Patients with clinical presentations 
suggestive of achromatopsia were recruited for this study. 
A full ophthalmological examination was done, including VA, 
intraocular pressure, extraocular motility, pupil examination, 
orthoptic evaluation, refraction, anterior segment examination, 
and dilated fundus examination. A full systemic assessment 
was made by a pediatrician, including cardiac, respiratory, 
gastrointestinal, musculoskeletal, central nervous system, 
and hearing assessment. Ophthalmic investigations included 
optical coherence tomography (OCT) of the macula and optic 

disc, fundus autofluorescence (FAF), fundus photography, 
and full‑field electroretinography (ERG). Patients with the 
typical phenotype of achromatopsia underwent genetic 
evaluation using whole‑exome sequencing. Statistical analyses 
were performed using the Statistical Package for the Social 
Sciences (SPSS) version 27 (IBM, Armonk, NY, USA). 
We used descriptive analysis, Chi‑squared test, and 95% 
confidence intervals. P < 0.05 was considered statistically 
significant. Our study followed the ethical standards and was 
approved by the Unit of Biomedical Ethics of King Fahad 
Armed Forces Hospital, Jeddah, Saudi Arabia (IRB number: 
REC 566). Consent was obtained from all participants and 
from their guardians if the participants’ age was <18 years.

Results

We identified 15 patients (11 families) from two centers in 
Saudi Arabia. The 15 participants had an average age of 
12.20 ± 10.0 years and belonged to 11 different families 
(six tribes). The majority were originally from the south 
of Saudi Arabia but lived in the Western region (73.3%, 
n = 11) and belonged to one tribe (66.7%, n = 10). The 
sociodemographic characteristics of the participants are shown 
in Table 1.

Table 2 shows the ocular manifestations in the patient 
cohort. All patients had nystagmus (n = 15), and most 
had photophobia (93.3%, n = 14). In terms of VA, all 
patients (n = 15) had poor vision, defined as VA <20/80. 
Most of the participants had either hyperopia (33.3%, n = 5) 
or hyperopia with astigmatism (33.3%, n = 5). Most 
patients (93.3%, n = 14) also had total color blindness as 
tested using Ishihara plates. Most of the patients did not have 
strabismus (93.3%, n = 14). Anterior (100.0%, n = 15) and 
posterior segment examinations (86.7%, n = 13) were within 
normal limits. Systemic manifestations (73.3%, n = 11) 
and autofluorescence (66.7%, n = 10) were mostly normal. 
OCT of the macula was normal in 26.6% (n = 4) of cases; 
abnormal OCT findings were as follows: shallow foveal pit 
in 20.0% (n = 3), shallow foveal pit with inner segments/outer 
segments (IS/OS) zone disruption in 20.0% (n = 3), foveal 
thinning in 13.3% (n = 2), and shallow foveal pit with empty 
space in 6.66% (n = 1).

The mean age of onset was 1.44 ± 2.1 years (min = 0.08, 
max = 6.00, n  = 13), mean age of diagnosis was 

Table 1: Sociodemographic characteristics of the studied 
patients (n=15)
Variables n Minimum Maximum Mean±SD
Family 11 1 11 6±7.0
Age (years) 15 2 35 12.20±10.0

Count, n (%)
Total 15 (100.0)
Region
Central of Saudi Arabia 4 (26.7)
Western of Saudi Arabia 11 (73.3)
SD: Standard deviation
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5.96 ± 8.6 years (min = 0.17, max = 35.00, n = 15), mean 
duration of symptoms of 20.00 ± 21.2 years (min = 5.00, 
max = 35.00, n = 2), and the mean number of siblings (excluding 
the patient) was 4 (min = 1, max = 7, n = 15). Regarding family 
history, all patients (n = 15) were confirmed to have both 
parents as carriers of the disorder. The consanguinity rate was 
high (81.8%, n = 9). As detected by ERG, most patients had 
cone dysfunction with normal rods (66.7%, n = 10), whereas 
33.3% (n = 5) showed cone–rod dysfunction. Examples of the 
patients’ clinical presentations and investigations are shown 
in Figures 1‑3.

Table 3 summarizes the genotypic features of the patients. The 
results showed that, of the 15 patients, 93.3% (n = 14) harbored 
a homozygous variant of the CNGA3 with a pathogenic 
Class 1 (86.7%, n = 13) mutation. Further, 66.7% (n = 10) of these 
patients harbored the c.661C>T DNA variant, corresponding 
to the p.(Arg221*) in the protein. One patient (6.7%, n = 1) 
had ATF6 gene mutation. All mutations were homozygous. 
The actual genotypic features of each patient, such as gene, 
variant (DNA), protein, zygosity, pathogenicity, and PMID 
(PubMed IDentifier), are shown in Table 3.

The association between ERG findings and DNA variants 
was evaluated. The statistical correlation between ERG 
findings and the type of DNA variant was limited because 
the majority of the samples had the c.661C>T variant. The 
results revealed no significant association between the cone 
dysfunction and cone–rod dysfunction with reference to the 
ERG findings (P > 0.05) when compared to the different 
variants (DNA). This suggests that DNA variants are not 
significant risk factors when interpreting ERG findings.

dIscussIon

In terms of clinical presentation, individuals with achromatopsia 
have high variability in the severity of their symptoms; 
however, generally, the affected patients present with a 
significant decrease in VA, photophobia, and nystagmus 
starting from birth, associated with color vision impairment 
or complete color blindness.[5,7,9] Based on the severity of 
cone photoreceptor dysfunction and clinical symptoms, 
achromatopsia can be classified into complete and incomplete 
forms.[25‑28] Our patients had severe cone dysfunction with 
a VA of 20/200 or less and a total absence of color vision, 
which met the definition of complete achromatopsia. Most 
of our patients had hyperopia with astigmatism, which is 

Table 2: Ocular manifestations of achromatopsia 
(presented by the studied patients (n=15)
Ocular symptoms Count, n (%)
Total 15 (100.0)
Nystagmus

None 0
Yes 15 (100.0)

Photophobia
None 1 (6.7)
Yes 14 (93.3)

Poor vision
None 0
Yes 15 (100.0)

Strabismus
None 14 (93.3)
Yes (esotropia) 1 (6.7)

Nyctalopia
None 14 (93.3)
Yes 1 (6.7)

VA
20/150 both eyes 3 (20.0)
20/200 both eyes 6 (40.0)
20/400 both eyes 1 (6.7)
20/80 both eyes 1 (6.7)
Counting finger both eyes 2 (13.3)
Not following or fixing both eyes 1 (6.7)
20/100 both eyes 1 (6.7)

Refractive errors
Hyperopia with astigmatism 5 (33.3)
Hyperopia 5 (33.3)
Myopia 2 (13.3)
Myopia with astigmatism 1 (6.7)
Astigmatism 2

Color vision
Cannot be assessed (preverbal patient) 1 (6.7)
Total color blindness 14 (93.3)

Anterior segment examination
Normal 15 (100.0)

Posterior segment examination
Normal 13 (86.7)
Bulls eye maculopathy 1 (6.7)
Optic nerve pallor 1 (6.7)

General/systemic examination
Normal 13 (86.7)
Hearing defect 1 (6.7)
Eczema 1 (6.7)

Dysmorphic features
None 15 (100.0)

Systemic associations
Normal 11 (73.3)
With systematic manifestation 4 (26.7)

Autofluorescence
Normal 10 (66.7)
Bull’s eye maculopathy 3 (20.0)

OCT macula
Not done 2 (13.3)
Normal 4 (26.6)
Foveal thinning 2 (13.3)

Table 2: Contd...
Ocular symptoms Count, n (%)

Shallow foveal pit 3 (20.0)
Shallow foveal pit with empty space 1 (6.66)
Shallow foveal pit, IS/OS zone disruption 3 (20.0)

Full‑field ERG
Cone dysfunction with normal rods function 10 (66.7)
Cone–rod dysfunction 5 (33.3)

ERG: Electroretinography, OCT: Optical coherence tomography, OS: Outer 
segment, IS: Inner segments, VA: Visual acuity

Contd...
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the most common type of refractive error reported in the 
literature.[7,29] The anterior segment examination of the eye is 
almost always unremarkable in patients with achromatopsia. In 
addition, the fundus examination is usually normal; however, 
sometimes, it may show macular changes such as bull’s eye 
maculopathy, vessel narrowing, and attenuations, especially 
in older individuals with achromatopsia. Anterior segment and 
fundus examinations were both unremarkable in our patients.[7] 

Figure 3: Optical coherence tomography macula showing shallow 
foveal pit with inner segments/outer segments zone disruption, fundus 
autofluorescence showing subtle foveal changes, fundus photograph 
showing normal retina, electroretinography showing sever cone 
dysfunction

Figure 2: Optical coherence tomography macula showing shallow 
foveal pit with empty space, fundus autofluorescence showing early 
bull’s eye maculopathy, fundus photograph showing normal retina, 
electroretinography showing sever cone dysfunction

Figure 1: Optical coherence tomography macula showing shallow foveal 
pit with empty space, fundus autofluorescence showing subtle foveal 
changes, fundus photograph showing normal retina, electroretinography 
showing cone dysfunction
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Most had no systemic associations, consistent with previous 
reviews.[5,7] The age of onset for achromatopsia can be as early 
as the 1st year of life or as late as the sixth decade.[5] Our patients 
had a mean age of onset of 1–2 years. OCT of the macula was 
normal in few patients, whereas others showed changes such 
as a shallow foveal pit, optically empty space, IS/OS zone 
disruption, and retinal thinning which are described in the 
literature as common findings in achromatopsia patients.[30] 
FAF patterns correlated with the OCT findings. FAF imaging 
reflects the distribution of lipofuscin in the retina and is an 
important sign of photoreceptor integrity. FAF in patients 
with achromatopsia can be normal, hyperautofluorescent, or 
hypoautofluorescent, depending on the extent of photoreceptor 
damage.[31‑33] In our study, it was normal in almost all patients.

The ERG is an important diagnostic tool for achromatopia. 
Cone‑mediated responses are markedly affected by 
normal or partial effects of rod photoreceptors. Although 
it is mainly a cone photoreceptor disease, dysfunction in 
rod photoreceptors has also been reported, which can be 
explained by decreased rod number, shorter rod OS, and 
changes in rod circuitry.[13,34‑37] In our patients, we found 
that most had cone dysfunction with normal rods, whereas a 
minority showed cone–rod dysfunction.

In this study, we describe a novel variant of ATF6 
c. 511del (p. lle171Phefs*3). This 1 bp deletion creates 
a frameshift mutation and is listed in ClinVar as likely 
pathogenic. We also found the homozygous nonsense variant 
c.661C>T (p. Arg221*) in exon 7 of the CNGA3 gene in five 
unrelated families, but in the same tribe, which echoes the 
study conducted by Abdelkader et al. at King Khaled Eye 
Specialist Hospital.[12] This can be explained by a founder 
effect in Saudi Arabia. Another reported pathogenic CNGA3 
variant, c.1768G>A, was found in two unrelated patients from 
the same tribe. The other variants are listed. We did not find a 
phenotype–genotype correlation between the gene and variants.

Achromatopsia is an autosomal recessive disease, and this 
mode of inheritance is related to the presence of carrier 
parents; therefore, consanguinity is a major risk factor for 
the disease.[38,39] All our patients were from consanguineous 
marriages. Finally, consanguinity is considered a major risk 
factor for the development of achromatopsia in our population. 
Screening for any systemic manifestations of syndromic retinal 
dystrophies in the presence of any suspicious physical findings 
and counseling regarding future pregnancies and other family 
members’ marriages are advised.[1,5,7,40]

conclusIon

Our assessment revealed that among the patients, the most 
common gene associated with achromatopsia was found to be the 
CNGA3 gene with the c.661C>T DNA variant. Consanguinity 
is a major risk factor for this disease. Therefore, as a preventive 
approach, we highly recommend raising awareness among 
families and providing genetic counseling for this highly 
disabling disease. With a streamlined process, it is strongly 

advised to conduct genetic testing before marriage, especially in 
patients who intend to be involved in the same tribe marriages 
with consanguinity and a strong family history. Through our 
research, we found that genetic services and counseling in Saudi 
Arabia are limited. Hence, additional institutions and centers 
offering these facilities are required. We believe that the precision 
of our findings will improve with sufficient collection of research 
data from patients in the future. Our research observed a trending 
demand for support for all aspects of this disease, including 
social, educational, psychological, and low‑vision aid services. 
We strongly encourage health institutions to provide aid services 
to enhance patients’ quality of life.
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