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Newborn screening (NBS) for Krabbe disease, a rare neurodegenerative disorder caused by deficient
galactocerebrosidase (GALC) enzymeactivity, has recently been implemented in a number of US states. However,
the spectrum of phenotypicmanifestations associatedwith deficient GALC activity complicates themanagement
of screen-positive newborns and underscores the need to identify clinically relevant biomarkers. Earlier studies
with a small number of patients identified psychosine, a substrate of the GALC enzyme, as a potential biomarker
for Krabbe disease. In this study, we provide, for the first time, longitudinal data on dried blood spot (DBS)
psychosine concentrations in different Krabbe disease phenotypes for both untreated patients and those treated
with hematopoietic stem cell transplantation (HSCT). Our cohort included patients previously identified by NBS
to be at high risk to develop Krabbe disease. Substantially elevated DBS psychosine concentration during the
newborn period was found to be a highly specific marker for infantile Krabbe disease. This finding supports
the use of DBS psychosine concentration as a second-tier NBS test to aid in the identification of patients who re-
quire urgent evaluation for HSCT. In addition, longitudinal assessments showed that both natural disease pro-
gression and treatment with HSCT were associated with decreases in DBS psychosine concentrations. Based on
these findings we provide recommendations for the interpretation of psychosine concentrations in DBS speci-
mens collected during thefirst year of life. Future studies should aim to better delineate the relationship between
DBS psychosine concentration and disease onset in patients with later-onset forms of Krabbe disease.
© 2017 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Krabbe disease (KD), also known as globoid cell leukodystrophy, is
an autosomal recessive neurodegenerative disorder caused by deficient
activity of the galactocerebrosidase (GALC) enzyme. This disease has
traditionally been divided into four subtypes based on the age at
which symptoms appear. Most patients develop the classic form,
early-infantile Krabbe disease (EIKD), which is characterized by irrita-
bility, stiffness, and developmental delay during the first 6 months of
life. Neurodegeneration occurs rapidly in these patients, and untreated
infants typically die during early childhood. Children with late-infantile
Krabbe disease (LIKD) present with developmental delay and regres-
sion, vision loss, and gait abnormalities. The clinical course is highly var-
iable in the juvenile- and adult-onset forms of this disease [1,2].
KD, Krabbe disease; LIKD, late-
SCT, hematopoietic stem cell
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Other than supportivemeasures, hematopoietic stem cell transplan-
tation (HSCT) is currently the only treatment for KD. When performed
prior to the onset of symptoms, HSCT has been shown to preserve cog-
nitive and receptive language development of patients with EIKD [3].
However, HSCT is generally not effective at reversing pre-existing neu-
rological damage in infants that are already symptomatic at the time of
transplantation; in these patients, survival may be extended, but most
continue to deteriorate. The detection of pre-symptomatic orminimally
symptomatic patients without a known family history of KD is challeng-
ing because of the nonspecific nature of initial symptoms and a lack of
familiarity with this rare disorder among primary care providers.
Thus, population-based newborn screening (NBS) for KD is likely to be
the most effective way to ensure timely access to treatment for infants
with this disease.

In 2006, New York State (NYS) became the first US state to initiate
NBS for KD. Under the NYS protocol, mass spectrometry is used tomea-
sure GALC activity in dried blood spots (DBS) from newborns. Speci-
mens that are found to have GALC activity levels of b20% of the daily
mean are retested, and if repeat testing reveals an average GALC activity
of b12% of the daily mean, molecular genetic testing is also performed.
Patients are considered screen-positive if at least one potentially patho-
genic GALC mutation is identified. Screen-positive patients then
der the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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undergo confirmatory testing of GALC activity in leukocytes, which is
used to designate their level of risk of developing KD (high, moderate,
or low/no risk) [4].

Although KD has recently been added to NBS panels in other states,
concerns about the ethical and practical implications of screening for KD
and the efficacy of treatment have limited its implementation on a na-
tional scale. Much of the controversy surrounding NBS for KD has cen-
tered on the challenges associated with predicting phenotype and
long-term prognosis in patients that are determined to be at risk for
KD [5,6,7]. Homozygosity or compound heterozygosity for a 30-kb dele-
tion and a number of well-characterized point mutations are known to
be associated with EIKD. However, the prediction of phenotype based
on genotype is more difficult in patients with mutations of unknown
significance or mutations associated with late-onset disease. Moreover,
residual GALC enzyme activity has not been shown to reliably predict
the disease course [2,8].

Although a new high-resolution mass spectrometry assay to mea-
sure GALC activity in leukocytes has been shown in a research lab to bet-
ter discriminate between KD phenotypes, the limited prognostic value
of current enzyme activity assays and molecular genetic tests compli-
cates clinical decision-making [9]. In providing clinical care to infants
with positive screening and confirmatory testing results, the most
pressing question that must be addressed by clinicians is whether the
patient is likely to develop infantile-onset KD, which requires urgent
evaluation for HSCT. Current guidelines recommend that candidacy for
HSCT be evaluated using a rating scale that takes into consideration
genotype, physical examination findings, and the results of
neurodiagnostic testing. If a screen-positive infant is determined not
to require immediate transplantation, clinicians are facedwith the addi-
tional challenge of determining when—if ever—the child is likely to de-
velop a later-onset form of KD. During the first 10 years of screening for
KD inNYS, justfive of the 52 infants that were classified asmoderate- or
high-risk developed EIKD, and it is not currently known what propor-
tion of the remainder will go on to develop later-onset KD phenotypes
[10,11]. For these patients and their families, uncertainty about disease
status and prognosismay cause undue distress.Moreover, the battery of
follow-upneurodiagnostic testing that has been recommended to longi-
tudinally monitor moderate- to high-risk infants for disease onset is
burdensome and costly. These considerations underscore the need to
identify biomarkers to aid in the prediction of prognosis andmonitoring
of disease progression.

Galactosylsphingosine, also known as psychosine, is a substrate of
the GALC enzyme that shows promise to aid in the diagnosis and fol-
low-up of at-risk infants identified through NBS. To date, two small
studies have reported elevated psychosine concentrations in newborn
DBS specimens from infants that developed EIKD [12,13]. Although
these preliminary findings are promising, a number of unanswered
questions must be addressed before psychosine can be used for clinical
follow-up andmonitoring purposes. The aims of the present studywere
threefold: to determine whether DBS psychosine concentration at birth
is predictive of disease onset and clinical phenotype; to assess the rela-
tionship between disease progression and longitudinal changes in DBS
psychosine concentration in patients with KD; and to evaluate the ef-
fects of treatment with HSCT on DBS psychosine concentration. This is
the first study to report longitudinal measurements of DBS psychosine
concentrations in a cohort of treated and untreated patients with the
early-infantile, late-infantile, and juvenile-onset forms of KD.

2. Methods

2.1. DBS collection

From 2010 to 2016, DBS samples were prospectively collected from
69 patients with a confirmed diagnosis of KD, four sibling carriers, and
two asymptomatic NBS-positive patients during clinical evaluations at
the Program for the Study of Neurodevelopment in Rare Disorders
(NDRD). Based on the age at which symptoms appeared, patients with
KD were classified as having EIKD (0–6 months at onset), LIKD (6–
48 months at onset), or juvenile-onset KD (4–18 years at onset). The
specimens were stored in sealed bags at room temperature with desic-
cant. This study received institutional review board approval from the
University of North Carolina at Chapel Hill (08-0237) and theUniversity
of Pittsburgh (PRO11050036). Informed consent was obtained in all
cases.

In addition to the samples collected at the time of clinical evaluation
at the NDRD, DBS cards from birth were obtained directly from state
NBS programs for 8 patients with KD, 2 sibling carriers, and 9 NBS-pos-
itive infants who have not developed KD but were classified as moder-
ate- or high-risk at the time of screening. Psychosine measurements
from 75 newborn DBS samples were used to establish the normal
range of psychosine concentrations in non-KD infants.

2.2. Determination of DBS psychosine concentration

Blood psychosine concentration was measured by extraction of DBS
3-mmpunches withmethanol followed by liquid chromatography-tan-
dem mass spectrometry (LC-MS/MS) using a modification of the pub-
lished method that has been described separately [9,13]. A Waters
TQS-MS/MS instrument was used, which provided a limit of quantifica-
tion of approximately 0.1 nM, below that reported in a previous study
[13]. The chemically identical but isotopically substituted d3-psychosine
(Avanti Polar Lipids) was used to convert the observed mass spectrom-
etry signals to nanomolar concentrations of psychosine in blood, assum-
ing a 3-mm DBS punch contains 3.1 μL blood. The laboratory was
blinded with regards to the clinical identity associated with the speci-
men being tested.

2.3. Analysis of psychosine concentration

To assess intra-specimen variability, 114 replicate samples were
tested. The variance of the within-specimen measures was calculated
and graphed. It has been noted that the coefficient of variation (CV) is
not the ideal measure of variability when the number of replicates
varies between samples. However, because of its familiarity we report
both the CV and the standard error percent (SE% = (SE/mean) × 100).
The SE% was proposed by Eisenberg to account for the greater precision
in samples with more replicates [14].

DBS psychosine concentrations were plotted on a log scale and
graphed against age to allow for longitudinal assessment. Samples
were grouped according to disease status (EIKD, LIKD, juvenile-onset
KD, asymptomatic NBS-positive, carrier, unaffected newborn) and
HSCT status (treated or untreated) at the time of specimen collection.

3. Results

3.1. Variability

To evaluate intra-specimen variability, 114 punches from 39 DBS
specimenswere analyzed. The number of repeat punches per individual
blood draw ranged from 2 to 20. The variability was found to be corre-
lated with the mean level of psychosine (Fig. 1), with a mean CV of
12.1% and SE% of 8.6%. Greater absolute variability was observed in the
EIKD samples, which tended to have the highest psychosine concentra-
tions, compared to samples from patients with later-onset forms of KD.

3.2. Controls

Analysis of DBS samples from 75 normal newborns showed that
psychosine concentrations ranged from 0.14 to 0.53 nmol/L, with a
mean of 0.31 nmol/L and a standard deviation of 0.10. The normal
range of blood psychosine concentration was defined to include four
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standard deviations above or below the mean (0–0.71 nmol/L), which
would be expected to encompass N99.9% of the unaffected population.

3.3. NBS samples

Results from newborn DBS were available for 8 patients (6 with
EIKD, 1 with LIKD, 1 with juvenile-onset KD), 9 moderate- or high-risk
NBS-positive infants, and 2 sibling carriers (Fig. 2). Psychosine was ele-
vated in all newborn DBS samples obtained from patients with KD. The
highest values were observed in the samples from the six patients who
developed EIKD (range: 5.2–44 nmol/L). The single available LIKD NBS
sample tested at 5.0 nmol/L, and the juvenile-onset NBS sample tested
at 2.3 nmol/L. Of the nine NBS-positive infants with available newborn
DBS, the median psychosine concentration was 0.98 nmol/L (range:
0.21–2.7). In the NBS samples obtained from carriers, DBS psychosine
concentration was just outside the normal range in one patient
(0.76 nmol/L) but was normal in the other (0.35 nmol/L).

3.4. Samples from affected patients not treated with HSCT

We obtained DBS from 65 affected patients (44 with EIKD, 15 with
LIKD, 6 with juvenile-onset KD) at various stages of disease who had
not undergone HSCT at the time of sample collection. The median DBS
psychosine concentration was 24 nmol/L (range: 1.7–52) in the EIKD
samples, 4.7 nmol/L (range: 1.3–50) in the LIKD samples, 1.5 nmol/L
(range: 0.64–2.3) in the juvenile-onset samples, and 0.98 nmol/L
(range: 0.21–2.7) in the NBS-positive samples (Figs. 3 and 4). These
ranges include results fromNBSDBS samples in addition toDBS samples
Fig. 1.Within-specimen variability in DBS psychosine concentrations. Psychosine concentration
Vertical lines connect replicates from the same specimen. The red diamonds represent EIKD pa
circles represent newborn screen-positive (NBS+)patients classified asmoderate to high risk of
or from multiple DBS from the same bleed.
that were collected during clinical evaluations. Longitudinal data prior
to treatment were available for twelve EIKD and five LIKD patients
(Fig. 3).

3.5. Samples from transplanted patients

We collected DBS from 17 patients (9 with EIKD, 6 with LIKD, and 2
with juvenile-onset KD) following treatment with HSCT. In all patients
for whom pre- and post-transplant DBS specimens were available,
DBS psychosine was lower in the most recent post-transplant sample
than in the first sample prior to HSCT (Figs. 4 and 5). DBS psychosine
concentrations at the most recent post-HSCT follow-up ranged from
1.1–8.1 nmol/L in patients with EIKD and from 0.60–7.2 nmol/L in pa-
tients with LIKD (Fig. 5). Two patients with juvenile-onset KD were
assessed post-HSCT (Fig. 4). In one patient, who was transplanted at
9 years of age, DBS psychosine was elevated four months prior to
HSCT (1.8 nmol/L) and was within the normal range (0.68 nmol/L) in
a specimen collected one year after treatment. In the other juvenile-
onset KD patient, who underwent HSCT at 16 years of age, DBS speci-
mens were not available from within 10 years of transplantation; how-
ever, DBS psychosine concentrations in that patient were elevated at
birth (2.3 nmol/L) andwithin the normal range (0.30 nmol/L) in a spec-
imen collected twelve years after transplantation.

4. Discussion

Psychosine has been proposed as a biomarker to assess and monitor
infants who are diagnosed with or determined to be at risk for KD.
s were plotted on a log scale for each DBS specimen, each of whichwas tested 2–20 times.
tients; blue triangles represent LIKD patients; green circles represent sibling carriers; gold
developingKD. Each testwas carried out using a separate 3-mmpunch from the sameDBS

Image of Fig. 1


Fig. 2. Psychosine concentrations in newborn DBS specimens. The blue shaded area is the estimated 8 standard deviation range (mean ± 4 SDs), which should include N99.9% of the
unaffected population. This estimate is based on the distribution of the 75 unaffected newborns (gray). The mean psychosine concentration of one of the carrier DBS specimens
(green) was similar to that of the unaffected newborns but was elevated in the other carrier DBS specimen. The newborn screen-positive (NBS+) infants considered to be at moderate
to high risk based on GALC enzyme activity levels and mutational analysis are shown in gold. Two of these infants had psychosine levels within the range of the unaffected newborns,
whereas seven infants showed elevated levels. Psychosine levels were elevated in all specimens from patients with EIKD (red), LIKD (blue), and juvenile-onset (orange) KD. The
patient with juvenile-onset KD had a psychosine concentration lower than that of three samples in the NBS+ group.
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However, prior studies of DBS psychosine concentrations have been
limited to cross-sectional measurements in small numbers of patients.
This is the first study to assess the clinical utility of this biomarker
based on longitudinal measurements of DBS psychosine in a cohort of
untreated and treated patients with KD.

The breadth of the phenotypic spectrum associated with deficient
GALC enzyme activity complicates the clinical management of infants
with positive NBS and confirmatory testing results. Given that the effec-
tiveness of HSCT is greatest when performed prior to the onset of neu-
rological deterioration, the most urgent question that must be
addressed for an NBS-positive infant is whether the patient is likely to
develop infantile disease requiring immediate treatment. Thus, a
major aim of this study was to determinewhether DBS psychosine con-
centration at birth can predict disease onset and clinical phenotype.
Overall, the findings of this study most clearly support the prognostic
value of DBS psychosine in newborns with substantially elevated con-
centrations (Table 1). In this cohort, DBS psychosine concentration
above 3 nmol/L showed perfect specificity as a marker for infantile
KD; all specimens with DBS psychosine concentrations above this
threshold were associated with infantile KD phenotypes (EIKD or
LIKD). Among the infantile KD patients with available NBS specimens,
the degree of DBS psychosine elevation at birth did not appear to corre-
late with disease severity or clinical outcome. These findings suggest
that prompt evaluation for HSCT candidacy is warranted in any infant
with substantially elevated DBS psychosine concentration during the
newborn period.

Interpreting the prognostic significance of DBS psychosine in new-
borns is likely to be more challenging in patients with mildly elevated
or borderline psychosine concentrations. Although all of thosewho test-
ed above 3 nmol/L have developed EIKD or LIKD, the range between this
value and the upper limit of the control range (0.71 nmol/L) included a
mix of KD patients, carriers, and NBS-positive infants who have not de-
veloped signs of disease. The two first-year KD specimens in this range
included an NBS sample from a patient who developed juvenile-onset
KD (2.3 nmol/L) and a specimen collected at 2 months of age from an
LIKD patient (2.0 nmol/L) who was evaluated pre-symptomatically
due to a family history of disease. Three of theNBS samples fromasymp-
tomatic NBS-positive patients had higher DBS psychosine concentra-
tions (2.4–2.7 nmol/L) than these KD patients. Since it is currently not
knownwhich, if any, of the NBS-positive patients will ultimately devel-
op KD, it is unclear whether the range of newborn DBS psychosine con-
centrations found in pre-symptomatic KD patients overlaps with the
range observed in NBS-positive individuals who never develop symp-
toms of KD despite having abnormal GALC activity. Notably, DBS
psychosine was slightly elevated, at 0.76 nmol/L, in an NBS specimen
from a carrier, suggesting that mild elevations in DBS psychosine may

Image of Fig. 2


Fig. 3. Psychosine concentrations in untreated infantile KD patients. Average DBS psychosine concentrations from EIKD and LIKD patients who had not undergone HSCT at the time of
sample collection were plotted on a log scale against age. Lines indicate longitudinal data. The red diamonds represent EIKD patients; blue triangles represent LIKD patients; green
circles represent sibling carriers; and gold circles represent newborn screen-positive (NBS+) infants classified as moderate to high risk of developing KD. Psychosine concentrations
from newborn dried blood spots are shown in bold and plotted on the y-axis (age = 0). The gray shaded area indicates the 99.9% CI (mean ± 4 standard deviations) for unaffected
newborns.
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occur at birth even in phenotypically normal individuals. Overall, our re-
sults suggest that, although substantially elevated DBS psychosine con-
centration (N3 nmol/L) during the newborn period is associated with a
high probability of developing infantile KD, mildly elevated (0.7–
3 nmol/L) DBS psychosine in a newborn neither indicates that the pa-
tient is certain to develop KD nor excludes the possibility that they
will develop an infantile form of KD requiring urgent treatment. Thus,
NBS-positive infants who test within this rangewill need to be followed
closely. Longitudinal, prospective studies are needed to better delineate
the relationship between mildly elevated DBS psychosine at birth and
long-term clinical outcomes in NBS-positive patients.

Long-term clinical follow-up beyond the newborn period is vital to
ensure optimal outcomes for all patients with KD. Thus, in addition to
assessing the predictive value of a single DBS psychosine measurement
obtained shortly after birth, this study sought to determine whether
longitudinal changes in DBS psychosine concentration correlate with
disease onset and progression. A crucial question is whether the onset
of symptoms is associated with changes in DBS psychosine concentra-
tions in patients with KD. For four EIKD patients in this cohort,
psychosine was measured both in newborn DBS and in DBS collected
at 6–9months of age, by which time neurological disease was apparent.
Between these two samplings, psychosine increased by N10% in three
patients and remained stable at 29 nmol/L in the other patient. In the
one LIKD patient for whom DBS were available before and after the
onset of symptoms, which occurred at 7 months, DBS psychosine in-
creased from 5.0 nmol/L at birth to 6.9 nmol/L at 11 months. The rela-
tionship between disease onset and changes in DBS psychosine in
patients with later-onset forms of KD is unclear, since longitudinal
pre-HSCT data were not available for any of the juvenile-onset KD pa-
tients in this cohort. Given that the latency period between birth and
the appearance of overt manifestations of neurological disease may
last for years or even decades in later-onset KD phenotypes, the identi-
fication of a biomarker for the onset of neurological disease in this group
could aid in themonitoring of NBS-positive patientswhodonot develop
infantile KD. Prospectively measuring DBS psychosine over time in pa-
tientswho are at risk for juvenile-onset KDmay help to clarify the utility
of psychosine for this purpose.

Following symptom onset, the untreated EIKD patients who were
evaluated beyond the first year of life typically showed longitudinal de-
clines in DBS psychosine concentrations as neurological deterioration
progressed. These results are consistent with a study by Turgeon et al.,
which found that DBS psychosine concentrations in samples collected
from KD patients within 1 year of symptom onset were significantly
higher than those of controls, whereas psychosine concentrations in
samples collected N5 years after symptom onset did not differ signifi-
cantly from those of controls. Longitudinal decreases in DBS psychosine
concentrations in patients with EIKD may be a consequence of end-
stage axonopathy and oligodendrocyte loss [13].

The final aim of this study was to assess the effect of HSCT on DBS
psychosine concentrations. We observed a large and rapid decline in
DBSpsychosine followingHSCT in the patientswith the highest baseline
DBS psychosine values. However, even after these declines occurred,
DBS psychosine concentrations remained above the normal range in
all patients with EIKD and in all but one patient with LIKD. Our finding
that treatment with HSCT is associated with a decrease in DBS
psychosine supports the benefit of this treatment at the biological

Image of Fig. 3


Fig. 4. Psychosine concentrations in patients with juvenile-onset KD. Average DBS psychosine concentrations were plotted on a log scale against age. Lines indicate longitudinal data. The
orange circles represent patientswith juvenile-onset KD; green circles represent sibling carriers; and gold circles represent newborn screen-positive (NBS+) infants classified asmoderate
to high risk of developing KD. The solid circles show values after hematopoietic stem cell transplantation. Psychosine concentrations from newborn DBS are shown in bold and plotted on
the y-axis (age = 0). The gray shaded area indicates the 99.9% CI (mean ± 4 standard deviations) for unaffected newborns.
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level. However, further research is needed to determine whether
psychosine levels at baseline or after HSCT correlate with clinical out-
comes. Longitudinal changes in psychosine level following treatment
should also be investigated in the context of novel therapies as these be-
come available in the future.

Analysis of replicate samples showed that themean SE% in theseDBS
samples was 8.6%. Factors that contribute to variability in psychosine
measurements from the same DBS specimen are not well understood.
Blood clotting and aggregation ofwhite cells due to collection technique
have previously been hypothesized to contribute to within-sample var-
iability in GALC activity measurements in DBS [15]. Psychosine concen-
trations may also be higher in DBS collected for NBS because of the
generally higher hematocrit and leukocyte counts in newborns (Die-
trich Matern, personal communication). However, the extent to which
these and other factors affectmeasurements of DBS psychosine concen-
trations is currently unknown and should be the subject of future re-
search. In the context of clinical decision-making, we recommend
analyzing DBS psychosine concentrations in multiple punches per
patient.

Collectively, the findings of this study suggest that measuring DBS
psychosine may aid in the management of patients who are diagnosed
with KD or determined to be at risk for KD on the basis of abnormal
NBS results. Our results indicate that NBS-positive infants with high
DBS psychosine concentrations at birth should be immediately referred
for HSCT evaluation. Infants with borderline or slightly elevated
psychosine levels should be monitored closely, and DBS psychosine
data should be used in conjunction with genotype data to better assess
the risk of developing KD. Psychosinemay be of most value in those in-
dividuals identified through NBS with elevated psychosine concentra-
tions and genotypes that have never been reported for any known KD
cases. Prospective, longitudinal studies of NBS-positive infants and pa-
tients with confirmed KD are needed to determine the relationship be-
tween disease onset and progression and changes in psychosine
concentrations. Future research should also aim to identify factors that
contribute to thewithin-sample variability of DBS psychosinemeasure-
ments. Further characterization of psychosine and other potential bio-
markers for KD is vital to ensure that clinicians are able to provide the
highest level of care to patients and their families.

Conflicts of interest

The authors declare no conflict of interest.

Author contributions

JJO, MLE, MDP, MHG, and DM conceived and designed the experi-
ments; XH and MHG performed the experiments; MDP analyzed the
data; BTK, ES, and MLE wrote the paper.

Acknowledgements

The authors would like to thank Professor Christiane Auray-Blais for
her generous gift of 75 newborn dried blood spots from normal infants,
The Legacy of Angels Foundation for their continued support of the

Image of Fig. 4
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Table 1
Recommendations for interpretation of psychosine concentrations in dried blood spot (DBS) samples collected during the first year of life. In this cohort, all patients with DBS psychosine
concentrations above 3 nmol/L developed early-infantile Krabbe disease (EIKD) or late-infantile Krabbe disease (LIKD). None of the KD patients had psychosine concentrationswithin the
normal/carrier range (b0.71 nmol/L). The 0.71–3 nmol/L range included a mix of KD patients, carriers, and asymptomatic, NBS-positive infants. Based on these findings, we provide rec-
ommendations for the management of newborns based on DBS psychosine concentration. Only DBS collected during the first year of life were considered for the purposes of this table.

DBS psychosine range Number of patients Patient phenotypes Interpretation and recommendation

Elevated (N3 nmol/L) 42 All have developed EIKD or LIKD High risk of developing infantile KD; evaluate
immediately for HSCT candidacy

Borderline (0.71–3 nmol/L) 10 Includes 1 carrier; 2 KD patients
(1 LIKD, 1 juvenile-onset KD); 7
NBS-positive infants who have not
developed KD

At risk of developing KD
(late infantile or juvenile-onset)

Normal (b0.71 nmol/L) 78 None have developed KD; includes
1 carrier, 75 controls, and 2 NBS-positive
infants followed for N30 months

Unlikely to develop infantile KD

HSCT, hematopoietic stem cell transplantation.
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