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1  | INTRODUC TION

Diagnosis of infectious disease is necessary for the timely treatment 
of patients, screening of asymptomatic individuals, surveillance, and 

epidemiological investigation.1 The diagnostic tests for these infec-
tious diseases detect the presence of the pathogens themselves, 
antigens, or antibodies against them. The test results should be ap-
propriately evaluated to determine whether these tests are accurate 
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Abstract
Background: Although a diagnosis of infectious diseases is essential for timely treat-
ment, the performance of diagnostic tests has been hardly evaluated due to variable 
results that are influenced by multiple factors in different conditions. In the present 
study, the performance of the Alinity i system, which is a newly developed immuno-
assay to diagnose infectious diseases, was evaluated.
Methods: We evaluated the precision, linearity, correlation, and carryover of 16 ana-
lytes (HAV Ab IgG, HBsAg, HBeAg, anti-HBc, anti-HBe, anti-HBs, anti-HCV, HIV Ag/
Ab, EBV VCA IgM, EBV VCA IgG, EBV EBNA IgG, CMV IgM, CMV IgG, Toxoplasma 
IgG, Rubella IgG, and Syphilis TP) of Alinity i by comparison with ARCHITECT i2000SR 
system following the rationale of the Clinical and Laboratory Standards Institute 
(CLSI).
Results: For quantitative tests, the coefficients of variation (CV) % of repeatability and 
intermediate precision were between 0% and 4.18%. The coefficients of the linearity 
(r2) over a widely tested analytical range were ≥ 0.990 and the correlation between 
Alinity i and the ARCHITECT i2000SR system was strong (r ≥ 0.994). For qualitative 
tests, the agreement between Alinity i and the ARCHITECT i2000SR system was ex-
cellent (kappa coefficient 1) with 100% sensitivity and specificity. Carryover rates for 
all analytes were less than 1.0% (−0.11% ~ 0.21%).
Conclusion: The Alinity i system showed good analytical performance and favorable 
comparability with the ARCHITECT i2000SR. It could be suitable as a routine immu-
noassay analyzer for screening and diagnosis of infectious disease.
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and reliable under certain conditions.2 In particular, because the 
results of serologic tests can be influenced by multiple variables in 
different conditions,3 the performance evaluation for the test is es-
sential before reporting the results to clinicians.

Immunoassays are bioanalytical methods to measure the con-
centration of an analyte through the reaction of an antigen and an 
antibody. Among these methods, the chemiluminescence detec-
tion method is a versatile and ultrasensitive tool that can simul-
taneously detect a broad range of molecules in clinical diagnosis 
and has been widely used with complete automation and the de-
velopment of technology and related materials.4 However, the 
equipment using the chemiluminescence detection method and 
related materials differs from laboratory to laboratory, resulting in 
difficulty of evaluation for analytical precision, reproducibility, and 
reliability, so validation of the method under certain conditions is 
necessary.5

Most diagnostic tests of infectious diseases are performed in a 
qualitative manner. By applying a cutoff or ordinal scale to the quan-
titative results, converted qualitative results reveal discontinuous and 
reduced information and the result near the cutoff shows high uncer-
tainty.6,7 Validation for these qualitative tests is not as easy as that for 
quantitative tests and only limited analytes not related to infectious 
disease has been evaluated. In present study, we aimed to validate 
the performance of Alinity i, which is a newly developed immunoassay 
platform, under routine clinical laboratory conditions and to compare 
the results of Alinity i with those of ARCHITECT i2000SR system. The 
evaluation was conducted in accordance with objective recommen-
dations for analytical performance (Clinical and Laboratory Standards 
Institute).

2  | MATERIAL S AND METHODS

2.1 | General information

The analytical performances were evaluated for the Alinity 
i by comparison with ARCHITECT i2000SR system (Abbott 
Laboratories, IL, USA). A total of 16 analytes were selected: HAV 
Ab IgG(signal/cutoff (S/CO)), HBsAg (S/CO), HBeAg (S/CO), anti-
HBc (S/CO), anti-HBe (S/CO), anti-HBs (mIU/mL), anti-HCV (S/
CO), HIV Ag/Ab (S/CO), EBV VCA IgM (S/CO), EBV VCA IgG (S/
CO), EBV EBNA IgG (S/CO), CMV IgM (relative light units, RLU), 
CMV IgG (AU/mL), Toxoplasma IgG (IU/mL), Rubella IgG (IU/mL), 
and Syphilis TP (S/CO). Among them, anti-HBs (mIU/mL), CMV 
IgG (AU/mL), Toxoplasma IgG (IU/mL), and Rubella IgG (IU/mL) 
are quantitative tests, and the remaining analytes are qualitative 
tests. For evaluation of compatibility, a total of 800 samples were 
derived from healthy adults and patients with positive results for 
various infectious diseases from December 2018 to December 
2019. This study was approved by the Institutional Review Board 
for human-based research of Seoul National University (IRB No. 
1810-080-980).

2.2 | Method

2.2.1 | Precision

The analytical precision of quantitative tests was evaluated ac-
cording to the Clinical and Laboratory Standards Institute (CLSI) 
guidelines EP15−A3.8 Three levels of quality control materials 
were used for quantitative tests. The verification was conducted 
by using each of five replicates of the same quality control mate-
rials and performed during 5-day evaluation periods. The values 
of repeatability and intermediate precision were compared with 
those claimed by the manufacturer, which were obtained based on 
the CLSI guidelines EP05-A3 (two or three levels of quality con-
trol materials were evaluated in duplicate on two separate runs for 
20 days).9

2.2.2 | Linearity

The linearity for the quantitative tests was represented accord-
ing to the CLSI guidelines EP06-A.10 For each analyte, two patient 
samples with high (H) and low (L) concentration were mixed at 
ratios of 4H, 1L + 3H, 2L + 2H, 3L + 1H, and 4L. We measured 
five levels with four replicates. The linearity was depicted, and 
the deviation was calculated by polynominal regression analy-
sis. The results were acceptable if the percentage of error was 
within the total allowable error, defined as 30%, suggested by the 
manufacturer.

2.2.3 | Method comparison

The Alinity i and ARCHITECT i2000SR system were compared for 
quantitative and qualitative tests. For quantitative test, compari-
son was performed based on the CLSI guidelines EP09-A3.11 Each 
of fifty serum samples, spanning most clinically relevant linear 
range, was tested using both analyzer in duplicate. Correlation co-
efficient (r), the slope, and intercept were calculated by the Deming 
regression and mean bias was calculated by Bland–Altman plot. 
For qualitative tests, based on CLSI guidelines EP12-A2,12 kappa 
equation, the positive and negative, and total agreement with 95% 
CI between the Alinity i and ARCHITECT i2000SR system were 
calculated.

2.2.4 | Carryover

Carryover was evaluated by using patient samples of high and low 
concentrations with four replicates at each levels according to the 
CLSI guidelines EP10-A3.13 The carryover rate was calculated by the 
equation: [L1-(L3 + L4)/2 × 100/[(H2 + H3)/2-(L3 + L4)/2]. The ac-
ceptable carryover rate was less than 1.0%.14
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2.3 | Statistics

To access precision, linearity, method comparison, and carryover, all 
analysis were performed by using EP Evaluator Release 11 (David 
G. Rhoads Assoc., Kennett Squre, PA, USA) and Medcalc software 
(Frank Schoonjans, Mariakerke, Belgium). If p-value was less than 
0.05, it was considered statistically significant.

3  | RESULTS

3.1 | Precision

For low, medium, and high level of 4 quantitative analytes (anti-HBs, 
CMV IgG, Toxoplasma IgG, and Rubella IgG), the percent coefficient 
of variation (%CV) of repeatability and intermediate precision were 
between 0% and 4.18%. Most of %CV showed lower than the lim-
its claimed by the manufacturer except the intermediate precision 
of medium level for anti-HBs (verified estimated and manufactur-
er's claim: 3.5% vs. 2.9%) and the repeatability and intermediated 
precision of medium level for Rubella IgG (verified estimate and 

manufacturer's claim: 4.2% vs. 3.3%; 4.2% vs. 4.0%, respectively) 
(Table 1).

3.2 | Linearity

For four quantitative analytes (anti-HBs, CMV IgG, Toxoplasma IgG, 
and Rubella IgG), the linearity was shown in Table 2. All correlation 
coefficients (r2) for four analytes were ≥ 0.990, representing satis-
fied linearity ranges.

3.3 | Method comparison

In the method comparison between the Alinity i and ARCHITECT 
i2000SR system, all quantitative analytes showed a very strong cor-
relation (r  ≥ 0.994) based on Deming regression. The slope repre-
senting constant bias ranged from 0.956 to 1.006. The intercepts 
representing proportional bias showed significant difference from 0 
for anti-HBs (6.579) and CMV IgG (5.400) (Table 3). Mean bias based 
on Bland–Altman plots was between −0.6 and 4.5. The samples near 

TA B L E  1  The Precision for Quantitative Tests obtained by the Alinity i System

Analyte Level N Mean

Verified estimate Manufacturer's claim

Repeatability
CV (%)

Intermediate precision
CV (%)

Repeatability
CV (%)

Intermediate precision
CV (%)

Anti-HBs (mIU/
mL)

Low 25 0.0 NA NA NA NA

Medium 25 15.1 2.0 3.5 2.0 2.9

High 25 78.3 1.4 1.4 2.0 3.0

CMV IgG (AU/
mL)

Low 25 0.1 NA NA NA NA

Medium 25 31.9 2.2 3.4 3.6 5.9

High 25 156.1 2.1 2.1 2.5 5.2

Toxoplasma IgG 
(IU/mL)

Low 25 0.0 NA NA NA NA

Medium 25 6.4 1.3 1.9 2.5 4.2

High 25 111.7 2.7 3.8 3.4 6.8

Rubella IgG (IU/
mL)

Low 25 0.0 NA NA NA NA

Medium 25 25.5 4.2 4.2 3.3 4.0

High 25 296.9 3.4 3.4 4.3 5.6

Abbreviations: anti-HBs, hepatitis B surface antibody; CMV, cytomegalovirus; CV, coefficient of variation; N, number; NA, not applicable.

Analyte Test range
Observed 
linear range Slope Intercept r2

Recovery 
(%)

Anti-HBs 
(mIU/mL)

2.0-1000.0 2.26-870.74 1.012 −5.636 0.998 95.6-103.3

CMV IgG 
(AU/mL)

1.1-250 1.4-236.9 1.010 0.312 0.999 97.8-103.5

Toxoplasma 
IgG (IU/mL)

0.2-200 0-171.8 0.983 0.781 0.995 93.8-105.9

Rubellar IgG 
(IU/mL)

0.5-500 0.4-500 1.027 5.402 0.992 100-109.9

TA B L E  2  Linearity for Quantitative 
Tests obtained by the Alinity i System
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the cutoff values showed lesser bias than the samples far from the 
cutoff values (Figure 1). For qualitative tests (HAV Ab IgG, HBsAg, 
HBeAg, anti-HBc, anti-HBe, anti-HCV, HIV Ag/Ab, EBV VCA IgM, 
EBV VCA IgG, EBV EBNA IgG, CMV IgM, and Syphilis TP), the Alinity 
i system presented excellent agreement with the ARCHITECT 
i2000SR system (positive, negative and total agreement  =  100%; 
kappa coefficient  =  1), showing 100% sensitivity and specificity 
(Table 4).

3.4 | Carryover

The percent carryover for all 16 analytes were as follows: HAV Ab 
IgG, −0.11%; HBsAg, 0.00%; HBeAg, 0.00%; anti-HBc, 0.00%; anti-
HBe, 0.00%; anti-HBs, 0.00%; anti-HCV, 0.09%; HIV Ag/Ab, 0.00%; 

EBV VCA IgM, 0.02%; EBV VCA IgG, 0.00%; EBV EBNA IgG, 0.00%; 
CMV IgM, 0.21%; CMV IgG, 0.00%; Toxoplasma IgG, 0.00%; Rubella 
IgG, 0.14%; and Syphilis TP, 0.00%). All carryover rate for quantita-
tive and qualitative analytes were less than 1.0% (−0.11% ~ 0.21%).

4  | DISCUSSION

Infectious diseases can exponentially spread from person to person. 
Rapid diagnostic tests with high sensitivity and specificity not only 
enable proper treatment but can also prevent the transmission of in-
fectious diseases.15 However, the performance of high-volume ana-
lyzers for these infectious diseases has hardly been evaluated due to 
variable results that are influenced by multiple factors in different 
condition. In present study, we evaluated the performance of the 

Analyte Test ranges
Correlation
coefficient (r) Slope Intercept*

Anti-HBs (mIU/
mL)

0.0-963.1 0.996 0.982 (0.956-1.007) 6.579 (−1.268 to 
14.427)

CMV IgG (AU/
mL)

0.2-628.8 0.994 0.977 (0.946-1.008) 5.400 (0.180 to 
10.630)

Toxoplasma IgG 
(IU/mL)

0.0-1772.6 1.000 1.006 (1.005-1.007) −0.280 (−0.440 
to − 0.120)

Rubella IgG (IU/
mL)

0.1-70.5 0.997 0.956 (0.936-0.976) 0.140 (−0.310 to 
0.700)

Abbreviations: anti-HBs, hepatitis B surface antibody; CMV, cytomegalovirus.
*The intercept values in bold are significantly different from 0 by Deming regression. 

TA B L E  3   Comparison between Alinity 
i and ARCHITECT i2000SR System in 
Quantitative Results

F I G U R E  1  Comparison between Alinity i and ARCHITECT system for (A) anti-HBs, (B) CMV IgG, (C) Toxoplasma IgG, and (D) Rubella 
IgG. The solid line represents mean difference and dashed lines indicate the upper and lower 95% confidence limits of difference for both 
systems

(A) (B) 

(C) (D) 
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Alinity i system, which is a newly introduced immunoassay system 
for detecting antigens or antibodies against pathogens.

Regarding quantitative tests, in this study, the repeatability and 
intermediate precision was less than 5% CV, which is generally con-
sidered to be acceptable for clinical application.16 However, interme-
diate precision of medium level for anti-HBs and repeatability and 
intermediate precision of medium level for Rubella IgG did not meet 
to the manufacturer's claims. In the previous study, quantitative mea-
surement to assess the response to vaccination, such as anti-HBs, 
also showed high discrepancy and CV% among different systems, 
even standardized against the same international standard.17

For four quantitative analytes, Alinity i and ARCHITECT 
i2000SR system showed excellent correlation in Deming regres-
sion and Bland–Altman plots. The correlation coefficients for 
both systems were 0.994 ~ 1.000, with slopes near 1. However, 
the intercepts of anti-HBs and CMV IgG were 6.579 and 5.400, 
respectively, which were significantly different from 0. The 
mean differences of anti-HBs and CMV IgG levels of Alinity i 
compared to those of ARCHITECT i2000SR system were 3.6 
mIU/mL and 4.5 AU/mL, respectively. Nevertheless, for sam-
ples with near the cutoff values, the differences were close to 
0 by Bland–Altman plot, which suggests no clinically significant 
relevance.

For twelve qualitative analytes, the Alinity i and ARCHITECT 
i2000SR system showed 100% positive, negative, and total agree-
ment (kappa equation = 1). The cutoff level suggested by the manu-
facturer seems to give the best discrimination between positive and 
negative results.

The limitation of this study is that several analytes, including 
HAV IgM, anti-HBc IgM, Toxoplasma IgM, Rubella IgM, and HTLV, 
could not be analyzed due to the difficulty of specimen collection. 
In addition, we were not able to compare with the method which is 
considered the gold standard. However, some studies demonstrated 
that chemiluminescent detection method, instead of gold standard 
methods, showed excellent sensitivity and specificity for detection 
of certain analytes.18-22

The performance of high-volume analyzers for these infectious 
diseases has not been previously evaluated according to CLSI guide-
lines. This is the first study to evaluate simultaneously multiple an-
alytes for the screening of infectious diseases in Alinity i system. 
We evaluated quantitative and qualitative analytes in Alinity i sys-
tem according to proper CLSI guidelines. Our finding suggested 
that Alinity i system showed good analytical performance with low 
imprecision, low carryover, good linearity, and good correlation and 
equivalent diagnostic performance with the ARCHITECT i2000SR. In 
conclusion, Alinity i system characterized to have an excellent per-
formance by ensuring reliable measurements for clinical laboratories 
and would be suitable as a routine immunoassay analyzer for screen-
ing infectious diseases.
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