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TABLE

Data on Cord Blood in 14 Infants with Haemolytic
Disease of Newborn due to Rh Isoimmunization*

Alkaline
Gestation Hb Total Kleihauer denaturation
wk/dy (g/100 ml) Bilirubin fetal cells (Singer)

(mg/l100 Ml)I ) fetal
Hb (%)

33 4 0 3 0 96 90
34/1 6-7 5-0 95 90
34/3 9*3 4-5 82 78
35 7*3 5 *5 98 92
35 8-5 3-7 96 92
35 9 5 5-5 90 84
35/2 11-5 6-5 86 84
35/6 14-7 5-5 95 91
36 18-1 3-5 91 85
36/6 8 *0 8-7 97 85
37 14-8 7-5 86 77
37 9-6 5-5 82 70
37 10-8 4-0 62 66
39/6 10-7 5-5 94 92

*In each case the direct Coombs test was strongly positive.

The amount of adult haemoglobin in cord blood
as estimated by the Kleihauer technique has been
used as a measure of success of intraperitoneal
transfusion given before birth. It is apparent
that the accuracy of this measure would be com-
promised if the proportion of adult haemoglobin
were already altered in rhesus affected babies who
had not received intraperitoneal transfusion. Since
it has been shown (Bhoyroo et al., 1970) that there
is a good correlation between fetal haemoglobin
measured by the Singer and Kleihauer tech-
niques, our results indicate that the Kleihauer
technique can be used for this purpose with reason-
able accuracy, bearing in mind the fact that there
is a wide scatter in normal values for both rhesus
affected babies and normal controls.

Summary
Fetal haemoglobin was estimated by the alkaline

denaturation method of Singer and by the Kleihauer
technique in cord blood of 14 infants affected by
haemolytic disease of the newborn. No difference
in the proportion of fetal haemoglobin was found
compared with that of normal infants of similar
gestational age.

We are grateful to Dr. J. W. Scopes and Mr. H.
Gordon for their advice and criticism in the preparation
of this paper.
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Partial Immunodeficiency and
Graft-versus-Host Disease

If patients with defective cellular immunity are
transfused with immunologically competent cells
(ICC), graft-versus-host disease (GVHD) may
result. It has occurred in several children with
severe combined immunodeficiency (Hong, Gatti,
and Good, 1968), but only once in a child with
partial immunodeficiency-Wiskott-Aldrich disease
(Douglas and Fudenberg, 1969).
We describe a child with partially defective

cellular and humoral immunity, who developed a
fatal illness, probably GVHD, after a blood
transfusion.

Case Report
The only daughter, birthweight 2940 g, of unrelated

parents thrived until 5 months when an upper respira-
tory tract infection developed, progressing to broncho-
pneumonia. This partially responded to oral antibiotics,
but anorexia, poor weight gain, and chronic diarrhoea
persisted. When admitted to hospital aged 8 months,
her weight was on the third centile; she passed 4 to 5
mucousy offensive stools daily, and had bilateral lower
lobe pneumonia. The liver was 2 - 5 cm below the costal
margin. The spleen was not felt; small axillary,
cervical, and inguinal lymph nodes, ald small tonsils
were present. She had congenital right ptosis.
Her pneumonia improved on intramuscular anti-

biotics, but oral and cutaneous thrush developed,
unresponsive to topical nystatin. Gastroenteritis (Esch.
coli 0126) responded to oral neomycin and colomycin.
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cell counts/mm3, immunoglobulin levels (% of M.R.C. research standard serum for immunoglobulins
G, A and M), and clinical data.

Low levels of immunoglobulins were detected, and
parenteral immunoglobulin was started; two infusions of
hydroxystilbamidine cleared the candidiasis, and pen-
tamidine was given intramuscularly for 14 days for
suspected pneumocystis carinii. The pneumonia cleared
but relapsed at 13 months. She responded again to
intramuscular antibiotics and a course of pentamidine.
At 15 months she was free of infection on lincomycin
50 mg b.d. orally, and immunoglobulin intramus-
cularly twice weekly. The diarrhoea persisted despite
dietary exclusion of disaccharides, and her weight was
static. Progressive anaemia at 15 months necessitated
a 200 ml packed cell transfusion of 4-day-old acid citrate
dextrose (ACD) blood, which was well tolerated. Aged
16 months she was transferred to Great Ormond Street
for further investigation. Sequential haematological
and immunological data are shown in Fig. 1. IgG was
initially rather low, but rose above the level ascribable to
the injections. IgM was normal, IgA low, and lympho-
cytes few, until the terminal illness. The haemoglobin
fell progressively.

Other findings included normal platelet counts, and
marrow; reticulocytes 1*4%; serum albumin 2- 1-
3-4 g/100 ml; blood urea 40-165 mg/100 ml (on high
protein diet); normal urine; hypokalaemia; excess faecal
disaccharides; cultures (including 3 blood cultures)
grew no pathogens; patchy shadowing at bases on
chest x-ray; dilatation of small bowel on barium meal.

Immunological function tests included anti-B iso-
haemagglutinin (group A Rh+) 1/4; ASO 40 U/ml
(45 days after stopping immunoglobulin); antidiphtheria
antitoxin 0 16 U/ml and antitetanus antitoxin 0*64
U/ml about 1 year after two doses of triple antigen, and
80 days after stopping injections of immunoglobulin.
Skin tests to candida antigen and to DNCB were weakly
and doubtfully positive (biopsy of the latter showed no

significant lymphocyte infiltration, and a burn cannot
be excluded). Lymphocyte uptake of tritiated thymi-
dine on phytohaemagglutinum (PHA) stimulation was
significantly positive (counts/min unstimulated 486,
907, and 651; PHA stimulated 12,560, 4914, and
8684) though about tenfold less than parallel controls.

Over the ensuing 3 months the diarrhoea persisted
despite numerous dietary manipulations, and she gained
no weight. The immunoglobulin injections were
discontinued, and she remained infection free on oral
ampicillin, and her general condition improved. She
was given KC1 for gut loss of K. Discharge was
planned, and she was transfused for anaemia.
At 18 months a 200 ml packed cell transfusion of 6-

day old ACD blood from a female donor was given.
Seven days later, pyrexia and a macular erythematous
rash developed; this was attributed to ampicillin which
was stopped. The fever persisted, the rash became
confluent with generalized subcutaneous oedema, and
striking generalized lymph node enlargement. There
was a conspicuous fall in polymorphs and thrombocytes,
marrow aplasia, and rise in immunoglobulins and lym-
phocytes (Fig. 1); the direct antiglobulin test was
negative. She rapidly deteriorated and died in peri-
pheral vascular collapse 15 days after transfusion.
GVHD was diagnosed clinically.
At necropsy the lymph nodes were of normal size

and distribution; the thymus was small (2-0 g). The
lungs were clear; there was some small bowel dilatation,
but no other macroscopical abnormalities. Histo-
logically, the thymus showed typical thymic dysplasia
(Fig. 2). The lymph nodes were hypocellular without
follicular differentiation. There were very small
amounts of organized tissue in the appendix and ileum;
there was no lymphoid tissue in the tonsils. The
spleen contained plasma cells but no lymphoid follicles.
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FIG. 2.-Thymus (H. and E. 100), showing absence of Hassall's corpuscles and poor reticular cell differentiation.

The marrow was aplastic, but contained many plasma
cells and large macrophages. There were phagocytic
large macrophages deep in the dermis.

Discussion
Deficiencies of individual immunological func-

tions may occur in a wide range of combinations in
any individual patient. Our child showed antibody
response and cutaneous delayed hypersensitivity,
and had measurable but reduced immunoglobulin
levels, lymphocyte count, and lymphocyte trans-
formation to PHA, in contrast to severe combined
immunodeficiency cases, where all these para-
meters are usually grossly deficient.
The morbid anatomical findings were similar to

those in severe combined immunodeficiency which
is usually fatal in infancy (Berry, 1970); it is interest-
ing that such findings may be compatible with
measurable immunological function. Plasma cells
in the marrow, and actively phagocytic macrophages
in the marrow and skin, seen in our case, are not
usual in severe combined immunodeficiency, and
are suggestive of GVHD, though they could be
related to her partial immunological function.
Other features of GVHD (histiocytic infiltration
of the reticuloendothelial system and erythro-
phagocytosis) were absent. Unfortunately, both

the donor and the recipient were female, so we
were unable to demonstrate chimerism by chromo-
some studies.
The clinical course of her terminal illness was

very similar to GVHD in animals, adults, and chil-
dren with severe combined immunodeficiency.

In the latter it has followed transfusion of fresh
blood, plasma, or marrow cells, given either for
transfusion purposes, or as an attempt at radical
treatment (Hathaway et al., 1965; Miller, 1967;
Hong et al., 1968; Gatti et al., 1968; Kretschmer
et al., 1969). In such patients, and in the case
of Wiskott-Aldrich syndrome (Douglas and Fuden-
berg, 1969) GVHD has always been fatal, except
when partly tissue-matched sib marrow has been
infused.
Lymphocytes are capable of mitotic activity

in vitro after 3 weeks storage in ACD blood
(McCullough et al., 1969), and so are presumably
capable of causing GVHD. The risk of blood, fresh
or stored, to patients with severe combined immuno-
deficiency is well recognized. GVHD apparently
following transfusion of stored blood in the presence
of measurable humoral and cellular immunity in
our patient suggests that blood transfusions should
be avoided wherever possible in a wider range of
patients with immunodeficiency. If unavoidable,
old irradiated washed cells should be given.
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Summary

After transfusion with stored blood, a girl with
partial immunodeficiency developed a fatal illness
which was probably graft-versus-host disease.

We thank Professor 0. H. Wolff, under whose care
the child was studied, and Professor R. M. Hardisty for
the haematological data. Requests for reprints to
J.F.S. This case was presented to the Paediatric Section
of the Royal Society of Medicine 27 February 1970.
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Corrgendum
The paper by Joan M. L. Stephen and Pearl

Stephenson (Archives of Disease in Childhood (1971),
46, 185) published under the title 'Alkaline phosphatase
in normal infants' was originally submitted as 'The
measurement of alkaline phosphatase for the detection
of vitamin D deficiency'. The title was changed by
the Editors in the final proof stage, and they apologize
for the change in its meaning.
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