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SECTION 1.

INTRODUCTTIORN.

The problem of the wasted infant is essentially a social
question, in that it involves - amongst other factors - the subjects
of maternity serviees, infant and echild-welfare clinics and the
provision of a pure milk supply.

The birth of the vitamin doetrine was spread over meny years,
at the end of the last and the beginning of the present centuries,
but the doctrine brought about a rapid advanee in our knowledge of
the dietary requirements of the human organism, and the abandonment
of many beliefs previously held.

It is now generally accepted that the "true-foods"™, or "proximate
prineiples™, are insufficient to satisfy the needs of the animal
for growth and maintenance of health; and that there exists a
numbexr of other dietary componeﬁta, the "vitamines"of Funk, or
better, the "accessory food factors"™ which are essential to life
and health, which the body cannot synthetise and which are neither
protein, fat, carbohydrate nor salts, These components contimue
to receive considerable attention and their importance to the

guestion of the proper feeding of infants is well realised.
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The subjeet of infantile wasting has occupied the medical
and lay mind for a long time, and although t;:te condition is not
so often seen now as formerly, it is still sufficiently common to
form a source of great trouble and anxiety.

While the condition is often due to prematurity, and to organiec
disease (such as pyloric stenosis, and syphilis), improper feeding
starts the large majority of cases,

In the present thesis, an attempt will be made to deseribe
elearly the present day views on the relationship between wasting
and gastro-intestinal upset in infancy, improper feeding and vitamin

lack,
& series of personal cases of infantile disease will be deseribed

and an endeavour made generally to add, in a small degree, to our

knowledge of the subject,

.........000.........
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SECTION 2.

In this section there will be given a brief historical outline
of the writings of the primeipal workers in the fields of infantile
wasting, the general deficiency disorders, the vitamins and the
avitaminoses.

In the Goulstonian Leectures of 1924, (1) Parsons stated that
Pemell in 1653%, was the first English writer to refer to the eondition
of infantile wasting, that in 1746 John Astrue gave a very good
description of the same condition, and that in his book in 1784,
Michael Underwood, like many others, confused tuberculous peritonitis
with this condition,.

Dr, Charles West im his published lectures in 1848 clearly
indicates the condition as a nutritional disorder.,

In 1868 BEustace Smith, in his book "The Wasting Diseases of
Children™, also deseribes the picture well, In the third edition
(1878) the first chapter is entitled "Simple atrophy from imsufficient
l_tourilhnmt". The chapter is subdivided under two heads,
"insufficient supply of food", and "umnsuitable focd"; and the first
paragraph cannot be called out of date - "Imperfeet nutrition
constitutes the commonest form of disease, and furnishes the most
frequent cause of death, in infants, Hany thousand children die
Yyearly in London alene for the simple reason that they are fed system-

atically and persistently upon food which they cannot digest.
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And as long as the children of the poor are allowed to leave their
schools utterly unimformed as to the duties which in after life
they will be ealled upon to fulfil, so long this dreadful mortality
may be expected to econtinue,®

Owing to the frequency with which diarrhoea and vomiting
aceompanied the eondition, most attention was directed to the
alimentary canal and to morbid amatomy as a basis for the disease,
and the morbid anatomy theory reached a zenith in 1880, but failed
to survive owing to the lack of post-mortem changes,

In 1885 Escherich of Vienna, investigating the intestinal
bacteriology, proved that the type of bacteria was dependent upon
the kind of food taken,

For the next twenty years the opinion of paediatrieians
halted between the view attributable to Eustace Smith and Charles
West, namely that atrophy was due to starvation (although Smith
also thought that the cause might be difficulty in digesting
protein), and the view based upon morbid anatomy,

In the American Jourmal of Diseases of Children (1912),
Czerny published some important conelusions of his research work
in Germany., His main theories and beliefs will be referred to
later, but, as Parsons says, the main importance of Czerny's work
lies in the fact that he emphasized the necessity of considering

the infant as a whole and not eonly its food or alimentary traet
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and also in demonstrating the harmlessness of protein.

In 1912 also, iinkelstein, another notable research worker
in wermany, published in his book, & e¢linieal classification of
matritional disorders,

Finkelstein's views, which, like those of Czerny, were based
upon experiments that were afterwards disproved, will alsc be
referred to later,

Uwing to the faet that in June of that same year (1912),
casimir Funk, in his paper “The Etiology of the veficiency uUiseases,"
employed the term “vitamine” for the first time, a short review will
be made here of the steps which had led up to his work, (2)

In 1881 Lunin first gave elear evidence for the existence of
these factors "essential to life,"™ and ten years later Socin came
to the same point of view, but neither of these workers at the school
of Bunge at Basel, attempted to complete the evidence,

Their observations were repeated and extended fourteen years
later by the late Professor Pekelharing, who in 1905 gave a clear
statement of the vitamin doctrine, "My intention is only to
point out that there is a still unknown substance in milk, which,
even in very small quantities, is of paramount importance to
matrition, If this substance is absent, the organism loses the
power properly to assimilate the well-known prinecipal parts of
food, the appetite is lost, and with apparent abundance, the animals

die of want, Undoubtedly the substance occurs mot only in milk,



6=
but in all sorts of foodstuffs both of vegetable and animal origin,"

In 1897 Christiaan Eykman eoncluded from his researches of
the previous seven years, that beri<beri resulted from the continuous
consumption of decorticated rice; but he viewed the facts from
the orthodox pathological standpoint of the time, namely, that the
outer layers contained an "antidote,”

In 1901 Grijn first put forward the true defieiency theory.

Eykman's observations were fully established in 1907 by Braddom
and in 1909 by Fraser and Stanton.

In the first decade of the present century, “ealorie supply™,
"protein-minima®, and such facteors still dominated the general
conception of nutritional adegquacy; but the next three years led
to a change in outlook.

As a result of experiments in 1909, 1911 and 1912, carried out
on mice, with diets subjected to prolonged extraction with aleochol
and ether, Stepp remarks, "It is not impossible that unknown substaneces
indispensable for life, go into solution with the lipoids, and that
the latter thereby become what may be termed carriers for these
substances,"

In 1912 Hopkins published some results of his classical
experiments of the previous aix years in this country, earried out
with food-mixtures composed of very completely purified proximate
principles, As early as 1906 Hopkins had written: "But further,

no animal can live upon a mixture of pure protein, fat and earbohydrate,
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and even when the necessary inorganie material is carefully supplied, .
the animal cannot flourish, e.es The field is almost unexplored
but it is certain that there are many minor facfors in all diets,
of which the body takes account, In diseases such as rickets,
and particularly in scurvy, we have had for long years knowledge
of a dietetiec fastor, but though we know how to benefit these
conditions empirically, the real errors in the diet are to this
day quite obscure, They are, however, certainly of the kind which
comprises these minimal gqualitative factors that I am considering.
Seurvy and rickets are conditions so severe that they foree themselves
upon our attention, but many other nutritive errors affect the
health of individuals to a degree moat important to themselves,
and some of them depend upon unsuspected dietetic factors,”

This brings us again to the work and writings of Funk, to
whom we owe the term "vitamine," (which, without the "e", is now
the class name) who helped greatly to advance our knowledge of the
subject, and who did much to secure recognition of its importance,
In 1911, when previous publications had awakened much fresh interest
in the etiology and experimental cure of beri-beri, Funk made an
almost pioneer effort to isolate the active curative substance from
the riee polishings,

In his paper of June 1912, Funk reviewed the literature

concerning beri-beri, scurvy and pellagra, and gave his epinien
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(in advance of current thought) that the third, not less than the
first two is to be numbered with deficiency diseases,

Funk believed that vitamins were amines. VWhile not the first
to express the view that vitamins are necessary for growth and
general health, he is among the first to impress this view on
scientific opinion,

Before outlining the steps in the investigation of the vitamins
during the past twenty years, infantile marasmus is touched upen
again, as regards recent work in Britain and America, In America
mach work has been done on the metabolism of atrophic infants,
Merriott's writings in particular (1920-21) will be discussed later.

In Seetion 4 of this thesis some studies by Fife and Veeder
in 1911 upon metabolism will be discussed, as also Parson's
investigations in 1924,

In 1915, Osborme and Mendel (of Newhaven, Commecticut) wrote:
"eee it would seem as if a substance exerting a marked influence
upon growth was present in butter,"® This was the outcome of
their classical work, from 1911, on the relative nutritive value
of various pure proteins; work which was erroneous however, owing
to the use of lactose which was unpurified of milk vitamins
absorbed into it,

In June 1913, (the same month as the above workers) MeCallum

and others (Wisconsin and Baltimore), on their studies from 1907
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uponr the nutrition of farm stock, recognised a factor essential to
nutrition, associated with certain (but not all) fats,

In 1914, Osborme and Mendal first showed that eod liver oil
contained what may now be called the "fat soluble complex,® The
therapeutic value of the oil had been known for a long time,

In 1915 MeCallum and Dewis made it clear that at least two
accessary diet factors were essential for normal growth:=-

1) fat soluble A
2) water soluble B,

From that year three vitamins were known, A, B and C.

In his work from 1918 = 1921 E, Mellanby recognised Rickets as
& deficiency disease, and the anti-rachitic vitamin as the corner-
stone in the etiology. He found that it was contained in some
fats and that ecod liver oil was & rich source,

In 1922 MeCallum, with Simmonds and others, proved that there
were two components in the "fat soluble complex,”

That ultra=violet radiation is curative of Rickets was first
shown by Huldschinsky in 1919-20; and in 1921 Hess showed that
sunlight had the same power,

In 1924 Steenbock and Black found that ultra-violet radiation
made potent against rickets fatecontaining foods, previously inert
against the disease; while in 1926 Peacock showed that the exposure
of eod liver oil to light results in the loss of vitamin A, activity,

From his work from 1922-25 upon the relation of vitamin D, to
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the eereal foods, E, Mellanby concluded that the latter contained
an unfavourable agent (for which he suggested the name "toxamin")
which was neutralised by a sufficiency of the vitamin,

In the B.M.J. of 12,11,52, E, Mellanby discusses the "Clinical
applications of recent work on Bone Disease", while in the B.M.J.
for 19.3.32, M. Mellanby and Harris reach important conclusions
covering cereals, dental ecaries and vitamin D,

The anti berisberi factor of the vitamin B, complex was
discovered by Eykman in 1897.

Funk in 191213, first suggested that pellagra was due to
vitamin deficiency, and advanced the theory that a factor was removed
in the milling,

On work carried out from 1914~20, Goldberger (of the U.S.A,
Bureau of Public Health) showed that dietary measures can prevent
pellagra, and Wilson confirmed this in Egypt at the same time,

In 1920, Voegtlin, Neile and Hunter found an alecholie extraect
of ox liver to be as good, theropeutically, as milk, eggs and meat,
In 192}, Goldberger and Tanner eonfirmed the value of milk
and meat, and found that gelatin, butter and cod liver oil did not

prevent pellagra,

In 1926, Goldberger and others discovered vitamin B2’ the
pellagra-preventing factor,

Bj was added to the list by Williams and Watermen in 1927-28,
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and in 1929 Reader added Bh-.

In 1930, Chick and Capping postulated the presence of the heat
and alkali stable "factor Y." Chick in the Lancet of 12.8.33
reviews the "Current theories of the etiology of pellagra,"”

In 1651, Glisson gave a elear description of the signs of
infantile scurvy; he recognised their mature and showed that they
were not rachitic in origin, His work was entirely overlooked for
over two hundred years,

In 1871, Ingerslev and in 1878, W,B. Cheadle pointed out the
real cause, but general recognition and aceeptance of the condition
did not oceur until 1883, when Sir Thomas Barlew's thorough
investigations were published. Holst and Frohlich (1907 and 1912),
and Chick and their colleagues are among the leading workers who
have investigated this avitaminosis experimentally.

From 1919 onwards MeCarrison has carried out important
investigations into different aspects of deficiency disease,

During the past few years there has been great interest aroused
in the nutritional anaemia of infancy by the work of H,M, Mackay

who first drew attention to the condition in 1929,

ssesvsesOBssscense
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SECTION 3.

ETIOLOGY.

Professor licNeil (Lectures to Edinburgh students, 1931) divides
ehildhood into three stages:-

Infancy - birth up te 25 years., "Early infancy” up to & year, and
*later infaney"™ thereafter,

Early childhood = 215 to b or 6 years, At this period the rate of

growth slows down, and there are no teething or school worries.
School age. Here "restrictions" make their appearance, and second
dentition commences, It is a time of "stress" and certain diseases
are prone to occur, e.g. rheumatism,

Parsons makes it his working rule that an infant is “"wasted"”,
if the weight is less than 80% of that "expected.” To him the
wasted infant is even more of a social problem than the rheumatie
or tubersulous child,

In this section a short outline of the causes of wasting in
early infanecy will be given - that being the period at which the
vast majority of cases oceur, The principal causes will be selected
for special discussion,

The pathogenesis of certain wasting and deficiency diseases
will be treated of in Seetion 4, the different clinieal pictures
will be given in Section 5, and treatment will be dealt with in
Section 6.

The importance of careful attention to the mother during
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pregnancy and labour, and to the infant during the early days of
its life, cannot be exaggerated in its effeet upon growth and
development, A great deal of good will be done, and certain disease
processes prevented by regulating the woman's diet in pregnancy,
and further, by impressing the mother strongly with the neecessity
and benefits of nursing her child herself, (See Section 6)

"To what extent marasmus is dependent upon abnormal nmutrition
is not known, but there is reason to believe that defective maternal
feeding plays an important part in its etiology." (M.R.C. report
1932, Chapter X1, page 276.)

The importance of good midwifery to the infant is obvious;
the rectification of malpresentations, the avoidance of injury te
skull and abdomen, and the avoidance of a prolonged second stage of
labour and the impreper use of instruments,

Mueh mortality and morbidity will be prevented by especially
careful attention te the infant in the first few days of life =
mainly as regards preventing "chilling®, and umbilical infection;
and also by the satisfactory preparation of the mother?s breasts
and nipples during the last few weeks of pregnaney.

A considerable number of cases of malmufrition are due fo
congenital and developmental accidents, such as hare-lip and
atresias of the alimentary tract., Mental deficiency is another

very important cause, and others are congenital heart disease and
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congenital eystic disease of the kidneys,
Derek R,, aged 5 months, Weight 103 lbs. No vomiting,
stools normal., Slight generalised eyanosis - no finger
clubbing, X-ray showed liver on left side of abdomen,
and apex of the heart turned te right.

Of the many csuses of wasting arising later on, umsuitable
feeding is universally recognised as the commonest, and this may
be due to wrong food or to a faulty mammer of feeding, Marasmus
is rare among the breast-fed; marantie infants represent the
failures of artificial feeding.

Faults in the food.

Qualitative faults are commoner than guantitative and "too strong"
is commoner than "too weak,"™ Excess of fat, either absolute or
relative to the child's tolerance, is the commonest fault; it
gives rise to a definite elinical picture, which eccurred frequently
with the use of the high eream dried milks, 1t is seldom wise
to exceed 3,5% fat in a cow's milk mixture,

G.F. Still considers excess of sugar (giving rise to loose
slimy motions) to be of quite common occurrence, and gives 5 - &%
as a good pereentage for sugar, but Hutchison says that sugar is
the least likely of the proximate principles to cause upset. (3) (4)

Holt remarks fhat the effects of high protein intake are

little to be feared - contrary teo former belief.
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Starvation is a common cause of wasting. In hospital practice

it is often due to excessively dilute "condensed milk.," Inanition

is commoner in the bottle-fed than in the breast-fed, but Thomson

makes it a "golden rule" that insufficiency of milk is to be suspected

if a breast-fed infant fails to gain ground,

Sheila B., aged 4 months, Weight 83 lbs. ©Past 3 months fed on
different proprietory foods, finally milk to water - 1 part teo 2,
‘3 iii feeds, Had been vomiting slightly but steadily since birth,
Diet built up to milk to water = 3 parts to 1, ¥iv 3 hourly, and
infant gained 2 1lbs, in 1 month,

Peer considers inanition to be comparatively frequent in the

breast-fed, being due usually to over=feeding. (5)

To Holt (Chap. xviii), "too little" is the commonest mistake

in infant feeding, and by impairing the tolerance for food, it

gives rise to a vicious circle (6)

Starvation may also arise from pure insbility to suck, whether

mechanical or due to general weakness,

Faults in manner of feeding.

The intervals between feeds may be irregular or, regular but

wrong, and here "too often™ is far commoner than "toornseldom.®

Too large a bulk of fluid causew some cases of wasting, which

may be very difficult to treat., Other very faulty customs are to

change the food too often and too suddenly.

Those cases of wasting which are not due to faulty feeding are
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due to some abnormal condition in the infant itself.

There is one well recognised group, that of "primary" eor
*jdiopathie" atrophy, the cause of whieh is unknown, These cases
are all very young infants; and their progress is steadily downe
wards, there being apparently a true failure of assimilation.

Holt (Chap, xviii,p. 195) considers that a considerable number
of premature infants fall into this group, but that the eonception
of "constitutional weakness" as a ecause is not a satisfactory one,

The premature infant is very often wasted owing to the fact
that, beside the general bedily and digestive weakness, it is
metabolically extravagant,

0f the large group of organic conditions in infaney that will
cause wasting, the other signs being inconspicuous, one very important
condition which is by no means uncommon,"congenital pyloric stenosis",
will be discussed later, (See Section 5)

One or two congenital conditions have already been mentioned.
Congenital syphilis is considered by French writers to be a cause,
but Findlay considers it very seldom responsible,

Congenital syphilis is an uncommon condition and one that is
very apt to be overlooked, Four syphilitic infants have been seen
in the last three months:-

(A) Derothy D, Admitted, aged 1 year with Broncho-pneumonia

for four days, Weight 11 lbs, Spleen easily palpable,

appetite good, stools normal. Transferred six weeks later
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(€)

(2)
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with nasal diphtheria,
Arthur S, Admitted, aged 11 months and weight 123 lbs.
History of lost weight of 4 lbs with cough, paller and
breathlessness during past month, Spleen palpable,
Child was hoarse and right lower lobe was solid. (Ne
empyema) MAppetite and stools satisfactory.
Discharged teo Outpatients after six weeks,
Pom S, Attended Qutpatients, aged 9 months, weight 1371bs.
Gross frontal bessing of skull, very wide fontanelle,
hearse ery and running nose, palpable spleen,
Geoffrey K, Admitted, aged 6 months, weight 10 lbs.

Losing weight past month, Ne diarrhoea or vemiting,

Wasting was present, then, in all of these,

Latent bronecho-pneumonia and an empyema may very easily be

missed as causes, and another easily overlooked cause is chronie
constipation, This last condition is explained in some, but not
all, cases by a too dilute milk, which leads to both wasting and

constipation, but continnal restlessness and insomnia alse play a.

Tubereulosis is uncommon in the first six months of life,

Chronie infection of the ear and of the urinary tract are

important and easily overlooked causes of wasting,

Improper feeding has already been discussed, Persistent
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ill-balance of the proximate principles of the diet, leads on teo
"dyspepsia,” This condition forms a very large group of infantile
upsets and causes many cases of infantile wasting, se that its
own causation, pathology and treatment will be discussed in this
sectien,

Hutehison states that few marasmic infants are not alse
dyspeptic, He says that fat excess is moest likely, casein less
and sugar least likely to eause upset, but that there is usually
an impaired power ef digestion of all the three proximate principles,

He says that the onset may be sudden or gradual and that the
picture may be complicated by a secondary bowel infeetion.

Still states that a very large group of wasted infants result
from gastro-intestinal upset, and especially from diarrhoea,

Thomson elassifies "nutritional upset" very simply as :=

(&) Aecute (intoxication) group - toxic and febrile,

(B) Chronie (marasmus group.

"In both there may be vomiting and undigested loose stools." (7)

He says that almost any disease process in infancy may lead

to mutritional upset., In some cases the symptoms are due to the

proximate principles of the food taken; more often they are due

to contamination of the food either by:=-

(2) decomposition products, or

(b) pathogenie organisms,
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but most frequently of all the symptoms are due to disease

elsewhere in the body - i.e. "parenteral infection." It is thus

of first importance to examine the ears and the urine before
accepting a "food disorder"™ as being the causal condition, He
points out that the question is made very complex by the fact that
more than one factor may be present at the same time, that one
type of lesion leads to another, and that all cases cannot be
brought into any one system,

To review the case history from birth is essential,

Vomiting is a symptom of a variety of infantile diseases, It
must be separated first from the harmless regurgitation of some
slight exeess of the feed. It is very important to remember that
bunger may be a cause of vomiting, Vomiting is also common in
certain acute infections, espeecially in "influenza™ and in pyelitis,
In pyelitis there may even be visible "gastric peristalsis®,

(Holt, Chap xv.)

Rumination is another cause both of vomiting and of wasting,
and this condition starts usually from the second te sixth menth,

It must be remembered that vomiting due to "indigestion ® may
not come on for several hours after the feed has been ingested,

Habit is a potent factor in the continuance of vemiting once
it has been started, Professor Feer describes two forms of

"habitual infantile vomiting®:-
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(1) Spastic = of necessity, very similar to the vomiting
of pyloric stenosis, and
(2) Atonic
Feer, also finds a satisfactory classification of the mutritional
disturbances of infancy, militated against by the variety of causes
and the intermingling and transition of the elinical pictures. He
stresses, again, the consideration of the infant patient as a whole
and the teking of a very accurate feeding history. Even so, diagnosis
and treatment are very difficult,
Classified from the etiology, by Czerny and Keller, the
mtritional disturbances fall intose=
Alimentary = the food given, being improper either qualitatively
or quantitatively.
Infections = from mild cases (dyspepsia) to severe (intox-
ication),
Constitutional - including cases of pyloric stenosis and the
“pre-dispositions,™
Feer quotes Finkelstein as trying to classify the disturbe

ance according to the degree of disturbance of function and injury

to "tolerance" (in tolerance to changes in diet) that are present,

He himself combines both classifications, and lets the stools

be guide to therapeutics, second to observing the
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infant as a whole,

To Fear, diarrhoea and vomiting in an infant that is "up
to weight," constitutes "smple dyspepsia;" a more severe case
is toxic dyspepsia" or "alimentary intoxication:" diarrhoea
in an undernourished infant is "decomposition;" while "milk
feeding injury" is the condition in which the stools are of
the formed, "fat somp" variety, and the weight of the infant
is stationary. -

In the breastfed, serious nutritional upset is uncommon
and suggests "enteral" or "parenteral" infection, although it
may be due to fat excess. But, (as stated before) inanition
is comparatively frequent in the breastfed, being due, usually,
to overfeeding.

Parsons sums up Czerny's theories in:- "atrophy is due te
nutritional upset, and/or iﬁfeetion, superimposed on a con-
stitutional anom@ly, the two upsets being -

(a) too much fat, and

(b) toe much earbohydrate
and the essential pathelogical fanfor being a demineralisation
of the body."

0f Finkelstein, he says:- to him, "the sugar and salts of

the diet were to bleme."
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The third section of Thomson*s chapter 1X (en the
"Nutritional disorders of Infancy") is devoted to
"gastroenteritis" etec. (The first two sections being
devoted to the "Classification of Nutritional Disease,®
"Marasmus," and the fourth, and last, section, to "Ileocolitis.")
Mild forms of gastroenteritis, corresponding to
Finkelstein's "Dyspepsia," are due to overfeeding, especially
with carbohydrate, while severe forms ("intoxication") are
due to infection, either from the ear, kidney or lung.
Leucocytosis is present in these cases and acidosis may com-
plicate.

Medical Anmual 193%3.

Pp.15l. "The relation between otitis media in infancy, and
gastrointestinal disturbance such as "summer diarrhoea™ has
‘long been a subject of controversy."
P«J2). “"Asherson is against the possibility of acute otitis
being a cause of gastroenteritis. L. Findlay is also not in
favour of such a hypothesis, and points out the marked differences
between the two diseases in connection with their social and seasonal
incidences."

Unfresh food may camse mild or severe cases, but the nature

of the contamination causing "epidemic diarrhoea" has never been
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discovered, Despite the worked reduction of mortality recently,
the cendition is still one of great importance. 1In the large
majority of cases of diarrhoea, no specific organism can be held
responsible, Less than 5% of severe cases oceur in breast-fed,
a fact which tends to discountenance an organismal etiology.
Cases are quite commonly seen in winter and spring, The
susceptibility of infants teo diarrhoea has been attributed te their
liebility to "™echill" and to the fact that the sterilising power
of their stomaeh is small owing te their seanty hydroechlorie acid.
Other factors which alpest certainly play a very important
part are anaemia (which is of remarkably cemmon eccurrence in
infancy), and a deficiency of Vitamin A&, These factors will be
referred to in Seetion 4.
The important predispesing factors are:=
(2) hot weather,
(b) infections, and
(&) artifical feeding.
It has been noticed that the acme of the death-rate coincides with
the acme of the temperature. |
Formerly, to explain these facts, the entire stress was laid
upon the bacteri:;; of milk, but in recent years attention has been
focussing upon failure of the digestive secretions, ( and Holt

regards this as an important factor,) namely, a marked reduction
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of gastric acidity and in the enzymes of the duodenal secretions
This may act in two different ways:-

either the undigested food in the intestine may favour the growth
of certain bacteria, I

or the altered reaction may effect the bacterial flora.

Two vews are supported by evidence, The untoward effects are
due to:=

(1) fermentative bacteria acting upon carbohydrate; or

(2) protealytic bacteria.

Now, recent observations have thrown doubt upon the harm-
ful nature of the fermentation products of carbohydrates,
Further, animal inoculation does not show any toxic action of
the intestinal contents of these infants,

PATHOLOGY., There are usually no lesions in the intestines,

but the kidneys may show tubular damage., The chemical pathology
is more striking, Although the digestion of protein is little,
that of fat and carbohydrate is markedly, affected. Muech of
the ingested fat is found in the stool, and moreover, the bulk
of it is unsplit. The absorption of carbohydrate is usually
affected and there is evidence that its intermediate metabolism
is faulty.

The bloodsugar curve is not uncommonly of the diabetic type

and there may be glycosuria. The loss of minerals in the
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stools is quite as important as loss of water. The stools
are alkaline, and if the loss of base is uncompensated, i.e.
if kidney function is seriously impaired, acidosis may result,
The minerals of the plasma and of the interstitial-tissue
fluid, are chiefly potassium and phosphorus.

Although loss of interstitial-tissue fluids produces conspiecious
changes, especially in the skin, the serious consequences of
dehydration are due to cellular changes and the decrease in plasma
volume which occur in severe cases,

Diminished plasma velume leads to increased viscosity
of the bleood, and an increase in the plasma proteins, together
with the condition named by Rous "outlying acidosis."

There is aceumulation of lactiec acid, and impairment of
renal function is common,

Pyrexia is one of the most striking manifestations of
dehydration.

The symptoms, which are of all grades of severity, fall
inte two groups:-—

(1) The actual diarrhoea and vemiting, and

(2) nervous symptoms, such as coma, and twitchings;
There may be marked langour.

The cause of the nervous symptoms is much debated,
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Anhydraemia and its sequelae are probably the cause of the majority

and yet a few serious cases are seen, especially where the infec-
tion is parenteral, in which for a time there is no diarrhoea,
and in which the impression is roused that the diarrhoea is
actually protective.

The observation that the diarrhoea does not start until after
the elevation of temperature, is frequently a pointer to the
infection being parenteral. Mellanby thought that the factor
might be a toxic amine.

At any rate, it is generally accepted that acidosis is not
responsible for the nervous symptoms,

Of the complications, secondary infections are very frequent;

sclerema is uncommon, and almost invariably fatal, there being
extreme depression and a state of hardening of the skin and
subcutaneous tissues, Cacheetic purpura is a grave complication;
rectal prolapse may be persistent and troublesome,

Wasting may result from prolonged periods of difficulty of

digestion and chronic diarrhoea,

In treatment the first step is to find the cause, whether
food, or heat or parenteral infection (otitis media, mastoiditis,
or pyelitis), The neurological symptoms are often very

puzzling,



2] =

The principle indications in active treatment are first
to treat any parenteral infection present, and then to remove
the toxic foodstuffs from the body, to institute a peried of
starvation, and to assist the eirculation,

Progress should be Judged purely by the general condition.

The infant should be isolated, and starved of food for a
*trial period" of six hours. Only in rare cases is starvation
necessary for more than 24 hours. Gastric lavage will be of
benefit if the vomiting persists to any degree; and the intro-
duction of fluid by the mouth should always be attempted., Half
strength normal salinme is the best fluid; if glucose is given,
most of it is excreted in the urine, HNormal saline should
alweays be given, also, hypodermically and intra-peritoneally, the
latter route being the mostmsatisfactory in all but the mildest
cases. By this route 300 = 500 ccs, may be given within half
an hour, but the peritoneal sac should never be distended by
the fluid,

Holt considers that the main point in treating the
complicating acidesis, is the prompt restoration of renal
secretion and that this is best done by intravenous hypertonie
glucose, H0 - 60 ces, of & 10% solution are given in 10 - 15

minutes and always accompanied by hypodermic or intra-peritoneal
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saline,

After the first day, breast milk is the first choice and
protein milk the second. lMounting up frem %ss 4 hourly, and
gradual ly replacing with '5 ss milk, a sustenance diet should be
reached in five days, if the infant is undernourished. Another
sucecessful regime is to give dilute lactic acid skimmed milk,
3&3 2 hourly for the second day, and by the fourth day 5 ii
3 hourly. By the tenth day, diluted half cream dried wilk may
be given. Holt believes in some sour milk preparation to be
given for some weeks into convalescence,

It is very important- in this type of illness to prevent the
onset of vitamin lack, and a dose of concentrated fat soluble
vitamin preparation (such as "adexolin") should be given daily
from the third day. If there is : - evidence of anaemia,
doses of ferri et ammon eit should be started by the tenth day,

In the early acute stage of the illness drugs are being
used much less now than previously, One dose of castor oil eor
a small repeated dose of calomel is generally held to be

beneficial. (12).
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Pink Disease,

Mention is made here of another condition which is now
becoming more generally recognised, and in which wasting may
be the most striking of the elinical features. This is the
so=called "Pink Disease", considered at present to be due to a
low grade infection.

It will be discussed more fully later, (See Section 5).
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SECTION 4,

PATHOGENESIS OF INFANITLE ATROFHY.

Post-mortem, there are no characteristic lesions, even in
the most severe examples,

Despite the work of Escherich,; many years ago, and more
recently of Brown and others at Toronto, it has so far proved
impossible te correlate the different clinieal pictures, with
differences in the intestinal bacterial flora,

Normally in the newborn, the mecomium is sterile, The
chief organisms of the bottle-fed infant's stools are faecal
streptococei and B, coli, while in the breast-fed, Gram-positive
bacilli are in the majority.

In the breastefed, the flora is saccharolytic, while in
the bottle~fed, it is proteolytic and putrefactive, A lactose

diet dends to change the latter flora to the former.

ssbse0030005ssisive

Up to Czerny's time, protein was the only food constituent
which was thought eould be harmful, This worker was the first

to consider the "make up" of the infant, and he suggested that
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at least certain types of mutritional disease, were due to the
infant's "abnormal reactions" to the proximate principles, even
if present in normal amounts,

Czerny exonerated protein from blame, and said that rather
were the fat and carbohydrate at fault., He held that atrophy
was due to mutritional upset, and, or, infective process on top
of a constitutional anomaly; the two important food disturbances
being:=
(1) Milchnahrschaden = due to excess of fats in the milk and

typified by the passage of pale, constipated, crumbly "soap
stools™, and

(2) HMehlnahrschaden = due to too much carbohydrate « the stools

being frequent, acid and green,

Here the wasting is ocecasionally marked by oedema,

In (1), he attributed the atrophy essentially to a demine
eralisation of the body, owing to an abstraction of alkalis from
the tissues to neutralise the excess of fatty acid formed in the
intestine owing to the low fat assimilative power,

This theory was based on experiments upon urinary ammonia
by Keller in 1897 and Steinitz in 1903, which were later shown
to be erroneous; but Czerny's writings made a great advance
in two ways:=
(A) by emphasizing the importance of considering the infant
as a whole, and

(B) by demonstrating the harmlessness of protein,
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The reaction of the normal stool is generally more or
less acid, [Excess of fat increases this acidity, while
protein excess leads to alkalinity, Carbohydrate excess pro-
ducess very acid stools, but the watery motions of "summer
diarrhoea" are distinctly alkaline.

Finkelstein in 1912, gave his clinical classification of
nutritional disorders, He followed Jacques Loeb, and said,
although admitting that there was considerable truth in Czerny's
opinions, that it was the sugar fermentation, and the salts of
the milk that predisposed to atrophy. lMeyer's "whey exchange"
experiments supported him but were later disproved, Finkelstein
devised his special "protein milk" to combat this fermentation -
having a high protein and a low sugar content.

He divided cases into:=

A, "Bilanz-storing" - or "disturbancé of balance," because

adequate calories did not lead to a gain in weight,

This eorresponds to Czerny's “"milchmahrschaden,"
B. Dyspepsia

If mild, this condition was exemplified by a moderately
diminished carbohydrate tolerance,

If severe, cases fell into two groups:-

(1) T"alimentary decomposition" which oceurred if the

food contained plentiful fat, but little carbohydrate; and



(2) “alimentary intoxication" - the food eontaining

much sugar and little fat,

He considered this last condition to be due, not te
bacterial infeetion, but to the passage of whey salts through
the unhealthy mucous membrane. Like protein and carbohydrate,
the mineral salts are absolutely necessary for life,

Their absorption is favoured by acidity of the
intestinal contents, and oppesed by their alkalinity. As
will be seen later, excess of fatty acid fixes the lime and
so interferes with its absorption,

Of protein, Holt remarks,- symptoms of inadequate protein
intake are not well-defined; such diets are often defiecient in
other respects, i.e, vitamins or minerals; and nutritional
oedema may develope.

The effects of high protein intake are little to be
feared, contrary to former belief. Undigested protein
seldom appears in the stools, even in disesase,

Thomson says of Fat Metabolism(p. 132) := the interdepen-

dence of calcium, fat, and phosphorus absorption and utilisation
is one of the most important fundamental features of infant

metabolism. Normally, more than 95% of the fat in the diet

is digested, and is present in the intestinal contents as free
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fatty acid, or combined with calcium or other salts in the
form of insoluble socaps. The amount of available salts
(especially calcium) influences the relative proportion of
fatty acid and soap, Calcium in excess leads to increased
soap formation. This interferes with the absorption of fat
and of calcium, and so to deficient retention of phosphorus,
because phosphorus is only utilised in equal amount to caleium,

Of the fat in the diet, over 90% is absorbed from the
intestine, and in health, the greater the amount given, the
higher the absorption, while in disease, the reverse is the
case: (e.g. coeliac disease.) Fat, or its derivatives,
rarely form less that 30% of the total faecal output. It is
important to remember ti:af. the fat content of the faecas does
not necessarily bear any relationship te the proportien of
the intake that is absorbed.

Holt (p. 105.) remarks that, under normal eonditions, fat
absorption is nearly complete. With breast milk, most
infants retain 90-98k; end with cow's milk, 85-95%, the
difference being largely due to the higher mineral content of
cow's milk and not to differences in the character of the fat.....

Again, (p. 125.) seeees. @ reduction of fat intake inecreases
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the percentage of fat absorption, but a marked inerease in
intake diminshes it. (This remark opposes that of Thomson's
quoted above.) The percentage of the fat intake, absorbed,
however, is fairly constant, more so than the actual fat absorp-
tion.

Holt warns against overemphasizing the valuable inform-
ation that the stools can give, regarding digestion,

The stools of the healthy nursing infant are acid, and
seldom entirely homogeneous; of the handfed, firmer, paler and
more alkaline, A diet in which there is excess of protein
over carbohydrate, leads to the formation of alkaline, consti-
paf:sd. stools,

(ps 106.) Prolonged feeding with raw cow's milk a.lr;me,
without the addition of carbohydrate, may lead to the symptom
complex known in Germany as Milchnahrschaden, in which
nutrition suffers. This has been attributed to laeck

of carbohydrate in the food, but possibly it is due in part
to an inability properly to digest the other food constituents
present in relatively highey amounts. Insoluble calcium
soaps form a considerable part of the stools, and the latter
are dry and crumbly,

With the addition of carbohydrate and a corresponding

reduction of protein and fat in the diet, the condition is

successfully treated and there is a rapid change in the stools.



o=

Some experiments by Fife and Veeder in 1911, will be dis-
cussed later, but some of their remarks may be given here:-

On a fat free diet, a very small amount of fat is found
in the stool:-

In the healthy infant, the normal absorption of ingested
fat lies between 90 and 95%. The fat absorption is lowered
" in both aeute and chronie nutritional disturbance, 10=50%

(or more) of the ingested fat, being found in the faeces. In
our own eases, the loss vas 15-33%.

With "The wasting Diseases of Barly Infaney" as his subjeect,
Parsons delivered the Goulstonian lectures of 1924. His
classification was as follows:-

(1) Simple atrophy.
(2) Simple atrophy with dyspepsia} i.e. with diarrhoea and

vomiting, or with intolerance to fat, carbohydrate, or protein.

(3) Simple atrophy with deprivation -

(&) deprivation of one of the proximate prineiples,

(b) deprivation of the vitamins,
(4) Atrophy from other diseases, (Pyloric stenosis, pyelitis,
syphs. 1.B.s, ete.)
Bach division has allready been briefly dealt with, except for
"fat intolerance," "carbohydrate intolerance" and "deprivation
of vitamins.

Farsons describes the results of some original and strict
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experiments on the fat digestion and absorption of wasted in-
fants. Although he limited his investigations as far as
pos;sihle to infants under the age of three months, Parson's
series consisted of 100 infants under six menths old, admit-
ted to his care from 1920 to 1924. Of these, 68 were
either first, second, or third inm the family. In 19, there
was & history of diarrhoea, but it ocecurred in 27 after
admission; 72 had a history of vomiting, and this was
*frequent®™ in 52; 40 had vomiting while in hospital. 46 had
a history of constipation.

He attributes to Holt the following figures (which de not
correspond to those figures of Holt, previousely mentioned.)
(1) In a breast fed infant, 99.2% of the fat in the milk
ingested, is absorbed; .

(2) in an infant fed on cow's milk, 97.4% is ahsorbed; and
gives a figure of his own (97.7%) for an aﬁrophie infant fed
on mixed cow's milk and almmed. cow's milk, He states the
general rule:- "the percentage of fat in the faecas variea
directly with the percentage of fat in the food."

Parsons found in his cases “as in Holt*s series,"™ that
fatsplitting was good throughout (except in cases of diarrhoea

in which a large amount of unsplit fat was passed,) and concluded
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that there was no evidence of deficiency in pancreatic lipase
either in atrophy or in pylorie stenosis, Further, from his
own figures and those of Holt, he says:- "It is quite obvious
that fat absorption (in the sbsence of diarrhoea) is normal
in infantile atrophy and pyloric stenosis.”

His further comelusions were:=
(1) atrophie children show very good absorption figures for
cow's milk modifieations up to j.3% of fat;

(2) ‘the sbsorption figures are also good for modifications
of dried cow's milk up to 2.1% of fat; (indicating that high
fat content dried milks are uneconomical from the fat stand-
point, and may lead te "intolerance to fat," thus explaining
the e¢linical experience that “halfeream dried milks" give
better results than "whole eream.")

Parsoms figures also showed that atrophie children on
cow's milk ean split larger amounts, and can shsorb larger
amounts of fat, than those indicated by Holt and Falles
as necessary for healthy nursing children - viz 20 gms. of fat
daily, increasing to 4O gms. at 6-7 months,

Fat indigestion, concluded Parsons, occur;?. in atrophy
under two conditions;-

(1) when diarrhoea developes; (here,"peristaltic hurry"
makes fat splitting poor;) and

(2) with the use of high fat content dried milks; (here, the
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fat splitting is good, but the stools are large, with a
considerable content of soap and free fatty acid),

Parsons emphasised the rarity of "Milchnahrschaden," (it
only occurred in one case of his series;) and says, ".eeseee
the presence of fat and soap curds in the stools is not certain
evidence of fat inddgestion; in my experience the "soap stool"
is not an abnormal one, unless it is very bulky, in which case
there may be diminished fat absorption.

Professor Feer remarks that "Milchnahrschaden" is due to
an unsatisfied high carbohydrate requirement, and that malt
sugar may be necessary in obstinate cases,

Hutchison, although granting that the study of the stools
does give some guide to the nature of the feedingrerror, is
unable to reconeile the classifications of Finkelstein and
of Czerny and Keller with the bedside conditions, Discussing
their omn experiments (to be soon referred to,) Fife and Veeder
remark "e...eses in none of the periods was the so-called 'soap=
stoel' of Czerny's 'milk injury', or Finkelstein's 'balance
disturbance' present,?®

Holt (pe. 125) describes two kinds of curds that may be
observed in the stools of milk fed infants;

(1) 'When the stools are loose, there are liable to be found
small yellowish - white curds, consisting almost entirely

of neutral fat, This is an indication that fat is
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being incompletely digested: and
(2) 1large, smooth, firm, yellowish brown curds, white on
cross section; they are sometimes seen in the stools of
those fed on raw milk, are composed of coagulated casein in
an envelope of soap, and are of no pathological significance.

In 1911, Fife and Veeder undertook same studies of the
metabolism of two atrophic infants, in order to determine:-
(A) the absorption of fat under the influence of different
proportions of fat and carbohydrate; and
(B) the influence of the varying quantities of the fat and
carbohydrate on the nitrogen metabolism.,

The two infants were:=-

(1) Albert: weight 10 lbs. 8ozs.; age 9/12;
father tuberculous, mother mentally deficient;
the infant's wikeight was stationary for the two months
between admission and investigation; and

(2) Edward - aged 10/12, weight 11 lbs: 10 ozs:,
family history negative.

The results of the study were similar in the two cases, and
the following conditions were noted:-

(2) fat absorption was less than in normal infants,

although the two infants were abl®e to absorb large

quantities of fat.

(b) The percentage absorption was better with a large amount

of fat in the food, than with low amounts.
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Although they say that fat and carbohydrate differ
from protein in that they may be substituted for one another with-
in certain limits, yet they found:-

(e¢) that the amount of carbohydrate in the diet did not
influence the fat absorption.

(d) The amount of fat in the form of soaps in the faeceés
was neither proportional to the amount of calcium in the
faeces, nor to the amount of carbohydrate in the food.

(e) Both the actual and percentage amounts of soaps were
greater when the fat intake was low, and the investigators
consider that this shows that the infants were not atrophic
as a result of "fat injury.”

Regarding that part of their study concerned with the
nitrogen metabolism they say:"it is generally accepted that
the amount of nitrogen in the faecss is not proportionate
to, nor dependent on, the amount of nitrogen in the food;”*
and that therefore, the study of the nitrogen absorption is of
little or no value; but that the "nitrogen rentention" is
important, that is, the balance between the output (in the
urine and faeces) and the intake.

T. R. Parsons, however, says (p. 91.):~- "We can decide

(9)
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whether the tissues of a subject are wasting permanently, or
whether they are being repaired, by comparing the food

nitrogen with the nitrogen in the urine and faeces, The

food nitrogen, less that in the faeces, indicates the

nitrogen absorbed from the alimentary canal. A comparison

of this last with the urinary nitrogen, indicates the

"nitrogen retention,”

Neither the growing organism nor a starving man, can
ever be in "nitrogen equilibrium,"

(P. 58). One of the most fundamental reactions in
the whole of the chemistry of the body is that of "deamination,"
by which the "amino" groups of the amino-acids - those end
products of protein digestion, and the starting point of
protein utilisation and synthesis - are split off; and the
noncombustible, and therefore useless, nitrogen that they con-
tain eliminated in urea. The liver is the only site of urea
formation,

(Pe77)e In gemeral, it will not be possible to decide
what proportion of the total urea excreted is of exogenous,
and what of endogenous (i.e. tissue breakdown) origin., But
certain constituents are present in the urine that are
entirely endogenous in origin - of these creatinine is the

chief, There is a remarkable constancy of production of
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creatinine, it is not present in any ordinary articles of
diet, and it is very easily estimated. Its total output in
the 2)4 hours, is the same, whether exercise is indulged in
or not,

Another short extraction from Holt:e
(p. 195) Infents dying of marasmus, show no characteristic
lesions., Evidences of morbid physiology (during life) are
far more striking than the anatomical changes - there may be
marked suppression of the digestive secretions,

In uncomplicated cases there is very little evidence of
impaired fat and carbohydrate digestion and absorption,

Evidences of starvation dominate the picture. Combustion
of the body tissues is reflected in the marked negative
balances of nitrogen and minerals. A vicious circle arises
from the fact that the basal metabolic requirements become
steadily higher owing to the growth in surface area and the
loss of subcutaneous fat.

To return t0 Fife and Veeder's conclusions:—
(f) the nitrogen retention was greater than in normal
infants of the same age and weight.

"This may be due to their beginning on a period of convalescence,
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as both children started in to improve from the moment they
 were placed on the metabolic bed in the first periocd.® (i.e.
"period" of experiment.)

*Nitrogen retention was very good in all our periods."

(g) Increasing the amount of carbohydrate produced an in-
creased nitrogen retention, but the nitrogen retention was not
influenced by the amount of fat in the food.

Thomson's three causes of marasmus ( "or Bilenzstorung,™")
ara:-.

inanition,
fat dyspepsia,
parenteral infection.

Certain children, he says, undoubtedly have a reduced
tolerance to fat, with the passage of large crumbly motions,
a condition corresponding to Czerny's "milchnéhrschaden," and
Finkelstein's "bilenzstorung." The digestion and absorption
of fat m,'hamsr, guite normal.

The form of the motions is due to excessive amounts of in-
soluble soaps, which need excessive amounts of calcium and mag-
nesium, the absorptien of which is therefore interfered with.,
In more severe cases, it is thought that salts are actually
extracted from the body; but, in many cases, there is shown to

be no diminution in salt retention.
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Further, it has been disproved that excess of fat in the
gut interferes with the absorption of sugar.
"fhatever the explanation, it is a definite clinical
entity that occurred frequently with the use of "full cream"
dried milks.*

Thomson considers that parenteral infection may cause

wasting by i~
(1) affecting the appetite,
(2) raising the metabolic rate,
(3) the action of toxins,

Marriott considered that atrophy was due to a long con-
tinued partial starvation. He believed that there, was
actual destruction of the body tissues, and he attached im-
portance to the diminution in the rate of blood flow, which
he thought was present, together with a diminution in the
blood volume, and in the blood cells and protein,

Marriott postulated a period of repair to explain the
well-known clinical fact that the weight may be stationary
for long periods in atrophic infants, despite a fairly large
fluid intake. He believed that (he greater liability to
atrophy of handfed infant over the breast fed, was due to

the greater buffer value of cow's milk,
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(Holt, p. 120.) "The “higher buffer value" of cow's
milk is due to its greater protein and phosphate content,
these factors combining with and neutralising, additions of
acid., Despite many digestive disorders having been
attributed to this higher buffer value, no good evidence of
harm has been presented.,

Holt, (p. 273, p. 107) deseribes two other clinical
pictures, "often associated with one or other of the
avitaminoses,"

__One, *matritional ocedema," will be discussed later, (see
under "Complications,")

The other, "a less well-defined syndrome,"™ is the
"mehlnehrschaden™ of Czerny and Keller (1928.) This is seem
after the excessive adminstration of carbehydrate, in the form
of eereals and proprietary. foods. It is not to be regarded as
& specific carbohydrate injury, but rather as a deficiency of
other foodstuffs, - proteins, and vitamins, The clinical pic-
ture is similar to the “"partial vitamin B. deficiency," of
Hoobler. There is often a rapid increase in weight, without a
proportionate increase in strength; the child is flabby and

often rickety and the resistance to infection is low, Holt
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considers that it is only partly true that excess of
carbohydrate ferments in the intestine and leads to diarrhoea.
The normal infant tolerates sugar in large amounts, but if
infection is present, this tolerance breaks down, and
fermentation of the unabsorbed sugar may occur. Fermentation
may therefore, be the result of, and not the cause of,
nutritional upset.

Spalding in 1909, attributed "failure of developement"
largely to food intoxication caused by improper feeding,
particularly to a too-early recourse to artificial feeding,
and to a too-high percentage of fat in the feed. This
latter factor could also account for some cases of failure with
breastfeeding. (14).

He considered that excess of carbohydrate leads to
fermentation, and also to "™intoxication" from an upset of fat
digestion; while excess of fat extracted valuable alkalis from
the body,

Eleanor Jones, (1910) said:- “the etiology of infantile
atrophy (or Parrotts "athrepsia®™) is a mooted question, but a
scanty and incongruous kind of food is probably the main
factor." (15).

To her, the sequence of events was:e gastrointestinal

upset, leading to putrefaction and the formation of organic
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poisons (especially acids,) which are absorbed and poison the
organism,

She quotes Rubner and Heubner as concluding that the work
of digestion is much more laborious in the artificially fed
than in the breast fed, and that therefore more calories are
necessary in the former,

"Tt is a common fact that the artificially fed needs
more food, secretes more urine and is more restless than the
breast fed."

"Good breastmilk is the strongest safeguard against the

condition.®
e o (D T ey

In the Medical Research Council's report on vitamins,
1932, we read in Ch. X1. ("Vitamins for Mother and Infant."):=
(p. 276.) "To what extent marasmus is dependent upon

abnormal nutrition, is not known, but there is reason to
believe that defective maternal feeding plays an important
part in its etiology. Supplementary vitamin foods are very
useful in marasmus and retarded progress, often leading to
marked improvement, Some cases respond well to Ultraviolet

Radiation, after failing to do so with cod liver oil.
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"Seurvy and rickets are frequent in those reared upon
proprietary infant foods.™

‘Holt remarks (p.194.) that deficiency syndromes (of
protein, minerals or vitamins) may be superadded to the picture
of malnutrition,

Boyd considers that MeCarrison's results obtained in
experimentally-produced deficiency disease in animals,
resemble the findings in marasmic infants; and further, that
the conception of intestinal lesions - particularly in
children, - the result of a faulty dietary, may assume con-
siderable importance in the future. (10),

Before indicating some of McCarrison's numerous experi-
mental results, it must be emphasized how greatly different
animals vary in their susceptibility to different vitamin
deficiencies - examples being, that:=
(1) it has never been possible to produce Rickets in kittens; &
(2) rats never show the characteristic effects of a scorbutic
diet, while guinea-pigs are especially susceptible.

After describing the effects which MeCarrison produced in
monkeys and birds by means of diets deficient in vitamins B. and
C. (namely, the well-marked thinning of the wall and dilatation of

the stomach and intestines, resulting in invasion by bacteria; and
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also, particularly, the degeneration of Averbach's myenteric
plexus;) '

Boyd, (p. 319.) sums up:-
*It appears, therefore, that the health of the gastrointestinal
tract depends upon the presence of accessory fooed factors in
the diet, and in particular upen B. and C, vitamins, B.-lack
giving rise to a picture resembling some forms of colitis,
while C.-lack produces congestion and haemorrhagic lesions.™

licCarrison has published the results of a large amount of
work on - "The Pathogemesis of Defieiency Disease."  The

tenth of his series of articles, describes - "“the effects of

some food deficiences and excesses on the thyroid gland."™ (16).

These are his conclusions:-

(1) Dietaries deficient in vitamins lead to a reduction in
size and weight of the thyroid gland.

(2) Dietaries deficient in vitamins render the thyroid gland
susceptible to the noxious action of intestinal bacteria,
or of their products, with resltant atrophic and necrotiec
changes.

(3) & scorbutic diet of crushed ocats and autoclaved milk may
cause in guinea pigs considerable enlargement of the
thyroid gland, The enlargement is, in the main, the re-

sult of congestion and haemorrhagic infiltration of its
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tissues,

(4) Dieteries containing adequate provisions of vitamins, but
‘excessively rich in protein and fats, induce in the
thyroid gland of pigeons in confinement, marked degrees
of hyperplasia, thp extent of the hyperplasia being
largely dependent on the duration of the organts
exposure to the gastrigenous influences induced by the
excessive protein and fat content of the food,

(Boyd, pe 493, remarks that, during life, the thyroid

is continually being acted upon by various stimuli, -
chemical, bacterial, psychic, all tending to induce hyperplasia.
When the action of %hese ceases, involution sets in, Boyd
wonders why the thyroid gland should be such an apparent ex-
ception to the rule that tissues acted upon by texins, do less,
rather than more, work than usual,

He states that whenever the iodine content of the thyroid
falls below .1%, hyperplasia results, but that this hyperplasia
is neither necessarily nor even commonly associated with hypere
thyroid symptoms, He instances the quite frequent and marked
compensatory hyperplasia in myxoedema and cretinism,

McCarrison also found that:=

(5) The addition of onions to a dietary excessively rich in

)

h" / \ \Tl‘
= 7,
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proteins and fats, while containing at the same time an
abundance of vitamins, markedly retards the development
of thyroid hyperplasia, and the tendency to acimar “bud-
ding"™ in pigeons living in cc;nfinem.ent.
. The beneficial influence of the onions is held to be
due, in part at least, to their action in restraining the
growth of putrefactive types of bacteria in the
gastrointestinal tract and in retarding the absorption
of their products.
It is suggested that "succus alii™ might prove of
benefit in restraining the hyperplasia of Graves' disease.
(6) The changes in the parathyroids induced by a diet de=-
ficient in vitamins and excessively rich in starch and
fat, appear to be related in their origin, to intestinal
anaerobes; the noxious action of which, is greatly favoured
by the defective diet.
Other points mentioned by lcCarrison are:-
(&)  "excessive proteid diet alone, all other
hygienic conditions being perfect, will not, as
Forsyth has shown (Lancet 1907, July, 20th.)
cause thyroid hypertrophy."

(B) "In the present experiments, overfeeding was the
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m:i:n causal agent in the production of the goitres."
unhygienic conditions of life were important.
MeCarrison sums up as follows:— (17)e
(1) VWith the possible exception of the thyms and adrenal
glands, no organ of the body is more sensitive to food
conditions than the thyroid gland, and its semsitivity
is greatest in early life.
(2) Vitemin insufficiency has an important relation to
goitre.
The more perfect the constitution of the diet,
the more normal is the thyroid gland, both as to its

gize and as to its action.

The complications of Marasmus are quickly reviewed:-
(1) Secondary local infections are very common, - in the
form of thrush, furunculosis of the skin, otitis media, or
bacillus coli pyelitis. Enteritis and bronchopneumenia are
especially dangerous,
(2) ©Nutritional anaemia, and the effects of lack of one or
: more vitamins, are common.
(3) Subnormal temperature, purpura, and oedema, are grave

and not uncommen complications.
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(4) Rectal prolapse may be a very troublesome oceurrence in
rapid wasting,
The pathology of the complication "idiopathic oedema®™ is
very uncertain,

Holt considers (ch. XXV1l.) that "mutritional cedema®™ is
most often seen in severe malnutrition when the diet has con~-
sisted largely of carbohydrate, The plasma protein is re-
duced, (Panton and Marrock, p. 90, remarks:-- (11).

"When the total protein falls below 5 mgms. per 100 ces. of
plasma, general oedema usually appears,™)

The condition may be due to a deficiency of protein or of
certain amino-acids in the diet, It may be identical with
the "war cedema" and “famine cedema" of older mtients - and
also with the "wet" form of beri-beri.

The serous cavities are seldom involved,

Of the same subject, Thomson says:-

*One of the commonest and most interesting forms of oedema

in young infants is that seen in defective excretion of salts

froin the body, Excess of salts (and also of sugar) im the

young infanf's diet, is apt to cause increased retention of

fluid even in health, and still more during sickness.”
Usually, there is no noticeable superficial oedema, but

in the newborn and in the premature,it may go on to obvious dropsye.



=

In infantile atrophy, oedema is especially prone to oeccur.
Also, it is not uncommon in babies of a few weeks® old, who
are being overfed,

The condifion requires thorough dietetic treatment and
not the mere withholding of salt; although the less sugar
and salt that there is, the more rapidly does recovery take
place. In oedema occurring in the course of chronic
diarrhoea, subcutaneous injection of adrenalin, minims 5,
twice daily, seems often to accelerate its disappearance.
(Hmé, B. M.J., 1911. TI.478)

The question of infantile anaemia, requires special

mention.

1t is essential to remember that the witamins, which
will shortly be discussed, are not the only nutritionsl
factors that matter., Among the most striking of recent
work is that of liackay who has shown how surprisingly common
iron deficiency is, in infants.

The infant with nutritional anaemia, although pale, is
frequently well-grown and well-nourished,

Normally, iron stores are laid down in the liver and
spleen during the last few weeks of foetal life, and these
stores fall progressively from birth to the end of the
lactation period. Premature infants are therefore particularly
liable to anaemia, because they have not had time to make up their

stores, and because neither breast nor cow's milk contains sufficient
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iron for the needs of the growing babe; and cow's milk has
less iron (and copper) than breast milk,

The addition of copper to the therapeutic iron, has been
found to bring about a far quicker response in haemoglobin
formation, than does iron alone. Copper has no such effect
in the absence of iron and its action is thus a definitely
catalytic one,

Copper is also stored in the liver,

This mtritional anaemia of infancy is very easily pre-
vented, The premature child must have iron at an early date,
while the full term infant should be given it from the seventh
month onwards,

Prognesis. The outlook for the wasted infant is always
a doubtful one, even while progress is satisfactory., Those
cases are worse in which no apparent cause can be found,

Intercurrent diarrhoea and pulmonary infection (the
latter may affect the temperature to a very minor extent) are
especially to be feared,

When it does occur, recovery is surprisingly complete,

Fatality as a rule, is due to intercurrent infection,
but sudden death from no apparent cause is not uncommon; and

this collapse may be quiet and unexpected,
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Conclusions Regarding Pathogenesis,

We are concerned with the infant who is wasted, but in
whom no other signs of disease can be found to account for the
wasting, The child was born at terpm,there is no pyloric
obstruction, no gastroenteritis, syphilis, or infection of
the ear or urinary tract.

The impression received by the author after a few months!'
work with infants, is that, in the majority of cases, (apart
from the primary conditions named) there is evidence in the
"feeding history,™ of a considerable period of time, over which
the food intake has been insufficient. (see section 5.)

To Thomson, "inanition" is one of the three great causes
of marasmus.

The clinical picture is one of starvation, while no
characteristic lesions are found, postmortem.

It is almost universally accepted that in cases of wasting -
uncomplicated by diarrhoea - the splitting and absorption of
fat, and the digestion and absorption of carbohydrate, are un-
impeired, It has, however, also been well recognised for a
long time, that certain children have a reduced tolerance to
fat, with the passage of large crumbly stools, a condition

corresponding to the "milchnahrschaden" of Czermy, and one which
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Holt considers can arise from prolonged feeding with raw
cow!s milk alone., Here again, the digestion and
absorption of fat are normal., This definiteclinical
entity occurred frequently with the use of fulleream
dried milks, and was thought to be due to a diminshed re-
tention of salts in the body. This was disprﬁved, and
the real explanation is still doubtful.

Excess of carbohydrate will apparently only lead to
nutritional upset, if the presence of some infection has
lead to a reduction of tolerance to this proximate principle;
and it is probable that the "mehlnahrschaden" of Czerny is due,
rather to lack of protein and vitamins than to carbohydrate
"injury."”

Defective feeding of the mother is an important factor
in the causation of wasting in the child, and supplementary
vitamin feeds are very useful to marantics, as deficiency
syndromes are liable to be superimposed on the picture of
wasting.

The results have been given above of a tithe
of McCarrison's work; some, suggesting that the effects of
vitamins deficiency may be found especially in the gas-
trointestinal tract; others, indicating the presence of a

relationship between certain excesses and deficiencies of
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diet, the size of the thyroid gland, and the activity of
certain intestinal organisms,

It was in 1926, that Harrington showed that thyroxin (the
active prineiple of the thyroid gland) is derived, not from
tryptophane, as Kendall had thought, but from tyrosine,
another of those amino-acids which are essential for animal life.

Thyroxine is an iodine derivative arising from two
molecules of tyrosine.

It must also be remembered that adrenalin: is also
closely related in chemical constitution to tyrosine,

lcCarrison is strongly of opinion that infected water is
the main factor in the etiology of endemic goitre, while Marine
maintains that lack of iodine is all important.

The mechanism of the beneficial action of iodine in
hyperthyroidism is unknown. McCarrison considers that it acts
as a strong intestinal antiseptic, but he showed that excess
of fat leads to thyroid hyperplasia, even though abundance
of iodine be given. If the action is a chemical one upon the
thyroid, it is difficult to explain its cessation after two or
three weeks,

It is possible that one action of the thyroid is to keep

the intestinal bacteria below a certain level of activity, by
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means of a particular concentration of iodine in the blood.
| It will be seen that the gquestion of the pathogenesis of
wasting is closely comnected to that of the necessity te the
young animal, of a diet well-balanced and adequate in all

respects.

(B) Pathogenesis of the Avitaminoses,

Sir Walter Fletcher has said:- "Many diseases of
environment are under our potential cozxtrc;l already, Dia-
eases like seurvy, beri-beri, rickets and pellagra, are due
to deficiencies of particular vitamins in the food, Neo
doubt, other abnormalities of body, including forms of mental
weakness, will be found te be due to similar deficiencies
either in childhood or during embryonic life, and we know
already, though not yet in enough detail, that deficiencies
in diet diminish the resistance of the body to infective
disease." (18)

Vitamins are mostly exogenous hormones, and we are de-
pendent for them, in the main, upon vegetable life, as the
animal body has very little power of manufacturing them.

Vitamin A, has a provisional formula, the skeleton of
which is the same as that of a synthetic perfume ecalled
"Tonine,*

Carotene, although not identical with A., is converted
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into it, when fed to an animel and stored in its liver,

A matter of great practical importance is the fact that
A, is easily destroyed by oxidation.

Severe vit A, deficiency rarely, if ever, occurs alone,
but there is a considerable and growing amoun¥ of evidence that
deficiency of a slight grade is not uncommon among the infants
of the poorest sections of the population the this country.

The primary effect of a deficiency of vit A. is to cause
a characteristic abnormality of certain cell structures,
especially of mucous membrane cells and nerve cells.

Briefly, deficien@y of A, leads to:-

(1) Poar growth.

(2) Xerophthalmia - this is one of the most specific ill

effects,
(3) Hemeralopia or "night blindness" - often unrecognised,
although one of the earliest manifestations, The condition
can readily be detected (by means of the Birch-Hirschfield
photometer) - and cured.

Hemeralopia is apparently accounted for by the special
sensitivity to vit. lack on the part of sensory fibres,
demonstrated by Mellanby, as compared with the motor fibres.

(4) Susceptibility to infection. (Green and Mellanby, 1930.)

Vit A. however, is only anti-infective in a limited way; there is
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no change in the general immunity.
Dr, Helen Kackay, from her own observations, regards a

susceptibility to skin affections as "probably the first

sign of vit A, deficiency in infants." (19)

There is no satisfactory evidence that A. lack is res-
ponsible for any of the usual respiratory or intestinal
infections of children in this country.

(5) Very important effect of increased susceptibility of the

central nervous system to toxiec influences.

Mellanby showed that in the absence of A,, animals de-
veloped lesions similar to those found in "subocute combined
degeneration" of the cord; lesions which were aggravated by
the adminstration of wheat germ, or of ergot, but completely
overcome by adequate A., showing that the rigid dictum is ne
longer tenable, that a cord tract, once degenerated, ean never
Trecover.

Langdon-Brown puts the question: whether the absence of
hydrochleric acid and of Castles* "Intrinsic factor" prevents
the body utilising vitA, just as it prevents the proper
maturation of the red blood corpuscle. (20)e

Vit A, is alsc responsible for the perfect structure of
the marginal epithelium of the gums, and

(6) Pyorrhoea. Results when there is lack of it. (This
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will be referred to again.)

Shortage of A, seems most likely to occur in young
children, and the infant receives very little in utero
and from its mother's milk, necessitating ample extra pro-
vision, especially at the time of weaning.

Holt, (ch. XX11) points out that the infant patients of
A. deficiency, fall into two classes:-

(1) those with poor fat assimilation, owing to chronic
nutritional upset; and
(2) those fed on a poor fat diet.

Vitamin A, is abundant in cod liver oil, and especially
80 in halibut liver oil; in these, it is accompanied by
vitamin D.

In codlivers, accumulation of the vitamins occurs as
the fish age, thus giving oils of high value. It is unknown
whether the same applies to the high values in halibut liver
oils, It has been found that live steam liberates the oil
from cod livers much more readily than from halibut livers.

(Peacock in 1926, showed that the exposure of codliver
oil to the light, results in the loss of its vit A, activity.)
A, is also abundant in the livers of the ordinary food ani-
mals (o®, sheep and pig,) from which D, is absent; and A.

also differs from D. in being moderately abundant in green
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vegetables, carrot, etc. as Carotene, which is the
"provitamin” to A. and of equal biological value to it.

1t may be said that no common foodstuff contains the fat
soluble companion . in abundance; (making supplementary
dosage of this factor essential in children.)

Egg yolk is the only known foodstuff containing anti-
rachitic power teo any extent.

¥Milk, which contains all the known vitamins, only has a
nominal and inadequate degree of anti-rachitic power,

It was partly this rarity of D. in natural foods that
lead Hess and his fellows to call it the "anti-rachitic factor"
and not a "vitamin,™

Prior to Mellanby's demonstration (in 1918-19) of the anti-rachitic
vitemin as the cornerstone, many hypothesis were held regarding
the etiology of ricketis,

These roughly were:-—

(1) dietetie,
(2) environmental, and
(3) infective,
In 1919, Holdschinsky showed that ultraviclet radiation cured

rickets in humans; five years later, Hess showed that these rays
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made inert foods patent against human and rat rickets, and
the next year, Hess suggested that the radiated ergosterol
was produced just under the skin.

The discovery that radiated ergosterol has a profound
influence upon ossification, is of far reaching significance.

Ergosterol has a formula of C28Hy30H. It is apparently
a derivative of di-benz-anthracene., "Calciferol," the syn-
thetic antirachtic factor is isomeric with the ergosterol
from which it is obtained. The nature of the intramolecular
re-arrangement produced by the ultraviolet rays, is unknown,

In the Gaulstomian lectures for 1934, Dodds gives an
account of "The Hormones and their Chemical Relations." (21)

He refers to the extensive investigations of Kennaway and
his colleagues, which showed that those hydrocarbons which are
capable of produecing "tar cancer," belong to the group of
condensed carbon ring compounds derived from di-benz-anthracene;
and describes his own experiments with two of these compounds,

showing that each of them possessed a dual activity; namely,

the power of caroimggneais., and the power of ocestrogenesis,

Pointing out that vit D, is also included in this con-
densed carbon ring group of compounds, he claims to have

shown that this molecule also, may possess two entirely separate
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physiological effects, namely, anti—raoh;ic and oestrogeive
activity.

He sums up:=- "Whether the phenomena associated with
rickets, malignant disease and sex activity are all
related, or whether all the locks are ecapable of being opened
by skeleton keys, remains yet to be proved.®

The relation of vit D, to caleium and phosphorus
metabolism, is the only instance in the present knowledge of
vitamins, where it is possible to state the function of a
vitamin in terms of chemistry.

The mode of action of vit D. is summed up by Harris as
follows:- (22)

"Vitamin D, causes an increased "net absorption" of
calcium or phosphate (the two are mutually interdependent)
from the intestine - that is, more calcium and phosphate are
absorbed from the gut, or less are excreted back from the
body into the gut.® (Sir Walter Fletcher remarks:-* There
still remains for study, the attractive physico-chemical
problem of how it is exactly that this calciferol molecule
exerts its special influence upon the living cells of the
intestinal wall, and exactly why, without it, they cannot do

their work of effecting the passage of calcium salts into the
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blood, but not back again.*)

*Thus the level of the phosphate and/or calcium in the
bloed rises and, as a secondary mechanical result of this,
extra calcium phosphate is precipitated out into the bene.
That is, the amount of calcification in the bone depends en-

tirely upon the amount of calcium and phosphorus in the blood

there is no fundamental error in the bone in rickets, but the
fault is with the blood, and rickets is in this sense "a
disease of the bloocd.™ If the blood phosphate and calcium
can be kept at the right level, sufficient bone salt is put
down and so rickets does not develope, or if it is already
present, healing is brought about. This reasoning explains
why in vitemin D, deficiency (rickets) one has an excessive
loss of phosphate or caleium in the stools, a low blood
phosphate, and, in some circumstances, low blood calcium -
hence and inadequate deposition of calcium salts in the bone,
(As Holt says:- (ch.XXV. p.242.) In active rickets, there
is a diminshed retention of calcium and phosphorus,

The rachitic child is a prey to minor variations in the
mineral balance of his diet.

krgosterol increases the holding power of the blood, for
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calcium and phosphorus.) Whereas, in contrast, with too
large doses of vitamin D, we get the reverse picture - increased
absorption, hypercalcaemia and/or hypophosphataemia, and a
resulting excessive degree of calcification,®
The results of other clinicians and workers vary but
slightly from this concise summary:-

Thomson - on Rickets,

The blood calcium is always within normal limits in un-
complicated cases; but it is lowered if te'l;a.ny ceomplicates,
The lowering of the normal 4-H mgms. per cent. of in-
organic phosphorus content is recognised as one of the most
constant and delicate tests for aetive rachitie mischief,
(But we see in M.,R.C. report, p.49:- "Some say that a low
blood phosphorus is not an infallible test for rickets.")
The bony changes are of two kinds:-
(1) ‘There is a general softening, and
(2) At the point of ossification, there is an "exaggerated
preparation with diminshed accomplishment.”
Thomson describes how in 18%8, Guerin, with a calcium
poor diet, produced a condition of osteoporosis, but not
rickets, and in 1922, McCallum and his co-workers, feeding

rats with a phosphorus poor diet, produced histologically
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true rickets, These latter also found that, so long as the
phosphorus and calecium in the diet were properly balanced and
adequate in amount, rickets would not develope despite
complete absence of vit D, Thomson does not consider
rickets a true avitaminosis, since two independent factors can
lead to it:=

(1) deficiency of phosphorus, and

(2) deficiency of Dj
but he wonders how the rat rickets can be related to child
rickets, as phosphorus deficiency can be definitely excluded
in the latter, (human milk containing much less phosphorus
than does cow's milk.)

He remarks upon the undoubted varying susceptibility of
different infants, to rickets; and that the degree of '
maturity of the newborn is a factor of the first importance,
the premature infant almost invariably developing the dis-
ease to some extent.

The fundamental observation that, without growth,
rickets cannot result, explains the fact that it is seldom
present in marantie infants, but is apt to supervene
in eretinous children treated with thyroid glend preparatioms.

Clinieally, rickets is most prevalent in late Winter
and early Spring, less common during the Autumn.

The rickety child may or may not be thin; often, he is
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unusually fat, Thomson considers that ansemia and pyrexia
occur only with complications; also that definite enlargement
of the spleen is invariably due to some complication such as
tuberculosis, syphilis, anasemia, or chronic pyogenic infec-
tion.

Heolt considers that anaemia is a frequent accompaniment
of rickets, and that in rickets the resistance to infections,
especially respiratory, is feeble.

Thomson considers that rickets is distinetly rare in
Coeliac disease, but that a degree of osteoporosis is the
rule in this disease, and may be very marked. He points out
that in Coeliac disease:-

(1) growth is arrested - explaining the absence of

rickets, and

(2) fat, protein, carbohydrate, caleium and phosphorus, are
all poorly absorbed.

The condition Remal Rickets in which Ford (1971) showed
that there was a parallel diminished retention of calcium and
phosphorus (just as in infantile rickets,) responds neither
to vit D, irradiated ergosterol, or ultraviolet radiation.,

These are Mellanby's views on bone disease:- (23)

In the normal animal, the structure of bone is the out-
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come of a struggle between two influences;:-
(a) tending to perfect formation and calecification, and
(b) tending to produce comparatively soft bone.
Perfect ealcification is assisted by:-
(1) adequate calcium and phosphorus, and
(2) adequate vitamin D = either from food or synthesized by
the skin, from sunlight er UV.R,
Perfect calecification is prevented by:-
(1) foods which produce growth, without supplying adequate
calcium, and
(2) foods which produce growth and also interfere with the
retention of calcium in the body.

Perfect bone formation is stimulated by:=

milk,

cheese,

butter,

egg yolk,

meat fat,

fish fat,
all of which contain vitamin D, and the first, second and
fourth, much calcium and phosphorus.

Lean meat, white fish, and most vegetable fats, stime
ulate growth without supplying enough calcium, while cereals
(bread, oatmeal, maize and rice) hinder calcification.

(In 1922, 1925, Mellanby suggested the name "toxamin®

for the unfavourable agent in cereals, neutralised by



sufficiency of vit. D. M, Mellanby, and Pattison, concluded

that "cereals hinder the prevention of dental caries by wit. D." (24).

This latter subject will be referred to again.)

Vegetables and fruits are indifferent in their action,
save for the calcium contained in some of them, especially in
green vegetables, These last, also sometimes contain - if
recently in the sun < small amounts of D,

The vitamin C. content of fruit and vegetables, defends
the bones from scorbutic influences., Unlike the bones, the
tooth, once formed, remains practically unchanged,

Even in adults, when growth has ceased, bone is con=
stantly being absorbed and reformed; thus, a long peried of
diet poor in calcium, may lead to osteomalacia,

Mellanby proceeds to discuss the subject of: treatment
of rickets, standardisation of vit. D. and hypervitaminosis D,

Prevention of Rickets apart from the very important attention

to surroundings, lies i giving extra milk, and extra vit., D,
because many samples (sbout 10%) of cow and human milk do not
contain enough D, for the perfect formation of bone in early
life,

As a preventive, 3i - Fiii of cod-liver oil daily, is ample,

(*The smaller dose from birth.,") Cod-liver oil is also rich
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in A, and iodine, which are often deficient in ordinary diet.

Cereals should be forbidden for the first 9/12 of life,
and only allowed in very small amounts for the first two
years., The great drawback is the high cost of milk.

The rachitic e¢hild should also be given 2 gms. of
bone ash daily. (Calcium phosphate.)

Standardisation of Vit. D. has been procured by the

definition of an international unit of its activity; cod
liver oil containing from 100 to 250 units per cem.
according as to whether it is "ordinary" or "good."™ D, has
now been isolated as calciferol and intensely active prepar-
ations are now procurable; for ordinary purposes 3000 units
per cem, is strong encugh.

gxpervitaminoaia D, is little to be feared if the infant

is also given milk in plenty.

There is a real danger of calecifiecation of the renmal
vessels and tubules if concentrated preparations are giveam to
marantic infants not getting milk in plenty. 20 cems. of
cod liver oil daily (2000 - 3000 units of D.) is enough to

cure rickets under ordinary diet conditions.

Langdon Brown points out that the salient point in Vit. D.
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deficiency, is a decrease in the net absorption of caleium,
(i.e. the gross absorption, less that amount re-excreted in-
to the bowel,) and that in clinical rickets the blood phos-
phorus and calcium may both be low. (29 )
Bxcess of vit. D. produces;=

(1) increased net absorption,

(2) tendency to a high blood calcium and phosphorus,

(3) Yexcessive formation of densely calcified new bone, and
(4) deposit of calcium in the soft tissues - especially the
kidneys and aorta (which two structures are notably rich in

phosphatose, the enzyme concerned with the deposit of ecaleium.)

With the maximum toxic excess of D., a reabsorption of

bone ocecurs, if there is no increased provision of calecium in
the diet.

He describes how hypervitaminosis D. (which is impossible

with natural foods) recalls the condition of hyperparathyroidism,

but that the several important differences between them may

lead to a clearer concepiion of calcium metabolism,
Parathormone, the very active extract discovered by

Collip in 1925, merely raises the blood calcium by with-

drawing calcium from the bones. There is increased excretion

of calecium through the kidneys but not sufficient to prevent
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the blood calcium being abnormally high. The blood phos-
phorus is lowered, owing to increased excretion in the urine.
Langdon Brown remarks that, just as haemoglobin carries oxy=-
gen from the air to the deepest tissues, so vit. D. carries
sunlight to the darkest parts of the body.

Holt, (ch.LX1X.) notes that:-

(1) hypo secretion of the parathyroids, leads to tetany
with diminshed blood calcium, and markedly inereased in-
organic ?hosphate. "The €aleium phosphorus product is
always higher than in rachitic tetany." There is
diminshed excretion of calcium and phosphorus in the urine.
(2) Parathyroid hyperplasia is commonly found in rickets,
and may be a compensatory phenomenon which prevents most
children with rickets, developing tetany.

(Boyd, ch.Xl. - remarking that all the vertebrates have
pamthyroid. glands, except fish, says we have no known
histological eriteria on which we may guage the activity of
the. glands, Parathyroidectony leads to a great drop in
blood ecalcium exeretion in the urine, while the "blood phos-
phorus is in universeproportion to the calcium.")

(3) Parathyroid hormone given to a normal individual leads
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to a rise in serum calcium, a drop in the serum phosphate
and an increased excretion of calcium and phosphorus in the
urine,

(Parathyroid tumour, says Boyd, leads to hypersecretion,
with:=
(1) Tblood calcium high but much excreted in the urine,

(2) low blood phesphorus,)

Thomson finds it difficult to éxpreaa the true relation-
ship between rickets and tetany, Tetany is a frequent accome~
paniment of rickets; it is occasionally associated with severe
gastro~enteritis, or any marked alkalatic state of the blood
(e.gs inupyloric stenosis; or the hyperpnoea of poste=
encephalitis,)

Only a small proportion of children with rickets develop
tetany, and the latter condition almost seems to "prefer®
the very mildest of cases, some of the most severe cases of
rickets never suffering from it,

Another instance of difference between the two conditions
is that florid rickets is seldom met with in the poorly
nourished, while tetany = especially latent, is by no means
uncommon in malmatrition.

One of the most delicate tests for spasmophilia (active
tetany) is a lowering of the blood calcium to 5 to 7.5 mgms. %
Inorganic phosphorous is usually, but not invariably, raised.

(Holt, chap, XXVI, considers that the phosphorous is low,
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normal or occasionally high.)
Thomson discusses the three views held regarding the
etiology of tetany:-

(1) calcium depletion - the one serious objection is that

the fall of blood caleium is not proportionate to the sev-
erity of the condition. Further, in 1925, the virtue of
caleium chloride was found to depend, not on the ecalcium,
but on the power to induce acidosis.

(2) Alkalosis - in 1918, Howland and Marriott found
tetany to ocecur after the treatment with sodii bicarb, of
acidosis complicating gastroenteritis; while in 1920, Collip
and Backhus observed it to occur after forced breathing.
Freudenberg and Gyorgy firmly believe that an alkalatie
state of the blood and tissue juices (to which state there
is a tendeney in rickets and tetany) acts by interfering with
the ionisation and physiologieal activity of caleium.

(3) Guanidine poisoning due to parathyroid dysfunction.

In 1912, W. F. Koch found methyl guanidine in the urine
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of parathyroidectonised dogs; and in 1916, Paton and
Findlay found it in the urine of children with idiopathiec
tetany,

This t;heory received strong support in 1951, when Morris
Watson and Morris found that guamidine poisoning leads to
a fall in blood caleium, and a definite, though slight,
alkalosis,

Thomson considers that the tendency to alkalosis in
rickets, favours the action of the toxic element guanidine,

on p.64k, of M.R.C. Report, we read:- The lowering of
the blood calcium in tetany is commected with deficiency of
vit. D. and adequate cod liver oil prevents tetany as it does
rickets,

Irradiated ergosterol is more rapid and mey raise the
serum calcium to normal in 10-1i days. Large doses of
calcium - or ammonium - chloride, will rapidly alleviate the
acute symptoms; the salting administered combining with the
plasma bicarbonate and so liberating hydrogen ions.

Med. Anmual 1933, £.329.:=

There is evidence that focal sepsis may be an important factor
in inereasing the severity of tetany, and in preventing its

suecessful treatment.



_E_ipecific Treatment of Rickets.

A. PFProphylactic - ultraviolet radiation is quite un-

necessary.
Harris urges the commencement of prophylaxs at the

age of six weeks, starting with a daily dose of 250-500
international units of vit. D., and rising to 1,500. This
last, (which is contained in "hF teaspoons" of *good cod liver
0il,®) is the standard prophylactic dose for children of

1-2 years and upwards, the dose to be continued for "some
years" after two.

B. In Curative treatment, Thomson considers that, if any-
thing, ultraviolet radiation cures, in the shortest time.

Miss Harriette Cluik considers that these rays are
only of use when it is desired to raise the calcium content
of the blood. The general opinion is that ultraviolet
radiation is unsatisfactory, in that it takes time, is
expensive, and does not supply the valuable vit, A.

Langdon Brown recommends 1 mgm. of irradiated ergosterol
as an adequate daily dose for the average case of rickets, and
recalls the occurrence of renal calculi after the continued
administration of 4 mgms. daily.

To Harris, "irradiated ergosterol seems undoubtedly the
method of choice." TFor a severe case of rickets in
infants of 1-2, the daily dose of D. should be 5,000 inter-

national units. (This corresponds to .5 mgm. of ordinary
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solid irradiated ergosterol, or 15 teaspoonfuls of good cod
liver oil, Harris further notes that, 1 gm. of calciferol=
h gms, of ordinary irradiated ergosterol = 1,000,000 gms. of
cod liver oil.)

Harris recommends 3,000 units daily as sufficient for
milder cases of rickets, but remarks, "Mellanby has more re-
cently found that in practice, 3,000 units is gemerally a
sufficient dose.™

For the human, says Harris, the toxiec is indeed quite
close to the optimum curative dose,

In the "Lancet™ (21. 10. 33. p.91l.) Spence reports
*Clinical tests of the antirachitic activity of caleiferol,®
while a leader in the same number (p.927) says:- “Calei-
ferol irrefutably cures human rickets in doses of 3, € and
9,000 international units of vit. D. daily. Even 5,000
mist be more than the mominal curative dose.™ (26) (27).

Only a small group of wavelengths is capable of forming
falciferol from ergosterol, the valuable portion of the

spectrum being that between 26C and 315 .
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The Relation of Vitamins to Dental
Disease,

The two types of dental defect commonly found in man

are:-

(2) dental caries, and

(b) periodental disease (including pyorrhoea alveolariSs.)
Vit., D. deals with the structure of the tooth and of the

alveolar bone, while A. deals with the structure of the

marginal epithelium of the gums,

In guineapigs, vit., C. also plays a part.

It appears safe to conclude that adequate D. is of
greater importance in determining the perfect development of
the teeth, than an abundant or carefully balanced supply of
calcium and phosphorus. There is considerable evidence to
show that dietetic factors and especially vit, D. determine
to a large extent the resistance of children's teeth to
dental caries.

For practical purposes, the ideal to aim at is, by
correct feeding during prenatal life, infancy and childhood,
to encourage the production of normal or perfect teeth in the
adult, This, with a continuance of a sound dietetic régime

throughout life, should result in a very greatly diminshed
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incidence of dental caries in the commnity.

It is of fundamental importance to give A. and D.
during the early developmental period, if the periodental
tissues are to resist disease, a large supply of them, given
later - even from the fifth month onswards - does not en-
tirely compensate for deficiency in early period of life;
although A. in large doses may prevent the spread of the
pathological econdition.

(The work of Zilva and Wells, has clearly shown that in
guineapigs, the dental tissues are peculiarly susceptible to
defieciency of G, It remains to be tested whether this
applies to man or not.)

(Dogs and rats are relatively insuseeptible to C, lack.)

Vit. D. is the principal factor that determines the
occurence of:e=

rickets,
defective teeth, and

infantile tetany.
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Vitamin B, Complex.

The knowledge of this is imperfect owing to the con-
flieting statements by different workers, regarding sol-
ubility and stability.

The richest sources of the complex are the bran and
germ (embryo) of dry cereals, such as wheat and rice,

Yeast contains all the members of the complex sbundantly, as
also does its extract. (Marmite.)

Byj. This is the more heat labile antineuritis (i.e.
anti beri-beri) factor, discovered by Eijkman in 1897. It
is necessary for life and growth; and is the only fraction
of which there is any definite knowledge, being probably a
nitrogenous base, containing sulphur,

By is the more heat stable "Pellagra-Preventing" factor
of Goldberger and others (1926.) It is necessary for the
prevention of dermatitis in rats,

(135 is the heat labile factor in yeast and whole wheat,
which Williams and Waterman found, in 1927-28, to be
necessary for the full normal nutrition of the pigeon.

B, is Reader's heat and alkali labile factor (1929,)
present in yeast, and necessary for the rat,

Factor Y. of Chick and Capping (1930) - heat and alkali
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stable, and present in yeast and many other foods, but
lacking from egg white,)

In general, By accompanies By in ordinary feodstuffs,
Hen's egg white, appears to be unique in containing the
former, but being devoid of the latter; whilst the yelk cen~
tains By alene,

Ultravielet radiatien destroys B, and to a less extent,
By. Yeast is the richest kmown source of By, and is un-
affeeted in this respeet by autelysis and extractien.

Parsons remarks that maize alone, centains Bj without
Bz, but it is more generally aceepted that the fact that
maize does not greatly differ from other cereals in its B2
content, makes it so diffieult to explain the epidemiolegy
of pellagra in terms of Bp deficiency.

In vit., B, deficiency, ecarbehydrate metabolism esnnet
proceed nermally, and lactic acid accumulates; this leads te
slowing of the heart, and, from its acid on the eentral
nervous system, convulsive symptoms.

It was Funk, (1914,) whe first showed that pelyneuritis
in pigeons (as typified by "head retractien,") was more
rapidly produced by B. Deficiency, the greater the amount

of carbehydrate ingested by the birds,
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There is also some relation between vit. B, and protein
metabolism,

MeCarrison found that By-lack lead to enlargement of the
suprarenals in pigeons,

The disease "Beri-beri" - including the infantile
variety - is almost universal in certain parts of the globe,
but there is little evidence of serious lack in Great
Britain and the U,S.A., although some recent American ex-
periments hawe resulted in very suggestive growth and weight
charts.

The disease, which has a high mortality, is generally
accepted to be of dietetic origin. The presence of two
forms of the disease - namely, the dry or wasting form,
and the wet or oedematous form - suggests that it may
eventually prove to be a syndrome and not a clinical entity.

In 1928, MecCarrison considered that the disease was, in
part at least, a toxé&emia,

In countries where beri-beri is prevalent, diets are
invariably ill-balanced, and it is probably unwise to
regard the problem in the tropics as being solely a question
of polished or unmpolished rice.

Infantile beri-beri occurs among breastfed babies in
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the Fhilippines and in the Island of Nauru in the Pacific,
whose mothers have the disease., Andrews showed that it was
attributable to B.-lack in the maternal milk.

In adults, there is a latent period of apparently not
less than 90 days. In infants the disease is typified by
restlessness, loss of appetite, and later, eardiac failure.
Fever is absent and prompt treatment may save.

In 1928, Hoobler suggested that infantile malnutrition
might be due to a partial deficiency of the anti-neuritic
factor; and his especial symptom cemplex was one of loss of
appetite and weight, fretfulness, and stiffness of the limbs
and neck,

Holt considers the relationship as not yet _&Btahliahad.
It is generally considered worth while, however, to bear
B3 deficiency in mind as a possible cause of poor develop-—
ment in infanecy.

At present there is no convincing clinical evidence to
show that the B. complex determines the normal functioning
of the human bowel, and so it is unnecessary to assume
that B, deficiency causes the constipation so common among
weatern peoples.

Pellagra, - A disease, seen at almost all ages,
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though comparatively rare in very young infants, - occurs
preeminently in the warm months,

The incidence is very high in the U.S.A. (120,000 cases
in 1927, with a mortality of ebout 40%,) but Harris does not
consider it a disease of children; and in 1919, did not find
a single case in a nursing child.

Recent workers in Demmark, have shown that Pellagra is
commeoner in that country than was once thought, and
especially so in insane institutions. (Lancet, 24.6.33.
p.1356.)

It is well recognised that children of pellagrous
parents are often born in a very poor nutritive condition,
not diagnosable as pellagra, but probably referable to it.

The symptoms are characteristic and easily recognised,
the rash, very symmetrical and non-irritant, the diarrhoea,
as a rule, (vomiting being rare,) and the nervous symptoms,

Pellagra is almost exclusively a maize eaters disease;
its appearance being rare among consumers of other materials,

Theories of the etiology of pellagra and of beri-beri
have run a similar historiecal course, - from diet to microbes
and back to diet again.

Beri-beri, is related to By deficiency, but the exact
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relationship between pellagra and an error in diet, still
remains to be shown conclusively.

Theories of Efiology.
(1) Amino-acid deficiency theory. The importance of such

a deficiency in the causation of pellagra, is difficult to
assess,

(2) Theory of absence of a "pellagra preventive" factor in

milled maize, It was Funk, who, in 1912-13, first suggested

that pellagra was due to a vitamin deficiency, and advanced
a theory that a factor was removed in the milling process.

Despite the work of Voegtlin (et al) in 1920 - (who
found the therapeutic value of an alcoholic extract of ox
liver to be as great as that of milk, eggs and meat;) and
despite the discovery of the factor known as Bp; it is not
yet justifiable to assume that pellagra and Bp deficiency are
synonymous, because of certain facts, such as, millet and
rice are low in By content, and yet are 'Parely associated
with pellagra.

Pellagra and Beri-beri.

Diets composed almost exclusively of milled rice and re-
fined wheat flour, are commonly found among populations

liable to beri-beri, but this disease is rarely recorded
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among maize-eaters., There is possibly enough By in the
latter's diet to let them subsist long enough on this diet
to develop pellagra, supposing the latter disease to be due
to By deficiency and to occur after a longer depletion period
than beri-beri.

Further, it is possible that the eater of milled rice
alone, dies of ber-beri before he can get pellagra.,

(3) The "maize toxin" theory of pellagra, is still held

officially in Italy. This suggests the presence in maize
of a positive "pellagra-producing® factor, perhaps operative
only in the absence of a "pellagrepreventing" factor,

Thus the pellagra-preventive factor may neutralise a
toxin rather than make up a deficiency, just as vit, D.
neutralises the anti-caleifying effect of certain eereals,
although it also makes up a deficiency,

Many points therefore, remain obscure.,

Harriette Chick makes the following speculative
suggestion:~ "Pellagra is caused by a toxic substance
derived from a maize diet, which can be corrected by sufficient
good protein, or perhaps by sufficient vit. B (which is found

to accompany good protein.) (28).
Chick again gives the analogy of Mellanby's cereal
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"toxemin" and vit. D; and also suggests a relationship be-
tween the inereasing prevalance of pellagra in the U,S.A.
among severe alcohol addicts; and the fact that the liguor
may be distilled from maize products insufficient food being
taken to neutralise the poison.

The Danish workers mentioned previously, found that
even when the dietary was sufficiently mixed, and apparently
contained adequate Bp, severe pellagra might develbp if
chronic disease of the gastrointestinel tract impaired the
absorption of foed. The mental patient who refuses to eat
seems to be particularly liable to contract pellagra on the
slops with which he is foreibly fed. (29).

It is of great importance that the conception of the
presence of "“toxomins® in the normal basic foodstuffs,
should be thoroughly tested or abandoned, If true, it
would be of fundamental importance.

The theory does not explain the seasonal appearance,
subsidence and recurrence of pellagra.

The pessibility that infection plays a part in the

etiology has not been proved untenable. It may be possible
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to draw an analogy between this disease and those infections
that arise as & result of a diet lacking in vit. A. ‘

These are difficulties that arise from the unfortunate
acceptance of a direct causal relationship between the vitamins
and certain diseases. (It is appropriate to recall here that
Rickets will not develop in the absence of Vit. D. if the
proportion of calcium and phosphorus in the diet is near
optimal; but D. corrects the absorption and assimilation of
calcium and phosphorus when these are supplied in unsuitable

proportions.)

Vitamin C. has been definitely isolated, and is identiecal

with en acid - "eseorbic acid" = of the formula CGHBOS' This
is present in lemons and cabbage, and also in the suprarenal
cortexe Red pepper is its most abundant source.

This acid is probably an oxidation product of a hexose
sugar. It possesses a labile hydrogen atom whereby it can
exist in an oxidised and in a reduced from end so possibly
play a part in the catalysis of tissue oxidations. (9)

It effectively protects guinea pigs against scurvy, and

has recently been shown to cure the diseasse in humans. (30)
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Harris maintains that, in vit. C. deficiency, the pri-
mary failure is in the function of certain highly active
cells - odontoblasts, ameloblasts, etc. - and that other
changes observed, are secondary to this effeect.
C. is very easily decomposed - being destroyed by:-
(1) keeping,
(2) exposure to air,
(3) double heating.
Posteurising destroys it, especially if copper be present.
Lemon juice, tinned whole tomatoes, green vegetables,
and raw swede Jjuice, are all rich in this factor, Milk is
a variable, but by no means rich, source. Scurvy may
occur in the breastfed, but appears te be rare.
Vit. €. is found in nature associated primarily with
living plant tissues, in which active metabolic processes

are still proceeding. This is in marked contrast to the

anti beri-beri factor of which dry seeds form one of the
pPrinecipal sources,

In Scurvy - there is rarefaction of the long beones, and
atrophy of the other tissues, although McCarrison maintains
that the adrenals are enlarged. The capillary endothelium

is swollen and degenerated and Hess and Fish showed in 191k,
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that it was this morbid change that was responsible for the
haemorrhages, Besides a secondary anaemia, there is no
marked change in the blood picture (although in guineapigs,
there are degenerative changes in the bone marrow.)
Clinically, almost all cases fall between the sixth and
fourteenth month, There is an undoubted individual
susceptibility. Unlike ordinary malmutrition, growth in
length as well as in weight is seriously interfered with in
longstanding cases, Emaciation is not marked, but asthenia
is extreme.

Petechiae and subcutanecus haemorrhages are rare, and
bleeding from the mucosae uncommon. The essential lesion
is a subperiosteal blood extravasation; hoematuria is the
only common external haemorrhage, making urinary microscopy
of great diagnostic significance. There may be well marked
®"pitting on pressure." The temperature is veﬁy erratic, and
liability to infections is marked.

Harris maintains that lack of C. leads to faulty
formation of the dental enamel, and is probably a con-

tributory cause of dental caries.
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C.  Pathogenesis of the "Intoxications." (Acidosis and Alkalosis.)

Thomson and Holt are agreed that during health, the
blood and tissue juices of the body are slightly but
definitely alkaline.

Panton and Marrack however, say that the reaction of
the body fluids, lies near that of water, which is a very

weak acid, having a hydrogen ion content of 1 at
5,500,000,
31°.

(The hydrogen ion content, or CH, is the number of gms.
of H. ion per litre.)

Acetone in the urine, indicates acetonaemia which is
the same as ketosis, but it no more gives a clue to the
underlying pathological process, than does the temperature
in a febrile condition,

Acidosis is a condition of diminution of plasma
bicarbonate due either to accumulation of acids (other than
carbon dioxide,) or to a diminution of base in the plasma,

It is customary to express the plasma bicarbonate as

the number of ces. of €% present combined as bicarbonate in
100 ces. of plasma.
Thomson remarks that, a true acid state of the bloed

never occurs; the ultimate factor in determining the reaction
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of the blood is the ratio between the free C°, (normally
1/20th of the whole,) and that combined with the base; or
thus.:-
Sy = 1‘12005 concentration

X constant.
bicarbonate conecentration

Normal Hh-TO0ces. 002 in 100 ces. of plasma.
slight acidosis 45-H5 = " & o R e
moderate " 30-45 ® n R e
severe " 30 ® " e A i
moderate alkalosis 70-90 * " ®« - » e
severe » 90-120" " n "o ® n

(Panton & Marrack. p.9.k.)

As regards acetone bodies; normally, in 100 ces. of
blood plasma, there may be from .000-.006 gms. of
F' hydroxybutyric acid. With starvation, this may rise to
.04 gms., and in diabetic ketosis, up to .1H gms.

Acetonaemia (or ketosis) may induce acidoses, but in
the wast majority of cases, it does not do so.

Thomson points out that to diagnose acidesis, there
must be evidence of a change in the acid base balance,
either from estimation of the €%, comtent, or from the symp-
tom of hyperpncea. ( & redhcticm of the proportion of
carbanic acid is an index of acidosis, and an increase in its
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proportion, an index of alkalosis; and yet it is important

to remember that a lowered G°2 content, does not always

signify acidosis, since it may be the primary change €for
example, from overventilation of the lungs.}
The clinical history must therefore decide whether a

particular C°_ content spells acidosis or alkalosis. )

2
The retention of acetone bodies is of greater clinical
importance than the amount excreted, and the retention varies
considerably with the efficiency of the kidneys. Thus a
ketogenic diet may lead to marked acidosis, and yet no symp-
toms mey arise, the acidosis being "compensated™ for by the
functional activity of the excretory organs.
The body is protected against changes in the reaction
of the plasma by:-
(1) the "buffer action" of the blood, and
(2) by the excretory action of the lungs, kidneys, and
intestines,

Acidosis may follow from two main causes:=

(2) Bxcessive formation or ingestion of acid: and

(B) 1Inefficient excretion of acid.

£ (e¢) A third cause is described, resulting in acidosis in

infants with acute ga.strbenteritia. Here, the cause is the
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loss of base in the alkaline stools, together with the
starvation owing to the vomiting.}-

(2) BExcessive formation of acid may eccur normally after

severe exertion,

The chief pathelogical condition under this heading is
ketosis, especially diabetic ketosis, but it musl: be
strongly emphasized again that acidosis does not invariably
occur in ketosis, and still less are all forms of acidosis
due to ketosis.

Anaesthetic acidosis -~ is a milder condition. (Thomsen,

however, considers "postanaesthetic acidosis"™ to be a rare
condition. It can occur even after ether administration.
It is usually :éa.tal, and fatty degeneration, and even
necrosis of liver and kidneys is found post mortem.)

A therapeutic aecidosis, by giving ammonium or calcium

chloride, is induced in treating infantile tetany.

Salicylate poisoning is very apt to arise, with symp-

toms of acidosis, if salicylates are given unaccompanied by
sodium bicarbonate. The cause is not yet definitely
understood, but ketosis is not the chief factor.

The severity of the condition is unrelated to the
amount of salicylate ions present.

Morris and Graham (Arch. Dis. Child, 1951,) showed the
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importance of the part played by the excretory ﬁmt-iap of
the kidneys.,

The clinical entity, “"periodic acidosis," or'"cyclical
vomiting," is an important one.

The pathogenesis is still cbscure, but there is
apparently a spontaneous acidosis which arises at intervals
of the greatest regularity in any individual case -
commonly every one, two or three months,

Thomson considers the first title preferable, because
vomiting may be absent, and the clinical picture one of
Pharyngitis, bronchitis or colitis.

If present, the vomiting starts suddenly, for no
apparent reason: the condition may become worse with great
rapidity. Fever may or may not be present: the bowels are
constipated as a rule. There is collapse in severe cases.
Examination is negative save for the presence of acetonuria
and perhaps some abdominal tendermess. The vomiting may
suddenly cease when death appears imminent.

The onset of the condition is usually in the second or
third year: the patient is essentially of the non-hospital
class, and is commonly "highly strung" and nervous.

There is a tendency to spontaneous recovery after
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puberty, but the condition may continue, or may relapse
- later as "migraine."

Pathogenesis. As stated, this is still obscure.

Thomson definitely puts aside "autointoxication"™ from the
bowel, and "food idiosyncrosy.” He considers that “over-
strain” is not a contributing factor, and points out that an
attack seldom occurs during a period of observation. A
*ketogenic diet™ when given to one of these patients, will
neither induce an attack nor exacerbate one, when given
deliverately at the outset.

During &n attack, the blood sugar may be unduly low,
but as a rule is not so. The Laevulose test, however,
shows the hepatic funetions to be impaired.

Thomson considers the condition to be in great part
"nervous;"™ and wonders whether the nervous phenomenon affects
the hepatic nerves, causing an inhibition of deaminisation;
and again, whether the impairment of liver funtion inter-
feres with exidation, and predisposes to hypoglycaemia.

He considers dieting of little avail in prophylaxis;
and that sod. bicarb. in half drachm, doses, thrice daily
for 12-15 months, is the best preventive. In active treat-

ment, he gives small frequent doses of sod. bicarb; but
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recommends 10% glucose intravenously as the gquickest method.
Professor Feer notes (p. 314) that at autopsy on one of
"his two fatal cases, the findings were entirely negative.
Reginald Miller (31) believes that definite organic con-
ditions are responsible for a much larger proportion of
cases of "so called acidoses in children" than is generally
acceptedes He instances specially, the not uncommon "chronic
appendix", and the rarer conditions of atomic stomach and
duodenal ileus.
Setting aside these cases, he further believes that
three factors are at work.

(1) The attack is started by an intense poisoning of the

liver; witness the pale stools; and the post mortem finding
of fatty degeneration of the liver.

(2) The prasencé of intestinal toxaemia is incontestable;
the stools are foul and contain mucuse.

(3) There is a lowering of the "glycogen reserve" but

"in the very numerous instances where intestinal toxaemia is

at all profound, glucose therapy is a complete failure,” and

the intestine needs prolonged treatment, before a cure results.
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"It seems we must no longer invoke e ketosis as the

cause of the symptoms."

(b) Inefficient excretion of acid:

e

This occurs when the kidneys are severely damaged, and
is the commonest form of acidosise. Ther? is retention of
phosphoric and 3u1phuri§ acids; but defective formation of
emmonia also pléya a part.

There is a moderated degree of acidosis in the uraemic
state.

It is to be remembered that chenges in the plasma
bicarbonate are accompanied by proportional changes in the
CO_, tension of the alveolar air, provided that:-

2
(1) +the hydrogen ion content of the blood plasma is

constant, and
(2) there is no interference with the gas exchenge between
the blood end the air in the lungs.

The carbonic acid concentration of the plasma is raised

by -

' (1) severe exercise,

(2) disease of the heart and lungs, and
(3) Dbreathing excess of 002;
and it is reduced by:-

hyperpnoesa.
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The normal hydrogen ion concentration of the plasma lies
from, pH. 7.3-7.5.

Down to pH. 6.9, and up to pH 7.8, are pathological.

Changes in the respiratory exchange compensate to some
extent for changes in the plasma bicarbonate, so that the
hydrogen ion concentration is kept fairly constant, - for
example, if the bicarbonate is reduced, hyperpnoea oeccurs
and so reduces the carbonic acid concentration. Thus, we
have a2 "compensated" and an "incompensated™ form, of both
acidosis and alkalosis,

“"Compensation" is much more successful in the acidosis
of diabetic ketosis, than in the aecidosis of nephritis, -
owing to the great hyperpnoea in the former.

(Phe symptoms of diabetic coma are due, not to the re-
duction of plasma bicarbonate - the ™acidosis" - but to the
actual acetone bodies.)

In heart and lung disease, hyperpnoea usually occurs to
prevent the accumulation of €%, and even to reduce it to
below normal. In hysteria, and especially in hyperpiesis,
the hypermnoea reduces the H, ion concentration.

The distressing hyperpnoea, however, seen in hyper-

piesis is not due to acidosis.
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The fact that the reduction of the H.ion concentration
of the blood, alone, often leads to ketosis, illustrates the

fallaocy of calling ketosis, acidosis.

Alkalosis - is the condition of increased plasma
bicarbonate, due to loss of meid or increase of base.
Alkalosis may result from:-

(e) the ingestion of alkalis, (as in the treatment of gastrie

ulcer, of ketosis, or of nephritis;) end

(b) the loss of acids; this occurs especially in acute

high intestinal obstruection; also in other conditions
accompanied by profuse vomiting, e.ge. pyloric stenosis.

Overventilation of the lungs, by en excessive loss of

COz, may lead to alkalosise.
In alkalosis, whatever the cause, there is an increased
mechanical and electrical excitability of the nervous system.
Alkalosis is a much more dangerous condition than
acidosis, because ofi-
(1) the activity of the raspiratory centre is depressed, and
(2) the greater stability of the haemoglobin and oxygen
compound. This increased stability results from the diminution

of H, ion content of the plasme, and it checks the transfer of

the oxygen from the blood of the tissues.
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SECTIONS.

Clinical Features,

In this section, three clinical pictures will be

briefly examined:-

(1) merasmus,

(2) pyloric stenosis,
(3) “Pink Disease.®

Marasmus.

In the early stages, there is a failure to gain weight,
and the appetite may be lost. (It is not uncommon, however,
for the weight to be stationary for one or two weeks in the
healthy infant of less than six months old.) As a rule
there is no vomiting, and the stools are normal but they may
be pale and erumbly, or the small loocse and dark "hunger
stools." As the condition proceeds, there is a definite
loss of weight, and a liability to infection arises. The
temperature is unsteady but tends to be subnormal; the res-
Pirations are irregular and of Cheyne Stokes type; the
motions may be normal, but are frequently bulky, pale and
soapy, or small and dark green, containing mucus.

It is not widely enough known that starvation not
infrequently leads to vomiting and even to diarrhoea -

although the motions are small and not to be mistaken for
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the stool of enteritis. The advanced case has the look of
the "toothless old men." The appetite is more often lost
than preserved. Vomiting and diarrhoea are easily provoked.
Whether the wasting is due to starvation, excess of fat
in the diet, or to a chronic infection, the clinical picture
is the same. Nor is there any radical difference in the toxiec
symptoms and evidences of gastrointestinal indigestion (vomiting
and diarrhoea) with enhydraemias, whether the exciting toxin is
produced locally by decomposing food or pathogenic organisms, or
whether the bowel is demaged by toxins produced at a distance.
Parenteral infections, however, are seldom accompanied by
the degree of dehydration so typical of acute gastro~ enteritis.
It must be repeated that one type of lesion leads to another,
and in most cases, more than one factor is at play either

simultaneously or alternately.

During the five months from l.2.34. = 1.6.34, 146 children
below the age of 1 year were admitted to the Sheffield Children's
Hospital.

Of these, 55 were surgioal cases; the 91 medical cases

were composed of:-
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pylorospasm To- _ @

congenital pyloric stenosis =~ 11
% :

convulsions - 8

chest conditions - 11

"dyspepsia" - S

(D.V. constipation,
merasmus, prematurity.)

extras - 18

81

41 cases of dyspepsia.

(1)

4

9 cases died: = mortality 22%
SuN. (m) .?% 1bs. at 12 weeks. History of consti-
pation and loss of weight; evidence of underfeeding;
4 da&s after admission. P.M. nil. characteristic.
A.T. (m) twelfth child. 10-1bs. at birth; D & V.
since breast feeding stopped at 1 week. 6% lbs. at
3 weoks; died 7 days later with‘fe7er, and slow
irregular respirations: P.M. nil. characteristic.
D.H.(£) 6} 1bs, et 2 months. Wasting since breast
stopped at 5 weeks. Generalised soft oedema gradually
developed from below upwards; died after & days.

L

(Periods of marked hypothermia.) M.P. - hydrothorax
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and peritoneal fluid++ : kidneys satisfactory.

(4) N.B.(m.) PINK DISEASE. 13 lbs. at 9 months.
one month's history of trunk rash, wasting anorexia,
constipation, redness of hands and feet. INo cough or
vomiting. Flabby muscles. Collapsed 12 days after
admission after several locse yellow stools.

P.M. nil.characteristic.

(5) D.E(m.) 5% lbs. at 2} weeks. Died after 27 days oé
stationary weight; for last 2 days, had dyspnoea with
evidence of "collapse of upper aperture of larynx."

(6) C.W.(m.) 7 weeks old. D.& V. 4 days. Died same day.

(7) C.H.(m.) 10 months, D.&V, 4 days. Died same day.
(Admitted 1 days after C.W.)

(8) D.S.(f.) 6 months. D.&. V., 7days. Died same day.

(admitted same day as C.H.)

(9) M.A.(f.) 11 lbs. at 5 months, Eczema for past 2 months,

died after 15 days of anorexia and loss of weight.

(All these infants were “"wasted." i.e. were less than 80%

of their expeected weight.)

8 cases were of a mild nature.

Days in Hospital.

(1) H.T.(m.) 13 lbs. at y4/12.

1/52 of diarrhoea. 7.
(2) B.S.(f.) 16 1bs. at H/12.
vomiting occasionally. 6.

(3) B.R.(f.) 18 1lbs, at 9/12.
Diarrhoea. 9.
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Days in Hospital.

K.S.(m.) 13 lbs. at 7/12.
Constipation. 8.

H.R.(m.) 12% 1bs. at 2/12.
D.&V. 1 week. 8.

J.B.(f.) 14 lbs. at B/12.
D.&Y. 1 week, k.

H.B.(m.) 18 1lbs. at 9/12.
Gonstipation. 6.

(None of these infants was wasted.)




~108-

*syeem ¢ UT T/2
¢t m/m *NTTW utrejoxd
*2T/8 38 SAT 9T| pus 3seexq ‘TOWOTED *0g sqeotal *Stt | 3| csr/el ‘T
*UYRITQq
20UTS JUTLTWOA
*p9oBILUN *2188 ¥ MOD WeAID £ *9OT puUB SAT3S0) *2TT ‘m *31/L ‘B°Y
*gg/2 83w
°T/2 ¢ m/m wWoXI JUT) TWOA
*3T/8 3B *SAT @Il 03 syoom y UT DOSTeY gz pue 8AT1s09| °*%9 *m| °*21/% | ‘H'®
*YTTm utezoxd *28/2 *A % °a
*2T/9T 28 sqT 6T | ‘Aeym Lxxeys ‘TemwoTB) *62 BG/¢ pPeJ-1seeId ‘el ‘m| *2T/0T [*DoW°L
*QUITBS TrOUO}TIed *26/T = °A
-BILUT YT TW ureqoxd ® *a*pIo 2¢/T
| *ZT/0T 38 =qT 91| ‘Aeuym Lxaeys ‘TemoTed | *99 woxry *H % ‘0| %21 ‘wmsyam €9 | *s°q
*Butysem g/
YT TIng - WOIJ *P*T*%
*2T/9 38 °sSqQT T |poumIys - JTIW UTSI0IJ ‘0¥ SOT3SON IT *2g 'm| °3T/% | °‘H'H
‘ “ *£10951Y
___2T/g eseesiq
quTd*peJ-488aIq
*2T/0T 38 SqT AT| °*sutmesiTA *‘T/2 ¢ a/m *e8 ‘PTIue WIOTL! °3IT oo S| - /) |,
*38/2
1e peddoas
ey uom 18BOJIQ 90UTS
*2T/9 2® sqT OT *pag £q JTTW TI0I *8T awdutasem, | *X9 w| QLT | rotM
* dS0H * SHLNO:!
* SSEHH0EdS * LNENLLY L NI *ZHOLSTIH *sdT* LM .HHJ HOV .Hﬂﬂd
SAVd




~109-

_

BUTITWOA OU‘SAT
-1800 % Jurisem
‘seT3seN %
sYSNI ‘UlIIq

*peoexiun | *(vTIsyzydrqg TesEN) *g 38 °sqy £3| °%. '3 *21/6 | *H'I
*joom

*2T/c 1B °sSqQT FIi*sjeem 2 UT T/2 @ m/u *Gg (o T BeouxIBId| *OT 3 *2T/2 | *g°N
*3UTTBS TBOUO *038
-9 1xedeIautr ‘*H % *D 2T/2 sissnixed

*>T7/9 18 *SqT meoIo £ NTIW UTSF0Id *0g | eours Furisem *Z9 *J rsyam o ‘g I

. jeem T ut saged = m/m
*2T/% 3® *sql 6 [NTT® utrsjoxd ‘TsmoTed *IT [*Suratwoa zo/T| %o ‘w rsym €2 | *ocHl
Seem T ur s3J8d = M/m .

*2T/¢ 18 °8qT @1 JNTTwm utejoxdfTewoTs) *02 |*Aep T ‘A% ‘al ‘¥ *3 *ge/e | *D*A
SUTLTWOA »® 3UT
*gqaed = n/m -98sBM‘DPTO 2G/T

*21/% 38 *°Sql O] - °3eD % °p weaxd £ *gg | woxy sxe3ued| /T 9| °m *21/T gy
*LTINOY-Q *grssnyxed

*2T/9 38 °sql 11 2% 1/2 : w/m *2T | oouts SurassM| ‘4 | °3 psyam £y | °d°W

*syeem 9 UWI T/2 : m/m
°21/7 _32e sqT @ Asym Lxieys ‘TewoTe) *2¢ | A ® *a sfep *¥9 ta *gg/e ‘oY
+ asor * SHINOW
* SSHUDOUd * LNENL VEEL NI *XHOLSIH [SdTI°IM | *XES| ZOY .mEﬂJ




-110-

(*g°v
*OUTT IOPJIOq ouf U0 aIxe (°H°V
(*s*a
(m) °m°e
.m.s
*0°A
s ~:qdooxe pojSum oI8M SIUBJIUT AT 9A0qe oY) TT® ‘paspueis ,4%08s S,U0sIsd UQ
*gyesm g 3Jut
-1 TWOA % SAT1SO0D
°2T1/8 318 °sqT 8 *T/2 : a/m | °T9 | ‘@T/T Sutisem | °Eg '3 | *81/8 ol
* TeuLIOu
gTo0%8‘But
*T/2 ¢ m/u -1 TWOA OTUOIYD
“21/9 3e °sqT ¢T *p ® *p meaxo £ | °4¥ |[‘SOT1SON U0 peod °6 |- *gr/s *Bee
*FUTY TWOA
: .bﬁm oN *eanyemwaxd
- 11t £ D ® *p weoo 28/9‘ulaTq
“21/% 38 °*sq1 %8 £ peuyosex ZT/2 AV | *2g 7 1e sqT % *¥ *J Uaw /T .m.J
| *dS0H * SHLNOW
*SSHED0Ed * LNENLYEEL NT *Z90LSTH *SET*LA *XHS il g *ENVN
SAVQ




-111-

Pyloric Stenosis,

This condition, the diagnosis of which rests upon:=

(lg marked visible gastriec peristalsis,
(2) palpable thickening of the pylerus,

is perhaps commoner than is gemerally realised, VWhen seen, the
patient is aged less than four months. Symptoms are very rarely
“congenital"®, and rarely start aftereight weeks of age, The var-
iation in the history is seen in the accompanying table, Sometimes
an obstinate refusal to suck is found early in the case,

Although the association of vomiting with constipation is
sugpgestive, there are exceptions in both directions, Also, feeble
gastric peristalsis may be seen in chronie vomiting and in constip-
ation., Still econsiders that only in very rare instances is the
pylorus not palpable. (palpable in 309 out of 312 cases)., Ina
recent analysis of 1liH cases operated on at the Royal Edinburgh
Hospital for Sick Children during the 12 year period, 1922-33
inclusive, Wallaceé and Wevill report that a palpable tumour in the
pyloric region was noted in only 245 before operation. (47%)

Still considers too that recurrence after Rammstedt's operation
is very rare; if it oceurs it is within 7 %o 10 deys of the oper-
ation and is to be diagnosed from the recurrence of forcible
vomiting, and not by visible peristalsis or a palpable pylorus,

both of which may be present without recurrence of the obstruction.
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In the following cases, gastric peristalsis was visible for
a few days.

Wood, m. Admitted on 3.2.34. 5/12 old. 8.5%. “Gonorrhoeal
ophthalmia". From M.2.34 = 19.2,34. forcible vomit-
ing, stools loose and slightly green, moderate gastric
peristalsis seen.

Discharged 13.43k.  9lbs.
? Pylorospasm,

Hibbert m. Admitged 6.12,35. 5/12. 6.11%. “Wasting®, 1/12
premature, Vomiting and constipation after admission,
2)412,35. Large gastric residue 9 hours after Be, meal,
2ho1lelhs Gastric peristalsis seen for first and only tims.

2e24)4s "Feeds well"; Dbowels satisfactory; weight
stationary for past 6/52.

Jelelke Discharged - 9,107,
Probably inanition.

Shaw, m. Admitted 10.2,34. 10/52. 9.33. Costive, foreible
vomiting past 1/52, Well-worked visible peristalsis,
2042.34. "No vomiting past 4 days; stools normal®,
264243k Discharged 9.173.

Pylorospasm,

PINE DISEASE is another econdition in which the most striking feature

may be a loss of weight and appetite. The majority of patients
are from 9 months to 2 years old, but may be from ) months teo 4
years, Characteristics are restlessness, irritability and wretch~
edness, Fhotophebia is important. The bowels are more often
costive than loose, and their is no spontaneocus vemiting.

Profuse sweating and an irritable meat rash on the trunk are
soon followed by a bluish red rash on the hands and feet where
there is also some swelling but no true oedema and no increase in

heat, These areas are very irritable.
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Hypotoma of the muscles is merked and early. There is tachy-
cardia and a moderate leucoeytosis, but the polymorphs are in nor-
mal proportion,

The following are some of the points from a recent review of
100 cases at Birminghami~ (Lancet. 21.4.34. p, 857)
1. The disease may begin at any time throughout the year, with
a predominance in the early spring months,
2, Sexes are equal, and the state of physical welfare frequently
first class, the disease not uncommonly starting during breast
feeding.
Je A sudden omset is umusual. 4s a rule it is preceded by some
infection of the upper respiratory tract.
4, TFever is absent in 90% of cases.
H« The course is protracted = a moderate case lasts about 100
days = and as a rule the younger the child, the shorter the duration.
6. The essentials of treatment are:-

(a) the avoidance of superadded infection,
and (b) the provision of good nursing and an adequate foed

supply.
7o [Etiology. A microbial agent of low infectivity is considered

to be the most likely cause. The addition of vitamins, or other
special food factors, such as liver, to the diet, was not found

beneficial.
Moreover, severe anorexia has often to be contended with - if
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necessary by the stomach tube,
8+ Prognosis - 14 out of 100 died in hespital, mostly of bronchoe-
pneumonia, in none was any mental or physical defeet found.
(Motes on 2 cases are seen in the list of personal cases of

wasting noted, One died.)



SECTION VI,

TREATMENT,

Breast-feeding,

Diet in pregnancy.

Breast milk ... ees Vitamins in,
characters of,

Inability to nurse,
Defects in breast-feeding Insufficiency,
irregularity,

Wet-nursing,
Artifiecial feeding ... Principles,
cow's milk,
whole milk feeding. Longnmead,
Stilx,
Hutehison,
Holt,
Thomson,

- Edinburgh,
feeding the average Hutehison,
infant. Ho:-t’
Still,

feeding the weakly Citrated,
infant, peptonised,
dried,
condensed,

whey.
Hypersensitivity to Goat's milk,
cow's milk, Protein milk,

Asses' milk,
Proprietary foods.

Purther principles,



Treatment of Marasmus, General,
dietetiec.

The premature
infant,

The Preperation of Cow's
: Hilkv

Vitamins and Milk,

Vitamins in infanecy.

Vitamins and human diets.

Hutchison,
Hol%,
Spalding,
Thomson,
Parsons,
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SECTION VI,

TREATMENT

The advantages of breast~feeding, both to mother and infant,
are obvious, and will be discussed no further than to point out
that these advantages are not by any means fully enjoyed, either
from ignorance, or from the lack of opportunity owing to poor
social eircumstances,” many women being unable to nurse, owing to
their engaging in work away from home,

The importance of an abundant supply of Vitamin D, and of
calcium, for the satisfactory structure of the skeleton and
teeth of the embryo, has been touched upon,.

It would be hard to exagerate the beneficial results both
direct and indirect, which acerue from the eareful feeding of
the pregnant woman, Extra Vitamin D is essential for the expesct—
ant as well as for the nursing mother, not so much to protect
the young, as to improve the calcium assimilation of the mother
herself and help her to replace the large amount of minerals
lost to the child or in her milk,

Fat soluble vitamins give a certain degree of protection
against puerperal sepsis; besides deficiency of iron, Vitamins
A, and B, are probably implicated in the etiology of the anaemias

of pregnancy and of the puerperium.
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The pregnant woman, therefore, must have a diet rich in
vitamins, especially the fat soluble vitamins, If she is poor,
she should receive daily, one drachm of cod-liver o0il and a
gramme of bone ash, and this applies equally to the period of
lactation,

Breast milk may be grossly deficient in one or other of the
vitamins; lack of A, is possibly the cause of slight degrees
of xerophthalma; rickets is common among the breast-fed, and there
is good evidence that these may also suffer from the lack of B.
vitamins,

There is now no doubt that the best pelicy is to give a vitamin
supplement both to the mother and to the child, because of the
fact that supplements given to the mother may never reach the
child,

Human colostrom is alkaline in reaction and has a higher per=
centage of protein and salts than ordinary human milk,
Human milk is amphoteric while ecow's milk is distinctly aecid.

Human milk varies slightly in composition from time to time,
but it changes little as lactation proceeds, No galactagogue
is so satisfactory as the suction of the infant, It is to be
remembered that the lactalbumen contains the amino-acid tryptophone

essential for growth,
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Certain conditions definitely contraindicate maternal mursing;
€.ge. pulmonary tuberculeosis, nephritis and exophthalmic geoitre,
Regarding the presence of breast sepsis opinions vary.

Apart from these conditions, a considerable percentage of
British women (the number is apparently smaller on the continent)
are genuinely unable to nmurse their ehildren. Apart from these
little understood cases, there are many that are due to want of
perseverance,

Ability to suckle may vary with the pregnancies, so that
previous failure does not necessarily mean further failure,

With the breast-fed, the weight chart should be the guide
to whether the milk is suitable., Fretfulness and vomiting
should not be taken too much into aceount,

If the breast-fed infant is "dyspeptic" and loses weight,
analysis of the milk may be carried out, but this analysis is
only of help in a small minority of cases. A sample from the
middle third of the breast contents, or a mixed sample from the
whole breast must be obtained,

The specific gravity reading is no guide unless the percent-
age of fat or protein present is known.

A series of "test feeds" will determine whether the infant
is drawing sufficient food from the breast. If the supply is
deficient the mother should be encouraged, and a more liberal diet
and longer periods of rest prescribed, if possible, If this fails,

hand feeds should be substituted two or three times daily for
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the breast feeds, If this is insuftieient the child should
be weaned from the breast.

Insufficiency, then, is the commonest defect in breaste

feeding. A scanty milk may lead to the signs of “colie" and,
occasionally to the passage of loose green stools, The milk,
again, may be too fuse, leading to the excess being “posseted”,

A fault in the milk itself is the last thing to be thought
of., The question of the intervals between feeds and the regu-
larity of the feeding should be carefully gone inte. If these
are satisfaetory, the milk suffiecient and the child not thriving,
it should be carefully examined for an infection of the ear or
urinary traet or for the presence of pyleric stenosis; vomite
ing may be due to any of these conditions and even in the last
the stools, though small, may be loose and green.

During acute maternal illness, it is better to wean tem-
porarily; also, the child should be gradually weaned, should
pregnancy supervene,

Breast milk itself does disagree by no means infrequently,
and analysis does not always reveal the cause,

In some cases, an abnormally high protein content leads
to the passage of stools that are green, but not unduly loose;
excess of fats, and of protein more rarely, causes loose green

stools, but the same pieture is given by too large feeds,
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The baby itself is frequently at fault, some infants being
remarkably intolerant of fat, and others of carbohydrate, even
in that percehtage present in the mother's milk.

Exercise will reduce the protein and fat content of the
mother's milk, while shortening the interval between feeds will
increase the protein eontent.

There are several methods of overcoming the difficulty of
excessively rich breast milk:-

1. ., The infant may be put for 4 - § minutes to each of the
breasts,

2, It may be given 3 3 of plain water before each feed,

or

3 gr. ii of citrate of soda may be given in a little water
before feeds,

The difficulties of wet-nursing are great, and yet the
benefit is often very striking, The murse's health is all
important, but the size of the breasts is no guide, She should
be treated with kindness and consideration. 1In most cases
the nurse's own child should be fed entirely by hand,

The subjeect of artificial feeding is probably the most
important in the whole field of therapeuties. And yet it

would not hold this place if the laity could be made to undere
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stand the saving of health, labour and expense brought about by
breast-feeding.

One of the most important precepts in this subject is that
of "individualisation®, 1t is essential that each infant should
be fed according to its own digestive capabilities and its own
changing elinical condition,

No one method is universally applicable; certain rules should
be cbserved and simplieity aimed at above all,

'Tha different ways of modifying cow's milk to suit the infant-
ile digestion have always given rise to comsiderable difference of
opinion, and an effort will be made here to reconcile eertain
varying opinions,

The relatively large protein content of cow's milk has
always been the stumbling block to clinicians; it is very imporw
tant to remember however that, bulk for bulk, eow's milk protein
only has half the essential tryptophone content of human milk;
any dilution of eow's milk will reduce the percentage itself still
further, and also reduce the amount of the necessary salts, e.g,
jron, (Human milk with gr. 1/40 of ferric oxide per 1} pints,
has three times the iron content of cow's milk, and yet both

frequently contain insufticient for the infant's needs.)
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Thomson considers ‘that for the great majority of infants no
modification of the milk is necessary save boiling or pasteurising,
and that it is generally, though not universally, admitted that
even the newborn can digest and assimilate undiluted cow's milk.
He points out that it has still to be proven that an excessive
protein content, at least within limits, has harmful effects.

The fundamental faet that the different proteins are not quantit-
atively replacable muat be remembered. i

Professor Budin at his Paris centre in 1892 was the first to
advocate this whole milk feeding of infants; and Vallue upheld
the method in 1894. In 1895 Sir Alwroth Wright first suggested
the administration of gr. i - ii of eitrate of soda per ounce of
whole milk, while in 1904 at Great Ormond Street, first combined
eitration with dilution,

Marriott recommended the acidifiying of whole milk with
dilute laetic aecid, but Thomson found no better results from this,
and econsidered that it might cause vomiting,

At a meeting in 1910, Lengmead pleaded for the use of un-
diluted eitrated milk in wasted children, and deseribed a cone~
secutive series of 80 cases so treated. (32).

As disadvantages of dilution he pointed out that:=

1., The increased bulk of fluid might lead to atony of the stomach,

2. there is the necessity of adding cream and sugar -(the
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former might contain harmful preservatives), and
3+« the toughness of the milk curd is left unaffected.

The advantages of the whole milk method were:-

1., It is a simple method,

2, the feed is as digestible as "condensed" and "desiccated®

milks, and

3. ecitrated whole milk "agrees" better than does diluted,
Remarking that milk in any form is unsuiteble in epidemic

diarrhoea, Langmead mentioned the few disadvantages and limit-

ations of the method:-
1, The chief disadvantage is the excess of protein, but this
is passed by the bowel;
2, oedema may result from too large dosage with ecitrate,
3. the oceurrence of "acid d.ysmpsia". (as shown by distress
after food), may require the addition of sodium biearbonate
to the feed.

Langmead's method was to give gr.ii of sodium citrate to
each 3i of milk ordered.

He remarks that his experience with the methed in infants
under the age of 2 weeks is very small; and that citration ean

usually be omitted by the age of 6 months, unless the babe is

weakly.
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All of his series of 80 cases gained in weight over many
weeks, At the first attendance, the ages were from 3 weeks to
4 months; 4 were under 5 1lbs, in weight and 10 others were 6 1bs.
or less,

One died of epidemic diarrhoea; two apparently developed
rickets,

In the discussion later, Poynton said: "If a child went wrong
on full milk, it did so badly, and might require weecks to get
right again", Therefore, in dealing with small babies, he started
with eitrated and diluted milk, inereasing the strength of the
milk and the propertion of the soda,

Regarding whole milk feeding, Still remarks that some
infants not only tolerate it, but do so even when unable to digest
diluted or even peptomised., Half a teaspoon of sugar should
be added to each 3 iii of boiled milk; in some cases, the addition
of nitrate of soda is neecessary, Still found that from 2/3 -
3/4 the usual quantity of food was sufficient, The two main
causes of the method failing are:=
1., Too large feeds,
2, Too rieh milk = e.g, milk from Jersey cows.

The method is successful inge
l. Many healthy infants;
2, Infants wasting as a result of too small a gastriec capaecity, axd
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Js several cases of wasting which do not fall into a definite
group.

Hutechison remarks that citrated whole milk feeding often
seems to succeed in strong and healthy babies, and Holt, that,
some robust infents will thrive on pure cow's milk, but it is
unsuitable for the majority.

Having given these opinions regarding whole milk feeding,
we shall look next at the general opinion regarding the feeding
of the average infant which is deprived of the breast milk from
its early days.

As stated before, Thomson considered that some modification
of cow's milk was only necessary in the great minority of cases,
but that these cases fell mostly among the newborn and in the
presence of disease, He considered alse that the estimation
of the amount of feed for each infant appeared to be the greatest
stumbling block in the whole of infant feeding., Suffieiency
is the all important poimt; each infant should be fed accord=
ing to its age, unless very emagiated.,

He quotes "healthy average" figures of Rubner and Heubner:-
For the first 3/12 of life the infant needs i5 cals per 1b body veight.

1" n z.nd. 13 ] 1] " l;-O m " n "
” n 5!'&. " u " ] u L 3 5 u " ] o u
n H J{-th. 1] ] " 12 " W 50 n u 13 u <3
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(It is recalled that all whole milks yield about 20 calories per
3i., skimmed milk 15, and separated milk 10,

Suger yields 120 cals. per Ri., and wheat and oat-flour 100.)

The following teble:demonstrates the present Edinburgh
teaching.

These'point;-are to be notieed:~-

(a) At é weeks the infant is getting equal parts of
milk and wabter, also sugar.

(b) At the age of 3 months the infant is getting
undilvuted milk and sugar, and

(¢) +the 'sugar can be increased up to 3 1z deily,
especially if the baby is active.

(d) Fruit julce is givenifrqm the end of the 6th week;
and between feeds.

(e) Cod-liver oil (3ss t.i.d.) starts at 2 months.
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Hutehison uses a mixture ecomposed of equal parts of milk
and water,to each jvi of which 2 teaspoons each of dextrimaltese
cream are added:- or in Hospital practice, 1 teaspoon of cod-
liver oil emulsion, in place of the cream.

He gives % i of this j hourly for each month of age, (but
again stresses individualisation,) and considers that milk and
water equal parts should be the rule up to 6 months, thereafter
2 parts of milk to one of water, and by 9 months pure milk.

It is agreed that whey is the ideal diluent for cow's milk
but it is troublesome to prepare and expensive,

Barley water is best avoided as it is a 1 - 2% solution of

starch in water; although it makes the curd slightly less tough.
Water, then, is the preferable diluent,

As stated before, Holt considers that the majority of
bottle~fed infants require modified cow's milk, but that pre=
viously efforts to render cow's milk more digestible not infre-
quently led to failure because the energy requirements were not
met, or because some essential amino acid, vitamin or mineral
constituent was inadequately supplied,

He deseribes his own routine after discussing some general

feeding prineiples,
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He considers that the most successful ecow milk modifications
have gertain features in common = a reduction in protein and fat
and an increase of carbohydrate, A diet with protein content
in excess of the ecarbohydrate may eventually lead to malmutrition -
the pieture of Milchmahrschaden in which there is:-

(1) an inereased requirement of water;

(2) an increased energy requirement (because of the merked
*gpecific dynamic action" of the protein),
and there may be (3) a tax on the digestive capacity.

But, on a cow's milk diet, the digestion and absorption of

protein is very complete, even in grave mutritional disorder,

As regards fat, most infants can take a high propertion of
cow's milk fat; moreover; it is doubtful whether intolerance
is more likely with the fat of cow's milk, than with that of
human milk,

Holt's preference for the routine infant feed, is to give
a food isocaloric with breast milk (i.e. 20 calories per 3i).
This is composed of:- whole milk Fvii.

water 3iii.
sugar 3ss.
protein gives 15% of calories,
fat = 35% " - ’
carbohydrate " 50% * . é
Holt boils the milk for safety (remarking that the process
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also mekes the milk more digestible), If raw or pasteurised milk
is used, a mixture ielding only 12 - 15 calories per 3 i should
be used for the first few days,

Still stromgly maintains that the large quantity of curd is
the one great obstacle in the digestion of cow's milk,
(Roughly it may be said that cow's milk contains 4% each of proe
tein, fat and carbohydrate, while human milk eontains 2% pro=
tein, 4% fat and 6 of earbohydrate.

: The 4% of protein in cow's milk is made up of 3.25% of casein
and .75% of lactalbumen; while the 2% protein in human milk is
only 6% casein and 1.4% lactalbumen.

The curd of milk iﬁ composed of easein with some fat globules
entangled in it)e

Still remarks thet with the poor,; we often have to be content
with simple dilution and addition of sugar (ecream being hard to
get and of doubtful quality)

From experience Still favours the follewing concentrations:e

Milk, Hater.

At birth see e eee 1 lf‘

® 1 week ... seo soe 1 5

* 1 month ... sse eeo L 2

® 2 months ece eee ' 1 1-21*

o 5 " see cee soe i 1

" 6 i LR 3 LR 2 3 L2 2 2 l

b 9 - soe seo . e 3 1

Still considers that the breast-fed can be fed j hourly almost

from birth; with the bottle-fed the interval should not be se long
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as this, until after 25 months of ages He discusses methods of

correcting the fat deficiency present in any dilution of cow's

milk; "bop milk" and "gravity eream" are unsatisfactory, while
centrifugeal or separated ecream is much betbter. (This contains

en average of 48% of fat.)

.Artificial cream is cheap and free from the tubercle bacilius,

Any deficiency in sugar is easy to correct, and extreme
exactitude is unnecessary.
Lectose is less laxative and less rapidly absorbed than the

other sugers.

We have examined the mixture favoured by different workers
in "hand-feeding" the average infante

That of the more weakly infanb, ) -

Hutehison commences with a more digestible food =

(a) if the infent is wneble to digest his "§ and 3" mixture,

(b) = if the infant is "delicate", and :

(¢) - "indeed, in most under 3/12 old".

In order of ascending digestibility, he names citrated,
dried, condensed end peptonised milks; with the wet nurse as =
last resort.

S$till, to whom the commonest difficulty in infant feeding

is "eurd indigestion", induced in meny cases by insufficient
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dilution of milk during the first few weeks of life, describes
methods of assisting curd digestion when moderate dilution is
insufficient,

He remarks that insufficient dilution is a much commoner
source of trouble than exeessive dilution; and that some infants
show from the very outset an extraordinary intolerance to eow
eurd.,

(1) Sodium eitrate, he considers, is best where there is

only slight difficulty with digestion. A dose of gr.,l per 3 i
of milk forms the sodium paracasein which is much less tough
than the caleium paracasein., Sodium ¢itrate tends to constipation
and large doses may cause cedema,
If there is no improvement with citrate of soda, Still

strongly advocates partial peptonisation before recourse to the

patent foods,
(The method of citration is being used less and less nowe

adays; it is agreed that at most it should not be used more

2

than temporarily. ) :
(2) Peptonisation. By allowing 1 measureful of the

»peptogenie powder” to act for half am hour upon 1 pint of the
milk and water mixture (without any added sugar) the peptic di-

gestion of the milk is performed before it enters the baby's stomach.
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The possibility of scurvy used to be the main objection to
this method. Apart from that it, also, is a method for temporary
use only; the return to unpeptonised milk later should be very
gradual, - g

(3). Hutehison has faith in a "half cream" dried milk, for

the very young, delicate or dyspeptic infant, provided tha.tl fruit
Juice is given daily., '"Dried milk" is cow's milk evaporated to a
fine powder, |

The "dried milks", such as Cow & Gate, and Glaxo, are So com=
posed that 1 part in 8 parts of water makes a solution roughly

equivalent to full cow's milk, The "curd" is a more flocculent

one, but if the milk is made by the "roller process", the fat is
apt. to be imperfectly emulsified; the "spray process" does not
have this diaa.d.va’.ntage\. The dried milks are essentially scor-
butic, but contain few bacteria compared with fresh milk and the
tuberele baecillus very rarely. (Because of this eleanness, Holt
welcomes the present\ increase in the use of the dried milks),
The "} eream" dried milks are deficient in fat soluble vitamins,
Moreover, many infants will not tolerate dried milk.

(4) As regards condensed milk, that is, cow's milk sterilised

at 212° and evaporated in vacuo, Hutchison finds the "full cream
sweetened" type very useful for young and delicate infants, provided

cod-liver oil emulsion is administered at the same time; but he
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never gives such a preparation after the 4th month and rarely after
the jl'd-o

Two average teaspoons to % iii of water makes a preparation

containing:- Protein 1.1%
Pat 1.2% 7
Sugar 6.7%

Still grudgingly admits the unsweetened condensed milks to be
less objectionable than other patent foods, and that the curd is
more easily digested than in cow's milk. They should be used
within 36 hours of opening the tin, as they lack the preservative
effect of the cane sugar.

Thomson finds condensed milk of very temporary use, and that
it may produce a deceptive gain in weight owing %o retention of
water in the tissues, He favours the unsweetened variety.

In the occasional and diffieult case in which full peptonisa-
tion fails to assist the digestion of cow's milk eurd; it is
agreed that the infant should be fed on a

(5) whey basis, Whey contains .% pretein (;:Z::im).

«2j, fat,
and about 4.5% sugar,
Hutchison favours emrichment of the whey with one of the

panereatised foods, such as Bengers or Savory and lMoores', stand-

ing for a good while before boiling up, so that the starch may

be thoroughly econverted,
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A dextrimised food, such as Mellin's, may also be added to
whey.

Later the whey should be very gradually replaced by milk
one or two teaspoons in each bottle,

Still considers that the addition of one drachm of cream
(48%) and § teaspomm of lactose to each %iii of whey, makes a
good food for many weeks if necessary,

(He deseribes his own cheaper method with tartarie acid,
but has found it to fail at times), :

He also favours “sherry whey" (or "white; wine whey") as an
emergency food, and considers that it is very good in emaciation,
and exhaustion, especially if there is much vomiting, 1t
serves best if small feeds are necessary; 'ji:i.i 3 hourly at
6 months of age would be an exceptionally large feed,

Whey feeding will fail in those few infants who are intolerant
of cow's milk however it may be modified.

Holt considers that intoleranee to cow's milk protein is,
in nearly all cases, only to the lactalbumen and that boiling
will lead to success. In hypersensitivity to casein, heating
will not succeed, and a change to & milk of another species will
be necessary.

Goat's milk is then useful. This is very similar to cow's

milk; if the animals are clean the taste is indistinguishable.,



Like the ass the goat is immune to tuberculosis, but the poss=

ibility of undulant fever being ecarried necessitates sterilisae

tion of the milk,

Synthetic milk may also be useful here - i,e, with protein

and fat derived from some other source than milk, Thus, Almata
may be used for the first three months of life, diluted 1 to 8
with water only. Milk may be added to it after that age.

Holt remarks that food allergy is not necessarily of life-
long duration, but he urges the institution of desensitisatiom,
without waiting for the gradual disappearance of the conditiom.

If whey feeding fails_ Still considers that a condensed or
dried food will succeed now and then, but that asses' milk is a
better though expensive temporary measure, It is very weak in
both protein and fat,

Thomson, as mentioned, maintains that some modifieation is
only required in the great minority of infants, but cases are more
numerous among the newborn and in the presence of disease,

(1) He considers protein milk (the "eiweiss milch" of

Pinkelstein and Meyer) to be the best borne modification in the

newbern,
The fundamental prineiple is a reduction of the salt content

to that of breast milk, The percentage of sugar and fats is also



low; the protein remains high., Thus the antifermentative effect

is retained and the irritant effect lessened., The figures are:=

Protein 3%
Fat 2.5%
Sugar L.%
Salts eH% (chiefly ealeium salts).

It is very good also in

(a) diarrhoea and enteritis;
(b) athrepsis with low fat tolerance,

In the newborn, sugar may be added when the stools show good
digestion; ecow's milk should gradually replace the other,
Holt gives the figures as:-
Protein 5.?%
Fat 360 = 3.5% 13 calories per e
Carbohydrate 1.8% :
and remarks that it is useful in acute and chronic matritional
upset, espeeially if accompanied by diarrhoea,

(2) Of peptonised milk Thomson remarks that it was an old

favourite in nutritional disease, but is nov going out of fashion.
It is useful, however, in stenosis and spasm of the pylorus,
After touehing upon eondensed and dried milk (vide supra)
Thomson remarks that asses' milk is of good temporary use in young
infants and in the indigestion of coeliaec disease, The fat and
protein eontent is low, but there is plentiful lactalbumen and

the milk may be given undiluted and raw. Cod-liver oil should

be given at the same time,
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Thomson considers that the proprietary foods are expensive

and misleading, He classifies them into milk, malted and farin-
aceous foods,

It is generally agreed thet the administration of starch
should only be begun about the 8th or 9th month and then very
gradually., (In the first 6 months of life there is only a very
small amount of saliva and pancreatic juice).

Hutehison warns against their routin use and Still strongly
advocates partial peptonisation before having recourse to them.
Still divides them into 2 groups:=-

(a) those intended as substitutes for fresh cow's milk
(these are essentially the "dried milks"),

and (b) those intended as additions to fresh cow's milk,

It is well recognised that of these foods:=-
(1) in nearly all of them, there is a serious deficiency in fat,
(2) many have too little protein,
(3) most have far too mueh carbohydrate, and
(4) all are more or less scorbutie,

Even Still however admits that there are certain conditions
under whieh the intelligent use of these foods is advisable; thus,
a feed with a low curd and fat content may be necessary for a

short time. (contrary to Holt, he considers that many infants can
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not take as large a proportion of cow!s milk fat as they ean of
breast milk),

He points out that a gain in weight is not, of course, proof of
a good food; and that evil results, in the form of rickets or
seurvy, may appear for weeks or months,

He believes also (in contrast to Fife and Veeders' econclusions)
that excess of carbohydrates interferes with fat assimilation;
and again that a low fat, high carbohyd:é.te diet lowers resistance
and induces intestinal eatarrh,

He stresses the simple methods of adopting fresh milk,

5till touches upon soine other general points in infant feed-
ing., He denounces the practice of "leaving it to the nurse®,

He considers that too large a bulk of fluid is one of the commons
est faults in infant feeding; if the child is unsatisfied and
the stools well digested, the proportion of milk to water should
be inereased, not the bulk of the feed,

"Nursery milk" is to be avoided, an acecount of its especial
richness and also the fact that it may be dirtier, The milk
from a shorthorn herd is the best,

Regarding eream, this should never be added to a whole=-
milk feed; and 3% of fat should be the upper limit in an arte-

ificial feed, Cream contains preservatives and is as dangerous
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as milk, as regards the tubercle baecillus,
There are other very important prineiples to be carried out
in infant feeding,
Changes in the feed should be made as seldom as possible, and

as gradually as possible; only one change should be made at a
time, (except of course, when acute illness necessitiates reduc-
tion).

Hot weather requires a reduction in the food and an inerease
in the water intake,

In infection there is no cleose relationship between the
severity of the condition and the degree of matritional upset,

fie may mention here amother beneficial modification of
cow's milk, the method of thickening, which is useful in euring

a baby of such bad habits as airsucking and ruminating.

The 2nd six months of life should see the transition to a
mixed diet, in tﬁe form of vegetables, meat products, fruit and
eggs, and cereals in small amounts,

When there is considerable solid food in the diet, calorie
estimation is inaceurate and the appetite becomes a mare satis—
factory guide to sufficiency.

With this background of infant feeding, we shall examine

the prineciples of treatment of the wasted infant,
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The importance of prophylaxis is again stressed,

Treatment embraces the whole subjeet of infantile feeding, in
addition to the treatment of the nonedietetic causes of wasting,

Very careful nmursing and mothering and infinite patience
are foremost in the principles of treatment, Much can be done
to prevent the oceurrence of secondary infections, Warmth
is of far greater importance than fresh air, and the room temperatum
mast be kept at 65°,

Feeding must be done very cautiously and any change made
reluctantly and gradually.

S5till remarks that where the eause is a digestive disorder,
a weak food is commonly the right food; and he starts treatment
with veal broth, (with lactose 31 to Jiii), This is followed
by dilute asses' milk, if weak peptonised cow's milk ecannot be
assimilated,

He notes that half cream dried milk is of temporary usej
and that Thursfield (Arch, Dis, Child. Feb, 1927, p. 49) rec=
omnended banana pulp mixture.

If breast milk is unobtainable, Hutchison starts with a
sweetened condensed milk or half cream dried milk, Then, if

the stools show fat indigestion, he feeds on a whey basis with
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either Mellin's food or a modified starchy food, If the stools

show ecasein indigestion, he gives a dried milk or a fully peptonised

or citrated mixture, In those cases, "fortunately less common™,
where there is sugar indigestion, he finds protein milk often
very useful,

(7% is quite a normal strength for the sugar in solution
in the infant's bottle feed. Intolerance to this quite reason-
able percentage is not uncommon; as is shown by watery diarrhoea
and the explosive passage of faeces, due to the fermentation, and
excoriation of the buttocks. There omission of the additional
sugar in the feed will often cause the condition to elear up),

Holt favours an aeidified evaporated or dried milk if breast
milk is unobtainable. He stresses the need for sufficiency,
advaneing eautiously up to even 100 ealories per 1lb. of body weight,
He considers that generally the most successful high caloric feed-
ings are those with a high carbohydrate content, but that this
should not be given for longer than a few weeks,

The “calories per body weight" system originated in France,
with Budin and Heubner, 1t is a quantitative rather than a
qualitative guide and a variable one at that,

The system of "perqentage feeding", originating in America,
helped to place infant feeding on a scientific basis, but tended

to lead to overfeeding,.
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The essential rule is to feed each infant aceording to its
elinical power of digestion., A careful record is kept of the
food given and its effeet upon the child, It is enough if the
percentages and the calories are calculated at intervals,

These are some of the points stressed by Spalding imn 1909
in discussing "The feeding of.immature and atrophic infants", (14)

He found that “gavage™ or feeding by the stomach tube was
usually necessary at the outset, and he started an immature
infant (Jjudged, not by age, but by weight of less than 4llbs)
with a 5% sugar solution, gradually replaced by whey, The

atrophiec infant hejstarted with whey, gradually replaced with a

10% milk mixture, increasing to 30 and 40% of milk., He warmed
against "letting the fat calories run too high", and considered
that the wasted do better when the ratio of fat percentage to
protein percentage is not greater than two to one.

Regarding the acidified milk mentioned by Holt, this is the

preparation strongly favoured by Marriott, who brought the milk
to a p H of about 4, by adding to a pint of milk a drachm of the
U.S.P. lactic acid (8%%). Holt was not convineed that the average
infant progressed better on acid milks, but he believed that it
had an ad¥antage in acute and chronic mutritional upset,
We have seen that Thomson finds marasmus to be due to:=-
inanition,

fat dyspepsia
and parenteral infection,
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For inanition, the diet should be gradually built up;

for parenteral infection, protein milk or albumen milk is best,

together with the treatment of the suppurative focus in ear or
urinary tract,

It is agreed upon that merantic infants very commonly ill-
tolerate fat.

Thomson found fat dyspepsia a definite clinical entity and

treated it with diluted milk, or better with undiluted milk
deprived of some of its fat, i.,e, skim milk, (The skim milk
usuelly on sale is unfit for infants), A half cream dried milk
may be used but the fat can eaﬁily be reduced in ordinary milk
by allowing it to stand and skimming the risen eream,

A skim milk contains from 1.5 - 1.75% fat.

Parsons concluded from his experiments that fat indigestion

occurs in infantile atrophy under two conditions:e

(a) VWhen diarrhoea develops, the peristaltie hurry may lead to
poor splitting of the fat, This should be treated by giving a
low fat diet, containing a less fermentable carbohydrate (such
as dextrimaltose), If the infant is not very enfeebled, a short
preliminary period of starvation is often useful.

(b) If a high fat content dried milk is given, large stools

may be passed, containing excess of soap and free fatty acid,
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Although here the fat splitting is good; treatment comnsists in

giving a lower fat content dried milk, or the ordinary cow's
milk mixture.

Three additional factors that are sometimes of use in
cases of infantile wasting are mentioned here,

Thyroid extract has been suggested from time to time over

the past many years, with varying results,
Insulin has sometimes been found to stimulate the appetite,
Preparations of Vitamin B.,may be used, although there is not
yet any convineing proof of their value,

At the present time, in the treatment of the premature in-

fant, attention is concentrated upon the three very important
heads of:e

(1) warmth,

(2) suffieiency of fluid and food, and

(3) proteetion against infection. (33) (34&).
(1) General opinion is against the use of an incubator, but
in favour of the electric blanket,

The baby should not be bathed until it weighs 5 lbs. and then
only if vigorous, and upon alternate days,

Most do best if their body temperature is kept at about 99°.

(2) The need for breast milk is always urgent and may be vital,



=148~
At first, diluted with an equal amount of normal glucose saline
~and given every two er two and a half hours, most cases will
take it undiluted by the end of a fortnight., Failing breast
milk a condensed sweetened milk is favoured; others prefer
fully peptonised and diluted milk, A dried milk eontaining
1% fat and 1% casein is also satisfactory.

. In Ameriea protein milk is popular; in this country the
nearest approach to it would be an acidified dried milk, either
half cream or humanised,

The ealoric needs range from 60 = 100 per 1lb. of body weight,
but a period of weeks often passes before the full regquirements
can be met.

(3) The nurse in charge of the infant should wear a mask to
prevent the onset of a droplet infeection., Some practice the
injection of parental whole blood to inecrease the antibodies =
a course of 10 injections of from 3 =« 5 e.es, on alternate days,

Nutritional ansemia and a degree of rickets will develop in

nearly every case of prematuriiy unless especial precautions are
taken to prevent their onset., Iron and ammonium citrate, and a
concentrated fat-soluble vitamin preparation must be given from

the beginning of the 2nd. or jrd. milk,



=149=

Preparation of Cow's Milk,

The leaders in medicine are universally agreed that an
increased consumption of milk (the "perfect food") would have
undoubted adventages to the éommunity; but also, that the
existing milk supply is not safe. (38) ; (39), (40), (41), (42).

In the incidence of tuberculosis of bovine origin, Great
Britain is behind other countries, notebly ﬁhe United States
of America and Canada.

The tubercle bacillus is found in from 3% to 15% of
semples of cow's milk, end it has been found even in certified
milks The development of tuberculosis free herds is a long

process and at present all milk other than:-

(i) Certified, or
(ii)-Grade A. (Tuberculin tested) -

Should be pasteurised or boiled.

This would obviate the risk of tuberculosis and other diseases.
"Low temperature” pasteurisetion (i.e. holding the milk for thirty
minutes at a temperature of 145°F. to 150°F. and cooling rapidly
to 45°F.) causes no diminution in the nutritive wvalue of ‘the milk,
that cennot easily be remedied by the simple addition of orange
juice and cod liver oil. (Cod liver oil has 500 times the

enti=rachitic potency of fresh milk.)
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There is no evidence that the enzymes of milk (which
are partially destroyed by pasteurisation) sre of any
importence in nutritions. From fresh milk they are destroyed
in the gastro-~intestinal tract.

It is to be remembered that pasteurised milk sours in the
same way as a good quality fresh milk,

Where adequate pasteurisation is at present impracticable,
the milk should be boiled before use. ( The difficulty of the
altered taste of boiled milk is however sn insuperable one with
some children)

The question of the vitemin content of milk is not yet

settled. It is generally accepted thet both humen and cow's
milk conbteins surprisingly little vitamin Ds This matter was
the subject of editorial comment in the Lancet of 2.12.33. (p.
1268), which included the following remarks:~ "... Sherman,
(Amer. Journal of Public Health, October 1933. p. 1031) contests
the general opinion that cow's milk is on the whole, @& poor
gource of vitaming se.

«s+ The following are methods of increasing the vitemin content
of milk - especially useful where smokiness diminishes the enti-

rachitic value of sunlight:-

(a) the addition of s vitemin D. conceuntrate of the milk;
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(b) irradietion of the millk, with suitable carbon =+u¢

arc lights.
(It is to be noted that different preparstions of irradisted
milks, still vary considersbly in their activities.)

(¢) addition of irradiated yeast to the cow's diets

(d) irradietion of the cow itself, (a method at

present under investigation.)
+s+ The comment urges the c¢linician to meke his own practicaf
cbservations and remark that "few will disagree with Dr.
Chelmers Watson's main thesis (Scot. Journal of Agric, Oct.
1933. p. 394) that our present knowledge of the nutritive factors
in cow's milk is very inadequate." (35)

(Dr. Chalmers Wetson hss long meintained thet "much of the
present teaching of the laboratory on vitemins is either entirely
erroneous or at least unprovena“) (38)

The following is & summary of the teaching accepted at

present, regarding vitamin supplies in infancy:-

l. All infents should be breast fed up to the age of
8 or 9 monthsy even if breastfed, each should receive daily two
teaspoonfuls of orenge juice and 3¢ —il of cod liver oil. (The
larger dose from age of 5 months.)
2. [Bxtre vitemins are even more essential to:-
() those infants that are partielly or entirely

hend fed.
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(b) those infants at the time of, or following
weaning, because then, some of the foods
given, e.g. cereals, make & special demand
on the vitemin supply.

3« Probably, the risk of defective calcification of the
teeth is greatest at the weaning period, when the cusps of the
molar Geeth are Jjoining up.

4. The fact tnat the liver stores such largé.quantities
of Vitemin A. (when the food is rich in it) is an indication of
its importence in the aninal sconomye.

5. Egg yolk contains plentiful Vitamins A. end D, and
should be given to all artificially fed infants aftor the age of
35 months = half to ome egg dailye.

6. Vhen partly or entirely artificisglly fed, cow's milk
should form the bulk of the diet up to the age of 8-9 months,
and the basis of the diet for one year afterwards. At no
time in the first year after weaning should an infant receive
less then one to two pints daily, and after this not less than
one pint.

7e¢ Little is known of the normel infants requirements,

of the "B-complex) but small amounts of "marmite" should be given

daily.
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8« Vegetable purees should be given from the 6th month
and, as early as possible, some iron-rich supplement (meat,gravy,
spinach; egg, etes)

lMackey in 1931 showéd the especial benefit of iron and
ammonium eitrate due to the conteined traces of manganese and
copper.

Some recent and conbrolled experiments carried out on
sehool children et Peterhead, with the administration of vitamins
A. and D. supplements, had results which were diseppointing when
compared with the good results of a previous experiment with milk
supplements.  (37)

Vitamin deficiency in man is rarely, if ever, complete, and
is generally essociated with a partial shortage of other
important substances.

The milk supplements had made good these associated

deficiencies.

Partial deficiency of one or more of the "accessory
substances" leads to much subnormal heslth and development,
and even incidence of disease; eand the results may be very
series when such partial deficiencies occur in very early life,

and a sufficiency later maey fail to make good, deamsge caused by

e deficiency in youth.
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Latent deficiency disease is a reel thing end not an

imaginery concept.

Herd work, pregnancy and lactetion (as stated before) are
conditions calling for extra supplies of vitamins, and it must
be remembered that a mixed diet, formerly regarded as excellent,
mey in reality be defective.

In sickness and convalescence, when the dietary is
necessarily restricted, therapeutic vitamin concentrates are
the best safeguard.

Hess found that "Eiweiss - IMileh", the well-kmown pfeparation

given to dyspeptic infents, was an excellent diet for producing

rickets.  Fat dyspepsia is undoubtedly & reality, and then the
fat intake should be greatly diminished, but it is essential thet
e vitamin concentrate should be given at the same time.

Regarding fruits also, the period of reduction should be
mede as short as possible., (Adequate vitamins are essential
in diabetic diebts.)

The problem of adequate Vitemin A, is nol such a difficult
one as with some of the other vitemins, and it can be cheaply
solved wherever vegetables are grown. Vitemin A. is little
demaged by ordinary cooking.

Skimmed and separated milk should never be used as &

substitute for full milk dmn' young children, but it forms a cheap
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and velusble source of protein aﬁd salts for those of school
age and should be largely used in poor femilies.

The position mey be swmmed up:-

The vitemins present us with the means of attaining an
ideal, namely the eradication of deficiency diseases.

Cereals form sbout 60% of the diet of the poor and milk,
butter, eggs and vegetables are costly. Thus, even the
cheapest sustenance diet is beyond the reach of meny unemployed
personss

The fenlt lies largely with the mal-organisation of
society, and the failure to apply or realise the knowledge

already won by science.



~156=

CONCLUSTIONS.

(1) ‘"Westing" is common emongst poor-cless infants.

The careful menagement of pregnancy, labour, the early days of
infeancy, and of breast feeding, is a f;ctor of wvast importance
in prophylexis,

(2) The main cause - unsuitable feeding = is preventable
by lay and medical education.

(3) It is essential to diagnose between a "functional"
and an "organic dyspepsia", since wasbing may result from a
considerable number of organic conditions.

(4) Persistence in unsuitable feeding leads to "dyspepsia',
which form a large group of infantile "upsets", and which is a
frequent cause of wasting.

The causation, pathology and treatment of "dyspepsia
(including "svmmer diarrhoea") are discussed.

(5) Congenital pyloric stenosis is not a sl oonai blow
and should be constently born in mind. The age and general
condition of the infent, and the length and type of history, wvary
very considerably. Visible gastric perisﬁalsis occurs to a
slight éxtent, in certain other, less common conditions.

(6) "Pink disease" - the cause as yet unknown - may lead
to & considerable degree of wasting, even in the bresst fed.

The diagnosis is usually eesye.
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(7) In childhood, there is a very important inter-
dependence between the ebsorption end utilization of fat,
calecium and phosphorus. Thomson considers the three mein causes
of wasting to bei- inenition,
fat dyspepsia,
parental infection;
even in the second of tliese however, namely cémses in which there
is a reduced tolerance to fat as shown by the passage of large
crumbly end pele motions (the "milchnahrschaden" of Czerny, and
Finkelstein's "bilangstorung"), the digestion and absorption
of fat are quite normsel.
(8) TFat splitting and absorption is normal in infantile
atrophy and in pyloric stenosiss bDut in atrophy, fat dndigestion
occurs under two conditions:-

(a) if diarrhoea develops, and

(b) with the use of the high fat content
dried milks.

(9) Starvation is a frequent cause of wasting and the
"mehlriahrschaden"of Czerny and Keller is due rather to a
deficiency of protein, vitamines and minerals, than tc an excess
of carbohydrate. = Such defieiency syndromes mey be superadded
to the picture of malnubtritdion.

(103 The effects of a high protein intake are little

to be feared.
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(11)  The presence of infection is an iﬁportant factor
in reducing the carbohydrate tolerance.

(12) It is suggested that the estimetion of the urinary
creatinine of wasted infents, would, by indicating the extent of
tissue breakdown, at least be of assistance in prognosise.

(13) In infantile atrophy, no charecteristic lesions are
found post-mortem, even in the most severe cases.

(14) Animels vary greatly in their susceptibility to
the vearious vitamincodeficiencies, a fact which necessitates the
very cautious interpretation of animal experiments in relation
to humen disease. '

(15) In some animals, the health of the gastro-intestinal
tract depends upon the presence of amccessory food factors in the
diet.

(16) The thyroid glend is very sensitive to food conditions,
and especially so in early life.

(17) The pathology of idiopathic oedems is uncertein,
but the condition requires thorough dietetic treatment.

(18) The important and common "nutritional enaemia" of
infancy; is preventable.

(19) A slight degree of vitamin A, deficiency is not
uncommon in poor children. Milk is a poor source of A. and D,

and supplementary dosage of these vitemins is necessary in
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infency, especially at the time of weaning.

(20) Egg yolk is the only known foodstuff eontaining
enti-rachitic power, to any extent.

(21) Some workers are investigeting the possibility of
e relationship between the phenomens associated with rickets,
malignent disease, and sex activity.

(22) Vitamin D. prevents tetany, as it prevents Rickets;
it also promotes perfect tooth formation.

(23) Several important points regarding the etiology
and pathogenesis of Pellagra, remain obscure. The conception
of the presence of "toxamins" in the normel basic foodstuffs
should be thoroughly tested ori abandoned.

(24) Certain factors in ecidosis and slkalosis are
discussed. The pathogenesis of "ecyclical vomiting" is still
obscure. Ketosis is, in all probability, not the cause.

(25) Of 146 infants below 1 year of age admitted to the
Sheffield Childrens' Hospital from l.2.34. to l.6.34, 91 were
"medical" cases. Of these 91, 41 were "dyspeptic", and 11 hed
congenital pyloric stenosis (including twin brothers). These
two groups are discussed in greater detail.

(26) The importeance Bo the infant, of an adequate diet
for the mother, and instfuction and perseverance in breast-

feeding,is obvious, but neglected. Ounly thus is the subject
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of artificial feeding one of the most important in the whole
field of therspeutics.

(27) The great benefits of special dietaries (including
the administration of vitamin preperstions) will be more
extensively enjoyed when time and intensive teaching increases
the faith in them.

(28) Factors in the failure of breast-feeding are
discussed.

(29) Every hand fed baby should be raised, as quickly as
is compatible with its digestion, to a diet of full (boiled or
pasteurised) cow's milk, with an added one ounce of suger deily.
The mejority consider that full milk should be reached by three
months of age; others consider this too strong for those below
nine months of age.

(30) The more digestible modifications required by
special cases (especially in wasting end in premeturity) are
disecussed. The dried milks ("hadf-cream"), which cost a little
more then fresh milk, are acceptedly the next choices

(31) T"Partial vitemin deficiency” is no vague theory end
the employment of the vitamins (especially in infency) ebounds with
practical applications, which are of vital value to the practitioner,
but which are by no means fully realised. The fault of this lies

partly in the mal-organisstion of society.



=-161=-

The author is indebted to Dr. Giles, Medical Superintendent
of Hope Hospital, Salford, and to the Honorary Staff of the
Sheffield Childrens' Hospital for permission to describe cases

from these hospitals in this thesis.
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