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Aims: To identify the proportion of familial cases of isolated ocular colobomatous malformations in a
case series from south India.
Methods: Children with ocular coloboma without systemic features were recruited from multiple
sources in Andhra Pradesh, India. Their families were traced, pedigrees drawn, and family members
examined.
Results: 56 probands, 25 females (44.6%) and 31 males (57.4%) with a colobomatous malformation
were identified. In 12 cases (21.4%) another family member was affected. The risk to siblings was
3.8%. The parents were consanguineous in 25 cases (44.6%).
Conclusions: 21.4% of cases of isolated ocular coloboma in this highly consanguineous population
of south India were familial, with both autosomal dominant and autosomal recessive mechanisms likely
in different families.

Congenital malformations of the globe appear to occur

more frequently in certain countries, particularly India

and Sri Lanka, accounting for approximately 25% of

cases of severe visual impairment and blindness (VA<6/60) in

studies from India.1–5

Coloboma is defined as a congenital defect in uveal tissue in

a site consistent with abnormal closure of the embryonic fis-

sure. Microphthalmos with cyst is a distinct phenotypic form

of coloboma.6 7 Microphthalmos with cyst in one eye may be

associated with a coloboma in the fellow eye, and both pheno-

types may be seen in different individuals of the same

family.8–11 Clinical anophthalmos, where there is no evidence

of ocular tissue present in the orbit, is clinically distinct from

coloboma but may represent the severe end of the coloboma

spectrum as clinical anophthalmos and coloboma may

occasionally both be present in the same individual or in dif-

ferent individuals within the same family.12 Ocular features

commonly associated with coloboma are microcornea, micro-

phthalmos, cataract, and retinal detachment.10 13 14

Ocular coloboma can be associated with other systemic

abnormalities in a multitude of syndromes—for example,

CHARGE syndrome, or can be an isolated abnormality.12 15

Coloboma can be caused by genetic, environmental

(teratogens),16 or unknown factors. The genetic causes can be

chromosomal or monogenic. Coloboma associated with chro-

mosomal abnormalities is usually associated with systemic

abnormalities—for example, mental retardation.17 The ocular

phenotype does not correlate with the aetiology.

Autosomal dominant (AD) inheritance is the most common

mechanism reported in the literature although most cases are

sporadic.12 18–21 Autosomal recessive (AR) inheritance has been

proposed although in many studies the parents were not

examined, which is necessary to confidently exclude domi-

nant inheritance.22 Consanguineous pedigrees have been

Table 1 Details of families with more than one affected individual

No Sex Phenotype of proband
Other affected
family member Phenotype of other affected

Likely mechanism
of inheritance

1 M Coloboma and microcornea Sister, mother and 5
of mothers siblings

All had coloboma. Some also had microcornea and
cataract

Autosomal
dominant*

2 M Bilateral iris and retinal colobomata and
microcornea

Father Unilateral disc coloboma Autosomal dominant

3 M Colobomatous microphthalmos/coloboma
with microcornea

Mother Unilateral retinal coloboma Autosomal dominant

4 F Bilateral colobomatous microphthalmos Paternal uncle Not examined Recessive*
5 M Coloboma and microcornea Sister Coloboma and microcornea Recessive
6 F Coloboma R

Severe microphthalmos L
Sister R colobomatous microphthalmos

L severe microphthalmos
Recessive

7 M Bilateral colobomatous microphthalmos Sister (deceased) Died at 2 days of age so not examined Recessive
8 M Bilateral colobomata or retina and left disc Father Isolated retinal coloboma in right eye and left

microcornea and dense cataract
Dominant*

9 M Bilateral coloboma with microphthalmos Brother Bilateral coloboma with microphthalmos Recessive
10 F Bilateral colobomata and microcornea Father, brother

(deceased)
Isolated retinal coloboma in right eye, left
microcornea and dense cataract

Recessive*

11 M Bilateral coloboma and microphthalmos
and minor lens opacities

Mother

Maternal uncle

Mother had unilateral coloboma of the iris,
microcornea and mature cataract
Uncle not examined but blind and appearance said
to resemble proband

Recessive*

12 M Bilateral colobomata of iris and retina Mother Unilateral coloboma of retina and disc Dominant*

*Consanguineous parents.
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described which support autosomal recessive inheritance for
both colobomatous microphthalmos23 and microphthalmos
with cyst.24 An unusual molecular mechanism, such as
trinucleotide expansion, has been suggested for one pedigree
with isolated coloboma.25

To date there have been few studies of coloboma in families,
and none from India. A population based study in Scotland
using segregation analysis found a sibling recurrence risk of
8.1% and 13.3%. However, both parents were not examined in
all cases in this study and both syndromic and non-syndromic
cases were included.26 The aim of the present study was to
identify the familial contribution to the aetiology of isolated

ocular coloboma in a case series from a south Indian popula-

tion where consanguinity is common (18% in the urban

population of Hyderabad) and has been practised for

generations.27

PATIENTS AND METHODS
Children with coloboma or microphthalmos with cyst in

either eye were recruited from special schools for the blind,

schools with integrated education for the visually impaired,

eye hospital records and a community based rehabilitation

programme in Andhra Pradesh, India. This study is part of a

Figure 1 Family pedigrees 1–8.
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larger study of congenital eye anomalies, which was carried

out between January 1998 and February 1999.14 28–30 The ethics

committee of the LV Prasad Eye Institute, Hyderabad,

approved the study.
Inclusion criteria for this study were that the child should

have a colobomatous malformation in either eye without
associated systemic features, and that both parents were also
examined. Children with non-syndromic ocular anomalies
were selected in order to exclude dysmorphic children who
were likely to have chromosomal abnormalities or phenocop-
ies due to a teratogen.

Every child was examined by the same ophthalmologist
(SJH). The anterior segment was examined using a portable
slit lamp. Dilated fundal examination was performed by direct
and indirect ophthalmoscopy. Each child was examined for
systemic abnormalities by the ophthalmologist and the
majority were traced and examined on a separate occasion by
a paediatrician (RBJ).

The field workers recruited to the study had previous
experience in health related field work, were fluent in English
and the local languages. The same female field investigator
carried out the interviews using a structured questionnaire.
Questions were asked about consanguinity between the
parents and grandparents of the affected child. All pregnan-
cies, including miscarriages and stillbirths, were recorded. As
many family members as possible were examined. Pedigrees

were constructed by the ophthalmologist with the field

worker acting as an interpreter. Data were entered into a data-

base in EPI-INFO.31

RESULTS
Fifty six probands fulfilled the criteria for the study. Forty

(71.4%) were examined by RBJ. They were recruited from a

series of 109 probands with coloboma recruited to a larger

study, of whom nine were excluded because they had systemic

abnormalities and/or one parent was not available for

examination in the remainder.
Of 56 probands, 25 were female (44.6 %) and 31 were male

(55.4%). The age range was from 2.8 years to 16.3 years, with
a mean of 9.9 years. Forty nine (87.5%) were Hindu, four
(7.1%) were Muslim, and three (5.4%) were Christian. They

were recruited from schools for the blind (n=15, 26.8%), hos-

pital records (n=24, 42.9%), and a community based rehabili-

tation programme (n=15, 26.8%), integrated education (n=1,

1.8%), and a school for the mentally handicapped (n=1,

1.8%). (The child identified in the school for the mentally

retarded was found to have visual handicap as an isolated

problem and had been inappropriately placed.)

Forty probands (71.4%) had bilateral colobomatous malfor-

mations; two (3.5%) had anophthalmos; six (10.7%) were

unilaterally affected with a normal fellow eye; two (3.5%) had

phthisical fellow eyes; and six (10.7%) had non-cystic severe

microphthalmos.

In 12 cases (21%) another family member was affected on

examination (n=10) and an additional two families had a

positive family history but the individuals were not examined.

Eight families had two siblings affected. In seven families one

parent was affected (four mothers, three fathers). In three

families aunts or uncles of the proband were affected. In one

family a first cousin of the proband was affected. The clinical

findings are shown in Table 1 and the pedigrees are shown in

Figure 1.

Consanguinity
The parents were consanguineous in 25 cases (44.6%); four

uncle-niece, 13 first cousin, three second cousin marriages,

Figure 1 Family pedigrees 9–12.
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and five distantly related. (A second cousin is in the same

generation as the person speaking but the linking senior rela-

tives are two generations above them.)

The maternal grandparents were related in 12 families

(21.4%) (five uncle-niece, six first cousin, and one distantly

related). The paternal grandparents were related in seven

families (12.5%) (six first cousin, one distantly related). Eight

(14.3%) families had more than one generation of consan-

guinity.

Sibling risk
The sibling risk is defined as the number of siblings with an

eye anomaly excluding the index case divided by the total

number of siblings, again excluding the index case. Data from

the mother’s interview gave a sibling risk of 3.8% (95% CI 1.4

to 8.1). For consanguineous parents the sibling risk was 1.4%

(95% CI 0.1 to 8.4) and for non-consanguineous parents the

sibling risk was 6.0% (95% CI 2.2 to 14.1).

DISCUSSION
The present study is the first large family study of coloboma

where both parents were examined in all cases and the first

from India. Twelve of 56 cases of non-syndromic ocular

coloboma in this sample were familial (21%), which compares

with 10% in a Chinese study.32 There are no comparable West-

ern studies but the familial contribution to isolated ocular

coloboma has been estimated to be 1% or less (D Taylor,

personal communication). Family studies of coloboma are

hampered by under-reporting of affected relatives because of

frequent asymptomatic disease. Family aggregation patterns

may also be distorted by reduced reproductive fitness among

affected individuals, which has been reported in collie dogs.33

A higher proportion of familial cases in India than

elsewhere may be related to the prevailing high levels of con-

sanguinity in the population increasing the frequency of

recessive disease and modifying the genetic background.

However, even in India the majority of cases are sporadic. Pos-

sible causes for sporadic cases include unrecognised recessive

disease, new mutations, phenocopies (environmental factors),

extramarital conceptions, chromosomal aberrations, or com-

plex genetic mechanisms such as polygenic inheritance or

gene-environment interactions.34

Familial coloboma can be unilateral and although such

asymmetry between eyes is uncommon in inherited eye

disease in general it is commonly reported in both human and

animal studies of coloboma. The reasons for this are unclear.

Both AD and AR patterns of inheritance were observed in

different families (see Table 1) confirming genetic heterogen-

eity. Dominant pedigrees for coloboma have been reported

previously in humans12 19 35–37 and cattle.37 AD colobomatous

microphthalmia has been mapped to chromosome 15q12-

q15.38 Mutations in the PAX2 gene have been identified in

dominant renal coloboma syndrome but not in isolated ocular

coloboma.39 40 In order to identify dominant inheritance with

incomplete penetrance, obligate carriers (an individual with

an affected parent and affected child) must be identified.

There were no obligate carriers identified in the present study.

Recessive inheritance for coloboma is likely in many fami-

lies in this study and may be more common than dominant

inheritance in this inbred population.22 The parents of children

with coloboma were significantly more closely related than

the general population, which suggests that recessive factors

may be important. However, high background rates of

consanguinity make interpretation of individual pedigrees

difficult as highly inbred pedigrees may show the phenom-

enon of “pseudodominance” of recessive conditions. Multiple

generations of consanguinity would be expected to increase

the frequency of complex genetic disorders such as double

recessives, gene-environment interactions, or multifactorial

conditions. Recessive CHX10 mutations have been identified

in two consanguineous pedigrees with non-syndromic

microphthalmia.41 A gene for microphthalmos without colo-

boma has been mapped to chromosome 14q32.42 In the

Australian shepherd dog microphthalmos with coloboma

behaves as an incompletely penetrant recessive trait.43

No families with X linked inheritance were seen in the

study although coloboma has been reported in several rare X

linked syndromes44 and in non-syndromic X linked coloboma,

and microphthalmos.45

Genetic counselling is difficult in coloboma. Karyotyping

and examination by a paediatrician or clinical geneticist

should be performed to identify associated syndromes.

Parents should be examined for minor forms of coloboma. In

south India there is a low risk to siblings (3.8%) but this would

be higher in a family with dominant coloboma. Surprisingly,

the sibling risk was lower for consanguineous parents than for

non-consanguineous but the confidence intervals overlapped.

The conclusions of the present study (including the recurrence

risk) may not be applicable to other populations because of the

high background rate of consanguinity as well as under-

ascertainment and recruitment bias in favour of more severely

affected cases in the present study. However, this study

confirms the relative rarity of familial coloboma.
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