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Now able to treat or cure many of the most serious forms of
primary immunodeficiency,1-3 clinical immunologists are in-
creasingly concerned about the long-term outcomes and quality
of life issues their patients live with as a result of medical inter-
vention.4 There is no better way to illustrate a very happy result
of immunologic reconstitution than the Journal cover picture of
life photographs of a patient with common variable immunodefi-
ciency who was diagnosed at 11 years of age and begun on
monthly intravenous immunoglobulin replacement therapy. She
went on to accomplish her dreams with a college degree, medical
degree, and specialty board certification. Dr Jennifer Pate now
gives to other patients the healing power she was able to obtain
by maintaining her own health with regular immunologic treat-
ments. Dr Pate validates the hypothesis that definitive treatment
of patients with primary immunodeficiency will enable them to
live life to the fullest and take their place in society.

Perhaps the most challenging patients are those who require
hematopoietic stem cell transplantation (HCT) as infants to be
able to survive a world of opportunistic microbes. Severe
combined immunodeficiency disease (SCID) is the title given to
many types of diseases represented by severe congenital defi-
ciencies of T lymphocytes, which may occasionally involve B
and/or natural killer cells also. Clinical immunologists have been
giving bone marrow transplants to patients with SCID for 40
years, initially using only HLA-compatible sibling donors,5,6

but later also HLA-mismatched related donors,7,8 HLA-matched
unrelated donors,9 and partially HLA-matched cord blood.10 Ma-
ture T lymphocytes are removed from HLA-mismatched related
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donors by soybean lectin separation,7 mAb-mediated lysis,11 or
positive selection of CD341 cells12; these are different methods
to deplete the graft of donor-derived allogeneic T cells that would
otherwise produce lethal graft-versus-host disease. Prophylactic
and therapeutic immunosuppressive agents have also been used
to reduce the effects of graft-versus-host disease. Whether infants
with SCID should be treated with conditioning agents before
HCT to create a space in the bone marrow for newly transplanted
stem cells remains a controversial issue. Proponents of this ap-
proach say that there is better engraftment of hematopoietic
stem cells if infants with SCID are treated with drugs such as bu-
sulfan, cyclophosphamide, and fludarabine.2,3 Opponents claim
that because infants with SCID lack mature or functional T cells,
no cytoreduction is necessary, and the toxicity and bone marrow
suppression of these agents are avoided.1

Relatively few long-term outcome studies of bone marrow–
transplanted children with SCID have appeared, and most of those
published are from Europe.13-15 For this purpose, a consortium of
institutions in North America recently came together to evaluate
different methods of HCT for patients with and without SCID,
with the ultimate goal to identify best practices and plan future
clinical research trials.16 This conference of experts recommen-
ded (1) a comprehensive cross-sectional and retrospective analy-
sis of survivors after HCT for SCID; (2) a prospective study of
patients with SCID receiving HCT, with comparable baseline
and follow-up testing across participating centers; (3) a pilot
study of newborn screening for SCID to identify affected infants
before compromise by infection; and (4) for the non-SCID dis-
eases, Wiskott-Aldrich syndrome and chronic granulomatous dis-
ease, studies of the natural history of disease in patients who do or
do not receive HCT. Clinical questions proposed by the consor-
tium include (1) the genetic variant and phenotype of SCID and
non-SCID diseases; (2) patient demographics and treatment his-
tory; (3) the type of HCT with respect to donor, source of stem
cells, and use of conditioning; and (4) the clinical outcome of im-
mune reconstitution. Among the latter studies, the general health
of the patients, presence of graft-versus-host disease, autoim-
mune conditions and malignancies, function of organ systems,
psychosocial development, neurobehavioral development, and
neurocognition will be assessed. Among the 34 centers forming
the consortium, approximately 500 of 750 transplanted infants
with SCID are alive, 200 of 250 transplanted patients with Wis-
kott-Aldrich syndrome are alive, and 46 of 59 transplanted pa-
tients with chronic granulomatous disease are alive. The
numbers of infants born with these 3 conditions per year are 50
to 60, 20 to 30, and 10 to 20, respectively. With these numbers
of immunodeficient patients born each year, it will be possible
to address the understudied areas of neurodevelopment and neu-
rocognition and to follow children through adolescence and early
adulthood. In a recent short-term study, Lin et al17 demonstrated
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significant loss of mental development and the psychomotor scale
index in the first few years after hematopoietic stem cell trans-
plantation, but the small number of children (n 5 16) and limited
follow-up (3 years) make enlarged and longer studies imperative.
A larger study of infants with SCID who have received HCT in the
United Kingdom demonstrated an increased long-term risk of
cognitive difficulties and behavioral disorders.4 What is critically
needed is the type of information conveyed in the cover picture of
this issue of the Journal in which patients recover and go on to
lead normal, productive lives. Because HCT is the treatment of
choice today for SCID, it is important for consortium centers to
work together to study surviving patients, and appropriate that
comparable assessments be performed for the prospective pa-
tients, as proposed by the consortium.

In addition to the workshop summary on bone marrow trans-
plantation of patients with SCID, this immunodeficiency thematic
issue is spilling over with review, opinion, and original articles on
primary immunodeficiency. In the first of these, Patel et al18 de-
scribe an overall 60% long-term survival rate of 25 patients
with SCID transplanted between 1981 and 1995: 50% survival
(10-19 years) for 20 patients given HLA-mismatched related do-
nor bone marrow depleted of T cells with anti-CD6 mAb, and
100% survival (19-26 years) for 5 patients given unmanipulated
matched related donor bone marrow. None of these 25 patients
were pretreated to achieve cytoreduction of the bone marrow.
The barriers to survival were identified as (1) delay in diagnosis,
(2) pretransplant infection, (3) failure to engraft, and (4) chronic
graft-versus-host disease. Almost all children achieved educa-
tional goals including college attendance, and 3 of the older
patients have become parents of healthy children. Continuing
on with articles on bone marrow transplantation for immunodefi-
cient patients, we have a perplexing article by Pai et al19 that de-
scribes successful correction of the immunodeficiency in patients
with mutations in the nuclear factor-kb essential modulator
(NEMO), but not the associated colitis. This single patient obser-
vation is illuminating because it strongly suggests that hematopoi-
etic stem cells can correct gene defects in lymphoid and myeloid
cell lineages but not those of other cell origins—mucosal epithe-
lial cells, in this instance. This article also is valuable because it
represents the first report on the use of preimplantation genetic di-
agnosis to identify an unaffected and HLA-matched embryo who
after birth served as a donor to cure an immune deficiency (NEMO
deficiency) that had been diagnosed in an affected sibling. Also
pertinent to the subject of bone transplantation is the report by
Somech et al20 that suggests high-dose (30 mg/kg) methylprednis-
olone pulse therapy is effective in reducing the threat of acute and
chronic graft-versus-host disease in patients with SCID treated
with matched unrelated bone marrow. The consortium network
of investigators, including this Toronto group, advocates long-
term follow-up of these patients to guard against possible toxic
effects of such novel therapies.

Turning to the review articles contained in this issue of the
Journal, first, we have a current review of the genetic heteroge-
neity of mendelian susceptibility to mycobacterial diseases by
Al-Muhsen and Casanova.21 Areas of the world where consan-
guineous marriages are common provide study cohorts in which
new types of inheritance patterns of immunodeficiency are being
discovered that result in an unusual susceptibility to mycobacte-
rial infections. Six genes, if mutated, produce this rare immuno-
deficiency: 1 X-linked gene (NEMO) and 5 autosomal genes
(IFN-g receptors 1 and 2, signal transducer and activator of
transcription 1, IL-12b, IL-12 receptor b1). Of the latter, the
IFN-g receptor 2, IL-12b, and IL-12Rb deficiencies are inherited
as autosomal recessive traits, signal transducer and activator of
transcription 1 deficiency causing isolated mendelian susceptibil-
ity to mycobacterial diseases is autosomal dominant, and the
IFN-g receptor 1 may be autosomal dominant or recessive. The
multiplicity of genetic inheritance patterns for rare immunodefi-
ciencies offers unusual insights into their genetic origins. Equally
compelling is the second review (Mechanisms of allergic dis-
eases) article that seeks to provide insight into the long fascinating
observation of high serum IgE levels in patients with profound
immunodeficiencies. Ozcan et al22 focus on 4 immunodefi-
ciencies in which strikingly high IgE levels are found: hyper-
IgE syndrome; Wiskott-Aldrich syndrome; immunodysregula-
tion, polyendocrinopathy, enteropathy, X-linked (IPEX); and
Omenn syndrome. The authors conclude that the basis of eleva-
tion of IgE in the Wiskott-Aldrich syndrome; IPEX; and Omenn
syndrome is probably related to increased TH2 cytokine produc-
tion as a result of decreased CD41CD251Forkhead box P31 reg-
ulatory T cells, but that of the hyper-IgE syndrome remains to be
discovered. The authors also note that IgE levels become elevated
after bone marrow transplantation during the graft-versus-host
reaction, presumably because of similar defective regulatory
mechanisms.

Besides these review articles, other invited articles offer unique
or provocative insights into primary immunodeficiency. The case
study by De Ravin et al23 relates an impressive number of autoim-
mune conditions emerging in 6 representative cases of chronic
granulomatous disease, suggesting that such patients are at risk
for antiphospholipid syndrome, recurrent pericardial effusion,
juvenile idiopathic arthritis, IgA nephropathy, cutaneous lupus er-
ythematosus, and autoimmune pulmonary disease. Villa et al24 in
a Rostrum article make a strong case for the diversity of genetic
origins of the Omenn syndrome (hepatosplenomegaly, erythro-
dermia, respiratory infections, eosinophilia, severe immunodefi-
ciency). Mutant recombinase activating genes (RAG) 1 and
RAG2 were suspected as the genetic basis for Omenn syndrome,
but subsequent experience has demonstrated the typical pheno-
type of Omenn syndrome in cartilage hair hypoplasia, adenosine
deaminase, Artemis deficiency, DiGeorge syndrome, Coloboma,
Heart anomaly, choanal Atresia, Retardation, Genital and Ear
anomalies (CHARGE) syndrome, and ligase-4 deficiency.25 The
authors� position is that Omenn syndrome is not a distinct form
of combined immunodeficiency and lacks a specific genetic de-
fect. Rather, they maintain that it is a generalized inflammatory
condition associated with multiple genetic mutations that produce
T-cell deficiency. The Current Perspectives article by Notarangelo
and Sorensen26 addresses the pertinent question of whether clin-
ical immunologists need to identify the molecular origins of pri-
mary immunodeficiency in their patients, a question increasingly
important with third party payers and litigation experts. This arti-
cle grew out a pro/con debate at the 2008 annual meeting of the
American Academy of Allergy, Asthma, and Immunology. The
pro part of the debate focused on the importance of medical
advances in immunodeficiency made possible by detection of mu-
tant genes, whereas the con argument presented societal concerns
such as loss of insurability and confidentiality. Both sides came to
a consensus on the absolute value of detection of genetic origins,
but stressed the need to validate the pathogenetic role of gene
mutations by means of independent studies that analyze protein
expression and/or function. The authors also emphasize the
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urgency to discover biomarkers that would help identify the dif-
ferent forms of genetically heterogeneous diseases and facilitate
more specific forms of therapy.

A number of excellent and informative original articles and
letters are contained in this special issue on primary immunode-
ficiency. Davis et al27 studied serial T-cell proliferative responses
to Candida and tetanus antigens in 93 patients with partial
DiGeorge syndrome: 46% of patients who had received 3 tetanus
immunizations developed persistent Candida and tetanus re-
sponses, but 35% did not develop Candida or tetanus responses.
Almost all of the latter patients had initial T-cell counts less
than the 10th percentile. Protective tetanus specific IgG antibody
responses (>0.10 IU/mL) were detected in all 72 patients tested,
ages 2 to 85 months. The authors conclude that some patients with
partial DiGeorge syndrome with low T-cell counts may not de-
velop Candida and tetanus cellular immune responses. Gambineri
et al28 evaluated 14 patients with IPEX and documented a total of
13 missense and splice-site mutations. Similar genotypes did not
always yield similar phenotypes with regard to presentation and
severity of disease. Moreover, FOXP3 protein expression could
not be used as the sole diagnostic test for IPEX. Hanson et al29

evaluated the phenotypic presentation of 72 patients with 32 dif-
ferent NEMO mutations who had the following clinical condi-
tions: ectodermal dysplasia, 81%; pyogenic infection, 76%;
mycobacterial infection, 39%; viral infection, 19%; and inflam-
matory disorders, 21%. Hypomorphic reconstituted NEMO cells
were used to define specific disease and genetic characteristics,
thus providing new understanding of the genetic mutations that
contribute to the phenotypic expression of a complex disease.
Continuing in a similar line of investigation, Kavadas et al30 com-
pared mutations in the ribonuclease mitochondrial RNA pro-
cessing (RMRP) gene with phenotypic expressions of the
cartilage hair hypoplasia syndrome. Nine of the patients had se-
vere immunodeficiencies that were associated with mutations in
the gene promoter region, and CD81 T lymphocytopenia was pre-
sent in 4 patients. Skeletal abnormalities were not always present,
although short stature was more common. These findings suggest
that RMRP gene defects should be considered in SCID of un-
known origin. Nahum et al31 report on the association of the
R620W variant of lymphoid tyrosine kinase with chronic muco-
cutaneous candidiasis, recurrent microbial infection caused by
antibody deficiency, and autoimmune conditions such as hypo-
thyroidisms and gonadal failure. Ehlayel et al32 report the highly
unusual case of a 7-year- old girl child from the Middle East with
2 rare immunodeficiencies: IL-12 receptor b 1 deficiency and
ataxia telangiectasia. Last, Sheehan et al33 report on the unusual
case of Omenn syndrome with RAG point mutations on the mater-
nal allele along with a contiguous deletion encompassing both
RAG1 and RAG2 genes and paired box gene 6 (PAX6) (causes an-
iridia) on the corresponding region of the paternally derived chro-
mosome 11 in a 3-month-old boy. The authors suggest that
molecular cytogenetic studies should be performed in patients
with a complex phenotype suggestive of a contiguous gene dele-
tion syndrome.

In summary of this précis of the articles for this issue devoted to
primary immunodeficiency, I want to return to the original theme:
Improved Treatment of Immunodeficiency: Outcome and Quality
of Life. The first report of the phenotypic description of an
immunodeficiency was made in 1926.34 In the intervening years,
comprehensive studies of clinical characteristics of more than 130
immunodeficiencies have been made, genetic and molecular
bases for these diseases have been described and will continue,
and vastly improved methods of diagnostic treatment of various
immunodeficiencies have been devised as chronicled in special is-
sues of the Journal devoted to primary immunodeficiency and
technology.35-38 However, because the ultimate repair of genetic
deficiencies by gene therapy has not been widely adapted to clin-
ical practice, intravenous immunoglobulin and HCT have been
and will continue to be used to save children and adults with se-
rious immunodeficiencies. Particularly with cellular reconstitu-
tion that involves serious health risks, the outcome benefits
must outweigh the risks, and the quality of life for rescued
patients must be good. All the clinical and basic research in this
issue of the Journal and in other recent issues devoted to immuno-
deficiency must be directed toward that purpose.
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