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PRIMARY IMMUNODEFICIENCIES *

Increased understanding of the nature and variety of immunodeficiency states in man
is rapidly accumulating both from studies of human patients andfrom experimental work
on the immune response in animals. Progress is evident in the development of diagnostic
tests for deficiencies in both humoral and cellular mechanisms of immunity, and in the
introduction ofnew forms of therapy-for example, the grafting of lymphoid cells. Studies
of immunodeficiency provide the most direct evidence concerning the nature of the immune
response in man, and hence are of wide general interest. In this paper, current knowledge
and concepts are summarized, a logical classification is presented, and recommendations
are made for the investigation and treatment of these disorders.

THE CELLULAR BASIS OF IMMUNE RESPONSES

Immunological responses are classically divided
into those mediated by humoral antibody and those
mediated by cells (see Table 1). Both depend upon
the activity of small lymphocytes (Gowans &
McGregor, 1965), ultimately derived from stem-
cell precursors which in postnatal life reside in
the bone marrow (Miller & Mitchell, 1969). Neo-
natal thymectomy prevents the development of
cell-mediated immunological reactions, such as
homograft rejection and delayed-type hypersensi-
tivity, and also the humoral antibody response to
certain antigens (Miller & Osoba, 1967). In birds,
antibody production, but not cell-mediated reac-
tions, is dependent upon the bursa of Fabricius,
and it has been postulated that gut-associated lym-
phoid tissue provides the mammalian analogue
(Cooper et al., 1966); however, no single or multi-
focal organ has yet been identified that can unequi-
vocally be shown to exert a specific bursa-like
function.

This suggests that stem-cells originating in the
bone marrow differentiate to form at least two
distinct lymphocyte populations (Gabrielsen et al.,
1969; Meuwissen, Stutman & Good, 1969), one
(T-lymphocytes) dependent on the presence of the
thymus (Roitt et al., 1969) and the other (B-lympho-
cytes) independent of the thymus.

* This memorandum was drafted by the signatories
listed on pages 139-140.

The T-lymphocytes constitute the greater part
of the recirculating pool of small lymphocytes,
whereas the B-cells appear to be more restricted
to lymphoid tissue. Both populations contain
antigen-sensitive cells, probably with specific anti-
body (or antibody-like molecules) on their surface.
The B-lymphocytes can differentiate, proliferate,

and mature into plasma cells, which synthesize
humoral antibody. Any defect that limits the
number and differentiation of the B-cell system
will lead to a deficiency in immunoglobulin syn-
thesis.
The T-cells can be non-specifically stimulated

in culture by mitogens, such as phytohaemagglutinin.
T-lymphocytes from a sensitized individual can
also be stimulated by contact with specific antigen
(which may have to be macrophage-processed)
in vivo and in vitro. These stimulated T-cells,
which do not have intracellular immunoglobulin,
serve many functions:

(1) They divide further to form an expanded
population of primed antigen-sensitive cells, which
make a major contribution to immunological
memory because of their long life-span.

(2) They may be " killer" cells, which are cyto-
toxic for graft target cells.

(3) They release a number of soluble factors that
are chemotactic for mononuclear cells, inhibit the
migration of macrophages and probably " activate"
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Table 1. The cellular basis of immune responses

T-CELL SYSTEM

Thymus-dependent
T-lymphocytes a

+PHA b
> Blast cells

- Killer cells (e.g.,
graft rejection) | Cell-mediated

immunity
+ antigen Soluble lymphocyte

factors

B-CELL SYSTEM
Thymus-independent
' bursa-equivalent "

B -lymphocytes

+ antigen
>Plasma cell line Humoral antibody

synthesis

a There is evidence that T-cells plus antigen can co-operate with B-cells to produce antibody.
b Phytohaemagglutinin.

them, are mitogenic for other lymphocytes, and
increase vascular permeability. These characteris-
tics, together with (2) above, form the basis for
the phenomena of specific cell-mediated immunity.

(4) They may co-operate during the immune
response to certain " thymus-dependent " antigens by
stimulating the B-lymphocytes to produce antibody.

Failure to generate an effective T-cell system will
lead to defects in cell-mediated immunity and also
in the humoral antibody response, in those circum-
stances where co-operation with T-lymphocytes
is important. In such a case the B-cell system
may be intact, yet the individual may show poor
antibody responses.

GENETICS OF IMMUNOGLOBULIN SYNTHESIS

In some protein systems, the absence of a specific
protein in certain individuals has been attributed
to mutations that appear to involve structural
genes, although mutation at the regulatory or
initiator level might have similar effects. Usually
both parents are heterozygous and have approxi-
mately one-half of the normal level of protein.
Afibrinogenaemia is a typical example. A similar
situation would be expected to appear in the immuno-
globulin system. Here, however, the problem is
much more complicated. Multiple genetic loci are
involved for the independent chains making up the
basic four-chain immunoglobulin unit. As regards
the constant regions of the polypeptide chains,
at least ten loci appear to operate for the different
classes and subclasses of heavy chains (Natvig &
Kunkel, 1968); the kappa and lambda light chains
involve at least two more loci. An undetermined
number of loci seem to be responsible for the
synthesis of the variable, or V, regions. Independent
V-region subgroups have been defined for kappa,
lambda, and heavy chains (Bull. Wld Hlth Org.,
1969; Hood & Talmage, 1970). The same VH region
subgroup can appear in combination with the C

region of any immunoglobulin heavy chain (Wang
et al., 1970). However, hte subgroups of VL chains
are not interchangeable between kappa and lambda
light chains. A relationship between the V-region
sub-groups and alterations of immunodeficiency
states remains to be shown.

Studies in patients with hypogammaglobulinaemia
have not as yet shown isolated deficiencies that can
be ascribed to any of the structural genes mentioned
above. IgA may be undetectable without recognized
abnormalities in the other immunoglobulins. How-
ever, studies of parents and siblings have not
revealed consistent alterations and no clear genetic
pattern has emerged (Claman et al., 1970). In most
other instances, multiple classes of immunoglobulins
are involved and it has not been possible to impli-
cate a single gene defect. Studies with Gm markers
have indicated the absence of certain markers in a
few parents of affected children, and the possibility
of gene deletions has been raised (Yount et al.,
1970). However, affected individuals have also shown
abnormalities in other immunoglobulins, which are
difficult to relate to the presumed gene deletions.

It has been postulated for a number of years
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that regulatory gene defects may provide an ex- mammalian systems; the difficulties are increased
planation for partial deficiencies of specific immuno-
globulins in certain patients (Parker & Bearn,
1963; Fudenberg & Franklin, 1963; Fudenberg &
Hirschhorn, 1965). Support for this hypothesis was
recently obtained from measurements of genetically
determined antigens where single gene products
could be determined. Marked divergence in the
amounts of proteins coded for by allelic genes
(Rivat, Burtin & Ropartz, 1969; Yount et al., 1970).
Very little is known about regulatory genes in

in the immunoglobulin system, where unique
closely linked structural genes are involved. In
addition, the phenomenon of allelic exclusion results
in the probability that each immunoglobulin is pro-
duced by an independent cell line, making it even
more difficult to interpret regulatory and structural
gene relationships.
One form of hypogammaglobulinaemia is X-

linked, indicating that the X chromosome plays
some role in the regulation of the B-cell system.

TESTS FOR ASSESSING IMMUNE STATUS

ANTIBODIES AND IMMUNOGLOBULINS

Measurements ofserum immunoglobulin concentration

A variety of methods is at present available for
measuring serum concentrations of immunoglo-
bulins. With the exception of electrophoresis,
all depend upon the use of specific antisera. They
include single radial diffusion and double diffusion
in agar gel; immuno-electrodiffusion, and radio-
immunoassay. By such techniques the immuno-
globulin concentration of the test serum is compared
with a standard solution of defined concentration.
No test has been perfected to such a degree that
interpretation of the results is entirely straight-
forward.
The single radial diffusion assay of Mancini is

widely used and various modifications have been
described (Mancini, Carbonara & Heremans, 1965;
Fahey & McKelvey, 1965). Each test should include
at least three standard solutions on the same plate.
The error of the method is represented by a constant
coefficient of variation, which under optimal con-

ditions may be less than 10%, except at extremes of
concentration; however, such precision may be
difficult to achieve in routine laboratories. The
limit of detectability of protein, using low con-

centrations of antiserum, is about 10 jig/ml. The
volume of serum required for each determination
is about 0.01 ml. With normal sera, results can

be obtained after 24 hours of diffusion, but further
time may be required for the assessment of very
high or very low levels. Immuno-electrodiffusion
is a newer technique, which may have greater
precision and greater sensitivity than single radial

diffusion (Freeman & Smith, 1970), but its use
is at present confined to specialized laboratories.

Gel-diffusion methods are sensitive to differences
in diffusion constants; special precautions should
be taken to ensure that immunoglobulins in the
standards and test sera are not split or aggregated.
Also, reliable measurements cannot be made of
such proteins as low-molecular-weight IgM and
secretory IgA, unless a standard immunoglobulin
preparation is available in the same form. Greater
sensitivity in the estimation of immunoglobulins
can be achieved by the use of radioactive isotopes.
A modification of the single radial diffusion method
has been described, in which the zone of precipitate
is treated with radioactive anti-immunoglobulin and
is visualized by autoradiography (Rowe, 1969).
By this method, protein can be detected at concen-
trations of the order of 100 ng of serum IgE per ml,
and immunoglobulins in secretions have been
measured in this way. Radio-immunoassay methods
possess even greater sensitivity (Wide & Porath,
1966). They depend upon the capacity of the immuno-
globulin in the test serum to inhibit the interaction
of antiserum with purified labelled immunoglobulin.

Standards and antisera. Discrepancies in results
have arisen from the use of different standards by
different laboratories. Ideally, a standard should
consist of a stable preparation of immunoglobulin
of known concentration, in a form identical with
that in the fluid under test. The World Health Orga-
nization now makes available reference preparations
for the five classes of human serum immuno-
globulins (Rowe, Anderson & Grab, 1970; Rowe,
Anderson & Tackett, 1970; Rowe et al., 1970),
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and it is recommended that these be used as stan-
dards for immunoglobulin determinations.' Working
standards for general use can be prepared and related
to these standards.

Antisera to human immunoglobulins have been
prepared in a variety of species, using preferably
normal or, failing that, monoclonal proteins for
immunization. Although, it appears desirable
in principle to use pooled monoclonal proteins
rather than a single protein for immunization,
the use of single monoclonal proteins in species
such as the goat, sheep, or rabbit does not appear
to introduce important discrepancies. All antisera,
including those from commercial sources, must be
shown to be specific in the test for which they are
being used. In a recent study (Rowe, Anderson &
Grab, 1970), a number of laboratories obtained
reasonable agreement in the measurement of
immunoglobulin in serum samples when the same
WHO reference preparation was used. The use
of different standards is likely to yield much wider
variations in results. Antisera and standards ob-
tained from commercial sources have on occasion
been found to be unsatisfactory.

Subclasses. Levels of each of the four subclasses
of IgG immunoglobulins can be determined by the
Mancini procedure. Precipitating antisera for IgG,
are the most difficult to obtain, but many antisera
are suitable for haemagglutination studies. Inhi-
bition of haemagglutination has been found to be
a useful technique for the gross measurement of the
extreme changes found in some sera from patients
with immunodeficiency (Yount et al., 1970).

General recommendations. For routine purposes
the following procedures are recommended:

(1) A preliminary assessment by electrophoresis
and/or immuno-electrophoresis.

(2) Specific measurement of immunoglobulin by
one of the above methods, at a laboratory experienced
in such techniques.
Even gross deficiencies of certain immuno-

globulins cannot be detected by electrophoresis.
Immuno-electrophoretic techniques are not quanti-
tative, and experience is necessary to interpret the

I These preparations can be obtained from the WHO
International Reference Centre for immunoglobulins, Insti-
tut de Biochemie, Rue du Bugnon 21, Lausanne, Switzerland;
the WHO Regional Reference Centre for Immunoglobulins,
National Cancer Institute, Bethesda, Maryland 20014, USA;
and the Department of Biological Standards, National
Institute of Medical Research, London, N.W.7, England.

results they give. Therefore, abnormalities cannot be
excluded by either of these methods, which should
be regarded as preliminary screening procedures.

Antibodies and immunoglobulins in immunodeficiency

Measurement of immunoglobulin concentration
by the techniques outlined above is of value for
the diagnosis and analysis of the primary immuno-
deficiencies. The concentrations of immunoglobulins
in adult serum vary from individual to individual,
and there is at present no conclusive evidence of
breaks in distribution curves to justify thresholds
for the diagnosis of immunoglobulin deficiencies.
However, 200 mg or less of IgG per 100 ml may
constitute a practical threshold value if associated
with symptoms. IgA is undetectable in approxi-
mately 0.1 % of the normal population (Bachman,
1965). Age in childhood, and prematurity, have
been reported to have an effect on immunoglobulin
concentrations. Values for the immunoglobulin
levels in adult populations related to age, environ-
ment, and sex, are available. The relevance of these
variations to disease is not clearly established, ex-
cept in the case of gross deficiencies.

In patients losing immunoglobulins through exu-
dative enteropathy, nephritis, nephrosis, etc., normal
levels of IgM are usually found; a low albumin
concentration reflects loss of albumin in parallel
with loss of IgG. X-linked recessive agammaglobu-
linaemia is characterized by very low levels of all
five classes. However, when sufficiently sensitive
tests are used even these patients can regularly
be shown to possess small amounts of immuno-
globulins of each class. Patients with other forms
of immunodeficiency may have concentrations of
immunoglobulins as low as those found in the X-
linked recessive form; thus, concentrations of
immunoglobulins cannot be used as the sole criteria
for diagnosis of X-linked agammaglobulinaernia.
Concentrations of IgM, IgG, IgA, IgD, and IgE
may vary in patients with other forms of immuno-
deficiency. Variations occur between members of
the same family, and from time to time in the same
individual. Immunoglobulin levels should be mea-
sured in each patient suspected of primary immuno-
deficiency, not only for diagnostic purposes but
also for future analysis. Knowledge of immuno-
globulin concentrations may be of help in the
diagnosis of other diseases; for example, IgM may
be low in the Wiskott-Aldrich syndrome (Cooper
et al., 1968), and IgA and IgE may be low in ataxia-
telangiectasia (Ammann et al., 1969). In general,
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syndrome classifications based on immunoglobulin
patterns, e.g., so-called dysgammaglobulinaemia,
have not been found useful (Seligmann, Fudenberg
& Good, 1968).
One notable exception so far has been IgA

deficiency. In this frequent condition, IgA is usually
deficient in secretions also. Occasionally, patients
have been encountered who have normal levels
of circulating IgA and low levels of IgA in secretions;
conversely, patients having low levels of circulating
IgA may have normal levels of IgA in secretions
(Goldberg, Douglas & Fudenberg, 1969). The two
subclasses IgAl and IgA2 are usually reduced in
equal proportions. These patients should always
be studied for the presence of antibodies against
IgA, which are found in a significant number of
cases (Vyas et al., 1969).
Low levels of IgM associated with both meningitis

and disseminated non-progressive vaccinia have been
reported and require further analysis (Hobbs,
Milner & Watt, 1967). Low levels of circulating
IgE associated with recurrent respiratory disease
have also been described. Subjects with IgE con-
centrations of less than 10 ng/ml and otherwise
normal immunoglobulin levels, who are free from
infection, have however been noted in several
centres (Cain et al., 1969).

Imbalances of IgG subclasses have frequently
been encountered in patients with immunity defi-
ciency, but no such imbalances have been found
in patients with X-linked agammaglobulinaemia
(Yount et al., 1969). In immunodeficiency states
with imbalance of IgG subclasses, the concentration
of IgG3 is usually relatively normal. Since anti-
bodies to certain carbohydrate antigens in man
are mainly of the subclass IgG2, the possibility
of a relationship between subclass imbalance and
selective increase or deficiency of antibody responses
to certain antigens must be considered. Alternatively,
inordinate exposure to stimulation with certain kinds
of antigen should be examined as a basis for the
imbalances observed.

Limited electrophoretic heterogeneity, homo-
geneous immunoglobulins, abnormal kappa-lambda
light chain ratios, and abnormalities of function,
e.g., complement fixation, are frequently encountered
in patients with immunodeficiency syndromes
(Hong & Good, 1967; Pickering, Hong & Good,
1967; Seligmann, Meshaka & Danon, 1967). Homo-
geneous immunoglobulins are also encountered
in very young premature infants (Hitzig, unpublished
results).

Failure to respond to antigenic stimulation can
sometimes be observed in patients with normal
or high levels of all immunoglobulins, and in patients
with isolated immunoglobulin deficiencies. This
may be general or restricted to some antigens.
Thus, normal immunoglobulin concentration does
not exclude antibody deficiency, and responses to
antigenic stimulation are crucial in studies of these
patients.

Assessment of antibody formation following
immunization

Humoral immunity function may be studied by
tests for existing antibodies to antigens to which
the population is commonly exposed, or by tests
for antibody formation following active immuni-
zation.
The antigens that are used may be either pro-

teins or polysaccharides. Live vaccines (BCG and
attenuated viruses) should never be given. Alum-
precipitated antigens may be used.
The antigen dose should be increased with con-

tinuing antigenic stimulation, and multiple doses
should be given at intervals of 3-6 weeks. A complete
schedule usually comprises 3-4 injections.
Antibody determination should be carried out

on serum samples taken approximately 3 weeks
after the last injection. Only gross increases in
titre are significant. Highly reproducible methods
are not essential, therefore, and the widely used
haemagglutination inhibition methods are accept-
able. For precise comparison of responses of
patients with immunodeficiency and other diseases,
techniques that determine antigen-binding capacity
are preferable.
The following procedures are recommended:
(1) " Natural " antibodies: A and B iso-haemag-

glutinins, heteroagglutinins, and heterolysins (e.g.,
against sheep or rabbit red cells), and anti-strepto-
lysin and bactericidins against Escherichia coli,
when present, are useful for screening.

(2) The usual active immunizations with diphtheria,
tetanus, and pertussis (DPT) vaccines are very use-
ful. Polio vaccine should be used only in the
inactivated form.

(3) Additional active immunizations that may be
recommended are with polysaccharides derived
from pneumococci. Haemophilus influenzae and
Neisseria meningitidis antigens are potent, pure,
and harmless and may prove to be of prophylactic
value (Gotschlich, Goldschneider & Artenstein,
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1969). Their use is recommended as soon as they
become more widely available.

(4) Vi antigen and flagellin are also potent and
harmless antigens. Their use should be considered
but they are not known to be of prophylactic value.

(5) Additional active immunizations, to be used
only in special studies, include those with typhoid
H, keyhole limpet haemocyanin, phage OX 174,
and blood-group antigens. All have been used to
analyse antibody responses of patients with immunity
deficiency syndromes. Possible side-effects and
insufficient experience suggest that these antigens
should only be used cautiously under carefully
controlled conditions.

(6) All live virus vaccines, including vaccinia,
polio, measles, rubella, BCG, and tularaemia, should
be avoided.

The following regimens are recommended:

(1) Commercial DPT vaccine, given in a standard
dose of 0.5 ml intramuscularly for 3 successive
weeks. Blood is taken 14 days after the last injection.
Antibodies may be determined by haemaggluti-
nation techniques.

(2) Three doses of killed polio vaccine (1.0 ml)
injected intramuscularly at intervals of 2 weeks.
Blood is taken 2 weeks after the last injection.
Antibody is determined by virus neutralization.

(3) Three doses of pneumococcal polysaccharide
(0.1 mg) injected intramuscularly at intervals of
1 week. Blood is taken 2 weeks after the last in-
jection. Antibody is estimated by the precipitin
technique or preferably by an antigen binding
technique.

(4) Subcutaneous injection of H. influenzae
polysaccharide (0.05 mg). Blood is taken 2 weeks
later; haemagglutination or antigen binding tech-
niques may be used for antibody analysis.

(5) Subcutaneous injection of N. meningitides
polysaccharide (0.05 mg). Blood is taken 2 weeks
later (Gotschlich, Goldschneider & Artenstein, 1969);
antibody is determined by precipitin analysis.

(6) Vi antigen: immunization with Vi antigen
from E. coli may be used. In this assay, 100 ,ug of
antigen is given subcutaneously in a volume of
1 ml in saline. Blood is taken 2 weeks later. Anti-
body is determined by passive haemagglutination
assay using human group 0 cells, as described by
Ceppellini & Landy (1963). Flagellin may also

be used and has been found to be without danger;
5 ,ug in 0.1 ml of phosphate-buffered saline, pH 7.0,
is injected subcutaneously into the forearm (Rowley,
Merrill & Mackay, 1969).

CELL-MEDIATED IMMUNITY

Three tests are commonly employed for assessing
cell-mediated immunity: (a) delayed-type skin re-
actions; (b) in vitro stimulation of lymphocytes to
divide and form blast cells; and (c) release from
lymphocytes of macrophage migration inhibition
factor. The relative sensitivity of these methods
has not been adequately evaluated. Specific lympho-
cyte-mediated cytotoxic tests (Mauel et al., 1970)
may become available.

Pre-existing immunity

This may be studied by all three techniques.
Five different antigens are generally used: mumps,
trichophytin, purified protein derivative, Candida,
and streptokinase/streptodornase.
For skin testing, it is recommended that the

following materials be injected intradermally:
(1) Tuberculin: 0.1 ml of a 1: 10 000 dilution. If
negative, the test should be repeated using a dilution
of 1: 1000.

(2) Candida: 0.1 ml of a 1: 10 dilution for infants,
or of a 1: 1000 dilution for older children and
adults.

(3) Trichophytin: as for Candida.
(4) Streptococcal antigens: (0.1 ml) of strepto-

kinase/streptodomase at a concentration of 5 units
of streptokinase per 0.1 ml. If negative, the test
should be repeated at a concentration of 40 units/
0.1 ml.

(5) Mumps skin testing antigen (0.1 mg): reactions
should be read at 4 hours to assess any Arthus
reactions, and at 24 and 48 hours for delayed hyper-
sensitivity. The diameter of induration and ery-
thema should be recorded.

Where delayed hypersensitivity to a further anti-
gen is prevalent (e.g., coccidioidin in California)
this could usefully be tested for.

Pre-existing cell-mediated immunity to these anti-
gens can also be investigated by in vitro culture
methods. When all these tests are negative, the
one-way mixed lymphocyte reaction in vitro (see
p. 131) may provide additional information.
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Active sensitization

Only sensitization to 2,4-dinitrochlorobenzene
is recommended (Dupuy & Preud'homme, 1968),
and even then it should be borne in mind that
burns may be produced, particularly in young
children. 2,4-dinitrofluorobenzene should be avoi-
ded. Keyhole limpet haemocyanin produces both
humoral and cellular immunity, and could theore-
tically sensitize against shellfish; it is not recommen-
ded for general use.
A 30% solution of 2,4-dinitrochlorobenzene in

acetone (10% for infants) is used, 0.05 ml being
applied to the volar surface of the forearm on a
filter paper 1 cm in diameter. A test dose (see
below) is applied at the same time to serve as a
pre-sensitization control. The filter papers are
removed after 12-24 hours and the control is read
48 hours after application.

Patients are skin-tested 14-21 days later with
0.05 ml of a 0.10% or 0.05% solution of 2,4-
dinitrochlorobenzene in acetone, on filter paper. The
paper is removed 12-24 hours later and the reaction
assessed 48 hours after application. Subjects
who remain negative after this regimen should be
skin-tested again 30-35 days after attempted sensi-
tization.

Skin reactions are assessed as follows:
0 = no reaction
+ = erythema only

+ + = erythema and induration
± ++ = vesiculation

+ + + + = bullae and ulceration
Only + + or greater reactions are accepted as
evidence of sensitization.

Lymphocyte transformation

Lymphocyte stimulation by antigen involves a
relatively small number of specifically pre-committed
cells, which undergo mitosis and blast cell trans-
formation (Oppenheim, 1968) and are thought to
release non-specific mitogenic factors that further
recruit non-sensitized cells (Lawrence & Landy, 1969).
Although this largely reflects the response of T-
lymphocytes, and thereby indirectly their ability
to generate specific cell-mediated immunity, there
is a significant, but probably minor, contribution
from B-cells. However, the one-way mixed lympho-
cyte reaction, in which the lymphocytes are stimu-
lated by mitomycin-blocked allogenic cells (i.e.,
cells from the same species that are not genetically

identical), does appear to reflect an exclusive activity
of a T-cell population (Johnson, 1970).

In addition to stimulation by antigen, the T-
lymphocytes, or a major population thereof, nor-
mally respond in a non-specific manner to mitogens
such as phytohaemagglutinin and concanavalin,
which activate the cells via receptors distinct from
those involved in antigen recognition. The response
to non-specific mitogens provides some measure
of the over-all number of the relevant T-cells pre-
sent, but does not necessarily reflect the ability
to respond to specific antigens.
Our present limited experience suggests that

phytohaemagglutinin provides the greatest discrimi-
nation when assessed on the third day of culture,
although where very low responses are encountered
cultures can profitably be studied up to the seventh
day (Douglas, Kamin & Fudenberg, 1969). The
response to antigenic stimulation is normally at a
maximum by the fifth day.
Lymphocyte stimulation may be evaluated in

terms of morphological change, or by the incorpo-
ration of 3H-thymidine measured either by direct
counting of radioactivity or by autoradiography on
smear preparations. It is usual to set up cultures in
which the lymphocytes are adjusted to give a con-
centration of 106 cells/ml; in each case it is desirable
to allow for differences in cell survival in culture
by expressing the results in terms of a fixed number
of viable cells. The degree of lymphopaenia also
has to be taken into account in the final interpre-
tation of the response. The morphological changes
(" transformation ") do not always occur in parallel
with the thymidine uptake; this has been shown to
be the case in variable immunodeficiency (Fuden-
berg et al., 1967). For clinical diagnosis the most
convenient and useful test would be tritium up-
take, but it is desirable to obtain data by all three
methods. However, the volumes of blood available
are often limited, and it seems likely that the auto-
radiographic method could most readily be adapted
to small numbers of cells.

Control values of unstimulated cultures are often
high in certain deficiency states, and it is essential
to give data on both unstimulated and stimulated
cultures. Because of other variations in the technique
and in the specific activity of different thymidine
preparations, it is essential to determine the phyto-
haemagglutinin response of lymphocytes simul-
taneously from at least two donors who are known
to be normal. Since human sera contain variable
amounts of factors that may enhance or inhibit
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these responses, it is important that a standard
human or fetal calf serum be used in all cultures.
Inhibitory substances may be present in serum as,
for example, in certain immunodeficiency states
such as ataxia-telangiectasia; these may be demon-
strated by setting up additional cultures with auto-
logous serum.

Migration inhibition factor
The interaction of sensitized T-lymphocytes with

antigen releases a number of factors, one of which
inhibits the migration of guinea-pig macrophages
from capillary tubes. Release of this migration
inhibition factor appears to be a good in vitro
indicator of cell-mediated immunity (Lawrence
& Landy, 1969). The technique that is preferred
at present involves culturing blood lymphocytes with
antigen for periods of up to three days, and adding
the concentrated cell-free supematant to chambers
containing guinea-pig macrophages (Thor et al.,
1968; Rocklin, Meyers & David, 1970).
Human leucocyte migration inhibition (Soborg,

1967), although technically more convenient, has
not been generally accepted as a concomitant of
cell-mediated immunity. Lymphocyte migration is
now being studied and appears to reflect cell-
mediated immunity when particulate, but not so-
luble, antigens are employed (Zabriskie et al., 1970;
Zabriskie & Falk, 1970).

MORPHOLOGY AND HAEMATOLOGY

Examination of the histopathological changes in
lymphoid tissue is a useful adjunct to the diagnosis
of immunodeficiency. Bone marrow, rectal mucosa,
and lymph nodes are the tissues most accessible for
study.

Lymph nodes
Biopsies of lymph nodes should be performed

5-7 days after local antigenic stimulation. In
children it is convenient to inject antigens, such as
diphtheria and tetanus toxoids, into the medial
aspect of the thigh and subsequently to remove an
ipsilateral inguinal lymph node for histological
examination (Gitlin et al., 1969; Good, 1955).
When the diagnosis of combined immuno-

deficiency is readily apparent from other criteria,
lymph node biopsy is unnecessary; it may even be
detrimental, as lymphoid tissue is difficult to find
in affected infants and surgical incisions provide
a portal of entry for serious infection.

Lymph nodes should be examined to assess the
thymic-dependent paracortical areas, the numbers
of plasma cells in the medullary portions, and the
cortical germinal centres. Plasma cells and germinal
centres are absent, for example, in the most complete
isolated B-cell deficiencies, and deficiencies of
lymphocytes in the deep cortical regions indicate
defects of the T-cell system.

Bone marrow

Enumeration of cell types in the bone marrow of
all cases of immunodeficiency is desirable, and such
data should be gathered and collated. In young
infants, enumeration of bone marrow lymphoid
cells may not be helpful in diagnosis of immuno-
deficiency (Steiner & Pearson, 1966).

Rectal biopsy

Rectal tissue is readily accessible to biopsy and
does not require prior antigenic stimulation for
proper study. Examination of rectal tissue for
plasma cells by ordinary histological methods or by
immunofluorescence is useful in patients who have
markedly diminished serum immunoglobulin con-
centrations resulting from excessive intestinal loss of
protein or possibly from failure of immunoglobulin
secretion from plasma cells. The absence of plasma
cells from the lamina propria in the rectal biopsy
reflects a deficiency of the local IgA immunoglobulin
system (Crabbe & Heremans, 1967).

Peripheral blood

In severe combined immunodeficiency, the blood
lymphocyte count is usually markedly depressed.
However, normal lymphocyte counts do not exclude
this diagnosis (Gitlin & Craig, 1963).

Chimaerism

Chimaerism is the simultaneous occurrence of two
genetically different cell lines (Dunsford et al.,
1953; Woodruff & Lennox, 1959). In immuno-
deficiency diseases, it has been observed in two
different forms:

Congenital chimaerism. This is due to intrauterine
implantation of maternal cells into the fetus. It
has been documented only twice, in a male infant
and a male fetus; in both cases some of the cells
were of female karyotype. The difficulty of diagnosis
arising from the extremely small number of lympho-
cytes in the blood may be overcome by preparing
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squash preparations of unstimulated bone marrow
cells. The condition is thought to be caused by
a take of transplacentally transmitted cells in a
fetus having immunodeficiency. The establishment
of an immunocompetent population of foreign cells
may lead to intrauterine graft-versus-host disease,
with all its consequences.

Acquired chimaerism. The successful implantation
ofany kind offoreign cells into subjects with immuno-
deficiency leads to chimaerism (Beilby et al., 1960;
Mathe et al., 1963; Bronson, McGinniss & Morse,
1964). This has been observed particularly after
reconstitution of infants with combined immuno-
deficiency disease using bone marrow from other than
fetal donors. It can be produced by simple blood
transfusion, when it has often been overlooked.
The danger for the patient lies in the production
of graft-versus-host disease prior to the establishment
of true chimaerism, unless perfectly matched donor
cells are transferred.

TESTS FOR EARLY DIAGNOSIS IN INFANTS

These may be applied to neonates in families
that have previously had children with immuno-
deficiency.

Severe combined immunodeficiency

Early diagnosis is important, because treatment
is possible and should be instituted before severe
infection has occurred. The serum IgG level is
not useful for diagnosis. The lymphocyte count

may be low, but this is not consistent in the newborn.
Low IgM concentrations after the first few days of
life may help in diagnosis. Lymphocyte uptake
of tritiated thymidine on phytohaemagglutinin sti-
mulation is mature at birth in normal infants.
Such a normal response in cord or venous blood
provides a satisfactory method for the exclusion
of severe combined immunodeficiency (Papiernik,
1969). In cases with little or no response, the full
range of immunity function tests, listed above, should
be performed. Transient hypo-immunoglobuli-
naemia may occur in families in which one member
has been shown to have certain combined immuno-
deficiency states, presumably as a manifestation of
heterozygosity for an abnormal autosomal gene
(Soothill, 1968). Repeated immunoglobulin esti-
mations in infants in these families, with a normal
phytohaemagglutinin response, may anticipate a
potentially dangerous, but transient and treatable,
IgG deficiency.

X-linked hypo-immunoglobulinaemia
Low serum IgM concentrations in the second

and subsequent weeks of life provide an early,
presymptomatic prediction of the affected boys
in these families (Soothill, 1968).

Thymic hypoplasia
Immunity function tests should be performed in

all cases of neonatal tetanus.

Other immunity deficiency diseases
No early or antenatal diagnosis has been reported.

DEFINITION AND CLASSIFICATION OF IMMUNODEFICIENCY STATES

CLASSIFICATION OF PRIMARY SPECIFIC
IMMUNODEFICIENCY

Primary specific immunodeficiency results from
a failure to produce the effectors of the immune
response-i.e., antibodies and sensitized lymphocytes.
Excluded from the definition are hypercatabolic
states, immunodeficiency due to exogenous causes
such as X-rays and cytotoxic drugs, and immunodefi-
ciency states associated with lymphopaenia due to
intestinal lymphangiectasis, with neoplasia (myelo-
matosis, leukaemia, etc.), with complement defects
(C3 or C5 abnormality), and with phagocytic dys-

function syndrome.' The relationship between
immunodeficiency and infection is complex, since
each may lead to the other.
The extraordinary variability of immunological

findings presents a major difficulty in classification.
Often neither etiological, nor functional, nor
structural considerations, taken alone or together,
are satisfactory for adequate classification of de-

, Such causes of susceptibility to infection, especially
those of genetically determined etiology, should be investi-
gated by appropriate tests in patients with chronic infection
suspected of primary specific immunodeficiency (Douglas &
Fudenberg, 1969).
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Table 2. Classification of primary immunodeficiency disorders *

Type f Suggested cellular defect

B-cells T-cells Stem cells

Infantile X-linked agammaglobulinaemia +

Selective immunoglobulin deficiency (IgA) +
(some)

Transient hypogammaglobulinaemia of infancy +

X-linked immunodeficiency with hyper-lgM + ?

Thymic hypoplasia (pharyngeal pouch syndrome,
Di George's syndrome) +

Episodic lymphopaenia with lymphocytotoxin +

Immunodeficiency with or without hyperimmunoglobu-
linaemia (Faulk, Tomsovic & Fudenberg, 1970) + +

(sometimes)

Immunodeficiency with ataxia-telangiectasia + +

Immunodeficiency with thrombocytopaenia and eczema
(Wiskott-Aldrich syndrome) + +

Immunodeficiency with thymoma + +

Immunodeficiency with short-limbed dwarfism
(Gatti et al., 1969; Lux et al., 1970) + +

Immunodeficiency with generalized haematopoietic
hypoplasia + + +

Severe combined immunodeficiency

autosomal recessive + + +

X-linked + + +

sporadic + + +

Variable immunodeficiency (common, !argely
unclassified) + +

(sometimes)

* References to disorders not mentioned above appear in an earlier classification; see Wld Hlth Org.
techn. Rep. Ser., 1968, No. 402, p. 27-32.

ficiency of immunity in man. Well characterized
diseases associated with clear-cut immunodeficiency
are listed in Table 2. However, the majority of
patients with immunodeficiency cannot yet be
unequivocally classified, and are therefore grouped
under the heading of " variable immunodeficiency ".
The variable immunodeficiency group presumably

includes many syndromes, because of lack of in-
formation on definite patterns and causes. Included
in this group are cases previously classified as
"congenital " non-X-linked (or sporadic) hypo-
gammaglobulinaemia, primary "dysgammaglobuli-
naemia" of both childhood and adult life, and
" acquired " primary hypergammaglobulinaemia.
It is hoped that careful analysis of such patients,
including time of onset of the condition, immuno-

globulin patterns, family studies, and studies of
associated disorders, will result in the delineation
of several homogeneous syndromes based on estab-
lished hereditary mechanisms or other etiological
factors. In spite of interesting experimental data
on the effect of endocrine deficiencies on the develop-
ment of the immune system, no clear-cut clinical
syndromes manifesting this relationship have yet
been reported.

ASSOCIATED DISORDERS

Malignancies and immunodeficiency
Malignancies occur frequently in patients with

certain types of immunodeficiency state. They are
especially frequent in ataxia-telangiectasia and the
Wiscott-Aldrich syndrome, about 10% of such cases
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having died from this cause; they appear to be even Autoimmune disease
more frequent in the common variable form of
immunodeficiency (Gatti & Good, 1970). The
lymphoid system is frequently involved, but the
incidence of epithelial tumours is also unexpectedly
high. In X-linked agammaglobulinaemia, acute
leukaemia has been reported in a few cases; this
may represent a high frequency in view of the
rarity of this disorder (Page, Hansen & Good, 1963).

The high incidence of autoantibodies, with or
without autoimmune disease, in patients with
immunodeficiency has been well documented, but
the reason for the association is not known. The
association may be related directly to the genetic
abnormality or to effects of the immunodeficiency,
such as latent virus infection (Fudenberg, 1966).

TREATMENT OF SPECIFIC IMMUNODEFICIENCY

The following are the main lines of treatment of
immunodeficiency. Although most are of obvious
clinical benefit in certain situations, only immuno-
globulin replacement therapy has been shown to be
of value by controlled trial. Early diagnosis and
treatment give the best results.

PROPHYLAXIS OF INFECTION

This can safely be attempted by hygiene and
external antibacterial measures, although there is
no evidence that this method is effective. Prophy-
lactic antibiotics, although possibly of some value
in special cases, are not generally recommended,
as they may induce infection with fungi or other
resistant organisms. Individual infections should be
treated early with full doses of appropriate anti-
biotics. The sensitivity of organisms to antibiotics
should be tested, and if possible drugs of narrow
spectrum should be used.
Immunodeficiency due to an identifiable cause,

such as proteinuria, intestinal protein and lympho-
cyte loss, or cytotoxic drugs, may occasionally
be radically cured. The prevention of primary im-
munodeficiency by genetic counselling is possible,
although caution should be excercised in assuming
a mode of inheritance in any particular family.
Immunodeficiency in congenital rubella is also pre-
ventable.

Immunization with the antigens listed on page 130
[(2) and (3)] is safe and is recommended. Live
antigens (viral and BCG) must be avoided in all
cases. A case has been reported of selective defi-
ciency of humoral and cellular immunity to a single
organism (staphylococcus), associated with repeated
infection apparently due to tolerance. Immunization
with a cross-reacting antigen (modified leucocidin)
was followed by a cellular and humoral response

and freedom from infection for a limited time (David,
Douglas & Fudenberg, 1969). This type of treatment
deserves further study in other selective deficiencies.
Blood transfusion carries a grave risk of graft-

versus-host disease in patients with immunode-
ficiency. Old blood is not safe; however, fresh
blood can be made safe by irradiation when fully
saturated with oxygen, when 1000 r will kill all the
lymphoid cells. (In non-oxygenated blood, 6000 r
is not effective.) Blood is also safe when processed
by the " cytoagglomerator " (Huggins, 1966) and
frozen in glycerol at -60°C. Washed red cells or
unprocessed plasma are dangerous.

Dialysable transfer factor, prepared from lympho-
cytes from a selected donor, was given to one patient
with the Wiskott-Aldrich syndrome. This was
followed by sustained restoration of delayed skin
hypersensitivity, production of migration inhibition
factor, and marked clinical improvement (Levin et al.,
1970). This important observation needs confir-
mation.

REPLACEMENT OF IMMUNOGLOBULIN

Intramuscular injection of alcohol- or ether-
fractionated immunoglobulin, at a minimum dose
of 0.1 g/kg/month or 0.025 g/kg/week, has been
used with obvious benefit over the past 15 years.
On this regimen, patients with X-linked hypo-
immunoglobulinaemia have reached adult life and
rarely suffer from specific viral exanthema. A small
but statistically significant effect of therapy has been
shown in a controlled trial of patients with hypo-
immunoglobulinaemia receiving either the above
dose or twice as much (Great Britain, Medical
Research Council, 1971). In many patients the
smaller dose was obviously effective and the dif-
ference in effects produced by the two doses was
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small; i.e., the lower dose was clearly adequate
for many patients. However, the trial confirmed
previous impressions that some patients benefit from
higher doses.
The injections may be associated with reactions-

hypotension, collapse, flank pain, dyspnoea, fever,
rashes, and even death, but these are rare in
X-linked agammaglobulinaemia. These reactions
are thought sometimes to be complement-mediated.
Aggregates of immunoglobulin, with or without
antibody response to them (Barandun et al., 1962;
Henney & Ellis, 1968), and antibodies to IgA (Vyas,
Perkins & Fudenberg, 1968) and to genetic deter-
minants (" allotypes ") of immunoglobulins lacking
in the patients may be responsible (Fudenberg
et al., 1964; Vyas & Fudenberg, 1969).

Intravenous immunoglobulin
Preparations intended for intramuscular use must

not be given intravenously, because of frequent
severe reactions. The incidence of such reactions
can be reduced by various treatments-e.g., acid
and pepsin. The in vivo half-life of molecules so
treated is usually much reduced (e.g., to 24 hours),
but large quantities can be given quickly with only
a small risk of reaction. Such treatment is probably
of limited value for prophylaxis, but may be useful
in severe infection.
Newer methods of preparation (e.g., with human

fibrinolysin, caprylate, kaolin, and bentonite), which
result in removal of aggregates but which do not
destroy the Fc fragment, appear promising and de-
serve further study. These preparations survive well
in vivo.

Tests for aggregation of immunoglobulin
Reactions to both intramuscular and intravenous

preparations may in part be related to aggregation.
Various tests for aggregation are available. Ultra-
centrifugation is relatively insensitive, but anti-
complement activity and precipitin reactions with
the complement breakdown product C12 or rheuma-
toid factor are more sensitive. The rheumatoid
factor test (Edelman, Kunkel & Franklin 1958) can
be performed simply with whole rheumatoid arthri-
tis serum, and might be a valuable screening test
for ampoules of immunoglobulin to be given to
patients with immunodeficiency.

Infusion ofplasma
Intravenous infusion of plasma, obtained by

plasmapheresis of a few donors (the " buddy system ")

and given to the patient after plasmapheresis (to
avoid overloading), permits replacement of a wider
range of immunoglobulins (Stiehm, Vaerman &
Fudenberg, 1966). The larger quantities that can
be given in this way permit treatments to be more
widely spaced. It is essential that the plasma be
frozen and thawed before use, to destroy cells that
may cause graft-versus-host disease. This treatment
has been of benefit in severe hypogammaglobuli-
naemia, particularly in patients with diarrhoea who
are unresponsive to other treatment and in certain
patients with ataxia-talangiectasia (Ammann et al.,
1969), but should not be given to those with anti-
IgA antibodies.

Indications for immunoglobulin treatment in immuno-
globulin deficiency

Current preparations are largely IgG, with about
5% IgA. The effect of treatment is thus mainly con-
fined to transferring IgG antibodies to the blood and
interstitial fluid. The recommended doses usually
result in an increase in serum IgG of 100-200 mg/
100 ml. There is a prima facie case for this treatment
in patients with IgG deficiency. The effectiveness of
treatment will depend on the nature of the asso-
ciated immunity deficiencies. It is perhaps most
successful in X-linked agammaglobulinaemia, the
IgG deficiency of prematurity, and transient hypo-
gammaglobulinaemia. It makes no great difference
to the prognosis of patients with severe combined
immunodeficiency, and it is uncertain to what
extent it can replace such local functions as the
secretory IgA system where this is deficient. There
is evidence that IgG therapy may have prevented
recurrent meningitis in patients with IgM antibody
deficiency (Great Britain, Medical Research Council,
1971). Patients with normal immunoglobulin levels,
but with either a general or restricted defect in anti-
body response, may also benefit from immunoglo-
bulin treatment. In spite of satisfactory improve-
ments in other respects, sino-pulmonary suppuration
may still persist in some patients on immunoglobulin
therapy.

Hyperimmune immunoglobulin
Immunoglobulin from donors hyperimmune to

individual infections (e.g., tetanus, measles, or
pseudomonas) may be of value for patients exposed
to these infections. This probably applies not only
to patients with primary immunodeficiency but also to
those with defects of non-specific immunity mecha-
nisms or with hypercatabolic immunodeficiency.
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TREATMENT OF IMMUNODEFICIENCY
BY GRAFTING 1

Severe combined immunodeficiency

Efforts to correct the functional deficiencies in
these patients by grafting of tissues have included
the following:

(1) Injections of adult marrow, spleen, lymph
node, and peripheral blood cells from non-matched,
immunologically mature donors (Miller, 1967; Hong,
Gatti & Good, 1968).

(2) Thymus transplant from non-matched fetal
or adult donors.

(3) Combined fetal liver and thymus transplant
from the same unmatched donor (Hong et al., 1968).

(4) Whole bone marrow from a donor matched
with the recipient at the HL-A locus by cytotoxic
typing and mixed leucocyte reactions (Gatti et al.,
1968; Ammann et al., 1970).

(5) Implantation of presumed stem-cell fraction
from immunologically mature matched donor, with
or without thymus graft (Koning et al., 1969).

(6) Implantation of presumed stem-cell fraction
or whole marrow from a parent, combined with
prior administration of enhancing antibody directed
against HL-A antigens of the recipient (Soothill,
unpublished results).

(7) Implantation of presumed stem-cell fraction
from a parent, combined with immunosuppressive
regimen (Good, 1969; Meuwissen, Terasaki & Good,
1970).

Methods 4 and 5 have both completely corrected
combined immunodeficiency.

In many instances the injection or implantation
of blood cells, or cells from haematopoietic tissues,
of immunologically competent donors has reconsti-
tuted the immune capacity of the recipient to a
varying degree, but has regularly led to a fatal
graft-versus-host reaction (Miller, 1967). This
reaction appears 8-20 days after injection of the
foreign immunologically competent cells, and is
usually manifested by fever, Coombs'-positive
haemolytic anaemia, a characteristic erythematous
maculo-papular skin rash, bloody diarrhoea, hepa-

1 Because of the hazard both from hospital pathogens
and from the host's own microbial flora, the use of laminar
flow isolation combined with elimination of gut flora with
antibiotics is to be encouraged during all reconstitution
treatments.

tosplenomegaly, aregenerative pancytopaenia, and
death. These severe graft-versus-host reactions
in man have not been treated effectively by any
regimen. Therefore, administration of whole blood
or transplantation of immunologically competent
cells without profound modification is strictly to be
avoided in children with severe combined immuno-
deficiency (Hong, Gatti & Good, 1968; Good, 1969).
Thymus transplantation from either fetal or

mature donors has also been tried on numerous
occasions, and has never fully corrected the immuno-
deficiency (Hitzig, 1968). Establishment of the
ability to produce an electrophoretically restricted
immunoglobulin attributable to donor cells has
been reported in one case (Harboe et al., 1966),
but this was not associated with a restoration of
immune competence. It is concluded that this
approach has been given sufficient trial and has
proved ineffective (Meuwissen et al., 1969).
Combined fetal liver and fetal thymus transplants

have been tried repeatedly as an approach to the
correction of severe combined immunodeficiency.
These transplants sometimes seem to have given
temporary and minimal immunological reconstitu-
tion, but no lasting or clinically significant recon-
stitutions have been reported. It is concluded that
this method has been given a thorough trial and
has not fully corrected the immune deficiency in
any instance.

Treatment with unfractionated bone marrow
from a matched sibling donor has been attempted,
and in every instance has established an immune
capacity in the recipient child. At least five examples
of immunological reconstitution are known, and
three of these five children have remained immuno-
logically normal up to the present time for as long
as two years following the transplant. The other two
children, although dramatically restored immuno-
logically, died of pre-existing Pneumocystis carinii
pulmonary infection. Graft-versus-host reactions
have often been observed in such cases; some were
acute and severe, others persisted as a low-grade
reaction for many months, but even without treat-
ment none was fatal.
These findings parallel those of reconstitution

experiments in mice and rats, in which graft-versus-
host reactions vary in severity according to the
degree of genetic disparity between donor and
host tissues.
Another child has been completely reconstituted

immunologically by treatment with a stem cell
fraction (albumin gradient technique) from a matched
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sibling donor. No graft-versus-host reaction was
observed. This child also was given a transplant
of fetal thymus prior to the full correction of immune
capacity by the stem cell implantation (Ammann
et al., 1970). Several additional attempts to recon-
stitute children having severe combined immuno-
deficiency by implants of stem-cell preparations from
matched sibling donors have failed.

In one instance, a " marrow stem cell fraction"
from the best-matched parent, when combined with
an immunosuppressive regimen based on amethop-
terin and anti-lymphocyte globulin, resulted in
encouraging reconstitution of the immune capacity
of the recipient. This child died from intercurrent
septicaemia seven weeks after the transplant (Koning
et al., 1969; Meuwissen, Terasaki & Good, 1970).
Marrow transplantation from parent to child has

been carried out in two cases in which an attempt
was made to suppress graft-versus-host reaction
by antibody given to the child. One had a single
detectable HL-A antigen that was lacking in the
father. Human antiserum to this antigen was given,
without obvious toxic effect, prior to giving the
father's marrow cells; the graft took, and lasted
for some weeks with evidence of reconstitution of
humoral and cellular systems and without detectable
graft-versus-host disease. Nonetheless, the immune
system finally failed and the child died.

In the second child, marrow transplantation from
parent to child was combined with the injection of
anti-HL-A antibodies from the mother directed
towards the father's antigens, both prior to and
repeatedly after marrow transplantation from the
mother. Reconstitution of humoral immune res-
ponses and, to some degree, of cell-mediated immu-
nity was achieved (Buckley et al., 1970). This
approach should be encouraged because many such
children do not have a matched sibling.
The establishment of immunocompetence can

be evaluated by:

(1) Improvement of clinical status-e.g., rapid
resolution of moniliasis, etc;

(2) Serial measurements of immunoglobulin levels;
immuno-electrophoresis may be especially useful,
since the appearance of homogeneous immunoglo-
bulins has been documented;

(3) The appearance of specific humoral antibodies
following antigenic stimulation (see page 129);

(4) The appearance of iso-haemagglutinins of
donor origin; and

(5) The appearance of positive cell-mediated
immune reactions (see page 130).
The establishment of chimaerism (see page 132) is

the most reliable evidence for the take of a graft.
It can be shown by chromosome studies of lympho-
cytes if the donor was of the opposite sex to the
recipient. Furthermore, appropriate tests for red
cell antigen mosaicism and isohaemagglutinin
changes should always be performed.

These tests should be repeated periodically in
successful cases, since subsequent gradual decline
has been observed in some instances.

In summary, combined-system immunodeficiency
has flow been repeatedly corrected by bone marrow
transplantation. Administration of marrow from
a matched sibling donor, when one is available, seems
the best approach. Thymic grafting is not essential
to restore immune capacity in most of these chil-
dren. Stem-cell fractionation may help to reduce or
eliminate graft-versus-host reaction, but present
techniques may impair the effectiveness of the
transplant. When a matched sibling is not available,
marrow from a parent donor seems the next best
approach. The use of antiserum against HL-A
antigens of the host may be a valuable adjunct for
avoiding graft-versus-host reaction.

Thymic hypoplasia
Theoretically, the defect in this disorder should

be correctable by an adequate transplant of thymus
tissue. Evaluation of the influence of corrective
therapy is difficult because the degree of thymic
development is variable and some patients have
shown the development of immune capacity in
spite of deficiencies demonstrated early in life.

In two patients, the transplantation of thymus
from fetuses of 12 and 16 weeks' gestation appeared
to reconstitute thymus-dependent immune functions
that were previously lacking in these children.
As might be predicted from animal experiments, the
grafted thymus was rejected in one instance and
probably rejected in the other. In one of these
cases, immune function has subsequently declined.

Further efforts to reconstitute immune function
by thymus transplantation, in immunodeficient
children with complete thymic aplasia or severe
thymic hypoplasia, are strongly indicated.

Other disorders
Long-lasting marrow transplants from matched

sibling donors have now also been achieved in
patients with several other conditions, including
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the Wiskott-Aldrich syndrome, chronic muco-
cutaneous candidiasis, lymphoma, and leukaemia.
In these conditions, successful transplantation of
marrow has been based on the administration of
whole marrow from matched donors, combined
with vigorous immunosuppression. In none of
these conditions, however, has the marrow trans-
plant fully corrected the underlying disease. The
indications for marrow transplantation from matched

sibling donors deserve further evaluation in patients
with the Wiskott-Aldrich syndrome. Marrow trans-
plants from ideally matched sibling donors should be
tried in other patients also, as in those with hitherto
unclassified immunodeficiency states. Bone marrow
transplants from non-matched donors are probably
contraindicated in the Wiskott-Aldrich syndrome,
and marrow transplants seem of no use in sex-linked
agammaglobulinaemia.

CONCLUSIONS

(1) Two registries are to be established in associ-
ation with WHO, with the object of gathering and
recording information on cases of immunodefi-
ciency from all over the world. One registry will
comprise cases of primary immunodeficiency that
have received transplants of any immunologically
competent organ, cell, or cell product (e.g., bone
marrow, thymus, or transfer factor); it will be
organized by W. Hitzig and M. Seligmann. The
other will comprise cases of malignant tumour found
in patients with primary immunodeficiency; it will
be organized by R. A. Good, who will also arrange
for pathological material to be submitted for study
by selected pathologists. The organizers will collate
and periodically report on the material in both
registries.

(2) The standardization of diagnostic procedures
and the undertaking of additional studies related to
diagnostic tests are required.

(a) There is a need for standard preparations
of antigens for assessing antibody formation as
described on page 129. A sufficiently large
batch of such antigens should be prepared, and
aliquots should be sent, on request, for use by
clinicians investigating immunodeficiency.
(b) Methods for measuring serum antibodies should
be standardized, and further development of in
vitro tests for the measurement of cell-mediated
immunity, such as tests for cytotoxicity and
macrophage migration inhibition factors, is
necessary.

(3) Therapeutic procedures should be standardized
and assessed.

(a) Aggregates in immunoglobulin preparations
for intramuscular or intravenous injection should

be looked for with tests such as those recommended
on page 136.

(b) National agencies responsible for immuno-
globulin production should develop stable aggre-
gate-free intact IgG, without fragments and with
relatively normal in vivo survival, for the treat-
ment of patients with immunodeficiency.

(c) It would be of value to determine the relative
effectiveness of therapy with immunoglobulin
and with plasma. Clinical trials might be designed
for this purpose.

(d) Immunoglobulin preparations having high
contents of specific antibodies woufd, if available,
be valuable for treatment of patients with specific
infections.

(e) Further research is required to develop new
methods of destroying the biological activity
of lymphocytes in whole blood.

(f) Pools of immunoglobulin prepared as Cohn FII
from donors with the absence of one genetic
allotype may be valuable for the treatment of
patients with immunodeficiency who have anti-
allotype antibodies.

* *
*
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RESUME

LES CARENCES IMMUNITAIRES PRIMITIVES

Le present rapport rappelle en premier lieu diverses
donnees concemant les aspects cellulaires de la reponse
immunitaire; il met l'accent sur le r6le des cellules T
et des cellules B et examine les facteurs genetiques qui
assurent la regulation de la structure et de la concen-
tration des immunoglobulines. I1 fournit des precisions
d'ordre pratique sur les epreuves diagnostiques -
notamment methodes de titrage des immunoglobulines
seriques, selection des antigenes servant a l'immunisation
et mesure de la reponse en anticorps - et sur les epreuves
destinees a etudier la fonction lymphocytaire dans ses
rapports avec l'immunite a support cellulaire. On y trouve
aussi un certain nombre de recommandations relatives
aux etudes morphologiques des tissus lymphoides.
Un important chapitre du document, reproduit inte-

gralement ci-apres, expose une nouvelle classification
des carences immunitaires specifiques primitives.

Ces carences resultent d'une incapacite A elaborer les
vehicules de la reponse immunitaire: anticorps et lym-
phocytes sensibilises. Cette definition exclut du groupe
les troubles par hypercatabolisme, les carences immuni-
taires dues a des causes exogenes comme les rayons X
et les medicaments cytotoxiques et les carences liees a
une lymphopenie par lymphangiectasie intestinale, 'a un
neoplasme (myelomatose, leucemie, etc.), a des anomalies
du complement (constituants C3 ou C5) et au syndrome
de dysfonctionnement phagocytaire. Les rapports entre
la carence immunitaire et l'infection sont complexes
car chacune d'elles peut donner naissance a l'autre.

L'extraordinaire variabilite des donnees immunolo-
giques est un des principaux obstacles en matiere de
classification. I1 est frequent que 1'etude des facteurs etio-
logiques, fonctionnels ou structuraux, consideres iso-
lement ou dans leur ensemble, ne permette pas de classer
correctement une carence immunitaire chez l'homme.
Le tableau 2 donne une liste de syndromes caracterises
lies a une carence immunitaire bien definie. I1 reste
que dans la majorite des cas de carence immunitaire
aucune classification precise ne peut etre formulee et

on est amene a les grouper sous I'appellation ((carences
immunitaires variables *.

Le groupe des carences immunitaires variables com-
prend probablement un grand nombre de syndromes,
car on ne dispose que de peu d'informations precises
sur les aspects cliniques et les causes. On y range actuel-
lement des cas 6tiquetes autrefois hypogammaglobuli-
n6mie * congenitale * non liMe au chromosome X (ou
sporadique), #dysgammaglobulinemie * primitive de
l'enfant ou de l'adulte, et hypergammaglobulinemie pri-
mitive ( acquise *. On espere, par une analyse soigneuse
de ces cas (date d'apparition de la maladie, 6tude des
immunoglobulines, etudes de familles, recherche des
troubles associes), arriver a definir un certain nombre de
syndromes homogenes en se fondant sur des m6canismes
hereditaires determines ou sur d'autres facteurs etiolo-
giques. En depit de donnees experimentales interessantes
attribuant a des deficiences endocriniennes une action
sur le developpement du systeme immunitaire, on n'a
pas encore signale de syndromes caracteristiques pouvant
etre rattaches a cette etiologie.
Un chapitre du rapport expose les principes essentiels

du traitement des carences immunitaires, une section
etant consacree a la prophylaxie de l'infection, une autre
a la therapeutique par les immunoglobulines sous diverses
formes, et une troisieme aux indications et contre-
indications de l'emploi des greffes. Les resultats obtenus
dans certains cas sont commentes.

I1 est prevu d'etablir deux registres. Le premier com-
prendra les cas de carence immunitaire primitive traites
par des transplants d'organes, de cellules ou de produits
cellulaires immunologiquement competents. Dans le
second, seront consignes les cas de tumeur maligne
observes chez des malades atteints de carence immuni-
taire primitive.
On souligne enfin la necessitd d'uniformiser les

methodes de diagnostic et de traitement et des propo-
sitions concretes sont faites quant aux moyens d'y par-
venir.
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