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No survey undertaken for finding the 
frequency of genetic cases in a sample of 
blind persons has been published for La
tin American populations . During our work 
in the Genetic Counseling Service of the 
University of São Paulo we studied clini
cally and genetically a sample of blind 
youngsters attending special classes . In 
this study emphasis was placed on disclos
ing the causes of the defect and counsel
ing the families of the propositi . From thi.s 
material the frequencies of cases classified 
according to etiology have been estimated. 

MATERIAL AND METHODS 

The 68 propositi forming our sample 
were ascertained among students who 
have learned or were learning braille read
ing under the supervision of the Service of 
Special Education (Serviço de Educação 
Especial ) of the State of São Paulo, while 
attending regular classes in the public 
school system . Table 1 gives the age dis
tribution in the sample . 9 1 %  of the sub
j ects were less than 20 years old . Visual 
acuity was less than 2 %  in 91 . 2 %  of the 
propositi. The onset of the blindness was 
before the first year of age in 63 . 2 %  and 
before the 5th year of age in 80 . 7 %  o f the 
cases . Since some of the propositi turned 
out to be relatives the 68 propositi belong 
to just 61 families . 

Table 1 - Age distribution of the propositi. 

Age (in years) Number of cases Percent 

6 a 10 12 17.6 
11 a 15 23 33.8 
16 a 20 20 29.4 
21 a 25 7 10. 3  
26 a 30 2 2.9 
:n a 35 4 5.9 

TOTAL 68 99.9 

Clinicai examinations were carried out 
in the Ophthalmology Department, Escola 
Paulista de Medicina ,and the genetic stu
dy and counseling were made in the La
boratory of Human Genetics , Universidade 
de São Paulo. 
RESULTS 

Tables 2 to 5 summarize the findings . 
The 68 cases of blindness in the sample are 
distributed in Table 2 according to an etio
logical classification . It is to be noted that 
pre-natal infectious diseases were includ
ed in section I and not in section V .  

Since the 3 cases of retinoblastoma 
were bilateral and therefore, hereditary, 
section III in Table 2 must be combined 
with the "Inherited diseases" in section V 
to form a total of 35 cases in which a he
reditary etiology has been stablished. This 
represents 51 . 5 %  o f the sample . Consider
ing that the blindness of any of the per
sons among the 2 propositi with "Unspecif-

Table 2 - Distribution of the cases in our samples according to an ctiological cl assification (Hurlin, 
1960) .  

Causes Number o f Cases Percent 

I .  INFECTIOUS DISEASES 20 29.4 
Unshecified in fection 12 17.6 
Syp ilis 2 2.9 
Gonococcal infection 2 2.9 
Toxoplasmosis 1 1. 5 
Measles 1 1. 5 
German measles 1 1. 5 
Tuberculosis 1 1. 5 

li . POISONING TRAUMA AND ACCIDENTS 4 5.9 
Oxygen poisoning 3 4 .4  
Chemcial burns 1 1. 1 

l U .  NEOPLASIA (retinoblastoma) 3 3 4.4 4 .4  
IV.  GENERALIZED DISEASES 3 4.4 

Lu pus erithematosus 1 1. 5 
Brain tumor 1 1. 5 
Unspecified central nervous systern disease 1 1. 5 

v .  PRE-NATAL INFLUENCES 34 50.0 
Inherited diseases 33 48. 5  
Unspecified diseases 1 1. 5 

VI . UNDETERMINED ETIOLOGY 4 4 5.9 5.9 

TOTAL 68 68 100.0 99.7 
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ied diseases" in section V and the 4 in sec
tion VI with "Undetermined etiology" could 
also be hereditary, it 1s safe to conclude 
that, in samples similar to this one, more 
than half of the cases of blindness are ex
pected to have genetic etiology . There were 
27 cases in which anenvironmental cause 
was established and 5 cases without known 
etiology . 

Table 3 distributes the 68 cases accord
ing to the anatomical location of the de
fect. In Table 4 the genetic disorders are 
grouped by their type of inheritance. Ta
ble 5 gives the frequencies of the genetic 
and non-genetic conditions . The frequen
cies in Tables 3 and 4 refer not to the num
ber of propositi, but to the total of the 61  
families to  which the 68  propositi belong. 

Table 3 - Distribution of the cases in our sample according to anatomic location and type of affection 
fouowing the classification of Hurlin (1960). 

Location and affection 

I .  EYE BALLS 
Congenital glaucoma 
Panophthalmitis 
Anophthalmia 
Coloboma 
Microphthalmia 
Unspecified 

J I .  CORNEA (Unspecified) 
III . LENS (cataract) 
IV. UVEA 

Uveitis 
Corioretinitis 

V. RETINA 
Pigmentar retinosis 
Leber"s amaurosls 
Retinoblastoma 
Retrolental fibroplasia 
Macular degeneration 
Retina detachment 

VI . OPTIC NERVE (optic atrophia) 
VII .  VITREOUS LIQUOR (Unspecified) 

VIII . UNDETERMINED 

TOTAL 

Table 4 - Types and frequencies of genetic syndromes 

Affection 

I .  AUTOSOMIC DOMINANT 
Bilateral retinoblastoma 
Congenital cataract 
Severe myopia with bilateral retina 

detachment 
II . AUTOSOMIC RECESSIVE 

Congenital glaucoma 
Pig-mentar retinosis 
Leber's amaurosis 
Stargoardt disease (macular degeneration) 
Anophthalmia 
La.urence-Moon-Bied l �vnd,·nmo 

III . UNDETERMINED INHERITANCE (retina 
pigmentation ) 

TOTAL 

DISCUSSION 
The frequencies of cases of bllndne.s.<; 

due to pre-natal factors Oncludlng gene
tic ones) have been determined in samples 
from different countries on the basis of 
records from ophthalmological services. 
They vary (Table 6) from about 30% in 
Finland to 70% in New Zealand but such a 
spread must be due only partially to racial 
and geographical variables . The adequac:v 
of prevention programs against accidental 
and lnfectious blindness and the degree in 
which modern therapy was in use in the 
populations from which the samples have 
been obtained are also influential on the 
balance between genetic and environmen
tal cases. The age composition of the sam
ples studied is yet another cause of dls
crepancy, the younger the propositi the 
higher the relatlve frequency of pre-natal 
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causes . This tendency 1s illustrated by a 
comparison between the two determina
tlons by Ha.tfield (Table 6, section I) . 

Ascertainment of cases through index 
reports 1s blased toward traumatic and in
fectious conditions because their causes are 
more readily recognized . Prospective data 
collected with the purpose of descriminat
ing between genetic and environmental 
causes (Table 6 section li ) are lesse ham
pered by such bias . This is probably why 
the range of the frequencie.s of genetic ca
ses is higher in such surveys than those in 
Table 6, section I .  

The works of Fraser and Friedmann 
( 1967 ) ,  Fraser ( 1968) and Merin et ai . 
( 1972 ) are more similar to ours than the 
others in matters of methodology. There
fore reference will be made mainly to them 
from now on. 



Table 5 - Frequencies of families presenting genetic and non-genetic cases of blindneoss. 

Causes Number o f families Percent 

I .  HEREDITARY 29 29 47.5 47.5 

I I .  NON-HEREDITARY OR UNKNOWN 32 52.4 
Pre-natal 7 11.5 
Peri-natal 6 9.8 
Post-natal 18 29.5 
Unspecified 1 1.6 

TOTAL 61 61 99.9 99.9 

Table 6 - Percent of blindness cases due to pre-natal influences obtained : I. from index reports ; Il. from 
d irect ophthalmologic examinations. 

Authors Country Sample Ages Percent 

I .  DATA FROM INDEX CARDS : 
65 45.9* Holst (1952) Norway 3,181 15 to 

Kerby (1958) U. S.A. 4.426 5 to 19 56.1 
Hatfield (1963) U.S.A. 7.757 5 to 19 47.8 
Vannas and Raivio ( 1964) Finland 2.28::! Birth to 65 31.4 
MacDonald ( 1965) Canada 24,605 Birth to 65 32.0* 
Parmelee et al . (1966) U.S.A. 726 Rirth to 18 40.7 
Grosvenor (1966) New Zeland 258 Birth to 15 65.5 
Lindsted (1969) Sweden 3.557 16 to 60 34.1 
Hatfield (1972) U.S.A. �.115 Birth to 7 60.8 

l i .  DATA FROM DIRECT EXAMINATIONS : 
Fraser and Friedman (1967) England 776 Birth to 22 50.0 
Frase r (1968) Australia 50 5 to 18 44..0 
Kaplan ( 1968) Moscow 216 ? 64.9* *  
Olurin ( 1 970) Nigeria 140 Birth to 14 42.0 * *  
Sevel and Sochet (1972) South Africa 25::! ? 75.8 
Merin et al. (1972) Cyprus 

• Hereditary etiology only. 
Pre-natal etiology, hereditary or non-hereditary. 

Etiology 

Our frequency of 47 . 5% for inheritable 
conditions compares well with those of 50% ,  
found by Fraser and Friedmann (1967), 
and 44%, found by Fraser (1968). Merin et 
ai. (197 2) found a higher frequency of 
inherited conditions (79 % )  among which 
50% were autosomic recessive in type. This 
is well explained by the high frequency of 
consanguineous marriages prevailing in the 
Cyprus Island, where the study was carri
ed out. Hatfield 097 2) in a great sample 
(3,115 children less than 7 years old ) de
tected a genetic etiology in 47,4% of the 
cases . This agrees well with our data in 
spite of her methodology being different 
from ours. 

The small frequency of pre-natal in
fectious conditions in our sample (11 5 % )  
is actually an underestimate since congeni
tal blindness due to toxoplasmosis, rubella 
and lues are in general complicated by 
other defects which excluded patients from 
the classe for the blind from which our 
sample was drawn. In the Australian sam
ple of Fraser (1968) these types of blind
ness reach 20% specially because rubella 
cases associated to deafness were included . 
The low frequency (6% )  found in England 
( Fraser and Friedmann, 1967) is attributa
ble to the high levei of sanitation of its 
population which allows good control of 
such diseases. On the other hand the low 
frequency (4%) found in Oyprus is consi-. 
dered by Merin et ai (1972) as being the 

112 Birth to 40 79.0 

result of low hygienic levei which makes 
more difficult the survival of congenital 
rubeUa cases. 

Fraser and Friedmann (1967) registered 
33% of peri-natal blindness. They were 
especially due to retrolental fibroplasia se
condary to the exposure of premature ba
bies to high concentrations of mcygen. In 
Australia, Fraser (1968) found the inciden
ce of peri-natal blindness increased as a 
result of the same cause added to cases in 
which optic nerve atrophy was associated 
to other neurological problems (peri-natal 
damage syndrome) . The lower frequency 
(9 . 8% )  of peri-natal blindness in our sam
ple is possibly due to : 
a )  better control of  oxygentherapy nowa

days ; 
b) the type of ascertainment adopted 

which excluded patients with neurolo
gical problems associated to blindness. 
Post-natal causes presented relatively 

high incidence in our sample (29 . 5%) es
pecially because of infectious disease 
(22.9 % ) ,  a sign of poor hygienic levei in the 
stracta of the population where the cases 
occurred . 

Types of inheritance 

Comparing our data with those from 
the literature (Table 6) we note : 

1 .  No X-linked blindness happened to 
be included in our sample, although after 
the conclusion of this project a family with 
severa! members affected by Norrie Syn-
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drome has been brought to our attention 
because two of them belonged to the public 
school system (Neustein, Moreira-Filho and 
Frota-Pessoa, in press) . 

2 .  The frequency o f autosomic domi
nant conditions in our sample (8 . 1 % )  is 
small compared to those found in England 
(20 . 4% ,  Fraser and Friedmann. 1967 ) pro
bably also because of the exclusion from it 
of complex syndromes. 

3 .  The incidence of autosomic reces
sive conditions was relatively high (37.5 % )  
in our sample mainly because of the very 
high frequency of congenital glaucoma in 
it (22 . 9% ) .  Since in the absence of early 
surgery this condition leads to blindness, 
the lower frequencies found by Fraser and 
Friedmann ( 1967) and Hartfield ( 1972 ) 
might be explained by better medicai care 
available to the populations from which 
their sàmples were drawn. Hiowever actual 
differences in gene frequencies are suggest
ed by the extremely low incidence of the 
condi tion ( 1 .  7 %  ) as a c a use o f blindness 
in Cyprus (Merin et ai., 1972 ) ,  in spite of 
the high incidence there of autosomic re
cessive conditions in general. A second con
tribution to the high frequency of autoso
mic recessive conditions in our sample is 
made by the tapeto-retinian degenerations 
( 1 1 . 4% ) ,  especially pigmentar retinopa
thies and Leber's amaurosis . Frase r ( 1968) 
found a predominance of coroido-retinian 
degenerations among the autosomic reces
sive conditions, which formed 24% of hls 
sample. In Cyprus, Merin et ai. ( 1972 ) also 
found high frequency (39 . 3 % )  of autosomic 
recessive blindness associated to albinism, 
microphthalmia and tapeto-retinian dege
neratlon. There, as here, the incldence of 
consangulneous marriages is greater than 
in technologically more advaced popula
tions and this could explain an excess of 
autosomic recessive conditions . Among our 
23 propositl presentlng autosomic recessive 
affections, 7 were born from consangui
neous couples. 

Genetic Counseling 

No obj ective evaluation could be made 
of the effectiveness of the counseling which 
was offered to the families included in our 
sample. Ina number of cases the members 
of the families were not aware of the ge
netic nature of the blindness aflicting one 
or more of its members. We feel that the 
explanations they received have sensitized 
them to the recurrence risks to the point 
of inducing them to adopt effectlve me
thods of contraception. 

In some families with more than one 
affected member there was already an 
awareness of risks but counseling was ne
eded for quantltlzing it and distinguishing 
couples subject to high risks from those 
free from them. 
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An important aspect of counseling was 
to put at rest the minds of members of the 
families under the imppression that they 
carried hlgh risks when this was not the 
case. 
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SUMMARY 

In the city of São Paulo, Brazil,  a sample of 
68 blind persons (belonging to 61 families) enrol
led 1 in public schools and learning braille were 
found to h ave the following characteristics : 

1 .  Hereditary conditions were established as 
the cause of blindness in the majority (51.5% ) of 
the cases and in 47.2% of the families. 

2. Recessive autosomal conditions were res
ponsible for the blindness in 37.5% of the families, 
with congenital glaucoma accounting for more than 
half of them. 

3. Dominant autosomal disorders caused thc 
blindness in 8.1% of the families, retinoblastoma 
having the greatest prevalence. 

4 .  F,or one inherited case the data were not 
sufficient for deciding about the type of trans
mission. 

5. No case of blindness was establised as being 
prod uced by X-linked o r mui ti facto ria! d isease. 

6. In 27 individuais (39.7%) the blindness was 
related to environmental causes and in 5 cases 
(7.4%) etiology could not be established. 

SUMARIO 

Em uma amostra de 68 pessoas cegas. per·ten
centes a 61 famllias, averiguadas entre estudantes 
do sistema escolar público da cidade de São Paulo. 
Brasil . que estudavam braile, encontraram-se as 
seguintes caracteristicas : 

1 .  Determinou-se que a causa da cegueira era 
alguma doença hereditária na maioria dos casos 
( 51,5%) e em 47,2% das famllias. 

2. Em 37.5% das famllias a cegueira foi pro
duzida por doenças autossômicas recessivas, sendo 
que o glaucoma congênito incidiu em mais da me
tade delas. 

3 .  Em 8.1% das famllias, a cegueira foi de
vida a doenças autossõmicas dominantes. entre as 
quais a mais comum foi o retinoblastoma. 

4 .  Em um caso hereditário. os dados não fo
ram suficientes para determinar o tipo de trans
missão. 

5. Nenhum caso de cegueira foi atribuido a 
herança ligada ao X ou a causa multifatorial. 

6. Em 27 individuos (39.7%) ,  a cegueira estava 
relacionada com fatores ambientais e em 5 casos 
(7.4%) não foi possivel determinar· a etiologia. 
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