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Abstract

Background: The present study aims at two tier analysis for diagnosis and confirmation of organic acidemia
using simultaneous analysis of dried blood spot (DBS) carnitine profile by tandem mass spectrometry (TMS)
and urine metabolic analysis on gas chromatography mass spectrometry (GC/MS).

Material and Methods: This cross sectional study included 348 DBS samples and their dried filter paper urine
sample came for routine and emergency screening of inborn errors of metabolism (IEM). All DBS samples were
anlysed for amino acid and acylcarnitine profile derivatized on TMS. All these cases were simultaneously tested
for urine organic acid pattern on GC/MS which involved urease pretreatment, deproteinisation followed by
derivatisation. Confirmation of IEM was based on the two tier approach containing the blood and urine
metabolic pattern as recommended by panel of American College of Medical Genetics (ACMG).

Results: 17 cases were screened positive for IEM analysed separately for amino acid /acylcarnitine profile and
urine organic acid profile. However the two tier testing screened and confirmed 8 cases of organic academia
within 36 hours of receipt of sample which included 2 cases each of maple syrup urine disease (MSUD), glutaric
acidemia Type I (GA I), and B-ketothiolase deficiency (BKT) and one each case of multiple carboxylase
deficiency (MCD) and propionic acidemia (PA).

Conclusion: The simultaneous two tier metabolome testing for screening of IEM is more comprehensive, cost
effective, delivering confirmatory results with significantly reduced turnaround time, thus reducing recall rate by
eliminating false-positive results and help prevent unnecessary anxiety of parents.

Keywords: Organic acidemia, dried blood spot, tandem mass spectrometry, gas chromatography mass
spectrometry.

1.Introduction

Inborn errors of metabolism (IEM) are
typically associated with hereditary deficiency, which
leads to defect in one or more enzymes that are
important for normal metabolic activity.[1] Organic
acid disorders are an important group of IEMs
characterized by defect in enzymes involved in
protein metabolism. Such defect results in metabolic
blockade, deficiency of vital chemicals and buildup
of toxic chemicals. These accumulated toxins
eventually appear in blood as carnitine conjugates
and in urine as organic acids and glycine conjugates
which all serve as diagnostic markers in diseased
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newborn. Being one of the common groups of IEMs,
they have always been included in most of the
newborn screening (NBS) programs.

NBS is a synchronized system employing
various advanced technologies and comprises of
screening, follow-up of abnormal test results,
confirmatory testing, diagnosis, treatment, and
assessment of periodic outcome and efficiency[2].
NBS is aimed for timely diagnosis of threatening
clinical conditions that would otherwise hamper
mental and physiological development of newborn.
In general practice, samples are screened by various
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analytical methods including enzymatic assays,
enzyme linked immunosorbent assay (ELISA),
tandem mass spectrometry (TMS) and gas

chromatography mass spectrometry (GCMS). The
screened positive samples are subjected to follow up
testing (confirmatory testing), using additional
methodologies. Upon confirmation of screened
positive samples through follow up testing, treatment
decisions are made.

Overall, routine practice requires 15 to 20
days to reach a confirmatory decision, if everything
goes well (repeat sampling in due time, timely
logistics and lab analysis). This time period is very
crucial in NBS program, as ultimate goal is to
provide a quality life to the affected newborn with
proper medical guidance and treatment. Routine
primary screening methods are designed to identify
as many infants affected by IEM favoring diagnostic
sensitivity over specificity for disorder detection.
Such approach not only increases the numbers of
false-positive test results, but also places families to
unnecessarily increased stress and anxiety. [3] The
number of false-positive results has increased
manifold with growing number of disorders in the
NBS test panels. One solution to this problem is to
use improved methods or to couple primary screening
methods with second-tier tests that improve
selectivity. Another way for improving diagnostic
specificity ~ without  compromising  diagnostic
sensitivity is to develop a second, linked test that is
more specific than the original method. The linked
second test can have a lower sample throughput but
measures additional metabolites that either strongly
support the presumption of a true positive case or
refute the previous diagnosis.

Organic Acid disorders are the intoxication
type organic acidemias which often present in the
neonatal period with myriad critical features like
lethargy, poor feeding and vomiting, which may
progress to coma if not identified and treated
appropriately.[4] Although the organic acidemia is
rare in western countries compared to amino
acidemias[5]; the incidences in eastern part of world
are more common, especially in India.[6] Almost
10% cases were screened positive for organic
acidemia; during the period of January 2007-
December 2008, amongst 420 suspects, showing
significant symptoms.[7] These statistics are enough
to say that, at a given population density in India, the
figure of positive cases might reach, too many fold
higher, and hence the focus on organic acidosis
screening in newborn is the need of time today.

Many of the organic acid disorders can lead
to irreversible damage in early days of life, especially
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in first few weeks; each minute taken to reach
confirmed diagnosis counts on the health of newborn.
As a consequence, the present study focuses on
confirmation of screened positive cases of organic
acid disorders, using two tier testing on TMS and
GC/MS simultaneously to reach a diagnostic decision
within shortest possible time, which would benefit
the affected baby.

2. Material and methods
2.1 Chemicals

We purchased isotopically labeled succinyl
acetone, amino acids and acyl carnitine standards
from Cambridge Isotope Laboratories (CIL). Chrom
systems reagent kit for amino acid and acyl carnitine
analysis purchased from Chrom systems, Germany.
All other required chemicals and solvents of
analytical reagent grade were purchased from Sigma
Aldrich and used without further purification.
2.2 Clinical sample collection

The heel prick dried blood spot (DBS)
sample was collected on preprinted circles of
specially manufactured DBS card/paper (Whatman
903). This filter paper meets NCCLS and CDC
specifications[8]. Similarly, urine samples were
collected by adsorbing on filter paper (Whatman
903). Both samples (Blood and urine) allowed drying
properly at room temperature for approximately two
hours, before being shipped to the analyzing
laboratory. Almost 348 heel DBS specimen collected
randomly from different parts of the country were
first taken for amino acid and acyl carnitine profile
on TMS. Urine samples of all these cases were
processed on GC/MS for metabolic acid pattern. The
laboratory turnaround time for screening metabolic
disorder began on the day when urine and DBS
specimens were received. Written informed consent
was obtained from parents of babies.
2.3 DBS analysis on TMS

DBS sample analysis for amino acid and
acyl carnitine profile was performed on LCMS-MS
8030, Triple—Quadruple Mass Spectrometer equipped
with ESI probe (Shimadzu, Japan). DBS samples
were processed by protocol stated in Chrom systems
reagent kit. A positive and negative control sample
was prepared and analyzed with every batch of
patients tested. The data analyzed by using Neonatal
Software version 3.2. The markers were expressed as
pmol/L based on its ratio with stable-isotope
deuterium-labeled isomer (e.g., Leucine/deuterium-
Leucine).Reference values for amino acid and acyl
carnitine profiles have been calculated from the DBS
concentrations measured in healthy newborns and
early infancy.
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2.4 Urine analysis by GCMS

Urine filter paper samples were extracted
using suitable protocol and pretreated with urease at
37 °C to get rid of urea followed by deproteinisation
with ethanol containing Heptadecanoic acid as
internal standard. Further, sample was vacuum dried
and residue was subjected to derivatisation by adding
N, O,-bistrimethylsilyl) trifluroacetamide (BSTFA)
and Trimethylchlorosilane (TMCS) as described by
Kuhara et al.[9] 1 ul Aliquots of derivatized sample
were injected into Shimadzu QP- 2010 Plus GC/MS
using auto sampler in split mode. The metabolites
were chromatographically analyzed as trimethylsilyl
compounds. The data analyzed with computer-
assisted program and NIST library. Urinary
creatinine  was measured enzymatically using
Microlab semi auto analyzer ARX-235. The markers
were expressed as mmol/mol creatinine.

3. Results

Totall7 cases were picked up as
presumptive positive when their blood carnitine
profile and urine GC/MS organic acid analysis
considered separately which showed one or the other
finding indexing towards possibility of IEM.
Amongst these 17 samples, 8 samples were
confirmed for organic acidemia based on the
consideration of both metabolic pattern (Table 1).
Simultaneous analysis of blood and urine samples,
detected and confirmed the presence of various
metabolites for organic acidemia.

The DBS sample of 6 day old female baby
processed by TMS showed elevated
propionylcarnitine (C3) levels up to 9.3uM/L of
blood which was almost 30 times higher than the
reference value. Propionylcarnitine is the primary
marker used to screen for propionic acidemia (PA),
methylmalonic acidemia (MMA), and multiple
carboxylase deficiency (MCD). Its urine profile
showed increased excretion of 3-hydroxypropionate
and methyl-citrate which is consistent with PA
(Fig.1). Absence of methylmalonic acid in urine ruled
out the possibility of MMA. Due to aggressive
identification by two tier analysis and initiation of
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therapy surely prevented severe morbidity and
mortality caused due to PA.

Similarly, increased level of
glutarylcarnitine (C5DC) was detected in the two
DBS sample of 1.5year and 2.3 month old male baby
when analyzed through TMS. C5DC is the primary
marker for Glutaric acidemia type I (GA I) and a
secondary marker for Glutaric acidemia type Il (GA
I1).Apparent increases in C5DC have also been
demonstrated in medium-chain acyl-CoA
dehydrogenase deficiency, most probably because of
acylcarnitines of identical mass.[7] On the other
hand, the plasma levels of C5DC may not be
consistently elevated, especially in the neonatal
perioddue to carnitine deficiency, so that cases of
GA-1 may be missed by this method. More specific
urine analysis thus played crucial role to resolve the
dilemma showing increased excretion of glutarate, 3-
hydroxyglutarate and gluconate (Fig 2), providing
enough confidence in the diagnosis. The detection of
C5DC alone is insufficient for the diagnosis of this
disorder since it is known to be elevated in other
conditions like GA Il, respiratory chain disorder,
branched chain organic acidurias as well as riboflavin
deficiency and valproate therapy.

A8 days old female baby hadacylcarnitine
profile in the blood sample and urine metabolome
pattern both pointing out towards beta-ketothiolase
deficiency (BKT) (Table 1).

Another case of 4 month old male baby had
increased level of propionylcarnitine (C3) and 2-
methyl 3-hydroxybutyrylcarnitine (C50H) in the
blood sample. Based on these findings, baby was
suspected for MCD. Since MCD is characterized by
deficient activities of three biotin-dependent
enzymes, propionyl CoA carboxylase, pyruvate
carboxylase, and B-methylcrotonyl CoA carboxylase.
Urine analysis of same patient showed expected
increased excretion of metabolic acids and glycine
conjugates consistent with MCD (Fig 4).

Results of both blood carnitine profile and
urine metabolic profile were reported within 36 hours
of receipt of samples in the laboratoryfor all the cases
in the study group.
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Table 1: New born screening results of screen positive cases by two tier testing approach

No. Observed TMS markers Presumptive Urinary markers by GCMS Confirmed
of diagnosis based Screening
cases on Carnitine based on
profile second tier
approach
2 Leucine, valine MSUD Lactate, 2-hydroxybutyrate , MSUD
3-hydroxybutyrate,
2-hydroxyisocaproate
2-hydroxyisovalerate
1 Propionylcarnitine (Cs), 2-methyl 3- | HMG, 3MCC, Lactate, 3-hydroxybutyrate, 3- | MCD
hydroxybutyrylcarnitine (CsOH) MCD, BKT, hydroxyporpionic acid, 3-
3MGA methylcrotonylglycine,
tiglylglycine,
3-hydroxyisovalerate,
2-hydroxyisovalerate.
2 Alanine,glutarylcarnitine(CsDC) GA |, GA2 Glutarate, 3-hydroxyglutarate, | GA |
glutaconate
1 Propionylcarnitine (Cs) PA, MMA, 3-hydroxypropionate, PA
MCD, CUD methylcitrate
2 Tiglylcarnitine (Cs:1), 2-methyl 3- BKT 3-hydroxybutyrate, BKT
hydroxy butyrylcarnitine (CsOH) 2-methyl 3-hydroxybutyrate,
tiglylglycine.

MSUD: Maple syrup urine disease;MCD: Multiple carboxylase deficiency; GA I: Glutaric acidemia Type I;GA 1l: Glutaric
acidemia Type II;PA: Propionic acidemia; BKT: B-ketothiolase deficiency; HMG: 3-Hydroxy-3-methylglutaryl CoA lyase
deficiency;3MCC: 3-Methylcrotonyl- CoA carboxylase deficiency: 2M3HBA: 2-Methyl 3-hydroxy butyric aciduria;3MGA:

3-Methylglutaconic aciduria: MMA: Methylmalonic acidemia; CUD: Carnitine uptake defect

Fig 1: Urine total ion chromatogram of positive cases of organic academia
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4. Discussion

NBS has significantly improved the
detection of inherited metabolic disorders, but
proportionately has increased burden of reporting
false positive results. We must recognize these false
positive test results has adverse effect and devote
more attention for its minimization. It is desirable for
any NBS program to design and adopt the strategies
like improved technology and two tier testing which
increases sensitivity without reducing specificity. The
strategy that is used by any screening program is
determined by the technology available, the relative
expense of measuring the respective analytes, and the
beliefs of those who establish the program.
Feasibility of implementing two tier strategies has
first been demonstrated during large scale screening
for congenital hypothyroidism wherein primary
testing is done with thyroxine hormone and only
those individuals with low T, are tested for Thyroid
stimulating hormone (TSH). Such two tier approach
not only improved efficacy without the need for
collecting a second sample but also reduced the false
positive rate.

TMS is rapidly being adopted by NBS
programs to screen dried blood spots for >40 markers
of disease in a single assay[10]. Its revolutionary
technique and analysis time per specimen is of few
minutes, compared to GC/MS analysis which
requires pretreatment and proper sample preparation.
[10][11] TMS has recently gained much attention due
to new method development, significant high
throughput and low cost and hence been accepted as
primary test by most of the NBS program. However
an attempt to increase the number of disorders in
TMS screening panel increased the burden for
lowering the cutoff values which proportionately
increased the chances of false-positive rate to a
reasonable level. Many of the abnormal analyte
elevation found in TMS screening are not
pathognomonic of a single disorder and can be
produced by several different genetic disorders.
Moreover conditions like gestational age, birth
weight, liver or kidney dysfunction, parenteral
nutrition, hyper alimentation, drug treatment, sepsis
can confound the screening results.[12] Preanalytical
errors like hemolysis, layering of DBS, anticoagulant
use, moisture add to the total error of analysis. In
such context, additional, more-specific diagnostic
tests are required. In such scenario, GC/MS is the
preferred confirmatory technique, at least in
diagnosing organic acidemias, but it requires another
level of laboratory sophistication and resources apart
from its low throughput and cost involved.[13][14]
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Moreover expert opinion and peer-reviewed
data strongly support a follow-up protocol that
includes a plasma acylcarnitine analysis along with
urine organic acid analysis in order to lower down the
diagnosis and to institute acute specific therapy.[15]
Many investigators have proposed better precision
and reproducibly of GC/MS in quantification of
organic acids than TMS. Another reason for
integrated two tier approach is based on the fact that
amino acid analysis does not contribute to clarifying
the initial differential diagnosis but do play a chronic
therapeutic role if the eventual diagnosis dictates
proteinfamino acid restriction. Therefore we have
proposed a novel NBS algorithm incorporating
second tier testing of urine by GC/MS following
presumptive positive testing on the initial blood spot
for the increased number of abnormal results from
the primary test for improving the performance of
NBS.

The present manuscript provides insights to
diagnosis and timely confirmation of common
organic acid disorders assigned to the core panel of
American College of Medical Genetics (ACMG)
which meets all the criteria established by the expert
group like availability of screening test, efficacious
treatment and adequate knowledge of natural history.
[16] The encountered positive cases of organic acid
disorders belong to the class of common organic
acidemia as reported earlier. [6][7]Primary markers
of carnitine profile were expected to be consistently
expressed with their associated disorders, whereas the
secondary markers add credibility or help with the
differentiation. For example any DBS sample which
has elevated propionylcarnitine (C3), is screened
positive for PA. [17] It has been suggested that urine
organic acid analysis plays a major role in the initial
follow-up testing of such suspected inborn errors
marked by  specific  acylcarnitines.  Thus
demonstration ~ of  3-hydroxypropionate  and
methylcitrate in urine invariably confirms the
diagnosis of PA (Fig 1). Propionyl glycine is a
specific marker of PA which could be lost during
sample storage and/or transportation. Similarly
notable presence of C5DC, a primary marker of GA
I, must follow analysis of urine metabolic study of
presumptive suspected case. The urinary profile of
suspect showing increased excretion of glutarate, 3-
hydroxyglutarate and glutaconate is almost certain
(refer Fig 2), since 3-hydroxyglutarate excretion has
not been found in any other condition. [18] The
urinary profiles are usually abnormal with increased
glutaric acid, 3-hydroxyglutarate and glutaconate in
GA . [19]
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Urinary excretion of 2- methyl 3-
hydroxybutyrate is the most characteristic feature of
BKT. [20] C5:1 and CsOH carnitines are established
primary and secondary markers for BKT. [21]

However Sarafoglou et al demonstrated that
affected BKT cases can have normal acylcarnitines
when their urine organic acids show severe ketosis.
[22]Blood carnitines and Urinary metabolic studies
taken together usually confirm BKT deficiency.
Similarly the cumulative picture of elevated C; and

CsOH carnitines showing excretion of 3-
hydroxypropionate, 3-methylcrotonylglycine,
tiglylglycine,  3-hyrdroxyisovalerate. ~ Metabolic

profile on two matrices, biotinidase activity and
estimation of biotin level provided findings all
attributed to possibility of MCD.

Newborn screening in India is still in
infancy where very high prevalence of IEM to the
extent of 1 in every thousand newborns was
observed.[23] Several investigators stressed the
importance of screening in India, necessitating
nation-wide large-scale screening.[24][25][26] A
case study reported previously showed, 55% of
mental retardation due to organic acidemia.[6]These
Indian studies clearly demonstrate higher incidence
of IEM in the background of poor development of
NBS model. Several cases of neonatal deaths related
to metabolic disorders go undiagnosed while dealing
with deaths due to neonatal sepsis. Additionally most
of the previously unscreened babies present in the
late childhood for which the NBS cut-offs may not
find applicable and difficult to interpret. Since
treatments and responses for organic acidemia have
significantly improved over the decade, such
integrated two tier approaches enhance to pinpoint
the diagnosis. [16] Another notable benefit of urine
analysis in two tier approach is the measurement of
analytes which may not be available through TMS
providing comprehensive organic acid model and
improved specificity.

5.Conclusion

The application of two tier newborn
screening metabolome analysis is precise and robust
and therefore suitable for implementation in routine
clinical  screening programs having  shorter
turnaround time. In our opinion, this will reduce or
even eliminate false-positive results and prevent a
great deal of unnecessary anxiety for parents and
associated problems.[3][8] On this ground, the
present study brings significant approach, where two
tier analysis system applied to NBS programs reduces
recall rate and overall expenses achieving the
ultimate purpose of screening of IEM.
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