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Abstract
Thrombotic thrombocytopenic purpura (TTP) is a rare and life-threatening thrombotic microangiopathy
with clinical quintuple symptoms, including fever, thrombocytopenia, microangiopathic hemolytic
anemia, neurological symptoms, and renal insu�ciency. TTP onset in children is rare, and the percentage
of acute TTP with these �ve symptoms at the same time is <10%. In this study, we reported a typical case
of TTP onset in a child with clinical quintuple symptoms.

Background
Thrombotic thrombocytopenic purpura (TTP) is a rare and life-threatening thrombotic microangiopathy
characterized by hemolytic anemia, severe thrombocytopenia, and end-organ damage caused by
microvascular platelet thrombosis [1, 2]. Currently, the annual incidence of TTP in the population is about
10/1 million, with an annual increase of about 1/1 million, and the ratio of male to female is about 1:2 [2,
3]. Strikingly, the TTP onset in children is rare, with an incidence rate of <1/1 million [4, 5]. Moreover, the
onset of this disease is rapid and dangerous, and the fatality rate is up to 90% if not treated promptly. The
classic clinical manifestations for this microangiopathy were de�ned as clinical quintuple symptoms,
including fever, thrombocytopenia, microangiopathic hemolytic anemia, neurological symptoms, and
renal insu�ciency; however, the percentage of acute TTP with these �ve symptoms at the same time is
<10% [1, 2]. Herein, we reported a typical case of children-onset TTP with clinical quintuple symptoms.
The current study aimed to improve the understanding of TTP onset in children for clinicians and
increase the diagnosis and treatment rate.

Case Presentation
In this study, a case of a 13-year-old Asian female patient was presented to the intensive care unit of
Jiangxi Provincial Children’s Hospital with the symptoms of fever, headache, and vomiting for 2 days and
soy sauce-colored urine. About 1.5 months ago, this patient was admitted to the intensive care unit of our
hospital due to fever with headache, vomiting, paleness, and poor spirit for 4 days but was discharged
with a diagnosis of severe viral encephalitis, anemia, and thrombocytopenia. The patient presented an
initial temperature of 36.4°C, a heart rate of 114 bpm, blood pressure of 120/91 mmHg, respiratory rate of
21 bpm, oxygen saturation of 95% in room air, and weight 35 kg. The patient also displayed bruises
without trauma.

A complete blood count revealed severe thrombocytopenia (platelet (PLT): 4×109/L) and low hemoglobin
(Hb:51 g/L). Bone marrow cytology showed proliferative anemia bone marrow image and
thrombocytopenia. Blood testing revealed lactate dehydrogenase (LDH) 1538 U/L, aspartate transferase
393 U/L, total bilirubin 70 mmol/L, indirect bilirubin 32.58 mmol/L, negative direct antiglobulin test, and
normal coagulation function. Urine examination revealed that urine occult blood was >3+, urine protein
was 2+, and 24-h urine protein was 0.94 g/L. The renal function of the girl was normal. The complement
C3 was 0.82 g/L, and the antinuclear antibodies (ANA) were positive, including anti-Ro52.
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From day 1 of admission, methylprednisolone (400 mg/time for 1 day, 1 mg/kg, q12h for 2 days),
gamma globulin, infusion of red blood cell suspension, and platelet therapy was implemented. However,
the concentration of Hb and PLT did not increase as high as expected after the transfusion (before
transfusion: Hb: 51 g/L, PLT: 4×109/L; after infusion: Hb: 55 g/L, PLT: 11×109/L). Hence, the patient was
suspected of having systemic lupus erythematosus (SLE) because of the symptoms of fever, headache,
thrombocytopenia, low C3, and elevated ANA titer. Therefore, the shock methylprednisolone therapy (1000
mg/time) was given for 2 days from day 4 of admission but no signi�cant increase was noted in the
concentration of Hb and PLT (Hb: 67 g/L, PLT: 5×109/L). On day 5 of admission, the girl fell into a coma
after the convulsion; hence, TTP was suspected, and therapeutic plasma exchange (TPE) was performed.
The ADAMTS-13 enzyme activity was <5%, indicating a severe enzyme de�ciency, which further
con�rmed the diagnosis of TTP. In the follow-up treatment, �ve TPE (fresh frozen plasma 2000 mL/time)
was combined with steroid (intravenous infusion of methylprednisolone 1 mg/kg, q12h) on day 6 of
admission. After plasma exchange, the PLT and Hb showed an upward trend, with the concentration of
88 g/L Hb and 277×109/L PLT at the �fth plasma exchange. During the therapy, the total bilirubin, indirect
bilirubin, and LDH decreased signi�cantly (Figure 1). A hematological response with PLT >150×109/L for
2 days was observed with the fourth TPE treatment, and the child became conscious after the �fth TPE.
After the girl was discharged, the oral steroid therapy was reduced gradually and stopped after 2 months
when the Hb and PLT levels were normal.

Interestingly, a partial overlap was noted in the symptoms of SLE and TTP, and due to the lack of SLE-
speci�c antibody results, this disease could not be diagnosed as SLE temporarily. The retests of ANA
pro�le, complement, and urine protein would be essential.

Discussion
Clinical diagnosis of TTP in children is rare. Approximately 33% of children-onset TTP is misdiagnosed
as hemolytic uremic syndrome (HUS), immune thrombocytopenic purpura (ITP), Ivan’s syndrome, and
hematological malignancy which lead to delayed treatment and affect the prognosis. The clinical
manifestations of HUS are similar to those of TTP. However, the pathophysiology and treatment of the
two diseases are different. The speci�c diagnostic index of TTP is ADAMTS-13 enzyme de�ciency
(<10%), while normal activity is observed in HUS. Thus, when TTP is suspected in a child, the enzyme
activity of ADAMTS13 should be measured [6]. Conversely, the diagnosis of TTP should be considered
during lack of response to speci�c immunotherapy in patients with organ damage and a decrease in
blood routine or the diagnosed autoimmune cytopenia (such as HUS, ITP, and Ivan’s syndrome). This
phenomenon is consistent with the consideration of TTP diagnosis in our case of poor effect after
hormone and gamma therapy. In summary, the case reported in this article has clinical quintuple
symptoms of TTP, and the ADAMTS13 enzyme activity was <5%, which further con�rmed the diagnosis.
However, due to the di�cult economic conditions of the child’s family, the ADAMTS13 genetic test could
not be completed. Also, the ADAMTS13 antibody test was not performed because the TPE was
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conducted in the intensive care unit. In order to distinguish this type of TTP case, the ADAMTS-13
antibody and ADAMTS-13 genetic tests should be complemented during the follow-up.

Notably, the positive results of the ANA spectrum were related to SLE. Recently, a pediatric case of SLE
complicated by TTP was reported [7]. The diagnosis of TTP patients with SLE is di�cult because of the
overlap of symptoms, such as fever, blood system damage, and nervous system damage of the two
diseases. In addition, the proportion of immune-mediated TTP (iTTP) patients with positive antinuclear
antibodies was up to 71%, while the incidence of secondary SLE with primary iTTP was 7.1–11.1% [8–
10]. The SLE patients with TTP also have moderate to severe lupus disease [1] and a high mortality rate
of 34–62.5% [11, 12]. The symptoms of microangiopathic hemolytic anemia (MAHA) in TTP and
autoimmune hemolytic anemia (AIHA) in SLE are partially overlapped, but the difference between the two
anemias could be distinguished by blood smears and Coombs test. In blood smears, the fragmentation
of peripheral red blood cells is the feature for MAHA, while AIHA is characterized by autoantibodies
against red blood cells. Moreover, the positive result of the Coombs test is observed in AIHA and the
negative result for MAHA [13]. In this study, the negative result of the Coombs test did not support the
MAHA of SLE. Supposedly, the results of the peripheral red blood cell smear were not traced at the time of
admission. According to the SLE diagnostic criteria announced in 2019 [14], the diagnosis of SLE could
not be con�rmed in the short term because the symptoms of the child, including lack of speci�c antibody,
slightly reduced complement C3, and the damage of the nervous and renal system, overlapped with those
of TTP. Therefore, follow-up is imperative.

Furthermore, TPE therapy is the preferred treatment method for the removal of ADAMTS-13 antibodies
and Ultralage vWF (ULvWF) multimers and should be conducted immediately when the TTP diagnosis is
established [15]. The TPE should be maintained to guarantee the normal PLT count (≥150×109/L) of the
patient for 2 days and a normal concentration of LDH [5, 16]. Herein, the child was treated with TPE after
the disease was considered as TTP on day 6 of admission. On day 9, a normal PLT level was detected,
which lasted for 2 days. Moreover, the LDH of the patient was normal, and the symptoms were improved
on day 10 of admission. These �ndings were consistent with the above treatment program. Furthermore,
another therapeutic drug used in this case was steroids, which exerted immunosuppressive effects by
reducing the tissue in�ammation caused by microvascular thrombus and improved the success rate of
the treatment [17].

As a monoclonal CD20 antibody targeting B cells, rituximab is mainly used for the treatment of patients
with poor response to TPE and relapsed TTP. A meta-analysis showed that the recurrence and mortality
rate of the acute secondary TTP patients were reduced by rituximab [18]. According to the clinical
guidelines, the standard dose of rituximab was 375 mg/m2 for a week for four doses. In addition, a small
prospective trial [19] and retrospective studies [20] reported the curative effects of the low dose of
rituximab (100–200 mg/time), but this treatment method was not widely accepted by clinical guidelines.
In order to improve the therapeutic effects, many new drugs, including bortezomib, caplacizumab,
recombinant ADAMTS13, and N-acetylcysteine, targeting new therapeutic candidates were developed and
tested in several clinical trials.



Page 5/9

In conclusion, we reported a case of TTP with clinical quintuple symptoms in a child. With further
understanding of the pathogenesis of TTP and the improvement in the clinical trials of new drugs, highly
effective treatments for TTP are expected in the future, especially for refractory patients.
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Figure 1

Trend of PLT, Hemoglobin, LDH level, and bilirubin level related to therapeutic management. The
concentration of hemoglobin and PLT did not increase as expected after the transfusion on day 1 of
admission (before transfusion: Hb: 51 g/L, PLT: 4×109/L; after infusion: Hb: 55 g/L, PLT: 11×109/L). The
shock methylprednisolone therapy (1 g/time) was administered for 2 days from day 4 of admission,
while no signi�cant increase was observed in the concentration of hemoglobin and PLT (Hb: 67 g/L, PLT:
5×109/L). On day 5 of admission, �ve times of TPE was combined with a steroid. After three TPE
treatments, the PLT and hemoglobin showed a rising trend, with 88 g/L Hb and 277×109/L PLT at the
�fth TPE, while LDH and bilirubin showed a signi�cant downward trend after the start of TPE treatment.
(PLT: platelet; HGB: hemoglobin; LDH, lactate dehydrogenase; TPE, therapeutic plasma exchange).


