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Abstract (revised) 
Objective. The objective of this study is to evaluate the 
analytical and clinical performances of a new liquid UIBC 
Method on Architect c4000 analyzer. 
Relevance. Transferrin is the principal plasma protein for 
transport of iron. One molecule of TRF binds two ferric ions 
and an associated anion, usually bicarbonate in vivo. 
Normally 30% of the iron binding sites of transferrin are 
occupied by Fe3+, the additional amount of iron that can be 
bound is the unsatured iron-binding capacity (UIBC). The 
sum of serum iron and UIBC represents the total iron-binding 
capacity (TIBC). UIBC measurement is an iron panel 
parameter used in the diagnosis and treatment of anemia. 
Methodology. UIBC is determined directly by saturating the 
transferrin at an alkaline pH with a known excess amount of 
iron. The iron that remains free after transferrin saturation is 
reduced to ferrous state and then complexed by ferene-S to 
form a stable complex which colour intensity is measured at 
600 nm. UIBC is therefore determined by subtracting the 
quantity of unbound iron from the total added quantity. The 
instrument used for this evaluation was an Architect c4000 
analyzer, a random-access analyzer. To perform this 
evaluation, modified CLSI protocols were adopted. 
Acceptance criteria as total imprecision were ≤ 5% for 
samples ≤ 110 µg/dL and ≤ 2% for samples ≥ 250 µg/dL. 
LOD should be ≤ 41 µg/dL. The method should be linear up 
to 500 µg/dL. Claimed goal for on board calibration stability 
was ≥ 7 days and reagent on board stability was 7 days. 
Comparison to commercial methods had following 
acceptability: slope 0.90 – 1.10, intercept ≤ 15, r ≥ 0.975. 
Validation. Total imprecision (8 days) gave CV% at 80 
µg/dL lower than 6%, CV% at 140 µg/dL lower than 5% and 
at 250 µg/dL lower than 2%. LOD was 13.1 µg/dL. The test 
was linear from 19 µg/dL up to 500 µg/dL. On board reagent 
stability was up to 8 days and on board calibration stability 
was up to 8 days. Compared vs a commercial Ferrozine 
method (n = 82, samples between 6.5 and 486 µg/dL) linear 
regression gave y = 1.16x – 9.57 and r = 0.998. Compared 
versus Sentinel UIBC Liquid REF 17639 (n = 82, samples 
between 41.5 and 466 µg/dL) linear regression gave y = 
1.10x – 10.3 and r = 0.997. Bilirubin (up to 66 mg/dL), 
hemoglobin (up to 100 mg/dL) and triglycerides (up to 1000 
mg/dL) did not interfere. 
Conclusions. Analytical and clinical performances of new 
liquid UIBC method on Architect c4000 analyzer meets the 
acceptance criteria and it shows all the requirements for its 
use as routine clinical chemistry assay. 
 

Background 
Transferrin is the carrier protein in blood, normally 20% to 
50% saturated in its two iron-binding sites. The additional 
amount of iron that can be bound is the unsaturated iron-
binding capacity (UIBC). The sum of serum iron and UIBC 
represents the total iron-binding capacity (TIBC). UIBC is 
usually determined directly by saturating the transferrin at 
an alkaline pH with a known excess of iron. UIBC 
measurements are used in the diagnosis and treatment of 
anemia. 
Materials and Instruments 
Sample is added to an alkaline buffer/reducing agent solution 
containing a known concentration of iron to saturate the 
available binding sites on transferrin. The iron that remains 
free after transferrin saturation is reduced to a ferrous state 
and then complexed by Ferene-S to form a stable complex, 
of which the color intensity is measured at 600 nm. UIBC is 
therefore determined by subtracting the quantity of unbound 
iron from the total added quantity. 
The ARCHITECT c4000 is a high-throughput, fully automated 
analyzer for clinical chemistry tests. 
Methodology/Acceptance criteria 
All tests were performed on the basis of CLSI guidelines. 
Limit of Blank (LoB): was determined from 20 replicates x 3 
runs testing of normal saline. 
Limit of Detection (LoD): was determined from 20 replicates 
x 3 runs testing a low sample (≈ 20 µg/dL). 
Limit of Quantitation (LoQ): was determined from 10 
replicate testing of graded mixtures of analyte and normal 
saline diluent; LoQ is the lowest concentration corresponding 
to a %CV < 20%. 
Intra assay: was determined on 3 levels (L1 ≤ 115 µg/dL, L2 
≈ 140 µg/dL, L3 > 200 µg/dL); the acceptance criteria were: 
L1 %CV ≤ 4%, L2 %CV ≤ 3%, L3 %CV ≤ 2%. 
Total imprecision: was evaluated over 8 days on 3 levels (L1 
≤ 115 µg/dL, L2 ≈ 140 µg/dL, L3 > 200 µg/dL); the 
acceptance criteria were: L1 %CV ≤ 6%, L2 %CV ≤ 5%, L3 
%CV ≤ 2%. 
On board calibration/reagent stability: were performed 
assaying 3 levels (L1 ≤ 115 µg/dL, L2 ≈ 140 µg/dL, L3 > 200 
µg/dL); the acceptance criteria were % bias ≤ ±10% 
deviation from initial measurement. 
Linearity: was evaluated on a dilution series of a sample at 
500 µg/dL; acceptance criteria were % bias ≤ ±5% or 
absolute bias ≤ ±24 µg/dL. 
Method comparison: 82 samples were assayed both with this 
method and with a method available on the market; 
acceptance criteria were: slope 0.90-1.10, intercept ≤ ±15, r 
≥ 0.975. 
Interferences: the method was tested for interferences by: 
hemoglobin (up to 200 mg/dL); conjugated bilirubin (up to 
40 mg/dL); unconjugated bilirubin (up to 40 mg/dL); lipids 
(up to 100 mg/dL). 

 

RESULTS 
 
Limit of Blank (LoB) 
 

Run Mean 
µg/dL 

SD 
µg/dL 

LoB 
µg/dL 

Run 1 -1.1 3.6 6.0 

Run 2 -5.3 3.8 6.3 

Run 3 -5.9 2.4 4.0 

Overall analysis -4.1 3.9 6.5 
 
Limit of Detection (LoD) 
 

Run Mean 
µg/dL 

SD 
µg/dL 

LoD 
µg/dL 

Run 1 14.5 3.7 12.6 

Run 2 15.4 2.2 10.1 

Run 3 19.0 4.5 13.9 

Overall analysis 16.3 4.1 13.1 
 
Limit of Quantitation (LoQ) 
 
% dilution 
high sample 

Mean 
µg/dL 

SD 
µg/dL 

CV 
% 

Bias 
% 

Absolute bias 
µg/dL 

0% -5.4 4.0 -74.2% 26.1% -1.1 
5% 7.8 2.6 32.9% 13.7% 0.9 
10% 17.9 2.5 14.1% -0.5% -0.1 
20% 39.4 1.4 3.5% -1.9% -0.7 
40% 86.5 2.2 2.5% 2.3% 1.9 
60% 127.3 2.2 1.7% -1.3% -1.7 
80% 175.5 4.5 2.6% 1.2% 2.1 
100% 216.5 2.1 1.0% -0.6% -1.3 

 
Intra assay 
 

Level Mean 
µg/dL 

Run 1 Run 2 Run 3 
SD 

µg/dL 
CV 
% 

SD 
µg/dL 

CV 
% 

SD 
µg/dL 

CV 
% 

Level 1 80 1.9 2.2% 2.7 3.4% 1.7 2.2% 

Level 2 120 2.6 2.1% 1.8 1.6% 2.5 2.1% 

Level 3 260 2.1 0.8% 2.7 1.1% 2.4 0.9% 

 
Total imprecision 
 

 N Mean 
µg/dL 

Total Between days Repeatability 
SD 

µg/dL 
CV 
% 

SD 
µg/dL 

CV 
% 

SD 
µg/dL 

CV 
% 

L1 24 80 4.4 5.5 3.0 3.7 2.4 3.1 

L2 24 140 5.8 4.2 0.0 0.0 5.8 4.2 

L3 24 255 4.2 1.7 0.0 0.0 1.4 0.6 

 
On board calibration/reagent stability 
 

 
 
Linearity 
 

Spiked 
sample 

% 

Found conc. 
Median 
µg/dL 

Theoric 
concentration 

µg/dL 
Bias % Absolute bias 

ug/dL 

0% -8.1 -5.6 44.7% -2.5 

5% 19.4 20.5 -5.7% -1.2 

10% 48.0 46.7 2.7% 1.3 

20% 98.2 99.0 -0.8% -0.8 

30% 154.1 151.3 1.8% 2.8 

40% 205.5 203.6 0.9% 1.9 

50% 255.9 255.9 0.0% 0.0 

60% 309.1 308.2 0.3% 0.9 

70% 360.3 360.5 -0.1% -0.2 

80% 413.0 412.8 0.1% 0.2 

90% 462.6 465.1 -0.5% -2.5 

100% 517.7 517.4 0.1% 0.3 
 

 

Method comparison 
 

UIBC Liquid versus Reference method (on the market) 
 

n 82   
 (used mean of X replicates vs mean of Y replicates) 

Range 6.5 to 486.0    
UIBC 

(ug/dL)  Replicates 
Repeatability 

SD Mean SD   
Reference method 

(on the market) 2 2.20 1.56   
UIBC Liquid 2 2.96 2.09   

r  0.998         
Sy|x  7.40         

  Bias 95% CI SE p 
Constant  -9.57 -12.00 to -7.13 1.228 <0.0001 

Proportional  1.16 1.15 to 1.17 0.007 <0.0001 
 

 
 

UIBC Liquid versus Sentinel UIBC Liquid REF 17639 
 

n 82   
 (used mean of X replicates vs mean of Y replicates) 

Range 41.5 to 466.1    
UIBC 

(ug/dL)  Replicates 
Repeatability 

SD Mean SD   
Reference method 
(SCH REF 17639) 2 2.34 1.66   

UIBC Liquid 2 2.09 1.48   
r  0.997         

Sy|x  9.65         
  Bias 95% CI SE p 

Constant  -10.30 -14.35 to -6.25 2.035 <0.0001 
Proportional  1.10 1.08 to 1.12 0.010 <0.0001 

 

 

 
Interferences 
 

 
 

CONCLUSIONS 
Analytical and clinical performances of new liquid UIBC 
method on Architect c4000 analyzer meets the acceptance 
criteria and it shows all the requirements for its use as 
routine clinical chemistry assay.  
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