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Microcephaly with mental retardation forms a distinct subgroup among mentally retarded individuals. 
The paucity of studies on tlte etiology of this condition in India made the investigators to study this 
popu lation. It HTO aimed to study the demographic and clinicalcharacteristics, and the etiologic pattern 
in children with microcepltaly and mental retardation Tlie sample consisted of 82 children wlio were 
examined by detailed clinical assessment and a battery of investigations. A definite etiology could be 
found in 56% of children wluch have been grouped into prenatal embryonic, prenatal maternal/en
vironmental, and, birth and neonatal causes. Non-genetic causes were the most common. The prenatal 
etiology constituted nearly twice that of birth and neonatal causes. Majority of the etiologic factors 
were preventable. The role of socio-environmental factors has been discussed As a group, the 
neurological disorders were found to be the most commonly associated medical condition. Malnutri
tion, specially of severe degree, was significantly associated with this group compared to the general 
population. The study findings indicate that there is a significant place for prevention. 
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INTRODUCTION 

Throughout human history, the relationship b ^ B 
tween the size of one's head and the level of intel
ligence has been the cause of much curiosity and 
concern. It was commonly believed that 
microcephaly is a certain sign of mental retardation. 
Several studies brought about an association be
tween microcephaly and mental retardation (Book 
et al, 1953; O'Connell et al, 1965; J>ryor & 
Thelander, 1968; Ross & Frias, 1977). Tlowever, 
later studies could not sustain such one to one 
relationship (Wood et al, 1967; Martin, 1970; Nel
son & Deutschberger. 1979; Sells, 1977; Smith, 
1981; Burton, 1981; Ramirez etal, 1983; Rossi etal, 
1987). However, it can be inferred that decreased 
head size is often but not always associated with 
lowered intelligence and the presence of subgroups 
of microcephalics who typically have normal intel
ligence (Rossi et al, 1987) is sufficient to rule out a 
causal relationship between head size and intellect. 

Microcephaly may be the end result of a host of 
etiologic agents which affect brain development 
during the vulnerable periods of brain growth. The 
abnormalities in nearly all chromosomes have been 
implicated in the causation of microcephaly with 
mental retardation. The gene for microcephaly has 
been traced to be located in chromosome 1 p 36 
(Bloom, 1989). Among infectious agents, congeni
tal infections with toxoplasma, rubella, 
cytomegalovirus (CMV) and herpes simplex virus 
Type 2 ( HSV-2) rank prominently. Various other 

infectious agents like varicella-zoster (Webster & 
Smith, 1977), group B coxsackie virus (Johnson, 
1972), congenital infections with T. pallidum (Scotti 
et al, 1969; Hardy et al, 1970 cited in Warkany et al, 
1981), human immunodeficiency virus (HIV) (Bel-
man et al, 1986) and meningitides due to various 
microorganisms (Haslam, 1987), have also been 
implicated in the etiology of microcephaly with 
mental retardation. 

The inborn errors of metabolism (IEMs) that are 
often found include phenylketonuria (PKU), 
methylmalonic aciduria and hyperlysinemia. A sys
tematic study of a large sample found IEMs in 2.1% 
of general population and trie highest prevalence in 
Bangalore (Rao et al, 1980; Rao & Chandrakala, 
1991). The drugs/chemicals like alcohol, diphenyl-
hydantoin, primidone, methylmcrcury, carbon 
monoxide and isotretinoin, (reviewed in Jones, 
1988) and physical agents like irradiation (Wood et 
al, 1967) and hyperthermia (Edwards, 1967; Pleetet 
al, 1981) have been implicated. 

Even though severe and long standing malnutri
tion has been implicated in the etiology, recent 
literature indicates the controversial nature of this 
association (Frisch, 1972; Dobbing, 1985). Several 
other maternal factors like maternal diabetes, PKU, 
uremia, hypoglycemia, eclampsia and placental 
deprivation of supply have also been shown to be of 
etiologic significance. 

Many causes are sporadic and no underlying 
cause is identifiable in some cases, like in some well 
known syndromes like Rubinstein-Taybi syndrome. 
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Langer-Gideon syndrome etc. The head size may be 
normal at birth and later may not grow to adult size, 
when the disease process occurs beyond the neonatal 
period, as in the "walnut brain syndrome" (Laurence 
&Cavanaugh. 1968). 

Thus, microcephaly reflects a pathologic change 
in brain structure with an effect upon intelligence 
dependent upon the extent and type of underlying 
pathology (Cowk, 1987). The presence of mental 
retardation in a person with microcephaly indicates 
sufficiently severe neuropathological changes, 
forming a distinct subgroup among those with men
tal retardation from the point of view of under
standing the etiopathogenesis. Very few studies 
have been done in India (Narayanan, 1981) and no 
studies on the etiology of this group are available. 

AIMS OF THE STUDY 

1. To delineate the demographic and clinical 
characteristics such as degree of mental retardation, 
associated medical and psychiatric problems, other 
additional handicaps such as specific speech delay 
and nutritional status associated with microcephaly, 
and 

2. To study the ctiologic pattern of microcephaly 
with mental retardation. 

MATERIALS AND METHODS 

The sample consisted of eighty two successive 
subjects attending the Mental Retardation Clinic of 
N1MHANS, who satisfied the following inclusion 
criteria: 

1. Head circumference (HC) greater than 3 SI) 
below the mean for age and sex, ;K per the 
head circumference chart (Rivhe et al, 1987). 

2. Mental retardation as defined in OSM 111 R 
(American Psychiatric Association. 1987). 

3. informed consent from the parents. 
4. Age was fixed at eighteen years for both sexes 

inittally. After the assessment of a few cases 
above 3 years of age. it was observed that the 
reliability of information in some cases was 
questionable. Consequently, the cut-off age 
was reduced to three years for both sexes. 

A composite proforma was developed incor
porating the items from the National Institute for 
Mentally I landicappcd - National Institute of Mental 
Health and Ncuroscienccs (NIMI1-NIMHANS) 
Mental Retardation Case Record to collect relevant 
details from parents and other reliable informants. 

The place of residence, socioeconomic status, and 
the type of household were assessed based on the 
criteria given in the Case Record. A minimum of 
three generations were studied using the pedigree 
chart, to collect the family history. The psychosocial 
inadequacies were assessed according to Rutler's 
axis V listing of psychosocial inadequacies (Rutler 
el al, 1975). accepted in the 1CD-9 (World Health 
Organization, 1978) m ultiaxial system of diagnosis 
for children and adolescents. A section on the physi
cal examination, which included the congenital 
anomalies that commonly occur with syndromes in 
which microcephaly and mental retardation arc 
seen, was developed and incorporated into the 
proforma. 

Current psychiatric disturbances were assessed 
using a specified format. The maladaptive behavior 
scale was administered to each child, [his composite 
proforma was administered to five children to check 
whether adequate information can be collected. 
These children were not included for the study. The 
actual study started only after observing that the 
proforma collects adequate information. 

The maximum occipitofrontal measurement 
taken by a non- stretchablc tape was considered to 
be the head circumference. Menial retardation was 
assessed clinically and by psychomciry. Wherever 
verbal and comprehensive abilities were adequately 
developed. Hinet-Kamat Test was administered and 
for other children Vincland Stx'ial Maturity Scale 
was used. 

The nutritional status was assessed using the 
Gomez type chart. 'Hie malnutrition severities were 
graded as per the recommendations of life nutrition 
subcommittee of the Indian Academy of Pediatrics 
(cited in Park & Park. 1983). A section for interpret
ing the investigation results has also been included. 
Lach child was diagnosed along NIMIIANS rruiii-
axial diagnosis for persons with mental retardation 
which isamodificatkmofRutter's( 1975)multiaxial 
system of diagnosis for children and adolescents, 
viz. 

Axis I: Degree of mental retardation 

Axis II: Possible etiology or syndromal diag
nosis 

Axis 111: Associated medical disorder 

Axis IV: Associated psychiatric illness 

Axis V: Parental knowledge, expectations and 
adverse psychosocial situations. 
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The following investigations were done to detect 
the etiologic factors and/or associated medical dis
orders: 

1. Complete hemogram 
2. Urinalysis: The urine was collected in three 

different sample bottles and analyzed on the same 
day: 

- for the presence of glucose and album in, and 
microscopy for evidence of bacteria, pus 
cells, casts etc. 

- for abnormal metabolites in urine (for the 
presence of PKU, homocystinuria, 
mucopolysaccharidosis, and 
aminoacidurias). 

- for metachromatic granules. 

3. Karyotyping was done based on the method of 
Arakaki and Sparkes (1963, cited by Manjunatha & 
Rao, 1990). 

4. Enzyme linked immunosorbent assay (ELISA) 
for the detection of IgM antibodies against CMV, 
Rubella, HSV-2, Japanese encephalitis virus (JEV), 
HIV, Toxoplasma gondii on serum samples. VDRL 
slide flocculation test was carried out on these 
samples to rule out congenital syphilis. 

5. Radiologic assessment: X-Ray Skull- Lateral 
view was done for all children. CT scan brain was 
done in selected children. 

Five ml of blood for hemogram and serologic 
tests were collected in two separate bottles, under 
strict aseptic precautions. The lumbar puncture was 
done on the same day under similar conditions. 
Three ml of CSF was collected. Hemogram was 
done on the same day whereas another sample of 
serum and CSF were coded and stored at -70°C, and 
analyzed at the end of data collection period blind to 
clinical details. After the titres were obtained, the 
codes were deciphered and the test results ascribed 
to appropriate cases. For karyotyping, the blood was 
collected in heparinized syringes and was injected 
into the medium on the same day. All positive and 
doubtfully positive sam pies were retested for confir
mation. Only when the samples turned out to be 
positive in at least two of the three samples were they 
considered definitely positive. 

RESULTS 

SOCIODEMOGRAPIIIC DATA 
About 70% of the sample consisted of children 

under 3 years of age (Table 1; the mean age, 2.42± 
3.1 years, the median, 1.67 years, and the mode, 11 

Table 1 
Frequency distribution of the sample according to age 

and sex 

Age/Sex Mate Female Total Percent 

0-12 months 11 14 25 3025 
13-24 months 15 8 23 28.05 
25-36 months 4 5 9 10.96 
37-48 months 5 3 8 9.76 
49-60 months 5 0 5 6.10 
61-72 months 3 0 3 3.66 
72 months 6 3 9 10.96 

"total 49(59.8%) 33(40.2%) 82 100% 

months). Nearly 60% of the population comprised 
males which is in contrast to the findings of Opitz et 
al, (1978, cited in Warkany et al, 1981) and Prasad 
et al (in press) where a higher prevalence in females 
have been reported (Table 1). A significant propor
tion of children were from socio- economic levels 
IV and V (X219.12, df=2, p<0.001) and were living 
in slums, rural or semiurban areas. The illiteracy 
among parents was 28% and the maternal illiteracy 
was 40%. Nearly 70% of fathers were either semi
skilled or skilled workers. 

FAMILY BACKGROUND AND HISTORY 
Consanguinity was present in 45% of parents. A 

positive history of mental illness was present in 
9.75% of fathers and 4.87% of mothers. In addition, 
a family history of mental retardation and other 
mental illnesses was present in 19.5% of families 
each, and microcephaly and epilepsy in 7.3% of 
families each. It was found that nearly 81% of 
families had at least one distortion or inadequacy in 
the psychosocial environment of the family, sig
nificant enough to be coded on axis V. A majority 
of children were living in conditions of inadequate 
social, linguistic and/or cognitive stimulation 
(76.5%). About 23% of children were living in in
adequate living conditions. Nineteen percent of the 
families had none, 37.8% had one, 31.7% had two 
and about 11 % had three or more significant distor
tions/inadequacies in the psychosocial environment. 

ETIOLOGIC FACTORS 
Table 2 shows the frequency distribution of 

children who underwent different assessments and 
investigations. The etiologic factors were divided 
into prenatal, birth and neonatal, and postnatal fac
tors. Prenatal etiologic factors was present in about 
16% and birth and neonatal factors in 17% of 
children (Table 3). However, no definite postnatal 
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Table 2 
Frequency distribution of children who underwent 

different assessments and investigations 

Female Total Percent 

Table 4 
Etiologic pattern of microcephaly and etardation 

Etiology Number Percent 

Prenatal 
investigations 
Clinical 
assessment 

Psychometry 

Complete 
nomogram 

Urine analysis: 
-Routine 
- Abnormal 

metabolites 
- Metachromatic 

granules 

X-Ray Skull 
(lateral view) 

Serological 
studies 

Cytogenetics 

49 
49 

24 

49 

49 

45 

46 

48 

29 

33 
33 

20 

33 

33 

24 

29 

27 

13 

82 
82 

44 

82 

82 

69 

75 

75 

42 

100.00 

100.00 

53.65 

100.00 

100.00 

84.14 

91.46 

91.46 

51.22 

Embryonic 
Chromosomal 
Single gene disorder 
Other specific disorders of 

presumed genetic origin 
Others 
Maternal/Environmental 
Total 

Birth and neonatal 
Labor related 
Neonatal encephalopathy 
HIE 
Septicemia 

Total 

Prenatal and birth and neonatal 
Unknown 

11 
f 
4 

4 
2 

15 
26 

4 
10 
4 
6 

14 

6 
36 

13.40 
122 
4.88 

4.88 
2.44 

18.3 
31.7 

4.88 
12.20 
4.88 
7.32 

17.08 

7.32 
45.90 

Table 3 
Distribution of etiologic factors in the sample 

Factor Male Female Total Percent 

Prenatal 

1. Attempted 
abortion 

2. Threatened 
abortion 

3. Antepartum 
hemorrhage 

4. Rh incom
patibility 

5. Eclampsia 
6. Irradiation 
7. Infections 

1 

1 

0 

2 
1 
1 
3 

Birth and neonatal 

1. Precipitate labor 
2. Prolapsed cord/ 

Cord round 
the neck 

3. Infections 
4. Delayed, 

birth cry' 
5. Respiratory 

distress 
6. Feeding t 

problems' 
7. Convulsions* 

1 

2 
3 

24 

8 

15 
16 

1 

1 

1 

0 
0 
0 
1 

1 

0 
3 

13 

1 

9 
5 

2 

2 

1 

2 
1 
1 
4 

2 

2 
6 

37 

9 

24 
21 

2.44 

2.44 

1.22 

2.44 
1.22 
1.22 
4.88 

2.44 

2.44 
7.32 

45.12 

10.98 

2927 
25.61 

etiologic factors could be found. There was no sig
nificant association between these groups of 
etiologic factors and the severities of mental retar
dation and microcephaly. 

Mere presence of etiologic factor was not con
sidered to be the evidence of etiology, unless the 
known effects of the factor in question was observed 
in a given child. When a combination of at least one 
definite prenatal factor, microcephaly detected at 
birth and at least five congenital anomalies were 
present, the child was considered as having a definite 
prenatal etiology. Ten perinatal factors were con
sidered as having etiologic role. In addition, three 
factors marked with an asterisk in table 3, were used 
toassess hypoxic-ischemic encephalopathy (HIE) in 
the new bom. The presence of these factors together 
was taken as indicative of HIE, which was present 
in four children. These groups of etiologic factors 
were considered individually and in different com
binations. 

Table 4 shows the analysis of etiology. Thus, in 
about 56% of children definite etiology could be 
established. Four (16% of those below one year of 
age) infants were positive by ELISA for IgM an
tibodies for various infections, which means that the 
infections have occurred during the prenatal period. 
There was evidence of infection with rubella in one, 
CMV in two and HSV-2 in one, infants. 
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X-Ray skull (lateral view), which was done on 75 
children, did not show any significant abnormality. 
CT scan (brain) could be done on only four children. 
One child showed absence of corpus callosum, who 
was also positive for CMV by ELISA.The child 
could not fit into any of the known syndromes where 
absence of corpus callosum is a feature. The second 
child showed massive infarction of cerebral hemi
spheres which had possibly occurred prenatally, 
probably due to impaired development of carotid 
system of vessels. The third child showed calcifica
tion of basal ganglia structures with cortical atrophy, 
predominantly in the frontal lobe. Clinically, the 
child showed only hypotonia. This child had normal 
developmental milestones up to 6-9 months of age 
and later deteriorated fully. The fourth child showed 
aqueductal stenosis with hydrocephalus. None of 
these three children showed any evidence of prenatal 
infections. 

Four (4.88% of the sample) children with 
autosomal recessive microcephaly were detected. 
The association of the latter with family history of 
microcephaly was found to be highly significant 
(Fisher's exact probability test, p = 0.0009). How
ever, the association with consanguinity and family 
history of mental retardation was not significant. 

In forty two children, karyotyping was done and 
no abnormality could be detected. One child, on Q 
banding showed several breaks in the chromosomes. 
The karyotypes of parents were normal. As the child 
was a partial albino, the significance of this finding 
is questionable. This child had normal attainment of 
milestones till about five months of age and then 
started deteriorating. Both the parents had Hansen's 
disease (mullibacillary variety) and were declared 
cured after multidrug treatment three years before 
the conception. The mother's age at conception was 
thirty nine years. 

ASSOCIATED MEDICAL AND 
PSYCHIATRIC CONDITIONS 

Among the associated medical conditions, mal
nutrition, anemia and neurological disorders were 
the most prevalent medical conditions (Table 5). 
About 23% of children had associated psychiatric 
disorders. Although 11% of children had autistic 
features, only two could be diagnosed as atypical 
autism according to ICD-10 (World Health Or
ganization, 1992). 

About 63% of children assessed for nutritional 
status, were malnourished, which is significant com
pared to the prevalence in the general population (X2 

Table 5 
Associated medical and psychiatric disorders 

Condition Frequency of occurrence Percent 

Medical 
Malnutrition 50 60.97 
Anemia: total 39 51.31 

Iron Deficiency 32 
Dimorphic 6 
Notsubtyped 1 

Neurological 
(Seizures, cerebral 

palsy and others) 72 87.80 
Sensory handicap 3 3.66 
Others 25 30.47 
Psychiatric 
ADHD 6 7.32 
Autistic features 9 10.88 
BDNOS 3 3.66 
Conduct disorder 1 1.22 

13.33, p<0.001). The prevalence of severe degree of 
malnutrition in this sample also was highly sig
nificant (X2 42.5, p<0.001) compared to the general 
population. In addition, no significant relationship 
could be found between the severity of malnutrition 
and the severity of mental retardation and 
microcephaly. 

OTHER FINDINGS 
The congenital microcephaly was detected in 

46.34% (n=38) of the sample. This was based on 
hospital records and parental observation. About 
21% of children in this group had etiology at
tributable to prenatal embryonic factors. There was 
no significant association with consanguinity, fami
ly history of mental retardation or microcephaly. Out 
of them, four had autosomal recessive microcepha
ly. In addition, there was no significant relationship 
between the severities of mental retardation and that 
of microcephaly. 

The hemogram revealed reactive lymphocytes 
and lymphocytosis in 49.32% and 36.98%, respec
tively. In addition, eosinophilia was seen in 67.12% 
and vacuolated lymphocytes in 13.7%. 

DISCUSSION 

STUDY DESIGN AND METHODOLOGY 
The purpose of this study was to examine various 

factors like maternal, environmental, genetic and 
others which have a bearing on the causation of 
microcephaly and mental retardation. The assess
ment proforma was so structured to focus more on 
identifying the etiologic and other possible con-
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tributing factors. The near total dependence on the 
recall of events by parents regarding pre-, peri- and 
postnatal periods, and childhood was partially over
come by collecting the information from the rela
tives and wherever available, hospital records too. 

It was decided that the head circumference chart 
should: 1) give the head circumference from birth to 
18 years, 2) be available for every month in the first 
year, as the head circumference increases rapidly 
during this period, 3) give standard deviation for 
each measurement and there should not be wide 
fluctuations in them, 4) be applicable to the Indian 
context, and 5) be cross validated across different 
races and countries. The chart used in this study 
meets all the criteria except [2]. 

The measurements for every month in the first 
year are not available; instead, figures for the first, 
the third, the sixth and the ninth month are available 
in the same chart. The head circumference measure
ments in this chart compare well with those given in 
ICMR manual on growth and development of Indian 
infants and children (ICMR, 1989), but for standard 
deviations which have wide fluctuations in the latter. 
In addition, the head circumference measuremeats 

in this chart have been cross-validated with the 
composite international and interracial graph of 
Nellhaus(1968). 

The laboratory techniques that have been used 
are reliable. The validation of these tests were done 
as per the recommendations of the manufacturers. 

Head circumference was measured only once 
during the assessment and the presence or absence 
of microcephaly, decided cross-sectionally. Several 
investigators have recommended serial head cir
cumference measurements (Avery et al, 1972; Dolk, 
1991), as a single measurement below the cut-off 
limit does not reveal the actual status of growth and 
development of the brain. This could not be done 
because, the follow up assessments were not in
cluded in the study design. 

SOCIOEN VIRONMENTAL RISK 
HYPOTHESIS 

The socioenvironmental factors are divided into 
micro-socioenvironmental and macro-socioen-
vironmental factors. The maternal age and literacy, 
socioeconomic strata, occupation of the father etc., 
constitute the latter while the inadequacies in the 
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immediate environment in which the child is 
brought up constitute the former. The interplay be
tween these two groups of factors in children with 
microcephaly and mental retardation can be postu
lated. The lower socioeconomic strata, illiteracy -
specially of mothers, determine the 
microenvironmental factors such as the quality of 
care during prenatal, perinatal and postnatal periods, 
nutrition, sanitation etc., in which the child 
develops. These, in turn, predispose the children to 
recurrent infections and malnutrition. The child's 
own apathy or inactivity due to these factors and/or 
due to the deficits resulting from microcephaly with 
mental retardation, and, perhaps the deformity in 
more severe forms, may lead to neglect and under-
stimulation of these children. The latter worsens the 
apathy of the child. Consequently, the child is almost 
mescapably caught in a vicious circle (Fig 1). The 
tang term follow up studies of Stoch and Smythe 
(1963 & 1968) support these findings. 

Even though primary etiologic role cannot be 
ascribed to these factors, a major contributory role 
cannot be denied. These factors may even perpetuate 
the effect of biological and physical agents. This 
assumes great significance in view of the fact that 
many of these psychosocial factors are largely 
preventable, which seems to be widely prevalent in 
India. Figure 1 shows the magnitude of the problem 
as found in this study. As the sample is not truly 
representative of the general population, cautious 
extrapolation needs to be made. A study of these 
children in general population would yield more 
definitive conclusions. 

THE ANALYSIS OF ETIOLOGY 
The criteria to detect prenatal etiology which 

includes the presence of a definite prenatal factor, 
microcephaly at birth and five or more definite con
genital anomalies is quite valid. The latter two 
criteria have been included to reflect the influence 
of the prenatal etiologic factor on the growing 
embryo/fetus. For the purposes of discussion, the 
prenatal etiology may be grouped as follows: 1) 
prenatal embryonic, and 2) prenatal maternal/ en
vironmental etiologies. 

The prenatal embryonic etiology could be dis
cerned in 13.4% of cases (n=ll; Table 4). Single 
gene disorder in the form of autosomal recessive 
microcephaly was found in four children. The sig
nificant association with family history of 
microcephaly in this small group reflects the impor
tance of genetic factors (Fisher's exact probability 

test, p=0.0009). Four children could be grouped 
under other specific syndromes of presumed genetic 
origin. One child with Rubinstein-Taybi syndrome 
and one with Angelman syndrome were included in 
this subgroup. The third child had hydrocephalus 
secondary to aqueductal stenosis. The fourth child 
revealed absence of corpus callosum on CT scan. In 
addition, this group also (Consisted of children with 
unknown prenatal embryonic etiologies. Two 
children had uneventful pre, peri and postnatal 
periods; had normally attained milestones up to 
about six months of age, following which they 
deteriorated in terms of their milestones. One of 
these children had several breaks in her 
chromosomes seen on banding; the other child had 
calcification of the basal ganglia and atrophy of the 
cortex, predominantly in the frontal lobes, with 
gross hypotonia on clinical examination. The third 
child had infarction of cerebral hemispheres, which 
had possibly occurred prenatally. Even though G 
banding was done on the samples, high resolution 
banding (HRB) could not be done on any of them 
which would have certainly yielded much more 
information than what is available now. It can be 
presumed here that most of the above cases would 
have genetic etiology. 

One study conducted in India on children with 
mental retardation revealed chromosomal abnor
mality in 15.5% and chromosomal variants in 4% 
(Reddy & Thomas, 1985). Several surveys con
ducted across the world have revealed chromosomal 
etiology varying from 5% to 21% (reviewed by 
Reddy & Thomas, 1985). However, the authors 
could not find any such survey done on children 
having microcephaly and mental retardation 
together. 

Prenatal maternal/environmental etiology could 
be discerned in 18.3% of children (n=15; Table 4). 
The infections were evident in 16% of infants which 
can be considered to be etiologically significant. The 
congenital CMV infection in the general population 
in the US is 1 % of newborns (Hirsch, 1991) and 4% 
among children up to 5 years in London (Stem & 
FJek, 1965). Even though the prevalence of CMV 
infections among infants in India is not definitely 
known, several studies have shown a considerably 
high figures for children which is fairly consistent 
across various reports and ranges from 66.7% in 
Pondicherry (Madhavanetal, 1974) to83% in Chan
digarh (Pal et al 1972). In this sample it was found 
to be 8% of infants. 

76 



ETIOLOGY OF MICROCEPHALY WITH MENTAL RETARDATION 

Four percent of infants in this sample had 
serological evidence for infection with HSV-2 infec
tion. In the US, the incidence of neonatal HSV 
infection is 13.8/100,000 live births (McKendall, 
1989). In one of the studies from India prevalence of 
HSV-2 infection was found to be significantly high 
(p<0.01) among children below 10 years of age 
hailing from rural areas compared to those from 
urban areas (Seth et al, 1981). One infant (4%) was 
positive in the serum for IgM against JEV. The 
available world literature does not indicate whether 
JEV infection can cause microcephaly with mental 
retardation. Only one child was exposed to irradia
tion, when X-ray KUB region was taken for the 
mother. Even though the exact dose was not known, 
this was considered as a definite etiologic factor. The 
rest of the factors included in this subgroup are also 
potentially preventable. The concerning issue is that 
there is relative predominance (58%) of non-genetic 
causes among prenatal etiologies which are largely 
preventable. 

Birth and neonatal etiologies have been divided 
into those related to labor and neonatal en
cephalopathy. In this sample, neonatal sepsis was 
found in 43% in those coming under this category 
(732% of the total sample). HIE was found in about 
5% of the sample. Severe neonatal sepsis is known 
to cause impaired cerebrovascular autoregulation 
leading to systemic hypotension (Hill & Volpe, 
1989) which in turn leads to impaired balance be
tween demand and supply in the vulnerable periods 
of growth and differentiation of the brain. The 
prolapsed cord and the precipitate labor accounted 
for the rest of the etiologies in this group. The 
etiologic significance of these factors has been es
tablished in various other studies. 

A combination of prenatal and perinatal factors 
were present in 7.3% of the sample. Table 4 shows 
the pattern of etiology in this study. 

A point worth noticing in this study is that the 
majority of (about 75%) of these etiologies, except 
for genetic causes, are potentially preventable. The 
vicious circle formed by the alarming magnitude of 
the various socioenvironmental risk factors in which 
the children are caught is another finding of prag
matic value. These are the unique findings of the 
present study and are of seminal importance to the 
current national health and social scenario in India. 
This also reflects, perhaps, poor percolation of the 
maternal and child health (MCH) services to the 
masses at large. The authors are of the opinion that 
earnest implementation of the existing national pro

gram of MCH services with a few modifications bke 
screening of all children for TORCH infections and 
for STD would go a long way in reducing the in
cidence and morbidity arising out of this condition. 

ASSOCIATED MEDICAL AND 
PSYCHIATRIC CONDITIONS 

Considering the method of assessment of the 
nutritional status, the significant association of mal
nutrition in general, and severe degrees of malnutri
tion, in particular, could be explained in several 
ways, viz., a biologically determined short stature 
and small build, the presence of feeding problems 
and inappropriate feeding practices, the recurrent 
infections consequent to inadequate nutrition and 
other micro- and macro-socioenvironmental factors 
could have contributed to the greater frequency of 
occurrence. The fact that the severity of malnutrition 
was not significantly associated with severity of 
either microcephaly or mental retardation, shows 
that the primary etiologic role of malnutrition is 
quite minimal/absent. 

Malnutrition as an etiologic factor is controver
sial. The findings of animal studies have not been 
adequately corroborated to human beings. The 
reduction in brain weight, myelin and DNA have 
been demonstrated by several workers. There is also 
evidence for the recovery of animals after a period 
of undernutrition (DeLevie & Nogrady, 1970). The 
malnutrition during cell replication has been shown 
to produce permanent defects in humans (Fish & 
Winick, 1969; Hoorweg & Stanfield, 1976). Based 
on these facts, it can be postulated that chronic and 
severe malnutrition is a very important micro-
socioenvironmental factor in the etiology, rather 
than a primary etiologic factor. 

As a group, the neurologic disorders (seizures, 
cerebral palsy, monoparesis etc,) were the most 
common associated medical conditions. This 
reflects the prevalence of underlying structural ab
normalities of brain. Perhaps this can also explain 
the predominance of severer forms of m icrocephaly 
and mental retardation in this sample. 

The presence of eosinophilia and reactive lym
phocytosis, on hemogram, in a considerable propor
tion of the sample could be due to chronic ongoing 
viral or parasitic infection, or some sort of im
munodeficiency or both. This can be argued as either 
the cause or the consequence of recurrent infections. 
The role of recurrent infections in perpetuating the 
deficits has been discussed earlier (see Fig 1 and the 
section on "socioenvironmental risk hypothesis"). 
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However, this needs to be tested by com paring these 
figures with non-microcephalic mental retardation 
children and normal children as controls. 

The relatively lower prevalence of psychiatric 
disturbances in this sample (taking the range as 
between 30% and 60% of retarded individuals) may 
be because of the predominance of younger popula
tion in this sample. 

OTHER FINDINGS 
The severities of microcephaly and mental retar

dation were not significantly associated with each 
other. This is in keeping with the present view that 
it is the extent of underlying pathology in the brain 
that determines the degree of retardation not just the 
head size (Cowie, 1987). The more severe forms of 
microcephaly and mental retardation, and greater 
prevalence of neurological disorders in the sample 
is reflective of children with severer forms of under
lying pathology in their brains. 

In conclusion, it can be stated that a large propor
tion of children with this condition can potentially 
be given the advantage ofearly detection of etiology 
with these simple investigations and appropriate 
management. This study also brings out the 
predominance of preventable etiologies in India. In 
addition, the role of various socioenvironmental fac
tors in perpetuating the pathologic process in this 
subgroup has been postulated. Further broadening of 
the investigational base has been suggested. It can 
be inferred that the prevention at primary, secondary 
and tertiary levels are of utmost importance in this 
subgroup. 

REFERENCES 

American Psychiatric Association (1987) Diag
nostic and Statistical Manual of Mental Disor
ders, (3rd Edition-Revised) (DSM III-R). 
Washington, DC: American Psychiatric Associa
tion. 

Arakaki, D.T & Sparkes, R.S. (1963) Microtech
nique for culturing leucocytes from whole blood. 
Cytogenetics (Basel), 2, 57-60, cited in Man-
junatha, K.R. & Rao, B.S.S. (1990) Chromosome 
preparation and Karyotyping. In Techniques in 
Neurosciences: Third course inNeurobiologyfor 
Postgraduates in Clinical Neurosciences, March 
19-31.1990. National Institute of Mental Health 
and Neurosciences, India. 

Avery, G.B., Meneses, L. & Lodge, A. (1972) The 
Clinical significance of "measurement 
microcephaly". American Journal of Diseases of 
Children. 123, 214-217. 

Belman, A.L., Lantos, G., Haroupian, D., Novick, 
B.E., Ultmann, M.H., Dickson, D.W. & 
Rubinstein, A. (1986) AIDS: Calcification of the 
basal ganglia in infants and children. Neurology, 
36,1192-1199. 

Bloom, F.E. (1989) Basic Molecular Genetic 
Neuroscience. In Comprehensive Textbook of 
Psychiatry, Vol. 1, (Eds. H.I.Kaplan & 
BJ.Sadock), 5th edition, pp 137-143. Baltimore: 
Williams & Wilkins. 

Book, JA., Schut, J.W. & Reed, S.C. (1953) A 
clinical and genetical study of microcephaly. 
American Journal of Mental Deficiency, 57,637-
660. 

Burton, B. K. (1981) Dominant inheritance of 
microcephaly with short stature. Clinical 
Genetics, 20,25-27. 

Cowie, VA. (1987) Microcephaly: a review of 
genetic implications in its causation. Journal of 
Mental Deficiency Research, 31, 229-233. 

DeLevie, M. & Nogrady, M.B. (1970) Rapid brain 
growth upon restoration of adequate nutrition 
causing false radiologic evidence of increased 
intracranial pressure. Journal of Pediatrics, 76, 
523. 

Dobbing, J. (1985) Maternal nutrition and later 
achievement of offspring. In Prevention of Men
tal Handicap in Developing Countries, (Eds. 
S.Lingam, I.B.Sardharwallah & D.R.Harvey), 
CAMHADD, pp. 15-21. 

Dolk, H. (1991) The predictive value of 
microcephaly during the first year of life for 
mental retardation at seven years. Developmental 
Medicine and Child Neurology. 33, 974-983. 

Edwards, M J . (1967) Congenital defects in guinea 
pigs following induced hyperthermia during ges
tation. Archives of Pathology, 84,42-48. 

Fish, I. & Winick, M. (1969) Cellular growth in 
various regions of the developing rat brain. 
Pediatric Research, 3, 407. 

Frisch, R.E. (1972) Does malnutrition cause per
manent mental retardation in human beings? In 
Annual Progress in Child Psychiatry and Child 
Development, (Eds. S.Chess & A.Thomas), pp 
361-380. Brunner/Muzel. 

78 



ETIOLOGY OF MICROCEPHALY WITH MENTAL RETARDATION 

Hardy, J.B. (1970) Failure of Penicillin in a new
born with congenital syphilis. Journal of 
American Medical Association, 212,1345. 

Haslam, R.HA. (1987) Microcephaly. In Hand
book of Clinical Neurology, (Eds. PJ.Vinken, 
G.W.Bruyn & L.H.Klawans), Vol 6,50, Malfor
mations, (Ed. N.CMyrianthopoulos), 267-284. 
Amsterdam: Elsevier. 

Hill, A. & Volpe, J J . (1989) Hypoxic-ischemic 
encephalopathy of the newborn. In Pediatric 
Neurology: Principles and Practice, Vol. l,(Ed. 
K.F.Swaiman), 372-392. C.V.Mosby. 

Hirsch, M.S. (1991) Cytomegalovirus infection. In 
Harrison's Principles of Internal Medicine, Vol 
1. (Eds. J.D.Wilson, E.Braunwald, KJ.Issel-
bacher, R.G.Petersdorf, J.B.Martin, A.S.Fauci & 
R.K.Root), 692-695. McGraw Hill. 

Hoorweg, J. & Stanfield, J.P. (1976) The effects 
of protein energy malnutrition in early childhood 
on intellectual and motivational abilities in later 
childhood and adolescence. Developmental 
Medicine Child Neurology, 18, 330. 

Indian Council of Medical Research (1989) 
Growth and physical development of Indian in
fants and children. Technical Report series 
No.18. New Delhi: Indian Council of Medical 
Research. 

Johnson, R.T. (1972) Effects of viral infection on 
the developing nervous system. New England 
Journal of Medicine, 287, 599-604. 

Jones, K.L. (1988) Smith's Recognizable Patterns 
of Human Malformations, Fourth Edition. 
W.B.Saunders. 

Laurence , K.M. & Cavanagh, J.B. (1968) 
Progressive degeneration of the cerebral cortex 
in infancy. Brain, 91, 261-280. 

Madhavan, H.N., Prakash, K. & Agarwal, S.C. 
(1974) Cytomegalovirus infection in Pondicher-
ry (S.India): a serological survey. Indian Journal 
of Medical Research, 62, 297-300. 

Martin, H.P. (1970) Microcephaly and mental 
retardation. American Journal of Diseases of 
Children, 119, 128-131. 

McKendall, R.R. (1989) Herpes Simplex. InHand-
book of Clinical Neurology, (Eds. PJ.Vinken & 
G.W.Bruyn), Vol. 12, 56, Viral Diseases, (Ed. 
R.R.McKendall), 207-227. Amsterdam: El
sevier. 

Narayanan, H.S. (1981) A study of the prevalence 
of mental retardation in Southern India. Interna
tional Journal of Mental Health, 10, 28-36. 

Nellhaus, G. (1968) Head circumference from birth 
to 18 years: practical composite international and 
interracial graph. Pediatrics, 41, 106-114. 

Nelson, H.B. & Deutschberger, J. (1970) Head 
size at 1 year as a predictor of 4 year IQ. Develop
mental Medicine and Child Neurology, 12, 487-
495. 

O'Connell, EJ . , Feldt, R.H. & Stickler, G.B. 
(1965) Head circumference, mental retardation 
and growth failure. Pediatrics, 36,62-66. 

Opitz, J.M. (1978) Diagnostic genetic studies in 
severe mental retardation. Birth Defects, 14,6B, 
1, cited in Warkany, J., Lemire, R.J. & Cohen, 
M.M. (1981) Mental Retardation and Congenital 
Malformations of the Central Nervous System. 
New York: Year Book Medical Publishers. 

Park, J.E. & Park, K. (1983) Textbook of Preven
tive and Social Medicine, 9th edition. Banarsidas 
Bhanot. 

Pal, S.R., Chitkara, N.L. & Krech, U. (1972) 
Socioepidemiology of cytomegalovirus infection 
in and around Chandigarh. Indian Journal of 
Medical Research, 60,973-978. 

Pleet, H., Graham Jr, J.M. & Smith, D.W. (1981) 
Central nervous system and facial defects as
sociated with maternal hyperthermia at 4-14 
weeks gestation. Pediatrics, 67, 785-789. 

Prasad, K.M.R., Shoba, S., Girimaji, S.R., 
Seshadri, S.P. & Bharath, S. Clinical study of 
microcephaly with mental retardation. NIM-
HANS Journal (in press). 

Pryor, H.B. & Thelander, H.E. (1968) Abnormal
ly small head size and intellect in children. Jour
nal of Pediatrics, 73, 593-598. 

Ramirez, M.L., Rivas, E. & Cantu, J.M. (1983) 
Silent microcephaly. A distinct autosomal 
dominant trait. Clinical Genetics, 23, 281-286. 

Rao, B.S.S., Subhash, M.N. & Narayanana, H.S. 
(1980) Inborn errors of metabolism associated 
with mental retardation. In Frontiers of 
knowledge in mental retardation, (Ed. P.Mittler), 
Vol 2. Baltimore: University Park Press. 

Rao, B.S.S. & Chandrakala, B.K. (1991) Inborn 
errors of metabolism (IEMs) - A review of cases 
of IEM reported from India. NIMHANS Journal, 
9,1-8. 

79 



KJtfJIPRASADETAL 

toddy, KJS. A Tboatas,IM. (1985) Cytogenetic 
investigations in mentally retarded patients. In-
tBan Journal ofMedical Research, 82,164-170. 

Roche, A J , Mukherjee, D , Goo, S. & Moore, 
WM. (1987) Head circumference reference 
data: Birth to 18 years. Pediatrics, 79,706-712. 

Ross, J J . A Mas , JJL (1977) Microcephaly. In 
Handbook of Clinical Neurology, (Eds. 
PJ.Vinken A G.W.Bruyn), Vol. 30, Congenital 
Malformations of the Brain and Skull, 507-524. 
Amsterdam: Elsevier. 

Rossi, I*N., Candini, G., Scarlatti, G., Rossi, G., 
Prina, E, A Albert!, S. (1987) Autosomal 
dominant microcephaly without mental retarda
tion. American Journal of Diseases of Children, 
141,655-659. 

Rotter, M., Shaffer, D. A Shepherd, M. (1975) A 
multiaxitd classification of child psychiatric dis
orders: an evaluation of a proposal. Geneva: 
World Health Organization. 

8eotti, A., Logan, L. A Caldwell, &A. (1969) 
Fluorescent antibody test for neonatal congenital 
syphilis:Aprogressreport./(N<f7ia/o/Ped^rtcs, 
75,1129 cited in Warkany, J, Lemire, RJ. A 
Cohen, M.M. (1981) Mental Retardation and 
Congenital Malformations of the Central Nerv
ous System. New York: Year Book Medical Pub
lishers. 

Sels, CJ. (1977) Microcephaly in a normal school 
population. Pediatrics, 59,262-265. 

Seta, P., Sondaram, KJL, Samantaray, J.C. A 
Prakash, SJS. (1981) Socioepidemiologic study 
of herpes simplex virus types 1 and 2 in Delhi. 
Indian Journal ofMedkei Research, 73, 475-
483. 

tattb, RJ). (1981) Abnormal bead circumference 
in learning disabled children. Developmental 
Medicine and Child Neurology, 23,626-632. 

Stern, BL A Ekk, SJ9. (1965) The incidence of 
infection with cytomegalovirus in a normal 
population. Journal of Hygiene (Camb), 63,79-
87, cited in Mathur, A., Jindal, I. & Chaturvedi, 
U.C. (1981) A serological study of 
cytomegalovirus infection at Lucknow. Indian 
Journal ofMedkal Research, 73,678-681. 

Stoch, M.B. A Smythe, P.M. (1963) Does under
nutrition during infancy inhibit brain growth and 
subsequent intellectual development? Archives 
of Diseases of Childhood, 38,546-552. 

Stoch, M.B. A Smythe, P.M. (1968) Undernutri
tion during infancy arid subsequent brain growth 
and intellectual development. In Malnutrition, 
Learning and Behavior, (Eds. N.S.Scrimshaw & 
LEGordon), 278. MIT Press. Cambridge, Mass, 
cited in Frisch, R.E. (1972) Does malnutrition 
cause permanent mental retardation in human 

. beings? In Annual Progress in Child Psychiatry 
and Child Development, (Eds. S.Chess & 
AThomas), 361-380. Brunner/MuzeL 

Webster, M.H. A Smith, OS. (1977) Congenital 
abnormalities and maternal herpes zoster. British 
Medical Journal, 2,1193. 

Wood, J., Johnson, K. A Omori, Y. (1967) In utero 
exposure to the Hiroshima atomic bomb. An 
evaluation of head size and mental retardation 
twenty years later. Pediatrics, 39,385-392. 

WorldHealth Organization. (19JS)MentalDisor-
ders, Glossary and Guide to Their Classification 
in Accordance With the Ninth Revision of the 
International Classification of Diseases [iCD-
9/.Geneva: World Health Organization. 

World Health Organization (1992) The ICD-10: 
Classification of Mental and Behavioral Disor
ders. Geneva: World Health Organization. 

KMJLPrasad MD, DNB(Psy) Senior Resident; SJt.Girima.ji MD, Associate Professor, 
Department of Psychiatry; KJUdanjunatha PhD, Associate Professor, Department of Human 
Genetics; Neelam Khanna MD, Assistant Professor, Department of Microbiology; B.SS.Rao PhD, 
Professor and Head (Retd), Department of Neurochemistry; VJiavi MD, Additional Professor, 
DepartmemofNeurovirology; RSrinivasaMurthyMD, MNAMS, Professor andHead, Department 
ofPsychiatry;KJlVaniMD,AssistantProfessor,Depttt-tm 
of Mental Health andNeurosciences, Bangalore 560 029. 

* Gomsnondeaoe: Room No 009, Staff Hostel. N1MHANS, Bangalore 560 029. 

80 

http://SJt.Girima.ji



