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Case Reports

HYPOGAMMAGLOBULINAEMIA ST EATORRHOEA
AND MEGALOBLASTIC ANAEMIA

Response to Gluten-Free Diet and Folic Acid
P. N. SWIFT, M.R.C.P.

Peediatrician, Farnborough Hospital, Kent

IN congenital hypogammaglobulinemia affecting
male infants and children, deficiency of y-globulin
is commonly extreme with a corresponding lack of
immunity and early onset of bacterial infections. In
the acquired and secondary forms of the condition a
period of normal health characteristically precedes
the onset of symptoms. The serum y-globulin
level is usually higher than that found in the
congenital form (Gitlin, 1955) and infections are
correspondingly less severe and may even in some
patients be absent.
A y-globulin level of 200 mg./Ioo ml. in the serum

has been chosen by the Medical Research Council
Working Party as the criterion for diagnosis and
this figure, which was chosen arbitrarily, has been
shown by subsequent work to be of practical value
in differentiating normal from abnormal (Soothill,
I962). Levels above 2zo mg./ioo ml. are, however,
still below the average levels for healthy adults and
levels up to 6oo to 8oo mg./ioo ml. may be abnormal
(Paull, 196I; Soothill, I962).
The primary defect common to both congenital

and acquired hypogammaglobulinemia is believed
to rest with the plasma cells or their precursors.
Numerous pathological conditions involving the
reticulo-endothelial system such as malignant
lymphoma, lymphatic leukimia, and myelomatosis
have been found responsible for the disturbance of
plasma cell function. In acquired idiopathic hypo-
gammaglobuliniemia no disease obviously involving
plasma cell maturation or function is to be found,
but various conditions may be present in associa-
tion with it. Of these, steatorrheea is well recog-
nized and was present in two or possibly five of
the 24 patients cited by Firkin and Blackburn
(1958). Cohen, Paley and Janowitz mention six
cases from the medical literature and give details
of a further case. The relationship between the
steatorrhiea and the deficiency of y-globulin re-
mains uncertain and there is no evidence as to
which was the primary condition, though it is
thought that the association is more than coinci-
dental.

Lymphadenopathy and splenomegaly have been
present in the majority of patients (Firkin and

Blackburn, 1958) and in some there has been
pancytopenia attributed to hypersplenism. Paull
(I96I) has reported a patient who also had per-
nicious aneemia and a further case of megaloblastic
anemia with pancytopenia is on record (Schaffner,
I959). Paull (I96I) was unable to find any aetio-
logical connection between the two conditions. The
present report is of another patient, a boy, in
whom hypogammaglobulinaemia was associated
with steatorrhcea and megaloblastic aneemia, which
responded to treatment by gluten-free diet and folic
acid. Improvement was accompanied by an increase
to normal in the amount of y-globulin and a return
of the hiematological disturbance to normal.

Case History
Michael B. (born 1947). Until I95I, when he had

measles complicated by pneumonia, the patient's health
and progress was normal. Thereafter he had recurrent
respiratory infections and was investigated in hospital
on account of unresolved pneumonia in I954. At that
time hypochromic animia and leucopenia were noted-
hemoglobin io g./ioo ml., MCHC 30%, W.B.C.
3,000/cu. mm., polymorphs 640/, lymphocytes 33%,
monocytes i °0, eosinophils I 0, basophils i %0. Al-
though his hiemoglobin increased to 7600 following iron
therapy and his chest infection responded to treatment,
he continued to complain of tiredness. In 1957 anorexia,
loose stools and, later, attacks of abdominal pain and
vomiting, preceded a more rapid deterioration in
general health. He became apathetic and emotionally
unstable and developed generalized mild pigmentation
with loss of hair. By March I960 his weight had fallen
by I2 lb. and he was suffering from recurrent bouts of
painful ulcerative stomatitis and perianal ulcers, for
which he was admitted to hospital. Neither at this time
nor on subsequent occasions was there enlargement of
lymph nodes and spleen, nor was the liver clinically
enlarged except for a short period in August I96I when
the hemoglobin was 37%. While in hospital an attack
of vomiting, diarrhea and abdominal pain lasting three
days occurred and this was one of the two occasions on
which the polymorph count exceeded 4,000/cu. mm.
before recovery started in November I96I. It is note-
worthy that during the attack the stools were watery and
not typical then or later when apparently normal, of
those of a patient with steatorrhoea.
When the level of y-globulin was found to be low,
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HIEMATOLOGY

Date Treatment Hamoglobin Polymorphs Lymphs. Platelets Retics.I gm. %

I 5.9.60 I1.9 2,950 1,760 150,000 2.5
4. io.6o 11.1 2,480 I,360
5-II.10.60 y-globulin (1,500 mg.)
I2.12.60 y-globulin (750 mg.)
19.I.6I 12.1
13-3.6I 9-9 3,150 1,700 -
9.8.6 I Blood transfusion (3 pt.) 5-5 1I,225 2,030 95,000 I
i8.8.6I 10.9 1,292 2,394 13,000 I
25.8.6I B6 10.9 1,100 I,350 110,000 0.5
I.9.6I 10.2 4,020 i,68o 206,000 0.5
5-12.9.6I 9.9 2,170 I,I90 i6o,ooo 0.5
I9.9.6I 9-5 2,I66 1,596 1 I 2,000

5.io.6i B12 9.2 I,830 990 133,000 1.5
Ii.io.6i 8.8 i,68o 930 I .5
17.I0.6I Prednisolone
27.I0.6I II.2 I,295 1,715 125,000 0.5
3I.I0.6I Folic acid 11.2 575 1,525 6o,ooo I.2
7.1I.6I 10.5 I,692 I,584 I37,000 2.5
I 5. II.6 I Gluten-free diet
23.1 I.6I 12.6 2,820 2,520 330,000 o.6
22.3.6 13.9 1,935 2,115

SERUM PROTEINS
(g./I00 ml.)

Gel Diffusion
Date Treatment Electrophoresis Precipitin (Dr. Soothill)

y-macro-
Total Albumin y-globulin y-globulin globulin

4. 1o.6o 5-9 3.32 0.42

5-ii.10.60 y-globulin (0.500 mg.)

26. io.6o 5.9 2.98 0.51
I .1i1.6o 5.9 3.01 0.58

12. I 2.60 y-globulin (750 mg.)

I9.I.6I 5.3 2.36 o.83

30.1.61 0.28 37%

13-3.6 I 5.7 2.82 0.79 o.8 62%

9.8.61 Blood transfusion (3 pt.) 6.2 2.82 o.86

5-9.I0.6I B12 (I00 mg.)
17-24.I0.6I Prednisolone (I5 mg. daily)

31.io.61 Folic acid (30 mg. daily)

I5.II.6I Gluten-free diet 6.7 3.58 o.96
29.I I-20.I2.6I Folic acid (io mg. daily)

22.3.62 7.3 3.84 1.3

29.6.62 6.4 3.69 1.05 1.12 I00%
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injections of y-globulin (1,500 mg.) over a period of four
days were given without significant benefit to his ulcers
or general condition. There was, however, an increase
in the amount of y-globulin in the serum from 420 mg./
I00 ml. to 580 mg./ioo ml. Two months later a further
injection of y-globulin was given and this was followed
within 20 min. by a moderately severe anaphylactic
reaction. One month later the serum y-globulin had
risen to 830 mg./Ioo ml. and the polymorph count to
4,200 cu. mm. but the ulcers and weight loss were
unaffected. In May I96I the occurrence of bruising on
minimal trauma was noted, which was followed by
rapidly increasing anorexia, pallor and extension of the
ulceration to involve the nose.
On re-admission to hospital the only abnormal finding

apart from pallor was enlargement of the liver to sij in.
below the costal margin. On August 8, following a
marrow biopsy which revealed a megaloblastic picture,
he received a blood transfusion of 3 pt. Before in-
stituting specific therapy, various hamatological, im-
munological and metabolic investigations were carried
out of which details are given below. Fat balance, oral
glucose tolerance and xylose absorption tests revealed
the presence of malabsorption. A jejunal biopsy was
performed but was unsuccessful. No clinical or hbemato-
logical response followed administration of vitamin B6
(ioo mg. daily for Io days and 500 mg. daily for seven
days). Vitamin B12 (50 mg. twice weekly) brought about
some improvement in physical well being, weight gain,
an increase in hemoglobin from 9.2 g./ioo ml. to I I.2 g./
I00 ml. in four weeks and an increase in the level of
serum albumin. Subjective improvement continued on
folic acid (io mg. daily) and more rapidly after the
introduction of a gluten-free diet; the weight increasing
at the rate of 3 lb. per week. The blood picture and
appearance of the bone marrow reverted to normal and
the polymorph and platelet counts increased. Proof of
gluten-sensitivity by reintroducing this substance into
the diet has not so far been undertaken because of the
severity of his illness before its withdrawal. Capacity to
absorb fat has retumed to normal and the oral glucose-
tolerance curve has improved but still shows below
average absorption.

In the next three months there was a sharp rise in the
serum y-globulin from 960 mg./ioo ml. to 1,300 mg./
100 ml. and the marrow became normoblastic. No more
ulcers appeared and for the first time since 1959 he felt
well and cheerful, and keen to take part in normal
activities.

Laboratory Investigations
Fat absorption Before treatment: 92% of fat intake

(95% N).
After treatment: Average excretion of

fat per 24 hr. =
3.8 g.

Xylose absorption ii .8% of intake (25% N).
Oral glucose absorption (after 50 g. glucose):

Before After
treatment treatment

mg./Ioo ml. mg./Ioo ml.
Fasting .. .. .. 95 100
ilhour *. .. .. 100 120

i .. .. .. 90 105
2 .. .. *- 95 95

Serum vitamin B12 300 [4Lg./ml.
Serum iron 154 ,Lg./I00 ml.
Alcohol-histamine test meal Total acidity and free HCI
C high normal.
Fcecal trypsin i/6oo.

Bacteriology Faces 26.9.60 (repeated). No
growth; no protozoa.

Mouth ulcers (repeated.) Strep. viridans.
Mantoux (I/i,ooo to i/ioo) Negative.
Barium meal andfollow-through No abnormality de-

tected.
X-rays of long bones (15.8.6I) Normal.
Marrow biopsy Io.8.6I: Megaloblastic marrow; mye-

loid/erythroid ratio = I.3: .
Plasma cells, megakaryocytes

not seen.
5.12.6I: Normoblastic marrow; mye-

loid/erythroid ratio = 2 : I.
Plasma cells not seen.
Megakaryocytes present.

Tryptophane load test (5.8 g. D.L. tryptophane, p.o.)
24.8.6I: Xanthurenic acid excretion = I8.7 mg.

No increase in excretion of 5 HIAA.
Increased excretion of tryptophane and

indolyl acetic acid.
(On pyridoxin) 17.9.6I: Xanthurenic acid excretion

= 4.6 mg.
Biochemistry:

Blood urea 30 mg./ioo ml.
Plasma fibrinogen 265 mg./ioo ml. (N)
Total bilirubin 0.5 mg./IOO ml.
Alkaline phosphatase 13 units (N 5-IO)
Colloidal gold o
Thymol turbidity I unit
Kumkel 2 units
Popper i unit
Prothrombin time i6 sec. (N 13)

Urinalysis Normal.

Discussion
The amount of y-globulin in the serum of this

patient estimated by paper electrophoresis before
the therapeutic administration of y-globulin was
480 mg./Ioo ml. Estimated by Dr. Soothill shortly
after the start of treatment, using a gel diffusion
precipitin technique (Soothill, I962), the level was
280 mg./ioo ml. and the y-macroglobulin (r2m)
was 31% of standard normal serum. The level of
y-macroglobulin rose to 62% in six weeks and,
following the withdrawal of gluten from the diet, to
I00%.
The initial levels place the patient in the category

of hypogammaglobulinemia of borderline severity
and by the standards of this laboratory and those of
Paull (I96I) and Soothill (I962) are considered sub-
normal. Evidence of impaired immunity rests on
the occurrence of repeated ;nfections of the respira-
tory tract and the finding of an abnormal leucocytic
response to a local inflammatory stimulus (Dr. A. T.
Birmingham). The loss of immunity, as in many
patients with the acquired condition, is only partial
and broadly in proportion to the degree of y-globulin
deficiency.
The diagnosis of a malabsorption syndrome is

based on the demonstration of impaired absorption
of fat, glucose and xylose from the intestine. That
the defect was due to a gluten-induced enteropathy
has been established by the remarkably rapid clinical
improvement, increase in serum albumin and
improvement in intestinal absorption which followed
withdrawal of gluten from the diet.
The association of steatorrhaea and hypogamma-

globulinaemia has been frequently reported (Firkin
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FIG. I.-Serum albumin and gammaglobulin levels.
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FIG. 2.-Platelet counts and serum gammaglobulin levels during treatment.
(Estimations of serum y-Lloburin nerformed by naner electrophoresis.)

and Blackburn, 1958; Cohen and others, I96I;
Cooke and others, 1957), though the nature of the
relationship between the two conditions remains
obscure. The view that their coexistence is for-
tuitous may be discounted by reason of its high
frequency in reported cases which exceeds that
likely to have occurred by chance. In the present
patient simultaneous improvement of the two con-
ditions following treatment provides additional
evidence.

One explanation of the relationship is that in
which it is postulated that hypogammaglobulinemia
is the precursor of the steatorrhcea. In this patient,
however, the cause of the steatorrhcea is considered
to be gluten-induced enteropathy and the observa-
tion that his rapid increase of weight and of serum
albumin following treatment preceded the rise of
y-globulin, is hardly compatible with the view that
y-globulin deficiency was the primary event (Figs.
i and 2). Moreover, the fact that his steatorrhcea
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FIG. 3.-Body weight and serum albumin levels during treatment.

continued to deteriorate and a megaloblastic
anemia appeared after the administration of
y-globulin and after a significant increase in the
level of serum y-globulin, is taken as additional
evidence refuting this hypothesis. The retro-
spective evidence that there were no clinical signs
directly attributable to malabsorption when im-
paired immunity was first noted, is not thought
to be sufficiently objective to outweigh these
observations.
The alternative possibility that the steatorrhcea

is the primary condition seems more in accord with
the sequence of metabolic events in this patient's
illness, though there are various unusual features
which indicate that the relationship is complex. In
hypogammaglobulinemia caused by malabsorption
or protein-losing enteropathy depression of serum
albumin is the predominant feature (Hawkins, I 96 I),
while the y-globulin fraction is depressed to a
relatively minor degree and may even be increased
(Froehlich, I953). Disproportionate loss of y-glo-
bulin is not typical of this condition and does not
reach sufficiently low levels to cause impaired
immunity unless the loss of proteins is so severe
that cedema is present (Sandford and others, 1954).
Likewise, symptoms attributable to deficiency of
y-globulin are not seen in the absence of cedema in
hypoproteinemia due to other causes such as
malnutrition (Krebs, I946), nephrosis, or hypo-
proteinmemias of obscure origin (Illingworth and
Finch, 1954; Homburger and Petermann, I949).
The absence of cedema and the virtually normal

serum albumin in this patient are therefore difficult
to reconcile with hypoproteina!mia. If this be so,
the possibility that some mechanism other than the
direct effect of malabsorption on nitrogen availability
must be considered.
A possible line of approach in the search for

such a mechanism has been suggested by study of

the megaloblastic anaemia which was also present in
this boy. The occurrence of this condition in a
patient suffering from both hypogammaglobu-
linmemia and steatorrhaea is of particular interest as
pancytopenia and other hamatological disturbances
have frequently been found in conjunction with
hypogammaglobulineemia alone, but not where the
two conditions coexist. Pancytopenia may occur as
a manifestation of various pathological conditions
with lymphadenopathy and splenomegaly (Citron,
1957; Firkin and Blackburn, I958), megalocytic
anemia (Schaffner, 1959) and pernicious anemia
(Paull, 196I). Neutropenia and lymphopenia have
also been common findings, in association with
pancytopenia and as isolated features. Their func-
tional dependence on y-globulin is, however, close
but not clearly understood, and in many of the
instances where there is no other evidence of a
primary defect in the reticuloendothelial system,
the depression may be a secondary phenomenon.
The platelet count, which is not dependent on
normal y-globulin levels (Frick and Good, I956),
may be raised in hypogammaglobulinaemia, but
several instances are recorded where it has been
low in association with pancytopenia or megalocytic
anuemia (Schaffner, 1959). In this patient, thrombo-
cytopenia was present throughout the illness until
gluten was withheld, and is considered to be an
effect of the maturation arrest, which involved also
the erythroid and myeloid series.;
The possibility that a maturation arrest of the

plasma cell series can occur is indicated by the
studies of histological material reported by Citron
(I957) and Martin (I962) who differentiated a group
in which the appearances were those of a maturation
arrest from that in which the absence of mature
plasma cells was due to a developmental arrest.
Bruton (I962) also holds the opinion that reactions
which produce thrombocytopenia may affect other
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body cells including the plasma cells. From the
varied clinical signs and pathological findings in
patients with hypogammaglobulinlemia, it is clear
that the causes of plasma cell dysfunction or arrest
leading to the deficiency are numerous.

In the present patient, plasma cells in the bone
marrow were not seen and platelets in the blood
were greatly diminished in number. After the
administration of folic acid, megakaryocytes were
more evident in the marrow and the platelet count
increased pari passu with the reticulocyte response
and increase in leucocytes and continued more
rapidly after the introduction of a gluten-free diet
(Fig. 3). At the same time there was an increase in
the serum y-globulin level, and it is thought signi-
ficant that it coincided with the hoematological
response.

These observations suggest that the increase of
y-globulin was more probably associated with the
correction of the megaloblastic anlemia than the
enteropathy itself and, if this were so, would be
compatible with the hypothesis that a maturation
arrest of the plasma cells contributed to the lack of
y-globulin.

In assessing the relative importance of anti-
megaloblastic substances and gluten withdrawal to
this boy's recovery, it is noteworthy that his serum
vitamin B12 level before treatment was normal and
no increase in platelets or y-globulin followed
administration of this substance. The rise in
platelet count after folic acid therapy was small
and might be unreal, but in a similar period after
gluten withdrawal the count doubled and for the
first time reached normal levels. Thus it seems
probable that the gluten-induced enteropathy and
perhaps folic acid deficiency rather than simple
lack of vitamin B12 were the factors responsible in
this instance.
The possible role of pyridoxin was also investi-

gated but the absence of definite evidence of
deficiency and the failure of any therapeutic
response are held to exclude it as an aetiological
factor. Prednisolone which was tested for a
therapeutic effect caused no detectable response.

It is concluded that the metabolic and heemato-
logical findings might best be explained by assum-
ing that the gluten-induced enteropathy played the
primary oetiological role in his hypogammaglobu-
lineemia, in one or both of the following ways.
Simple interference with nitrogen balance may
have played a part, but the evidence does not
support the view that this was wholly responsible,
and suggests that it was a relatively minor factor.

It is thought that a second mechanism involving
a maturation arrest of the plasma cells series would
be in accordance with the findings and may have
been the major factor in causing his y-globulin
deficiency.

I am grateful to the Laboratory Staff at Farnborough
Hospital for the majority of investigations quoted
herein, and especially to Miss A. Brews, F.I.M.L.T. I
wish to thank also Dr. J. F. Soothill for estimating the
y-globulin and macroglobulins by the gel-diffusion
technique.

Addendum
Since writing this report the patient's sister,

aged I2, has been found to have a mild degree of
intestinal malabsorption, with diminished absorp-
tion of glucose and xylose, but normal absorption
of fat. Her serum proteins estimated by paper
electrophoresis were: Total protein 6.7 g./Ioo ml.,
albumin 3.54 g., y-globulin 790 mg. By the
precipitin gel diffusion technique the y-globulin
was 640 mg./Ioo ml. (Dr. Soothill). The hemo-
globin was 12.1 g./ioo ml. and MCHC 29%,
W.B.C. 5,000, poly. 2,450, lymph. 2,050, platelets
415,000. The bone marrow was normal and
histological examination of an inguinal lymph gland
showed a normal pattern and complement of
plasma cells.

Folic acid, 5 mg. t.d.s., was given for three days
only before the introduction of a gluten-free diet
on II.7.62. By 13.8.62 she had gained io lb. in
weight and was symptomless; the y-globulin
remained virtually unchanged at 784 mg./Ioo ml.
Investigations into the role of folic acid are con-
tinuing.
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ANEURYSM OF CORONARY ARTERIES IN AN INFANT

S. D. V. WELLER, M.D.(LONDON), M.R.C.P. SHEILA M. NEWSTEAD, M.B.(LONDON), M.R.C.P.
Padiatrician Pathologist

Farnborough Hospital, Kent

CORONARY artery disease is a padiatric curiosity;
even the well-known aberrant origin from the pul-
monary artery is rare. More rare is the condition
of arterial calcification leading to death from cardiac
ischwmia in infants of which some 40 cases have
been reported (Hunt and Leys, I957). Still rarer
are cases of coronary aneurysm in children, some
I2 being recorded by I957 (Crocker and others,
I957), and of these only three were in infants. Of
these three, one was in a child with multiple
cardiac anomalies, but the other two bear a remark-
able resemblance both clinically and pathologically
to the case described here.

Case Report
Melanie C. was the first child of healthy parents.

Immunisation procedures had recently been started but
she had suffered no illness whatever till 6.io.6i when
aged 6i months. She then became fretful, feverish and
vomited. She seemed to resent being touched. Next
day she was no better, in spite of chloramphenicol and
developed a dusky red blotchy rash on her face and body.
In spite of the vomiting her appetite remained good,
and there was no photophobia.
She was admitted on 7. io.6 i as there was no improve-

ment. She had conjunctivitis and an infected throat and
the rash was still present, but no purpura had developed.
No cardiovascular abnormality was noted, and her
pulse (i6o/min.) and respiration rate (6o/min.) were
thought to be compatible with her temperature (Ios0F).
Blood culture was negative, blood picture showed
moderate neutrophil leucocytosis (79% of 14,000 with
pronounced left shift); ESR was 35 (Wintrobe). Chest
X-ray was normal.
The clinical diagnosis was septicemia, so antibiotics

were given in series. As response was poor, prednisolone
was added in a dose of 30 mg. on the first day, then

20 mg. daily (Weller, 1956). Temperature tended to
subside during the first two days on steroid treatment
but then recurred; it settled gradually on methicillin
and tetracycline but slowly retumed during the third
week of illness. All treatment was stopped during the
fourth week with very little effect on the temperature
or general condition. Throughout the whole period the
child continued to take feeds well and gained nearly
2 lbs. in weight until 28.io.6i when weight loss began.
The pulse and respiration rates remained high but at
no time was any heart condition suspected. The white
count rose, reaching a peak of 39,000 on 17.I0.6I, and
the left shift persisted with a number of smear cells.
The leucocytosis was subsiding by the end of October,
by which time mononuclear cells predominated. At
intervals the child vomited without good explanation.
The abdomen was sometimes distended but the liver
was never conspicuously large.
On I5.io.6I a coughing attack led to sudden collapse,

with skin white and marbled. Recovery was fairly rapid
but there were moist sounds in the lungs for a few
hours. By 7. I I.6i the child was thought to be reasonably
well except for occasional vomiting. However, on
8.II.6I two attacks of severe breathlessness occurred
during the night and in the second the child died.

Autopsy
A well nourished female infant. Body weight:

7595 g, and length: 70 cm.
Cardiovascular (Heart 95 g.). A large heart, on the

surface of which there were two tortuous surfaces; each
corresponding to the course of a coronary artery.
(Fig. I.) There was hypertrophy and dilatation of the
left ventricle. No valvular abnormalities. Musculature
good. On opening the left coronary artery it was
normal for 5 mm., then for the next 40 mm. it was
grossly dilated and filled by organising thrombus. The
right coronary artery was normal for 2 mm. only and
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