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SYNOPSIS

A protein malnutrition survey was carried out in ten areas
of four States of South India among children under 5 years of age
in families with a monthly income of less than Rs 100, estimated
to constitute 85% of the population. The agricultural situation
and socio-economic conditions are described. The diets investi-
gated consisted largely of cereals, with small quantities of pulses
and green vegetables; milk, meat and eggs were little eaten. The
survey covered investigation of infant care, feeding and weaning
practices, clinical examinations, anthropometric measurements,
determinations of haemoglobin and serum protein, and analysis
of hospital records.

Although infants were usually breast-fed for a long time, the
quantity of breast milk was found to be low after 6 months, at
which time supplementary foods were introduced, but these were
usually inadequate. Extreme growth retardation was seen after
weaning. Diarrhoea was complained of in some 20% of children.
Such deficiency signs as dyschromotrichia, hepatomegaly, moon
face, angular stomatitis and xerophthalmia were frequently seen.
Frank cases of kwashiorkor and marasmus were observed in 1%
and 1.7% respectively of children at home. These findings and
others clearly show protein malnutrition to be a problem of very
considerable magnitude in the poorer communities of South India.
A comparison is made with the results of surveys conducted in
Africa and in Central America.

Introduction

In 1955, the World Health Organization placed at the disposal of the
Indian Council of Medical Research a sum of $5000 per annum for two
years to assist in the extension of the scope of investigations on protein
malnutrition then in progress at the Nutrition Research Laboratories,
Coonoor. The extended programme was to include (a) a survey of the
extent and severity of protein malnutrition and of the factors contributing
to its incidence, (b) testing the use of vegetable protein foods in the treatment
and prevention of protein malnutrition, and (c) the evaluation of the nutri-
tive value of proteins of the common cereals and pulses and of the possibility
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of developing dietary protein mixtures of vegetable origin for use in the
prevention of protein malnutrition.

Studies on all the above aspects were undertaken during the years
1955-57. Some results of the clinical and biochemical investigations have
been published. Venkatachalam et al. (1956) have reported on the efficacy
of the protein from Bengal gram (Cicer arietinum) in the treatment of
kwashiorkor. Srikantia et al. (1958) have observed in a follow-up study of
15 cases of kwashiorkor that although the evidence of parenchymal injury
attributable to chronic protein deficiency was present in liver biopsy speci-
mens taken 9 months to 8 years after the acute phase, there was no evidence
of continued fatty infiltration or the onset of fibrosis in these cases. Studies
on lactation in relation to kwashiorkor conducted by Gopalan (1958) have
shown that feeding of skim milk as a supplement to lactating women did
not materially improve the growth rates of infants at breast. They have also
observed that the minimum protein requirements of lactating undernourished
women are likely to be met by an intake of 1.5 g protein per kg of body-
weight. So far as the nutritional evaluation of vegetable proteins is con-
cerned, Phansalkar et al. (1957, 1958) have reported that mixtures of cereal,
pulse and leafy vegetables provide a dietary protein comparable in its
protein efficiency ratio to that of skim milk protein when fed to young
growing rats. They also observed that these protein mixtures were efficacious
in the regeneration of haemoglobin and plasma proteins in protein-depleted
rats. All these investigations have thus indicated that vegetable proteins
are capable of (a) promoting and maintaining satisfactory growth in young
animals, (b) efficiently regenerating blood proteins in depleted animals, and
(c) being used in the treatment of kwashiorkor.

Surveys on protein malnutrition have, owing to the nature of detailed
investigations incorporated in the programmes, taken a longer time than
expected in the beginning. An account of these investigations forms the
subject of the present communication.

The area covered in the protein malnutrition survey was limited to
South India, that part of the Indian peninsula which comprises the four
States of Kerala, Madras, Mysore and Andhra Pradesh. This limitation on
the field surveys was set by the funds and the personnel available for the
work; time was also an important factor.

The region as illustrated in Fig. 1 covers 248 130 square miles (662 650
kM2) with a population of 94.8 millions. The average population density
is 382 per square mile (146 per km2), although it varies a great deal in the
four States constituting the area under survey. Kerala has the highest
density with 908 people per square mile (348 per km2) and Mysore the
lowest with 261 per square mile (103 per km2). Over 80% of the population
lives in the villages, with agriculture as the main occupation. More than
half of those engaged in agriculture are landless labourers. The rest till
their own land, which is often insufficient to maintain the family at ade-
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FIG. 1. LOCALITIES SURVEYED IN SOUTH INDIA

quate levels of nutrition. This excludes the non-cultivating and cultivating
landowners, who are very small in number.

The economic situation in urban areas is little better. Although the
majority of the adult male population is gainfully employed, with greater
certainty of regular income, that income is often inadequate to meet the
requirements for maintenance of a reasonably satisfactory level of nutrition.

Agricultural situation
The region is monsoon fed. Kerala and the western parts of Mysore

receive the full south-west monsoon from June to October. In the eastern
half of the peninsula the north-east monsoon from October to December
forms the principal rainy season. There are reasonably good irrigation
facilities in Andhra Pradesh, Mysore and Madras; they are comparatively
poor in Kerala.
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TABLE 1. ESTIMATED FOOD PRODUCTION
(IN 1000 TONS)*

IN SOUTH INDIA, 1955-56

Article Andhra [ Madras ( Mysore Kerala

Rice 3 046 2 964 1 050 861

Wheat 6 1 64 -

Barley 2 - 3 -

Jowar (Sorghum vulgare) 1 124 478 990 2

Bajra (Pennisetum typhoideum) 309 236 145 -

Maize 112 5 6 -

Ragi (Eleusine coracana) 220 333 832 6

Small millets 341 419 155 2

Tapioca - - - 1 569

Pulses 262 102 539 13

t in shell 1 132 821 469 14
Groundnut

t 70% extraction as kernel 792 575 328 10

Sesame 49 44 18 6

Coconut - - - 3 100

Unrefined sugar (gur) 507 373 309 35

Milk 1 424 707 625 172

Fish _ Not 132
305 available

* From Agricultural situation in India (Ministry of Food and Agriculture, India, 1957)
** Millions of nuts

The principal food crops in the region are rice and millets. Wheat and
barley are produced in insignificant amounts. The major items of food
produced are given in Table 1. Among the millets, " jowar" (Sorghum
vulgare), " bajra" (Pennisetum typhoides) and " ragi " (Eleusine coracana)
are the major crops, next in importance only to rice. Nearly a million tons
of small millets are produced annually. These include Italian millet (Setaria
italica), " pani varagu " (Panicum miliaceum), " samai " (Panicum miliare)
and " kodra " or " varagu " (Paspalum scrobiculatum). These are small
grains which are consumed by the poorer class, principally in rural areas
but not infrequently in towns as well.

Pulses form a useful part of Indian dietary; four species are popular in
India-Bengal gram (Cicer arietinum), red gram (Cajanus cajan), black
gram (Phaseolus mungo), and green gram (Phaseolus radiatus). Lentils,
peas and a variety of beans are also grown. The total production of pulses
inclusive of all kinds is given in the above table, which also contains figures
for unrefined sugar, milk, groundnut, tapioca, etc. A very large proportion
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of the total production of groundnut is used for the manufacture of edible
oil. According to one estimate (Agricultural Marketing Adviser, 1941),
only a little over 8% of the total production is used as food. The total
estimated production of the major foodstuffs for all the States taken together
and expressed per caput per day is given in Table 2.

TABLE 2. DAILY PER CAPUT PRODUCTION OF IMPORTANT FOODSTUFFS
IN SOUTH INDIA

Total production Calories Proteins
Article per caput per day per caput per caput

per day per day
ounces g

(g)

Cereals 13.3 368.54 1 335 32.3

Pulses 0.9 25.51 90 5.9

Tapioca 1.5 42.51 68 0.3

Unrefined sugar 1.2 34.02 120

Milk 2.8 79.38 56 2.5

Groundnut (8.45 % total produc-
tion as human food) 0.2 5.67 32 1.5

Fish * 0.42 11.90 13 2.5

Vegetable oils 0.50 14.17 128

Total 1842 45

* Excluding Mysore, for which figures are not available.

Statistical data for the production of several foodstuffs, such as meat,
beef, poultry, vegetables and fruits, are not available. Hence the totals
arrived at for calories and proteins are probably an under-estimate. On
the other hand, failure to estimate the requirements for seed where grains
are concerned and the use of vegetable oil for purposes not connected with
food is likely to give higher estimates for available calories and proteins.
Although in practice an equitable distribution of food is not possible,
Tables 1 and 2 should indicate that the four States in South India taken
together do not produce sufficient for their needs. The estimates given in
those tables do not include foodstuffs available within the region as a result
of (a) purchase from other Indian States and (b) allocation by the Govern-
ment of India of the quota of imports from other countries.

Vital statistics and health conditions

Reliable information on the morbidity and mortality rates among
children 0-5 years of age was not available. Collection of vital statistics is
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admittedly inadequate in several parts of the country. However, figures
computed from the 1951 census for Southern India (Census of India, 1951)
reveal that the mortality rates in this region are considerably higher in the
early years of life than in certain other countries in the world, as may be
seen from the following tabulation of death-rates per 1000 population in
each specified group:

Age-group
Country or area 0-1 year 1-4 years

South India (1949-50) 162.5 33.5
United States of
America (1950) * 33.0 1.4

Netherlands (1950) * 25.3 1.6
England and Wales (1950) * 29.8 1.4
New Zealand (1950) * 23.3 1.2
Costa Rica (1949) ** 97.0 17.1
Honduras (1950) ** 87.0 15.6

* From Gordon (1953)
* From Autret & Behar (1954)

Thus in South India loss through death of children under 5 years of age
amounts to nearly 20% as against a corresponding figure of less than 3% in
the better-developed countries. No information is available on the causes
of death in these age-groups. However, taking all age-groups together, it
is of some significance to note that diarrhoeas and dysenteries, which
usually precede malnutrition syndromes, ranked second to fevers among
the causes of death (Director General of Health Services, India, 1955).

Methods of investigation

The areas for survey were selected in consultation with the directors of
the health departments in the respective States and the people were con-
tacted mainly through the help of the local officials. Wherever possible,
officials of the community development projects and of the departments of
agriculture, fisheries and animal husbandry were interviewed to obtain
information regarding the regional resources. Home visits were made
whenever necessary to study the actual living conditions of the people
surveyed. Signs and symptoms of malnutrition were recorded at clinical
examinations conducted during the surveys.

One may not encounter frank cases of kwashiorkor in the course of the
field surveys, since they are generally removed to the hospitals for treatment.
It was therefore necessary to examine hospital records in some urban
centres within the region.

Clinical signs such as diarrhoea, enlarged liver, discoloured hair, retarded
growth, etc., which are often associated with states of protein malnutrition,
are all non-specific and if observed singly may not necessarily signify the
existence of protein malnutrition. Hence, in the present study clinical

608



PROTEIN MALNUTRITION IN SOUTH INDAI

examination of children has been only one of the several approaches.
The problem has been investigated from different angles in order to obtain
as much corroborative evidence as possible. The various aspects studied
were: (1) socio-economic and living conditions of the families surveyed,
(2) general food habits, (3) infant care, infant feeding and weaning practices,
(4) food intake surveys among infants and young children, (5) clinical
examination for deficiency signs, (6) heights and weights of children, (7)
determinations of haemoglobin and serum proteins, (8) analysis of hospital
records.

Socio-economic and living conditions

Sample surveyed
Earlier experience had shown that signs of protein malnutrition occurred

most frequently in young children belonging to economically backward
communities. The present surveys, therefore, were confined to children
under 5 years of age in the less-favoured social groups. At least two different
and widely separated areas were visited in each of the four States. Both
rural and urban areas were included and at each place a minimum of
500 children were examined, with the exception of Poonamallee, near
Madras, where only 305 children were examined. The localities where
surveys were done are shown in Fig. 1 and the numbers examined are
shown in Table 3.

TABLE 3. NUMBER OF CHILDREN EXAMINED IN DIFFERENT STATES
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Occupation and income
The occupational composition of the families studied may be tabulated

as follows for urban and rural areas:

Occupation Urban Rural

Labourers 37.3% 45.5%
Tenant cultivators 8.2% 20.0%
Artisans 18.2% 7.2%
Hawkers and petty shop-keepers 6.3% 9.2%
Others (clerks, constables, drivers,

teachers, etc.) 20.1% 14.3%
Fishermen 3.1% 0.1%
Landowners 0.9% 0.4%
Not ascertainable 5.8% 3.4%

Total number examined 2 350 2 185

In the urban areas nearly two-thirds of the population are non-earning
dependants. The urban families surveyed included those of skilled or
unskilled labourers, officials of the lower grades, domestic servants, artisans,
hawkers and petty merchants. A few fishermen's families were also included,
especially in Kerala. In the villages, however, the bulk of the people were
either tenant cultivators or labourers engaged mainly in agriculture. The
sample thus contained a fairly representative cross-section of all the low-
income groups present in the region. Although the occupations of the
people included in the present survey were somewhat divergent, their
incomes were not significantly different. The percentages of families in
different income groups were:

Monthly income Urban Rural
(Rupees)

50 and under 52.6 76.9
51-100 27.2 13.2
101-150 15.3 4.2
Over 150 0.6 0.4
Not ascertainable 4.4 5.3

As a rule, people engaged in agriculture received their wages in kind, the
value of which is somewhat difficult to estimate. Among the rest, the total
family emoluments amounted on the average to Rs 2 per day. In 90% of the
families surveyed, the income was less than Rs 100 per month. In Tiruchira-
palli, however, the sample consisted predominantly of railway workers,
among 60% of whom the monthly income ranged between Rs 100 and
Rs 150.. In general, the economic resources of the families surveyed were so
meagre that inevitable domestic events such as delivery, marriage or sickness
caused several of them to incur debts varying from Rs 50 to Rs 500. In a
few instances, maintenance of livestock was the cause of indebtedness.
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Living conditions
In the rural areas nearly 80% of the people lived in single-roomed,

thatched huts, which were devoid of even the elementary amenities. The
others occupied brick-built, tiled buildings of various sizes. Only a few
families possessed a cot or two. In the majority of families, the young and
old of both sexes lived and slept together in the same room, a corner of
which was set apart for cooking purposes.

In the urban areas, too, a considerable number of the families lived in
huts in the slum districts. The railway workers in Tiruchirapalli and other
town-dwellers occupied houses or tenements with tiled roofs and cemented
floors. Irrespective of the type or location, most of the houses inhabited
by the low-income families were overcrowded, with lighting and ventilation
far below the ideal conditions. Water supply and other sanitary facilities
in general left much to be desired. Many urban areas had protected water
supplies, whereas in the villages water was drawn mainly from wells or
ponds, which were chlorinated only when epidemics broke out. Scavenger-
cleaned latrines were provided in towns, but in villages such facilities were
practically non-existent. The environmental conditions and the personal
habits of the types of families examined were not very dissimilar in the
four States. They were, however, so poor and unsatisfactory that they
would easily initiate and favour the spread of gastro-intestinal or other
infections.

General food habits

Although the people belonged to different linguistic groups, their food
habits were simple and conformed to an almost uniform pattern in all the
areas. They consumed two or three meals a day, consisting mainly of
cooked cereals. Rice was the cereal preferred by many, but it was frequently
replaced in the lean months, partially or wholly, by one of the several
millets already referred to. Food was cooked once or twice a day with as
little equipment as possible, and very few ingredients entered their still
fewer dishes. Rice was usually washed and cooked with adequate amounts
of water till it became soft. The millets were either broken or ground into
flour and then cooked with various amounts of water to make either a
porridge or balls, depending on the local practice. Some, however, preferred
unleavened bread (" roti ") made out of millet flour. One of these staple
items was usually consumed along with a spiced liquid preparation (soup)
in which various quantities of pulses, depending on their availability, were
included.

The commonest among the pulses used were red gram (Cajanus cajan)
and black gram (Phaseolus mungo). The former was used more or less
regularly in the preparation of soup, but the quantities rarely exceeded
2-4 ounces (55-115 g) a day for the whole family. Black gram was used
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along with rice to make " idly " (a steam-cooked cake) or " appam " (a
pancake), which were mainly breakfast items. However, for a majority of
the families these were only occasional features. Other pulses were used in
negligible amounts. The consumption of pulses in Kerala was rather
infrequent.

Vegetables were consumed whenever available, the commonest being
gourds, tubers, " brinjals " (Solanum melongena), tomatoes, whole beans
and some greens. These vegetables were either added to the soup referred
to above, or cooked separately into curries and consumed along with " rotis "
or rice. The quantities were usually small and the frequency varied from
once a day to twice a week.

Several families had a chutney made out of chillies, tamarind and other
spices as a stand-by to be used on days when pulses and vegetables were
not available.

Very few families had religious or sentimental objections to flesh-foods
(except for beef), but in practice none of them consumed these foods with
any regularity; the frequency of consumption varied from once a week to
once or twice a year. The quantities consumed on these occasions ranged
from half a pound to a pound for the whole family. Poultry and eggs were
not usually consumed by this class of people. In Kerala, however, it was
observed that fish (fresh or dried) entered the dietaries of people more
frequently, but in amounts rarely exceeding 2-4 ounces, or 55-115 g, (fresh
weight) per family on any single day except in seasons of glut. The reason
for the low consumption of animal foods must be mainly economic.

The consumption of milk and its products was equally unsatisfactory.
Several families, including a few with cases of kwashiorkor, were found to
possess a milch cow or a buffalo. The yield, however, was generally very
poor, with an average of 2 pounds a day per cow or 4 pounds a day per
buffalo. Nearly 90% of the milk produced in the villages was sold in the
near-by towns and cities, very little being retained by the producers for
themselves. This situation was similar to that of the fishermen in Kerala.
Partly owing to ignorance and mainly owing to economic needs, these
people preferred to convert their protein-rich foods into cash to the detri-
ment of the health of their own offspring.

Ghee (clarified butter) was consumed by a few only. A majority, how-
ever, used vegetable oils in small quantities, mainly for seasoning purposes.
Fruits such as mangoes, guava, papaya and oranges were consumed season-
ally but in negligible amounts. Beverages such as tea and coffee were
popular in all the areas.

This description broadly represents the pattern of food habits of the
people surveyed. However, there were slight differences between the different
areas. In Madras and Andhra Pradesh raw milled rice formed the main
bulk of the food, with millets coming into the picture mainly in lean seasons.
In Mysore, millets were used in the villages more or less regularly irrespective
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of the availability of rice. In Kerala, on the other hand, people usually
preferred parboiled rice. Varying quantities of tapioca and, less frequently,
millets were consumed by several families in Kerala when rice was not
available.

The amount of tapioca included in the diet varied from day to day.
In some seasons, however, it formed a substantial part of the diet of certain
sections of people. Some families appeared to subsist for short periods
solely on this tuber. The choice of tapioca, however, seems to be due to
its easy availability in the region and its low cost.

The dietary needs of the vulnerable groups such as pregnant or lactating
women do not receive any special attention. Infants and young children
are weaned straight on to the adult foods. All members of the family share
the common dishes in quantities which are probably determined by their
availability. As a rule, the wage-earner has preference over the rest.

Infant care, feeding and weaning practices

Infant care
A study of the prevailing social customs and the parental attitudes

towards the care and upbringing of children must be considered important
from two points of view. Firstly, such a study would help in assessing the
role of the various practices in the etiology of protein malnutrition; and
secondly, the information thus gained would also be useful in formulating
appropriate preventive measures.

Although the areas visited were widely scattered, comparatively few
differences were observed in the social customs and practices of the people.
The women from the poorer communities usually worked until late preg-
nancy and returned to work within two or three months after delivery.
When the mothers were at work, the babies were generally left at home
either in the care of a grandmother or, more frequently, in the charge of an
older child. The babies were neither washed regularly nor clothed properly.
The mother might return twice or thrice during working hours to suckle the
baby, but otherwise it was the duty of the older child to feed or pacify the
baby whenever it cried. The feeding was usually carried out with absolute
disregard of the principles of hygiene.
A sick child did not get any better attention. Mild ailments were usually

left unattended to. It was also not unusual to find children suffering from
various infections-diarrhoeas, extensive dermatitis or even nutritional
oedema-being kept at home without proper medical treatment. They
were sometimes treated with traditional household medicines or by tying to
them a variety of talismans, until the disease reached an advanced stage.
Except for smallpox vaccination, which was forced on them periodically
by the public health department, the children received no other prophylactic
inoculations. This apparent neglect on the part of the parents to pay
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attention to the personal hygiene or the health needs of the children must
be attributed chiefly to their ignorance about the proper methods of care
and upbringing. Poverty and the absence of facilities for medical aid in
some villages were also responsible for this state of affairs.

Some of the current beliefs and practices pertinent to the present context
may be discussed here. Several parents knew that some of the commonest

FIG. 2. CHILD FROM ANDHRA PRADESH BRANDED AS "PREVENTIVE" MEASURE
AGAINST ALIMENTARY DISORDERS

and invariable ailments of infancy and childhood were diarrhoeas and
other digestive disturbances. In some places they had even devised their
own preventive measures but unfortunately these were too drastic and
were sometimes even injurious to the health of the child. In many parts of
Andhra Pradesh and Mysore, nearly every newborn child was branded with
a hot needle at several sites on the abdomen in the belief that this would
prevent future gastro-intestinal disturbances by toning up the system
(Fig. 2). Another sad practice was the regular administration of purgatives
with the hope that they would " clear the bowel of its toxic substances ".
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Aloes, mercurial salts, different herbal extracts and pills were commonly
used and the frequency of administration varied from once or twice a day
in infancy to once a week in the older age-groups. This liberal use of
purgatives in the first two years of life must result in perpetuating a state
of chronic intestinal irritation among the recipients. In general these two
practices were more widespread in the rural than in the urban areas. They
were not so frequently resorted to in the State of Madras, while in Kerala
they were practically non-existent.

People in some of the areas appeared to be familiar with the syndrome
now known to the medical world as kwashiorkor. It was known locally
as " nanju " in Andhra Pradesh and " neeru karupan " (meaning derma-
tosis with oedema) in Kerala. People also seemed to be aware that this
disease would accompany or follow attacks of diarrhoea, that it would
occur in the earlier born when a subsequent child arrived and that it could
be fatal. Some people in Kerala must be credited with the observation that
this syndrome was more common among children fed liberally on tapioca
which, therefore, was not freely used in child feeding. It must also be
mentioned here that the interpretation of a situation by these people was
not always correct. If a child developed an attack of fever or diarrhoea
when weaning was attempted, the sickness was immediately attributed to
weaning, which was therefore postponed. There were instances where
development of oedema itself was attributed to the addition of supplemen-
tary foods such as meat, pulse, or rice, and hence these were carefully
avoided. Although some of these customs had roots in ignorance, they now
all have the stamp of tradition.

Infant feeding and weaning habits
Infant feeding and weaning practices adopted in the different States

showed some uniformity. Breast-feeding was the rule among these commu-
nities. Usually, this was started within two or three days after delivery and
was continued into the second and even the third year of life. Owing to the
commonly held belief that there would be no milk flow in the first three
days, the babies were given during this period water with or without sugar,
dilute cow's milk, honey and dates or even small quantities of castor oil
in some of the areas.

Breast-feeding was done on demand and not to any schedule. The
mothers returned home twice or thrice during the working-hours to suckle
their babies, and at other times the latter were put to the breast whenever
they cried. During the nights, the infants usually slept with the mothers
and were suckled ad libitum. The minimum frequency of feeds appeared
to be six times a day; the maximum could not be ascertained. The
frequency decreased as the baby advanced in age.

At the age of 6 months 92% of children were at the breast, and over
50% continued to be suckled up to the age of 18 months. One child in
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every five was at the breast beyond 2 years of age, while 1 in 8 was still
breast-fed even at the age of 21/2 years. However, 98 % of them were fully
weaned by the age of 3 years.

In general, there was a tendency to wean the children at an earlier age
among the urban population. The factors responsible for late weaning in
the rural areas were found to be (a) adherence to local traditions, (b) ignor-
ance on the part of the mothers about the appropriate time for weaning,
(c) prevalence of the belief that the child should pick up food and eat by
itself before it was weaned, and (d) false interpretation of past experience,
an example of which has already been cited.

In spite of the general desire on the part of the mothers to continue
suckling, nearly 30% had to wean their babies fully by the end of one year
and 80% by two years. In the latter part of the investigation, therefore, an
attempt was made to evaluate the reasons, if any, that compelled the
mothers to give up breast-feeding before their children reached the age of
2 years. The information collected at interviews with some 1200 women are
summarized in Table 4.

TABLE 4. FREQUENCY OF CAUSES FOR DISCONTINUING BREAST-FEEDING,
EXPRESSED AS PERCENTAGES

~~~Age of weaning
Cause of weaning Aggregate

under 1 year 1-2 years

Disease or death of the mother 19.6 6.4 11.6

Drying and other natural causes 29.1 25.5 26.9

Pregnancy 46.8 65.0 57.9

Miscellaneous (twins, adoption, etc.) 4.5 3.1 3.7

Total number examined 468 - 738 1 206

In a majority of cases, pregnancy was the factor responsible for the
cessation of breast-feeding in the first and second years of the child's life.
Disease or death of the mother, birth of twins, adoption, etc. were found to
interrupt breast-feeding in a relatively small number. In a little over 25 %
of cases, weaning was due to drying of the breast. It may not be out of
place to mention here that in the group as a whole, one woman in every
five (20 %) became pregnant again within a year after delivery.

Supplementary feeding
Information relating to supplementary feeding was obtained in almost

all the cases. Although, as stated above, prolonged breast feeding was
the rule in all the areas, the age at which supplementary feeding was started
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varied considerably from region to region. Here again the usual tendency
was to start the supplements earlier in the urban areas. The proportion
of children receiving supplementary foods at given ages in the different
areas visited is shown in Table 5.

In all the areas except Hyderabad 74 %-97% of the babies were given
some supplementary food or other during the first year of life. Surprisingly
enough, in Hyderabad less than 5% were fed supplements in the correspond-
ing age-period. The practice in this area, which was probably determined
by tradition, was to start supplementary feeds around the age of 18 months.

TABLE 5. TIME OF SUPPLEMENTARY FEEDING

Percentage fed supplements by the age of:
Area

6 months 12 months 18 months 24 months

When interrogated, the mothers in this region expressed the belief that
there was no need for early supplements since the children were breast-
fed. This is yet another example of ignorance which deserves special
mention, if only to point out that feeding at breast beyond a certain age

may lull the ill-informed mothers into a false sense of security.

Types ofsupplementaryfood

Cereal products or some animal milk were the main foods preferred
for the supplementary feeding of infants in the different regions. The
frequency with which some of these foods predominated is shown in Table 6.
Tradition, cheapness and local availability seem to determine the choice
of food.

In Andhra Pradesh 90% of infants received rice while only 9% received
any milk. In the States of Madras, Mysore and Kerala, however, nearly
25%-50% of babies surveyed were given milk foods. Less than 10% of

Poonamallee 33.6 89.4 96.7 100.0

Tiruchirapalli 42.8 80.5 93.7 99.0

Madurai 56.6 89.6 96.9 100.0

Hyderabad 0.3 4.5 58.0 94.0

Guntur 68.2 96.6 97.0 99.6

Ramanagaram 11.8 74.0 89.0 96.0

Alur 50.7 84.5 92.6 98.6

Malabar 25.2 81.5 92.4 99.8

Trivandrum and Trichur 50.0 93.0 97.6 100.0
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TABLE 6. PERCENTAGE OF CHILDREN RECEIVING DIFFERENT
SUPPLEMENTARY FOODS

Type of food Pradesh Madras Mysore Kerala

Cereals:

Rice 90.0 42.0 44.0 62.0

Millets 0.3 1.0 3.0 5.0

Bakery products 0.5 12.0 1.0 3.5

Total 90.8 55.0 48.0 70.5

Milk:

Animal whole milk * 7.0 27.8 46.3 20.8

Skimmed milk 0.3 0.4 0.9 1.8

Patent milk 0.3 7.2 1.4 0.7

Condensed milk 1.5 1.5 - -

Total 9.1 36.9 48.6 23.3

Other foods:

Tapioca - 0.8 - 3.0

Banana - 2.2 - 2.5

Coffee and tea 0.7 5.2 0.7 1.0

Conjee (gruel) 0.3 1.5 - 0.7

Total 1.0 9.7 0.7 7.2

* Including milk of cow, buffalo or goat

children in Madras and Kerala were fed on other products such as tapioca,
banana, coffee, tea or " conjee " (gruel), which were poor sources of protein.
As pointed out earlier, tapioca, which was a popular item with the adults
in Kerala, was not freely used in infant feeding. Only as the child grew
was tapioca introduced into its diet, always along with some rice.

Slight variations in these trends were encountered in different regions.
The use of locally made bakery products such as rusks and biscuits for
supplementary feeding was popular in Poonamallee. The children spent a
good deal of time eating them and this spared the mothers a lot of trouble.
However, since they were consumed in small quantities only, they could
not be counted upon as sources of nourishment.

The higher rate of milk feeding recorded for Mysore was again due to
the more frequent use of the latter in one of the regions surveyed. In Rama-
nagaram only 300% of children got supplementary milk, while in Alur the
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number receiving it exceeded 60%. Milk produced in the Ramanagaram
area was regularly sold in the city of Bangalore, which was within a distance
of 30 miles (50 km). But in the vicinity of Alur there were no big cities
where a market could be found for the milk, which therefore had to be
consumed locally. However, irrespective of the numbers fed, in none of
these areas were the milk supplements found to be adequate. The quantity
varied from 10 ml to 300 ml a day, given mostly diluted with an equal
volume of water. Milk was soon discontinued in favour of cereals. Pro-
prietary milk preparations were generally not popular, probably because
of their prohibitive cost.

As mentioned already, the cereal foods used for infant feeding were
only those usually consumed by the adults and were given mixed with soup
or cooked vegetables. If the children refused food because of its hot spicy
taste, they were given plain rice only. Most of these supplements were
usually discontinued temporarily whenever the child developed diarrhoea,
fever or other ailments.

Protein and calorie intake of infants and children

A quantitative assessment of the intake of different foods consumed by
the children was made by suitable methods. In sucking children, the intake
of breast milk was estimated by means of a test-feeding technique. The
mother and the child were both admitted to a hospital for a period of

TABLE 7. RESULTS OF TEST-FEEDING OF 184 INFANTS AND CHILDREN

Age-group Number Mean intake of Derived from breast milk*
(months) examined breast milk

(glday) protein (g/day) Icalories per day

0-2 20 530 6 360

3-4 18 640 8 430

5-6 14 730 9 490

7-8 14 660 8 440

9-10 1 7 600 7 400

11-12 30 525 6 350

13-15 11 515 6 350

16-18 29 440 5 300

19-24 14 400 5 270

25-36 1 2 425 5 280

37-48 4 345 4 230

* Protein to the nearest whole number and calories to the nearest ten.
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24 hours. The baby was weighed nude before and after every breast-feeding,
and from the difference in weights thus obtained, the amount of milk
ingested in the course of 24 hours was calculated. A previously weighed
diaper was tied on to the baby, any urine or stool voided during the feeding
was collected and weighed, and appropriate corrections were applied while
calculating the daily intake of breast milk whenever necessary. One hundred
and eighty-four mothers in different stages of lactation and from different
regions visited were included in this study. The results are presented in
Table 7. The calorie and protein contents of breast milk were calculated
from the values obtained by chemical analysis of local samples (M. K.
Ramanathan and K. Someswara Rao-unpublished information, 1953).
That there is no qualitative defect in the breast milk of Indian mothers
from low-income groups so far as the proximate principles are concerned
will be evident from the results given in Table 8. The earlier work of
Srinivasan & Ramanathan (1954) has also indicated that the S-containing
amino-acids in the breast milk of these women occur in quantities com-
parable with those in the milk of European mothers.

TABLE 8. AVERAGE COMPOSITION (gI100 ml) OF BREAST MILK
OF INDIAN WOMEN OF LOW SOCIO-ECONOMIC STATUS

AND OF EUROPEAN AND AFRICAN WOMEN *

Group Number Protein j Lactose ] Fat Total solids

Indian women:
Apparently healthy 20 1.2 6.9 4.1 12.0

(0.9-1.9) (6.0-7.5) (1.8-8.3) (11.0-14.4)

Indian women:
Mothers of children with
kwashiorkor 9 1.2 7.3 4.4 12.8

(1.0-1.5) (6.7-8.3) (2.0-8.3) (11.0-14.5)

European mothers (Gunther, 1952) - 1.2 6.5 3.6 12.0

African mothers
(Dufour & Gourry. 1934) - 1.2 - 4.7 -

(0.3-2.5) (1.1-9.7)

* Figures in parentheses indicate the range.

The average breast milk intake of children at different stages of lactation
is presented graphically in Fig. 3.

During the first 6 months of lactation, there was a steady rise in the
output of breast milk. However, after this age there was a gradual fall in
the milk output regardless of the child's needs. It is interesting to note
that almost 400 ml of milk were secreted even after 18 months. It must,
however, be remembered that only 20% of the babies continued to be
suckled up to 2 years of age. The above results clearly indicate the urgent
need for supplementary feeding from the age of 6 months onwards. It may
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FIG. 3. AVERAGE INTAKE OF BREAST MILK BY INFANTS
AND CHILDREN OF DIFFERENT AGES

26 t I I600

continued solely on breast milk until the age of ll/2-2 years. Obv500

c ~~~~~~~~~~~~~~~~~~400 _
0 16 ~~~~~~~~~~~~~~~~~~~~E

12- ~~~~~~~~~~~~~~~~~~~~~~300

10-

8

1 2 3 4 5 6 7 8 9 10 11 12 24 36 48

Age (months)
WO95

be recalled that in Hyderabad (Andhra Pradesh) a good number of children
continued solely on breast milk until the age of 1!/2-2 years. Obviously
this group was exposed to a severe restriction in dietary intake.

Information on the amounts of supplementary food fed to the babies
was elicited directly from the mothers. Only intelligent and co-operative
mothers were interviewed for this purpose. The actual quantities of foods
consumed by each child were assessed with the help of models of household
utensils which were previously calibrated in the laboratory. This simple
method made it possible to assess the intake with a fair degree of accuracy,
especially when applied to communities, whose diets lacked variety. The
proteins and calories derived from various foods were calculated by referring
to the tables of food values of the Nutrition Research Laboratories, Coonoor
(1956). Since the differences observed between the individual areas were
minor, the results have been grouped for all the States and are given in
Table 9.

The values for the intake of proteins and calories given in this table are
those derived from the supplementary foods only. It should be remembered,
however, that a majority of children up to 18 months of age were also
taking varying amounts of mother's milk. The calorie and protein allow-
ances shown in the two penultimate columns of Table 9 are calculated from
the 1944 recommendations of the Nutrition Advisory Committee of the
Indian Council of Medical Research (see Nutrition Research Laboratories,
Coonoor, 1956). The safe allowances for protein calculated from the report
of the Food and Agriculture Organization's Committee on Protein Require-
ments (1957) are given in the last column. (In calculating these, it was
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TABLE 9. PROTEINS AND CALORIES FROM SUPPLEMENTARY FOODS

Estimated allowances Safe protein
(Nutrition Advisory allowances

Age-group Number Body- Protein Calorie Committee !, (Protein
(months) examined weight intdake inaerday _______ Requirements(konths)examinedwig) (g/day) per day protein calories Committee**)

(g/day) per day (g/day)

0-6 173 - 3.0 90 20 650

7-9 156 6.5 3.3 110 23 750

10-12 374 7.0 5.8 195 25 800 19.1

13-18 522 7.5 7.1 265 26 900

19-24 431 8.3 10.6 380 29 1000 17.9

25-30 356 9.4 12.7 490 33 1050

31-36 448 10.1 16.9 680 35 1100 19.7

37-42 304 11.0 18.1 715 39 1150

43-48 364 11.6 18.7 740 41 1200 20.4

49-54 304 12.3 19.3 775 43 1250

55-60 232 12.8 20.6 830 45 1300 20.0

* See Nutrition Research Laboratories, Coonoor (1956).
** See FAO Protein Requirements Committee (1957).

assumed that India would fall in the category of country B referred to in
that report.) It has also to be stated that all the estimates are based on the
actual average body-weights of children observed during the survey.

In the first six months of life, mother's milk alone would seem to satisfy
the protein and calorie needs of the infant. The allowance for protein
recommended by the Nutrition Advisory Committee of the Indian Council
of Medical Research appears to be unduly high for this period and probably
also for all periods of childhood. The evidence quoted by the FAO Protein
Requirements Committee would indicate that minimum protein require-
ments at birth would be 2.3 g/kg in terms of reference protein, falling gradually
to 1.5 g/kg at 6 months and decreasing further to 0.8 g/kg at 5 years of age.
The Committee has recommended certain corrections to allow for individual
variations and the quality of proteins contained in the diet while estimating
protein requirements. One could draw the following conclusions from the
comparison of the allowances calculated on this basis (last column of
Table 9) with the observed protein intake of children in these studies:
(1) On the assumption that breast milk would provide between the ages of
7 and 12 months an average of 7 g of protein per day, the supplementary
foods were not sufficient to make up the protein deficit in this age-period.
(2) As the breast milk output declined, the quantity of supplementary
foods increased, but both together still fell considerably short where safe
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protein allowances for children up to 3 years were concerned. (3) It was
when the child reached the age of three years that the observed intake came
close to the recommended level.

It has already been mentioned that in estimating the requirements,
actual weights of children formed the basis for calculations. If these were
to be based on ideal weights, the gap between the intake and safe allowances
would be still wider. Further, the recommendations of the FAO Protein
Requirements Committee hold good only if (a) there are no significant
losses of protein through incomplete digestion, and (b) disease and parasitic
infestation are absent. Both these conditions are not likely to prevail in the
children who were surveyed in the study. An additional factor would
therefore be necessary to obtain the level of safe allowances of protein
under these circumstances.

All the above considerations would point to the conclusion that protein
and probably calorie deficiency must exist in these children, particularly
from the seventh month of life and until they are nearly 3 years old, a period
which, as is well known, is characterized by the maximum incidence of
kwashiorkor.

Clinical examination

All the 4536 children contacted in the different areas were submitted
to a careful clinical examination with special reference to signs and symptoms
of kwashiorkor. This was usually preceded by an inquiry into the previous
health status of the child and its siblings. History of diarrhoea and more
particularly of oedema accompanying or following attacks of diarrhoea
was especially sought for. The results indicated that such oedema occurred
at some stage of childhood in more than 12% of the siblings of the children
examined. Some 10 %-12 % of the siblings died of either diarrhoea or
oedema or both. A positive history of diarrhoea, off and on, was obtained
from 25 % of the children examined, and 2 %-5 % had suffered earlier from
one or more episodes of oedema.

The children examined were of both sexes and nearly all of them were
under the age of 5 years. In general they looked undersized for their age.
A majority of children was presented for examination without any clothing,
while a few others were clad only scantily. The skin, particularly of the
hands, feet and face, was usually found to be very dirty. Scabies, extensive
coccal dermatitis, conjunctivitis and nasal catarrh were observed with
varying frequency in the different areas. Some 12 %-18 % of the children
were said to be suffering from diarrhoea (more than four loose stools a
day) at the time of examination.

The signs of protein malnutrition looked for in the children were derma-
tosis, hair changes, hepatomegaly and moon face. Oedema associated
with diarrhoea and one or more of the above signs was included under the
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term kwashiorkor. The incidence of these signs in the different regions is
shown in Table 10.

Dermatoses

The commonest of the non-inflammatory skin lesions, and one which
was observed in nearly 60 %-70 % of children in all the areas, was dry and
inelastic skin, mainly on the extremities and occasionally on the trunk.
It was difficult to interpret this sign correctly since most of these children
were constantly exposed to dirt and were rarely washed. The typical
" crazy pavement " lesions confined to the napkin area or other flexor
aspects were observed in six cases only; in all of them, the condition was
associated with some degree of oedema. Another type of skin lesion cha-
racterized by multiple punctate spots, distributed mainly along the thighs,
was also seen associated with the oedematous stage in two of the cases.
No other pigmentary or vascular disturbances were met with in these groups.

Hair changes

Sparseness and dyspigmentation of the hair, especially at the tips, were
observed in all the regions. Their incidence, however, varied widely, the
highest being in Andhra Pradesh and the lowest in Kerala. Sparseness
was encountered less frequently than dyspigmentation. The dyspigmented
hair was usually fine and dry. Some of the parents traced the pigmentary
hair changes to a recent attack of fever or diarrhoea. A few of them,
however, stated that the dyspigmented or light-coloured hair was present
from birth. Coppery-red discoloration of the hair tips was sometimes
observed, even among the mothers who accompanied the children. Some of
the children showing these hair changes were found to be apparently healthy.

Hepatomegaly

Enlargement of the liver two fingers or more below the costal margin
and firm on palpation was considered abnormal. Hepatomegaly was
frequently met with in Madurai and to some extent in Hyderabad. Spleno-
megaly was not an associated feature. The prevalence of hepatomegaly
was lower in areas where larger numbers of cases of kwashiorkor were
encountered. However, in some cases showing liver enlargement, a positive
history of diarrhoea in the recent past was not uncommon.

Moon face

A puffy, round face with the cheeks bloated beyond the level of the alae
nasi is often encountered in India in association with kwashiorkor (Venkata-
chalam, Srikantia & Gopalan, 1954). Its recognition is not difficult when
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the condition is fairly advanced. In the present survey, however, a chubby
round face with raised cheeks in a child with relatively thin and spindly
limbs was taken as an evidence of moon face. Its prevalence was relatively
high among the children in the Hyderabad area.

It is difficult to assess the significance of the above signs (hair changes,
hepatomegaly and moon face) in the evaluation of the state of protein
nutrition, especially when they occur singly. As the following figures
show, the average haemoglobin and serum protein values of children
showing these various signs did not significantly differ from those of children
exhibiting no such signs:

170 children 480 children
with signs without signs

Mean haemoglobin
(g per 100 ml) 10.3 10.8

Total serum protein
(g per 100 ml) 6.5 6.6

Albumin (g per 100 ml) 3.3 3.4
Globulin (g per 100 ml) 3.2 3.2

Nevertheless, the frequent occurrence of these signs among popu-
lations in whom kwashiorkor is commonly encountered is a noteworthy
feature.

Kwashiorkor

In spite of the fact that florid cases of kwashiorkor were generally
removed to hospital for treatment, a varying number of them was always
encountered in every one of the regions visited. In all, 38 such cases were
seen at their homes without any medical attention. Lack of awareness
on the part of the mother, lack of medical facilities in the vicinity and
occasionally lack of accommodation in the hospital were found to be
responsible for the detention of these cases at home.

Emaciation

Mild and moderate degrees of emaciation were a common feature in ail
the areas. However, advanced emaciation (marasmus) was encountered
in 75 cases, i.e., in 1.7% of the children examined, as against oedema,
which was observed in 38 children only. These cases usually exhibited a
gross atrophy of both the subcutaneous and the muscle tissues.

It is not clear why certain cases of malnutrition develop oedema without
obvious wasting, while others go to extreme emaciation. It is also not
uncommon to find one phase merging into the other. It is, however, interest-
ing to note that both these types of case occurred frequently in communities
whose diets are inadequate in both calories and proteins.
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Vitamin deficiencies

Among the other deficiency signs, those of avitaminosis A predominated
in all the areas except Kerala. Angular stomatitis, which came next in
order of frequency was, however, lowest in Mysore. Frank scurvy and
rickets were uncommon in any of the regions.

In summary, it may be stated that diarrhoeas and dysenteries were
the commonest complaints among the groups surveyed. Signs such as
dyschromotrichia, hepatomegaly and moon face were found to occur with
varying degrees of frequency. The frequency of these three signs was uni-
formly high in the Hyderabad area, where the dietaries of infants were
relatively less adequate than in other regions, especially at 6 months to
2 years of age. In the other areas, there was no regular or consistent rela-
tionship in the frequency of the different signs. Frank cases of kwashiorkor
were seen in all the areas. However, the number met with in the field was
not high in areas where facilities for hospitalization of such cases existed.

Heights and weights

Growth retardation affecting both weight and height is usually con-
sidered one of the earliest signs of protein malnutrition. Hence, heights
and weights were measured in all the children included in the study. No
gross differences were observed in the average values of groups of child-
ren obtained from the different regions. The height and weight averages,
worked out separately for the children examined in each of the four States of
Southern India, are compared with the American standards for the USA
(Watson & Lowrey, 1951) for the corresponding age-groups in Fig. 4 and 5.

Extreme retardation in growth is only too obvious from the above
charts. Even the lowest percentiles of the children in the USA were consi-
derably higher than the average curves obtained in the present study. The
degree of retardation in growth of the Indian infants was, however, not so
great in the early periods of infancy. The retardation became more and
more apparent as the child was switched over gradually to mixed feeding.
The low protein intake of children, which was more obvious after weaning,
would seem to affect their subsequent growth rather adversely.

Considerable emphasis has been laid in the preceding pages on the
inadequacy of dietary protein. It will have become clear from Table 9
that the diets were inadequate from the standpoint of calories as well.
Considering the types of foodstuff entering into the diets and their inade-
quacy, it is more than probable that dietary deficiencies of minerals and
vitamins must have also existed simultaneously. In fact, the frequent
occurrence of such signs as angular stomatitis and Bitot's spots in all the
areas (Table 10) does indicate that other nutritional deficiencies existed in
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TABLE 11. HEIGHTS AND WEIGHTS OF CHILDREN FROM
LOW SOCIO-ECONOMIC GROUPS IN SOUTH INDIA

Boys Girls
Age-group
(months) number average height average weight number average height average weight
______-_ examined (cm) (kg) examined (cm) (kg)

0-3 60 56.2 4.5 79 54.2 4.1

4-6 137 62.1 5.9 168 60.2 5.4

7-9 142 65.2 6.5 131 63.5 6.3

10-12 252 68.4 7.2 220 67.5 6.7

13-18 309 73.1 7.9 316 71.7 6.9

19-24 250 77.8 8.7 216 75.4 7.8

25-30 216 77.0 9.7 187 78.7 9.0

31-36 225 84.9 10.3 266 82.0 9.9

37-42 195 86.1 11.2 143 86.0 10.6

43-48 217 90.4 11.7 178 90.4 11.5

49-54 166 94.8 12.7 146 93.0 11.7

55-60 162 97.6 13.0 120 96.5 12.5

Total 2 331 - - 2[ 170 - -

their diets. The retardation of growth discussed in this section must there-
fore be considered as the over-all effect of all the various deficiencies, any
one of which by itself is quite capable of affecting growth.

As a rule, in all the areas surveyed, boys were found to be slightly
taller and heavier than girls of the same age. Since there were no significant
differences between the areas, the data from all the regions have been amal-
gamated and are presented in Table 11 according to age and sex.

Haemoglobin and serum proteins

Haemoglobin, total serum proteins, albumin and globulin were esti-
mated on a sub-sample of at least 20% of the children examined in the
different areas. Haemoglobin was estimated in a photo-electric colorimeter
by Wong's (1928) oxyhaemoglobin method. The results of haemoglobin
determinations in the various regions are given in Table 12.

The haemoglobin values for the different age-groups were uniformly
low in all the areas. It is interesting to note that in the Hyderabad area,
where the infant-feeding technique was faulty and the food intake low, the
haemoglobin values were the lowest.
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TABLE 12. AVERAGE HAEMOGLOBIN (g/100 ml) OF CHILDREN FROM
DIFFERENT PARTS OF SOUTH INDIA AND NUMBERS SEEN

0-12 months 13-24 months 25-36 months 37-48 months 49-60 months

No. Hb No. Hb No. Hb No. Hb No. Hb

Madras:

Tiruchirapalli 6 10.3 22 9.7 17 9.6 25 10.0 26 10.4

Madurai 47 11.7 27 11.4 38 11.1 29 12.2 29 11.3

Andhra Pradesh:

Hyderabad 8 8.3 23 7.7 30 8.1 31 9.1 17 8.9

Guntur 21 10.9 32 10.6 14 11.1 11 10.1 24 10.7

Mysore:

Ramanagaram 14 9.7 32 9.7 42 10.2 22 10.4 25 10.9

Alur 13 10.6 21 10.6 27 11.4 16 11.5 20 12.2

Kerala:

Trivandrum 7 11.9 27 11.2 25 11.7 29 11.8 24 12.1

Malabar 14 9.6 32 10.0 37 10.1 53 10.5 33 10.3

Malaria had been effectively controlled in all the areas under survey.
Even in the once endemic area of Alur, the spleen rate at the time of the
survey was only 0.5 %. Hookworm infestation in this age-group is usually
low. A single stool examination was carried out on each of 180 children,
mainly from Tiruchirapalli and Trichur areas, which revealed a hookworm
prevalence of 1 %. In view of these considerations, the mild degree of
anaemia widely prevalent among these children is probably attributable to
malnutrition.

Serum proteins were determined by the Biuret method, colour being
read with a photo-electric colorimeter. Fractionation of proteins was
effected by a 28 % sodium sulfite solution (Cohn & Wolfson, 1948). (Unfor-
tunately, owing to certain unsuspected errors in the technique of estimation,
the results from the Hyderabad area have had to be excluded from this
report.) As the results did not vary significantly from area to area within
a State, they have been combined and are presented separately for each of
the States in Table 13.

In the absence of comparative data on serum protein and its fractions
determined by the same techniques on a large number of healthy children
from the well-to-do communities, it is difficult to interpret the results
obtained in the present investigation. The levels of the total serum proteins
in the present series, however, would seem to fall within the normal range.
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On fractionation, it was found that the albumin values, which ranged
from 3 to 3.7 g per 100 ml, were somewhat lower than normal. The
albumin: globulin ratio was in the range of 0.8-1.1, which, in view of
the method adopted, was not unduly distorted (Wolfson et al., 1948;
Jager et al., 1950). However, an analysis of a small number of blood
samples from children of economically well-to-do families by the same
methods revealed that the serum albumin values among the latter were
usually over 4 g per 100 ml. Probably the relatively low albumin values
observed in the present series are also a reflection of the chronic protein
deprivation to which the children were subjected.

Since the average values mask the pattern of distribution of protein
levels in the communities, an attempt is made in Table 14 to show the
proportion of children whose serum protein and albumin values were
below 6.0 g per 100 ml and 3.0 g per 100 ml respectively.

TABLE 14. PERCENTAGE OF CHILDREN WITH LOW SERUM PROTEIN

Madras Andhra Mysore 1 Kerala

Serum protein

5.1-6.0 g/100 ml 22.6 30.4 28.1 10.5

5 g/100 ml and below 0.5 2.9 3.3 1.2

Albumin

2.1-3 g/100 ml 18.5 38.0 32.4 20.8

2 g/100 ml and below 0 2.0 4.4 1.2

In a considerable proportion of apparently healthy children in all the
areas, the serum protein and albumin levels were reduced below the normal
range.

Evidence from hospital records

Field surveys are usually adequate for a study of the prevalence of mild
and subclinical manifestations as also for the evaluation of the attendant
circumstances that influence the occurrence of a disease in a community.
They fail, however, to determine the true prevalence of any clinical syn-
drome that requires hospitalization for treatment and subsequent manage-
ment; a scrutiny of the hospital records becomes necessary for assessing this.

In the course of the present surveys, therefore, attempts were made to
collect records on the prevalence of kwashiorkor from a few hospitals.
in Southern India. The information obtained from some of the hospitals
with special paediatric services is presented in Table 15.
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TABLE 15. PREVALENCE OF KWASHIORKOR IN SOUTH INDIA
AS SEEN FROM HOSPITAL RECORDS

.___________________________ 1Kashiorkor
Total admissions

Place and hospital Communicator Year children
admitted percentage

number of total
admissions

Madras:

Government General
Hospital, Madras S. T. Achar 1949-53 - 1 201 11.0

Andhra Pradesh:

Niloufer Hospital,
Hyderabad Harish Chandra 1954-55 1 569 260 16.6

Osmania General Hospital,
Hyderabad G. P. Rao 1956 2233 202 9.0

Mysore:

Curzon Hospital, Bangalore V. R. Naidu 1954 934 63 6.7

Curzon Hospital, Bangalore V. R. Naidu 1955 732 31 4.2

Kerala:

S.A.T. Hospital,
Trivandrum Omana Cherian 1956-57 5 180 61 1.2

Despite the fact that not all cases reach the hospitals, kwashiorkor
constitutes 5%-16% of the paediatric in-patient admissions. In Kerala,
the prevalence observed in the field surveys was greater than the hospital
admission rate. This is probably due to selective admission of cases. In
all the hospitals listed here one could easily find ten or twelve cases being
treated on any single day in certain seasons (Fig. 6 and 7). The hospital
records thus show that kwashiorkor is one of the major paediatric problems
in the States of Southern India.

Protein Malnutrition Syndrome and Contributing Factors

Evidence presented in the preceding pages should indicate the extent
of the problem of protein malnutrition. It is difficult to make a statement
on the exact prevalence of the protein malnutrition syndrome in the popula-
tion under survey; one can only make an intelligent guess at the probable
numbers. Based on the census of 1951, the total number of children under
the age of 5 years in South India is estimated to be 14.2 million. As revealed
by the national sample survey nearly 86% of the people belong to income
groups of the type included in the study (less than Rs 100 per month). If one
assumes that the birth-rates among different economic groups are equal,
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FIG. 6. A CASE OF
KWASHIORKOR
WITH DERMATOSIS
FROM SOUTH INDIA

FIG. 7. A CASE OF
KWASHIORKOR

WITHOUT DERMATOSIS
FROM SOUTH INDIA
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then the number of children belonging to the low-income groups would
amount to about 12 million. Even taking the incidence at its lowest as 1 %,
one can conclude that the probable number of frank cases of kwashiorkor
in the region might exceed 120 000 at any given time.

Among the contributory causes the following may be briefly discussed:

Poverty. Economic poverty is undoubtedly the most important cause
for this sad state of affairs. As has been stressed, the income of nearly
90% of the families was below Rs 100 per month. Even if the whole amount
were spent on food alone, it would still be inadequate to meet the nutritional
requirements of the members of the family, who sometimes numbered up to
ten. The families of children who manifested oedema or marasmus seem to
be particularly poor. None of the families with oedema cases had a monthly
income of more than Rs 50, the average being Rs 33, and 82% of the
families of marasmus cases had monthly incomes below Rs 50. These facts
highlight the role of poverty in protein malnutrition.

Ignorance. Customs and traditional practices, which are adhered to
mainly through ignorance, are responsible for the faulty feeding habits
prevalent among these communities. Inappropriate choice of the supple-
mentary foods, avoidance of protein-rich foods, especially when the child
is ill, and continued administration of purgatives are only a few examples
of such practices. The influence of ignorance and taboos is also well illus-
trated by the observation that some of the families in which cases of
kwashiorkor occurred were in fact producers of protein-rich foods such as
milk or fish, but these were not given to the needy children.

In a few families seen in the survey, ignorance was something more
than mere lack of awareness of facts; even if the facts were presented, it
is doubtful whether these families would derive any benefit from them.
Their faith in tradition is so firm that it is difficult to convince them with
facts. This point must be borne in mind when preventive programmes are to
be carried out.

Poverty and ignorance are the two basic factors also responsible for
the other attendant conditions witnessed in the field, such as the unhygienic
living conditions, the inadequate child care and the indifferent attitude to
the child's needs. The individual role of these two factors is, however,
difficult to assess.

Infections and infestations. Whatever might be the determining factors
for the occurrence of particular infections, those infections were usually
the episodes that triggered off an attack of frank kwashiorkor. One can
easily understand the part played by the gastro-intestinal infections and
infestations in this regard. Nearly 25 % of the children examined gave a
history of frequent attacks of diarrhoea, while 12 %-18% of them were
suffering from diarrhoea at the time of examination. Another interesting
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feature was the part played by parenteral infections. It was reported rather
frequently that a mere attack of fever without any diarrhoea brought forth
dyspigmentary hair changes, or even oedema. Probably the nutritional
status of the children was so marginal that even quite minor infections
sometimes resulted in acute clinical deficiency.

Comparison with Findings in Africa and Central America

A comparison of the results of the present survey with those of earlier
surveys carried out by Brock & Autret (1952) in Africa and Autret & Behar
(1954) in Central America is interesting, in that it brings to light certain
similarities and differences in the conditions obtaining in these areas. It
should, however, be borne in mind that the conclusions of the present
survey were based mainly on detailed observations in the field, whereas
those in the African and Central American surveys were drawn from
extensive discussions with local authorities supplemented with limited field
observations.

In all three areas, protein deficiency was found to be mainly a problem
of the economically less-favoured sections of the society. There were
certain similarities in the dietary habits and infant feeding and weaning
practices regardless of the religious or the cultural background of the
communities among whom the protein malnutrition syndrome was fre-
quently encountered. The dietaries of these people were largely made up of
carbohydrate-rich foods such as rice, millets, maize, manioc, yams, bananas,
etc. Protein foods of vegetable or animal origin rarely entered the dietaries
of the poorer families. Although the foods included in the Central American
diets showed a wider variety, they were consumed in quantities that were
obviously inadequate to meet the individual requirements. The problem
of seasonal shortages of the commonly used foods is reported to be quite
acute in certain parts of Africa. No mention of " hungry months " occurs
in the report on Central America, and in Southern India, although several
families had to substitute millets for rice in the lean season, " hungry
months" as such were not usually encountered. Families with a very
meagre income, however, led a hand-to-mouth existence all round the year.

With the exception of the white population in Costa Rica, prolonged
breast-feeding of infants was a fairly common practice in all the regions.
Although the age of infants and of supplementary feeding and weaning
varied from place to place, there was a striking similarity in the choice of the
foods used in infant feeding. Only those foods which according to the
parents would be easy to digest were freely used. They invariably included
starchy gruels or the usual cereal foods consumed by the adults. Small
quantities of dilute milk were received by a few only. Records of indi-
vidual intake obtained in the different regions clearly revealed a primary
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deficiency of protein in the diets of children from an early age. Poverty,
ignorance and blind adherence to tradition were the factors common to
all the areas in perpetuating such faulty dietary practices.

Among the contributory factors, diarrhoea was found to be more or
less of equal importance in South India and Central America. Its prevalence
in Africa was variable, and it was mild unless an infection was super-
imposed on it. Parenteral infections precipitating the syndrome were reported
to a variable extent in all the three regions. A frequent association with
intestinal parasitism, particularly ascariasis, was also observed in all the
areas. Malaria as a contributory factor was met with mainly in certain parts
of Africa.

It is not possible to make any valid comparisons between the three
regions regarding the prevalence of the syndrome or its various associated
signs, since the methods of survey in India on the one hand and in Africa
and Central America on the other were different. It may, however, be
pointed out that 40% of children manifesting the syndrome were over
4 years of age in Central America whereas in South India and Africa a
great majority of them were below this age. No satisfactory explanation
can be advanced for this difference. Dyspigmentary hair changes were
stated to be more striking among the African infants. In the present survey
such changes were observed in a considerable number of children, and in
quite a few they were brought forth by an earlier attack of diarrhoea.

Vitamin deficiency signs occurred with variable frequency in the different
countries. In the African survey " manifest evidence of vitamin-A or
thiamine deficiency was not seen in association with the basic syndrome"
(Brock & Autret, 1952), whereas in Indonesia 70% of cases of kwashiorkor
exhibited xerophthalmia (Oomen, 1953). In the present survey, about
7% of children examined had signs attributable to deficiency of vitamins A
and or B-complex: their association with protein deficiency would seem
to be only casual. In Central America, however, dietary surveys and blood
analyses showed that children with the latter syndrome suffered from a
certain degree of vitamin C deficiency.

Compared with the European or North American standards, the weight
curves of children from South India, Kampala (Africa), and Guatemala
(Central America) showed a marked retardation from the age of 6 months
onwards, but this retardation was more severe among the South Indian
children. No differences were, however, obvious in the weight curves of
infants from the different areas up to the age 6 months. The evidence would
thus seem to indicate that malnutrition is probably more severe in the
subjects included in the present survey. In fact, Autret & Behar did state
that severe forms of the syndrome were less common in Central America,
which fact they attributed to better diagnostic facilities in that region.
They also stated that judging from the living conditions and other adminis-
trative and technical services available, it should be possible to prevent
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the occurrence of the syndrome in a relatively short period of time in that
part of the world. It may not be out of place to mention here that from
the standpoint of potential land resources, too, the other two regions are
in an advantageous position, since they are not as thickly populated as
South India.

RESUME

Une etude sur la malnutrition proteique a e menee, avec l'aide de l'OMS, dans dix
regions du sud de l'Inde, A savoir les Etats de Madras, d'Andhra, de Pradesh, de Mysore
et de Kerala. Un examen de la situation agricole avait montre que la production alimen-
taire dans cette region etait dans l'ensemble inadaptee aux besoins des habitants.

La malnutrition predominant surtout dans les classes pauvres, les etudes furent limi-
tees aux familles dont le revenu mensuel etait inferieur A 100 roupies; elles representent
en fait, d'apres un recent releve, a peu pres 86% de la population.

Les conditions de vie des sujets etudies s'avererent tres precaires, la surpopulation
s'accompagnant d'une absence presque totale des commodites de vie les plus elementaires.

Les modes d'alimentation etaient des plus simples: consommation importante de
cereales, tres reduite de legumineuses et de legumes, exceptionnelle d'aliments tels que
les aeufs, la viande et le lait. On ne semblait pr&er aucune attention particuliere aux
groupes les plus vulnerables de la communaute et a cet egard, les nourrissons et les
enfants d'age pre-scolaire etaient probablement les plus touches.

Chez 4536 enfants d'age prescolaire, les auteurs etudierent la ration alimentaire
individuelle, pratiquerent des mensurations et des examens cliniques visant surtout a
depister les signes de malnutrition proteique. Chez plus de 750 enfants de diff6rentes
regions, on effectua le dosage dans l sang des proteines seriques totales, de l'albumine,
des globulines et de l'hemoglobine.

Dans toutes ces regions, les nourrissons etaient habituellement nourris au sein pendant
tres longtenmps. Bien que le lait maternel se soit montre en general d'une qualite satisfai-
sante, la quantite en etait tres reduite A partir du sixieme mois. En beaucoup d'endroits,
a cet age, les nourrissons recevaient une alimentation complementaire, le plus souvent
inadequate en qualite et en quantite. Lcs etudes de la ration alimentaire individuelle reve-
lerent des insuffisances caloriques et proteiques aussi bien dans les regimes des nourris-
sons que dans ceux des enfants; il existait sans doute bien d'autres carences alimentaires.

Les mensurations ponderales et staturales montrerent, de toute evidence, de tres impor-
tants retards de developpement apres le sevrage. Les examens cliniques revelerent tres
frequemment l'existence des sympt6mes lies aux etats de malnutrition proteique: pres de
20% des enfants se plaignaient de diarrhee au moment de l'examen, la dyspigmentation
des cheveux, l'hepatomegalie, la facies lunaire se retrouvaient dans 1-25 % des cas dans
les differentes regions etudiees. 1-1,70% des enfants examines etait atteint de kwashiorkor
et d'athrepsie infantile typiques. Par ailleurs, d'autres signes d'avitaminose tels que la
stomatite angulaire, la xerophtalmie avec taches de Bitot furent souvent observes dans
toutes les regions.

Le dosage des proteines dans le sang montra que le taux des proteines totales etait
souvent inferieur A 6 g % chez plus de 1/5 des enfants examin6s. 20-40% d'entre eux avaient
un taux d'albumine serique inferieur A 3 g %. Dans quelques-uns des plus grands hopi-
taux, 5 A 6% des admissions d'enfants etaient dues au kwashiorkor.

Ainsi les etudes dietetiques, les mensurations, les examens cliniques et les dosages
des proteines dans le sang montrerent la grande frequence de la malnutrition prot6ique
chez les enfants des communautes pauvres de l'Inde du Sud. 11 est probable que la pau-
vrete et l'ignorance sont les causes principales de modes d'alimentation defectueux et
de traditions insalubres. Ce sont egalement les conclusions de Brock & Autret et d'Autret
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& Behar qui ont etudie le meme probleme en Afrique et en Amerique centrale. Sur bien
des points, les resultats de leurs enquetes sont les memes que ceux des auteurs. On peut
cependant noter qu'en Amerique centrale, 40% des enfants qui presentent un syndrome
de malnutrition proteique sont ages de plus de 4 ans. Les signes d'avitaminose associ6e
sont de frequence variable: dans l'enquete effectuee en Afrique, l'avitaminose A n'etait
pas associee au syndrome de malnutrition proteique (en Indonesie au contraire, dans
70% des cas de kwashiorkor existaient des signes de xerophtalmie); les auteurs de l'en-
quete dans le sud de l'Asie trouv&rent chez 70% des enfants examines des signes d'avita-
minose A ou B mais cette association paraissait accidentelle; en Amerique centrale, les
signes d'avitaminose C sont frequemment associes au syndrome. Les formes s6vEres de
malnutrition proteique sont plus rares en Amerique centrale, ceci etant probablement do
a la possibilite de poser un diagnostic precoce. L'existence de services administratifs et
techniques doit permettre, semble-t-il, a I'avenir, de prevenir 1'apparition de ce syndrome.
Il est certain que dans le sud de l'Inde la surpopulation est un facteur trbs defavorable.
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