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residual WASP function may be associated with milder clinical
phenotypes, and a functional assay that could demonstrate
lowered but not defective function in this population may allow
disease risk stratification as well as diagnosis via one assay.

In summary, we demonstrated the efficacy of a whole-blood
flow cytometry—based staining protocol as a tool to quickly
diagnose patients with WAS with up to 89% sensitivity and 100%
specificity. However, WAS diagnosis cannot be excluded in
clinically suspicious cases when WASP is present. Inclusion of
clinical markers and other possible functional assays in a
combined algorithm could improve the overall accuracy for
diagnosing WAS.
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Intestinal microbial-derived
sphingolipids are inversely
associated with childhood

food allergy

®

To the Editor:

Food allergy is a life-threatening disease that is common
and increasing in prevalence, yet the factors leading to its
development are poorly understood." Microbial composition has
been associated with risk of food al]ergy,2 and integrative
analysis of the human intestinal microbiome and metabolome
could provide insights into mechanisms of microbial-associated
pathogenic changes.3 Here, we performed a prospective, untar-
geted, integrative analysis of the intestinal bacterial microbiome
and metabolome during infancy, testing associations with the
development of clinical food allergy and sensitization to foods at
age 3 years. Our goal was to identify microbial-associated
metabolites that were associated with food allergy or sensitization.

For detailed methods, see this article’s Methods section in the
Online Repository at www.jacionline.org. Subjects were
offspring of participants in the Vitamin D Antenatal Asthma
Reduction Trial (NCT00920621),4 a multicenter randomized
controlled trial of vitamin D supplementation in pregnancy to
prevent asthma in offspring. The study protocol was approved
by the institutional review boards at each center and all
participants provided written informed consent. Food allergy
and sensitization at age 3 years were based on parental
questionnaire responses and serum specific IgE testing. Stool
samples were collected between age 3 and 6 months from
333 subjects. Microbiome composition analysis by bacterial
16S rRNA sequencing and metabolomic analysis with
ultraperformance LC/MS-MS were performed on stool samples
from 12 children with food allergy (see Table E1 in this article’s
Online Repository at www.jacionline.org), 32 with food
sensitization, and 37 controls.

Subjects were well matched on baseline characteristics, with a
few exceptions including age, solid food introduction at stool
sample collection, and asthma/recurrent wheeze at age 3 years (see
Table E2 in this article’s Online Repository at www.jacionline.org).
Of several potential determinants of the intestinal microenviron-
ment analyzed, only mode of delivery differed by phenotype,
with a higher percentage of subjects born by Cesarean section
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FIG 1. Metabolite members of metabolite modules associated with food allergy or sensitization and box
plots of module eigenvalues. Box plots summarize module eigenvalues for subjects with food allergy
(n =12), food sensitization (n = 32), and controls (n = 37). *Compounds with annotations that have not been
officially confirmed on the basis of a standard. Bolded compounds were associated with phenotype in

analyses of individual metabolites.

among those with food allergy and a lower percentage among those
with food sensitization. Accordingly, we adjusted for age in all
analyses, performed sensitivity analyses of key results adjusting
for other potential confounders, and tested for associations between
mode of delivery and phenotype-associated microbiome and
metabolome perturbations.

Logistic regression analyses revealed several individual
metabolites that differed in relative abundance by food
allergy/sensitization phenotype (see Table E3 in this article’s
Online Repository at www.jacionline.org). Weighted gene
coexpression network analysis identified 29 modules of
highly correlated and likely functionally related metabolites.
Eigenvalues of 3 modules were associated (P < .05) with food
allergy or sensitization (Fig 1; see Table E4 in this article’s
Online Repository at www.jacionline.org). We focused on a
module that included several metabolites associated with de
novo sphingolipid synthesis (sphinganine, 3-ketosphinganine,
3-hydroxypalmitate, N-palmitoylserine, 13-methylmyristate)
that had significantly higher eigenvalues in subjects with food
sensitization than in those with food allergy (P = .02) or controls

(P = .02), and nonsignificantly higher eigenvalues in controls
than in those with food allergy (P = .15). This pattern suggests
that this module might be associated with protection from clinical
food allergy, with the most pronounced protective effect among
food-sensitized individuals.

16S rRNA sequencing revealed 6 operational taxonomic units
(OTUs), all of the genus Bacteroides, that were positively
associated with the sphingolipid metabolite module and
positively associated with food sensitization compared with
food allergy (see Tables E4 and ES5 in this article’s Online
Repository at www.jacionline.org). Sphingolipids are produced
by a minority of bacteria, including Bacteroides species.’
Mediation analysis showed that 95% of the association between
having nonzero relative abundance of at least 1 of the 6
Bacteroides species OTUs and food sensitization was mediated
by the sphingolipid module, with the proportion mediated ranging
from 53% to 84% for individual sphingolipid metabolites (P value
for indirect effect < .05 for all) (see Table E6 in this article’s
Online Repository at www.jacionline.org). We investigated the
possibility that Cesarean section could increase food allergy
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