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SUMMARY 

Assessment of the relevance of tandem mass spectrometry-based newborn blood 
spot screening for carnitine uptake deficiency (CUD) 

Mandate 

Inborn errors of metabolism (IEMs) are hereditary metabolic diseases rarely seen in 
newborns. They are caused by genetic variants in a gene that encodes an enzyme or 
transporter involved in a metabolic pathway. The timing of symptom onset and the severity 
of the clinical manifestations differ among IEMs, but also from patient to patient. Many 
IEMs can be managed by adjusting the patient’s diet, using medications or supplements of 
the deficient metabolites, and preventing metabolic stress, such as fasting. The primary 
objective of neonatal IEM screening is to identify newborns with an IEM before symptom 
onset and to manage them quickly to improve their prognosis. 

The Ministère de la Santé et des Services sociaux (MSSS) asked the Institut national 
d'excellence en santé et en services sociaux (INESSS) to assess the advisability of adding 
blood spot screening for nine inborn errors of metabolism to Québec's 
neonatal screening program. The relevance of screening for carnitine uptake deficiency 
(CUD) is addressed in this report. 

Methodology 

To assess the advisability of adding neonatal CUD screening to the Québec program, we 
conducted an exhaustive scientific literature search, with no restrictions on study design. 
Contextual and experiential data were gathered from experts, patients, parents or 
caregivers of IEM patients, and members of the general public. We also performed a 
budget impact analysis. All the data (scientific, contextual and experiential) were submitted 
to the Comité d’excellence clinique for deliberation with a view to drawing up the final 
recommendation. 

Health problem 

Carnitine uptake deficiency is an autosomal recessive disease caused by a loss of 
transmembrane transporter OCTN2 activity. This transporter is responsible for maintaining 
a sufficient level of carnitine by permitting its renal reabsorption and by transporting 
carnitine into cells, making it available for fatty acid oxidation in the mitochondria. Fatty 
acid oxidation is an important source of energy, mainly in the heart and muscles, during 
periods of hypoglycemia. The birth prevalence of CUD is estimated to be between 1 in 
31,000 and 1 in 345,000 births, depending on the country. In Canada, the birth prevalence 
is estimated to be between 1 in 40,000 and 1 in 60,000, according to the neonatal 
screening programs in British Columbia and the Maritimes. According to the experts on the 
advisory committee, fewer than five CUD patients are being followed at Québec’s 
metabolic disease referral centres. Neonatal CUD screening has been implemented in 
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more than 15 countries and in most Canadian provinces. There is no international 
consensus regarding the implementation of neonatal screening for carnitine uptake 
deficiency. 

The disease can have various clinical presentations, depending on the organs affected 
and the patient’s age. In early childhood, patients will present mainly with metabolic and 
liver problems (metabolic decompensation with hypoglycemia and hyperammonemia, a 
picture of hepatic encephalopathy with hepatomegaly, lethargy, coma), while cardiac 
(cardiomyopathy with tachycardia, arrhythmia, long QT syndrome, cardiac arrest) and 
myopathic (muscle weakness, low physical endurance) presentations are more common in 
later childhood and adulthood. Other symptoms observed in CUD patients include 
seizures, respiratory distress and overall developmental delay. The disease can remain 
asymptomatic or cause symptoms only in adulthood. 

No phenotype-genotype correlation has been established. Environmental factors might 
affect the phenotype, and genetic variants in the non-coding regions of the gene might 
also play a role. 

Patients rarely develop symptoms before the age of one month, but the odd patient may 
show symptoms as early as the age of 3 days. This would mean that the screening test 
result would be available in a timely manner for nearly all patients. However, when the 
sample is obtained soon after birth, the carnitine level measured in the newborn may 
reflect the mother's carnitine level. This can cause incorrect screening results. 

Diagnostic and therapeutic modalities 

The diagnostic tests for CUD include measuring the free and total plasma and urine 
carnitine levels, measuring transporter OCTN2 activity in the patient’s fibroblasts, and 
genetic testing. Because of the effect of the mother’s plasma carnitine level on the 
newborn’s results, it is recommended that the mother be evaluated when low levels have 
been found in the newborn. Measuring liver and muscle function, glucose and ammonia 
levels, electrolytes and blood gases will complete the assessment. 

Treatment for CUD consists of L-carnitine supplementation. In most patients, this 
treatment will reduce or eliminate the existing symptoms and prevent the onset of others. 
Patients should also avoid catabolic stress, and a follow-up is required to measure the 
plasma carnitine level and assess cardiac, liver and muscle function. The long-term 
prognosis for patients with carnitine uptake deficiency is favourable as long as they take L-
carnitine supplements. 

Screening test’s performance 

Blood spot screening consists in measuring free carnitine (the C0 marker) by tandem 
mass spectrometry (MS/MS). There is some variability in the cut-off values used in the 
different programs around the world. The timing of sampling and the cut-off value seem to 
be important factors in the screening test’s performance. The test’s sensitivity was 
estimated to be 100% in seven studies, 95.65% in one study and 62% in another. Its 
specificity ranged from 99.792% to 100%. Three studies reported low positive predictive 
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values (1.1% and 3.7%), while seven studies reported positive predictive values between 
11.5% and 100%. Several factors can explain the suboptimal performance results. 

Different sources of false positives have been identified: a reduction in the maternal free 
carnitine level during pregnancy, cases of maternal CUD, and the presence of other 
metabolic diseases that affect maternal or neonatal carnitine levels. There are various 
explanations for false negatives in neonatal CUD screening, including residual maternal 
carnitine passed from the mother to the newborn before birth.  

Efficacy of neonatal screening 

No studies on the efficacy of neonatal CUD screening were found in the literature. Three 
observational studies were consulted, but there were selection biases in all studies. In the 
studies that tracked clinically identified and screened cases, no deaths were reported in 
the groups identified by neonatal screening. The available data do not permit any 
conclusions to be drawn about the efficacy of neonatal CUD screening in terms of 
episodes of metabolic decompensation and hospitalization. No data are available on the 
efficacy of CUD screening with respect to cardiac symptoms or motor and cognitive 
development. 

Safety of neonatal screening 

Several issues were raised regarding CUD screening, including the risk of false-positive 
and false-negative results when the sample is obtained early after birth, and the detection 
of cases that could potentially remain asymptomatic. The detection of maternal cases was 
seen as a benefit by certain committee members and as something negative by others. 

Economic and organizational aspects 

A few studies concerning the organizational challenges of expanding a screening program 
were identified. The issues mentioned most often are the results turnaround times, the 
gaps in communication between the different parties concerned, and the lack of human 
resources. None of the studies retrieved assessed the cost or budget impact of MS/MS-
based newborn blood spot screening for CUD in Québec. One economic study concludes 
that the cost-effectiveness ratio for neonatal CUD screening is advantageous, based on 
assumptions that are only partially in line with the data extracted from the literature. 
Another study states that the cost-effectiveness ratio for CUD screening is advantageous 
but does not lay out its assumptions or methodology. If tests are added to the program, it 
should be ensured that the fiduciary center, the diagnostic confirmation laboratory and the 
referral centres have the necessary human and financial resources to handle the 
additional workload involved. 

Over a 3-year period, the addition of CUD to the neonatal blood screening platform could 
result in $529,000 in additional expenditures and lead to the identification of close to four 
newborns and three mothers, if the mother chose to be tested.  

Given the following: 

• The clinical course of the disease in patients with CUD is unpredictable; 
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• The screening result will be obtained in a timely manner for almost all the patients;  

• Without treatment, cardiac manifestations can occur at any age and be fatal at onset; 

• Neonatal screening could prevent diagnostic wandering and make it possible to 
initiate L-carnitine supplementation before the patient becomes symptomatic; 

• The timing of sampling and the cut-off value seem to be important factors in the 
screening test’s performance. 

– False-positive and false-negative results are obtained when the carnitine level is 
measured before the age of 2 weeks because the level in the newborn may reflect 
that in the mother;  

– Other sources of false positives have been identified, including the maternal free 
carnitine level during pregnancy and the presence of other metabolic diseases in 
the mother or the newborn. 

• No conclusions regarding the efficacy of neonatal CUD screening can be drawn from 
the available data. However, L-carnitine supplementation appears to reduce or 
eliminate and prevent the development of future symptoms. Case series data 
suggest that patients treated with L-carnitine supplementation have a favourable 
prognosis;  

• Assuming that 82,000 newborns participate in neonatal screening every year, 
between 0 and 29 newborns could be referred annually for diagnosis. Based on 
screening program data, neonatal screening could detect between two cases per 
year and one case every 4 years; 

• The organizational and populational impacts of adding diseases to Quebec's 
neonatal screening program raise certain concerns regarding:  

– The human, material and financial resources required to optimally implement 
CUD screening;  

– The potential impact on the current supply of specialized services;  

– The budget impact analysis, which suggests that adding CUD to the neonatal 
blood screening platform could result in additional expenditures of close to 
$529,000 over a 3-year time horizon. 

INESSS recommends adding carnitine uptake deficiency (CUD) 
screening using tandem mass spectrometry to the blood platform 
in Québec’s neonatal screening program. 

The need to create a provincial registry for documenting and improving the understanding 
and treatment of these diseases was raised by all those consulted. Better information on the 
different IEMs should be made available to patients and health professionals. 
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