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mmune-mediated thrombotic thrombocytopenic purpura is characterized by severe thrombocytopenia and microangiopathic hemolytic
anemia. It is primarily caused by immunoglobin G type autoantibodies against ADAMTS13, a plasma metalloprotease that cleaves von
Willebrand factor. However, reliable markers predictive of patient outcomes are yet to be identified. Seventy-three unique patients with a confirmed diagnosis of immune-mediated thrombotic thrombocytopenic
purpura between April 2006 and December 2017 were enrolled from the
Univeristy of Alabama at Birmingham Medical Center. Clinical information, laboratory values, and a panel of special biomarkers were collected
and/or determined. The results demonstrated that the biomarkers associated with endothelial injury (e.g., von Willebrand factor antigen and
collagen-binding activity), acute inflammation (e.g., human neutrophil
peptides 1-3 and histone/deoxyribonucleic acid complexes), and activation of the complement alternative pathway (e.g., factors Bb and iC3b)
were all significantly increased in patients with acute immune-mediated
thrombotic thrombocytopenic purpura compared to those in the healthy
controls. Moreover, failure to normalize platelet counts within 7 days or
failure to markedly reduce serum lactate dehydrogenase by day 5, low
total serum protein or albumin, and high serum troponin levels were also
predictive of mortality, as were the prolonged activated partial thromboplastin time, high fibrinogen, and elevated serum lactate dehydrogenase,
Bb, and sC5b-9 on admission. These results may help to stratify patients
for more intensive management. The findings may also provide a framework for future multicenter studies to identify valuable prognostic markers for immune-mediated thrombotic thrombocytopenic purpura.

Introduction
Immune-mediated thrombotic thrombocytopenic purpura (iTTP) is a rare, but lifethreatening, hematologic disorder.1,2 It is characterized by severe thrombocytopenia
and microangiopathic hemolytic anemia (MAHA), with or without end organ damage. The underlying pathophysiology of iTTP is a functional deficiency of plasma
ADAMTS13 activity, resulting from autoantibodies targeting plasma ADAMTS13, a
metalloprotease that cleaves von Willebrand factor (VWF).3-5 Therapeutic plasma
exchange (TPE) remains the standard of care, in conjunction with immunosuppressive therapies that include corticosteroids and rituximab to inhibit acute inflammation and autoantibody production.1,6 However, an in-hospital mortality rate remains
as high as ~20%7,8 or less than 10% following the introduction of a novel therapy
caplacizumab, an anti-VWF nanobody;9 nearly 30% of surviving patients may experience disease exacerbation10 and/or relapse.7 Currently, clinical factors and biomarkers predictive of clinical course/outcome are scanty, and their predictive values have
yet to be established in diverse patient populations.
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Demographic features such as race, gender and age are
shown to associate with disease prevalence and severity.
For instance, iTTP occurs more commonly in AfricanAmerican females11,12 and, perhaps not surprisingly, older
age (>60 years) is associated with an increased mortality.12,13 Additionally, serum levels of creatine kinase-muscle/brain (CK-MB), troponin I,14 lactate dehydrogenase
(LDH), ADAMTS13 antigen or activity levels, antiADAMTS13 antibody levels13 and, more recently, the
platelet recovery rate15 are shown to be associated with
increased mortality.
In this study, we describe the Alabama cohort of 73
unique patients with confirmed diagnosis of iTTP selected from a total of 142 admissions. This cohort of patients
was primarily from the Southeastern United States.
Clinical information, laboratory values, and various biomarkers were collected and analysed with respect to their
associations with admission type, disease severity, and
mortality.

Methods
Patients
The Institutional Review Board (IRB) of the University of
Alabama at Birmingham (UAB) has approved the study protocol.
UAB medical center serves as a referral center for the diagnosis
and management of patients with thrombotic microangiopathy
(TMA) for the state of Alabama and several neighboring states
in the Southeast United State of America. Some patients were
initially seen by a primary care physician, local internist, or
hematologist. If TMA was suspected, patients were referred to
the UAB Medical Center for further evaluation and treatment,
which may have involved a delay in diagnosis and treatment of
one to several days. There were also patients who came directly
to the UAB Emergency Department (ED). Within hours of arrival
at UAB, a central intravenous catheter was inserted, blood samples were collected for laboratory tests including ADAMTS13
activity and inhibitors, and therapeutic plasma exchange (TPE)
was urgently initiated. Seventy-three patients at the UAB
Medical Center, between April 2006 and December 2017, were
included in this study. Control samples were collected from
healthy individuals (age 27-69 years), both male (1/3) and female
(2/3), representing the local ethnic population, who did not have
a history of hematological diseases, malignancy, and acute
inflammatory disorders.
Whole blood was anticoagulated with 3.2% sodium citrate;
plasma was separated within four hours of collection, and stored
at -80°C prior to analysis. Clinical data pertinent to each patient,
including demographic information, past and current medical
history, signs and symptoms on admission, laboratory test
results, presumptive and final diagnosis, hospital-course, outcome and long-term follow up, were collected by a physician
and maintained in the Alabama Registry Database.

Exclusion and inclusion criteria
Patients were excluded from analysis if their final diagnosis
was determined to be an alternative TMA, for example: atypical
hemolytic uremic syndrome (aHUS), congenital TTP, HIV-related thrombocytopenia, HELLP syndrome, a life-threatening condition during pregnancy with clinical features of hemolysis, elevated liver enzymes, and low platelet count,16 TMA following
solid organ or hematopoietic stem cell transplantation, druginduced TTP (i.e., clopidogrel, ticlopidine or gemcitabine) and/or
sepsis. Additionally, we excluded patients who were treated
haematologica | 2019; 104(1)

Table 1. Demographics, clinical presentations, and comorbidities in 73
unique patients with iTTP.

Parameters
Age (Years)
Sex
Female
Male
Ethnicity
African American
Caucasian
Afro-hispanic
Presenting symptoms
CNS symptoms
Abdominal pain
Chest pain
Comorbidities
Hypertension
Diabetes mellitus
Systemic lupus erythematosus
Pregnancy
Smoking
Drug use

Values*
41 (32, 52)
41 (56%)
32 (44%)
56 (76.7%)
16 (21.9%)
1 (1.4%)
40 (54.7%)
28 (38.4%)
7 (9.6%)
38 (52.1%)
13 (17.8%)
8 (11.0%)
3 (4.1%)
36 (49.3%)
15 (20.5%)

*All values are expressed as the number and percentage of patients (in parenthesis)
in each category except for age, which is expressed as the median and 95% confidence interval.

prior to sample drawn with plasma infusion (>3L) and/or TPE
and those in remission. Thus, this cohort includes patients experiencing their first episode or an exacerbation, or a relapse (only
if the sample from the initial episode was not available).
Confirmatory tests for ADAMTS13 activity and inhibitors were
performed at the Blood Center of Wisconsin (Milwaukee, WI,
USA).

Assays for ADAMTS13 activity, inhibitors, and
anti-ADAMTS13 IgG
Plasma ADAMTS13 activity and inhibitor titers were determined using a commerical FRETS-VWF73 assay17 and an inhouse FRETS-based assay as previously described.18 Plasma antiADAMTS13 IgG was determined by an enzyme-linked
immunosorbent assay (ELISA) (Diapharma, West Chester, Ohio)
in accordance with the manufacturer’s recommendations.

Assays for plasma VWF antigen and collagen-binding
activity
Plasma VWF antigen (VWF-Ag) and collagen-binding activity
(VWF-CBA) levels were determined using in-house ELISA-based
assays as previously described.19

Assays for complement activation and inflammatory
markers
Plasma levels of complement activation markers including
iC3b, sC5b-9, Bb, and C4d were determined using a commercial
ELISA assays (MicroVue, San Diego, CA, USA) following manufacturer's instructions.8 Plasma HNP1-3 levels were also determined by an ELISA assay, which recognizes all HNP1-3 (Hycult
Biotech, Plymouth Meeting, PA).8 Finally, plasma histone-DNA
complexes were quantified by the ELISA assay previously
described (Roche, Indianapolis, IN, USA).20
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E.M. Staley et al.

Statistical Analysis
The data were expressed as the medians and 95% confidence
intervals (95% CI) for most parameters unless specified otherwise.
Mann-Whitney (for two groups) and Kruskal-Willis tests (for multiple groups) for continuous variables and Fisher exact test for categorical variables were performed, with descriptive statistics to summarize both quantitative and categorical variables. Association
between various demographic, clinical, and laboratory parameters
with clinical outcomes such as mortality, remission, exacerbation,
relapse, etc. were also determined using univariate analysis and
spearman correlation tests. Furthermore, Cox proportional hazard

A

regression was used to determine the hazard ratios for the predictive variables. P-values of <0.05 and <0.01 were deemed statistically significant and highly significantly, respectively.

Results
Clinical and admission laboratory characteristics
of the Alabama iTTP cohort
The majority of our 73 iTTP patients came from the surrounding areas of the cities of Montgomery (n=16, 22%),

B

Figure 1. The Alabama TTP Cohort. A. A map of the state of Alabama denotes the geographic distribution of the 73 unique patients with iTTP that were included in
the study. Five patients residing in Oregon, Ohio, New York, Georgia, and Mississippi are not shown on the map. The location of the UAB Medical Center is marked
with a blue star. B. Algorithm demonstrates the number of admissions, patients being excluded, and the final cohort of patients in the study.

Table 2. Therapeutic interventions and observed long-term outcomes in 73 patients with iTTP.

Outcome
Rem.
Exac/Rel.-Rem.
Exac.& Rel.-Rem.
Death
Total

N (%)
22 (30.1)
24 (32.9)
18 (24.7)
9 (12.3)
73 (100)

#TPE (95% CI)$
8 (6-12)
16.5 (13-21)*
31.5 (18-46)****
6 (1-12)n.s.
15 (12-17)

Steriods N (%)

Rituxan N (%)

Vincr. N (%)

Splen. N (%)

Follow up$
(days) (95% CI)

19 (26.2)
19 (26.2)
17 (23.3)
4 (5.4)
69 (94.5)

3 (4.1)
11 (15.1)
10 (13.7)
4 (5.4)
28 (38.4)

0 (0)
2 (2.7)
2 (2.7)
1 (1.4)
5 (6.8)

1 (1.4)
0 (0)
3 (4.1)
0 (0)
4 (5.4)

1090 (73-2631)
686 (211-1690)
1587 (115-2390)
817 (118-2390)
828 (326-1720)

N: number of patients; $: the number of therapeutuc plasma exchange (TPE) expressed as the median and 95% confidence interval (CI). * and **** stars indicate the P valules
<0.05 and P<0.0001, respectively. n.s. refers to not statistically signficant or P value >0.05. Rem., exac., and rel., are remission, exacerbation, and relapse, respectively. Steroids: corticosteriods; Rituxan: rituximab; Vincr.: vincristine; Splen.: splenectomy.
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Birmingham (n=13, 17.8%), and Tuscaloosa (n=9, 12.3%).
The remaining patients were from other locations in the
state of Alabama with a small number coming from other
states including Mississippi, Georgia, New York, Oregon,
and Ohio (Figure 1A). Thus, this cohort represents a

patient population primarily from the southeastern part of
the United States of America. Since inclusion criteria were
designed to collect only unique admission events for a
patient experiencing an acute iTTP, only 73 unique
patients of 142 admissions for the diagnosis and treatment

A
A

B
B

C

C

Figure 2. Plasma ADAMTS13 activity and autoantibodies in 73 unique patients
with iTTP. Plasma levels of ADAMTS13 activity (A) and functional inhibitor titers
(B) in patients with iTTP compared with those in the healthy controls.
Additionally, plasma anti-ADAMTS13 IgG levels in iTTP patients with negative
(<0.4 U/mL) and positive (>=0.4 U/mL) inhibitors are shown (C). Each individual
dot represents a single patient with the median ± 95% confidence intervals
(solid red lines). Mann-Whitney was used to determine the statistical significance between two groups. Here *, **, ***, and **** indicate the P values of
<0.05, <0.001, 0.0005, and <0.0001, respectively; n.s. stands for no statistical
difference between two groups.
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Figure 3. Plasma levels of VWF antigen and collagen-binding activitity in
patients with iTTP. Plasma VWF antigen (VWF-Ag) (A), collagen-binding activity
(VWF-CBA) (B), and the ratio of VWF-CBA to VWF-Ag (C) were determined in
patients with iTTP (initial vs. exacerbated or relapsed) and the healthy controls.
Each dot represents a single patient and solid lines are the median ± 95% confidence intervals. Kruskal-Willis analysis was used to determine the statistical
significance among three different groups. Here *, **, ***, and **** indicate
the P values of <0.05, <0.001, 0.0005, and <0.0001, respectively; n.s. stands
for no statistical difference.
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Table 3. Univariate analysis identifies the important laboratory parameters that predict mortality in 73 unique patients with iTTP.

Laboratory values
9

Platelet counts (x10 /L)
ΔD2-D0
ΔD5-D0
Hemoglobin (g/dL)
Hematocrit (%)
WBC (x109/L)
PT (sec)
aPTT (sec)
Fibrinogen (mg/dL)
D-dimer (mg/L)
LDH (U/L)
ΔD2-D0
ΔD5-D0
Troponin I (ng/mL)
At Emergency Department
Prior to TPE
Creatinine (mg/dL)
Total bilirubin (mg/dL)
Indirect bilirubin (mg/dL)
Total protein (g/L)
Albumin (g/L)
ADAMTS13 inhibitor (U/mL)
Anti-ADAMTS13 IgG (U/mL)
VWF-Ag (%)
VWF-CBA (%)
HNP1-3 (ng/mL)
Histone/DNA (U/mL)
Bb (mg/mL)
C4d (mg/mL)
iC3b (mg/mL)
sC5b (mg/mL)

Survived (n=64)

Died (n=9)

P

12.8 (11-15)#
2.4 (1-4.5)
25.4 (21.1-33.7)
8.6 (8-9.4)
24.5 (23-26)
10.2 (8.8-12.2)
14.6 (14.4-15)
30 (29-33)
421 (398-480)
2062 (1370-3497)
1053 (912-7332)
-366 (-444 to -275)
-180 (-213 to -132)

15.5 (7.9-24)
3.7 (-5-16.9)
1.9 (-4.3-53.3)
9.8 (6.8-11)
29 (18-34)
13.3 (4.9-21.7)
15.5 (13.4-20.1)
34 (27-63)
488 (353-804)
7,083 (708-11871)
1546 (787-7332)
-187 (-310 to 283)
-109 (-282 to 43)

0.55
0.92
0.09
0.49
0.54
0.54
0.38
0.10
0.18
0.09
0.16
0.08
0.03*

0.4 (0.1-1.0)
0.1 (0.1-0.4)
1.2 (1.1-1.5)
2.3 (1.8-2.8)
1.7 (1.3-2.1)
6.5 (6.2-6.8)
3.5 (3.4-3.8)
1.3 (1.1-1.8)
4695 (3939-3317)
276 (225-327)
199 (173-256)
33 (27-41)
59 (47-87)
2.5 (2-3)
2.7 (2-3.1)
14.8 (12.7-17.8)
1.2 (0.5-6.2)

3.3 (0.8-197)
0.9 (0.1-97)
1.7 (1-3.6)
2.9 (1.4-10.2)
2.3 (1.2-3.7)
5.9 (4.4-7.9)
3.2 (1.6-3.7)
0.9 (0.5-3.6)
2881(653-11103)
353 (165-742)
284 (133-926)
33 (16-239)
126 (27-257)
3.8 (1.5-8)
3 (1.4-9.1)
14.7 (7.5-30.8)
1.2 (0.5-6.2)

0.008**
0.01*
0.15
0.49
0.30
0.13
0.03*
1.00
0.39
0.25
0.19
0.86
0.07
0.09
0.86
0.59
0.59

WBC: white blood cell; ΔLDH: change in lactate dehydrogenase; PT: prothrombin time; aPTT: activated partial thromboplastin time; VWF-Ag: von Willebrand factor antigen; VWFCBA: von Willebrand factor collagen-binding activity; IgG: immunoglobulin G; #All data are expressed as the median values and 95% confidential interval in parenthesis. MannWhitney test was performed to determine the statistical significance. Here, * and ** indicate P values <0.05 and <0.01, respectively.

of iTTP were included in this study (Figure 1B).
The median age of the patients was 41 years, with 56%
being female and 44% male. Seventy-seven percent of
patients were of African-American decent, while
Caucasian and Hispanic patients comprised only 22% and
<1%, respectively. A substantial number of patients had
one or several comorbidities, including hypertension
(52%), diabetes mellitus (18%), and systemic lupus erythematosus (SLE) (11%). Only 3 patients (4%) were pregnant at the time of the diagnosis. In addition, 49% of
patients reported a history of smoking, and 21% reported
use of recreational drugs (Table 1).
Our blood samples were primarily obtained from
patients at their initial presentation (75%) and during a
relapse (23%); only one sample was obtained from an
exacerbation. This bias is the result of our inclusion criteria designed to prioritize the collection and study of
unique patients. The clinical presentation on admission
primarily included signs and symptoms of the central
170

nervous system (CNS) (54.7%), abdominal pain (38.4%),
and chest pain (9.6%) (Table 1).
The most common blood type in our patient population
was type O (63%), followed by A (22%), B (14%), and AB
(1%), with 93% being Rh positive. The frequency of type
O was statistically higher than that expected (47.9%)
(Online Supplementary Table S1), suggesting that patients
with type O blood group are not protected from developing iTTP.
All iTTP patients received TPE as primary therapy. The
median number of TPEs for all patients was 15 (95% confidence interval [CI] of 12-17). Patients also received corticosteroids (94%), rituximab (38.4%), and vincristine
(6.8%) at various times during hospitalization. Only 5.4%
of patients underwent splenectomy as part of their treatment.
The outcomes of these patients after treatment were
classified as the following: single episode to remission
(30.1%), exacerbation or relapse to remission (32.9%),
haematologica | 2019; 104(1)
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exacerbation and relapse to remission (24.7%), and death
(12.3%). Eight out of 9 patients who died within 35 days
following admission were unresponsive and/or refractory
to TPE; 1 patient died of unrelated disease one year after
the initial therapy. Therefore, the overall remission rate
was 87.5% despite exacerbation and/or relapse after a
median follow up of 828 days (or 2.3 years) (95% CI of
326-1,720 days or 1-4.7 years) (Table 2).

2B). All 8 patients who tested negative (<0.4 U/mL) for
ADAMTS13 inhibitors had significantly increased levels
of anti-ADAMTS13 IgG (Figure 2C). Therefore, all
patients were confirmed as having severe ADAMTS13
deficiency and positive antibody against ADAMTS13,
hence the diagnosis of iTTP.

ADAMTS13 activity and inhibitors in patients with iTTP

Plasma VWF-Ag, VWF-CBA, and the ratio of VWFCBA/VWF-Ag were determined in plasma samples
obtained from iTTP patients and healthy controls. Plasma
levels of VWF-Ag (P<0.0001) (Figure 3A) and VWF-CBA
(P<0.005) (Figure 3B) on admission were significantly
higher in patients with either an initial or a relapse episode
of iTTP than those in the healthy controls. However, the
ratio of VWF-CBA to VWF-Ag, a quantitative measurement of VWF multimer size,21 was only significantly different between the initial episodes and controls (P<0.01),
but not between the relapse episodes and controls
(P>0.05) (Figure 3C). Plasma levels of VWF-Ag and VWFCBA were moderately associated with each other with a
Spearman correlation coefficient (rho) of 0.592 (P<0.0001).
These results indicated that despite increased expression
and/or release of VWF, the ultra-large VWF multimers may
be selectively removed from the circulation in some cases
as a result of ongoing microvascular thrombosis during the
acute episode. A positive association between plasma levels of VWF-Ag and serum LDH (rho=0.36, P=0.004) supports our hypothesis.

All patients except for 2 having ADAMTS13 activity of
13 and 26 U/dL, respectively) had plasma ADAMTS13
activity <5 U/dL (or <5% normal) (Figure 2A). However,
these two samples were drawn by ordering physicians following TPE or a large volume of plasma transfusion.
However, the ADAMTS13 activity in pre-treatment samples stored separately for research purposes was <5 U/dL.
Therefore, all patients included in the study had severe
deficiency of ADAMTS13 activity. ADAMTS13 inhibitors
(>0.4 U/mL), measured by the 50/50 mixing study, were
found to be present in 65 of 73 (89%) patients. There was
no difference in the inhibitor titers in patients presenting
during the initial and those with a relapse episode (Figure

A

Plasma VWF antigen and collagen-binding activity in
patients with iTTP

Plasma levels of HNP1-3 and histone/DNA complexes
in acute iTTP

B

Previous studies demonstrated that plasma levels of
HNP1-38 and DNA/histone complexes20 were significantly
elevated in patients with acute iTTP. However, their prognostic value in iTTP was not determined. Consistent with
the results previously reported, plasma levels of HNP1-3
(P<0.0001) (Figure 4A) and histone/DNA complexes
(P<0.0001) (Figure 4B) in patients with an initial or exacerbated or relapsed episode of acute iTTP were dramatically
increased when compared to those in the healthy controls.
Additionally, plasma HNP1-3 levels in iTTP patients were
significantly correlated with the levels of histone/DNA
complex (rho=0.50, P<0.001). While none of these two
biomarkers was predictive of an adverse outcome in iTTP
patients (e.g., mortality, exacerbation, and relapse), plasma
levels of HNP1-3 appeared to significantly correlate with

Table 4. COX hadard regression analysis identifies the statistically significant parameters that predict mortality in iTTP patients.

Figure 4. Plasma levels of HNP1-3 and histone/DNA complexes in patients
with iTTP. Plasma levels of HNP1-3 (A) and histone/DNA complexes (B) in
patients with acute iTTP (initial vs. exacerbated or relapsed) and healthy controls are shown as the dot plots for individual patients with the median ± 95%
confidence intervals (solid red lines). Kruskal-Willis analysis was used to determine the statistical significance. Here **** indicates P value <0.0001 when
compared the values in the healthy controls.

haematologica | 2019; 104(1)

Parameters

HR* (95% CI)

P

Total protein (g/L)
Albumin (g/L)
aPTT (sec)
Fibrinogen (mg/dL)
ΔLDH (D5-D0) (U/L)
Bb ( g/mL)
sC5b-9 ( g/mL)

0.37 (0.15-0.92)
0.23 (0.09-0.60)
2.03 (1.91-2.16)
1.90 (1.89-1.91)
2.93 (2.9-2.93)
1.30 (1.01-1.68)
1.54 (1.00-2.36)

0.03
0.003
0.02
0.03
0.04
0.04
0.05

*The hazard ratio (HR) was calculated based on the change (Δ) of LDH by 100 U/L,
aPTT by 10 sec, fibrinogen by 100 mg/dL, Bb, and sC5-9 by 1 mg/mL, and change in
LDH level by 100 U/L.
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serum troponin (rho=0.37, P<0.05) and LDH (rho=0.48,
P<0.001). The plasma levels of histone/DNA complex
were also correlated with serum LDH (rho=0.66,
P<0.0001), but not troponin. Noticeably, serum troponin
was elevated in 35 of 37 (~95%) patients tested in the ED,
and remained elevated in 59 of 68 (~87%) patients tested
after being admitted to hospital (prior to TPE). These
results suggest that plasma levels of HNP1-3 and histone/DNA complexes may also be markers of organ injury
in addition to serum LDH and troponin in patients with
acute iTTP.

Plasma levels of complement activation markers in
acute iTTP
While complement activation through an alternative
pathway is the primary cause of aHUS,22 recent studies
have suggested that complement activation may also
occur in patients with acute iTTP.23-25 To assess the prognostic value of complement activation markers in these
patients, we determined plasma levels of C4d (classical
pathway), Bb (alternative pathway), and iC3b and sC5b-9

(common pathway) in iTTP patients and healthy controls.
As shown, plasma C4d levels were not significantly
increased in patients with acute iTTP (P>0.05) (Figure 5A).
Plasma levels of Bb (P<0.0001) (Figure 5B), iC3b (P<0.01)
(Figure 5C), and sC5b-9 (P<0.0001) (Figure 5D) were significantly elevated when compared to healthy controls.
There was a modestly positive correlation between Bb
and creatinine (rho=0.3, P<0.05), LDH (rho=0.65,
P<0.0001), and troponin (rho=0.329, P<0.05) in iTTP
patients. Additionally, there was a positive correlation
between sC5b-9 and LDH (rho=0.4, P<001 ). These results
suggest that complement over-activation through the
alternative pathway may participate in the pathophysiology of acute iTTP, although a causative role of complement activation in iTTP is yet to be determined in animal
models.

Predictive values of certain clinical factors and routine
laboratory parameters
The associations between demographics, clinical presentation, admission laboratory values, the aforemen-

A

B

C

D

Figure 5. Plasma levels of complement activation markers in patients with iTTP. Plasma levels of complement activation markers including C4d (A), Bb (B), iC3b
(C), and sC5b-9 (D) in patients with acute iTTP (initial vs. exacterbated or relapsed) and the healthy controls. Each dot represents the value of each individual subject.
The red solid lines are the medians ± 95% confidence interval. Kruskal-Willis analysis was used to determine the statistical significance. Here *, **, and **** indicate the P values of <0.01, and <0.0001, respectively; n.s. stands for no statistical difference.
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tioned biomarkers, and patient outcomes were determined. On univariate analysis, the following variables
were significantly associated with in-patient mortality: an
inability to normalize platelet count within seven days of
TPE (i.e., platelet count of ≥150x109/L) (Online
SupplementaryTable S2), failure to significantly reduce
serum LDH after five days of treatment (P=0.03), low
serum albumin (P=0.03), and high troponin levels at ED
(P=0.008) and after being admitted to hospital prior to TPE
(P=0.01) (Table 3). Additionally, Cox regression analysis
demonstrated that high levels of total serum protein or
albumin on admission were associated with a reduced risk
of in-hospital mortality (HR, 0.37 or 0.21, P=0.032 or
0.003), while prolonged aPTT (HR 2.03, P=0.02), increased
fibrinogen (HR 1.9, P=0.03), elevated LDH at day five (HR
2.93, P=0.04), high plasma Bb (HR 1.3, P=0.04), and sC5b9 (HR 1.54, P=0.05) were all found to be the significant
markers of mortality (Table 4). When the achievement of
clinical remission was used as an outcome, the normalization of platelet count within seven days (P<0.001) and
absence of SLE diagnosis (P=0.038) were found to be the
significant prognostic factors for remission (Online
Supplementary Table S2). Together, our results demonstrate
that lack of admission coagulopathy, low serum tropin
level, absence of lupus, platelet recovery in seven days,
and marked reduction of LDH in five days, patient overall
well-being, and low levels of complement activation
markers appear to associate with a good outcome in
patients with acute iTTP.

Discussion
The Alabama cohort represents a distinct, yet undescribed, iTTP patient population. Our patients were predominantly of African American descent (77%); currently,
African Americans only make up 25% of the current population in Alabama (https://cber.cba.ua.edu/rbriefs/
black.html). This overrepresentation of African-Americans
may be in part attributed to the strict inclusion criteria that
required the presence of plasma ADAMTS13 activity <5
U/dL and either positive inhibitors or elevated antiADAMTS13 IgG in the appropriate clinical context.
Patients of African American descent have been shown to
have reduced frequency of a protective HLA DRB1*04
allele, which renders them more susceptible to the development of autoantibodies against ADAMTS13.26
Since 2015, we have seen approximately 17 new cases
of iTTP per year at the UAB Medical Center, which serves
as the major referral center for diagnosis and management
of TMA in the Southeastern United States. With a population of ~4.9 millions in the State of Alabama, the incidence rate is estimated to be ~3.5 cases per million per
year, fairly similar to that reported in the literature.27,28
This incidence rate is most likely underestimated due to
patients who may expire prior to reaching our institution
or being enrolled in the study.
Data from the Ohio Registry suggest that there are differences in race, neurological symptoms, platelet counts,
LDH, ADAMTS13 activity, and total number of TPE
required between patients with an initial episode and
those with relapses, despite no major difference in outcome.29 Our data do not show a difference in patients with
an initial episode or relapse regarding admission neurologic symptoms, hemoglobin, platelet count, LDH, inhibitor,
haematologica | 2019; 104(1)

anti-ADAMTS13 IgG, and/or any of the novel biomarkers
evaluated.
To date, the diagnosis of iTTP relies on laboratory findings of severe deficiency of plasma ADAMTS13 activity
(i.e., <5 U/dL, or <10 U/dL depending on the lab cut-off)
with a positive inhibitor, and/or elevated antiADAMTS13 IgG levels in an appropriate clinical context
(i.e., thrombocytopenia and microangiopathic hemolytic
anemia without other explanations).1,30 All patients in this
study had an ADAMTS13 activity <5 U/dL when only the
pre-treatment plasma samples were interrogated. Of note,
all patients, including 5 with negative inhibitors (<0.4
U/mL), had significantly elevated levels of antiADAMTS13 IgG by ELISA . These results suggest that the
ELISA-based binding assay may be more sensitive than
the functional assays for the diagnosis of iTTP. Therefore,
we recommend that any patient with severe deficiency of
plasma ADAMTS13 activity (<10 U/dL), but a negative
functional inhibitor, should undergo anti-ADAMTS13 IgG
ELISA testing. While anti-ADAMTS13 IgG may be detected in plasma of healthy individuals, their levels are not
sufficient to inhibit ADAMTS13 activity.31 Findings of
high concentrations of anti-ADAMTS13 IgG in addition
to low ADAMTS13 antigen levels appear to predict
adverse outcomes in patients with iTTP according to the
UK registry data.13
The hallmark of iTTP is the autoantibody-mediated
inhibition of plasma ADAMTS13 activity. This leads to
the inability to cleave newly released ultra-large VWF
multimers released from and anchored on the endothelium,32 in the circulating blood,33 or at the site of thrombus
formation.34 Subsequently, the accumulated ultra-large
VWF multimers may spontaneously agglutinate platelets
in small arterioles and capillaries, leading to end organ
damage.2 Data supporting this hypothesis include significant elevation of plasma levels of VWF antigen and collagen-binding activity in acute iTTP patients despite the
slightly reduced ratios of VWF activity to VWF antigen in
these patients during the acute setting – consistent with
the partial consumption of ultra large VWF multimers during active thrombus formation. In 1982, Moake et al.
showed that ultralarge VWF multimers are only detectable
in chronic and relapsing TTP patients during remission,
not during the acute disease.33 Plasma from Adamts13–/–
mice appear to have ultra-large VWF multimers when the
animals are well or not stressed.35 Nevertheless, the
increased levels of plasma VWF antigen, but not VWF
activity, correlate with increased levels of serum LDH,
suggesting that either plasma VWF antigen or serum LDH
may be used as a biomarker of end-organ damage.
Infection, inflammation, and pregnancy are known to
be complement-amplifying conditions, presumably
through activation of the alternative pathway.36 Consistent
with our previous findings,8,20 plasma levels of HNP1-3,
histone/DNA complexes, Bb, and iC3b were also significantly increased in this cohort of iTTP patients; plasma
HNP1-3, histone/DNA complexes, Bb, and iC3b correlate
with the markers of organ damage, including serum LDH,
creatinine and/or troponin. There was a strong correlation
between plasma sC5b and serum LDH. Rapid reduction
in LDH was correlated with survival, consistent with a
previous report.37 The elevated plasma levels of Bb and
sC5b-9 were found to be predictive of mortality in the
Cox regression analysis. These results suggest that both
neutrophil and complement activation may participate in
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the pathogenesis of iTTP, although the causative role of
HNP1-3, histone, and complement activation in iTTP are
yet to be determined. Other clinical and laboratory factors
such as the elevated troponin levels and reduced Glasgow
Coma Score (GCS) confer a six-fold and nine-fold
increase, respectively, in the mortality of patients with
iTTP, reported from the UK TTP registry.13 Our univariate
analysis also demonstrated the association between an
increased troponin level and mortality.
In summary, our study further demonstrates the utility
of several clinical and laboratory markers including aPTT,
fibrinogen, troponin, the rate of platelet and LDH normalization, and total protein/albumin etc. for predicting outcome in patients with iTTP. Moreover, we identified several novel biomarkers related to inflammation (e.g., VWF,
HNP1-3, and histone/DNA complexes) and innate immunity (e.g., Bb and sC5b-9) that may be used to assess dis-
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