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    Chapter 8   
 Laboratory Assays for ADAMTS13 

             Kristi     J.     Smock       and     Nahla     M.     Heikal     

     Abbreviations 

   ADAMTS13    A disintegrin and metalloproteinase with thrombospondin type 1 
motif 13   

  BU    Bethesda units   
  CICs    Circulating immune complexes   
  CV    Coeffi cient of variation   
  EDTA    Ethylenediaminetetraacetic acid   
  ELISA    Enzyme-linked immunosorbent assay   
  FRET    Fluorescence resonance energy transfer   
  Gp1b    Glycoprotein 1b   
  GST    Glutathione S-transferase   
  HMW    High molecular weight   
  HRP    Horseradish peroxidase   
  LDT    Laboratory-developed tests   
  nm    Nanometers   
  NPP    Normal pooled plasma   
  RCo    Ristocetin-cofactor activity   
  RFU    Relative fl uorescence units   
  RIPA    Ristocetin-induced platelet aggregation   
  TMA    Thrombotic microangiopathy   
  TTP    Thrombotic thrombocytopenic purpura   
  vWF    von Willebrand factor   
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8.1           Sample Collection and Quality 

 A disintegrin and metalloproteinase with thrombospondin type 1 motif 13 
(ADAMTS13) testing should be performed using sodium citrate platelet-poor 
plasma (light blue top tube) collected and processed in accordance with collection 
guidelines for coagulation testing [ 1 ]. Sodium citrate anticoagulates via weak chela-
tion of calcium ions that are necessary for coagulation. Ethylenediaminetetraacetic 
acid (EDTA, purple top tube) is an unacceptable anticoagulant because EDTA is a 
potent chelator of metal ions and ADAMTS13 is a metalloproteinase dependent on 
metal ions, such as Ca 2+ , for function [ 2 ,  3 ]. ADAMTS13 activity testing in EDTA 
plasma results in marked underestimation of ADAMTS13 activity. Serum samples 
(collected in red top tubes or gold top serum separator tubes) may also result in 
underestimation of ADAMTS13 activity because thrombin generated during serum 
formation (allowing blood to clot) may degrade ADAMTS13 [ 4 ]. Normal values 
obtained from a serum sample would be reassuring, and some laboratories have 
validated ADAMTS13 testing on serum samples. Plasma should be tested within 
4 h of collection or frozen at −70 °C until the time of testing [ 5 ]. ADAMTS13 is 
stable frozen at −70 °C for up to 6 months [ 5 ], and multiple freeze–thaw cycles or 
uncontrolled freeze–thaws should be avoided. Frozen plasmas should be thawed 
rapidly in a 37 °C water bath and thoroughly mixed before testing [ 5 ]. ADAMTS13 
testing should ideally be completed within 4 h of thawing a frozen sample [ 5 ]. 
Although prolonged refrigerated or room temperature storage is not generally 
recommended, ADAMTS13 activity appears to be stable for several days refriger-
ated, with only minimal losses in activity after 5 days of refrigerated storage 
[ 6 – 8 ], and levels may not signifi cantly decrease after up to 2 days of storage at room 
temperature [ 9 ]. 

 When considering a diagnosis of thrombotic thrombocytopenic purpura (TTP), 
samples for ADAMTS13 testing should be drawn prior to the administration of any 
blood products and before initiation of plasma exchange therapy since these thera-
pies will alter ADAMTS13 levels.  

8.2     ADAMTS13 Testing Methods 

 The fi rst assays for measurement of ADAMTS13 were developed in the 1990s, but 
testing was not available in clinical laboratories until more recently. In general, 
measurement of ADAMTS13 involves quantitating either ADAMTS13 activity (the 
amount of functional protein) or ADAMTS13 antigen (the total amount of protein). 
Activity assays are preferred for clinical testing since these are capable of identifying 
both quantitative and qualitative abnormalities. Tests are also available to identify 
and quantitate neutralizing and non-neutralizing autoantibodies to ADAMTS13 that 
cause acquired TTP. 
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8.2.1     ADAMTS13 Activity 

 The ADAMTS13 protease regulates the size of von Willebrand factor (vWF) multim-
ers when subjected to fl uid shear stress or treated with protein denaturants [ 10 – 13 ]. 
The ADAMTS13 cleavage site is a specifi c peptide bond (Tyr1605–Met1606) in the 
A2 domain of vWF [ 14 ]. Larger or high-molecular-weight (HMW) vWF multimers 
are more functional than smaller multimers, with the ability to bind subendothelial 
collagen and the platelet surface glycoprotein 1b (GP1b) receptor. ADAMTS13 
regulation prevents accumulation of ultra-HMW vWF multimers. Patients with TTP 
have ultra-large vWF multimers, due to lack of ADAMTS13 regulation, which 
results in vWF-mediated microvascular platelet thrombosis, leading to thrombotic 
microangiopathy (TMA) and organ ischemia [ 15 ,  16 ]. 

 The fi rst activity assays measured ADAMTS13 activity directly through effects of 
activated patient plasma ADAMTS13 on purifi ed vWF. The resultant vWF multi-
meric patterns were visualized after electrophoresis, Western blotting, and detection 
by an anti-vWF antibody [ 17 ,  18 ]. Other assays have measured ADAMTS13 activ-
ity indirectly by measuring the residual function of vWF after incubation with 
patient ADAMTS13. These assays evaluated vWF functions that are preferentially 
dependent on the presence of HMW vWF multimers, such as collagen binding 
activity [ 19 ,  20 ] and ristocetin-induced platelet aggregation (RIPA) [ 21 ]. vWF col-
lagen binding assays utilize an enzyme-linked immunosorbent assay (ELISA) 
methodology to determine the degree of vWF binding to a collagen-coated plate 
[ 22 ]. The degree of vWF binding to collagen is inversely proportional to patient 
ADAMTS13 activity since reagent vWF that has been processed by patient 
ADAMTS13 demonstrates less binding due to loss of HMW multimers. In the RIPA 
assay, platelet aggregation, mediated by HMW vWF multimers, is used to measure 
the residual function of vWF after exposure to patient plasma ADAMTS13. 
Ristocetin is an antibiotic reagent used to “activate” the vWF, causing a conforma-
tional change that allows it to interact with the platelet GP1b surface receptor, 
resulting in platelet agglutination and aggregation [ 23 ]. The testing is performed on 
a platelet aggregometer using fresh donor platelets but can also be modifi ed for a 
commercial automated ristocetin-cofactor activity (vWF:RCo) method that utilizes 
formalin-fi xed platelets [ 24 ]. In all of the above-described assays, ADAMTS13 
activity is quantifi ed by comparison to a calibration curve made from serial dilutions 
of normal plasma. 

 The earliest methods were technically complex and time consuming, taking 
many hours to days to perform (often 2–3 days) and limiting performance to very 
specialized research laboratories rather than clinical laboratories. Newer assays 
have subsequently been developed that have performance characteristics and turn-
around times more amenable to clinical laboratories. These assays use synthetic 
vWF peptide substrates that contain the ADAMTS13 cleavage site, located in 
the A2 domain of vWF, eliminating the need for the denaturing conditions that were 
necessary to unfold vWF in the earlier assays [ 25 ]. Suitable synthetic substrates that 
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have been described include a recombinant A2 domain [ 25 ] or shorter peptides 
 containing the minimum portion of the A2 domain necessary for cleavage 
(D1596-R1668) [ 14 ,  26 ,  27 ]. 

 Currently, fl uorescence resonance energy transfer (FRET) assays, performed in 
96-well microtiter plates, are the most widely used activity tests in clinical laborato-
ries. Kokame et al. fi rst described a 73 amino acid FRET substrate, FRETS- VWF73, 
based on modifi cation of the D1596-R1668 peptide, with 2 amino acid residues fl ank-
ing the ADAMTS13 cleavage site (Q1599 and N1610) replaced by a fl uorescent moi-
ety A2pr (Nma) and quencher A2pr (Dnp), respectively [ 26 ]. Nma is excited at 340 
nanometers (nm), but when the peptide is intact, the energy is quenched by Dnp. 
Peptide cleavage by ADAMTS13 results in fl uorescent emission, read on a fl uorom-
eter at 440 nm. Thus, the amount of fl uorescent emission is directly proportional to the 
ADAMTS13 activity in the patient plasma, and the amount of fl uorescent emission is 
compared to a calibration curve to quantitate activity. This fl uorochrome/quencher 
methodology is used in commercial assays from Technoclone (Vienna, Austria) and 
Immucor Gamma (Waukesha, WI, USA), while an assay from Sekisui Diagnostics 
(Stamford, CT, USA) utilizes two fl uorochromes located on either side of the 
ADAMTS13 cleavage site that are uncoupled by ADAMTS13 proteolytic cleavage, 
resulting in increased fl uorescence [ 27 ]. Figure  8.1  depicts a FRET assay utilizing a 
fl uorochrome and quencher. Results are often expressed as percentage of normal 
activity, but may also be expressed as a concentration (such as units/mL or ng/mL) 
depending on the kit, as there are no offi cial units for activity.

   As mentioned above, commercial FRET assays are currently available from sev-
eral manufacturers. These include Technoclone (Vienna, Austria), Immucor Gamma 
(Waukesha, WI, USA), and Sekisui Diagnostics (Stamford, CT, USA). The primary 
differences between these commercial FRET assays include whether the patient’s 

Recombinant peptide
encompassing the

ADAMTS-13 cleavage site

QuencherFluorescent moiety

Active ADAMTS-13

Peptide bond is cleaved,
separating the quencher

from the fluorescent
moiety

Fluorescent emission

  Fig. 8.1    Depiction of a FRET assay utilizing a fl uorochrome and quencher that are separated by 
ADAMTS13 cleavage, resulting in fl uorescent emission       
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ADAMTS13 is captured on the plate or measured in solution, differences in the 
activity substrate (vWF peptide with fl uorescent tag and quencher or two self- 
quenching fl uorochromes), and method for taking the fl uorescent readings, which 
can entail multiple kinetic readings or comparing a baseline reading to an endpoint 
reading taken at the end of the reaction incubation. Refer to Table  8.1  for an over-
view of commercial FRET assays. The Technoclone assay is unique in that the 
microtiter plate is coated with a monoclonal anti-ADAMTS13 antibody directed 
against the CUB domain of the protein, which allows capture of patient ADAMTS13 
prior to measuring activity. One advantage of the capture approach is that the same 
microtiter plate can be used to measure ADAMTS13 antigen after the activity has been 
measured, if desired. However, the assay could be compromised by mutations in the 
CUB domain that would hamper the ability to capture patient ADAMTS13, causing 
erroneously low activity results. The other commercial FRET assays measure 
ADAMTS13 activity in solution, which saves time by eliminating the capture step.

   The Technoclone and Sekisui FRET assays are kinetic assays that measure 
baseline fl uorescence followed by several additional readings as the reaction pro-
gresses. The Technoclone assay takes one measurement per minute during the 
reaction for a total of 16 measurements, while the Sekisui assay takes a greater 
number of  readings. The slope of the kinetic curve, expressed as relative fl uores-
cence units (RFU)/second or RFU/minute, is compared against the calibration 
curve to determine the ADAMTS13 activity. Figure  8.2  shows example data and 
calibration curve from a kinetic assay. The Immucor Gamma assay utilizes end-
point detection by subtracting the baseline fl uorescence (time 0) from the fl uores-
cence at the endpoint of the reaction. This value, which represents the change in 
fl uorescence, is compared to the calibration curve to determine the ADAMTS13 
activity. The Sekisui assay also has the option of using endpoint rather than kinetic 
detection. Evaluation software is generally available from the commercial kit man-
ufacturers to perform the result analysis. In these assays, the reactions are usually 
performed in duplicate, requiring a certain degree of agreement (coeffi cients of 
variation (CVs) <15–20 %) between the 2 wells prior to reporting results. To maintain 
the accuracy of the assays, strict attention must be paid to incubation and pipetting 

   Table 8.1    Overview of commercial FRET assays   

 Test 
 ADAMTS13 
capture  Activity substrate 

 Fluorescent 
quantifi cation 

 Analysis 
time (h) 

 Maximum 
tests/kit a  

 Technoclone  Yes  73 aa peptide, 
FRETS-VWF73 

 Kinetic  ~2.5  40 

 Immucor  No  73 aa peptide, 
FRETS-VWF73 

 Endpoint  ~1  40 

 Sekisui  No  86 aa peptide, 
ALEXA488- VWF86  

 Kinetic or 
endpoint 

 ~1.5  40 

   a Approximation of 40 tests per kit assumes fi ve calibrators and two controls in duplicate, allowing 
40 patient samples in duplicate to fi ll one run on a single 96-well plate. If a plate is used for mul-
tiple runs, less total patient samples could be tested  
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times and temperatures;  instructions provided in the package insert of commercial 
assays should be precisely followed.

   ELISA ADAMTS13 activity methods, also performed in a 96-well plate, 
are similar to the FRET assays in the use of synthetic vWF peptides as activity 
substrates [ 28 – 31 ]. However, the method for detection of substrate cleavage by 
ADAMTS13 is indirect rather than direct. A commercial assay is available from 
Technoclone (Vienna, Austria). In this assay, the activity substrate (vWF73) is 
labeled with a glutathione S-transferase (GST) tag, termed GST-VWF73, allowing 
it to be captured to the ELISA plate via an anti-GST antibody and avoiding capture 
of any patient vWF. When patient plasma is incubated in the wells, patient 
ADAMTS13 cleaves the vWF peptide exposing a specifi c amino acid sequence. 
After incubation, an antibody is added that recognizes the exposed amino acid 
sequence at the cleavage site. The detection antibody is conjugated to horseradish 
peroxidase (HRP), and reaction color is developed using an HRP reaction. The opti-
cal density of the reaction is read on an ELISA plate reader at 450 nm and is directly 
proportional to ADAMTS13 activity in the sample, quantitated by comparison to 
the calibration curve. Possible advantages of ELISA methods are widespread famil-
iarity with ELISA techniques and greater availability of required equipment, as 
opposed to FRET assays, which require fl uorescent plate readers and specifi c soft-
ware to read and interpret results. The ELISA methods may also be more easily 
adapted for ADAMTS13 inhibitor testing. Due to multiple incubation steps, these 
assays may take longer to perform than the FRET assays (~3 h). 
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  Fig. 8.2    ( a ) Representative data from duplicate wells (A5 and A6) in a kinetic FRET assay. 
A baseline fl uorescence reading is taken (time 0), followed by multiple additional readings as the 
reaction progresses. The raw data is used to determine the slope of the kinetic curve (RFU/minute), 
which is compared to the calibration curve to determine activity. ( b ) Example calibration curve 
showing the relationship between ADAMTS13 activity (% of normal,  x -axis) and fl uorescence 
(RFU/minute,  y -axis)       
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 Calibrator material is included in commercial kits or available separately from 
the kit manufacturers. This may entail a single calibrator that requires dilution to 
create other levels of calibrator material or a premade series of different calibrator 
levels. Commercial calibrator material for activity assays is usually made from a 
large pool of normal donors, defi ned as having 100 % activity, or calibrated against 
this type of reference material. The calibration curve generated with each run of 
testing is validated by testing control material (often included in commercial kits), 
which usually represents two levels of ADAMTS13 activity (normal and low) with 
defi ned ranges for expected results. Patient results are compared against a reference 
interval to help classify the values as normal or abnormal. Although commercial 
manufacturers provide an expected range for normal values (approximately 
50–150 % of normal), laboratories should establish their own laboratory-specifi c 
reference intervals and cutoff values for severe defi ciency or validate the manufac-
turer’s suggested interval [ 32 ]. For this reason, reference intervals vary slightly from 
laboratory to laboratory, depending on the test methodology and other variables. 

 The newer commercial FRET and ELISA activity assays take signifi cantly less 
time to perform than the historic assays, ranging from 1 to 3 h, depending on spe-
cifi c requirements, such as time needed for ADAMTS13 capture. The reaction time 
involving incubation of patient ADAMTS13 with the activity substrate is generally 
quite brief (half an hour or less). Although shorter analysis time can equate to better 
turnaround time, enhancing clinical utility, it should be noted that many laboratories 
need to batch samples rather than running individual samples as they are received in 
order to make the testing cost-effective. TTP is a rare disorder and most clinical 
laboratories do not test a high volume of samples. Commercial kits are costly and 
each run of testing must include multiple levels of calibrator (usually at least fi ve) 
and up to two levels of control material, all in duplicate, meaning that 14 or more 
wells are used for calibrator and control material each time testing is performed, 
depending on the specifi c kit. Kits may include multiple sets of calibrators and con-
trols to allow multiple runs to be performed from a single 96-well plate. However, 
performing only a single full run per plate maximizes the number of patients that 
can be tested by minimizing the number of wells that must be used for calibrators 
and controls. The optimal approach for balancing kit usage with acceptable 
turnaround times is laboratory specifi c, based on testing volumes and patient care 
requirements. For these reasons, many smaller clinical laboratories choose to send 
this testing to a reference laboratory. 

 Laboratories may also opt to utilize laboratory-developed tests (LDTs) for 
ADAMTS13 activity, rather than commercial assays. The FRETS-VWF73 fl uoro-
genic substrate can be purchased directly from several vendors and used in LDT 
FRET assays. Other LDTs are more novel, using detection methods such as mass 
spectrometry [ 33 ]. In this method, cleavage of the activity substrate by ADAMTS13 
results in cleavage products that are detected and quantifi ed by mass spectrometry, 
a method that measures the mass of molecules that have been converted into ions. 
The amount of cleavage product generated is directly related to ADAMTS13 activity. 
Although this method has been cited as having an analytical sensitivity of 0.5 % 
ADAMTS13 activity [ 33 ,  34 ], it is not widely used and requires expensive 
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 specialized equipment and considerable technical expertise. Other novel assays 
have also been described, requiring variable amounts of time and degree of technical 
expertise [ 35 ,  36 ]. 

 Although the newer assays represent a signifi cant advance above the original 
assays in terms of the required technical time to run the tests, there is interest in 
identifying even more rapid assays, due to the urgent nature of TTP diagnosis. 
One such assay has been reported using an automated coagulation analyzer for 
immunoturbidimetric measurement of residual vWF activity using a latex particle-
enhanced monoclonal antibody directed against the platelet-binding domain of 
vWF after plasma digestion of commercial vWF by patient plasma [ 37 ]. This vWF 
activity method is available as a commercial kit (Instrumentation Laboratory, 
Bedford, MA, USA). In a comparison of this assay to a reference immunoblot 
method, there was no statistically signifi cant difference in categorizing subjects 
with severe ADAMTS13 defi ciency (activity <5 % of normal), often considered the 
diagnostic value for TTP [ 37 ]. This type of assay is intriguing due to the relatively 
rapid turnaround time (~2 h), broad availability of automated coagulation analyzers, 
and use of a commercial kit for vWF activity, which could facilitate patient testing 
at local laboratories rather than more distant specialized reference laboratories and 
allow more cost-effective testing of small numbers of samples.  

8.2.2     ADAMTS13 Antigen 

 Antigen assays detect the amount of ADAMTS13 protein. Commercial ELISA 
assays for ADAMTS13 antigen are available from both Technoclone (Vienna, 
Austria) and Sekisui (Stamford, CT, USA). These are traditional sandwich ELISAs 
that entail antibody capture of patient ADAMTS13 to the plate followed by detec-
tion with a labeled secondary antibody that participates in a chromogenic reaction. 
Analysis times are approximately 3 h. The performance characteristics of antigen 
assays vary depending on the specifi city of the antibodies used for capture and 
detection of ADAMTS13 (polyclonal versus monoclonal) [ 38 ]. Both ADAMTS13 
activity and antigen levels are low in subjects with congenital quantitative defi -
ciency of ADAMTS13 (congenital TTP, Upshaw–Schulman syndrome). However, 
in acquired TTP, activity and antigen levels may not be concordant due to the auto-
immune nature of the disease, where the antibodies can demonstrate either activity- 
neutralizing (inhibit function, approximately 70 %) or non-neutralizing (promote 
accelerated clearance but do not inhibit function, approximately 30 %) properties 
[ 32 ,  39 – 41 ]. Subjects with TTP primarily due to neutralizing antibodies have com-
promised activity without signifi cant impact on the protein amount (antigen). In a 
comparison between activity and antigen levels in TTP cases, Starke et al. found a 
correlation between antigen and activity in 70 % of cases, with the majority of dis-
cordant cases having low activity with a normal or high antigen level, presumably 
due to neutralizing antibodies that form nonfunctional immune complexes [ 39 ]. 
Thus, although many subjects with acquired TTP have decreased ADAMTS13 
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antigen due to clearance [ 42 ], antigen assays should be considered less sensitive for 
the diagnosis of acquired TTP and should not be used in isolation [ 39 ,  43 ]. Antigen 
assays may be useful in the diagnosis of congenital TTP or in conjunction with 
activity and autoantibody assays.  

8.2.3     Analytical Sensitivity 

 There are no defi nitive criteria for the diagnostic ADAMTS13 level in TTP; thus, 
TTP remains a clinical diagnosis. However, the lower limit of detection for most 
FRET assays is approximately 3–6 % [ 32 ,  34 ], which is compatible with the defi ni-
tion of severe defi ciency consistent with TTP (<5–10 %) used in the medical litera-
ture [ 32 ,  44 ,  45 ]. The prevalence of severe defi ciency in idiopathic TTP patients has 
been reported to range from less than 20 to 100 %, highlighting challenges with 
TTP diagnosis [ 32 ,  46 ]. A highly sensitive FRET assay (limit of detection ≤0.3 % 
activity) utilizing an optimized fl uorogenic substrate, FRETS-rVWF71, has recently 
been described but is not commercially available [ 47 ]. Other activity assays may 
have better analytical sensitivity than most FRET assays. In one study utilizing an 
activity ELISA, the authors established a detection limit of 0.5 % ADAMTS13 
activity [ 31 ], and the detection limit of a mass spectrometry method has also been 
reported as 0.5 % [ 34 ]. Highly sensitive activity assays also allow for high sensitiv-
ity in ADAMTS13 functional inhibitor studies. ADAMTS13 antigenic tests may 
also have sensitivity as low as 0.5 % of normal. 

 In addition to the severe defi ciency usually seen in TTP, it is also important to 
note that mild to moderate ADAMTS13 defi ciency can be seen in a variety of other 
conditions such as liver disease, acute infl ammatory states, disseminated intravascu-
lar coagulation, catastrophic antiphospholipid syndrome, and other disorders due to 
reduced synthesis or consumption of ADAMTS13 [ 32 ,  48 ]. Lower values can also 
be seen in pregnant women [ 48 ] and newborns [ 49 ]. Mild to moderate defi ciency 
(rather than severe) or normal ADAMTS13 values can rarely be seen in TTP [ 32 ]. 
Even severe ADAMTS13 defi ciency may not be specifi c for TTP as it has rarely 
been reported in non-TTP conditions.  

8.2.4     Comparison of ADAMTS13 Testing Methods 

 In 2008, an international collaborative study was performed to evaluate the perfor-
mance characteristics of ADAMTS13 testing methods (including activity and anti-
gen methods) [ 38 ]. The analysis generated data on performance characteristics of 
11 methods in eight laboratories, including eight methods representing the newer 
FRET and ELISA activity methods and antigen methods. The authors concluded 
that the performance characteristics of newer methods using modified vWF 
peptides were superior to the more historic methods, such as collagen binding, with 
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better ability to discriminate between ADAMTS13 levels and improved reproducibility. 
All methods in the study were able to detect severe defi ciency. The between- method 
variability (imprecision), expressed as CV, was 25 %. This was improved from 40 % 
in a prior international study primarily using older testing methods [ 50 ]. However, 
between-laboratory variability was relatively high even for labs using the same 
methodology, suggesting laboratory-specifi c variables affecting the assays as a 
source of variation. Another study also showed that the FRETS-VWF73 assay had 
good concordance with other activity assays [ 45 ]. A 2009 study evaluated two com-
mercial FRET activity methods (Technoclone and GTI (now Immucor Gamma)) 
and compared their assay results to a reference laboratory’s method using 29 patient 
samples [ 51 ]. Both commercial kits showed good correlation to the reference 
method. For the six samples with <5 % ADAMTS13 activity by the reference 
method (severe defi ciency), the Technoclone method identifi ed all six as severely 
defi cient, while the GTI method identifi ed four of six as severely defi cient with 
<5 % activity. The Technoclone kit demonstrated better precision (reproducibility) 
than the GTI kit; however, it was noted the GTI kit was subsequently modifi ed, 
which could result in improved precision. In 2011, the same group evaluated two 
commercial FRET activity methods (Technoclone and GTI (now Immucor Gamma)) 
and an ELISA activity method (Technoclone) using 38 patient samples and again 
showed good correlation between the three methods [ 52 ]. The Technoclone FRET 
and ELISA methods identifi ed 12 and 13 severely defi cient plasmas (<5 % activity), 
respectively, while these same samples ranged from 10 to 32 % activity using the 
GTI kit. The fi ndings suggest that the cutoff for severe defi ciency (compatible with 
TTP) may be different with different kits, and laboratories should be aware of pos-
sible differences. In this study, the ELISA activity method demonstrated the best 
precision (CVs of <10 % across a range of values).  

8.2.5     Identifi cation of ADAMTS13 Autoantibodies 

 Severe ADAMTS13 defi ciency is usually due to the formation of autoantibodies 
which are neutralizing in ~2/3 of cases (inhibit ADAMTS13 proteolytic function) or 
non-neutralizing in ~1/3 of cases (bind to nonfunctional regions and cause increased 
clearance by opsonization or other mechanisms resulting in reduced half-life or by 
interfering with binding to the endothelial cell surface) [ 53 ]. Both types of autoan-
tibodies can be simultaneously detected in some TTP patients. Although ADAMTS13 
autoantibodies are detected in almost all patients with severe defi ciency, they have 
also been identifi ed in patients with normal ADAMTS13 activity [ 54 ]. The con-
comitant detection of low ADAMTS13 activity and an autoantibody increases the 
specifi city for diagnosis of idiopathic TTP. Autoantibody detection does not only 
differentiate between hereditary and acquired TTP, but it also can discriminate 
between neutralizing and non-neutralizing antibodies. Some studies have shown 
that the presence of autoantibodies at diagnosis with persistence in clinical remis-
sion is associated with increased risk of relapse [ 46 ]. High titers of autoantibodies 
have been associated with delayed response to plasma exchange, refractory disease, 
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and death [ 46 ]. While some studies have found no signifi cance for ADAMTS13 IgG 
levels, others have shown an association between anti-ADAMTS13 IgG subclass 4 
and relapse [ 32 ]. 

 Neutralizing antibodies (inhibitors) are detected and quantifi ed by the ADAMTS13 
inhibitor assay (Bethesda assay) which is a technically diffi cult LDT that evaluates 
residual ADAMTS13 activity in a 1:1 mixture of heat-treated patient plasma and 
normal pooled plasma (NPP) after incubation for 2 h at 37 °C. Inhibitory antibodies 
present in the patient plasma inhibit ADAMTS13 activity in the NPP. A control 
mixture (NPP: buffer, simulates absence of an inhibitor) is also incubated for 2 h, and 
the residual ADAMTS13 activity in the patient:NPP mixture is compared to the resid-
ual activity in the control mixture. If an inhibitor is present, recovery of ADAMTS13 
activity in the patient mixture is lower than expected. One Bethesda unit (BU) is 
defi ned as the amount of inhibitor that decreases residual NPP ADAMTS13 activity 
to 50 % of the expected value. Evaluation of a series of 1:1 mixtures created from dif-
ferent dilutions of patient sample is usually necessary to identify the reaction with 
residual activity closest to 50 %. Results are then corrected for the degree of dilution 
to determine the titer in BU. High dilutions of the patient sample are necessary to 
quantify high-titer inhibitors, while low dilutions quantify low-titer inhibitors. 
Laboratories may report a specifi c Bethesda titer, a semiquantitative titer, or qualita-
tive (inhibitor positive/negative) results, depending on test design. Residual activity 
can be measured by any of the ADAMTS13 activity assays described previously in 
this chapter. Of note, heat inactivation of patient plasma is necessary because sensi-
tivity and quantitation of titer are unreliable if the patient sample contains residual 
ADAMTS13 activity. Figure  8.3  illustrates the concept of the Bethesda assay for 
identifi cation and quantitation of ADAMTS13 inhibitory antibodies.

Patient plasma Buffer

Measure residual ADAMTS-13 activity in both
mixtures and compare

Normal pooled
plasma

Patient
1:1 mix

Control
1:1 mix

Incubate 2h/37°C

  Fig. 8.3    Bethesda assay for identifying and quantifying inhibitory ADAMTS13 autoantibodies       
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   Autoantibodies (IgG or IgM) directed against ADAMTS13 can be measured in 
serum or plasma samples by sandwich ELISA. In this assay, full-length recombi-
nant ADAMTS13 is immobilized on the surface of an ELISA plate and binds to 
anti-ADAMTS13 antibodies from the patient sample. After wash steps, bound 
antibodies are detected by a labeled secondary antibody that participates in a chro-
mogenic reaction. Color development is measured on an ELISA reader at 450 nm. 
The results are read from a multiple-point calibration curve created from reference 
plasma containing a high anti-ADAMTS13 titer. Results are expressed in units/mL 
or arbitrary units (AU)/mL. It is recommended that individual laboratories estab-
lish their own normal range and the history of the patient must be taken in consid-
eration for proper interpretation of results. The ELISA for IgG autoantibodies is 
highly sensitive for idiopathic TTP, but less specifi c than the Bethesda assay. In one 
study, IgG antibodies were detected in 97 % of patients with clinical TTP and very 
low ADAMTS13 activity (<10 %), while the prevalence of IgM antibodies in this 
population was ~11 %. IgG or IgM antibodies were detected in 20 % of TMA 
patients with ADAMTS13 activity > 10 %. IgG antibodies were also found in 4 % 
of healthy donors and a small percentage of subjects with various causes of 
thrombocytopenia or with systemic lupus erythematosus or antiphospholipid 
antibody syndrome.  Anti- ADAMTS13 IgM antibodies were prevalent in patients 
with systemic lupus erythematosus and antiphospholipid syndrome (~18 % of 
cases) and their clinical signifi cance is not clear [ 54 ,  55 ]. The IgG ELISA assay is 
offered commercially by Technoclone (Vienna, Austria) and Sekisui Diagnostics 
(Stamford, CT, USA). 

 As described above, ADAMTS13 antibody ELISA assays are technically easy 
to perform, are more sensitive but less specifi c for acquired TTP than functional 
inhibitor (Bethesda) assays, and do not differentiate between inhibitory and non- 
inhibitory antibodies [ 56 ]. Since neutralizing antibodies are common and more 
specifi c for TTP, it is recommended to initiate autoantibody testing with a Bethesda 
assay. If neutralizing antibodies cannot be detected, ELISA testing is recom-
mended. The suggested testing algorithm for use of ADAMTS13 autoantibody 
testing in the work-up of TTP is illustrated in Fig.  8.4 .

   Both Bethesda and ELISA assays detect only free antibodies not bound to 
ADAMTS13, but not circulating immune complexes (CICs). CICs are a pathophys-
iologic mechanism for many autoimmune diseases. Some studies have suggested 
that ADAMTS13-specifi c CICs may play a role in TTP pathophysiology. A recent 
study demonstrated CICs in one- to two-thirds of patients with TTP, and the levels 
of ADAMTS13-specifi c CICs were independent from other ADAMTS13 measure-
ments. The same study found an association between increasing levels of 
ADAMTS13-specifi c CICs and the number of plasma exchanges needed to achieve 
remission [ 57 ]. An ELISA method has recently been developed and validated by an 
Italian group to detect ADAMTS13-specifi c CICs, with mean intra- and inter-assay 
CVs of 5.3 and 9.6 %, respectively [ 57 ]. This type of ELISA is not yet commercially 
available, and the potential usefulness of measuring ADAMTS13-associated CICs 
in clinical practice warrants further studies.  
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8.2.6     Interfering Substances 

 Subjects with microangiopathic hemolytic anemia, such as in TTP, may have 
hemolyzed or icteric plasma samples due to intravascular hemolysis and organ dys-
function, respectively. Hemoglobin has been reported to have a time- and tempera-
ture-dependent inhibitory effect on ADAMTS13 activity at concentrations of 
≥2 g/L, which could be seen with marked in vivo intravascular hemolysis or induced 
by in vitro storage of blood samples [ 58 ]. It is important to recognize that hemo-
lyzed samples have the potential to cause underestimation of ADAMTS13 activity 
and false-positive functional inhibitor studies (neutralizing antibodies identifi ed in 
Bethesda assays). This does not represent assay interference and is independent of 
the assay method used. Hyperbilirubinemic plasmas have been reported to demon-
strate underestimation of ADAMTS13 activity through interference in FRET assays 
using FRETS-VWF73 by acting as a quencher at the fl uorescent emission wave-
length [ 59 ,  60 ]. The interference is less pronounced with moderately elevated bili-
rubin concentrations, but signifi cant at levels >100 μmol/L, which could lead to 
misdiagnosis of severe ADAMTS13 defi ciency or false-positive Bethesda studies. 

ADAMTS-13 activity

Marked decreaseMild to moderate decreaseNormal

Unlikely idiopathic TTP

If clinically indicated
Inhibitor assay ( Bethesda)

Not Detected Detected

Autoantibody assay
(IgG ELISA) Idiopathic TTP

Not detected Low titer High titer

Sequencing Requires clinical
correlation

Idiopathic TTP

Positive - congenital TTP;
Negative-requires clinical

correlation

  Fig. 8.4    Suggested testing algorithm for evaluating patients with suspected TTP       
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Commercial FRET assays that read ADAMTS13 activity in solution often require 
dilution of the patient sample prior to testing, which minimizes assay interferences 
from hemoglobin and bilirubin, but also limits sensitivity in activity and inhibitor 
assays. Recently, a novel recombinant fl uorogenic substrate, FRETS-rVWF71, 
has been described. This substrate demonstrates little assay interference from hemo-
lyzed or icteric samples, permitting testing on minimally diluted plasma and allow-
ing for highly sensitive FRET assays (activity and inhibitor) [ 47 ]. Because ELISA 
assays (activity or antigen) and the Technoclone FRET assay involve wash steps 
that remove patient plasma from the reaction well prior to reading the results, colored 
substances such as hemoglobin and bilirubin in the patient sample should not inter-
fere with the colorimetric results. These substances also should not interfere with 
ELISA testing for ADAMTS13 autoantibodies.   

8.3     Clinical Utility of ADAMTS13 Testing 

 There is no gold standard test for ADAMTS13 activity, and TTP remains a clinical 
diagnosis defi ned as microangiopathic hemolytic anemia and thrombocytopenia 
without an alternative cause [ 46 ]. However, many now consider evaluation of 
ADAMTS13 activity to be a valuable tool in the clinicopathologic diagnosis of TTP, 
with absent activity having high specifi city and relatively high sensitivity. For exam-
ple, in one study using a FRETS-VWF73 assay, absence of ADAMTS13 activity was 
89 % sensitive and 100 % specifi c for TTP [ 61 ]. In idiopathic TTP, severe ADAMTS13 
defi ciency correlates with a good response to plasma exchange therapy (~90 %), 
but also with an increased risk of relapsing TTP (~30 %), while relapse is uncommon 
in idiopathic TTP without severe defi ciency [ 46 ]. Persistence of severe defi ciency 
while in clinical remission may also be predictive of relapse [ 56 ]. Identifi cation of 
ADAMTS13 autoantibodies at diagnosis also correlates with a higher risk of relapse, 
and antibody titer may correlate with delayed response to plasma exchange and 
refractory disease [ 46 ].  

8.4     Genetic Testing 

 Genetic testing to assess for disease-causing mutations in the ADAMTS13 gene 
may be useful in suspected cases of congenital TTP (Upshaw–Schulman syndrome), 
where at least 76 mutations have been described to date [ 62 ]. The testing is available 
in select reference and research laboratories. Congenital TTP is rare (~5 % of TTP 
cases) [ 62 ] and may be suspected when recurrent TTP presents in childhood 
(although up to 20 % of cases do not present until adulthood) or in subjects with 
severe ADAMTS13 defi ciency that do not have demonstrable neutralizing or 
non- neutralizing antibodies [ 32 ]. Affected individuals have homozygous or com-
pound heterozygous mutations resulting in severe defi ciency, while carriers have 
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approximately 50 % of normal activity and are asymptomatic [ 62 ]. Genetic testing 
entails amplifi cation and sequencing of the ADAMTS13 gene, located on the long 
arm of chromosome 9 at 9q34 [ 32 ]. Genetic sequencing determines the order of 
nucleotides in DNA and is the best method to identify ADAMTS13 mutations, since 
mutations have been found throughout the gene, which has 29 exons (coding 
sequences) [ 62 ]. The sequence from the patient’s sample is compared to a reference 
sequence. Any abnormalities identifi ed are compared to mutation databases and 
reports in the medical literature to determine whether they are disease-causing 
mutations. Although the analytical sensitivity of these tests is >99 %, large deletions 
or duplications or mutations outside of the sequenced region will not be detected. 
In summary, genetic testing is useful to differentiate acquired from congenital TTP, 
to confi rm inherited TTP, to evaluate potentially affected family members (including 
prenatal diagnosis), and to establish genotype–phenotype correlations.     
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