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Abstract

The estimation of testosterone levels in the blood is an important part of urological practice. This study evaluated and compared the performance
of the quantitative Boditech point of care test Boditech i-CHROMA™ testosterone method with other laboratory testosterone methods enrolled in
the external quality assurance services, RIQAS and UKNEQAS. Samples 1-12 of Cycle 41 from the RIQAS scheme and forty-six distributions of the
UKNEQAS Testosterone scheme were analyzed using the Boditech i-CHROMA™ testosterone method. The Boditech i-CHROMA™ testosterone method
compared well with the laboratory methods registered in both schemes. The best correlation was with the Diasorin Liaison method (r?=0.96851) in
the RIQAS and the TOSOH AIA method (r?=0.767) in the UKNEQAS. The method with the least bias from the RIQAS was the Diasorin Liaison (-2 ng/
mL) and from the UKNEQAS was the Tandem Mass Spectroscopy (0.049 ng/mL). In conclusion, the Boditech i-CHROMA™ POCT Testosterone method
compared well with other laboratory methods and can be considered a reliable method for testosterone estimation within its limitations.

Introduction

The measurement of testosterone is crucial in managing
several endocrinological disorders in males, such as hypogonadism
and assessing adequate testosterone replacement and in females,
to investigate hyperandrogenism seen in hirsutism; polycystic
ovarian syndrome; congenital adrenal hyperplasia and androgen
secreting tumours [1-7]. In the past, assays for testosterone
were quite cumbersome and laborious and involved extraction
and chromatography steps followed by radioimmunoassays
(RIA). Then, testosterone assays were carried out using a direct
chemiluminescent method run on automated immunoassay
analyzers [8-9]. More recently, there have been a couple of point
of care testing (POCT) methods for quantitatively estimating
testosterone methods such as OPKO Claros and the Boditech
i-CHROMA™ introduced into the market. We have extensively
evaluated the comparative performance of the Boditech
i-CHROMA™ for estimating Prostate Specific Antigen (PSA) [10-
12], Vitamin D [13], Human Chorionic Gonadotrophin (HCG)14,

Luteinizing Hormone (LH) [14], Follicle Stimulating Hormone
(FSH) [14], C-Reactive Protein (CRP) [15], Microalbumin [15] and
TSH [16] and found a very good correlation with other traditional
laboratory methods. In this study, we set out to evaluate the
performance of the Boditech i-CHROMA™ Testosterone method and
compared it with a wide range of testosterone methods enrolled in
the Randox International Quality Assessment Scheme (RIQAS) and
the United Kingdom National External Quality Assessment Services
(UKNEQAS).

Methods

Boditech i-CHROMA™ uses a sandwich immuno-detection
principle, such that the fluorescence-labelled detector antibody
binds to the target protein in the sample. The sample is then applied
onto a test strip and the fluorescence labelled antigen-antibody
complex is captured by a second antibody embedded in the solid
phase. The signal intensity of fluorescence of the captured complex
is directly proportional to the amount of testosterone present and
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thus allows for the calculation of sample testosterone concentration
and the result is displayed on the reader as nanograms per milliliter
(ng/mL). A fluorescence-labelled control protein is included in
the reaction and the intensity of the control line is measured as a
quality check.

Testosterone Method

The assay was performed following the manufacturer’s
instructions:

1.  Transfer 30puL of displacing reagent to the sample mixing
tube.

2. Transfer 75uL of sample (control/serum/plasma) using
a pipette to a sample mixing tube containing the displacing
reagent.

3. Close the lid of the sample mixing tube.

4.  Shake the tube up and down 10 times or more.

5. Incubate at room temperature for 3 minutes.

6.  Pipette out 75pL of a sample mixture and dispense it into

the tube containing detection buffer.

7. Shake the tube up and down 10 times or more.

8.  Transfer the mixture onto the sample well of the test
device.

9.  Wait 12 minutes.

10. Insert test cartridge into Test Cartridge holder in the

Boditech i-CHROMA™ Reader.

11. Press “Select”
12. Read the result on the display screen.
Materials

Testosterone Materials

RIQAS: Samples 1-12 of Cycle 41 from the RIQAS were
analyzed for testosterone, using the Boditech i-CHROMA™
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testosterone method as described in testosterone concentration
estimations. There were 16 methods registered with the scheme:
Abbott Architect 2" generation (n=11), Abbott architect (n=11),
BioMerieux Vidas (n=11), Roche COBAS® 6000/8000 Test II
(n=11), Siemens Centaur XP/XPT/Classic (n=11), Siemens/DPC
Immulite 2000/2500 (n=11), Siemens/DPC Immulite 1000 (n=11),
Beckman DXI 600/800 (n=11), Roche Elecsys Test II (n=11),
Diasorin, Liaison (n=7), Roche Cobas 4000/e411 Test II (n=11),
Roche Modular E170 Test II (n=11), Beckman, Access/LXi725
(n=11), SNIBE Maglumi analysers (n=11), Tosoh (n=11), and Ortho
Vitros 3600/5600/ECi (n=11).

UKNEQAS: Forty-six distributions of the UKNEQAS Testosterone
scheme were analysed for testosterone, using the Boditech
i-CHROMA™ testosterone method as described in testosterone
concentration estimations. There were 7 methods registered with
the scheme: Abbott Architect (n=46), Beckman Access/Dxi (n=46),
Roche COBAS® (n=46), Siemens Immulite 2000 3rd generation
(n=46), Siemens Advia Centaur (n=46), Tandem Mass Spec (n=46),
TOSOH AIA(n=26).

Results

Testosterone

External Quality Control (RIQAS and UKNEQAS)
Correlations: The results of the Boditech i-CHROMA™ testosterone
method compared well with the methods in the RIQAS : Abbott
Architect 2™ generation, Abbott architect, BioMerieux Vidas,
Roche COBAS® 6000/8000, Siemens Centaur XP/XPT/Classic,
Siemens/DPC Immulite 2000/2500, Siemens/DPC Immulite 1000,
Beckman DXI 600 / 800, Roche Elecsys, Diasorin, Liaison, Roche
Cobas 4000/e411, Roche Modular E170, Beckman, Access/LXi725,
SNIBE Maglumi analysers, Tosoh, and Ortho Vitros 3600/5600/
ECi) and relatively well with the methods in the UKNEQAS : Abbott
Architect, Beckman Access/Dxi, Roche COBAS®, SMS Immulite
2000 3 generation, SMS Advia Centaur, Tandem Mass spec), Tosoh
AlA - see correlations (Tables 1&2). The best correlation was with
the Diasorin Liaison (r?=0.96851) in the RIQAS and the TOSOH AIA
(r?=0.767) in the UKNEQAS (Figure 1).
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Figure 1 (A): Best correlation was seen with Diasorin Liaison vs Boditech i-CHROMA™ using RIQAS testosterone methods, correlation = 0.96851.
(B): Best correlation was seen with Tosoh AlA vs Boditech i-CHROMA™ using UKNEQAS testosterone methods, correlation = 0.76661.
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External Quality Control (RIQAS and UKNEQAS) - Bias:
The Bland-Altman plots for the Boditech i-CHROMA™ testosterone
method and all the other testosterone methods showed very good
means of differences, with over 95% of all data points falling within
the two standard deviations proving that the Boditech i-CHROMA™
testosterone method and the other laboratory testosterone
methodsyielded similar results. Most of the data points were evenly
distributed below and above that of the mean, indicating that the
Boditech i-CHROMA™ testosterone values were usually higher than
those seen with other laboratory testosterone methods, but also
sometimes lower.
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The bias ranged between -21.361 ng/mL and -2.0807 ng/mL
with an average of -11.72 ng/mL with the methods in the RIQAS and
-0.694 ng/mL and +0.879 ng/mL with an average of +0.0925 ng/
mL with the methods in the UKNEQAS (Table1&2). The Boditech
i-CHROMA™ testosterone had a negative bias when compared
to all sixteen (100%) of the methods in the RIQAS. The Boditech
i-CHROMA™ testosterone had a negative bias when compared to
two out of the seven (29%) methods in the UKNEQAS. The method
with the least bias from the RIQAS was the Diasorin Liaison and
from the UKNEQAS was the tandem mass spectroscopy (Figure 2).

Table 1: Correlation and bias values for testosterone RIQAS samples.

Method Slope Intercept R value Bias ng/mL n

Abbott Architect 0.2044 2.2362 0.89184 -10.72 11

Beckman Access DXI 0.2752 2.0564 0.89142 -7.18 11

Roche Cobas 0.2056 1.975 0.88447 -11.89 11

Siemens Immulite 2000 3rd generation 0.1483 2.6101 0.83022 -14.35 11
Siemens Advia Centaur 0.2247 2.5427 0.85184 -7.88 11

TOSOH AIA 0.1528 24724 0.88846 -14.67 11

Abbott Architect 2nd gen 0.2034 2.3055 0.87619 -10.45 11
BioMerieux VIDAS 0.1396 2.3064 0.87473 -17.773 11

Roche Cobas 6000/8000 0.2095 2.0078 0.87683 -11.413 11
Siemens/DPC Immulite 1000 0.0956 2.9905 0.82091 -21.361 11
Roche Elecsys 0.2099 1.8771 0.90996 -12.001 11

Diasorin, Liaison 0.5036 1.5377 0.96851 -2.0807 7

Roche Modular E170 0.2034 2.1036 0.865 -11.444 11
Beckman Access/LXi725 0.2436 2.0979 0.88949 -8.664 11

SNIBE Maglumi analysers 0.1193 3.1393 0.81482 -14.595 11

Ortho Vitros 3600/5600/ECi 0.1381 2.7305 0.86232 -14.954 11

Table 2: Correlation and bias values for testosterone UKNEQAS samples.

Method Slope Intercept R value Bias ng/mL n
Abbott Architect 0.6568 1.6143 0.712 -0.601 46
Beckman Access DXI 0.9648 1.054 0.764 0.879 46
Roche Cobas 0.7711 1.2253 0.726 0.149 46
Siemens Immulite 2000 3rd generation 0.8372 1.4367 0.722 0.577 46
Siemens Advia Centaur 0.8069 1.4419 0.706 0.386 46
TOSOH AIA 0.6383 1.7356 0.767 -0.694 26
Tandem Mass Spec 0.7801 1.3249 0.715 0.049 46

Discussion

In this study, the performance of the Boditech i-CHROMA™
testosterone method was evaluated with other traditional
laboratory testosterone methods. All the following testosterone
methods: Abbott Architect 2" generation, Abbott Architect,
BioMerieux Vidas, Roche COBAS® 6000/8000, Siemens Centaur
XP/XPT/Classic, Siemens/DPC Immulite 2000/2500, Siemens/
DPC Immulite 1000, Beckman DXI 600 / 800, Roche Elecsys,
Diasorin, Liaison, Roche Cobas 4000/e411, Roche Modular E170,
Beckman, Access/LXi725, SNIBE Maglumi analysers, Tosoh, and
Ortho Vitros 3600/5600/ECi enrolled in the RIQAS all compared

well with the Boditech i-CHROMA™ testosterone method. In

addition, all the following methods enrolled in the UKNEQAS
scheme: Abbott Architect, Beckman Access/Dxi, Roche COBAS®,
Siemens Immulite 2000 3™ generation, Siemens Advia Centaur,
Tandem Mass Spectroscopy and Tosoh AIA also correlated well
with the Boditech i-CHROMA™ testosterone method but not as well
with the results from the RIQAS. The level of bias of the Boditech
i-CHROMA™ testosterone method ranged from -21.361 ng/mL to
-2.0807 ng/mL with the methods in the RIQAS. Therefore, there
was an overall negative bias seen when the Boditech i-CHROMA™
testosterone method was compared with all other testosterone
methods in this service. This may possibly be due to differences in
standardization but may also be caused by matrix effects or cross
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reactivity. However, with the methods in the UKNEQAS the level of

bias of the Boditech i-CHROMA™ testosterone method ranged from
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-0.6 ng/mL to +0.8 ng/mL and was more evenly spread out and
there was no overall negative bias seen.
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estimations, bias = 0.049ng/mL.

Figure 2 (A): Best bland Altman plot was seen with Diasorin Liaison vs Boditech i-CHROMA™ using RIQAS testosterone estimations, bias =
-2.0807ng/mL. (B): Best bland Altman plot was seen with tandem mass spectroscopy vs Boditech i-CHROMA™ using UKNEQAS testosterone

In this study, the Boditech i-CHROMA™ testosterone method
compared very well with the Abbott Architect 2" generation (r?
0.87619), which is described as one of the assays that is quite
sensitive and can estimate very low levels of testosterone [17].
In addition, the testosterone measurement using Tandem Mass
Spectroscopy is regarded as one of the gold standard methods
[18], this method correlated reasonably well with the Boditech
i-CHROMA™ testosterone (r? 0.715). Another corroborative
study is described in the product leaflet where the testosterone
concentrations of 36 samples were quantified using the Boditech
i-CHROMA™ testosterone and compared with results using the
BioMerieux mini Vidas method and produced a correlation value
of 0.9687 [19]. In this study, the Boditech i-CHROMA™ testosterone,
when compared with the BioMerieux Vidas method in the RIQAS,
showed a correlation of 0.87473.

This is the first time that a POCT method for measuring
testosterone has been evaluated extensively with traditional
laboratory methods. This method could also lend itself to situations
when the estimation of testosterone is required to evaluate
testosterone replacement in conditions of testosterone deficiency.

In summary, the Boditech i-CHROMA™ testosterone method
correlated reasonably well with a wide range of traditional
laboratory methods. It is important to take the observed positive
and negative biases in some of the external quality assurance
schemes into consideration.
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