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FIG. 1.-Thymus showing lobular pattern,
but lack of differentiation into cortex and
medulla and absence of Hassall's corpuscles.

(H. and E. x 100.)

FIG. 2.-High power of thymus showing
virtual absence of lymphocytes, the thymus
being composed almost entirely of epithelial
cells and blood vessels. (H. and E. x370.)

FIG. 3.-Control thymus from a child of the
same age. This child had been ill for some
weeks and the thymus shows lymphoid de-
pletion. Cortico-medullary differentiation is
present, and Hassall's corpuscles are prom-

inent. (H. and E. x 100.)
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3 December 1966 Clinicopathological Conference

FIG. 4.-Lymph node with preservation of
architecture, but absence of germinal centres
and absence of lymphocytes. (H. and E.

x 100.)

FIG. 5.-Bone-marrow composed of reticulum
cells and megakaryocytes. (H. and E.

x 370.)

,,#:".

FIG. 6.-Vertebra with distortion of columns
of ossification and inadequate development

of trabeculae. (H. and E. x 100.)
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Clinicopathological Conference

A Case of Swiss-type Agammaglobulinaemia and Achondroplasia

DEMONSTRATED AT THE ROYAL POSTGRADUATE MEDICAL SCHOOL

Clinical History
Dr. J. A. DAVIS: The patient, Case No. 288313, P.M. No.
10917, was a newborn female infant who died at the age of
2 months. This had been her mother's second pregnancy,
which went to term and was uncomplicated except for mild
sciatica treated with aspirin. Both parents were Jewish, the
father in his early 30's and the mother in her late 20's. They
were not consanguineous and neither had had any serious illness,
nor had they been exposed to irradiation. The other child was
said to be normal in all respects and there was nothing signifi-
cant in the family history. The delivery was normal after a
normal labour and the baby cried straight away, but at birth she
was noted to be underweight for the dates (birth weight 2,240 g.),
and she was unduly limp and obviously deformed, with short
bowed extremities. She had a very small thoracic cavity
(occipito-frontal circumference 36.5 cm. ; chest circumference
48.25 cm.) and a protuberant abdomen. All the abdominal
viscera were palpable though not grossly enlarged. The baby
was dyspnoeic from birth, with a raised respiration rate and
some inspiratory retraction; she was never comfortable unless
the ambient oxygen concentration was at least 30%. On
neurological examination she appeared quite normal; the
cranium was normal in size and did not transilluminate, and
her subsequent neurological and intellectual development was
satisfactory. There was a severe left-sided talipes equino-varus,

Progress After Birth

In the third week of life the baby became very anaemic and
had the first of a series of febrile episodes associated with
increased dyspnoea, a morbilliform eruption, and diarrhoea.
Initially she was found to have a moderate leucocytosis, but in
the second month the white blood cell count, the level of
haemoglobin, and the platelet count all fell, and at death she
had what amounted to an aplastic anaemia. Examination of
the bone-marrow a week before death showed an almost com-
plete absence of erythropoietic and granulopoietic elements,
which were replaced by abnormal reticulum cells with foamy
cytoplasm. Two weeks before she died examination of the
serum globulins revealed that she had virtually no gamma-
globulins of any fraction, and this finding was subsequently
confirmed. There was no response to treatment with various
combinations and permutations of antibacterial drugs (cloxa-
cillin, ampicillin, nystatin, and polymixin) ; blood, urine, bowel,
and respiratory tract cultures yielded no pathogenic fungi,
bacteria, or viruses. Serial chest films were essentially uninform-
ative. The serum calcium, phosphorus, and phosphatase were
consistently normal. In the urine there was a slight excess of
alanine and glycine, but no phosphoethanolamine. X-rays of
the bones were interpreted as consistent with the clinical
diagnosis of achondroplasia.
The baby's condition steadily deteriorated and she died on

14 July 1964 at the age of 9 weeks. Heart blood taken just
after death contained viable cells, but these did not grow in
tissue culture. It was reported that "the failure of the small
E

lymphocytes to respond to phyto-haemagglutinin by developing
into large lymphocytes in culture must represent a grots
abnormality." Death took place from uncontrollable infection.
anaemia, and respiratory insufficiency.

Clinical Diagnosis

(1) Aplastic anaemia.
(2) Achondroplasia.
(3) Hypogammaglobulinaemia.

Post-mortem Findings

Dr. E. D. WILLIAMS: Externally the body of this female
infant showed marked shortening of all limbs, with bowing of
the thighs. The head was normal, but the thorax appeared
small. The body weight was 2,926 g., the crown-heel length
was 39.5 cm., the crown-rump length 27 cm., and the span
37 cm.
The results of the necropsy and microscopical findings fall

broadly into three groups. The most striking finding was a
gross abnormality of the reticuloendothelial system. The
thymus was extremely small (0.5 g.), less than one-twentieth
of the normal weight. On section it showed a virtually com-
plete absence of lymphocytes and Hassall's corpuscles, the whole
gland being made up of stroma lacking the normal differentia-
tion into cortex and medulla (Figs. 1 and 2). The lobular
architecture was retained, but the lobules were separated by an
excess amount of connective tissue. The lymph nodes on
section also showed almost total absence of lymphocytes and
germinal centres (Fig. 4), while retaining their basic structure
with normal peripheral sinus. The spleen was small (10 g.)
and totally lacked Malpighian bodies, but the red pulp appeared
normal. The bone-marrow was made up of sheets of reticulum
cells and occasional megakaryocytes (Fig. 5): haemopoiesis
was almost completely absent. Other sites where lymphoid
tissue would be expected, such as the intestines, were also
sectioned; these again showed an almost total lack of lympho-
cytes. In the small intestine a small number of cells identified
as plasma cells with both haematoxylin and eosin and Unna-
Pappenheim techniques were present. In the colon an ill-
defined structure resembling a germinal centre without
lymphoid cells was seen. No extramedullary haemopoiesis
was present in the liver.
These striking findings were considered in the light of reports

of histological changes described in various immuno-
haematological deficiency syndromes described in childhood.
In three conditions a similar type of thymic histological picture
has been described: lymphocytophthisis,' 2 reticular dysgenesia,3
and ataxia telangiectasia.'

Ataxia telangiectasia is a condition which does not usually
manifest itself until the child is a few years of age. Reticular
dysgenesia shows total absence of lymphocytes and grnnulo-
cytes at birth, and the affected children have died within a few
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Clinicopathological Conference
days of birth. While most cases of lymphocytophthisis do not

show such a severe pancytopenia as was present in this
case, two of Hitzig's cases2 developed a similar clinical picture
terminally. It is considered that this is the diagnosis applicable
to this case.

The second group of findings are the result of the defective
resistance to infection. The left lung showed extensive con-

solidation and an overlying fibrinous pleurisy. On section the
alveoli were full of fibrinous exudate, without inflammatory
response. Small numbers of Gram-negative bacilli were present.

The pleural exudate contained large numbers of small round
D.N.A.-rich bodies. These were thought to represent fragments
of inflammatory cells. Their variability in size and lack of
resemblance to any known organism make it unlikely that they
were infective. The colon sections showed a large colony of
Gram-negative organisms with the morphology of coliforms.
The final important abnormality present was the skeletal

deformity. Sections were available only from vertebra (Fig. 6)
and rib. These showed only minor abnormalities in the
columns of cartilage and also some delay in ossification. These
changes are compatible with a diagnosis of achondroplasia,
although the evidence for this is primarily radiological.
The cardiovascular, genito-urinary, endocrine, and central

nervous systems were essentially normal.

Pathologist's Diagnosis

(1) Lymphocytophthisis with marrow aplasia.
(2) Left lower lobe pneumonia.
(3) Achondroplasia.

Discussion

Professor Sir JOHN MCMICHAEL: Why don't you call it
aplastic anaemia-there was a progressive fall in polymorphs
and a progressive decline in the red count ?

Dr. DAVIS: I am quite prepared to call it aplastic anaemia as

a descriptive term, but I do not think it covers the whole
situation.

Dr. J. G. AZZOPARDI: Do the lymphocytes usually fall to
such low levels in aplastic anaemia ?

Dr. DAVIS: I do not know. I would say no, but perhaps I
could ask Professor Dacie.

Professor J. V. DAME: I think characteristically that the
lymphocyte count does fall, but I do not think it falls to zero.

Professor McMIcHAEL: So the last count of 900 lympho-
cytes would not be out of the way for an aplastic anaemia ?

Professor DACLE: No, it would certainly be well within the
aplastic range.

Dr. DAVIS: I think we can say that the diagnosis is not based
on these white cell counts; it is based on the behaviour of the
lymphocytes in tissue culture.

Professor McMIcHAEL: This means a clinical diagnosis was
reached at post-mortem.

Dr. DAVIS: Yes. Post-mortem of the child but not of the
cells concerned, which survived it.

Dr. J. R. HOBBS: Another point is that in aplastic anaemia,
though the immunoglobulins may be low, they are not absent.

Dr. DAVIS: Certainly they are not so low as in this child's
case even when the age is taken into consideration.

Professor MCMICIIAEL: Well, Dr. Davis, would you like to
sum this up again ?

Odds against Chance Occurrence

Dr. DAVIS: I think one thing that needs pointing out in this
situation is the extreme unlikelihood of this particular combina-

BRe
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tion of diseases occurring by chance. The chance of getting an

achondroplastic baby is about 1 in 10,000. The Swiss type of
agammaglobulinaemia is inherited as an autosomal recessive.
It is probably relatively common in Switzerland because of the
amount of intermarriage that takes place in the Swiss valleys.
I do not know what the incidence is likely to be in Britain, but
I would not put it above 1 in 50,000, and so multiplying those
two numbers together one might expect one case in the popula-
tion of China or something of this sort, but we seem to have
got the one. I think this is of some importance from the
parents' point of view, because the first thing they ask when
they lose a baby with this very distressing and obvious condition
is what the chances are of its occurring again. We were rela-
tively reassuring to them about this, in the absence of a family
history of achondroplasia, and they did have another child, and
that child is in fact quite normal. We have looked at its
gammaglobulins and so on and they are normal.

I cannot think of any way of putting both these diagnoses
under one heading, and looking through the literature I found
no case where this coincidence has been described before. I
think it is very difficult to avoid either diagnosis: we have got
a characteristic clinical picture, we have got characteristic
necropsy findings, we have got the almost diagnostic finding of
what happened to the lymphocytes in culture, and I think all
the other diagnoses considered do not really fit the case.

Professor DACIE: I have to admit that I know very little
about this group of disorders, but clearly we have been seeing
a beautiful demonstration of a very fascinating problem. One
of the things that I noticed in Dr. Davis's presentation was the
comparative normality of the blood picture when the baby was

born. This is remarkable, bearing in mind the subsequent
diminution of all cell types which led finally to a severe pan-
cytopenia. I wonder what the meaning of this is. Does it
mean that we have been witnessing a disorder of cellular
differentiation ? Is it that, when the child was born, maturing
or differentiating factors wvere being provided by the mother
along with the gammaglobulins, and that exhaustion of these
factors led to failure of lymphocyte production, failure of
growth of the thymus, and failure of growth of the bone-
marrow ? I would like to know Dr. Davis's views on these
points and what other authors have suggested is the patho-
genesis of the condition. I would also like to know what is the
meaning of the replacement of the bone-marrow by reticulum
cells: are we looking at frustrated stem cells which have no

powers of differentiation ?

Maturation Factor

Dr. DAVIS: I am very attracted by this suggestion that some

maturation factor is supplied by the mother to the baby in utero
and then peters out later on. It fits the case extremely well, and
I think we might even suggest that in our blood transfusion we

supplied some of such a factor temporarily, because as well as

the improvement in the baby's haemoglobin, which was all that
we expected, there was a rather remarkable improvement in the
white cells at that point. I do not think that anybody has ever

done any experimental work to prove or disprove this hypo-
thesis, so that the literature.does not help.

Dr. WILLIAMS: About the other points raised, Professor
Dacie. First, the marrow. I think it would be very likely that
the replacement of the marrow by these histiocytes represents
an abnormality in differentiation. If these are frustrated stem
cells it would fit very well. There is no suggestion here of any
storage disease-these cells did not contain any detectable
abnormal substance; nor is there any suggestion of any
malignancy, because these histiocytes were confined to the
marrow.

You did suggest that maybe the lack of development of the
thymus was something that might have happened after birth.
I do not think this is likely. The Hassall's corpuscles should
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Clinicopathological Conference

be present from fairly early on in intrauterine life. I think
the lack of thymic maturation must represent a basic abnor-
mality in the development of the child. There has been some

recent work suggesting that the thymus itself produces a

humoral factor which influences the development of lympho-
cytes. It has been shown that if you thymectomize a very

young animal it is able to accept skin grafts and it does not
display delayed-type hypersensitivity. These features can be
restored if you put back a thymus in a millipore chamber, which
suggests that this is due, at least in part, to the production of
a humoral factor by the thymus.

There have been various other possibilities put forward for
the pathogenesis of this condition. One recent one, put for-
ward in 1965,5 was based on a study of a child with this con-

dition in which chromosome studies were done on the peri-
pheral blood, marrow, and skin. Now in the great majority of
these cases you cannot grow any chromosomes-as we could
not in our patient. In this particular report the authors were
able with difficulty to grow a few cells, and they found that the
peripheral blood cultures contained both cells with the XY
chromosome constitution-the child was a male-and cells
which were XX: in other words, female cells.

Hypothesis

The skin and other organs cultured from this case contained
only the expected male cells, and the authors postulated that in
this child as a result of the absence of the thymus in early
intrauterine life the occasional maternal cells that got through
the placenta were not being destroyed. They therefore sug-
gested that in these children what is seen is a secondary disease
resulting from antibody production by maternal cells getting
through the placenta, not being destroyed, and thus leading to
various defects in the baby.

Dr. DAVIS: Perhaps one could add here that Dr. Hitzig6
has in fact tried grafting thyrnuses into cases of this description,
and though the grafts take quite satisfactorily it makes no differ-
ence whatever to the progress of the disease or to the behaviour
of the child's lymphocytes. I think that probably tells a bit
against the theory that Dr. Williams has been propounding.

Dr. WILLIAMS: Well, the maiternal cells reach the child long
before the grafting canl be carried out. I should stress that this
theory is based on this single finding of a small number of
probable maternal cells in the circulation of one child. It needs
confirmation.

Dr. DAVIS: The other thing one can say is that Professor
Browne has tried on many occasions to get foetal bone-marrow
grafts to take in very young foetuses in utero with the idea of
providing them with some different source of cells than their
own in cases of severe erythroblast'osis, and these have not taken.
I think the evidence is that for such grafts to take they would
have to be put in before the age of 12 weeks,7 almost before
anatomical development is complete. This makes the human
quite unlike the mouse in this res&pect and more like the pig.

Achondroplasia of Ribs

Dr. C. PALLIS: May I ask a question about achondroplasia ?
I am sure your diagnosis is correct, but can one legitimately
speak of " achondroplasia of the ribs '" as has been done in dis-
cussion of the possible causes of this child's diminished thoracic
circumference ? Achondroplasia is a genetically determined
disorder affecting essentially endochondral bone formation, not
a disease of bones partly formed in membrane. Isn't this the
cause for the appearance of the head (the skull base being
abnormal but the vault normal) and for the shortened limbs ?
I thought the mandible, clavicles, ribs, and sternum in this con-

dition were like the calvarium, essentially normal.

BRITISH
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Dr. DAVIS: Are not the ribs formed both in membrane and
cartilage ?

Dr. PALLIS: This is precisely my question. Could a radio-
logist help ?

Dr. J. W. LAWS: I think they are formed from cartilage.
Professor J. P. M. TiZARD: But surely the ribs are long

bones: they are formed from cartilage in their growth in length
and from membrane in their growth in width, as is any long
bone. If the ribs did not grow to their normal length the thorax
would be of smaller circumference.

Dr. LAWS: That's correct; short ribs, like short legs.
Professor TIZARD: Yes.
Dr. WILLIAMS: In fact a bell-shaped thorax is described in

achondroplasia: is this one of the radiological features in this
case ?

Dr. DAVIS: This is what we saw.

Dr. HOBBS: This magical date of 12 weeks-the end of the
first trimester-is in experimental animals the time at which
divergence occurs in the stem cells of the reticuloendothelial
system, and thereafter red cells and white cells can be made
independently of lymphocytes and antibodies. Before this time
there is no such differentiation. Now it is rather curious that in
this child we have got both aplasia and alymphocytosis and hypo-
gammaglobulinaemia of this type together with a bone lesion
in bones which are formed, we think, at the same time. I think
this is very interesting.

Also there is no evidence of consanguinity in this case here,
whereas in the Hitzig type of lymphocytophthisis there is a

clear hereditary picture: this one seems to me to be rather like
the hypogammaglobulinaemia acquired in utero now being
described by Soothill following rubella: out of 24 children who
have had rubella deformities no fewer than four have got hypo-
gammaglobulinaemia, and one of those has got a cellular defect
of immunity as well.
So I think here that something might have affected both the

bones and this differentiation of the reticuloendothelial system
at about the end of the first trimester in pregnancy.

Professor TIZARD: I do not think Dr. Hobbs should use

absence of consanguinity as evidence against this being inherited
as an autosomal recessive syndrome. The highest consanguinity
rate one gets in known autosomal recessive disease is about 5 %,
and, while I may accept the rest of his argument, I do not
accept that bit of it.

Professor McMICHAEL: Until you had this recognition of
a lymphocyte abnormality at necropsy what had you been
thinking of in life as the diagnosis ?

Dr. DAVIS: At the time we had just assumed this baby had
an aplastic anaemia. We could not think why: we wondered
about the drugs we had been giving, because I think cloxacillin,
for instance, has been implicated as a cause of damage to the
marrow.

Aplastic Anaemia

Professor MCMICHAEL: I would like to ask Professor Dacie,
since we are becoming cleverer all the time, whether in older
records cases of aplastic anaemia are found with complete
obliteration of lymphocyte-forming tissue. We saw no

Malpighian bodies in the spleen in this case.

Professor DACIE: I cannot answer this, but I would guess

not. I would like to refer the question to Professor Harrison
and then perhaps to Dr. Lewis. I think the findings in the
present case are quite different from typical aplastic anaemia.
What does Professor Harrison think ?

Professor C. V. HARRISON: In the adult the acquired aplastic
anaemia does not remove all the lymphocytes. I am sorry,
I am too ignorant to give any opinion on babies.

3 December 1966
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Dr. S. M. LEWIS: I would agree that certainly in the adult
there is frequently a lymphopenia at tines with no more than
t00 lymphocytes -per c.mmy. We have had some childhood
cases of acquired aplastic anaemia with very much the same
picture; never an absolute absence of lymphocytes, but
frequently with lymphopenia of a greater or lesser degree.
Dr. C. C. Boom: Where then aid these 900 lymphocytes

come from that the child had within a day of her death ?
Dr. DAVIS: There is not an absolute abence of lymphocytes

hi this condition, though there is no lymphocyte tissue in the
gut, spleen, or lymph nodes.

Professor DAcIE: I Suppose it is fair to say that if the child
had lived a little longer the lymphocyte count might have run
down to zero.
Dr. WILLIAMS: Yes. Some were presumably surviving from

the ones that were formed at birth.
Professor DACIE: Lymphocytes certainly have a long life

ipan circling round and round the body for a long time.
Dr. Boom: Can I ask the pathologists one point: how were

such fantastically good pictures of the vili obtained ? They
cormally autolyse at. death.
Dr. WHIAMS: I agree that they are beautifully preserved,

even though the necropsy was not done immediately but on

the following day. I wondered myself whether there had been
lack of the normal enzyme production, but the pancreas and
the stomach look absolutely normal. The newborn usually
shows less autolysis than the adult, however.

Dr. Boom: I would have said it was a unique finding and
possibly of great significance.

Dr. Hoaas: The fall in body temperature would have been
much quicker than in an adult, would it not ?

We are grateful to Dr. J. P. Shillingford and Dr. B. Heard for
assistance in preparing this report, and to Mr. W. Brackenbury for
the photomicrographs.
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NEW APPLIANCES

Abergele Cartilage, Knife
Mr. G. EvANs, S.R.N., B.T.A., and Mr.
R. OWEN, M.Ch.Orth., F.R.C.S., Ortho-
paedic and Accident Department, Abergele
Hospital, North Wales, write: The cartilage-
shaving knife described here has been
Jeveloped to simplify the surgical manage-
ment of chrondral lesions in diarthrodial

joints. The knife has been used in surgery
of the knee-joint and, rarely, the elbow and
ankle. This knife has three advantages:
(1) shaving of degenerate and soft hyaline
cartilage with an orthodox scalpel or other
instrument involving an oscillating action is
unsatisfactory, as this leaves an irregular

furrowed surface-the reverse spoxeshave
action utilized with the knife described
here ensurcd a smooth articular surface;
(2) certain sites within the knee-joint are
almost inaccessible when using a standard
scalpel, whereas the chondrectomy knife
allows access to the intercondlyiar and other
difficult areas through a limited surgical
wound; and (3) the blade is disposable and
thus eliminates sharpening costs.
The knife, which is made of stainless steel,

consists of a forked blade-holder angled back
off the straight at 5 to 100 (see Figs.). The
standard length is 7 in. (18 cm.). The handle
measures 31 im. (9 cm.) in length and the
blade-holder 31 in. The cutting blade is
disposable and set in a slot in the fork of
the instrument at a varying curve. The
width and length of the blades vary, thus
allowing of an increased or decreased cutting
surface.
The knife has been used in the manage-

ment of a variety of hyaline cartilage lesions:
(a) chondromalacia pateilse in those cases
where patellectomy is not indicated; (b) in
osteochondritis dissecans of the knee where
the crater edge requires careful toilet;
(c) in the surgical management of the -knee-
joint in rheumatoid arthritis where. synov-
ectomy is indicated, and where areas of
articular cartlage require careful trimming;
and (d) in the management of certain cases
of .osteoarthritis of the kxuee requiring the
Pridie operation or more extensive cheilotomy.

This instrument has been supplied and
developed by the London- Splint Company
Ltd., 67-69 Weymouth Street, London W.I.
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