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Necrotizing enterocolitis in an infant with Omenn
Syndrome

Megan K. Lynch, M.D., Carolyn H. Jones, Ph.D., M.D., Annick Gaye, M.D., and
Kristin K. D. Manteuffel, M.D.

ABSTRACT

Omenn syndrome (OS) is a rare disorder within the combined immunodeficiency family that is characterized by a diffuse
exudative, erythematous rash, lymphadenopathy, hepatosplenomegaly, alopecia, and failure to thrive. Specific lab findings
unique to OS include hypereosinophilia, elevated IgE, excess production of oligoclonal T-cells and near-to-absent B-cells. Much
remains elucidated about the underlying genetic cause of OS. Until recently, it was felt that the disease was primarily caused
by mutations of the RAG1 or RAG2 genes. The type of mutation of the RAG1 and RAG2 genes in patients with OS affects
the degree of functioning variable (diversity) joining [V(D)J] recombination activity, which is critical to the development of
lymphoid cell receptor diversity. New work has also shown that thymic tissue in OS patients demonstrates a severe defect in
the expression of the autoimmune regulator element. This may contribute to the development of autoreactive T-cells that are
felt to be the causative agent of a number of the clinical hallmarks unique to OS. The genetic spectrum of OS was further
expanded when a patient with clinical and immunologic features consistent with OS, without RAG mutation, was found to
have mutations in both alleles coding for ARTEMIS, a key V(D)J recombination/DNA repair factor. Regardless of the
underlying cause, early recognition is critical because patients die at a very young age without bone marrow transplantation.
We describe an infant diagnosed with OS post-mortem in which death was directly related to the development of necrotizing
enterocolitis.

(Allergy Asthma Proc 27:537–543, 2006; doi: 10.2500/aap.2006.27.2893)

Omenn syndrome (OS) is a rare disorder within the
combined immunodeficiency family that is charac-

terized by a number of peculiar findings including a dif-
fuse exudative, erythematous rash, lymphadenopathy,
hepatosplenomegaly, alopecia, and failure to thrive. Spe-
cific laboratory findings unique to OS include hypereosi-
nophilia, elevated IgE, excess production of oligoclonal T
cells, and near-to-absent B cells. Much remains elucidated
about the underlying genetic cause of OS. Until recently, it
was felt that the disease was primarily caused by muta-
tions of the recombinase activating gene (RAG) 1 or RAG2.
The type of mutation of the RAG1 and/or RAG2 gene in
patients with OS affects the degree of functioning variable
(diversity) joining [V(D)J] recombination activity, which is
critical to the development of lymphoid cell receptor di-
versity. The end result of poorly functional V(D)J recom-
bination is the development of a severely restricted T-cell
repertoire. New work also has shown that thymic tissue in
patients with OS shows a severe defect in the expression of
the autoimmune regulator element (AIRE). This defect
contributes to the development of autoreactive T cells that
are felt to be the causative agent of a number of the clinical

hallmarks unique to OS. The genetic spectrum of OS was
expanded further when a recent case report of a patient
with clinical and immunologic features consistent with
OS, without mutation of RAG1 or RAG2, was found to
have mutations in both alleles coding for ARTEMIS, a key
V(D)J recombination/DNA repair factor. Regardless of the
underlying cause, early recognition is critical because pa-
tients die at a very young age without bone marrow trans-
plantation. We describe an infant diagnosed with OS post-
mortem in which death was directly related to the
development of necrotizing enterocolitis.

CASE PRESENTATION
This infant was born full-term to a 32-year-old G2P1001

mother with negative serologies. There was no consan-
guinity and both the family and the maternal history were
unremarkable. The mother received regular prenatal care
and both the pregnancy and the delivery were unremark-
able.

In the regular newborn nursery, the baby was afebrile,
vital signs were appropriate, and growth parameters were
normal for gestational age. The baby appeared well overall
and on exam was noted to have a diffuse, erythematous
desquamating rash on the face, arms, legs, abdomen, ax-
illa, and groin area along with scattered petechiae on the
nose and ears. Like the mother, the infant’s blood type was
O�. A complete blood cell count at the time of birth was
significant for a mildly elevated white blood count with a
predominance of eosinophils (Table 1).

Approximately 30 hours of life, the infant developed
increased work of breathing and was started on oxygen. A
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chest radiograph at the time was unremarkable, as were
the results of a lumbar puncture. Blood and urine cultures
were sent. On transfer to the neonatal intensive care unit,
the infant was noted to have the rash as described, a
positive Nikolsky sign, facial edema, a palpable axillary
lymph node, and purulent drainage from the eyes, lips,
and nares. Antibiotics were started for presumed staphy-
lococcal scalded skin syndrome.

The following day, a basic metabolic panel, bilirubin
panel, ammonia, lactic acid, disseminated intravascular
coagulation, and coagulation studies were all found to be
age appropriate. Direct fluorescent antibody of the skin
lesions was found to be negative for varicella and herpes.
Cultures of the facial drainage grew coagulase-negative
Staphylococcus and group D enterococci. Blood for serum
immunoglobulins was sent (Table 2) and an RAST for
milk, soy, casein, a-lactalbumin, and b-lactoglobulin were
all class 0. Additionally, it was discovered that the urine
culture from 2nd day of life was positive for Klebsiella
pneumoniae.

On the baby’s 5th day of life, the stools were noted to be
watery and one stool was positive for occult blood. HIV
and hepatitis C tests were negative at the time. The baby
also required occasional doses of i.v. bicarbonate for a
persistent metabolic acidosis found on serial blood glasses.
During the days to follow, the infant continued to have an
elevated eosinophil count (Table 1). Vitamins A, D, E, and
K were started because there was concern that the baby
was suffering from a vitamin deficiency, specifically bi-
otin. The genetic service was consulted and liver function

tests, serum amino acids, and urine organic acids were
found to be within normal range. The state newborn
screen was normal, as were chromosomes, including fluo-
rescent in situ hybridization for 22q11. Because of the
intermittent episodes of desaturations and lethargy, oxy-
gen was started and a nasogastric tube was placed to assist
with feedings.

On the 10th day of life, the erythematous desquamating
rash from birth remained despite antibiotic coverage for
presumed staphylococcal scalded skin syndrome, in addi-
tion to new eruptions of scattered erythematous papules
and scalp alopecia. A skin biopsy (see Fig. 1) was per-
formed at that time and showed the nonspecific finding of
spongiotic dermatitis with few eosinophils. A hair study
was performed and there was no evidence of trichorrhexis
invaginata, making the diagnosis of Netherton syndrome
less likely. Based on the results of the skin biopsy, in
addition to the persistent erythematous desquamating
rash, the diagnosis of congenital ichthyosis erythroderma
was entertained. However, the infant was not found to
have a mutation of the transglutaminase 1 gene, often seen
in congenital ichthyosis

At the end of the 2nd week of life, the infant was noted
to have worsening edema that was felt to be the result of
ongoing protein losses from persistent diarrhea and skin
desquamation. An echocardiogram was performed, which
was negative for any type of thrombotic or infiltrative
process. The infant was given bronchodilators for wheez-
ing and ultimately required mechanical ventilation due to
worsening respiratory distress. A chest radiograph at the
time of intubation was unremarkable but a tracheal aspi-
rate grew out Gram-negative bacilli.

The next day the baby was found to have abdominal
distension and worsening bilateral axillary lymphadenop-
athy on physical exam. An abdominal radiograph at that
time showed extensive pneumatosis intestinalis and hepa-
tobiliary air consistent with necrotizing enterocolitis. The
baby was taken to the operating room where diffuse ne-
crosis of the small intestine and air in the tissues and right
colonic wall were discovered. The parents were informed
of these findings and their implications for a dismal prog-
nosis, and the decision was made to withdraw support.

After parental consent, an autopsy was performed
and a number of interesting findings were discovered.

Table 1 Serial complete blood cell count

DOL# 1 3 6 7 10 14 16

WBC (kU/L) 35.2 15.6 16.1 19.2 18.7 16.8 9.3
Hb (gm/dL) 18.2 16.7 14.4 15.1 14.0 10.2 12.1
Hct (%) 54.6 49.9 41.9 44.1 40.8 29.5 34.5
Plt (kU/L) 212 224 164 170 166 75 69
Bands (% WBC) 0 1 6 4 5 7 30
Segs (% WBC) 62 36 8 10 14 10 3
Lymphs (% WBC) 5 11 21 19 43 42 49
Mono (% WBC) 9 13 11 9 9 15 8
Eo (% WBC) 21 39 46 39 27 21 4

Table 2 Serum IgG, IgM, IgA, and IgE levels

Case
report

Term (cord) 1 month

IgG (mg/dL) 300 1121 (636–1606) 503 (251–906)
IgM (mg/dL) 5 13 (6.3–25) 45 (20–87)
IgA (mg/dL) 7 2.3 (1.4–3.6) 13 (1.3–53)
IgE (IU/ml) 13 0.22 (0.04–1.28) 0.69 (0.08–6.12)

Bold numbers are abnormal findings in the case report.
Numbers in parentheses are the 95% confidence intervals.
From Refs. 65, 66, 67.
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Additional examination of the skin showed lichenoid
interface dermatitis (a predominantly T-lymphocytic in-
filtrate) with basal layer vacuolar change, reduced gran-
ular layer, and scattered eosinophils. The lungs were
found to have early focal bronchopneumonia with mod-
erate-to-severe pulmonary congestion. The gastrointes-
tinal tract showed extensive mucosal necrosis of the
entire ileum and most of the jejunum, along with re-
duced numbers of Peyer’s patches with lymphocytic
depletion, and congestive hepatomegaly. Also found
was splenomegaly with near absence of white pulp
along with diffuse lymphadenopathy with near absence
of B cells. The thymus showed hypoplasia with com-
plete absence of Hassall’s corpuscles. Most significant
was the finding of a diffuse eosinophilic infiltrate (in-
cluding mature and immature eosinophils) involving
multiple organ systems including the skin, thymus, tra-
chea, lungs, epicardial surface, lymph nodes, gastroin-
testinal tract, pancreas, and spleen thus causing a gen-
eralized organitis.

CASE DISCUSSION
The constellation of cutaneous, thymic, and hematolym-

phoid findings described in the aforementioned patient

are consistent with, though not in and of themselves, a
diagnosis of OS. DNA analysis performed postmortem
showed two mutations of the RAG1 genes, establishing the
diagnosis of OS. Both parents were subsequently found to
be carriers for a separate heterozygous mutation of the
RAG1 gene.

OS, referred to as familial reticuloendotheliosis, was first
reported by Gilbert Omenn in 1965. He described 12 in-
fants in 6 sibships of an inbred Irish American family that
all presented with severe skin eruptions, hepatospleno-
megaly, generalized lymphadenopathy, hypogamma-
globulinemia, and marked eosinophilia.1 All cases eventu-
ally developed a febrile illness that progressed inexorably
to a fatal outcome within 2–6 months of life.1 Since this
first report, and as of 2001, there have been �70 cases
reported in the literature.2

OS is an autosomal recessive form of severe combined
immunodeficiency disease with a genetic defect mapped
to chromosome 11 that often is associated with a number
of specific physical exam and laboratory findings.3 Despite
its rarity and peculiar findings, early recognition is critical
as the majority of patients with OS die of overwhelming
infections with severe metabolic disturbances within the
first months of life.2,4

In a recent review of the cases reported in the literature,
the median age at clinical presentation was 2.5 weeks, with
all cases presenting before the age of 20 weeks.2 Based on
this review, the clinical hallmarks of OS include an ery-
thematous, exfoliative skin disorder, scalp alopecia, hepa-
tosplenomegaly, and lymphadenopathy.2 The majority of
OS patients develop extensive diarrhea, hypoalbumine-
mia, failure to thrive, and overwhelming opportunistic
infections.2 This same review showed that more than one-
half of affected infants develop an increased white blood
cell count and one-quarter have an elevated lymphocyte
count, thus differentiating it from most other forms of
severe combined immunodeficiency (SCID).2 The majority
of patients with OS have markedly elevated eosinophil
counts and IgE levels, making both hallmark findings of
the disease.2 The T cells in patients with OS have a very
poor proliferative responses in vitro.5–7 In vitro activation
leads to increased production of interleukins (IL) 4 and 5,
while IL-2 and interferon (IFN) � are hardly synthesized,
thereby showing a T-helper 2 phenotype.7–9 The high lev-
els of IL-5 is thought to contribute to the marked eosino-
philia and the low levels of IFN-�, which has been re-
ported to normally inhibit IgE production, may explain the
high levels of IgE.7,9 Another specific laboratory marker
found in the majority of patients with OS is the near-to-
absent B cells, along with hypogammaglobulinemia, de-
spite elevated IgE.2

The key to making the diagnosis of OS, in addition to
recognizing the clinical hallmarks as described previously,
is to understand the complex immunology of the disease.
Until recently, it was felt that the primary genetic defect
leading to OS was due to mutations involving RAG1 and
-2.3,10–12 These genes encode for two key lymphoid-spe-
cific proteins that are essential for the initiation of the
V(D)J recombination process.3,13

Figure 1. Skin Biospy: Spongiiotic Dermatitis with few consi-
nophils
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All of the immunoglobulin and T-cell suppressor (TCR)
protein chains consist of two structural domains, the con-
stant and the variable regions; the latter are responsible for
the specific binding to antigen.14 V(D)J recombination is
the process leading to the generation of variable domains
through the assembly of one segment each from a set of
variable (V), joining (J) and in some cases, diversity (D)
subgeneic elements.14,15 Fully functional V(D)J recombina-
tion activity, central to the differentiation of B and T cells,
allows for the development of an extensive degree of
antigen receptor diversity, in turn giving the host the
capacity to effectively defend against a wide array of for-
eign pathogens.16 Impairment in this process leads to both
humoral and cellular immune deficits.17,18

The RAG1/2 complex plays a critical role in the V(D)J
rearrangement process by recognizing recombination sig-
nal sequences (RSSs) that flank all V, D, and J segments
and causing a DNA double-strand break in these
RSSs.19–24 Ultimately, through a complex process of “cut-
and-paste” involving the RAG1/2 proteins and several
other molecules that act in concert together, different com-
binations of V(D)J gene segments are brought together
creating a diverse repertoire of antigen receptors.14,20,21

Complete absence of the recombination activity of RAG1
and/or RAG2 proteins, because of null mutations, leads to
an absence of antigen receptors and, ultimately, a T-/B-
SCID.13,14,25 Patients with the clinical phenotype consistent
with OS have been found to have mutations that lead to
partial or impaired, but not eliminated, activity of the
RAG1 and RAG2 proteins.2,3 This partial RAG activity,
often referred to as “leaky mutations,” leads to a markedly
decreased degree of V(D)J recombination, which does al-
low for T-cell receptor gene rearrangement to occur but
with reduced efficiency.2,3,26 This limited T-cell receptor
gene rearrangement contributes to the finding that the
peripheral and thymic T cells in patients with OS are of
oligoclonal origin with a highly restricted T-cell receptor
repertoire.16,26,27 It remains unclear why partial V(D)J re-
combination activity in OS leads to strongly reduced num-
bers and functionally deficient B lymphocytes.2,13 It is felt
that for yet unknown reasons, B-cell differentiation relies
more strictly on intact V(D)J recombination machinery.

Recent work by Villa et al. analyzed the RAG mutations
of 45 affected patients and concluded that the clinical and
immunologic phenotypes of patients with RAG mutations
are much more diverse than once thought and that the
clinical and immunologic phenotype is determined in part
by the specific type and site of RAG mutation.14 The nine
patients that presented with classic T-/B-SCID did in fact
carry null mutations caused by either nonsense or mis-
sense mutations that all resulted in a lack of RAG1 or
RAG2 protein expression.14 The 17 patients considered to
have a phenotype consistent with classic OS (erythro-
derma, lymphadenopathy, and hepatosplenomegaly)
were all found to carry at least one missense mutation of
either RAG1 or RAG2, with the majority having missense
substitutions on both alleles.14 The group’s work also dis-
covered an intermediate class of patients with some T (and
occasionally B) cells but without the frank stigmata of

OS.14 This group of 11 patients was referred to as having
atypical SCID/OS.14 These atypical patients also carried
missense mutations of RAG1 and/or RAG2 and, interest-
ingly enough, this group of patients even shared some of
the same mutations as those with a classic OS phenotype.14

Work by Corneo and colleagues recently reported on
nine patients in which three of the patients’ mutations
should have, in theory, not been compatible with RAG
activity and in turn should have led to a phenotype con-
sistent with a complete T-/B-SCID.19 For unknown rea-
sons, these patients instead presented with a phenotype
consistent with OS.19 Additionally, other RAG mutations,
specifically RAG2-R229Q, RAG1-�T631, and RAG1-
R561H, have been reported in patients with T-/B-SCID
and OS alike.3,19,25,26 The reason why residual V(D)J re-
combinase activity, in the context of mutated RAG pro-
teins, does not always cause the classic OS phenotype has
raised the possibility of additional factors, still to be de-
termined, that are required for the development of classic
OS.19 One hypothesis questions the possibility of a partic-
ular antigen, either a genetically encoded antigen or an
environmental antigen, that when present in patients with
OS but not in those with SCID, triggers surviving T cells to
expand and autoactivate out in the periphery, especially
within the gut and in the skin.9,14,19,26

The patient described previously was found to be a
compound heterozygote carrying two different mutations
on both of her RAG1 alleles. She inherited the missense
mutation R396c from her father and the C256 mutation
from her mother. R396 is within the homeodomain of
RAG1 and mutation of it reduces binding of the RAG
protein to the RSS, while it has no effect on the RAG1/
RAG2 interaction.3,14 Villa et al. described a family in
which two siblings were homozygous for the R396c mu-
tation of the RAG1 alleles in which one brother presented
with classic OS and the other was classified as having
atypical SCID/OS.14

Patients with a phenotype consistent with OS but with-
out RAG mutations also have been reported and still no
other genetic defects other than RAG mutations have been
reported as the molecular cause of OS.2 Ege et al. reported
on such a case in which a 5-month-old male baby, free of
RAG1 or RAG2 gene mutations, presented with failure to
thrive, septicemia, lymphadenopathy, hepatosplenomeg-
aly, erythrodermatitis, alopecia, numerous eosinophils,
marked proliferation of histocompatibility antigen (HLA)-
DR� CD45R0� T cells, and absent B cells.28 Maternofetal
transfusion was excluded and the patient’s T-cell receptor
repertoire was noted to be severely restricted despite nor-
mal V(D)J recombination coding joints.28 Genetic, bio-
chemical, and functional analyses pinpointed hypomor-
phic ARTEMIS mutations as the molecular cause of the
patient’s OS phenotype.28

After recognition of the RSSs flanking the V, D, and J
subgenic elements, the RAG proteins introduce a nick in
the DNA double strand between the coding V, (D), or J
element and the heptamer of its flanking RSS.20,21,28–30

Once cut, the resulting 3�-OH DNA end attacks the oppo-
site end, which leads to the formation of a coding end
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hairpin at the ends of the V, (D), and J segments.28 The
corresponding coding end hairpins are reopened and
joined by ubiquitously expressed factors of the nonho-
mologous end joining DNA repair pathway that works to
ensue resolution of the RAG1/2-induced DNA, thus al-
lowing for V(D)J recombination to continue.28,31 Recent
work showed that lack of ARTEMIS in humans, a protein
responsible for opening up such coding end hairpins,
leads to the phenotype of T-/B-SCID.28,31–33 Fibroblasts
and hematopoietic stem cells in bone marrow, deficient in
ARTEMIS, have been shown to establish increased sensi-
tivity to ionizing radiation and, therefore, the resulting
SCID often is referred to as “radiosensitive SCID.”34 The
patient described by Ege and colleagues, while having
clinical and laboratory findings consistent with OS with-
out RAG mutations, was indeed found to have increased
fibroblast irradiation sensitivity.28 Further evaluation of
the ARTEMIS gene showed mutations on both the mater-
nal and the paternal alleles, which did not allow for hair-
pin opening activity in vitro and it was not functional with
in vivo V(D)J recombination assay.28 It is felt that the
hypomorphic mutations of this important nonhomologous
end joining factor was, indeed, the cause of the patient’s
OS phenotype.28

The limited T-cell receptor gene rearrangement caused
by leaky RAG mutations contributes to the finding that T
cells in patients with OS are of oligoclonal origin with a
highly restricted T-cell receptor repertoire.9,16,26,27,35 The
anomaly of a high number of T cells in a form of SCID can
be explained in part by the oligoclonal nature of the T-cell
repertoire because of continuous antigenic stimulation out
in the periphery that in combination with intrathymic
restriction, leads to poorly functional, autoreactive T lym-
phocytes.9,16,27 Negative selection of thymocytes is depen-
dent on expression of trace amounts of tissue-specific an-
tigens presented by medullary epithelial cells. AIRE is a
transcriptional activator expressed by these medullary
thymic epithelial cells that regulates the ectopic expression
within the thymus of a set of tissue-specific proteins that
are normally expressed in the periphery.11,36 This suggest
that proper AIRE expression is critical to the development
of central tolerance.11,36,37 Expression of AIRE within the
thymus is dependent on normal T-cell development, nor-
mal thymic structure, and a well-organized corticomedul-
lary structure, all of which are missing in OS.11 Recently, a
deficiency AIRE has been found in the thymi of two pa-
tients with OS.11 It has been hypothesized that these cy-
toxic, autoimmune clones, which may have escaped neg-
ative selection within the thymus, are directed against
self-antigens and in turn precipitate the desquamating
rash and gastrointestinal involvement seen in OS that so
closely resembles graft vs. host disease (GVHD).11,38

OS can be difficult to differentiate from maternal graft
versus host disease because of significant overlap of both
physical exam, histological, and laboratory findings.2 Ma-
ternal GVHD, seen in up to 25–40% of infants with SCID,
occurs when immunocompetent maternal T cells cross the
placenta of an immunodeficient fetus, who is in turn un-
able to reject these foreign cells.39 In maternal GVHD,

�40% of affected infants become symptomatic in which
skin manifestations have been reported to occur in up to
40–83% of affected infants.6,7 As a result of infiltration of
tissues by abnormal lymphocyte clones in OS, it has been
considered to be an atypical variant of GVHD.35,41 A skin
biopsy showing a psoriaform-lichenoid spongiotic pattern
with dyskeratotic degeneration of epidermal cells reflect-
ing the status of basal epidermal cells as the target for
GVH effector cells10 is suggestive of SCID-associated ma-
ternal engraftment.41,42 In turn, skin biopsy specimens in
patients with OS also show cellular dyskeratosis and a
dense dermal and epidermal infiltration of histiocytes, T
lymphocytes, and eosinophils, in addition to parakerato-
sis.10,38,43–45 In addition to the histological findings, the
pathological findings in patients with OS are similar to
those found in graft-versus-host disease.35,43 In OS, the
thymus, lymph nodes, spleen, lamina propria, and Peyer
patches of the intestinal mucosa are profoundly depleted
of T cells.2 Autopsy of patients with OS typically reveals
thymic atrophy with absence of Hassall’s corpuscle.2

Lymph nodes typically are enlarged with both histiocytes
and eosinophils while organs are infiltrated by T-cells,
histiocytes, and eosinophils leading to a generalized orga-
nitis.43,44,46 In OS, the degree of eosinophilia, erythro-
derma, lymphadenopathy, and hepatosplenomegaly are
felt to be usually more pronounced.14,47 Villa et al. recently
described seven patients with various degrees of mutated
RAG proteins all with documented maternal–fetal T-cell
engraftment.14 Although all seven patients had failure to
thrive, the five patients that had higher proportions of
circulating T cells more often manifested signs resembling
OS (erythroderma, lymphadenopathy, and hepatospleno-
megaly).14 The diagnosis of OS in the patient described
was made based on finding RAG mutations known to
cause classic OS. However, HLA typing or molecular anal-
ysis to evaluate for maternal T lymphocytes, which often is
used to discriminate between maternal engraftment and
classic OS, was not performed. Therefore, it is possible that
the patient could have had RAG mutations with maternal
GVHD that mimicked OS.

Despite intensive supportive care, 69% of patients with
OS die within the 1st year.2,4 Corticosteroids, cyclosporine,
and IFN-� have shown transient symptomatic effica-
cy.1,35,48 Complete correction of both clinical and immuno-
logic manifestations have been achieved by means of bone
marrow transplantation, although fewer patients have sur-
vived than those transplanted for other types of
SCID.4,10,49–54 Gomez et al. reported the results of nine
patients with OS that received an allogeneic bone marrow
transplantation between 1980 and 1989.4 Engraftment oc-
curred in four of five recipients of HLA-identical marrow
and in three of four recipients of HLA-haploidentical mar-
row.4 Of these seven patients that engrafted, five survivors
had fully restored immune function.4 Another promising
report described the results of hematopoietic stem cell
transplantations performed on 11 patients with OS be-
tween 1991 and 2000. Of the 11 patients, 9 were noted to be
alive with full immunoreconstitution at 2.5–12 years post-
transplant.55 The overall mortality in this recent group was
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18.2%, much lower than the 46% previously reported in
transplanted OS patients.2,55 The patient described in this
case report would not have been a candidate for transplan-
tation because of the rapid development of such extensive
and ultimately fatal necrotizing enterocolitis.

In review of the literature, it is believed that this is the
first reported case of an infant with OS who developed
extensive pneumatosis intestinalis preceding her death.
Pneumatosis intestinalis, a radiographic finding, is caused
by cystic or linear collections of gas within the intestinal
wall and is felt to be the result of gastrointestinal bacterial
fermentation.56 In neonates, the number one cause of such
a finding is necrotizing enterocolitis, a syndrome of intes-
tinal necrosis that like pneumatosis intestinalis, the etiol-
ogy is unknown but is felt to be due to multiple factors in
a susceptible host.57–59 Pneumatosis intestinalis is rare be-
yond the 1st year of life, with most cases being docu-
mented in immunosuppressed children.60,61 Recently, a
small series of case reports revealed an overall incidence of
5% of benign courses of pneumatosis intestinalis in chil-
dren with combined immunodeficiency states.60 Unfortu-
nately, our patient, despite having a combined immuno-
deficiency state, did not have a benign course of
pneumatosis intestinalis and, in fact, it was the extensive
degree of intestinal necrosis that contributed most to her
death. Patients with OS should be considered at risk for
the development of necrotizing enterocolitis because of
their poorly functional T cells and lack of B cells, leading to
impaired antibody response, both of which are known risk
factors for necrotizing enterocolitis.2,62 The autoreactive T
cells in OS are targeted to infiltrate specific organs, espe-
cially the skin and the gut, and constant activation at these
sites leads to a GVHD-like reaction, which in this partic-
ular patient presented as necrotizing enterocolitis.19 Addi-
tionally, we also feel that the marked degree of intestinal
eosinophilic infiltration seen on autopsy and also charac-
teristic of OS, contributed to significant mucosal injury,
which is considered to be the culminating factor in the
development of necrotizing enterocolitis. In vitro studies
have shown that eosinophilic granule constituents are
toxic to a variety of tissues, including intestinal epitheli-
um.63 Taken together, it can be assumed that it was the
infant’s underlying disease process that caused her to
develop intestinal necrosis, which ultimately led to her
death.
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