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Megalocytic anaemia in childhood is an unusual
disease in The Netherlands. Routine examination
of the bone marrow of anaemic patients rarely
reveals the existence of this type, and is probably
due to an adequate number of clinics, which give
advice to the majority of the mothers on the
infant's diet during the first year of life. The
continued functioning of these clinics during the
German occupation may explain the absence of
an increase of the anaemias during that period.
During the last 10 years we have seen only four
patients, in whom an exclusive diet of goat's or

cow's milk led to the development of dystrophy
and megalocytic anaemia at the age of about
I year. Attention was drawn to this form of
anaemia with its characteristic bone marrow

findings (Veneklaas, 1940, 1942). At that time
it was possible to prove that fresh vegetables and/or
fresh fruit contained substances which were able
to cure this . It was shown (VeeneklaLs,
1943 and 1947), and in 1949 and 1950 it was con-

firmed, that these substances were present in fresh
endive.

Megalocytic anaemia had been described before.
In 1909 von Starck published the first case, and
Faber and Bachman in 1928 and 1936 were able
to collect 20 cases from the literature. Meanwhile
the fact was noticed that these children often
suffered from infections of the upper respiratory
tract and sometimes had diarrhoea, and liver
therapy caused a tlocyte crisis and recovery
without relapse. Later folic acid (Zuelzer and
Ogden, 1946) and vitamin Bn (McPherson,
Jonsson and Rundles, 1949) were found to exert
the same influe. 1he pathogenesis of these
anaemias is still uncertain. Somewhere in the chain
of supply, absorption, transport, storage, liberation,
consumption and excretion of the anti-anaemic
substances a link may drop out, which is not
nessarily always the same.

Cuse Reports
1. The normal pregnancy of a healthy primi-

parous woman ended on December 21, 1937, in the
birth of a normal child wighin about 3,000 g. The

child was breast-fed for six weeks, and was then put
on cow's milk, with the addition of water and sugar
and later flour, in the correct amounts. After six
months he was given cooked vegetables in the milk

formula. Until the eighth month he deveoped well,
but at that time anorexia started and palbor was noted.
At the age of 12 months he had pneumonia and the

haemoglobin was 45%. Treatment with iron and
ascorbic acid in large doses did not influen either the
anorexia or the anaea. The child lived in an

institution, which for 16 years had taken care of 70

chidren a year in a similar way. A e sch as

that described had never occrred in the home during
the whole time.
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In March, 1939, the child was admitted to hospital.
At the age of 15 months the patient was 70 cm. tall
and weighed 6,600 g. There was marked dystrophy,
apathy and pallor. On the forehead and on the templa
there was a thick growth of downy hair. The lymph
nodes were all just palpable; the mouth and tongue
showed no abnormalities. The heart and lungs seemed

normaL The liver and spleen could be felt Values
for frce and total acidity were: fasting, 0/30, after one

hour, trae /10, after two hours, 10/22.

Haemoglobin was 42%, erythrocytes were 1,650,000
per cmm- There was aniocytosis, polkiocytosis

and polyh asia. The colour idex was 13. A
Price-ones curve (Fig. 1) demonstrates the size of the

erythrocytes. Retiaocytes were 0-7% and leucocytes
7,150/c.mm, of which 5,400 were lymphocytes.
Thrombocytes were 38,000/cmm and the biliubin level
was 0-74 mg.%. Fragility stted at 0-45%, and was
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ARCHIVES OF DISEASE IN CHILDHOOD
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FiG. 2.-Case 1. Retculocyte crisis and improvement

complete at 0 32% Na. Cl. The bone marrow picture
was megaloblastic. Treatment consisted of the addition
of large amounts of fresh vegetables and fresh fruit
to the diet which the cild previously had. After 10
days a reticulocyte crisis of over 20% followed (Fig 2).
After four weeks the haemoglobin was 66%. Ten
weeks later the weight had increased to 9,000 g., the
downy hair had disappeared, liver and spleen were no
longer palpable, haemoglobin was 80%, erythrocytes
4,540,0001c.mm., leucocytes 9,850/c.mm., of which
5,320 were lymphocytes. The bone marrow picture
had become completely normal. Relapse did not
occur.

Evaluation of the treatment was made difficult by the
addition of more than one green vegetable to the original
diet.

Case 2. In June, 1941, a healthy mother was
delivered of her first child, a girl, who was normal and
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FIG. 3.-Case 2. Prie-Jones curve.
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weighed 3,250 g. The child
was immediately put on a
cow's milk formula with the
correct addition of water,
sugar and flour. The parents
were intelligent people, who
would have given their child
a complete diet but who, as
Jews during the German
occupation, were resricted in
their movements. The only
possible supplementary food
was the juice of preserved
endive, which was given
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month. Infections did not
occur. Development was
normal until the ninth month,
then anorexia started and
pallor was noted. The child
was given iron and ascorbic
acid but without effect. At
the time of treatment in 1942

MX the patient was 11 months

in'boout- old; the height was 71 cm.,
but the weight was unknown
because there were

no scales at home. The patient was a markedly
dystrophic, apathetic child with a flabby skin and
intense pallor. A few lymph nodes were palpable in the
neck and the inguinal region. Nothing abnormal was
noted in the mouth, tongue, heart or lungs. The liver
and splem were just palpabk. Values for free and
total acidity were: fasting 15/20, and after half
hour 25/35. The blood bilirubin level was 0-8 mg.%.
Fragility began at 0-46 and was complete at 034%
Na. Cl. The faeces contained 26°h fat. Haemoglobin
was 28%, erythrocytes were 1,090,000/c.mm., and
there was anisocytosis, poikilocytosis and anisochromia.
The colour index was I 28. A Price-Jones curve
(Fig. 3) demonstrates the erythrocyte diameter. Reticu-
locytes were 0-9%, leucocytes 7,900Wc.mm., of which
5,800 were lymphocytes. Thrombocytes were 74,000/
c.mm. The bone marrow was megaloblastic. The
ascorbic acid content of the blood was 1 I mg.%.
As a safety measure the child was treated at home.
The only treatment consisted of the addition of 200 g
fresh endive daily to the existing diet. After 12 days
reticukocytes had increased to 30% (Fig. 4). After 30
days the haemoglobin was 600/) and the anaemia had
become normocytic. The general condition had im-
proved considerably. Recovery was uneventful; there
was no relapse.

In this patient the experimental conditions were ideal,
as surrounding and dietary circumstances remained
constant, which made it certain that the results were
due to treatment.

Case 3. On February 27, 1949, a normal pregnancy
ended after normal delivery with the birth of a child,
a boy, weighing 3,200 g. He was the second child.
The first was raised on goat's milk with excellent results.
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MEGALOCYTIC DEFICIENCY ANAEMIA CURED BY FRESH ENDIVE

This chid was breast fed for
the firt three m ths and
ga weight satiactorily.
He was then given suppl-
mentary feeds of goat's milk
in ireasi q es (with
water, sugar and flour), till at
the age of 5 months he was

given goat's milk excivey.

He also reived tomato jic e

from 5 months. Duing the

ast three or four months the
appetite had gone, the child
vomited from time to time,
and became pale.

Tbere had been no infections
except for a cold in the
previou few weeks.

On admission on October
27, 1949, the chid was
8 months ol weighed 6,400 g.

and was 67 cm. tall. He
appared ilL, was dystic,

lists and severdy anaemic.

A systolic murmur was heard
ovcr the heart, the liver
extended one and a half
fi n e.4 aaAh *he

margin, the splee could not
be paltex. The tu FuG. 4.-Case 2
was 38 5 C. and remained
elevated during the first few
days. There were no other abnormalites. Haemoglobin
was 22%. Erythrocytes were 800,000/c.mm., with aniso-
cytosis, poikiocytosis, polyhromasia; the colour index

was 1 -25. The Price-Jones curve (Fig. 5)demonstrates the
size and the scattering of the erythrocytes Reticukoytes
were 1-6%. Lexxwyteswerel7,2)0/c.nr.,(myekoytes2,
band forms 2, polymorphs 21, _ils 4, lymphocytes
70, monocytes 1, 12). Thrombocytes wae
1,008,000/c/mmc The bone marrow was megaloblastic.
Immediately on admission the child was given a

trasion of 100 mL whole blood Haemoglobin
was 38% on the next day. The diet consisted of goat's
milk, with water, flour and sugar added in suitable
quantities; at the same time 100 g. of fresh endive
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FIG. 5.-Case 3. Pice-Jone curve.

Reticulocyte rdss and improveent in blood count

daily was added. After eight days a retiocyte crisis
was noted of 15-6% (Fig. 6). After three weeks

haemoglobin was 600/o with 3,740,000/camm. erythro-
cytes, the weight increasig in the meantime by 730 g.

The general condition had improved ably,

in spite of an upper aory infection. The patient
was discharged on D:ember 17, 1949, with a haemo-

gkobin of 75% and 4,350,000 erythrocytes/c.mm-
Three weeks after adm i the child was put on an

adequate diet: two weeks later it was started on oral
lactas ferrosus.
During long-continued feeding with goat's milk

exclusively megakocytic hyperchromic anaemia

developed, which was treated by adding a daily dose
of 100 g. fresh endive to the goat's milk diet, and deared
up with a reticuklcyte crss.
4ase. On January 12, 1950, this child, a boy and

the first of healthy parents, was born normally after an
uneventful pregnancy, with a birth weight of 2,500 g.
He was aIially fed, coretly in quantity and quality,
but often refsed fruit juice and never took vegetabls,
Development was normal up to the age of 6 months.
After that the patient started to vomit with increasing
fruency. Before admission the child was feverish.
On October 9, 1950, the child was admitted to

hospitaL He was then 10 months old, weigied 6,430 g.

and was 67 cm. tall. He looked ill, apathetic and pale;
the nutritional condition was adequate, the temperature
was 38 30 C. There was infection of the upper
respiratory tract. A systolic murmur was heard over
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ARCHIVES OF DISEASE IN CHILDHOOD

FiG. 6.-Case 3. Reticulokye cras and improvement

the heart. Breathing was normal. The liver, spleen
and lymph nodes were not enlarged. On the left cheek
there was a blue spot (2 cm. diameter). Examination
of urine, faeces and cerebrospinal fluid was negative.
Haemoglobin was 27%, erythrocytes were 1,220,000/

c.mm., with anisocytosis, poikilocytosis, polychromasia.
The colour index was 1l16. A Price-Jones curve
demonstrates the size and scattering of the red cells
(Fig. 7). Reticuklcytes were 2%. The E.S.R. was
5 mm. LeuKocytes were 6,900/c.mm. (4,623 lympho-
cytes). A differential count gave band forms 2,
polymorphs 26, lymphocytes 67, monocytes 4.

FuG. 7.-Case 4. Prie-Jones curve.

in blood count.

Thrombocytes were
12,200,c.mm. The coagula-
tion time was I minute and
the bleeding time 4 minutes
45 seconds. The bone
mrrow was megakoblastiix
The diet of the patient was

left unanged; it consisted
of milk, 700 ml., water 200
ml., flour 60 g-, sugar 20 g,
divided over four feeds.
Also 1,000 I.U. of vitamin
D and 1,000 I.U. of vitamin
A were given. To this was
added 25 g. fresh minced
endive.

After one week of treat-
ment the condition and
behaviour changed com-
pletely and a reticukocyte
crisis occurred (Fig. 8). In
this week the child became
lively and interested in his
surroundings. After 20 days
the haemoglobin was 63%.
and the number of red cells
3,700,000/c.mm. The weight
had increased by 250 g.
Endive was. then discon-
tinued and the child was put
on a diet adequate for his
age. The haemoglobin level,
from then on, increased
only very slowly. Iron

preparations had little effect. After 50 days the patient
was discharged with a haemoglobin of 7700 and 5,250,00O
erythrocytes/c.mm.
The experimental conditions in this case were correct.

The recovery could be ascribed to the fresh endive
added to the original diet.

Disussion
Considering the influence of fresh endive on the

condition resulting from a long-continued exclu-
sively milk diet, it is of interest to know the folc
acid content of this vegetable. This is, when fresh,
0 62-0 75y/g. (Fager, Olson, Burris and Elvehjem,
1949). Case 2 received 200 g. fiesh endive, which
amounts to 124-150 y folic acid per day, Case 3
received only 62-75 y daily, Case 4, 15-19 y daily.
This is a few hundred times less than the amount
with which a reticulocyte crisis and recovery are
usually effected in these patients. it is improbable
that differences in folic acid content of this order
exist between American and Dutch endive. It is
therefore doubtful whether reaction and recovery
in our patients, during treatment with fresh
vegetables and fruit or fresh endive, is attributable
to its content of folic acid alone. It seems probable
that another substance is involved. If guinea-pigs
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MEGALOCYTIC DEFICIENCY ANAEMIA CURED BY FRESH ENDIVE 213

develop scurvy on a diet
entirely free of ascorbic
acid and are then fed the
same diet either with the
addition of ascorbic acid
or of tomato juice, a
similar incongruity is
encountered. In order to
effect the same degree of
recovery more crystallin
vitamin C is needed than
is contained in the tomato
juice in its natural state.
In this connexion the work
of May, Nelson, Lowe and
Salmon (1950) is of
interest, as they point
out that vitamin C
deficiency may also play
a role in the development
of megalocytic anaemia.
The findings in Cases 1
and 2 do not appear to
confirm this, as they had
received ample vitamin C,
but this was only given
when the anaemia had
already developed. It is
after all possible that
May's explanation holds
good for these patients. If it is indeed possible
to cure this anaemia by the combined administration
of folic acid and vitamin C, it is still remarkable
that these are needed in very small amounts.
The vitamin C content of endive is 12 mg. %.
The last patient received only 3 mg. vitamin C per
day. Thirty-one days after the beginning of
treatment, the vitamin C content of the blood
was determined, and was 0 2 mg. %. It seems
indicated to treat such patients with similarly
small doses of crystaline folic acid and vitamin C.
But the possibility is by no means excluded that
endive contains traces of other substances which
aid in accelerating the curative process.

Ssmy
Four cases of megalocytic hyperchromic deficiency

anaemia are described occurring at the end of the
first year of life. One of these patients had been
fed exclusively on goat's milk; three had had a
long-continued diet of cow's milk. All patients
promptly and definitely recovered, with a reticu-
locyte crisis. Treatment varied: the first patient
recovered with the addition of fresh vegetables

_ g,m| ,sh endive doily iron
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FxG; 8.-Case 4. Reaculocyte crisis and imaprovement in blood count.

and fresh fruit to the previous diet (1939). The
second patient was cured by means of a dosage
of 200 g. fresh endive added to the preceding diet,
the third received 100 g. endive with his diet and the
fourth only got 25 g. fresh endive with the same diet
as before.

Fresh endive apparently contains substances
which are able to cure megalocytic hyperchromic
anaemia. The folic acid content of fresh endive
is 62-75 y per 100 g. and its vitamin C content
is 12 mg.%. The last patient received only 15-19 y
folic acid and 3 mg. vitamin C daily. The possibility
that other substances contributed to this cure must
be considered.
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