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Introduction
Albinism is an autosomal recessive disorder that results from a reduction of pigmentation in the 
structures of the skin and eyes.1 There are two main types of albinism: oculocutaneous and ocular. 
Oculocutaneous albinism (OCA) affects the optical system, skin and hair,2 while ocular albinism 
(OA) is characterised by a reduction of pigments in the eye and usually does not affect the colour 
of the skin and hair. Oculocutaneous albinism comprises four subtypes: OCA1, OCA2, OCA3 and 
OCA4, with each subtype presenting with a characteristic phenotype and visual acuity (VA).3

The classification of albinism is related to the affected genes, the most commonly affected ones 
being the tyrosinase gene on chromosome 11q14-21, which results in OCA1, and the P gene on 
chromosome 15q11.2, which results in OCA2. Ocular albinism occurs because of mutations on 
chromosome Xp.22.3, which is X-linked (affecting men only), whereas OCA1 and OCA2 affect 
both men and women.4 The prevalence of OCA in Southern Africa has been reported to range 
between 0.02% and 0.1%, with a male to female ratio ranging from 0.8 to 1.4:1.5,6,7,8,9,10,11 Several eye 
and vision problems including ocular hypopigmentation, reduced VA, nystagmus, strabismus 
and photophobia are associated with albinism.12

Refractive error changes have also been reported to be prevalent in albinism.13,14,15 For example, 
Keefe13 found a high prevalence (82%) of hyperopic astigmatism in 28 children living with 
albinism, while Sacharowitz14 reported a prevalence of 52.5% myopic astigmatism in 40 subjects 
with OCA who presented to a low vision clinic in South Africa. Wolf et al.15 reported a prevalence 
of 84% astigmatic ametropia among 38 children with albinism. Other important visual functions 
which affect many learners with OCA include contrast sensitivity and reading rate. Contrast is 
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the difference in brightness between a target and its 
background and provides information relating to real-world 
environments.16 Reading rate refers to the number of correct 
words read per minute and is calculated as the total number 
of words read minus the number the reader added and/or 
omitted divided by 60 s.17 There is a paucity of literature 
investigating these important visual functions and the level 
of improvement that could be achieved following optical 
correction in persons with OCA.

The purpose of this study was to determine the ocular 
findings and vision status of learners with OCA as well as to 
establish the level of VA, contrast sensitivity and reading rate 
improvements following optical correction. The results of 
this study will assist eye care practitioners to make 
appropriate management options for learners with OCA 
early in their schooling careers. This is important as early 
interventions in this group can enhance their learning and 
educational abilities.

Methods
This was an observational study design involving 
convenience sampling conducted at three special education 
schools that catered to the needs of learners with visual 
impairments and those with multiple disabilities in the 
KwaZulu-Natal province of South Africa, located along the 
east coast of South Africa. The schools were Open Air, 
Ethembeni and Arthur Blaxall schools. At the time of this 
study, there were approximately 100 learners with OCA in 
the three schools who met the age requirements of the study. 
Eighty-one learners between the ages of 8 and 21 years agreed 
to participate in the study, giving a response rate of 81%.

The presence of strabismus and heterophoria was investigated 
using the cover test, both at distance (4 m) and at near 
(40 cm), with and without optical correction. The unilateral 
cover test was used to determine the presence of a strabismus, 
while the alternating cover test was used to detect a 
heterophoria. If a heterophoria was observed, the condition 
was further investigated using a red Maddox rod and a 
penlight, with the rod being placed in front of the learner’s 
right eye. A red lens and penlight were used to ascertain if 
suppression was present.

Distance and near visual acuities with and without optical 
correction were measured using a logMAR chart. Subjective 
spectacle correction was determined after objective refraction. 
Monocular and binocular visual acuities were measured. The 
test distance, the logMAR line VA and equivalent Snellen or 
Metre VA were then recorded and appropriate logMAR VA 
conversions were applied where necessary. Visual acuity 
with optical correction was further classified according to the 
World Health Organization classification of visual 
impairment.18 Contrast sensitivity was classified in 
accordance with the guidelines of the test utilised, the Mars 
Letter Contrast Sensitivity Test. A paediatric rate of reading 
chart17 was utilised to determine the reading rate before and 
after optical correction. The number of words read and the 

number of words the learner added and/or omitted were 
recorded on the test record sheet. Using these values, the 
reading rate was calculated using the formula provided by 
the chart developers:

Reading rate = number of words read - errors
60 seconds

 [Eqn 1]

Data were analysed using the Statistical Package for Social 
Sciences (SPSS) version 24, with the distribution of data being 
tested for normality with the Kolmogorov–Smirnov test. The 
results of the Kolmogorov–Smirnov test indicated that all the 
data were normally distributed (p > 0.05). Pre- and post-
optical intervention data for VA, contrast sensitivity and 
reading rate were analysed using the paired t-test, and a 
probability value of < 0.05 was considered statistically 
significant.

Ethical considerations
Ethical approval to conduct the study was obtained from the 
University of KwaZulu-Natal’s Biomedical Research and 
Ethics Committee (ethical clearance number: BFC054/14) 
and permission was granted by the respective schools as well 
as other relevant bodies. The study adhered to the tenets of 
the Declaration of Helsinki and written informed assents and 
consents were obtained from all the learners and/or parents/
guardians.

Results
A total of 81 learners, consisting of 48 (59.3%) female and 33 
(40.7%) male learners, from Arthur Blaxall, Open Air and 
Ethembeni schools participated in this study. The number of 
learners from Arthur Blaxall, Open Air and Ethembeni schools 
was 40 (49.4%), 25 (30.9%) and 16 (19.8%), respectively. The 
age of the participants ranged from 8 to 21 years (mean = 13.7 
± 3.42 years). All the learners reported reduced vision at both 
distances (distance and near) and all but one reported 
sensitivity to light. Seventy-eight (96.3%) learners had wheat 
straw coloured hair, two (2.5%) had brown hair and one (1.2%) 
had white hair. Seventy-seven (95.1%) learners had grey irides 
and four (4.9%) had brown irides. All the learners presented 
with typical characteristic features of OCA including iris 
trans-illumination and the absence of a foveal reflex.

Eighty (98.8%) learners presented with horizontal pendular 
constant conjugate nystagmus and one (1.2%) did not have 
nystagmus. The characteristics of the nystagmus were grossly 
observed by the researcher and that varied when learners 
fixated at near and distant targets. Many learners (81.5%) 
showed no change in amplitude but an increase in speed at 
near points compared to distant points. The contrary was 
true for 4.9% of the learners in whom the speed increased at 
distance compared to near points of fixation. There was no 
difference in the amplitude and speed of nystagmus for near 
and distance points in 4.9% of the learners. The amplitude of 
nystagmus increased at near; however, speed remained 
constant in 1.2% of the learners. There was no noticeable 
nystagmus in 1.2% of learners.
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Ocular motilities (saccades and pursuits), visual field testing 
using the Amsler grid and tangent screen, yielded 
inconclusive results because of the presence of nystagmus in 
all but one participant.

Esophoria was prevalent in a significant proportion of 
learners (32.1%), followed by alternating esotropia (22.2%). 
The results of ocular alignment tests (cover and Maddox rod 
tests), with optical compensation, were the same as those 
without optical correction. Figure 1 shows the numbers and 
percentages of the different types of binocular vision 
conditions in the study sample.

Forty-nine (60.5%) learners were suppressing one eye and 32 
(39.5%) learners were not. Astigmatism was the most frequent 
refractive error type observed in both the right eye (RE) and 
left eye (LE). Myopic astigmatism was present in 41.4% of 
learners, followed by hyperopic astigmatism (38.9%). The 
most common type of astigmatism was with the rule (64%) 
(Table 1).

The minimum, maximum and mean unaided and optically 
corrected logMAR distance VA values of the learners are 
shown in Table 2. The mean binocular unaided distance VA 
(0.80 ± 0.15 logMAR) was better than the mean monocular 
acuities (RE: 0.93 logMAR ± 0.18, LE: 0.89 logMAR ± 0.18). 
The mean VA with optical correction achieved with both eyes 
(0.69 logMAR ± 0.14) was better than mean monocular 
acuities (RE: 0.78 logMAR ± 0.13, LE: 0.74 logMAR ± 0.13). 
The distance VA obtained with optical correction was 
statistically significantly better than VA values achieved 

without optical correction (p = 0.000) (Table 2). Optical 
correction improved the distance vision of 145 eyes (89.5%), 
while the distance vision of 14 eyes (8.6%) remained the same 
with and without correction; however, three eyes (1.9%) did 
not require optical correction.

Eight eyes (4.9%) were classified as having severe visual 
impairment, and all other eyes (95.1%) had moderate visual 
impairment according to the World Health Organization 
classification of visual impairment. The minimum, maximum 
and mean unaided and optical corrected logMAR near VA 
values at 40 cm for the RE, LE and both eyes (BE) of the 
learners are shown in Table 3. Unaided VA at 40 cm ranged 
from 0.30 logMAR to 1.30 logMAR. The unaided VA range 
obtained binocularly (0.30 logMAR–1.02 logMAR) was better 
than that of the monocular VA (RE: 0.50 logMAR – 1.30 
logMAR; LE: 0.4 logMAR – 1.30 logMAR). Visual acuity 
measured for near (40 cm) with optical correction ranged 
between 0.30 logMAR and 1.10 logMAR. Mean binocular VA 
(0.65 logMAR ± 0.16) was better than the mean monocular 
VA (RE: 0.76 logMAR ± 0.15; LE: 0.74 logMAR ± 0.15). The 
difference between the mean near logMAR visual acuities 
measured with and without optical correction ranged from 
0.06 logMAR to 0.11 logMAR, with optical corrected acuity 
being statistically significantly better (p < 0.00) (Table 3). 
Optical correction improved the near vision of 127 eyes 
(78.4%), while the near vision of 30 eyes (18.5%) remained the 
same with and without correction; three eyes (1.9%) did not 
require optical correction and the near vision of one eye 
(0.6%) decreased.

Uncorrected logMAR VA determined at 25 cm was compared 
to values at 40 cm. Sixty-one eyes (37.7%) showed better 
vision at 25 cm, 60 eyes (37%) had worse vision at 25 cm and 
there was no difference found in 33 eyes (20.4%). Similarly, 
logMAR VA with optical correction at 25 cm and 40 cm was 
compared. Ninety eyes (55.6%) exhibited worse vision at 
25 cm, 37 (22.8%) had better vision at 25 cm while only 
24 (14.8%) showed no difference in VA.

TABLE 3: LogMAR near (40 cm) without and with optical correction.
Eye Status Minimum 

(logMAR)
Maximum 
(logMAR)

Mean 
(logMAR)

p

RE Unaided 0.50 1.30 0.87 ± 0.17 0.000
Optical correction 0.40 1.08 0.76 ± 0.15

LE Unaided 0.40 1.30 0.84 ± 0.17 0.000
Optical correction 0.50 1.10 0.74 ± 0.13

BE Unaided 0.30 1.02 0.71 ± 0.18 0.001
Optical correction 0.30 0.92 0.65 ± 0.16

RE, right eye; LE, left eye; BE, both eyes.

TABLE 2: LogMAR distance visual acuity without and with optical correction.
Eye Status Minimum 

(logMAR)
Maximum 
(logMAR)

Mean 
(logMAR)

p

RE Unaided 0.52 1.40 0.93 ± 0.18 0.000
Optical correction 0.50 1.06 0.78 ± 0.13

LE Unaided 0.50 1.32 0.89 ± 0.18 0.000
Optical correction 0.50 1.10 0.74 ± 0.13

BE Unaided 0.44 1.12 0.80 ± 0.15 0.000
Optical correction 0.40 1.00 0.69 ± 0.14

RE, right eye; LE, left eye; BE, both eyes.

TABLE 1: Refractive error findings.
Refractive error Number (N) Percentage

Myopic astigmatism 67 41.4
Hyperopic astigmatism 63 38.9
Hyperopia 15 9.3
Myopia 8 4.9
Simple astigmatism 6 3.7
Emmetropia 3 1.9
Total 162 100

FIGURE 1: The percentages of ocular alignment conditions detected using the 
cover and Maddox rod tests.
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Uncorrected log contrast sensitivity (logCS) values ranged 
between 0.48 logCS and 1.92 logCS (Table 4). The mean 
values for the RE, LE and BE were 1.43 ± 0.26 logCS, 1.42 ± 
0.33 logCS and 1.57 ± 0.27 logCS, respectively. Contrast 
sensitivity values without optical correction showed that 
moderate loss of contrast sensitivity occurred mostly 
monocularly (RE: 51.9%, LE: 46.9%), while those for binocular 
measurements were mostly normal (14.8%). There was 
equally statistically significant difference between logCS 
values determined without and with optical correction (p < 
0.05) (Table 4). Log contrast sensitivity (logCS) measured 
with optical correction was greatest binocularly (mean = 1.68 
± 0.18 logCS). The range of optically corrected contrast 
sensitivity was 0.88 logCS – 1.92 logCS (Table 4). Despite 
optical correction, moderate loss of contrast sensitivity (CS) 
was still the predominant classification for monocular 
contrast sensitivity values. However, the number of normal 
CS values increased from 11, 18 and 12 without optical 
correction to 18, 25 and 14 with spectacle correction for the 
RE, LE and BE, respectively.

Reading rates of the better-seeing eye obtained before and 
after optical correction are presented in Table 5.

Discussion
Albinism is a genetically inherited disorder that affects 
learners and their families medically, socially and 
psychologically.3,4,5 Apart from the visual impairment, their 
distinctive phenotype of pale, chalky, de-pigmented skin, 
sandy coloured hair and blue to hazel eyes leads to social 
discrimination and stigmatisation.3,4,5 In the current study, 
there were more female than male learners with OCA; this 
gender distribution is similar to other reports by Lund and 
Gaigher9 and Lund et al.10 in the Limpopo province of South 
Africa. The typical phenotypic characteristics of wheat straw 
coloured hair, brown or white hair seen in this group are 
because of reduced melanin pigment biosynthesis.3 
Raliavhegwa8 reported similar results among 153 black South 
African learners aged between 7 and 17 years with OCA from 
the Limpopo province, suggesting that this is the normal hair 
distribution in persons with OCA.

The photophobia reported by the learners is a result of 
significant light scattering within the eye because of a 
decrease in light filtering by the pigment of the eye, leading 
to reduced image contrast.19 In addition, the high levels of 
retinal irradiance occur because of the lack of pigments in the 
uvea and retina of learners with OCA. Abadi and Pascal20 
further suggested that discomfort and disability glare that is 
usually experienced by persons with OCA is a result of light 
scattered by the iris causing multiple internal reflections.

All the learners had iris trans-illumination and an absent 
foveal reflex; these are because of the reduction of melanin 
in the iris, resulting in a decrease in light filtering from the 
retina and a subsequent increase in reflected light back to 
the iris.19 Pigment changes affect ocular structures such as 
the iris, fundus and macula; as a result, light reflected from 
the retina is not filtered by the iris as it has reduced 
pigments, with the iris appearing pink in areas deficient in 
pigments because of the reflection of the retina. This 
condition is called iris trans-illumination19 and has been 
used as an index to indicate the light scattering effect of the 
iris.20 The majority of the learners presented with nystagmus 
because of foveal hypoplasia and misrouting of visual 
projection fibres.15 The absence of nystagmus found in one 
learner is though rare, also been reported by Levin and 
Stroh.1 Horizontal pendular constant conjugate nystagmus 
was observed in the majority of the learners. Horizontal 
nystagmus has been reported to be the predominant 
nystagmus in persons with OCA.21 In addition, Levin and 
Stroh1 reported that the characteristics of nystagmus in 
persons with albinism are such that in the early stages it 
has a large amplitude and low frequency; however, with 
time, pendular nystagmus develops and subsequently 
becomes jerky.

The features of nystagmus were different at distance and 
near viewing as the majority of learners had increased 
velocity of nystagmus at near positions compared to distance. 
However, in a few learners, there was no difference in 
amplitude and velocity at both fixating positions. In some 
cases, only the amplitude increased while the velocity 
remained the same. This finding could possibly be related to 
vision reduction at near and accommodation status of the 
learners. However, further investigations are required to 
confirm this. The increase in velocity of nystagmus at near 
positions is in contradiction to findings by Biswas and 
Lloyd,21 who reported a dampening of nystagmus during 
convergence.

Perez-Carpinell et al.12 and Summers19 concluded that there 
was a high prevalence of strabismus in persons with albinism. 
This is supported by the findings of this study as the majority 
of learners presented with heterotropia (62.8%). Raliavhegwa8 
also reported a 34.6% prevalence of heterophoria in children 
with albinism in the Northern Province (now Limpopo) of 
South Africa. The presence of strabismus has been associated 
with abnormal visual cortex development.22 Many ocular 
abnormalities develop because of the lack of melanin; thus, 

TABLE 5: Minimum, maximum and mean reading rate values obtained without 
and with optical correction.
Status Number 

(N)
Minimum
(words per 

minute)

Maximum
(words per 

minute)

Mean (words 
per minute)

p

Unaided 65 21 140 64.6 ± 26.61 0.448
Optical correction 61 7 119 62.2 ± 25.66

TABLE 4: Contrast sensitivity (logCS) without and with optical correction.
Eye Status Number 

(N)
Minimum 

(logCS)
Maximum 

(logCS)
Mean  

(logCS)
p

RE Unaided 80 0.56 1.88 1.43 ± 0.26 0.000
Optical correction 79 0.88 1.88 1.52 ± 0.24

LE Unaided 80 0.48 1.92 1.42 ± 0.33 0.000
Optical correction 78 0.92 1.92 1.53 ± 0.25

BE Unaided 27 0.76 1.92 1.57 ± 0.27 0.004
Optical correction 27 1.32 1.92 1.68 ± 0.18

RE, right eye; LE, left eye; BE, both eyes.
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ocular structures do not develop normally. Cells in the 
primary visual cortex, which are ‘binocularly driven’, are 
also affected during development and may lead to the 
occurrence of strabismus.22 Misrouting of optic fibres has 
also been associated with the development of strabismus.3 
The high prevalence of tropic conditions may have also 
attributed to 60.5% of the learners experiencing suppression 
in one eye.

Many learners had astigmatism in both the RE and LE, 
suggesting that astigmatism is the most frequent refractive 
error type observed in this group. The high prevalence of 
astigmatism in persons with albinism has also been reported 
in other studies.8,13,14,15,23,24 Reduced vision may result from 
refractive error, misalignment of the eyes, reduced pigments 
in the macula, misrouting of optic nerve fibres, amblyopia 
and nystagmus,15 as well as foveal hypoplasia.3 Uncorrected 
logMAR distance VA in the RE, LE and BE was within the 
suggested range for persons with OCA type 2.3,25 GrØnskov 
et al.3 suggested the range of uncorrected VA in persons with 
albinism to be 20/400 (6/120, 1.30 logMAR) to 20/66 (6/20, 
0.50 logMAR), while Loshin and Browning25 reported a range 
of 20/400 (6/120, 1.3 logMAR) to 20/30 (6/9, 0.2 logMAR). 
The results of uncorrected VA obtained in the current study 
also agree with findings reported in other studies.11,26,27

Optical correction improved distance logMAR VA up to a 
range of 0.40 logMAR – 1.10 logMAR. Raliavhegwa8 also 
reported an improvement in distance logMAR VA following 
optical correction in a study conducted in the Limpopo 
province of South Africa among children with OCA. In 
addition, Sacharowitz14 reported significant improvements 
with optical correction in distance vision of 60% (n = 40) of 
patients with albinism presenting at a low vision clinic at the 
university. Other studies11,27 reported similar improvements 
in the mean logMAR distance VA following optical correction. 
Clinically, the improvement of distance vision ranged from 4 
letters (0.08 logMAR) to 9 letters (0.18 logMAR). Despite this 
significant improvement (p = 0.000), the mean logMAR 
distance acuity with optical correction was worse than 0.3 
logMAR (6/12, 20/40), showing that optical correction alone 
did not improve distance vision to an ‘acceptable functional 
level’ in this group. Jose28 and Williams29 suggested that a 
minimum VA of 20/40 (6/12) (0.3 logMAR) is required to 
perform most tasks at distance.

Uncorrected near (40 cm) logMAR VA for the RE, LE and BE 
ranged between 0.30 logMAR and 1.30 logMAR (0.8M and 
8M). However, the near VA at 40 cm with optical correction 
was significantly better (0.30 logMAR–1.10 logMAR [0.8M – 
5M]) than acuities obtained without optical correction (all 
p-values < 0.00). This improvement equated to a minimum 
gain of 1.5–6.5 letters. This suggests that just like distance VA, 
optical correction significantly improved near VA. According 
to Lovie-Kitchin and Whittaker,30 a VA range of 0.8M – 5M (at 
40 cm) might provide sufficient acuity to read medicine 
labels, newspaper, magazines, books and large print books. It 
is therefore recommended that learners with OCA should be 

given a comprehensive eye examination routinely including 
measurement and correction of near vision. Pereira et al.31 
also found a range of 0.10 logMAR – 0.70 logMAR (0.5M – 
2.0M) VA improvement following optical correction, further 
supporting the importance of near vision correction in 
persons with OCA. Here too, the least improvement with 
optical correction did not achieve a functional reading VA 
level of 1M (0.40 logMAR). The functional level would allow 
a person to read a newspaper print at 40 cm; thus, even with 
optical correction the learners would not achieve this task.

When uncorrected and corrected logMAR VA obtained at 
25 cm and 40 cm was compared, it remained the same in 
33 (20.4%) and 24 (14.8%) eyes, respectively. Despite optical 
correction significantly improving vision, the VA at 25 cm 
was worse in 55.7% of the eyes tested. This observation 
requires further investigations including nystagmus and 
accommodative status testing.

Contrast sensitivity before optical correction ranged from 
0.48 logCS – 1.92 logCS and it improved following optical 
correction. The Mars Letter Contrast Sensitivity Test at 50 cm 
allows for a maximum of 1.92 logCS to be perceived; 
therefore, the maximum logCS value for some learners might 
be greater than 1.92 logCS. Several contrast sensitivity 
studies8,11,25 have been conducted using various stimuli. 
These studies represented contrast sensitivity levels using 
spatial frequencies8 and percentages.11 The current study 
utilised logCS values; therefore, it is difficult to make 
comparisons of the contrast sensitivity levels of this study 
with that of other studies. However, all the studies reported 
that albinism is associated with reduced contrast sensitivity.

In this study, there was no statistically significant difference 
in the reading rate determined before and after optical 
correction. This finding may have been influenced by the 
method used to determine the reading rate. For instance, the 
logMAR VA for the reading rate was chosen as one line above 
the VA achieved for both pre- and post-optical corrections. 
Considering the method used to obtain the VA, a significant 
acuity reserve was not considered. Acuity reserve is important 
to allow for fluent reading speed and, therefore, not 
accounting for sufficient acuity reserve might have impacted 
the reading rate achieved in this study.

Limitations of this study include the omission of amplitude 
of accommodation, colour vision and stereopsis assessments. 
Cycloplegia could not be applied as the study also 
investigated near VA and cycloplegia affects near vision 
functions.

Conclusion
Learners with OCA from the three schools presented with 
varying types of visual defects. Optical correction significantly 
improved VA and contrast sensitivity in learners with OCA; 
however, reading rate did not improve. Early visual 
examination and the provision of appropriate correction to 
this group are required to improve the visual function.
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