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SUMMARY 

Relevance of tandem mass spectrometry-based newborn blood 

spot screening for citrullinemia type I (CIT-I) 

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

with an inborn error of metabolism (IEM) and promptly initiate management before 

the onset of symptoms 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 citrullinemia type I (CIT-I). 

CIT-I is a disorder of the urea cycle with an autosomal recessive inheritance pattern. 

It is caused by a reduction in argininosuccinate synthetase 1 enzyme activity, which 

leads to a decrease in argininosuccinate synthesis and an accumulation of citrulline, 

ammonia and other toxic metabolites. There are significant geographical variations in 

its prevalence. In Europe, its prevalence is estimated at 2.4 per 100,000. In Québec, 

the estimated birth prevalence is 1 case per 493,986 newborns, based on neonatal 

urinary screening. Two patients with CIT-I were enrolled in the Programme 

alimentaire québécois pour le traitement de maladies métaboliques héréditaires in 

2016-2017, and approximately 10 patients are currently being followed, according to 

the experts consulted.  

Two forms of CIT-I are distinguished according to the onset of symptoms: the neonatal 

form and the late-onset form. In most patients, the initial clinical manifestations are 

signs of a metabolic decompensation, along with an array of nonspecific neurological 

and hepatic symptoms. Prompt management is necessary to limit both the 

deterioration of the patient's clinical condition and the neurological or hepatic 

sequelae, and to prevent death.  

In patients with the neonatal form, symptoms appear at a median age of 2 days, 

according to data from two registries, and in more than 85% of cases, the diagnosis is 

established within 8 days. In patients with the late-onset form, the median age at 

diagnosis is approximately one year, and the diagnosis is made, in two-thirds of cases, 

within a week of first symptom onset.  

One study found that close to 65% of patients with a late-onset or atypical form of CIT-

I were asymptomatic at a mean age of 9 years and that the disease may thus prove to 
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be benign for some of them, which could result in psychosocial consequences and 

entail unnecessary management. 

A systematic review suggests that the evolution, over the past 35 years, of treatment 

for patients with the neonatal form of CIT-I has not led to improved survival rates in 

these patients. The patient's prognosis depends on the duration and peak 

concentration of ammonia measured at the time of the first metabolic decompensation 

and on the frequency of the subsequent episodes of hyperammonemia. At the age of 

one year, one-third of patients with the neonatal form exhibit a normal development, 

fewer than half show signs of developmental delay, and 20% have died. Intellectual 

disability has been reported in 70% of patients over 4 years of age. Among patients 

with the late-onset form, approximately 16% exhibit developmental delay, and up to 

30% develop intellectual disability or neurological sequelae.  

Citrulline is the main marker for MS/MS-based newborn screening of CIT-I. In some 

jurisdictions, secondary markers, such as the citrulline/arginine ratio, have been added 

to reduce the number of false-positive results and incidental findings. The studies 

retrieved in order to evaluate the performance of the CIT-I screening test involved 

68,000 to 950,000 newborns. The sensitivity and specificity estimates varied from 50 

to 100% and from 99.993 to 100%, respectively. The referral rate ranged from 1.7 to 

7.6 newborns per 100,000 participants. The positive predictive value varied from 0 to 

100%. The wide confidence intervals indicate considerable uncertainty around the 

sensitivity and positive predictive value, which can be explained, among other things, 

by the rarity of the disease and the small sample sizes. 

The diagnostic criteria for CIT-I are elevated ammonia, plasma citrulline and urinary 

orotic acid levels and a decreased plasma argininosuccinate concentration. 

The aim of treatment is to prevent elevated serum ammonia levels. Management may 

include a low-protein diet, as well as nitrogen scavengers or other supplements. The 

diet does not eliminate the risk of metabolic decompensation. Liver transplantation, 

which eliminates the risk of decompensation, is recommended in patients with the 

neonatal form who exhibit metabolic instability. The patient’s prognosis depends on 

the damage incurred prior to the liver transplantation and on the risks inherent in this 

procedure.   

Three studies with a small number of patients were retrieved for the purpose of 

evaluating screening efficacy. In one study, no deaths were documented among the 

patients identified clinically, nor among the children identified by neonatal screening. 

Two studies reported no significant difference in the proportion of patients with 

movement disorders, developmental delay or intellectual disability between the two 

groups of patients, namely those identified by neonatal screening and those identified 

following the onset of symptoms. The age differences between the groups, the short 

duration of follow-up, and the lack of details on clinical management, proportion of 

asymptomatic patients and forms of the disease, limited the interpretation of the 

results. 

At the international level, divergent decisions have been made by health authorities 

regarding the inclusion of CIT-I in neonatal screening programs. The arguments in 



 

favour of screening include the availability of treatment. The issues raised against its 

inclusion include the lack of evidence on clinical benefits of screening, the 

uncertainties regarding the epidemiological data, the onset of symptoms before the 

screening results are obtained, and the rarity of the disease. 
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