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PROTEIN AND FAT BALANCE STUDIES IN CHILDREN RECOVERING FROM
KWASHIORKOR*

by
UNa RoBINSONT, MoIsés BEHAR, FERNANDO VITERI, GUILLERMO ARROYAVE and NEVIN S. SCRIMSHAW
(Institute of Nutrition of Central America and Panama (INCAP) Guatemala, C. A.)

The clinical, biochemical and physiological characteristics of kwashiorkor have
received wide-spread attention, and have been the subject of several reviews (TROWELL,
1954 ; Conference on protein malnutrition, 1953 ; SCRIMSHAW et al., 1956). However,
most studies have been confined to the acute and initial recovery stages of the syndrome.
Despite the fact that the successul rehabilitation of children with kwashiorkor requires
long and costly hospital treatment, little information is available on the metabolic charac-
teristics of children in the late stages of recovery.

The amount of protein and fat and the number of calories per kilogram of body weight
which will produce optimal recovery are also uncertain. Furthermore, there is little
information as to how much the diarrhoea, which the child recovering from malnutrition
frequently acquires in an open pediatric ward, affects recovery.

HoLeEMANS and LAMBRECHTS (1955) have studied the nitrogen retention of children
recovering from kwashiorkor on daily protein intakes ranging from 0.5 to 7.8 gm. per
kg. of body weight and found that within this range the amount of nitrogen retained
increases with the amount of protein fed. GOMEZ et al. (1956) have reported a linear
relationship in children with kwashiorkor between the amount of protein consumed and
both the nitrogen absorbed and retained within a range of 2.2 to 4.1 gm. per kg. of milk
protein. However, absorption and retention of nitrogen were both relatively poor on
similar children fed corn and beans. GOMEZ et al. (1956) have also reported the absorption
of fat to be reduced in such cases but to improve steadily as recovery occurs. The only
data on children in the late recovery phase are those of DEAN (1953) who reports the absorp-
tion of nitrogen and fat in three cases to be still somewhat reduced.

The present paper presents the results of 12 periods of metabolic study in four children
who were in the stage of late recovery, or what is referred to by Brock et al. (1955) as
*“ consolidation of cure.” Although more cases must be studied in order to resolve the
uncertainties mentioned, the data reported are already helping to improve the management
of our patients with kwashiorkor and provide suggestions of value for public health
programmes directed toward the prevention of protein malnutrition.

* Assisted by Grant-in-aid No. A-981 from the National Institute of Arthritis and Metabolic Diseases
of the United States Public Health Service, and by funds from the World Health Organization and the
Williams-Waterman Fund of the Research Corporation.

T Professor of Home Economics, Indiana University, Bloomington, Indiana, and Visiting Investigator,
INCAP, February-July, 1956. INCAP Scientific Publication I-63.
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MATERIAL

Four children were admitted to the hospital with moderate or severe kwashiorkor. In each case
their signs and symptoms included growth retardation, oedema, apathy and anorexia, skin and hair changes
and diarrhoea. Biochemical findings included lowered blood serum protein and albumin and reduced
activity of serum amylase, pseudo-cholinesterase and alkaline phosphatase. They had completed initial
recovery on a mixed diet highin milk protein and were gaining weight at the time that the metabolic balance
studies were begun. Other pertinent clinical data for each case can be summarized as follows :

F.A., a boy aged 2 years and 7 months, was admitted with severe kwashiorkor 10 weeks before the
first balance period. He had been hospitalized for the same condition one year previously. On admission
he weighed 9.8 kg. and dropped to 7.0 kg. with the loss of oedema. His height was 77.5 c.m.

F.C., a boy aged 8 years and 11 months, was admitted with moderately severe kwashiorkor 6 weeks
before the first balance period. His weight on admission was 18.3 kg. and dropped to 12.1 kg. with the
loss of oedema. His height was 104 cm,

T.A., a boy aged 1 year and 5 months, was admitted with severe kwashiorkor of a pronounced marasmic
type 6 weeks before the first balance period. On admission his weight was 7.4 kg. and dropped to 5.6 kg.
when all oedema was lost. The child was still thin and gaining weight slowly when the metabolic studies
were begun. His stools were semi-formed and numbered 5-6 per day. He developed bulky stools during
the first balance period but these improved during the second and his rate of weight gain increased. Pre-
sumably, due to the drastic drop in the amount of protein given to him, his weight decreased during the
adaptation period preceding the third balance trial, but remained stable from 3 days before the trial was
actually begun until the experiment ended.

R.L., a girl aged 5 years and 11 months, was admitted 4 weeks before her first balance period with
mild kwashiorkor of long standing. Her initial weight was 14 kg. but dropped to 11.6 kg. when her oedema
was lost. Her weight was 100.5 cm. Her recovery was clinically and biochemically well advanced at the
time of the first trial period and her clinical recuperation was considered complete 8 weeks after admission.

METHODS

In order to insure complete collection of urine and faeces during each five-day balance period, the two
older children were closely supervised and the two younger ones strapped in a specially adapted bed. The
urine was collected under toluene in flasks surrounded by ice. Faeces were collected in a small pot and
subsequently washed with distilled water into a glass jar. Both urine and faeces were refrigerated or frozen
daily until the collection was completed and the analyses could be done on the composite 5-day sample.
One hundred mg. of carmine were administered with the first meal of the period and the collection begun
when the dye appeared in the faeces. Five days later an equal amount of carmine was given and the col-
lection of faeces terminated when red stained stools appeared.

The diet ingredients were weighed with an accuracy of 0.1 gm. and a one-tenth aliquot of each food
set aside in the refrigerator for subsequent analyses, Nitrogen was determined in the diet, uring and faeces
samples by the Kjeldahl method (HamiLToN and SiMpson, 1946) and fat by that recommended by the
A.0.A.C. (1950).

The dietary intakes of protein and calories were designed to meet specific levels considered desirable
for the study. The food composition values obtained by INCAP (1953) were used for these calculations
which, in general, agreed well with the analytic values for the whole diet. Caloric adjustments were made
by varying the quantities of sugar, corn starch and fat included in the diet. During the period of the
metabolic studies all children received a vitamin mixture daily which supplied : Vitamin A, 5,000 1.U. ;
Vitamin D, 1,000 I.U. ; Thiamine HCI, 1.5 mg. ; Riboflavin, 1.2 mg. ; Niacin, 10 mg. ; Ascorbic
acid, 50 mg. ; Pyridoxine HC1, 0.5 mg.

The nitrogen absorbed was calculated as equal to the nitrogen intake minus the nitrogen excreted
in the faeces. The nitrogen retained was assumed to be the quantity absorbed less that excreted in the
urine. In accordance with MaAcy (1942) and ALLisoN (1955), but in contrast to HOLEMANS and Lam-
BRECHTS (1955), no correction for faecal nitrogen was made in calculating the nitrogen absorbed.

RESULTS

The amount of protein, fat and calories consumed per kg., the amount of protein
per 100 cal. and the body weight and clinical status in each period are shown in Table I
together with the data on nitrogen and fat absorption and nitrogen retention. When
recovery was progressing satisfactorily, the absorption of nitrogen was high but the retention
varied from 16.4 to 52.9 per cent. The milligrams of nitrogen per kilo actually retained
ranged from 95 to 259. Under the same circumstances the percentage of fat absorbed
varied from 31.9 to 88.5 per cent.

March, 1957, The Journal of Tropical Pediatrics
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The balance period in F.A., in whom diarrhoea occurred during the first day, followed
by relatively loose bulky stools for the remaining four days, showed a very marked adverse
effect of the diarrhoea on both the absorption and retention of nitrogen. The former
dropped from 79.8 to 13.5 per cent. in the first day and returned only to 57.5 per cent.
in the following four days. The latter dropped from 27.7 per cent. to a negative 1 per
cent. and returned only to 4.6 per cent.

There was a general tendency for the amount of nitrogen and fat absorbed per kg.
per day to increase linearly with the amounts fed. This is illustrated for nitrogen in
Fig. 1 and for fat in Fig. 2. These figures include the linear regression equation
and line for each correlation. The percentage of nitrogen retained showed great vari-
ation from one child to another. There was no tendency for the amount of nitrogen
retained per kg. per day, to show a correlation with either the amount of nitrogen consumed
or absorbed. The relationship between the amount of fat consumed and that absorbed
was highly variable. Unlike the absorption of nitrogen, the absorption of fat does not
appear to be affected by a period of diarrhoea.

DiscussioN

When no diarrhoea was present, the percentage of nitrogen absorbed by these children
was remarkably uniform and the average value of 80.2 per cent. is probably a good indi-
cation of the amount of absorption to be anticipated under the circumstances of these
trials. This average is less than the 90 per cent. given by MAcy (1942) for well nourished
children. Our figure may indicate a slight impairment of absorption even late in recovery.

Surprisingly, the average per cent. absorption of nitrogen in the present study is almost
the same as that reported by HoOLEMANS and LAMBRECHTS (1955) for 28 balance periods
in children with acute kwashiorkor. In view of the evidence that gastrointestinal enzymes
are drastically reduced in acute kwashiorkor (TROWELL et al., 1954 ; Conference on protein
malnutrition, 1953 ; THoMpsON and TROWELL, 1952 ; and GOMEz et al., 1954), this would
confirm a very rapid recovery of the proteolytic enzymes (VEGHELYI, 1948) before the
child could be placed on the metabolic trial. From the standpoint of practical therapy
it means that the large quantities of protein customarily administered in the treatment
of kwashiorkor are digested and the nitrogen absorbed. A very rapid recovery has also
been noted for serum protein and albumin and for several of the serum enzymes (TROWELL
et al., 1954 ; ScrRIMSHAW et al., 1956).

The percentage of absorbed nitrogen retained by the body may be expected to show
a great deal more variation. When the quality of protein is constant the most important
cause of this variation will be the degree of depletion of body stores. In early recovery
the retention may be expected to be relatively large, but this is bound to decrease as the
tissue needs are met and normal balance is approached. On the other hand, the percentage
of nitrogen retained at the stage when tissue deficits have been satisfied will depend upon
the total amount of nitrogen absorbed and the rate of growth.

The question should be asked, however, whether or not the feeding of very high levels
of protein in recovery actually results in more nitrogen being retained by the body or
simply causes an increased urinary and faecal nitrogen excretion. The figures obtained
together with those of HoLEMANS and LAMBRECHTS (1955) and GOMEZ et al. (1956) suggest
that there is an essentially linear relationship between the amount of nitrogen fed and the
amount retained per kg. per day, as long as the body is depleted of protein. However,
this no longer applies to children who have been fully repleted of protein and who have
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regained the appropriate weight for their height. This would explain why R.L. retained
259 mg. of nitrogen per kg. per day on an intake of only 3.1 gm. per kg., while F.C,
retained only 138 mg. on an intake of 6.2 gm. of protein per kg., even though the protein
came from skim milk in each case.

The data appear to justify relatively high protein intakes for therapy during the
active recovery period. In fact, the case of T.A. illustrates the danger of not maintaining
a high enough protein intake. This child was showing excellent clinical progress and
weight gain at the beginning of the balance studies. When given 7.3 gm. of protein
per kg. he retained 137 mg. per kilo and when this was increased to 9.4 gm. his retention
increased to 247 mg. per kilo. However, when his intake was reduced to 2.6 gm. per kg.
he was barely able to maintain a positive nitrogen balance and weight gain not only stopped,
but his weight stayed stationary as long as the protein intake was held at this relatively
low level.

It is of great interest that the child with diarrhoea neither absorbed nor retained
nitrogen well, although a one-day balance is subject to a relatively large experimental
error. Additional studies of children with diarrhoea are obviously indicated. The
data presented support the suggestion that diarrhoea may be a very important factor in
the original development of acute kwashiorkor (AUTRET and BEHAR, 1954 ; SCRIMSHAW
et al., 1955) and in the relatively slow recovery of cases in open pediatric wards where
infections producing diarrhoea are common (SCRIMSHAW et al., 1956). This may be due
in part to the drop in duodenal enzymes reported by VEGHELYI (1948) for children with
infectious diarrhoea.

Neither acid whole milk, nor half skimmed milk appeared to have any advantage
over skimmed milk, although too few cases were involved for conclusions on this point.
As would be expected, the degree of recovery of the child was more significant in determ-
ining the nitrogen retention than the number of weeks in the hospital. Too few cases
were studied to allow comments on the effect of either the age or the weight of the child
on the values cited. Since the children were not studied metabolically until recovery
was deemed satisfactory, it is not likely that severity of the kwashiorkor entered importantly
into the trials.

The factors responsible for the relatively large variation in the amount of fat absorbed
are not readily apparent. In general, the percentage of ingested fat absorbed was con-
siderably less than the 97 per cent. for normal children given by MAcCY or 90-95 per cent.
cited by DocHAIN and LAMBRECHTS (1954). It was also lower than that reported by
HoLEMANS and LAMBRECHTS (1955) for acute kwashiorkor, but higher than in most of
the cases studied by GOMEzZ et al. (1956). It should be noted that the determination of
fat absorption was only an incidental part of the study and most of the fat intakes were
relatively low. Only additional studies can indicate the value or adverse effect of higher
fat intakes in the treatment of kwashiorkor. From the present study, it does not appear
that the amount of fat present in whole acid milk is less readily handled by the child than
the small amount of fat in the skimmed milk.

SUMMARY

The nitrogen absorption and retention of four children recovering from acute kwashi-
orkor of the marasmic type were determined in twelve metabolic balance periods begun
after initial recovery. When milk protein was given in amounts varying from 2.6 to
9.4 gm. per kg., nitrogen absorption in uncomplicated kwashiorkor varied from 74.1
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to 85.5 per cent., with an average of 80:2 per cent. The nitrogen retained per kg. per
day showed no correlation with the protein intake or absorption. Both nitrogen absorption
and retention were drastically reduced by an episode of diarrhoea. A daily level of
2.6 gm. of protein per kg. was barely sufficient for positive nitrogen balance in a boy
18 months of age and did not support growth. The fat intakes ranged from 0.4 to 3.6
gm, per kg. per day and the fat absorbed showed a positive linear correlation with the
amount fed.
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PROPHYLAXIS OF TUBERCULOSIS IN CHILDHOOD*

by
ARVID J. WALLGREN

(Emeritus Professor of Pediatrics, Pediatric Department of Karolinska,
Sjukhuset, Stockholm, Sweden.)

Prevention of tuberculosis in childhood includes two objectives, prevention of infection
and prevention of the development of tuberculous disease from the infecting bacilli.
By prevention of infection the children are, of course, protected in the most efficient way
against tuberculosis. If there is no tuberculous infection, there can be no tuberculous
disease. To protect children from infection, however, is often very difficult. even if all
available public health measures are applied. These measures include a satisfactory
ailk hygiene and control of the health of people who have professionally to do with
children. In countries with a very high tuberculosis morbidity rate, the sources of infection
are so numerous that almost no children escape infection. In countries with a moderate
morbidity rate about half of the children become infected, while in countries with a very
low mortality rate, such as in Scandinavia, only a few children run the risk of exposure,
and the prevention of infection is therefore an easier task.

Once tuberculous infection has occurred it depends largely upon the resistance of
the child whether tuberculous disease will be manifested. If the resistance is high, no
disease will occur, while, if the resistance is low, the child may die from tuberculosis.
The factors that determine the degree of resistance may be divided into two groups:
non-specific and specific. The non-specific, natural resistance depends upon the age of
the child when infected and upon genetic, constitutional and environmental factors.
The specific resistance is due to immunity conferred by a previous infection. It has long
been known that a tuberculous infection produces an increased specific resistance against
subsequent infections. This immunity is without doubt of benefit to the child, but at the
same time the bacilli producing the immunity may constitute a potential danger, threatening
the child with tuberculous diseases of various kinds. Therefore it was a great advance
when Calmette and Guerin managed to produce their BCG-strain of tubercle bacilli and
showed that it could be used as an immunizing agent.

Many reports have been published which intend to show the efficiency of BCG-
vaccination, but most of them are presented in such a way that their frequently very
optimistic conclusions seem unwarranted. I will only quote a few of those which I regard as
being reliable. The most recent study and, according to my opinion the best planned
one, is that performed by the British Medical Research Council (1956). It concerns
about 25,000 tuberculin-negative adolescent school-children, chosen at random, living
in an ordinary environment, half of them were BCG-vaccinated, the other half having
been left unvaccinated as controls. The two groups were subsequently examined carefully
at regular intervals. A preliminary report was published when the study had run for
2% years. It was found that roughly 5 times as many clinical cases of tuberculosis had
occurred in the unvaccinated group as in the vaccinated one. Of special interest is the
fact that there were 6 cases of miliary tuberculosis and tuberculous meningitis in the un-
vaccinated group, as against no case in the vaccinated children. The report concludes
that the BCG-vaccination had produced a substantial protection against tuberculosis.

The result of this study corresponds fairly well with the experiences reported by
ARONSON (1952) of vaccination among American Indians in U.S.A., with those of HYGE

* Report read at the VIIIth International Congress of Pediatrics, Copenhagen, July 1956,
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(1956) regarding the effect of the vaccination upon acutely exposed adolescent girls in a
school in Denmark, and with the study DAHLSTROM and Dirs (1956) of BCG-vaccination
in the Swedish army during the war. I suppose that it might be said, that there is a rather
unanimous agreement among those who have had experience with this prophylactic
procedure ; an adequately made BCG-vaccination, that is, a vaccination that has had
time to produce tuberculin sensitivity before exposure, undoubtedly provides fairly satis-
factory protection against the immediate consequences of a tuberculous infe:tion, against
serious forms of primary tuberculosis, against the early postprimary diseases, miliary
tuberculosis and tuberculous meningitis, as well as against pleurisy and early postprimary
pulmonary tuberculosis. The protection against late postprimary types of tuberculosis
seems to be slighter and more uncertain.

What has been said about the efficiency of BCG-vaccination may also be applied to
the use of the vole bacillus as an immunizing agent, according to the experience of the
British Medical Research Council (1956). There seems to be no reason to change over
from BCG to the vole vaccine.

At present there are some other problems regarding BCG-vaccination that are more
generally discussed, namely the duration of the immunity, the use of freeze-dried vaccine,
the untoward effects of the vaccination and the general principles of the vaccination as a
- public health measure.

Regarding the first question, that of the persistence of the immunity, it is not possible
to arrive at any definite conclusions, and we here meet another problem, that of the method
of assessment of immunity. Usually the existence of immunity is measured by tuberculin
tests. We must admit, however, that tuberculin sensitivity and specific immunity are
not identical. Lacking other easily applied methods of assessment, we have to rely upon
the tuberculin sensitivity, when we want to determine the existence of immunity. Another
factor that may interfere is the occurrence of subclinical tuberculous infection, which may
influence the persistence of the immunity. With these reservations in mind, it might be
said that the immunity can disappear within one year, but on the other hand, according to
our experience, it can last for as long as 7 - 10 years or perhaps more. The duration of
the immunity thus varies considerably — and it is not possible in advance to tell how long
it will last. In all events it will as a rule last sufficiently long to be of real benefit to an
exposed child.

Regarding the use of lyophilizied BCG, there are without doubt some advantages to be
gained through facilitating storage and distribution of the vaccine and also making its
potency more uniform. Researches now in progress have shown thus far that freeze-
dried vaccine may be used effectively up to one year after production, but with a certain
decrease of its potency. At present it would be premature to recommend its general
use, at least in countries without transport difficulties.

In countries with a well developed public health service and very low tuberculosis
morbidity rate, vaccination of selected groups of the population, especially those who run
an evident risk of exposure, seems to be the principle of choice — if there is any need of
vaccination at all. Such selected groups are family contacts, medical students, student
nurses etc. In countries with a very high tuberculosis morbidity rate, the risk of exposure
is very great and thus there is need of more general vaccination. The latter principle
has been followed by the World Health Organisation (1954) in its campaign against tuber-
culosis in post-war Europe and in its present campaign in Eastern countries. Usually,
when BCG-vaccination is introduced into a country where there is no previous experience
of its efficiency, it is at first tentatively given to selected groups of the population. After
its benefit has been demonstrated, it is extended to larger and larger groups. This seems
to be a logical development of the vaccination in a country with high tuberculcsis morbidity
rate. The reverse development, diminishing the use of general vaccination and continuing
with vaccination of only selected groups when the tuberculosis morbidity rate has decreased
to a very low figure, should be logical too. When only a few percent. of children become
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infected at 15 years of age, as in Sweden, there seems to be little indication to continue
with general vaccination, for instance, of newborns. Although the resistance is lowest
in early infancy, the risk of exposure is so small that there is little need of vaccination of
this age group. If a more general vaccination should be performed in such a country
the policy recommended by the British Medical Research Council (1956) seems to be that
which should be preferred, i.e. vaccination fo school-children at pre-puberty age.

Many reports have been published of complications or untoward reactions after BCG-
vaccination. These reactions are usually local and have developed at the site of the
administration of the vaccine, and in the regional lymphatic glands in the form of abscesses.
Lymph-node abscesses are always to be regarded as abnormal reactions, but local skin
abscesses only when they are large and persist for a long time. The incidence of such
complications in adequately performed vaccinations varies considerably with the commercial
origin of the vaccine used, with the dose and the mode of administration and with the
degree of susceptibility of the child. We have had very little trouble in this respect with
intradermal administration of an adequate dose of the Swedish vaccine.

In addition to these untoward local reactions there are a few reports on the develop-
ment of lupus in the neighbourhood if the site of the vaccination.

Some words may be added about the occurrence of systemic BCG-processes. During
the last 5 years a few cases of such an abnormal course of BCG-vaccination have been
published from the Scandinavian countries. These cases have been carefully studied and,
according to my opinion, it must be admitted that BCG-bacilli in extremely rare instances
may give rise to chronic inflammatory processes by haematogenous spread of the bacilli.
These cases have not been due to a too-potent vaccine, because the same sample has been
used in other children without any complication at all, nor do they depend upon an error
in the administration of the vaccine. It is probably unknown individual factors, causing
an abnormal susceptibility, that are responsible. In relation to the many hundred
thousands of vaccinations performed in Scandinavia and the great protective benefit
derived from these vaccinations, the occurrence of such an abnormal susceptibility is
extremely rare and its significance should not' be exaggerated.

In conclusion it might be said that tuberculosis in infancy and childhood may be
prevented by the application of general public health measures aiming at the enlightment
of the population, satisfactory milk hygiene, control of the health of people who have
professional contact with children and by adequately performed BCG-vaccination.
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