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A B S T R A C T   

Background: Graves’ disease (GD) is caused by the production of TSH-receptor (TSHR) stimulating 
auto-antibodies. Over the years various TSHR-antibody (TRAb) detection assays have been 
developed. Most clinical laboratories use competitive TSH-binding inhibitory immunoglobulin 
(TBII) assays, which measure the total amount of stimulating and blocking auto-antibodies. Se-
lective detection of TSHR stimulating auto-antibodies (TSI) was previously only possible with 
functional cell-based bioassays. However, more recently an automated bridge-based binding 
assay to more specifically measure TSI has become available. The aim of our study was to 
compare the third-generation automated competitive immunoassay (TBII) with the automated 
bridge immunoassay (TSI) in clinical practice in an academic thyroid expert center. 
Methods: A retrospective study in 356 patients with Graves’ disease, Graves orbitopathy (GO), and 
other (thyroid) disease treated in an academic thyroid center was performed. All samples were 
analyzed for TBII and TSI. For both assays, sensitivity, specificity, positive predictive value (PVV), 
negative predictive value (NPV) and diagnostic odds ratios were calculated using different cut- 
offs for negativity. 
Results: Using the provided cut-off, the overall sensitivity appeared similar between TBII and TSI, 
but TSI showed higher overall specificity, PPV, NPV and diagnostic odds ratio. Using two or three 
times the cut-off for negativity resulted in a decrease in sensitivity, but an increase in specificity 
and PPV, which was most pronounced for the TBII-assay. Analysis in a subgroup of newly 
diagnosed treatment naïve GD/GO patients also revealed overall favorable results for the TSI- 
assay. Increasing the cut-off for negativity resulted in increased specificity for both assays, with 
similar results using two or three times the cut-off. Most patients with concordant positive results 
for TBII and TSI suffered from GD or GD + GO (n = 110, 95.6 %), while patients negative for both 
TBII and TSI mostly suffered from other (thyroid) disease (n = 143, 77.3 %). From patients with 
positive TBII but negative TSI only 42.1 % had GD/GO (n = 16), whereas 57.9 % (n = 22) had 
other (thyroid) disease. In contrast, 88.9 % of patients with positive TSI but negative TBII had 
GD/GO (n = 16), whereas 11.1 % (n = 2) had other (thyroid) disease. 
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Conclusion: In our academic thyroid center, the diagnostic performance of the TSI-assay out-
performed the TBII-assay. Using a higher cut-off value for negativity can be helpful in assessing 
clinical relevance.   

1. Introduction 

Hyperthyroidism is a common condition with a prevalence of approximately 1.2 % worldwide and is characterized by inappro-
priately high concentrations of circulating thyroid hormones [1,2]. Graves’ disease (GD) is the most common underlying cause (50–80 
% of cases) [2,3]. GD is an autoimmune disorder with an incidence of 20–30 cases per 100.000 individuals per year and is more 
prevalent in women [4]. Hyperthyroidism in GD is caused by circulating auto-antibodies that stimulate the TSH-receptor (TSHR), 
leading to unregulated production and secretion of thyroid hormones [2,5,6]. Measurement of these TSH-receptor antibodies (TRAb) 
in patient serum is a sensitive tool to diagnose GD. Functionally TRAb can be divided into two categories: 1) thyroid stimulating 
antibodies (TSAb; TSI) and 2) thyroid blocking antibodies (TBAb; TBI), that can both (co)-exist in patients with GD [7–9]. 

Besides diagnosis, there are several other clinical implications where TRAb measurement is of added value. TRAb normally decline 
during treatment with antithyroid drugs (ATD) and can therefore be used to monitor disease course. However, in a substantial per-
centage of patients with GD, remission is not achieved or patients experience relapse after stopping ATD [1–3]. Importantly, high TRAb 
concentrations, prior to treatment, are associated with a higher relapse rate following ATD [1,2,10–12]. Therefore, TRAb testing can 
be of value to predict sustained disease remission or relapse before ATD is stopped [13]. Furthermore, high TRAb levels are associated 
with increased risk for developing Graves’ orbitopathy (GO), a complication where the soft orbital tissues are the target of autoimmune 
attack by TRAb and other immune components [3,6,14–16]. In addition, serum TRAb concentration, especially of TSI, strongly 
correlates with the clinical activity score (CAS) of GO and can therefore be used in the follow-up and to optimize timing of rehabil-
itative surgery [17–21]. Finally, in pregnant women with GD TRAb monitoring is important as these antibodies are transported across 
the placenta during the last pregnancy trimester and thereby can cause severe complications like fetal hyperthyroidism and neonatal 
graves disease [22–24]. 

Various types and generations of TRAb detection assays have been developed over the years. Most routine clinical laboratories 
currently use competitive binding assays to detect TRAb. These assays measure the inhibition of binding of a ligand to TSH-R, referred 
to as TSH-binding inhibitory Immunoglobulin (TBII) assays. Although currently used generations of this type of assay display high 
clinical sensitivity (>97 %) and specificity (98–99 %) rates, they detect both TSI and TBI and provide no information on functional 
properties of the detected TRAb [25]. Selective detection of stimulating antibodies (TSI) is possible with technically more challenging 
functional cell-based bioassays [26]. More, recently a novel automated bridge-based binding assay has become commercially available 
to detect TSI more selectively, although not exclusively since some TBI can bind to the capture TSH-receptor chimera used in this 
bridge-based assay [27–30]. Previous studies reported high sensitivity and specificity rates varying from 81 to 100 % and 73–100 %, 
respectively, for this automated bridge-based binding assay in diagnosing GD [27,28,31–37]. Where most studies investigated the 
overall correlation between the different assay methods, only few studies included clinical characteristics in relation to this outcome 
[27,31,32,34,36]. Most hospitals, including our academic thyroid center, use a competitive binding assay to detect TRAb. In the 
current study, we compared the clinical performance and relevance of the TBII-assay and the more novel bridge-based TSI-assay in 
patients seen in our academic thyroid center, especially in relation to clinical disease characteristics. 

2. Materials and methods 

2.1. Study design and patients 

This retrospective clinical practice study was approved by the medical ethical committee of Erasmus MC (MEC-2016-606) and 
performed in all patients who had routine TRAb testing in our academic thyroid center (Erasmus MC, Rotterdam) from April 2019 to 
July 2020. All patients in whom TRAb measurement was conducted during this period were included, regardless of their underlying 
diagnosis or time point in treatment course. From patients who had several TRAb measurements during the inclusion period, only the 
first sample was included in this study. The diagnosis of GD was based on clinical characteristics, presence of (sub)clinical hyper-
thyroidism, documented TRAb positivity or findings on I-123 scintigraphy. If GO was present, we included the most recent ( ± 3 
months) CAS according to the standardized criteria of the European Group on Graves Orbitopathy (EUGOGO) [38]. The CAS could 
either be determined at our thyroid outpatient clinic or by the ophthalmologist. GO was considered active when CAS ≥3. Patients <18 
years were excluded from the study. 

2.2. TRAb measurement 

In all serum samples in which a routine clinical TRAb measurement was requested this was performed with an automated 
competitive TBII fluorescent enzyme-immunoassay (EliA anti-TSH-R, Thermofisher Scientific, Freiburg, Germany). Hereafter, samples 
were stored at − 20 ◦C for a maximum of two weeks before being re-analyzed with the bridge-based TSI binding assay (Immulite 2000 
TSI; Siemens Healthcare diagnostics, Llanberis, UK). For the TBII-assay the manufacturer defined <2.9 IU/L as negative and designed 
the range 2.9–3.3 IU/L as equivocal, which was also confirmed by an internal validation of the Laboratory Medical Immunology (LMI) 
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at Erasmus MC. Therefore, for the current study we used <2.9 IU/L as cut-off for negativity. TBII values above 68 IU/L were reported as 
>68. The cut-off for negativity for the bridge-based TSI binding assay as defined by the manufacturer is < 0.55 IU/L, with a detection 
range of 0.1–40.0 IU/L. TSI values above 40 IU/L were reported as >40. The LMI was blinded for patients history and diagnosis during 
analysis of the samples with both assays. 

2.3. Statistical analyses 

Statistical analysis was performed with IBM SPSS Statistics 25. Categorical data were presented as numbers with percentage, and 
compared with Fisher’s or Pearson’s chi-squared test. For continuous, not-normally distributed data the medians and interquartile 
range (IQR) were calculated and outcomes were compared with the Mann-Whitney U test. As TBII and TSI outcomes were not normally 
distributed, Spearman’s correlation coefficient was calculated to assess the correlation between the two assays. Clinical sensitivity, 
specificity, positive predictive value (PVV) and negative predictive value (NPV) were calculated for both assays to determine the 
diagnostic accuracy of the tests. Furthermore, diagnostic odds ratios (DOR) were calculated as a single indicator of test performance in 
relation to the test’s accuracy. Higher DOR values indicate better discriminatory test performance [39]. Analyses were performed for 
both the total study population as well as for a subgroup of treatment naive patients. In addition, to exclude most false positive results 
and improve clinical relevance, we also carried out analyses using two and three times the cut-off values for negativity. These cut-offs 
are based on national and international guidelines for pregnant women that recommend close monitoring when TRAb level exceeds the 
upper limit of normal (cut-off) by more than 2–3 fold [23,24,40,41]. Differences with p value < 0.05 were considered statistically 
significant. 

3. Results 

3.1. Descriptive data 

A total of 356 patients were included for analysis in this study. Table 1 shows the characteristics of the 184 included Graves’ disease 
patients (N = 90 GD and N = 94 with GD + GO) and 172 individuals with other (thyroid) disease. For the group with other (thyroid) 
disease further information on underlying diseases is provided in Supplemental 1a. Among the 184 GD/GO patients, 31 patients were 
newly diagnosed treatment naïve (abnormal thyroid function tests i.e. hyperthyroidism or subclinical hyperthyroidism). From the GD 

Table 1 
Characteristics of the study population.   

GD/GO 
(N = 184)a 

Other (thyroid) disease (N = 172)a P-valueb 

Age years, median 50 (18–80) 47 (18–93) 0.446 
Sex, female (%) 143 (77.7 %) 132 (76.9 %) 0.634 
Thyroid function (%)   0.113  
- Euthyroidism 75 (40.8 %) 86 (38.2 %)   
- Hyperthyroidism 58 (31.5 %) 58 (25.8 %)   
- Subclinical hyperthyroidism 36 (19.6 %) 38 (16.9 %)   
- Subclinical hypothyroidism 10 (5.4 %) 25 (11.1 %)   
- Hypothyroidism 3 (1.6 %) 12 (5.3 %)   
- Low TSH and low free T4 2 (1.1 %) –   
- Unknown – 6 (2.7 %)  
TSH, median (mIU/l) 0.42 ± 2.0 (<0.003–53.8) 0.61 ± 2.4 (<0.003–127.9) 0.029  
- M. Graves 0.07 ± 1.4 (<0.003–53.8) –   
- M. Graves with GO 0.70 ± 2.1 (<0.003–6.1) –  
Free T4, median (mIU/l) 22.9 ± 8.8 (6.8–173.8) 20.9 ± 10 (2.3–136.6) 0.015  
- M. Graves 23.5 ± 14.7 (6.8–173.8) –   
- M. Graves with GO 22.4 ± 7.3 (14.2–122) –  
Therapy (%)   <0.001  
- No current treatment 55 (29.9 %) 119 (69.2 %)   
- B&R therapy 55 (29.9 %) –   
- Monotherapy 21 (11.4 %) –   
- LT4 suppletion 50 (27.2 %) 39 (22.7 %)   
- Immunosuppression 3 (1.63 %) 2 (1.2 %)   
- Unknown – 12 (6.9 %)  
RAI in past history (%) 46 (2.1 %) 8 (4.7 %) <0.001 
TBII EliA, median (range) (IU/L) 4.00 ± 7.1 (0.9–195) 2.0 ± 1.2 (0.5–358) <0.001  
- M. Graves 4.10 ± 6.5 (1.1–195)    
- M. Graves with GO 4.00 ± 7.8 (0.9–189)   
TSI Immulite, median (range) (IU/L) 1.32 ± 4.5 (0.09->40) 0.1 ± 0.0 (<0.1 - >40) <0.001  
- M. Graves 1.81 ± 4.3 (<0.1 - >40)    
- M. Graves with GO 1.18 ± 5.0 (<0.1- >40)    

a Data is presented as numbers (percentage of the respective population) or medians (IQR). 
b p-value comparing patients with GD/GO and other (thyroid) disease. P-values <0.05 were considered significant. 
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+ GO patients, 19 had active, moderate-to-severe, disease (CAS ≥3). As expected, GD patients showed significantly higher TRAb values 
than patients with other (thyroid) disease. The distribution of TRAb levels measured with the TBII-assay and the TSI-assay for both the 
total study population and the treatment naïve cohort are depicted in Fig. 1a and b, respectively. Within the subgroup of treatment 
naïve newly diagnosed GD/GO patients the median TBII-level was 5.9 ± 8.3 IU/L and the median TSI-level was 2.19 ± 6.0 IU/L. The 
median TBII level in the active-GO-group was 5.8 ± 21.8 IU/L, whereas the median for TSI was 2.34 ± 5.9 IU/L. Overall, a positive 
correlation was seen between the TBII-assay and TSI-assay (Spearman’s, rs = 0.760, P < 0.01; Fig. 2). 

3.2. Diagnostic accuracy 

The diagnostic accuracy of both tests for diagnosing GD (based on the cut-off values as provided by the manufacturers) is given in 
Table 2a. Although the sensitivity appeared similar between TBII and TSI (67.9 %), TSI showed higher specificity, PPV, NPV and DOR. 
At the cut-off value provided by the manufacturer the estimated DOR for TSI was higher (43 vs 12), indicating a better performance for 
TSI in diagnosing GD. 

Using two or three times the cut-off for test negativity resulted in a decrease in sensitivity, but an increase in specificity and PPV, 
which was most pronounced for the TBII assay. A subgroup analysis was performed on newly diagnosed treatment naïve GD/GO 
patients. This also revealed overall favorable results for the TSI-assay in diagnosing GD when the manufacturers cut-off values were 
applied (Table 2b). Increasing the cut-off for test negativity resulted in increased specificity for both assays, with similar results using 
two or three times the cut-off. 

3.3. Comparison of concordance between both TRAb assays 

In the total study population (N = 356), most patients with concordant positive results for TBII and TSI suffered from GD or GD +
GO (n = 110, 95.6 %), while patients negative for both TBII and TSI mostly suffered from another (thyroid) disease (n = 143, 77.3 %) 
(Table 3a). From the patients with positive TBII but negative TSI only 42.1 % had GD/GO (n = 16), whereas 57.9 % (n = 22) had other 
(thyroid) disease. In contrast, in patients with positive TSI but negative TBII 88.9 % had GD/GO (n = 16), whereas 11.1 % (n = 2) had 
other (thyroid) disease. Both in the treatment naïve group (N = 31) and group of patients with active GO (N = 19) most patients 
showed TRAb positivity in both assays (67.7 % and 68.4 %, respectively. Tables 3b and 3c). There were 42 patients with TBII-levels in 
the grey zone area of 2.9–3.3 IU/L. Most of them had negative TSI-levels (N = 27; 64.3 %) and suffered from other (thyroid) pa-
thologies (17/27, 63 %). From the 15 patients with equivocal positive results with TBII but positive results with TSI, 13 patients had 
GD/GO (86.7 %) and 2 (13.3 %) had other (thyroid) disease. 

Supplemental Tables 2a and 2b shows results obtained when two and three times the cut-off values for negativity were used. 
Increasing the cut-off by two or three-fold resulted in increased numbers of antibody negatives in the GD/GO group in both assays. 
Interestingly, when using two times the cut-off, only 3 patients (1.6 %) in de GD/GO group were TBII positive and TSI negative, 
whereas 37 (20.1 %) were only positive with the TSI-assay and negative with the TBII-assay. Similar results were seen using three times 

Fig. 1. ADistribution of TRAb outcomes using the two different assays in the total study population on a logarithmic scale. The dashed-line rep-
resents the cut-offs for negativity (<2.9 IU/L for the ELiA TBII assay and <0.55 IU/L for the Immulite TSI assay). 
Fig. 1b. Distribution of TRAb outcomes using the two different assays in the treatment naïve cohort with abnormal thyroid function tests on a 
logarithmic scale. The dashed-line represents the cut-offs for negativity (<2.9 IU/L for the ELiA TBII assay and <0.55 IU/L for the Immulite 
TSI assay). 
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the cut-off, with only 1 patient (0.5 %) in the GD/GO group displaying only TBII positivity and 37 patients (20.1 %) with TBII negative 
and TSI positive results. In the subgroup with other (thyroid) disease, using two or three times the cut-off, resulted in a higher 
concordance rate of 98.3 %. Patients with positive TRAb tests but other (thyroid) disease than GD are shown in Supplemental Table 3. 

Fig. 2. Correlation analysis in the total study population between the TBII-assay and the TSI bridge-based binding assay. A positive correlation was 
seen between the two assays for all samples analyzed (Spearman’s, rs = 0.760, P < 0.01). 

Table 
2aDiagnostic accuracy in total study population with GD/GO vs other (thyroid) disease (n = 356) using different cut-off for test negativity.  

Test Sensitivity % Specificity % PPV % NPV % DOR 

TRAb TBII ELiA  
- Cut-off <2.9 IU/L 67.9 % 84.9 % 82.8 % 71.2 % 12  
- Cut-off <5.8 IU/L 36.4 % 98.3 % 95.7 % 59.1 % 32  
- Cut-off <8.7 IU/L 27.7 % 98.8 % 96.2 % 56.1 % 33 
TRAb TSI Immulite  
- Cut-off <0.55 IU/L 67.9 % 95.3 % 94.0 % 73.5 % 43  
- Cut-off <1.1 IU/L 54.9 % 96.5 % 94.4 % 66.7 % 34  
- Cut-off <1.65 IU/L 47.3 % 97.1 % 94.6 % 63.3 % 30 

PPV = positive predictive value, NPV = negative predictive value, DOR = diagnostic odds ratio. 

Table 2b 
Diagnostic accuracy in treatment naïve GD/GO group vs other (thyroid) diseasea using different cut-off for test negativity.  

Test Sensitivity % Specificity % PPV % NPV % DOR 

TRAb TBII ELiA  
- Cut-off <2.9 IU/L 71.0 % 90.4 % 81.5 % 83.9 % 23  
- Cut-off <5.8 IU/L 51.6 % 98.1 % 94.1 % 77.3 % 54  
- Cut-off <8.7 IU/L 32.3 % 98.1 % 90.9 % 70.8 % 24 
TRAb TSI Immulite  
- Cut-off <0.55 IU/L 74.2 % 94.2 % 88.5 % 86.0 % 47  
- Cut-off <1.1 IU/L 67.7 % 96.2 % 91.3 % 83.3 % 53  
- Cut-off <1.65 IU/L 58.1 % 96.2 % 90.0 % 79.4 % 35 

PPV = positive predictive value, NPV = negative predictive value, DOR = diagnostic odds ratio. 
a Only untreated patients with abnormal thyroid function tests (i.e subclinical hyperthyroidism or hyperthyroidism) were included. 
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4. Discussion 

Over the last years various types and generations of assays have been developed for TRAb detection, and clinicians have to be aware 
of the type of assay used for TRAb measurement and their limitations [25]. The objective of this study was to compare two different 
TRAb-binding assays in a daily practice study in a large cohort of patients with GD/GO and other (thyroid) disease that visit an ac-
ademic thyroid center. Our data clearly shows that in this academic setting the bridge-based TSI-assay showed better diagnostic ac-
curacy for both the total study population and treatment naïve group than the more commonly used TBII-assay. Increasing the cut-off 
value for assay negativity by two or three times improved clinical relevance with an increased specificity and PPV, with similar results 
using two or three times the cut-off. For the TSI-assay, m ost previous studies reported an ideal cut-off around the cut off proposed by 
the manufacturer to maximize sensitivity and specificity [28,31,32]. The sensitivity rates in our study are lower than described in 
previous studies, with sensitivities varying from 81 to 100 % [27,31–37]. This can be explained by the daily practice approach we 
applied for our study. We included all patients with a TRAb measurement during a routine clinical visit and thus independent from 
their timepoint in disease course. It is well known that TRAb levels decline gradually under ATD treatment and disappear in a large 
proportion of patients after 12–18 months of treatment [53,54]. Our results are more in line with the study from Silvestre et al. [36], 
where they determined an ideal cut-off of 1.42 IU/L for the TSI-test with a sensitivity of 73 % and specificity of 89 %. A possible 
explanation is that, comparable to our study, they also included patients with different types of thyroid pathologies instead of healthy 
volunteers. Subgroup analysis of only newly diagnosed treatment naïve patients in our study did increase the sensitivity of both assays, 
although this was still lower than reported in previous studies. The high specificity rates for the TSI-assay in our study are in line with 
the specificity rates from previous studies, where in most studies a specificity >90 % is reported [27,28,32–34,37]. Only Silvestre et al. 
[36] and Scappaticcio [35] reported lower specificity rates of 73 % and 84.2 %, respectively. For the TBII-assay we denoted patients 
with equivocal positive results (the grey zone for positivity: 2.9–3.3 IU/L) as TBII-positive, which influences sensitivity and specificity 
calculations of this test in our study. The sensitivity and specificity (71 % and 90.4 %, respectively) in the newly diagnosed treatment 
naïve group are in line with the results from Struja et al. [37] who reported a sensitivity of 79.5 % and specificity of 93.7 % using the 

Table 
3aSerological outcomes in total study population.a.   

M. Graves (N = 90) M. Graves with GO (N = 94) Other diagnosis (N = 172) 

TBII and TSI both negative 21 (11.4 %) 21 (11.4 %) 143 (77.3 %) 
TBII and TSI both positive 55 (47.8 %) 55 (47.8 %) 5 (4.3 %) 
TBII positive and TSI negative 5 (13.2 %) 11 (28.9 %) 22 (57.9 %) 
TBII negative and TSI positive 9 (50.0 %) 7 (38.9 %) 2 (11.1 %) 
Outcome Concordant 76/90 = 84.4 % 

Discordant 14/90 = 15.6 % 
Concordant 76/94 = 80.9 % 
Discordant 18/94 = 19.1 % 

Concordant 148/172 = 86.0 % 
Discordant 24/172 = 14.0 %  

a Cut-off for negativity for TBII-Assay (Elia) < 2.9 IU/L and TSI-assay (Immulite) < 0.55 IU/L. 

Table 3b 
Serological outcomes in treatment naïve group a,b.   

M. Graves (N = 24) M. Graves with GO (N = 7) Other diagnosis (N = 52) 

TBII and TSI both negative 6 (25 %) 1 (14.3 %) 45 (86.5 %) 
TBII and TSI both positive 15 (62.5 %) 6 (85.7 %) 1 (1.9 %) 
TBII positive and TSI negative 1 (4.2 %) – 5 (9.6 %) 
TBII negative and TSI positive 2 (8.3 %) – 1 (1.9 %) 
Outcome Concordant 21/24 = 87.5 % 

Discordant 3/24 = 12.5 % 
Concordant 7/7 = 100 % 
Discordant - 

Concordant 46/52 = 86.5 % 
Discordant 6/52 = 11.5 %  

a Treatment naïve group = Untreated patients with abnormal thyroid function tests (i.e. subclinical hyperthyroidism or hyperthyroidism). 
b Cut-off for negativity for TBII-Assay (Elia) < 2.9 IU/L and TSI-assay (Immulite) < 0.55 IU/L. 

Table 3c 
Serological outcomes in active GO groupa,b.   

M. Graves with active GO (N = 19) 

TBII and TSI both negative 4 (21.1 %) 
TBII and TSI both positive 13 (68.4 %) 
TBII positive and TSI negative – 
TBII negative and TSI positive 2 (10.5 %) 
Outcome Concordant 17/19 = 89.5 % 

Discordant 2/19 = 10.5 %  

a Active GO group = CAS ≥3 according to EUGOGO. 
b Cut-off for negativity for TBII-Assay (Elia) < 2.9 IU/L and TSI-assay (Immulite) < 0.55 

IU/L. 
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original cut-off of 2.9 IU/L, and a sensitivity of 71.1 % and specificity of 97.9 % when a cut-off of 3.3 IU/L was applied. The results are 
also similar with the results from the manufacturer where they found a sensitivity varying between 83 % at a cut-off of 2.9 IU/l and 79 
% at a cut-off of 3.3 IU/l [46]. These two forementioned studies also included patients with different types of thyroid pathologies rather 
than healthy volunteers. Including different thyroid pathologies may better reflect real life indications for TRAb testing and is therefore 
considered a strength of our study. 

In the total study population most patients (95.6 %) had concordant results for TBII and TSI, while this was the case for 90.3 % of 
patients in the newly diagnosed treatment naïve GD group. The discordance rate of 9.7 % is higher than reported in the study from 
Scappaticcio et al. where they reported a discordance rate of 1.2 % in patients with GD and 2.6 % in patients with non-graves hy-
perthyroidism [35]. In total, 7 sera of patients in the group of newly diagnosed treatment naïve GD remained negative in both assays. 
Lack of detectable TRAb at initial presentation, or during follow-up, has previously been noted in some GD patients [42–45]. Another 
possible explanation is that we not only included patients with a newly diagnosed thyrotoxicosis but also patients with subclinical 
hyperthyroidism that may still be very early in their course of disease. 

In patients with other (thyroid) disease discordant results were mostly seen in patients who only showed antibody positivity in the 
TBII-assay. This can be explained by the high proportion of patients with TBII-positive outcomes in the grey zone for positivity [46]. 
Indeed, most of these discordant results disappeared when we applied a higher cut-off value for negativity (2-or 3-times the normal 
cut-off of 2.9). The high proportion of patients with (false) positive results in this grey zone is also underlined by a study from Smit 
et al., where they suggest a more accurate cut-off of 4.5 IU/L in patients with newly diagnosed GD using the ELiA TBII-assay [47]. 
Furthermore, a recent letter from the manufacturer, which was send to our center after we completed our study, announced technical 
improvement of the test due to the many false positives in the low positive range (2.9–5 IU/L). By using two or three times the cut-off, 
which is based on the Dutch guideline for obstetrics and gynecology and the international guidelines for pregnant women where they 
recommend close monitoring when the TRAb titer is more than 2–3 times the cut-off, we aimed to exclude most false positive results 
and improve clinical relevance [23,24]. More detailed analysis of the remaining outliers in the subgroup of patients with other 
(thyroid) disease, revealed TRAb positivity mainly in serum of patients with a thyroiditis. This is in line with previous literature where 
TRAb positivity is described in patients with (autoimmune) thyroiditis [48–50]. 

In case of active GO most patients showed TRAb positivity in both assays. However, 2 active GO patients (10.5 %) were TSI positive 
but TBII negative. This latter observation corroborates previous studies that demonstrated a more pronounced correlation between TSI 
and clinical signs of GO activity [17,18,51,52]. Furthermore, there were 4 patients with a negative TRAb result in both assays. This 
could be explained by the fact that some patients are referred to our academic center in a later stage of the treatment course or where 
antibody negative from the start. 

The strength of our study is the relatively large sample size (N = 356). The inclusion of patients at different stages in their disease 
and treatment course can been seen as a limitation of the study. In our academic thyroid center we see mostly patients that are referred 
to us by other hospitals due to complicated disease course and are thus more often in a later disease stage. This is also the reason we 
only had 31 newly diagnosed treatment naïve patients included in our study. As we included all patients who had TBII measurement in 
the selected time period and not only patients presenting with a (new) hyperthyroidism, applying the results to a general population is 
difficult. This, and also the retrospective nature of the study, could influence the outcome of the results by the presence of selection 
bias. However, as our Laboratory staff was not aware of patient history or diagnosis, the inclusion and analysis of both assays was 
completely blinded. 

Binding of TSH-R stimulating antibodies is restricted to the N-terminus of the TSH-R extracellular domain, while there is more 
epitope heterogeneity found across the TSH-R extracellular domain for the blocking antibodies [55–61]. In line with this, is the 
observation that although the automated bridge-based binding assay was originally developed for the specific detection of TSI, there 
are several studies that show positivity of some sera containing functional TSH-R blocking antibodies (but not all sera with functional 
blocking antibodies) in this bridge-based TSI binding assay [27,29,30]. Considering the fact that patients can produce a mixture of 
TSH-R stimulating and blocking antibodies at the same time or that a shift between stimulating and blocking antibodies (or vice versa) 
may occur, knowledge on biological activity and not simply presence/absence of TSH-R Abs is important and as such functional 
bioassays are more accurate [25,26,29,30,62]. However, these bioassays are technically more complex and not routinely implemented 
for clinical use in our and most other hospitals. In conclusion, in our academic thyroid center the diagnostic performance of the 
TSI-assay seems better than the TBII-assay with a higher overall specificity, PPV, NPV and DOR. Using a higher cut-off value can be 
helpful in assessing clinical relevance. 
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