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Abstract

Background: Congenital thrombotic thrombocytopenic purpura (¢cTTP) is an extremely rare
disease caused by an inherited deficiency of ADAMTS13. Residual ADAMTS13 activity
<3% is associated with earlier disease onset and the need for prophylactic treatment. cTTP
is often misdiagnosed, particularly in childhood and the neonatal period. Prompt diagnosis
and treatment reduce mortality. Methods: We report the clinical manifestations, laboratory
findings, genetic analysis, and treatment of a child with cTTP. Results: A six-hour-old girl
developed jaundice and sudden thrombocytopenia with bleeding. She was treated with
steroids, two daily exsanguinotransfusions, platelet transfusions, and phototherapy. Plasma
ADAMTS13 activity was severely deficient without inhibitory antibodies. Genetic analysis
revealed a compound heterozygous mutation in the ADAMTS13 gene. Daily fresh frozen
plasma (FFP) infusions normalized platelet counts and hemolysis indices. Prophylactic
plasma infusions were scheduled every 21 days. Despite prophylaxis, the child experienced
multiple disease relapses after infectious episodes, requiring hospitalization and daily
plasma infusions, sometimes complicated by infection or thrombosis related to venous
access. Following ethics committee approval, recombinant ADAMTS13 was administered
at 40 IU/kg every two weeks. After one year of treatment, the child experienced no
disease recurrence and no infusion-related adverse events. No anti-ADAMTS13 antibodies
were detected. Discussion: cITP is a very rare disease, often misdiagnosed, with high
neonatal mortality. Children frequently experience recurrent TTP triggered by infections.
Prophylactic ADAMTS13 replacement should be considered to reduce disease recurrence.
Recombinant ADAMTS13 appears to be a promising, effective, and safe therapeutic option.

Keywords: cTTP; rADAMTS13; prophylaxis

1. Introduction

Congenital thrombotic thrombocytopenic purpura (cT'TP), also known as Upshaw-
Shulman syndrome, is an extremely rare disease that accounts for less than 5% of TTP
cases [1]. It is an autosomal recessive disorder caused by bi-allelic mutations in the
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ADAMTS13 gene on chromosome 9q34.2, leading to deficiency of the ADAMTSI13 pro-
tease [2]. ADAMTS13 cleaves ultra-large von Willebrand factor (ULVWEF) multimers,
especially under high shear stress conditions, such as during infections. Deficiency of
ADAMTS13 causes platelet adhesion on ULVWE, resulting in microvascular thrombosis,
thrombocytopenia, and microangiopathic hemolytic anemia (MAHA) [1].

Over 350 mutations in the ADAMTS13 have been described in ¢TTP [2,3]. Some pa-
tients initially receive diagnoses of idiopathic thrombocytopenia (ITP) or hemolytic uremic
syndrome (HUS) [4,5], highlighting the importance of measuring ADAMTS13 activity
for differential diagnosis. cTTP is suspected when ADAMTS13 activity is <10% in the
absence of inhibitory antibodies, and diagnosis is confirmed by genetic analysis [2-5].
Clinical presentation is heterogeneous: first episodes may occur in neonates with severe
jaundice and thrombocytopenia, in children often after infections, and in women during
pregnancy [5-7]. ADAMTSI3 activity should therefore be considered in patients presenting
with unexplained thrombocytopenia and MAHA, particularly when the clinical picture
is suggestive of TMA and alternative diagnoses do not adequately explain the findings.
In neonates and infants, testing should be considered in the presence of otherwise unex-
plained thrombocytopenia, hemolytic anemia, marked jaundice, recurrent episodes, or an
inadequate response to conventional supportive treatment. Early ADAMTS13 testing is
particularly important because the clinical manifestations of cTTP may overlap with other
neonatal disorders and diagnosis may otherwise be delayed.

Current treatment consists of ADAMTS13 replacement via fresh frozen plasma (FFP)
infusions and, in some centers, intermediate-purity factor VIII concentrates [8—-10]. Recom-
binant ADAMTS13 (rADAMTS13) has been evaluated in phase III trials for both prophy-
laxis and on-demand treatment, showing that patients receiving rADAMTS13 prophylaxis
experienced no acute TTP events and nearly normal ADAMTS13 activity [11].

Herein, we report the diagnosis and long-term management of a child with severe
neonatal-onset cT'TP, including five years of recurrent disease manifestations during plasma-
based prophylaxis and two years of clinical remission following compassionate use of
rADAMTS13. This case provides pediatric experience with rADAMTS13 in one of the
earliest and most severe clinical presentations of cTTP.

2. Case Report

In April 2019, an Asian female was born at 36 weeks of gestation (Apgar scores 8/9 at
1/5 min). The mother was in her third pregnancy and had no significant medical history.
At six hours of life, the newborn developed jaundice with hematuria, hemoglobinuria, and
thrombocytopenia (25 x 10? /L); hemoglobin was 15.6 g/dL, indirect bilirubin 16.7 mg/dL,
and LDH 1518 TU/L. Schistocytes were 1%, and reticulocytes 341 x 10° /L. Direct and
indirect antiglobulin tests were negative. Renal function was normal except for proteinuria
(50 mg/dL).

At 18 h of life, the infant developed pulmonary hypertension, requiring up to 50%
oxygen. She was treated with steroids, two daily exsanguinotransfusions using plasma
blood-reconstituted (50%), platelet transfusions, and phototherapy for three days. Glucose-
6-phosphate dehydrogenase, haptoglobin, C3, C4, homocysteine, factor VIII, and von
Willebrand factor were within normal ranges.

From the 36th hour of life, gradual clinical improvement was observed, with resolution
of hematuria but onset of anemia (Hb 8.9 g/dL) and increased schistocytes (6%).

Severely reduced ADAMTS13 activity (2%), measured using the FRETS-VWE73 assay,
in the absence of anti-ADAMTS13 IgG antibodies as assessed by TECHNOZYM® ELISA kit
(Technoclone, Wien, Austria), confirmed cTTP. Virus-inactivate FFP (20 mL/kg/day) was
initiated, resulting in normalization of platelet counts after six infusions. Genetic analysis
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revealed compound heterozygosity: a nonsense mutation ¢.1345C>T (p.GIn449*) in exon 12
inherited from the mother, and a missense mutation ¢.1225C>T (p.Arg409Trp) in exon 10
inherited from the father. In our patient’s family, genetic testing was performed on both
parents. The mother was identified as a heterozygous carrier for the nonsense mutation
¢.1345C>T (p.GIn449%) in exon 12, and the father was identified as a heterozygous carrier
for the missense mutation c.1225C>T (p.Arg409Trp) in exon 10. These findings confirmed
the compound heterozygous genotype in the proband.

Prophylactic FFP (20 mL/kg/day) was administered every 21 days. ADAMTS13
activity increased transiently one hour after infusion but returned to undetectable levels by
days 15-21. ADAMTS13 activity increased transiently one hour after infusion but returned
to undetectable levels by days 15-21.

Over the next five years, despite prophylaxis, the child experienced nine further acute
relapses and three subacute relapses, often triggered by infections, requiring hospitalization
and daily plasma infusions. Complications included catheter-related venous thrombosis
and staphylococcal sepsis.

Adamts13 activity, anti-ADAMTS13 IgG titers and functional inhibitory activity
were assessed before and after prophylactic FFP infusion using FRETS-VWE73 assay the
TECHNOZYM® ELISA kit (Technoclone, Wien, Austria) and FRET-based Bethesda-like
method, respectively. Anti-ADAMTS13 IgG antibodies were transiently detected, reaching
titers of up to 63 U/mL, but no inhibitory activity was observed (Figure 1).

ADAMTS13 Activity (%) and Anti-ADAMTS13 IgG Over Time
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Figure 1. Longitudinal monitoring of ADAMTS13 activity and anti-ADAMTS13 antibody titers
over time.

The child showed poor physical growth and appeared lethargic.

In August 2024, recombinant ADAMTS13 was initiated compassionately at 40 IU/kg
every two weeks. ADAMTSI3 activity was undetectable before infusion, rose to 45% one
hour after infusion, and remained undetectable at day 8.

After two years, the child remained relapse-free, with improvement in growth param-
eters observed after initiation and no infusion-related adverse events. Changes in growth
parameters during the five years of plasma-based prophylaxis and the subsequent period
of recombinant ADAMTS13 treatment are summarized in Figure 2, showing the evolution
of weight, height, and corresponding age-adjusted percentiles over time.

Neither anti-ADAMTS13 IgG antibodies nor neutralizing anti-ADAMTS13 antibodies
have been detected to date.

The clinical course of the patient, including the main clinical events, acute and sub-
acute relapses, prophylactic plasma therapy and subsequent initiation of recombinant
ADAMTSI13 therapy, is summarized in Figure 3.
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Figure 2. Evolution of physical growth parameters (weight, height, and corresponding age-adjusted
percentiles) in the patient over time. Anthropometric measurements are detailed across the 5-year pe-
riod of fresh frozen plasma (FFP) prophylaxis and the subsequent period of recombinant ADAMTS13
(rADAMTS13) replacement therapy. Growth percentiles were calculated using WHO/standard pedi-
atric growth charts. Persistent growth failure observed during plasma-based prophylaxis showed
marked catch-up growth following the initiation of rADAMTS13.
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Figure 3. Schematic overview of the patient’s clinical course and treatment timeline.

3. Discussion

Congenital thrombotic thrombocytopenic purpura (cTTP) remains a rare and fre-
quently under-recognized cause of neonatal thrombotic microangiopathy. The neonatal
onset in our patient represents a particularly distinctive feature of this case, with severe
thrombocytopenia, hemolysis, jaundice, hemoglobinuria, and evidence of microangiopathy
developing within the first hours of life.
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Because these manifestations overlap with several more common neonatal conditions,
including immune-mediated hemolysis, infection, disseminated intravascular coagulation,
HUS, and other causes of neonatal TMA, diagnosis may be delayed [6,7]. Early recogni-
tion is important because recurrent episodes of microvascular thrombosis may result in
irreversible organ damage.

Our case illustrates the diagnostic value of early ADAMTS13 assessment in neonates
with unexplained thrombocytopenia and hemolysis, allowing cTTP to be distinguished from
more common neonatal conditions and enabling timely initiation of replacement therapy.

Although the estimated prevalence of cTTP is only 0.5-2 cases per million, severe
disease may manifest during infancy in patients with profound ADAMTS13 deficiency [8].
More than 350 pathogenic ADAMTS13 variants have been described, and accumulating
evidence suggests that residual enzyme activity may be more closely related to clinical
severity than genotype alone [3-6]. The compound heterozygous genotype identified in
our patient, comprising a nonsense (p.GIn449*) and a missense (p.Arg409Trp) variant, is
consistent with the profound enzymatic deficiency (<3%) and very early neonatal presen-
tation. Although a direct genotype—phenotype relationship cannot be established from a
single case, this observation supports the concept that variants resulting in virtually absent
residual ADAMTS13 activity may be associated with severe early-onset disease.

Plasma-based ADAMTS13 replacement has historically represented the mainstay of
prophylactic treatment for cTTP [8-10]. However, its effectiveness is limited by the short
persistence of ADAMTS13, pharmacokinetic variability, the need for repeated infusions,
and exposure to plasma components [11]. In our patient, serial monitoring demonstrated
prolonged periods of severe ADAMTSI13 deficiency despite regular plasma administration,
potentially contributing to infection-triggered exacerbations. These findings highlight
that clinical remission does not necessarily reflect adequate biological disease control and
support individualized treatment strategies guided by serial ADAMTS13 monitoring [12].
Moreover, repeated plasma infusions required central venous access and were compli-
cated by catheter-related infection and thrombosis, adding substantial treatment-related
morbidity in this young child.

The continuous exposure to plasma-based replacement may also carry a risk of immu-
nization, as illustrated by the transient detection of anti-ADAMTS13 binding antibodies
in our patient. Importantly, the presence of anti-ADAMTS13 antibodies does not neces-
sarily imply impaired therapeutic efficacy, as binding antibodies may lack neutralizing or
inhibitory activity and therefore may not compromise the functional recovery of infused
ADAMTSI13. In our patient, antibodies were not associated with demonstrable inhibitory
activity or clinical evidence of treatment failure.

Nevertheless, their detection highlights the importance of longitudinal immunological
monitoring and functional inhibitor testing when antibodies are identified, particularly in
patients receiving lifelong plasma replacement.

The development of recombinant ADAMTS13 (rADAMTS13) has substantially
changed the therapeutic landscape of cTTP. Phase 3 studies demonstrated effective pro-
phylaxis and favorable pharmacokinetic characteristics compared with plasma-based re-
placement therapy [13,14]. Subsequent real-world data, including pediatric experience,
have further supported its efficacy, predictability, and treatment convenience. In a Japanese
real-world cohort, rADAMTS13 resulted in higher peak and one-week ADAMTS13 activity
than fresh frozen plasma, while pediatric real-world data have suggested improvements in
disease control and quality of life [15,16]. These findings support a shift from plasma-based
replacement toward more predictable recombinant enzyme therapy.

Our patient’s response is consistent with these observations but also provides an impor-
tant pharmacokinetic-pharmacodynamic perspective. Compassionate-use administration
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of rADAMTS13 every two weeks resulted in sustained clinical remission over 12 months,
stable pharmacokinetic behavior, absence of neutralizing antibodies, and normalization
of growth parameters, without treatment-related adverse events. Notably, ADAMTS13
activity peaked after each infusion but declined to undetectable levels within approximately
one week. Despite undetectable trough activity for most of the dosing interval, no disease
recurrences occurred, in contrast to our previous experience during plasma prophylaxis,
when similarly low ADAMTS13 activity between infusions was associated with recurrent
infection-triggered exacerbations.

This finding should, however, be interpreted cautiously. It is not possible to determine
from a single patient whether undetectable trough ADAMTS13 activity is compatible with
sustained biological protection or whether other pharmacodynamic factors contributed to
the absence of clinical relapses. In particular, the possibility that rADAMTS13 may provide
sustained functional processing of ULVWF beyond the period of measurable circulating
activity cannot be established from the present observation. Prospective pharmacokinetic—
pharmacodynamic studies involving larger paediatric populations will be required to clarify
the relationship between measured trough ADAMTS13 activity and clinical protection.

Beyond prevention of acute TTP episodes, rADAMTS13 was associated in our patient
with elimination of central venous access complications, fewer hospitalizations, improved
growth, and better overall well-being. These observations emphasize that treatment suc-
cess in pediatric cTTP should encompass not only prevention of acute episodes but also
reduction in treatment-related morbidity and preservation of normal development and
quality of life.

The question of whether rADAMTS13 represents a new standard of care is increasingly
relevant in light of accumulating clinical and real-world evidence. As discussed by Eskazan,
the transition from plasma to rADAMTS13 represents a shift toward a more predictable and
targeted approach to long-term disease control [17]. Consistent with this evolving paradigm,
the 2025 focused update of the International Society on Thrombosis and Haemostasis (ISTH)
guidelines issued a strong recommendation for rADAMTS13 over plasma infusion for
prophylaxis in patients with cT'TP in remission [18]. Thus, rADAMTS13 can reasonably be
considered the preferred prophylactic replacement strategy where available. Nevertheless,
questions remain regarding optimal dosing in very young children, the interpretation
of trough ADAMTSI13 activity, long-term immunogenicity, and the ability of sustained
enzyme replacement to prevent cumulative organ damage.

In conclusion, this case highlights the importance of considering cTTP in neonates
presenting with unexplained thrombocytopenia and haemolysis and demonstrates the
value of early ADAMTSI3 testing in establishing the diagnosis. The neonatal onset and
severe phenotype make this case particularly informative for paediatric clinicians, while
the subsequent clinical course illustrates both the challenges of long-term plasma-based
prophylaxis and the potential clinical advantages observed after initiation of rADAMTS13.
The discordance between undetectable trough ADAMTS13 activity and continued clinical
remission is an intriguing observation, but its biological and pharmacodynamic significance
cannot be established from a single case. Larger prospective studies are needed to define
the relationship between ADAMTS13 activity, pharmacodynamic effects, and long-term
clinical protection in children with ¢TTP.
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