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SUMMARY 
Relevance of tandem mass spectrometry-based newborn blood spot 

screening for methylmalonic acidemia (MMA) 

The primary objective of population-based neonatal screening is to identify newborns 

with an inborn error of metabolism (IEM) at the asymptomatic stage and promptly initiate 

management in order to improve their prognosis.  

Following previous work, the Ministère de la Santé et des Services sociaux (MSSS) plans 

to gradually transfer the screening of IEMs currently screened for on a urine sample to 

screening on dried blood spots, and will subsequently discontinue urine-based neonatal 

screening. However, the MSSS questions the relevance of tandem mass spectrometry 

(MS/MS)-based newborn blood spot screening for the seven IEMs for which urine-based 

screening is currently used. The Institut national d’excellence en santé et en services 

sociaux (INESSS) therefore assessed the relevance of newborn blood spot screening for 

these IEMs. The criteria that guided this assessment included test performance, the 

timeliness of newborn screening results, the effectiveness of neonatal screening, and the 

effectiveness of early treatment. This report examines the relevance of MS/MS-based 

newborn blood spot screening for methylmalonic acidemia (MMA). 

MMA is a disorder of the metabolism of organic acids originating mainly  from amino 

acids in food proteins. Its mode of inheritance is predominantly autosomal recessive. 

Isolated MMA occurs when there is a complete or partial deficiency of the enzyme 

methylmalonyl-CoA mutase or a reduced synthesis of its cofactor, adenosylcobalamin, 

caused by a disorder of cobalamin (vitamin B12) metabolism. MMA can also occur in 

combination with homocystinuria (MMA-HCY), as a result of a reduced synthesis of the 

cofactors adenosylcobalamin and methylcobalamin, caused by other types of disorders 

of vitamin B12 metabolism.  

The global prevalence of MMA is about 1 case per 50,000 births. In Québec, MMA 

affects close to 1 in 39,000 participants in neonatal urinary screening. In 2016-2017, 25 

MMA patients, including 24 under 18 years of age, were enrolled in the Programme 

alimentaire québécois pour le traitement de maladies métaboliques héréditaires. 

There are three forms of MMA: a severe neonatal form with acute metabolic 

decompensations, including hyperammonemia and neurological distress; an acute, 

intermittent late-onset form with recurrent episodes of metabolic decompensation; and a 

chronic, progressive late-onset form with various heterogeneous signs, such as 

hypotonia, failure to thrive and developmental delay.  

Nearly one-third of MMA patients are reportedly symptomatic before the results of the 

screening test are obtained. The median age at onset of symptoms in patients who 

developed symptoms early was 3 days, while for the patients who developed symptoms 

later, it was 300 days or 210 days, respectively, for those who responded or did not 

respond to vitamin B12. Overall, between 28% and 48% of patients with isolated MMA 

developed symptoms around the first week of life.  
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For the CblC type of MMA-HCY, three studies reported variable age ranges for onset of 

symptoms or diagnosis. According to the largest study, nearly one-fourth of the clinically 

identified patients with the CblC type developed symptoms during the first two weeks of 

life. A systematic review of patients with late-onset CblC (> 1 year of age) reported that a 

diagnostic delay was observed for these patients, possibly because of the heterogeneity 

of symptoms. 

The prognosis for isolated MMA is poor for patients with an early form of the disease who 

do not respond to vitamin B12. The prognosis is also poor for patients with MMA-HCY, 

especially those with an early form of the disease. Recent mortality data for newborns 

with CblC MMA-HCY appear to be more favourable than the data published before 

parenteral administration of vitamin B12 (hydroxocobalamin) became more systematic. 

The evaluation of the performance of MS/MS as screening test for MMA is based on the 

results of nine primary studies that evaluated programs or pilot projects involving 65,000 

to 1,300,000 participants over a period of 1 to 9 years. The number, type and threshold 

values of the markers that led to retesting, second-tier testing or diagnostic procedures 

varied across the studies. In certain studies, information is lacking regarding the methods 

in place for tracking false negative results, the diagnostic outcomes for the patients who 

had screened positive, and the criteria used to determine the specific type of MMA. The 

screening test’s sensitivity was estimated between 50% and 100% and its specificity 

between 99.861% and 99.998%. The referral rate for diagnostic procedures varied 

between 4 and 155 newborns per 100,000 participants. The positive predictive value 

ranged from 0% to 56%, and the patients with propionic acidemia (PA) accounted for 0% 

to 25% of the false positive results. Wide confidence intervals were obtained for the 

sensitivity and positive predictive value estimates. The identification of patients with 

maternal vitamin B12 deficiency has been poorly documented. 

MS/MS-based screening can be done during the first days of life by detecting high C3-

carnitine levels, which can be combined with other abnormal markers. Certain strategies 

have been proposed to reduce the number of false positive results, including a second-

tier test or predictive algorithms that discriminate between MMA and PA, another IEM 

detected by an elevated C3-carnitine level.  

The diagnostic markers suggestive of MMA are high levels of urinary methylmalonic acid 

and plasma C3 in the presence of a normal (isolated MMA) or high (MMA-HCY) total 

plasma homocysteine level. Neonatal or maternal vitamin B12 deficiency needs to be 

excluded. A diagnosis of MMA is usually confirmed by enzymatic studies and cell 

complementation or genetic analyses. 

There are guidelines for the treatment of the acute and long-term symptoms of MMA. The 

long-term treatment of isolated MMA consists in administering hydroxocobalamin (vitamin 

B12) to patients who respond to it, as well as L-carnitine, vitamins, minerals, and 

antibiotics. If necessary, growth hormone can be prescribed, as well as certain nitrogen-

scavengers for the purpose of normalizing the blood ammonia levels. A protein-restricted 

diet is recommended in cases of isolated MMA and is adapted according to the patient's 

tolerance and needs. The recommended long-term treatment for MMA-HCY includes the 



 

 

administration of hydroxocobalamin (vitamin B12), betaine and, if necessary, methionine, 

but a low-protein diet and low-methionine therapeutic foods are not recommended 

because of the risk of methionine deficiency. Situations that can trigger metabolic 

decompensation should be avoided or managed by ensuring, among other things, an 

adequate energy intake. There are no guidelines for the management of asymptomatic 

patients.   

Six observational studies have compared the clinical outcomes, collected prospectively 

or retrospectively, in groups of 1 to 73 patients identified by neonatal screening or 

clinically in the United States, Europe, Japan, Taiwan and Australia. The main limitations 

of these studies include a selection bias inherent to the subjects’ inclusion modalities, a 

short duration of follow-up, as well as differences in age at the time of clinical outcome 

assessment, in forms of the disease, in treatment modalities and in methods used to 

assess the clinical outcomes. Only one study, which involved more than 30 patients per 

group, performed comparative statistical analyses for each clinical outcome, taking into 

account the effect of age. In the patients with isolated MMA who did not respond to 

vitamin B12, a significant difference was reported for movement disorders and delayed 

development of fine and gross motor skills. In this regard, the patients identified by 

neonatal screening fared better than those identified clinically. No significant differences 

were reported in the incidence of renal failure or cardiac manifestations between the two 

groups for patients with isolated MMA, whether responders or non-responders to vitamin 

B12. 

Three of the studies that did not perform comparative statistical analyses reported 0% to 

33% deaths in the patients identified by neonatal screening and 0% to 60% deaths in 

those identified clinically. One death was reported in a patient who had participated in 

screening but had a false negative result. The number of metabolic decompensations 

during the first two years of life recorded in one study was 1 for a patient identified by 

neonatal screening and more than 10 for each of two patients identified clinically in one 

study. Cognitive delay was reported in 50% of patients identified by neonatal screening 

compared to 80% to 100% of those identified clinically in two small studies. One study 

reported a higher incidence of ophthalmic abnormalities in the patients with an early form 

(< 1 year of age) of CblC if they had been identified clinically than in those identified by 

neonatal screening. None of the retrieved studies compared quality of life between the 

two groups of patients or the physical or psychosocial risks associated with neonatal 

MMA screening. 

Internationally, there seems to be no consensus on the relevance of MS/MS-based 

newborn blood spot screening for MMA. Several countries, including the United States, 

Austria, certain areas of Belgium, Denmark, Hungary, Iceland, Portugal and Spain, offer 

MS/MS-based neonatal screening for various types of MMA. In Canada, all the provinces 

and territories, except Newfoundland and Labrador, offer neonatal MMA screening, but 

the types of MMA targeted may vary. Of seven reports published on the relevance of 

newborn MMA screening published since 2000, some do not recommend such 

screening, mainly because of secondary detection of other diseases and the 

uncertainties regarding the test’s performance, the efficacy of screening and treatments, 
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and the management to be offered to asymptomatic patients. On the other hand, other 

reports recommend screening for MMA, notably because of a possible health benefit 

associated with early treatment. 



 

 
 


