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Introduction

Summary

The absence of adenosine deaminase (ADA) causes severe combined im-
mune deficiency (SCID), which has been treated with PEGylated bovine-
extracted ADA (ADAGEN). ADAGEN was recently replaced by a PEGylated
recombinant bovine ADA, expressed in Escherichia coli (elapegademase,
ELA-ADA). Limited information on ELA-ADA is available. ADA enzy-
matic activity of ELA-ADA and ADAGEN was assessed in vitro at diverse
dilutions. ADA activity and immune reconstitution in an ADA-SCID patient
treated with ELA-ADA were compared with age-matched patients previ-
ously treated with ADAGEN. ADA activity and thymus reconstitution were
evaluated in ADA-deficient mice following ELA-ADA or ADAGEN ad-
ministered from 7 days postpartum. In vitro, ADA activity of ELA-ADA
and ADAGEN were similar at all dilutions. In an ADA-SCID patient,
ELA-ADA treatment led to a marked increase in trough plasma ADA
activity, which was 20% higher than in a patient previously treated with
ADAGEN. A marked increase in T cell numbers and generation of naive
T cells was evident following 3 months of ELA-ADA treatment, while
T cell numbers increased following 4 months in 3 patients previously
treated with ADAGEN. T cell proliferations stimulation normalized and
thymus shadow became evident following ELA-ADA treatment. ADA
activity was significantly increased in the blood of ADA-deficient mice
following ELA-ADA compared to ADAGEN, while both treatments im-
proved the mice weights, the weight, number of cells in their thymus and
thymocyte subpopulations. ELA-ADA has similar in- vitro and possibly
better in-vivo activity than ADAGEN. Future studies will determine whether
ELA-ADA results in improved long-term immune reconstitution.

Keywords: adenosine deaminase deficiency, elapegademase, enzyme replace-
ment therapy, pegademase, severe combined immunodeficiency

combined immune deficiency (ADA-SCID) with progres-
sive decline in the number of T, B and natural killer

Adenosine deaminase (ADA) is an important enzyme
in the purine degradation and salvage pathway. Complete
or near-complete absence of ADA activity cause accu-
mulation of the enzyme’s substrates adenosine and
2'-deoxyadenosine, as well as the phosphorylated deriva-
tives, often considered together as total deoxyadenosine
nucleotides (AAXP) [1]. The perturbed purine metabolism
leads to abnormal DNA synthesis and repair, enhanced
apoptosis of cells and impaired intracellular signaling
[2]. Inherited defects in the ADA gene cause severe

(NK) lymphocytes leading to increased susceptibility to
infections [2,3]. In addition, ADA-SCID patients might
develop skeletal dysplasia, manifesting primarily in scapu-
lar spurring and costo-chondral cupping [4], develop-
mental delay [5], sensory-neural hearing defects [6]
respiratory distress [7], hepatic failure [8] and neutropenia
[9]. Allogeneic hematopoietic stem cell transplants
(HSCT) from ADA-proficient donors [10] or hematopoi-
etic stem cell gene therapy (HSC-GT) using the patients’
own cells that were transduced with a normal ADA
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gene [11] can correct the immune and systemic abnor-
malities associated with ADA-SCID.

Appreciation that ADA deficiency is a systemic meta-
bolic disease and that purine nucleosides can cross bio-
logical membranes in accordance with concentration
gradients led to the development of ADA enzyme replace-
ment therapy (ERT) [12]. ADA ERT has been employed
to improve patients’ clinical status prior to HSCT and
HSC-GT or as a long-term therapeutic option for
ADA-SCID patients who failed or are not candidates for
definitive treatments [13]. Since the 1980s, ADA ERT has
relied primarily on ADA extracted from calf intestines
that is covalently conjugated to 11-17 strands of mono-
methoxy-polyethylene glycol (PEG) in a process called
PEGylation [14]. PEG itself is considered non-toxic and
non-immunogenic, although recent studies suggest that
some individuals might develop antibodies to PEG [15].
PEGylation via a linker succinimidyl succinate to the lysine
residues in bovine ADA conferred several beneficial prop-
erties [16]. Animal studies showed that the circulatory
half-life of pegylated ADA (pegademase, ADAGEN’) was
prolonged from minutes to 28 h, as clearance from the
circulation was inhibited [14]. In ADA-deficient patients,
ADAGEN half-life varied from 3 to more than 6 days
[12]. ADAGEN was found to have reduced immunogenic-
ity, which further helped to extend its circulating life [17].
ADAGEN was shown to rapidly correct the metabolic,
immune and systemic abnormalities in ADA-deficient
patients [13,18,19], and recent guidelines recommend
administering ADAGEN to all newly diagnosed ADA-SCID
[20]. In mice lacking ADA [ADA-knock-out (KO) mice],
which recapitulate many of the features observed in the
human condition including profound T and B cell defi-
ciency, ADAGEN can correct the metabolic, immune and
non-immune abnormalities when treatment is initiated at
an early age [21,22].

To overcome the reliance on bovine products and the
associated risk of infections, such as bovine spongiform
encephalopathy, to ensure consistent quality and supply
and to possibly extend the shelf life of the enzyme, a
recombinant form of bovine ADA (rADA) was developed.
The protein was modified (Cys74Ser), expressed in
Escherichia coli and conjugated to PEG using a different
linker, succinimidyl carbonate [23]. The new PEGylated
rADA, labeled initially as EZN-2279 and subsequently
as elapegademase (Revcovi”, abbreviated ELA-ADA) was
recently approved for use in the United States and Japan
for ADA-deficient patients. In parallel, ADAGEN was
removed from the North American markets. In the appli-
cation to the US Food and Drug Administration (FDA),
brief descriptions of ELA-ADA treatment in 10 ADA-
deficient patients was provided, including a comparison
in adult patients of circulating ADA activity levels achieved
with a comparable dose of ADAGEN [24]. However, only

two patients were ADA-SCID infants. ELA-ADA treat-
ment was initiated in the two ADA-SCID patients at
4-4 months and 3-4 months of age, and continued for
148 and 107 days, respectively, without significant
improvement in T cell numbers. One of the patients
succumbed to respiratory failure, possibly related to pre-
existing cytomegalovirus infection, while clinical and
laboratory data on the other patient were not provided
[24]. No other reports on the use of ELA-ADA could
be found. Thus, only scarce information is available on
the effects of ELA-ADA in ADA-SCID. Moreover, there
is no direct comparison of the two PEGylated ADA
products, thereby limiting clinicians and scientists from
using the extensive experience gained with ADAGEN.

Here we compare ELA-ADA and ADAGEN activity
in-vitro and the effects of ELA-ADA in a newly diagnosed
ADA-SCID infant with that of ADAGEN used in three
previous patients who received ERT from an early age.
In addition, we assess the enzyme activity of both products
in ADA-KO mice, and their effects on thymus reconstitu-
tion in the mice.

Methods and results

Activity of 4 pl ELA-ADA and ADAGEN, serially diluted
in phosphate-buffered saline (PBS), was determined by
the percentage of 1 pmol [8-14CJadenosine conversion
to inosine for 30 min in three separate non-expired vials
of ELA-ADA and ADAGEN that were stored and handled
similarly. ADA assays (50 microl) contained 0-2 M potas-
sium phosphate (pH 7.0) and 10 uM [8-14CJadenosine
(Moravek Biochemicals, Brea, CA, USA). No significant
differences (P < 0-05) were noted between ELA-ADA and
ADAGEN (Fig. 1).

A female patient, who was born at term, with a birth
weight of 3260 g, to non-consanguineous parents of
Somalian descent, presented at 4 months of age with
pyomyositis of the left gastrocnemius muscle, failure to
thrive (weight and length both below the 3% for age),
Pneumocystis jirovecii pneumonia and developmental
delay. The patient was born in a region that had not
yet implemented newborn screening for SCID. Liver
enzymes and neutrophil numbers were normal (data not
shown). Chest X-ray revealed absence of a thymus, with-
out clear costo-chondral or scapular abnormalities.
Immunoglobulin (Ig)G level was 2-37 g/l (normal range
for age = 2-00-7-00 g/1), possibly still representing trans-
placental passage of maternal IgG, while IgA, IgM and
IgE were all below the level of detection. There was
marked lymphopenia (0-2 x 10%1), absent CD19* B cells
and only 0-07 x 10°/L CD3716"56* NK cells, 0-02 x 10°/1
CD3*CD4" and 0-01 x 10°/L CD3*CD8* T cells. ADA
activity in the erythrocytes of the patient, who had not
received blood transfusions, was below the level of
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Fig. 1. Elapegademase and pegademase enzyme activity in vitro.
Activity of 4 pl elapegademase (ELA-ADA) and pegademase
(ADAGEN) serially diluted in phosphate-buffered saline (PBS) was
determined by the percentage of 1 pmol [8-14CJadenosine converted
during 30 min. Results are the mean + standard deviation of three
independent experiments using three vials of each product.

detection at < 0-2 nmol/min/mg protein (normal
range = 0-48-1-32 nmol/min/mg protein). Sequencing of
the ADA gene revealed a homozygous Q3X mutation,
previously reported as damaging [25], confirming the
diagnosis of ADA-SCID. The patient, who did not have
any human leukocyte antigen (HLA)-matched siblings,
was treated with trimethoprim-sulfamethoxazole and
intravenous immunoglobulin prophylaxis. While definitive
treatment options were being explored, the patient received
ELA-ADA 02 mg/kg twice a week from 5 months of
age (for a total weekly dose of 0-4 mg/kg) in accordance
with the manufacturer’s guidelines [26]. The patient’s
clinical status improved rapidly, her weight percentile
increased and she was catching up on her development.
Throughout the treatment period, there was no evidence
for autoimmune hemolytic anemia or thrombocytopenia,
previously reported as potential adverse effects of ADA
ERT [20]. There were no other hematological, hepatic,
skeletal or pulmonary complications that have been asso-
ciated with ADA deficiency [20]. After 6 months of
ELA-ADA treatment, the patient’s plasma ADA activity
was 143-146 mmol/h/l, and erythrocyte dAXP were
undetectable (normal range = < 0-002 mmol/l). These

parameters were measured in samples sent to the labora-
tory of MS Hershfield at Duke University, as previously
described [12]). The ADA activity following ELA-ADA
was 15-20% higher than that in another previously
reported ADA-SCID [27], also carrying the Q3X muta-
tion, who had received 30 units/kg body weight ADAGEN,
where ADA activity was only 121-126 mmol/h/l, albeit
sufficient to normalize erythrocyte dAXP. Naive B and
T cells appeared rapidly following ELA-ADA (Table 1).
Recent thymic emigrants, characterized by expression of
CD3*CD4*CD45Ra*CD31* [28], which were practically
undetectable upon diagnosis, increased to 0-8 x 10%/1
after 3 months of ELA-ADA (normal range for age = 0-8-
6-2 x 10%/1) and to 1.0 x 10%1 after 6 months of treat-
ment. Chest X-ray, performed 6 months after initiating
ERT demonstrated appearance of a thymus silhouette
(Fig. 2). ELA-ADA led to a rapid increase in the number
of CD19" cells (Fig. 3a) and CD3 CD16*CD56" cells
(Fig. 3b) followed by increase in CD3*CD4" and
CD3*CD8* T cells (Fig. 3c and d, respectively). The
immune reconstitution with ELA-ADA was similar, and
the recovery of T cells possibly faster and to higher
values, in comparison to three other age-matched ADA-
SCID patients who previously received 30 units/kg body
weight ADAGEN twice a week (Fig. 3). Patients’ data
were compiled prospectively and retrospectively in accord-
ance to institutional Research Ethics Boards approved
protocols.

ADA-KO mice [FB, 129-Adatm1Mw-TgN (PLADA)],
which lack ADA activity in their blood, were treated
with 0-25 ml/kg body weight ADAGEN (62-5 units/kg)
or ELA-ADA (0-4 mg/kg), both from Leadiant Bioscience
Inc. (Gaithersburg, MD, USA). ADAGEN and ELA-ADA
were administered by intraperitoneal injections at 7, 10
and 13 days post-partum (pp). Activity of the products
was determined prior to and after completion of the
experiments to ensure the enzyme potency has not
changed. ADA activity in the blood of the treated mice
was measured at the same time during the day prior
to 1, 2 and 3 days after the first injection, as well as
prior to the third injection and daily thereafter for 5 days
(13-18 days pp). ADA activity was also measured in
ADA*~ and ADA** mice to establish normal ranges
for the mouse strain (16-32 mmol/h/1). All animal pro-
cedures were approved by the Institute’s Animal Care

Table 1. Naive T and B lymphocytes in an ADA-SCID patient treated with elapegademase

Time after elapegademase initiation 0 month 1 months 2 months 3 months 6 months
CD3*CD4*CD45*CD27* 0-002 0-011 0-078 0-686 0-996
CD3*CD8*CD45*CD27* 0-002 0 0-009 0-259 0-396
CD19*IgD*CD27- 0 1-999 0-74 0-52 0-604

Absolute counts (x10%/1). ADA-SCID = adenosine deaminase-severe combined immune deficiency; Ig = immunoglobulin. Bold type indicates results

that are abnormal for age.
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Committee and performed in accordance with the
Canadian Council for Animal Care guidelines. ADA
activity following ELA-ADA and ADAGEN (Fig. 4a) was

Fig. 2. Thymus recovery in an adenosine deaminase-severe combined
immune deficiency (ADA-SCID) patient following elapegademase
treatment. Thymus silhouette (arrows) in an ADA-SCID patient
following 6 months of twice-weekly elapegademase enzyme
replacement therapy (ERT).
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similar during the first and second days after the injec-
tions; however, by 3 days, activity was significantly
(P = 0-02) higher in mice treated with ELA-ADA
(15-3 + 6-1 mmol/h/1) than in mice treated with ADAGEN
(6:6 = 42 mmol/h/l). Trough ADA activity was signifi-
cantly higher (P < 0-01) at 13 days pp in ADA-KO mice
treated with ELA-ADA than with ADAGEN, which
became more pronounced (P < 0-001) at 2, 3 and 4 days
after the third injection (Fig. 4b). Consequently, ADA
activity in ADA-KO mice treated with ELA-ADA
remained above or within normal range for more than
4 days after injection, in contrast to fewer than 3 days
after ADAGEN treatment. Body and thymus weights, the
number of thymocytes and flow cytometry analysis of
thymocyte subpopulation were assessed at 17-19 days
pp in treated and non-treated ADA-KO and normal lit-
termate mice, as previously reported [22]. Both ELA-ADA
and ADAGEN treatments significantly increased thymus
weights and the number of thymocytes (Fig. 5a and b,
respectively) and the percentage of CD4*CD8" (Fig. 5¢),
as well as the body weights (Fig. 5d). Similarly, higher
blood ADA activity and markedly improved thymus values
were observed with higher doses of ELA-ADA (1-6 and
3.2 mg/kg) and ADAGEN (250 and 500 units/kg) admin-
istered at 7, 10 and 13 days pp (data not shown).
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Fig. 3. Elapegademase and pegademase effects on immune reconstitution in adenosine deaminase-severe combined immune deficiency (ADA-SCID)

patients. The number of lymphocyte subpopulations, assessed by flow cytometry at the indicated time [months after initiation of enzyme replacement
therapy (ERT)] in a patient receiving elapegademase (ELA-ADA, solid line) and three patients receiving pegademase (ADAGEN, dashed lines). (a)
CD19* B cells; (b) CD3716"56" natural killer (NK) cells; (c) CD3*CD4" T cells; (d) CD3*CD8* T cells.
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Fig. 4. Elapegademase and pegademase enzyme activity in adenosine
deaminase (ADA)-deficient mice. (a) ADA-deficient [knock-out (KO)]
mice received 0-25 ml//kg body weight pegademase (ADAGEN,

62-5 units/kg) or elapegademase (ELA-ADA, 0-4 mg/kg) at 7 days
postpartum. ADA activity (conversion of [8-14CJadenosine to
hypoxanthine) in the blood was determined at the indicated hours
after treatment; n = 6 mice in each group from two independent
experiments. Results are the mean + standard deviation. *P = 0-02. (b)
ADA-deficient (KO) mice received 0-25 ml//kg body weight
pegademase (ADAGEN, 625 units/kg) or elapegademase (ELA-ADA,
0-4 mg/kg) at 7,10 and 13 days postpartum. ADA activity (conversion
of [8-14CJadenosine to hypoxanthine) in the blood was measured at
the indicated hours after the third injection. Hatched area represents
ADA activity in ADA*/~ and ADA*"* mice littermates, n = 6-9 mice in
each group from two independent experiments. Results are the mean +
standard deviation. *P < 0-01, **P < 0-001 between ADA-KO mice
treated with ELA-ADA or ADAGEN.

Discussion

Extensive experience has been gained with the use of
ADAGEN, with more than 200-250 ADA-deficient
patients estimated to have been treated with ADAGEN
in recent decades [20]. Hence, the limited data on ELA-
ADA, particularly regarding its use in the medically
fragile ADA-SCID infants, has raised concerns by
patients, families, physicians and regulatory authorities.
Reassuringly, we find that replacing the native cysteine
present in ADAGEN with serine at position 74 of the
bovine ADA to create ELA-ADA has no significant effect
on the enzyme’s ability to convert adenosine in vitro at

a wide dilution range. This finding is expected, as it is
likely that extensive screening of various amino acid
substitutions throughout the bovine ADA was performed
prior to embarking on the commercial production of
ELA-ADA.

The patient detailed here presented with classical features
of SCID, which will become less common with the expan-
sion of newborn screening programs for SCID and earlier
identification of affected infants. The T-B-NK and the
patient’s Somalian descent, a population with particularly
frequent mutations in the ADA gene [29], led to the rapid
enzymatic and genetic diagnosis of ADA-SCID. As recom-
mended in recent consensus guidelines [20], ADA ERT
was initiated while definitive treatment with allogeneic
HSCT or autologous GT were explored.

The dose of ELA-ADA, 02 mg/kg twice a week, was
based on the manufacturer’s recommendation for patients
who had not received prior ERT [24]. The rapid clinical
improvement observed in our patient, and the absence of
hepatic, pulmonary, skeletal, neurological and hematological
complications during treatment that typically occur in inad-
equately detoxified ADA-SCID, suggests that ELA-ADA
dosing was sufficient. Indeed, the regimen used in our patient
led to a trough ADA plasma level of more than 140 mmol/h/l,
markedly higher than the 30 mmol/h/l, recommended when
treating ADA-deficient patients [24]. Whether such doses
are required to achieve maximal clinical improvement is
not clear, as the ADA activity in our patient was 10-20
times higher than the 6-11 mmol/h/l ADA activity in the
plasma of healthy individuals. Moreover, the effective dose
of ELA-ADA needed for ADA-SCID patients diagnosed
through the newborn screening programs, prior to massive
accumulation of toxic purine metabolites and before the
development of organ damage occurs, might be even lower.
Other important factors to consider are concomitant infec-
tions, kidney function, weight changes and compliance, which
also contribute to the individual variability seen in ADA
activity and purine metabolites in ADA-SCID patients. Hence,
it is important to monitor ADA activity and dAXP frequently
during ELA-ADA treatment. Interestingly, ADA activity fol-
lowing ELA-ADA was higher than those previously measured
by us in another ADA-SCID with the same mutation who
received equivalent doses of ADAGEN, suggesting a longer
in-vivo half-life of ELA-ADA in ADA-SCID. An extended
biological half-life was previously reported in six older
(age = 16-37 years) ADA-deficient patients mentioned in
the manufacturer’s application for ELA-ADA approval [24].
In these patients, half-life of ELA-ADA was 6-21 days,
whereas that of ADAGEN was 3 to > 6 days. Whether such
differences also exist in ADA-SCID will need to be verified
by prospectively studying larger number of patients.

Lymphoid reconstitution following ELA-ADA in our
patient was rapid, and followed the pattern we and other
groups [18] have observed in ADA-SCID who received
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Fig. 5. Elapegademase and pegademase effects on the weight and thymus of adenosine deaminase (ADA)-deficient mice. ADA-deficient [knock-out
(KO)] mice received 0-25 ml//kg body weight pegademase (ADAGEN, 62-5 units/kg) or elapegademase (ELA-ADA, 0-4 mg/kg) at 7, 10 and 13 days
postpartum. Treated and non-treated ADA-KO as well as normal littermate mice were assessed at 17-19 days postpartum. Results are the

mean + standard deviation with # = 3-6 in all groups. (a) Thymus weights; (b) number of thymocytes; (c) thymocyte subpopulation CD4 CD8",
CD47CD8", CD4*CD8 and CD4~CD8" assessed by flow cytometry; (d) body weights. *P < 0-01, ** P < 0-001 compared to untreated ADA-KO mice.

ADAGEN. B cells increased significantly in the initial
month of therapy followed by decline in the second month,
while increases in CD4 and CD8 T cells were observed
after 2-3 months of ELA-ADA. Harbingers of the B and
T cell reconstitution were the emergence of naive cells
of the relevant lineages and normalization of the number
of recent thymic emigrants. The thymus shadow also
appeared, although infections and other stress factors might
have contributed to the initial inability to detect the thy-
mus by chest X-ray, which is not the best modality to
visualize the presence and size of the thymus. Measurement
of T cell receptor excision circles could have assisted in
diagnosing and following T cell deficiency and recovery;
however, this assay was not available for the patient reported
here. Remarkably, the number of CD4 and CD8 lympho-
cytes continued to increase until the last measurement at
6 months after ELA-ADA was initiated, reaching absolute
numbers that were higher than in our three previous
patients treated with ADAGEN. The number of CD3* T
cells in our patient (2:17 x 10%/1) was also higher than
the number of such cells in many other ADA-SCID patients
reported previously [30-34]. Whether the differences in
T cell recovery reflect individual variation or are caused

© 2020 British Society for Immunology, Clinical and Experimental Inmunology, 200: 176-184

by better immune reconstitution with ELA-ADA will need
to be determined through larger prospective studies.

To further explore the relationship between ELA-ADA
and ADAGEN, we took advantage of the ADA-KO mice.
The mouse model was generated a decade after the approval
of ADAGEN [35], and has since been instrumental in
evaluating the different treatment options for ADA defi-
ciency, including HSCT, HSC-GT and ERT [36-38]. In
contrast to previous studies that explored ‘low” and ‘high’
as well as ‘early’ and ‘late’ ERT [21,22], we examined
regimens reminiscent of that used in ADA-SCID patients,
initiating treatment at 7 days pp. Importantly, we found
that ELA-ADA circulating half-life, estimated at 24-28 h,
was consistently longer than the 16-20 h estimated for
ADAGEN. The difference in circulating half-life, although
not evident in the initial day after injection, eventually
led to higher trough ADA levels in mice treated with
ELA-ADA, similar to our observation in the ADA-SCID
patient. Moreover, in accordance with data provided by
the manufacturer in the application for approval [39],
following a single injection in rats the circulating half-
life of ELA-ADA was 4-15 h longer than that of ADAGEN.
Hence, it appears that the substitution of cysteine by
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serine and replacing the linker between ADA and PEG
from succinimidyl succinate to succinimidyl carbonate,
which reduced spontaneous de-PEGylation, resulted in a
markedly enhanced circulatory half-life. Such dramatic
effects have been reported previously for other PEGylated
molecules such as uricase, asparginase and others [16].

Despite the extended circulatory life of ELA-ADA
and the longer periods that ADA activity was maintained
above normal range in comparison to ADAGEN, both
treatments had similar effects on the T cell immunity
and general status of ADA-KO mice. Within 10 days
of starting ELA-ADA and ADAGEN ERT, the thymus
weights, thymocyte numbers and the percentages of
CD4*CD8* thymocytes improved, reflecting the marked
sensitivity of rapidly proliferating thymocytes to toxic
purine metabolites, as shown previously [40]. The body
weight of ADA-KO mice normalized, probably indicating
reversal of the lung-related hypoxia associated with ADA
deficiency. Interestingly, the data submitted with the
application for approval of ELA-ADA [39] ADA-KO
mice who received a single injection of the lowest dos-
age of ELA-ADA showed a better life span than mice
treated with ADAGEN. The differences between the results
might be attributed to the late (18 days) and lower
dose (estimated at less than 0-05 unit/kg) used by the
manufacturer, compared to the earlier (7 days) and higher
(0-4 mg/kg) dosing that we used. Most ADA-SCID are
expected to be identified and treated early in life, there-
fore we postulated that the regimen used here could
reflect clinical scenarios more clearly.

A major concern with ADAGEN treatment has been
the decline in immunity with prolonged use and the lack
of improvement observed in up to 20% of patients who
received ADAGEN [30,41]. This phenomenon has been
attributed in part to the development of antibodies to
the bovine ADA [17], which were not assessed in the
current study. The enhanced PEGylation and potential
epitope changes of the rADA have been proposed to also
reduce the immune response to ELA-ADA, as has been
observed with other modified proteins such as purine
nucleoside phosphorylase [42]. To investigate these puta-
tive added advantages of ELA-ADA, prospective studies
with a larger number of patients followed over much
longer periods of time are needed.

In conclusion, we demonstrate here that ELA-ADA has
similar in-vitro and possibly better in-vivo activity com-
pared to ADAGEN, supporting the use of ELA-ADA in
patients with ADA-SCID until definitive treatment.
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