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Tandem mass spectrometric determination of purine
metabolites and adenosine deaminase activity for
newborn screening of ADA–SCID
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Christine McRobertsa, Larry Fishera, Dennis E. Bulmana,b, Michael T. Geraghtya,b,
and Pranesh Chakrabortya,b

ABSTRACT
Background: Screening newborns for severe combined immunodeficiency (SCID) aims for early identification and
treatment of the affected newborns. Adenosine deaminase (ADA) deficiency, a defect in the purine metabolic path-
way, is a major cause of SCID and is characterized by the accumulation of adenosine (Ado) and deoxyadenosine
(dAdo) in dried blood spots (DBSs). If left untreated, infants with this disorder are at risk of life-threatening infections.
Analysis of T-cell receptor excision circles (TRECs) in DBS samples is the gold-standard screening method. How-
ever, TREC analysis is insufficient to determine SCID etiology, and a fraction of ADA–SCID may not be detected.

Methods: We used the original DBS screening sample to measure Ado, dAdo, and ADA activity. Erythro-9-
(2-hydroxy-3-nonyl) adenine was used as an ADA inhibitor to imitate ADA deficiency, making it possible to create
quality control material with pathological enzyme activity and metabolite levels. Quantification was achieved by
tandem mass spectrometric analysis with a run time of 2.5 min.

Results: The 95th percentile reference intervals (n = 588) of Ado and dAdo were 0.9–3.0 and 0.1–0.4 µmol/L,
respectively. The 95th percentile reference interval (n = 200) of ADA activity using 13C10,

15N5 Ado and 15N5

dAdo as substrates were 0.8–1.6 and 0.4–0.7 pmol/DBS, respectively. In confirmed ADA patients (n = 4), Ado
and dAdo were significantly elevated, whereas ADA activity was almost absent.

Conclusion: These novel methods are applied, in our lab, to samples with low TRECs, with no false negative or
false positives encountered to date. The potential of using these methods as a primary screening approach for
ADA–SCID is in the process of validation.

Statement of novelty: New mass spectrometric methods to simultaneously measure adenosine, deoxyadeno-
sine, guanosine, and deoxguanosine, as well as ADA activity in neonatal DBS samples have been developed.
This methodology highlights the metabolic nature of ADA–SCID and complements TREC analysis by providing
additional biochemical information.

Introduction

Screening newborns for severe combined immuno‐
deficiency (SCID) aims at identifying the affected

newborns before the appearance of symptoms. Adeno-
sine deaminase (ADA) deficiency is a rare autosomal
recessive disorder of the purine salvage pathway, char-
acterized by the accumulation of adenosine (Ado),
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deoxyadenosine (dAdo), and deoxyadenosine triphos-
phate (dATP). Elevations of Ado, dAdo, and dATP
that occur in ADA deficiency cause systemic metabolic
toxicity. This impairs the immune system and results
in several nonimmune abnormalities affecting hepatic,
renal, and neurological systems. ADA patients usually
present in infancy with SCID as a result of a defective
immune system (Hershfield and Mitchell 2001; van
den Berghe et al. 2006; Nyhan 2009; Sauer et al. 2012).
SCID, which is characterized by the impairment of
cell-mediated and humoral immunity, encompasses a
heterogeneous group of rare disorders, and represents
the severe end of the combined immunodeficiency spec-
trum (Hershfield and Mitchell 2001; van den Berghe
et al. 2006; Nyhan 2009; Notarangelo 2010). In ADA–
SCID, unlike other causes of SCID, the cytotoxic effect
of accumulating ADA substrates affects various lym-
phocyte subtypes and leads to T-cell, B-cell, and natural
killer cell lymphopenia (Kelly et al. 2013). The overall
prevalence of SCID is 1:50 000–1:100 000 live births
with ADA–SCID being the second most prevalent
form of SCID, accounting for 20% of cases (Gaspar et al.
2009; Puck 2011; Verbsky et al. 2012; Kelly et al. 2013;
Pai et al. 2014). Infants born with SCID appear normal
at birth. However, these patients are at high risk of
early-onset life-threatening infections (Notarangelo
2013). The mainstay treatment for SCID in general
and ADA–SCID in particular is hematopoietic stem
cell transplantation. ADA–SCID may also be treated
with other therapeutic modalities including enzyme
replacement and gene therapy (Gaspar et al. 2009). A
favourable outcome is anticipated should treatment
start before symptoms appear, with a higher survival
rate observed in those who received transplants at or
before 3.5 months of age (Pai et al. 2014).

Since 2008, a growing number of newborn screening
programs have successfully implemented population-
based screening for SCID (Puck 2011; Verbsky et al.
2012; Kwan et al. 2013; Vogel et al. 2014). The addition
of this disorder as a primary target at Newborn Screen-
ing Ontario was recently approved by the Ministry of
Health and Long Term Care, making Ontario the first
Canadian province to offer this test. In a newborn
screening laboratory setting, quantitative analysis of
T-cell receptor excision circles (TRECs) in dried blood
spots (DBSs) is the gold-standard screening method
(Puck 2012). However, TREC analysis alone is insuffi-
cient to determine the exact cause of SCID. This is pro-
blematic because early identification and detoxification
of metabolites are likely vital to improving outcome
for infants with ADA–SCID.

Second-tier testing, whereby a more specific marker is
measured in the original sample, is an efficient way to
improve the screening specificity and this approach
has been adopted by several newborn screening labora-
tories (Janzen et al 2007; Matern et al. 2007). Owing to
the inability of the assay for TRECs to provide informa-
tion about Ado and dAdo, which are present at elevated
levels in patients with ADA deficiency, another method
of analysis for these compounds in DBS specimens is
warranted. These markers were detected in DBS by tan-
dem mass spectrometry (MS–MS) and were shown to
considerably improve newborn screening for ADA–
SCID by introducing an etiologic focus (Azzari et al
2011; la Marca et al. 2014a).

Here we present a novel MS–MS method to detect
Ado, dAdo, guanosine (Guo), and deoxyguanosine
(dGuo), collectively referred to as purine metabolites,
in DBSs. This method utilizes a simple sample prepara-
tion and allows for the detection of these metabolites in
a single 3.2 mm disc. We also describe a procedure to
measure ADA activity in DBSs using stable isotopes as
substrates. In our laboratory, these methods are applied
to DBS specimens with low TREC counts. This addi-
tional information undoubtedly narrows down the dif-
ferential diagnosis considerably, and may expedite the
diagnostic workup and treatment.

Methods

Chemicals and standard solutions

Ado, dAdo, Guo, and dGuo were supplied by Sigma–
Aldrich (St. Louis, Missouri, USA). We used 13C5 Ado,
13C10,

15N5 Ado, 15N5 dAdo, 15N5 Guo, and 15N5

dGuo as internal standards (IS), and they were pur-
chased from Cambridge Isotope Laboratories (Andover,
Maryland, USA). LC–MS grade acetonitrile and LC–MS
grade methanol were from Burdick’s and Jackson
(Muskegon, Michigan, USA). LC–MS grade formic
acid was purchased from Fisher Scientific (Fair Lawn,
New Jersey, USA). Erythro-9-(2-hydroxy–3-nonyl) ade-
nine (EHNA) was from Sigma–Aldrich. Water was
obtained from a Direct-Q 5 UV-R Ultrapure water sys-
tem (Millipore S.A.S., Molsheim, France). All other
reagents were of analytical grade or better.

Individual solutions of purines and labelled IS at a
concentration of 1.0 mg/mL were prepared by dissol-
ving proper amounts of standard material in water
for Ado, dAdo, and dGuo; in 50% methanol for 13C5

Ado, 15N5 dAdo, and 15N5 dGuo; and in ammonium
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hydroxide (10 mmol/L) for Guo and 15N5 Guo. A mix-
ture (0.1 mmol/L) of 13C5 Ado,

15N5 dAdo,
15N5 Guo,

and 15N5 dGuo was prepared in 50% methanol and
was further diluted in the same solvent to produce the
intermediate IS solution at1.0 µmol/L. These solutions
are stable for at least 6 months when stored at −20 °C
in the dark. The IS solution, at a concentration of 0.1
µmol/L, is freshly prepared daily by diluting the inter-
mediate IS solution 10-fold in 70% methanol.

Control and patient DBS samples

Our Institutional Research Ethics Board at the Chil-
dren’s Hospital of Eastern Ontario, Ottawa, Ontario,
approved this study. Anonymized, archived DBS sam-
ples from the Ontario Newborn Screening laboratory,
which produced normal profiles for all screened condi-
tions, were used to determine the reference ranges for
purines (n = 588) and ADA activity (n = 200). These
samples are collected in general at 24–72 h. Archived
DBS specimens from confirmed ADA patients (n = 4)
were also analyzed. These samples were stored at ambi-
ent temperature under dry conditions for 80, 53, 52, and
0.25 months. Archived DBS controls stored for periods
matching those of ADA patients’ samples were simulta-
neously analyzed to assess the effect of storage time on
purine concentrations and ADA activities.

Sample preparation for purine
measurements

We added 100 µL of daily IS solution to a single
3.2 mm DBS disc that was placed in a designated well
of a 96-well plate, and the plate was sealed with a sealing
film (Platemax; Axygen Scientific). After 15 min of
incubation with shaking (37 °C, 650 rpm) 90 µL of elu-
ates were transferred to a 96-well Nunc plate (Thermo
Scientific) and evaporated to dryness under vacuum
(60 °C, 45 min). The residue was reconstituted in
90 µL of 0.1% formic acid in 70% acetonitrile by shaking
for 10 min at 27 °C. Aliquots (7.5 µL) of the resultant
solution were injected into the MS–MS system.

Determination of ADA enzyme activity

A 3.2 mm DBS sample was punched into the desig-
nated well of a 96-multiwell filter plate (Pall Corp,
Ann Arbor, Michigan, USA) and eluted using 120 µL
of water by shaking at 650 rpm (24 °C for 30 min). After
filtration under vacuum, two 40 µL portions of the

eluate were dispensed into two 2 mL microtubes (Axy-
gen, Union City, California, USA) and were labelled
“Test” and “Blank”. Ten microlitres of 10 µmol/L of
EHNA in water were added to the Test tubes, whereas
10 µL of water were added to Blank tubes. The tubes
were vortexed for 10 s and allowed to sit at room tem-
perature for 5 min. Fifty microlitres of 2 mmol/L
ammonium acetate containing 1.0 µmol/L of 13C10,
15N5 Ado, and

15N5 dAdo were added to each tube as
ADA substrates. The mixture was incubated at 37 °C
with shaking (20 rpm). After 30 min, the enzymatic
reaction was stopped by adding 400 µL of acetonitrile
containing 13C5 Ado (0.125 µmol/L), and the mixture
was vortexed for 30 s. After evaporation to dryness
using a vacufuge for 55 min at 60 °C, the residue was
reconstituted in 125 µL of water containing 0.1% formic
acid, and 3 µL of this mixture was injected into the MS–
MS system to measure residual 13C10,

15N5 Ado, and
15N5 dAdo using 13C5 Ado as the IS. The enzyme activ-
ity, expressed in picomoles of residual substrate per
DBS, was measured by calculating the difference in
13C10,

15N5 Ado, and
15N5 dAdo in the test and blank

tubes after the enzymatic reaction.

MS–MS system

Analysis of the purines in the DBSs was performed
on a Xevo XE MS–MS system (Micromass, Manche-
ster, UK) coupled with a Waters ACQUITY Ultra Per-
formance LC system (Waters, Milford, Massachusetts,
USA) for solvent delivery and sample introduction.
MassLynx software (version 4.1) running under
the Microsoft Windows XP professional environment
was used to control the instruments and for data
acquisition.

The electrospray ionization source (ESI) was operated
in the positive ion mode using a capillary and cone vol-
tage of 3.0 kV and 29 V, respectively, with a collision
energy of 10 eV using argon as the collision gas. Ion
source and desolvation temperatures were maintained
at 120 and 400 °C, respectively. Scanning was in the
multiple reaction monitoring (MRM) mode using tran-
sitions of mass to charge (m/z) of 268 to 136 for Ado;
273 to 136 for 13C5 Ado; 283 to 146 for 13C10,

15N5

Ado; 252 to 141 for dAdo; 257 to 136 for 15N5 dAdo;
284 to 152 for Guo; 289 to 157 for 15N5 Guo; 268 to
152 for dGuo; and 273 to 157 for 15N5 dGuo; all transi-
tions had a dwell time of 0.03 s.

Samples were introduced to the ion source using 70%
acetonitrile containing 0.1% formic acid as the mobile
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phase. The flow-rate gradient was programmed to start
at 140 µL/min then drop to 10 µL/min after 0.2 min.
At 1.21 min, the flow was increased to 500 µL/min.
This surge in flow at the end of data acquisition serves
to clear any residual material and to decrease the back-
ground noise. Injection-to-injection time was set at
2.5 min.

Method development and validation

Extraction of purines was optimized using aqueous–
organic mixtures at various proportions. Extraction
time was investigated using 70% methanol for various
time periods. Linear ranges were determined using cali-
brators prepared with standard purine solutions diluted
in 0.9% NaCl (Baxter, Mississauga, Ontario) in the
range 0.1–100 µmol/L. Quality control (QC) materials
at physiological and pathological purine levels were
prepared using whole blood with or without EHNA
treatment at a concentration of 10 µmol/L. Calibrators
and QCs were applied manually onto Whatman 903™
Specimen Collection Paper and allowed to dry at ambi-
ent temperature overnight. Dried calibrators and QC
samples were stored at 20 °C in sealed plastic bags with
a desiccant.

Within-day (n = 12) and between-day (n = 12) varia-
tions were evaluated by repeatedly analyzing QC mate-
rials at levels representing normal and abnormal
concentrations. The coefficient of variation (CV%)
was calculated according to the following equation:
[CV% = (100 × standard deviation)/mean]. Analytical
recovery was calculated using data obtained from DBS
specimens as follows: [Recovery% = 100 × (concentration
measured/concentration added)].

The stability of purine metabolites in DBS was
assessed by storing spiked samples (5 and 25 µmol/L)
at various temperatures (ambient, –20 °C, and 30 °C).
Analyses were carried out as described over a period
of 5 weeks.

ADA activity assay conditions were determined by
monitoring the enzyme reaction (up to 60 min), sub-
strate concentration (1–10 µmol/L), EHNA concentra-
tion (2.5–160 µmol/L), and incubation temperature
(30–60 °C). Within-day (n = 20) and between-day
(n = 20) reproducibility of ADA activity analysis were
assessed by repeatedly analyzing normal and EHNA-
treated DBS specimens.

Results

MS/MS experiments

Individual solutions containing purine metabolites
and the IS were infused into the first quadrupole of
the MS–MS. Positive ion-mode ESI-MS scanning
revealed intense ions at m/z of 268, 252, 284, and 268,
corresponding to the [MH]+ of Ado, dAdo, Guo, and
dGuo, respectively. Subsequent transmission of these
ions into the collision cell, followed by scanning using
the second resolving quadrupole for fragments, revealed
a common fragmentation pattern corresponding to the
cleavage of the glycosidic C–N bond. Intense fragments
produced from Ado and dAdo were assigned to proto-
nated adenine (m/z of 136), whereas those from Guo
and dGuo were assigned to protonated guanine (m/z
of 152). Figure 1 shows the product ion spectra and frag-
mentation pattern of Ado at an m/z of 268 (Figure 1A)
and dAdo at an m/z of 252 (Figure 1B).

Chromatographic separation was not required in this
work, and samples were introduced into the MS–MS
using a flow-injection analysis method. This was
achieved using a gradient program that changes the
flow rate of 70% (v/v) acetonitrile containing 0.1% for-
mic acid between 10 and 500 µL/min over the course
of the run to maximize the sensitivity. The use of a
flow surge at the end of each run reduced ion suppres-
sion and enhanced the peak shape. The analytical time
between successive injections was 2.5 min.

Sample preparation for purine
measurements

DBS calibrators could not be prepared in this work,
owing to residual ADA activity that persisted after tradi-
tional enzyme deactivation treatments such as freeze–
thaw cycles or heating whole blood at 45 °C for 24 h.
We added EHNA, a specific ADA inhibitor to whole
blood, to prevent the deamination of Ado and dAdo
to inosine and deoxyinosine, respectively. Purine meta-
bolites were extracted from 3.2 mm dried calibrators
or DBS specimens using an aqueous solution of
70% methanol (v/v) containing isotope-labelled IS. This
solution was added directly into a 96-well plate contain-
ing the samples and incubated at 37 °C with shaking
(650 rpm). The extraction yield reached its maximum
at ≥15 min. The following experiments were therefore
performed at 37 °C for 15 min. Purine metabolites
were stable for at least 24 h when stored in a tightly
sealed vial at 8 °C.
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Sample preparation for ADA activity
measurements in DBS

Optimum conditions for ADA activity measurements
were EHNA at a concentration of ≥10 µmol/L, a sub-
strate concentration of 1.0 µmol/L, and incubation at
37 °C for ≥30 min.

Assay validation

Regression analysis of analyte-to-IS peak ratios versus
concentration in dried calibrators revealed linear rela-
tionships between 0.1 and 100 µmol/L for all studied
compounds. Analysis of DBS specimens containing
Ado, dAdo, Guo, and dGuo at 5 and 25 µmol/L stored
for a period of 5 weeks at −20 °C, 23 °C (ambient)
and 30 °C revealed that these compounds are stable
under the conditions described.

Within-day (n = 12) and between-day (n = 12) impre-
cision in purine measurements was evaluated by
repeated analysis of the DBS QC samples. Table 1 sum-
marizes the imprecisions expressed as a coefficient of
variation (%), and the analytical recovery obtained
using the dried calibrators.

The between-day (n = 20) and within-day (n = 20)
reproducibility of ADA activity analysis in the DBS,
expressed as the CV, was better than 21.3%.

Analysis of control and patient samples

In this work, ADA enzyme activity is expressed in
picomoles of an isotope-labelled Ado or dAdo per
DBS. These values were obtained by calculating the dif-
ference in residual 13C10,

15N5 Ado, and
15N5 dAdo in

EHNA-treated (i.e., Test) and non-EHNA-treated (i.e.,
Blank) samples. In ADA-deficient samples, the added
stable isotope substrates are not consumed by ADA in
either the test or blank samples, and the difference
between test and blank approaches zero. On the other
hand, the observed difference between the test and the
blank in normal samples is several orders of magnitude
higher than that in patients (Table 2).

Reference intervals for TRECs, purine metabolites
(n = 588), and ADA activity (n = 200) in DBS samples
from healthy newborns are shown in Table 2. Pathologi-
cal levels obtained in the DBS samples from patients
with genetically confirmed ADA deficiency (n = 4) are
also shown. Figure 2 shows the MS–MS spectra
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Figure 1: Structure and product ion spectra of Ado (A) and dAdo (B) obtained by ESI-
MSMS analysis. Experimental details are as described in the text.
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obtained with neonatal DBS specimens from an ADA
patient (A) and a healthy newborn (B).

Discussion

SCID newborn screening began in the United States
following the recent addition of this condition to the
uniform panel, as recommended by the U.S. Department
of Health and Human Services. In Canada, Ontario was
the first jurisdiction to screen for SCID, which began in
August 2013. TREC analysis is the primary screening
method and can be achieved with RT-PCR using neona-
tal DBS, which is the sample of choice for newborn
screening. However, TREC analysis is inadequate to
provide additional information regarding the etiology
of SCID. This is particularly important in ADA–SCID,
where progressive damage is likely caused by metabolite
accumulation. ADA–SCID patients can be identified by
measuring purine metabolites, namely Ado and dAdo,
in DBS specimens. In the literature, analysis of these
metabolites using MS–MS has been described; however,
the published method does not allow for preparing con-
trol samples in whole blood, owing to residual enzyme

activity (Azzari et al. 2011; la Marca et al. 2013; la Marca
et al. 2014a). Further, the use of a single 13C labelled
Ado IS in the published method is inappropriate, as it
shares the same mass transition with the natural Ado
isotope (la Marca et al. 2014a). Therefore, we sought
to develop a method that employs spiked blood controls
and extend it to encompass other purines such as Guo
and dGuo, the markers for purine nucleoside phosphor-
ylase deficiency within the same run (Chantin et al.
1996; la Marca et al. 2014b). In the early experiments,
unlike Guo and dGuo, we noticed the immediate loss
of Ado and dAdo upon adding standard purines to
whole blood. A similar observation was also described
by la Marca et al. (2014a) who ascribed this to residual
ADA activity and opted to use aqueous calibrators. In
MS–MS based methods, the use of matrix-matched con-
trol materials is an acceptable approach to reduce the
matrix effect on target analytes (Kilcoyne and Fux
2010). Thus, in this work, pathological purine levels
were achieved by spiking whole blood with EHNA and
allowing this potent ADA inhibitor to restrict the
enzyme activity prior to spiking the whole blood with
purines. The EHNA-spiked blood imitates ADA

Table 1: Recovery, within-day, and between-day reproducibility of Ado and dAdo in dried blood spots.

Compound Concentration added (µmol/L)

Within-day (n = 12) Between-day (n = 12) Recovery (%)†

Mean (µmol/L) CV (%)‡ Mean (µmol/L) CV (%) Mean CV

Ado 0§ 0.67 9.6 0.55 12.4 124.8 12.8
9.4 13.4 10.8 13.3 6.3

18.7 21.1 7.8 19.6 3.7
dAdo 0§ 0.12 48.5 0.13 34.9 85.8 23.6

13.0 8.5 4.6 8.6 9.1
31.6 33.5 7.1 33.6 3.1

†Recovery (%) = 100 × (concentration measured – concentration added)/concentration added.
‡Coefficient of variation.
§DBS from a healthy individual that was not enriched with Ado and dAdo.

Table 2: Concentrations of TRECs, purines, ADA activity, and mutations in ADA–SCID patients and controls.

Age (h) TREC (no./µL)

Purine metabolites (µmol/L) ADA activity (pmol/DBS)

MutationsAdo dAdo Gua dGua Ado† dAdo‡

Controls§ — 83–3316 0.9–3.0 0.1–0.4 0.5–7.4 0.2–3.5 0.8–1.6 0.4–0.7 —
Patient 1 49 0 21.9 40.5 2.7 4.1 0.04 0.01 R142X/E319fs*3

Patient 2 56 0 33.4 55.2 2.6 1.5 0 0 R142X/E319fs*3

Patient 3 61 0 33.0 47.3 4.4 2.1 0 0 R142X/E319fs*3

Patient 4 27 0 51.3 33.7 3.0 1.7 0 0.01 C153F/A329V
†ADA activity calculated using isotope-labelled Ado as substrate. See text for details.
‡ADA activity calculated using isotope-labelled dAdo as substrate. See text for details.
§The 2.5%–97.5% reference intervals using n = 588 and n = 200 for purine metabolites and ADA activity, respectively.
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deficiency, making it possible to create QC material
with pathological enzyme activity and purine levels.
The resultant DBS specimens were used as QC material
and included in every analytical run throughout
this work.

Purines are nitrogenous compounds, thus they are
appropriate for detection by positive ion electrospray
ionization MS–MS equipment commonly used in
newborn screening laboratories. The precursor ions cor-
responded to protonated nucleosides and the fragmen-
tation pattern observed is common to all studied
compounds and is consistent with glycosidic bond clea-
vage. The use of specific MRM transitions to monitor
these nucleosides enabled us to maximize the sensitivity,
and eliminated the need for chromatographic separation.
With a simple sample preparation and an MS–MS run of
2.5 min per sample, we were able to meet our required

turn-around time and integrate purines measurements
as an integral part of our routine screening process
for SCID.

In this work, we designed our DBS QC material to
cover a wide concentration range encompassing physio-
logical and pathological Ado and dAdo levels to achieve
maximum diagnostic value. The use of a stable isotope
IS with 5 mass units greater than the target analytes
eliminated the interference from naturally occurring
isotopes and enhanced the quality of the quantitative
data obtained.

Several metabolites and enzymes can be measured in
neonatal DBS specimens indicating that the dry nature
of this matrix provides a favourable environment that
decreases degradation. In this work, we found purines
in the DBS to be consistently stable for at least 5 weeks
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Figure 2: MS–MS spectra obtained with neonatal DBS specimens from an ADA
patient (A) and a healthy newborn (B). The asterisk denotes the stable isotope IS
peaks. Experimental details are as described in the text.
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at temperatures ranging between –20 °C and 32 °C. This
is particularly important, as stability during transport of
DBS samples is essential to guarantee sample integrity
and result validity. It is worth mentioning that purines
and ADA activity in DBS are stable for long periods
when stored under dry conditions at room temperature
as evidenced by analyzing archived normal and abnor-
mal samples that have been stored under the same con-
ditions for up to 80 months.

As shown in Table 2, Ado and dAdo, as measured by
the current method in DBS specimens from healthy
newborns, were below 3.0 and 0.4 µmol/L, respectively.
On the other hand, dAdo, and to a lesser extent Ado,
were detected at significantly higher concentrations in
newborn ADA–SCID patients. As expected, both Guo
and dGuo were within normal limits in ADA-deficient
patients.

We were able to confirm ADA–SCID by measuring
the ADA activity in neonatal DBS specimens. The assay
used was based on measuring the consumption of 13C10,
15N5 Ado and 15N5 dAdo by ADA using MS–MS and
13C5 Ado as an IS. Each sample was measured in dupli-
cate with and without EHNA treatment to ensure accu-
rate ADA measurements. Under the conditions used,
the method clearly differentiated between ADA patients
(n = 4) and healthy newborns (n = 200) with 100%

sensitivity and specificity (Figure 3). However, further
validation of assay conditions using more samples
from patients known to have complete or partial ADA
deficiencies may be required.

It has been reported that unlike TREC analysis, quan-
tification of certain purine metabolites identifies new-
borns with late-onset ADA deficiency (la Marca et al.
2013). As a proof of concept, the potential of simulta-
neously measuring ADA activity and purine metabolites
together with other established screening markers in a
single mass spectrometric run was evaluated. This
method involves combining the reconstituted residue
of the blank preparation described above (i.e., without
EHNA treatment) with the reconstituted amino acids
and acylcarnitines preparation. Quantification of these
additional markers (i.e., Ado, dAdo, 13C10,

15N5 Ado,
and 15N5 dAdo) was multiplexed into our existing
screening method for amino acids and acylcarnitines
in a single injection. This combination allows for our
novel methodology to be used as a primary screen
for ADA–SCID with sensitivity adequate of detecting
ADA–SCID with no additional burden on instrument
time. The use of this methodology highlights the
metabolic nature of ADA–SCID and complements
TREC analysis by providing additional biochemical
information. Figure 4 shows purine metabolic profiles
obtained from DBS specimens of an ADA-deficient
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Figure 3: Distribution of ADA activity expressed in picomoles per dry blood
spot (DBS) for 13C10,

15N5 Ado and 15N5 dAdo. Solid circles represent ADA
patients (n = 4) and triangles represent controls (n = 200).
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newborn (Figure 4A) and those from a normal new-
born (Figure 4B).

In conclusion, purine metabolites and ADA activity
measurements in DBS samples from neonates are
anticipated to improve, with excellent sensitivity, the
timely identification of ADA–SCID patients. These
novel methods are currently applied in our lab to sam-
ples with low TRECs, with no false negative or false
positives encountered to date. The potential of using
these methods as a primary screening approach for
ADA–SCID is under validation.
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