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cerebral lactate accumulation occur with seizures,? but this
does not persist unless the seizures are repetitive or
continuous or cerebral oxygen supply is reduced. Lumbar
puncture was not performed within 6 h ofa convulsion in this
series, so it is unlikely that seizures were a major contribution
to CSF lactate accumulation.

The most likely explanation for the elevation of CSF lactate
and the inverse correlation between CSF lactate and glucose
in this study is that there is cerebral hypoxia in cerebral
malaria, probably related to sequestration of parasitised red
cells in the cerebral microcirculation, and this leads to
anaerobic glycosis in the brain. Persisting neurological deficit
is not a feature of cerebral malaria, which suggests that in
survivors, at least, the brain is protected from excessive
intracellular acidosis. In the mouse, fulminant P yeolir
infections are not associated with a fall in cerebral pH despite
severe acidaemia.®® Local or systemic hypoglycaemia may be
protective in this respect.”” CSF lactate reflected the severity
of cerebral malaria and predicted the prognosis with greater
precision than any other single clinical sign or laboratory
result. All patients with a CSF lactate concentration over
6 mmol/l died. This measurement may therefore be of value
in the assessment and planning of treatment of patients with
cerebral malaria.
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Summary IgA deficiency developed in a 2-year-old boy
with aplastic anaemia who received a bone-
marrow graft from his HLA-identical, 6-year-old, IgA-
deficient sister. Southern blot analysis revealed the presence
of a-genes in both children, thus suggesting a defect of
lymphocyte stem-cell differentiation as a cause of IgA
deficiency. Tissue typing showed homozygosity of HLA Al,
B8, DR3, the haplotype associated with IgA deficiency in
healthy people. Despite normal serum levels of IgG
subclasses in both donor and recipient, both children showed
a relative lack of specific IgG2 anticarbohydrate antibodies.
This suggests that their IgA deficiency is part of a more
fundamental aberration of immunoglobulin class and
subclass distribution.

Introduction

SELECTIVE IgA deficiency (serum IgA <0-05 g/l) is the
commonest immunodeficiency in man.' Genetic factors
clearly influence the serum levels of IgA, and deficiency
appears to be associated with genes within the HLA locus.>?
In a number- of cases lack of IgA is associated with
concomitant IgG2 deficiency,® a prognostic marker for
permanent lack of IgA.>

IgA synthesis is highly dependent on thymus-derived
cells,® but it is still unclear whether the impaired capacity
seen for differentiation in IgA-deficient individuals is due to
altered thymic/bursal microenvironment or reflects a
genetically determined defect in the maturation of T or B
cells and/or a structural defect of IgA heavy-chain constant
genes. _

Bone-marrow transplantation is a well-established method
for treatment of patients with haematological malignancies,
severe aplastic anaemia, and some inborn errors of
metabolism. We describe a patient with aplastic anaemia who
received a bone-marrow graft from his IgA-deficient sister.
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IgA-deficiency subsequently developed in the recipient,
suggesting a stem-cell defect in IgA deficiency.

Methods
‘Case-history

This boy, born in August, 1980, after 40 weeks’ gestation, had
been well apart from recurrent otitis media and obstructive
bronchitis during the second year of life. In September, 1982, he
was admitted to hospital with a 3-week history of fever, pallor, and
multiple haematomas. Anaemia (haemoglobin 6 -3 g/dl), leucopenia
(0-44x10%/1), and thrombocytopenia (<10x 10°/1) suggested
aplastic anaemia, which was confirmed by a bone-marrow sample
showing a total lack of myelopoiesis and thrombopoiesis. No
underlying cause of the pancytopenia was found. Treatment with
steroids was immediately initiated and continued for 1 month. Since
no therapeutic effects were achieved, he was transplanted in
November, 1982, with bone marrow from his blood-group (O,
rhesus positive) and HLA (Al, B8, DR3) identical, mixed-
lymphocyte-culture-negative 6-year-old sister (5-1x% 10 bone
marrow cells’/kg body-weight). He was given intravenous
cyclophosphamide (50 mg/kg body weight) preoperatively for 4
days. Postoperatively he was treated for 1 year with cyclosporin to
prevent rejection and graft-versus-host disease. 1 year after
transplantation he was vaccinated with ‘Pneumovax’ (containing
the polysaccharides against which antibody levels were
subsequently tested). At present he is well without any medication
and the bone marrow is totally repopulated.

Immunoglobulin Determinations

Serum immunoglobulin class and subclass levels were determined
in  immunodiffusion (IgM, IgG, IgA), enzyme-linked
immunosorbent assay (ELISA) (IgD, IgAl, IgA2), or radio-
immunoassay (IgE) with commercially available reagents. Serum
levels of IgG subclasses were measured by immunodiffusion (kindly
performed by Dr V. Oxelius, Lund, Sweden). The IgG subclass
distribution of antigen-specific antibodies was analysed in ELISA as
described previously.”® Anti-IgA antibodies were measured in a
haemagglutination assay using human red cells (O, rhesus negative)
coated with purified serum IgA.° The presence of IgA heavy-chain
constant genes was determined on Southern blots on Pst I digested
leucocyte DNA using the a2XP8 probe (kindly supplied by Prof T.
Rabbitts, Cambridge).'°

Tissue Typing

The trypan-blue exclusion test was used for HLA A, B, C,and DR
typing. Cell surface markers were identified and functional tests
were carried out as described elsewhere.!!

Results

Immunoglobulins (Table I)

Before transplantation the patient’s immunoglobulin levels
were essentially normal. The donor was deficient in IgA.
Both parents had normal immunoglobulin levels. 16 months
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Fig 1—Immunoglobulin levels in a 2-year-old boy with aplastic
anaemia after receiving bone-marrow graft from his 6-year-old
IgA-deficient sister.
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Fig 2— Southern blot (2XP8 probe on Pst 1 digests of leucocyte DNA)
showing the two o-gene bands (2¢0 kb and 1-2 kb).

Left lane, recipient 16 months after bone-marrow transplant; right lane,
donor.

after transplantation, the now 8-year-old donor remains IgA
deficient with a normal IgG subclass distribution. The
recipient gradually lost serum IgA after transplantation and
has remained IgA deficient (fig 1), whereas the IgG subclass
distribution remains normal. Anti-IgA antibodies could not
be detected in either the donor or the recipient after
transplantation. Both IgA heavy-chain constant genes were

TABLE I-IMMUNOGLOBULIN LEVELS BEFORE AND AFTER TRANSPLANTATION

. B 1gG (g/) IgA (g/l) IgD IeE
Subject IgM Total 1gGl 1gG2 IgG3 IgG4 Total IgAl IgA2 (mg/1) (kKUY
Before transplantation: *
Recipient 0-3 6-1 4-56 1-23 0-26 <0-01 0-3 0-27 0-08 0-03 82
Donor 1-3 11-9 <0-001 0-04
After transplantation:+
Recipient 1-8 9-8 8-16 1-13 0-52 <0-01 | <0-001 .. . 7-6 2:4
Donor 1-2 11-9 9-58 200 0-29 <0-01 | <0-001 .. .. 4-8 5-5
Mother 1-0 10-7 1-8 .. .. 10-0 3.3
Father I-1 9-6 2-8 .. .. 10-5 46

*Samples obtained 1 month before transplantation. fSamples obtained 16 months after transplantation.
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TABLE II-1gG SUBCLASS DISTRIBUTION OF ANTICARBOHYDRATE ANTIBODIES* AFTER TRANSPLANTATION
Transplant subjects Controls (mean value?:}:
No of

Antigen Subject Age(yr) | IgGl IeG2 I1gG3 IgG4 | subjects | Age (yr) | IgGl IgG2 1gG3 18G4
Teichoic acidt Recipient 4 0-48 0-00 0-00 0-11 12 3~5 0-78 050 0-05 0-16
Teichoic acid Donor 8 0-72 0-38 0-00 0-00 9 7-9 0-78 0-93 0-06 0-45
PPS 6A Recipient 4 1-88 0-13 0-45 0-04 5 3-5 0-52 0-89 0-36 0-20
PPS  6A Donor 8 0-35 0-21 0-08 0-02 5 7-9 0-29 1-36 0-11 0-20
PPS  19F Recipient 4 173 0-08 0-23 0-05 5 3-5 0-76 0-63 0-59 0-37
PPS  19F Donor 8 0-33 0-04 G-02 0-02 5 -9 0-69 055 .1 0-50 0-37
PPS 23 Recipient 4 1-82 0-10 0-43 0-04 5 3-5 0-50 0-63 0-22 0-12
PPS 23 Donor 8 0-38 0-06 0-02 0-01 5 7-9 0-48 1-28 0-12 0-17

PPS=pneumococcal capsular polysaccharide.

* Absorbance after 20 min (teichoic acid) or 30 min (PPS) incubation. Polytibitol phosphate teichoic acid (type A f§) from Staph aureus. FData from Hammarstrom

et al!?

present in the donor and in the recipient after transplantation,
as shown on Southern blotting using an a-gene cDNA probe
on Pst I digests of leucocyte DNA (fig 2).

Tissue Typing

The donor and recipient were both HLA (Al, B8, DR3)
homozygous, a haplotype associated with IgA deficiency.>’ A
remarkable degree of HLA sharing was observed in the
parents, the father being HLA Al,2, B8,40, Cw3, DR3 and
the mother HL.A Al,2, B8,40, Cw3, DR3,8.

IgG Subclass Distribution of Specific Antibodies

A relative lack of IgG2 antibodies against a number of
different polysaccharide antigens, including teichoic acid
from Sraphylococcus aureus, was found in both donor and
recipient after transplantation (table 11), compared with age-
matched controls. The cells producing antibodies against
teichoic acid, which are normally of the 1gG?2 subclass, are
usually transferred during bone-marrow transplantation, and
the recipients acquire the subclass distribution pattern of the
donor.'? A low level of anti-dextran B512 antibodies of the
IgG2 subclass was found in the recipient before transplanta-
tion but none were found 16 months after transplantation or
in the donor. Levels of specific IgG2 antibodies against a
variety of pneumococcal capsular polysaccharides were also
low when compared to age-matched controls'? despite recent
pneumococcal vaccination (table I1).

TABLE III--LACK OF INDUCTION OF IGA SECRETION IN VITRO IN
CELLS FROM AN IgA-DEFICIENT PATIENT*

Cell sourcet Untreated Pokeweed mitogen

T+ Bf IgM { IgG | IgA | IgM{ 1gG | IgA
Patient Patient 0 0 0} 230 140 0
Blood donor Blood donor 0 0 0 { 800 | 220 140
Blood donor .. 0 0 0 0 0 0
.. Blood donor 0 0 0 0 0 0
Patient Blood donor NT | NT | NT {1000 | 760 | 80
Blood donor Patient NT | NT | NT {4500 {1100 0

NT=not tested.

*Results are expressed as plaque-forming cells/culture (no of cells secreting a
given Ig class).

FCells were co-cultivated (0-75x 10¢ T-cell-enriched lymphocytes and/or
0-25x10° B-cell-enriched lymphocytes for 6 daysin 1 ml RPMI 1640 medium
supplemented with 10% heat-inactivated normal AB serum in round-bottom
5 ml tubes and either left untreated or stimulated with 10 pg/ml pokeweed
mitogen.

FT-cell-enriched suspensions were obtained by nylon-wool column
purification, B-cell-enriched suspensions by depleting T cells by AET-SRBC
rosetting."!

Surface Markers and Functional Studies

Before transplantation an almost total lack of T cells in
blood and bone marrow was observed (<5% of total
lymphocytes as measured by monoclonal antibodies Leu 2a
and Leu 3a). The proportion of surface-immunoglobulin-
positive cells remained normal or even increased (16-36%).
The number of B cells was normal or low. A greatly increased
proportion of blood iymphocytes were stained with the
OKMI1 monoclonal antibody (thought mainly to identify
monocytes). 2 months after transplantation the proportion of
T cells (measured as sheep-red-cell-rosetting cells) was
normal (50%), with normal DNA-synthetic responses to
various T-cell mitogens (phytohaemagglutinin, concanavalin
A, pokeweed mitogen). The number of cells secreting
immunoglobulin after pokeweed mitogen stimulation in vitro
still remains slightly below normal 18 months after trans-
plantation, with a lack of IgA-secreting cells (table III).
Although T cells from the patient were capable of supporting
differentiation of IgA-secreting cells from allogeneic blood
donors, no IgA synthesis could be induced in the patient’s B
cells by stimulation with allogeneic normal T cells in co-
cultivation experiments (table 1i1) or Epstein-Barr virus, a
direct B-cell activator.

Discussion

IgA deficiency is the most common immunodeficiency in
man, with an estimated frequency of 1 in 500~ 1000. Tt is still
unclear whether the inability to secrete IgA is due to a stem-
cell defect (with or without a concomitant deletion of IgA
heayy-chain constant genes) or reflects a lack  of
differentiation due to an altered thymic/bursal microenviron-
ment. The development of IgA deficiency in a previously
normal recipient after bone-marrow transplantation with
cells from an IgA-deficient donor suggests that the former is
more likely. Gross deletions of genetic material coding for the
IgA heavy-chain constant regions as a cause of IgA deficiency
seem unlikely, since both genes were retained in leucocyte
DNA, as shown by genomic blotting.

The capacity to produce IgA, as reflected by serum IgA
levels, was retained up to 3 months after transplantation.
Taking the estimated half-life of serum IgA (5 days) into
account, these data suggest the persistence of recipient-
derived cells during this period. The longevity of recipient
cells after conditioning for bone-marrow transplantation has
been suggested on the basis of persistence of isohaemag-
glutinins (mainly IgM)'? and viral antibodies (mainly IgG)'*
3—12 months after transplantation. When tested in vitro after
transplantation, no IgA-secreting cells could be detected after
stimulation of the patient’s lymphocytes with a variety of
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T-cell dependent or T-cell independent polyclonal B-cell
activators, with or without the addition of purified T cells
from normal allogeneic donors. T cells from the patient,
however, were able to support differentiation of IgA-
secreting cells when co-cultivated with allogeneic B cells in a
pokeweed-mitogen driven system. Thus, a B stem-cell
maturation defect appears to be the underlying defect in the
patient. '

Selective IgA deficiency is often associated with a relative
or even total lack of IgG2.* In the donor-recipient pair
described here, however, normal levels of IgG subclasses
were found. Specific antibodies against carbohydrate
antigens are normally mainly of the IgG2 subclass,” although
in children substantial amounts of specific IgG1 antibodies
are also formed.® Despite having normal IgG2 serum levels,
however, both children showed a relative lack of specific
IgGG2 anti-carbohydrate antibodies. We have observed the
same type of aberrant subclass distinction in occasional IgA-
deficient adults (unpublished), which may suggest a defect
more fundamental than a mere lack of IgA.
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assistance. This work was supported by the Swedish Medical Research
Council, the Petrus and Augusta Hedlund Foundation, and the Walter, Ellen
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