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Carnitine transporter defect diagnosed by newborn

screening with electrospray tandem mass

spectrometry
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The carnitine transporter defect is a potentially fatal but treatable disorder,
We used electrospray tandem mass spectrometry in the New South Wales
(Australia) Newborn Screening Programme to measure free carnitine and
acylcarnitine species in the newborn population. Free carnitine levels in
dried bloed samples from 149,000 neonates did not vary markedly between
2 and 8 days of age. Two of 4 babies subsequently diagnosed clinically with
the carnitine transporter defect had a free carnitine level in the neonatal
blood sample low enough to be detected by screening. (J Pediatr 2001;138:

Carnitine is necessary for the transport
of long-chain fatty acids, as acyl coen-
zyme A esters, across the mitochondri-
al membrane and is thus an essential
component of normal fatty acld oxida.
tion. Carnitine is synthesized from ly-
sine, but the greater part is derived
from diet.! There is an active transport
system across membranes in small
intestine, renal tubule, and skeletal
muscle, which is also expressed in skin
fibroblasts.2*! Defective transport of

carnitine across cell membranes causes

a variety of potentially fatal symptom
complexes in infancy and childhood,
including neonatal death, hepatic en-
cephalopathy, skeletal myopathy, and
more commonly, dilated cardiomyepa-

thy.® More than 40 cases have been
recorded, variously described as prima-
ry carnitine deficiency, carnitine uptake
defect, and plasma membrane carnitine
transporter defect. The genetic defect
is in a sodium jon—dependent carnitine
transporter that has been mapped at
6931.1.5 Mutations in the gene,
OCTN2, have been shown to impair
carnitine transport in patients with the
carnitine transporter defect,”

The carnitine transporter defect is
treatable with oral carnitine therapy.?
Clinical detection is only possible
when there are significant symptoms,
and affected patients have died of he-
patic encephalopathy or cardiac failure
before the diagnosis was made.® This
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makes the defect an ideal candidate for
newborn screening. The recent intro-
duction of electrospray tandem mass-
spectrometry for newhorn screening
makes possible the diagnosis of a num-
ber of inborn ercors of metabolism, in-
cluding fatty acid oxidation defects,
but the sensitivity of this technique for
the various defects is so far unknown.
We introduced this technology to the
New South Wales Newborn Screening
Programme in 1998.

We recently identified a neonate with
carnitine transporter defect by routine
newborn screening and retrospectively
analyzed newborn sereening samples
from patients previously identified clin.
ically to investigate the sensitivity of
MS/MS for detecting this disorder in
neonates,

. MS/MS Tandem mass spectromatry
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METHODS
Potients

The patient identified by newborn
screening (patient 1) was a term baby
with a birth weight of 3980 g. The
newborn screening sample taken on
day 4 had a low level of free carnitine,
confirmed in a repeat sample on day
23 (Table I). He was breast fed and
was well at all times. A baseline
echocardiogram showed no abnormal-
ities at 6 weeks, when carnitine thera-
py was started.

Five patients from 3 families have
been identified clinically in New South
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Ziable 1, Babies with the carnitine transporter defect: Clinical features and free and acetyl camitine species measured by

electrospray MS/MS in routine newborn sc
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reening dried blood spots assayed either prospectively or retrospectively

Free
carnitine

Acetyl
carnitine

JFatientNo.  sample . Screenediretrospective . Clinical presentation

! S SR . ‘Prospective Clinically well, identified 4 5
i . S L o . . by scréening

R | 23 Prospective test, repeat sample Clinically well 1 4
| 2 3 Pilot study Cardiac failure at 18 mo 10 45
I -2 3 Sample ré-assayed after storage 11 10
i _ Cfor2y ' :

: 3 4 Retrospective. Brother had cardiac failure at 7 T
1 - . » ' 17 mo and died at 18 mo; patient

ol } 3 well at 9 mo on diagnosis

i yLR 3 Retrospective Sister had cardiac failure at 6 y; 24# H
) -’ ‘ patient 4 diagnosed prenatally®

H
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i Timing of samplesin ié_e!'aﬁion ta feeding is unknown. ] .
§ ““Patient 4 wis aiqénoégd'prt_ar_iatall_)r. ‘The miother received carnitine, 1.25 g/d, durng pregrancy, and the baby was breast fed.

t TStored card: 'acegfl carpitine measurement was inaccura_te.
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....................................................................................

Thble 1L Free carnitine levels (mol/L whole blood) in the neonatal population, measured by tandem mass spectrometry

P e g =
P - free
) . Free carnitine Number (%)
E carnitine 5thand 95th <10 umolil Number Number
s Number...........median . centlles . (0016 mg/dl) = <7umolL = <5pmaliL
| Age2days: ... . 13311 26.6 14.0-62.0 98 (0.73%) 4 0
| Age3days - -, 79,422 26.8 14.1-51.8 500 (0.63%) 46 3
Ageddayst - 51,248 27.9 14.1-52,3 330 (0.64%) 30 2
Age68days -, .7 6,646 27.6 14.3-4%6 41 (0.74%) 7 1
! Birthweight <2000 3,264 - 8 (1.47%) 17 2

Wales since 1990; the diagnosis was
suspected after low levels of plasma
free carnitine were found and was con-
firmed by uptake studies on cultured
skin fibroblasts (Table I).2 :

Newborn screening blood samples
from 3 patients were retrieved and
tested retrospectively; one of ther (pa-
tient 2) had had a prospective MS/MS
test of the newborn screening sample
during a pilot study.

Protocol

The MS/MS methods were those we
routinely use in newborn screening.
Briefly, free and acyl carnitines were
extracted from blood samples dried on
filter paper and converted to butyl es-
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ters before analysis by electrospray
MS/MS (Micromass Quattro II).10
Carnitine uptake in cultured skin fi-
broblasts was measured as described
by Stanley et al.}! Rates of fatty acid
oxidation were measured by tritium
water release assay as described by
Manning et al.12

The low cutoff for free carnitine
adopted for the newborn population
was 10 pmol/L (0.16 mg/dL) for confir-
mation assay within the laboratory (to
include at least the lowest 0.6% of val-
ues). A confirmed level of <5 pmol/L
(0.08 mg/dL}) generated a request for a
second sample. The median level of
dried blood spot acetyl carnitine was 44
Mmol/L (0.9 mg/dL), and the low cutoff

was 10 jimol/L (0.2 ﬁg/dL). Our cutoff
levels for other acylcarnitine species

have been published.!?

RESULTS

Table IT shows the free carnitine lev-
els measured by MS/MS of dried blood
samples from the newborn population
collected on days 2, 3 (the preferred
day), 4, or 5 to 8. The percentage of
samples with a level of <5 and <10
Bmol/L (<0.08 and <0.16 mg/dL) was
similar for each group. The distribu-
tion was skewed to the right. The me-
dian levels of free carnitine increased

slightly from day 2 to days 5 to 8, from
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26.6 to 27.5 pmol/L (0.43-0.44 mg/dL),
Babies weighing <2000 g had somewhat
higher median free carnitine levels, and
only 2 of 3268 had a free carnitine leve]
of <6 pimol/L (0.08 mg/dL), which was
not significantly different from the pro-
portion in normal birth weight babies.
The affected baby (patient 1), identified
by newborn screening, had a level of
free carnitine below the cutoffon day 3,
when the routine screening sample was
taken. The affected baby (patient 2),
born during the pilot study before our
cutoff levels had been established, had
a free carnitine Jevel of 10.2 pmol/L
(0,16 mg/dL)Y and so would not have
been identified with our current proto-
col. Neither of the two babies retro-
spectively tested would have been
diagnosed with the current protocol,
although minor adjustments to this
would have identified one of them. Re-
assay of the dried blood spot of patient
2 after an interval of 30 months
showed that although the acetyl carni.
tine value had decreased greatly dur.
ing storage, the free carnitine value
was similar (Table I).

The carnitine uptake assay in cul-
tured skin fibroblasts from all our pa-
tients with the carnitine transporter
defect demonstrated very low uptakes
of carnitine, 6% to 8% of control val-
ues. The tritiated water release assay
on cultared skin fibroblasts, a general
fatty acid oxidation screening assay,
also provided abnormal results for pa-
tient 1, with low oxidation rates of
both oleate and myristate of 21% of
intra-batch control values for each,

DiscussioN

We have shown that some cases of
the carnitine transporter defect can be
detected by expanded newborn screen-
ing, However, at least one and perhaps
two of our clinically identified patients
could not have been identified by mea-
surement of free carnitine alone with
any reasonable protocol. We have pro-
vided data on free carnitine levels in the
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healthy neonatal population for days 2
ta 8 and for low birth weight babies.
The measurements are of whole blood
levels determined by MS/MS and do
not equate with levels measured in
plasma by this or other methods.
Shenai et al'® measured total carnitines
in whole cord blood and found levels
approximately 23% higher than our
median level of free carnitine on day 2.
These authors alse substantiate that
total carnitine levels are higher in red
blood cells than in plasma. Because
published plasma levels of free carni-
tine are similar to those we found in
whole blood, 18 the excess is likely to be
largely acetylcarnitine. There is not a
sufficient change in whole blood free
carnitine levels from day 2 to day 8
that would dictate different action lev-
els for newborn screening dependent
on day of screening.

In neonates, low free carnitine levels
are seen principally in those who are
sick, We found, in intensive care units,
an over-representation of babies with
levels <10 jpmol/L (0.16 mg/dL), In
neonates with a variety of inborn errors
of organic acid or fatty acid metabo-
lism, low free carnitine levels are usual,
but generally other individual acyl car-
nitines will be elevated, and these
elevations are readily detectable by
MS/MS in the same assay. When there
is very low free carnitine with no other
elevated acylcarnitines, a carnitine
transporter defect must be considered,

Of the two affected babies tested
prospectively, one (patient 2) had a
level well above our current cutoff for
action. Of the two retrospectively stud-
ied, both had levals above this action
level, although one level (patient 3) was
only marginally so. The other retro-
spectively studied baby (patient 4) had
been identified prenatally as being af-
fected. Her mother was receiving car-
nitine medication during the pregnan-
cy, and the baby was breast fed. This
may have influenced her carnitine lev-
els on day 3, when her screening sam-
ple was taken., The timing of the sam-
ples in relation to feeding is not known,
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but feeding regimens are an important
determinant of postnatal carnitine lev-
els.1% Moreover, carnitine is actively
transported across the placenta, !4 and
maternal levels influence the neonatal
load.1® Babies with a defect in the car-
nitine transporter fail to reabsorb car-
nitine in the proximal renal tubule, and
blood levels fall rapidly after birth.? In
stored blood samples, acetyl carnitine
apparently degrades, and measured
levels are low. This is not accompanied
by a significant rise in free carnitine
measured by MS/MS.

To have a better chance of identifying
all babies with the carnitine transporter
defect, the cutoff level would need to be
increased, at the cost of having more
false-positive cases. It is arguable to
what extent this is acceptable, especial-
ly for such an apparently rare disorder,
In our program a cutoff level of &
Jimol/L led to a recall rate of only
0.004%, whereas adopting a higher cut-
off of 10 pmol/L (0.16 mg/dL) would
have generated a recall of 0.65%. This
in itself is modest, but screening by
M5/MS involves the analysis of 20 or
more analytes for potential detection of
a large number of disorders.!? Each an-
alyte will have an individual cutoff
level, and sometimes ratios of two ana-
lytes may be used in addition. Because
of this, the overall recall rate could eas-
ily become unacceptably high, For de-
tecting the carnitine transporter defect,
there is a case for a modest increase in
the cutoff level of free carnitine to 6 or
7 dmol/L (0.1-0.11 mg/dL). A cutoff of
7 tmol/L: (0,11 mg/dL) would have
generated a recall rate of 0.058% in cur
series and would probably have identi-
fied one of the clinically diagnosed pa-
tients in addition,

It is known that obligate heterozy-
gotes for the carnitine transporter de-
fect may have levels of plasma carnitine
below the normal range.® This implies

‘that carriers, particularly when the

mother is also a carrier, might be iden-
tified in newborn screening programs,
It is not yet known whether the false-
positive cases, bables with initially low
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levels of carnitine but who do not have
the transporter defect, will turn out to be
carciers. The prevalence of carriers is
not known in our population, Extrapo-
lating from all cases diagnosed in New
South Wales from 1990 to 1999, we
would anticipate a carrier rate of 1:240
(85% CI 1:150-1:480).

The detection of the carnitine trans-
porter defect in a neonate, reported
here, helps to affivm the usefulness of
the new trend in newborn screening,
use of MS/MS to detect in a single test
a wide range of disorders that are too
rare to merit individual testing proce-
dures. The carnitine transporter defect
is but one of many rare but treatable
disorders that have been detected by
this form of screening, 1016
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