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Anti-hepatitis C virus (HCV) immunochromatographic assay (ICA) is
commonly used as an early screening test for HCV infection. This study
evaluated the influence of test parameters (technician, assay type, kit lot,
temperature, and humidity) on the performance of anti-HCV ICA. The antiHCV results were collected in 2016–2018 by two ICA assays (Humasis HCV
card [Humasis Co. Ltd., Korea] and Asan Easy Test HCV [Asan Pharmaceutical,
Korea]) (N=55,919). Anti-HCV ICA-positive samples (N=639) were retested
using Architect anti-HCV (Abbott Laboratories, Germany). There were
statistically significant differences in the retest signal to cutoff (S/CO) ratios of
anti-HCV ICA-positive samples among the groups with different technicians
and kit lots (P <0.05). The positive rates of anti-HCV ICA were statistically
significantly different according to indoor humidity levels (P =0.0405). These
findings suggest that there is a need for clinical laboratories to manage the
performance of anti-HCV ICA with acceptable ranges of positive rates and
utilize the S/CO ratio to evaluate the influence of test parameters.
(Lab Med Qual Assur 2021;43:37-42)
Key Words Hepatitis C virus, Hepatitis C antibodies, Immunochromato
graphic assay, Performance, Evaluation

In approximately 30% of patients with hepatitis C

the reagent have an important effect on the results, and

remaining 70% develop chronic infection [1]. Almost all

variability caused by technician readings can be large

virus (HCV), infection will spontaneously clear, but the

patients infected with HCV generate antibodies against
HCV (anti-HCV), and anti-HCV tests can detect >90% of

HCV infection at 3 months after exposure [2]. Screening
using anti-HCV test is recommended for the clinical

diagnosis and discrimination of asymptomatic patients
[3]. For anti-HCV detection, the immunochromatographic
assay (ICA) is still used at a substantial rate (up to 34.0%)
in clinical laboratories in South Korea [4]. For the ICA

method, as well as the sensitivity of the test kit, the
reading time and criteria, and the storage condition of
www.jlmqa.org

the results vary greatly depending on the product [5]. The

relative to the uniformity of the performance between

manufacturing lots [6]. Temperature and humidity
might have an effect on the evaporation of specimens

and reagents and on lateral flow in the anti-HCV ICA
test process. The aim of this study was to evaluate the
influence of test parameters, such as the technician,

kit product, lot number, and laboratory environment
(temperature and humidity) on the performance of rapid
anti-HCV ICA.

We collected each anti-HCV assay results using three
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Technician

Category

DAS006A

DAS005A

DAS005A

DAS004A

DAS003A

DAS002A

DAS002A

DAS001B

CBM6014

CBM6014

CBM6011

CBM6011

CBM6004

CBM6002

CBM6001

Lot no.

4,485

2,807

4,786

2,892

4,397

1,346

4,625

1,299

2,986

5,027

1,964

3,604

4,906

3,079

2,524

Total test no.

36 (0.74)

15 (0.53)

46 (0.96)

17 (0.59)

60 (1.36)

18 (1.34)

56 (1.21)

23 (1.77)

50 (1.67)

94 (1.87)

21 (1.07)

27 (0.75)

50 (1.02)

40 (1.30)

45 (1.78)

Initial ICA

36 (0.74)

15 (0.53)

45 (0.94)

17 (0.59)

57 (1.30)

16 (1.19)

49 (1.06)

16 (1.23)

36 (1.21)

59 (1.17)

16 (0.81)

23 (0.64)

50 (1.02)

32 (1.04)

38 (1.51)

After reflecting CMIA

Positive

12.33 (8.01–14.08)

13.61 (12.86–14.41)

13.73 (12.92–14.76)

12.86 (11.63–14.12)

12.87 (9.77–13.65)

12.73 (8.51–14.88)

13.38 (4.8–14.1)

12.71 (0.2–14.66)

12.09 (0.68–14.3)

11.11 (0.17–14.71)

8.79 (1.72–14.4)

12.27 (10.22–14.75)

14.27 (12.89–15.14)

12.79 (4.7–14.34)

13.96 (4.69–15.05)

Retest CMIA (S/CO)

Values are presented as number, number (%), or median (interquartile range). The instruments used were from the following companies: Humasis HCV card (Humasis Co. Ltd.,
Anyang, Korea) and Asan Easy Test HCV (Asan Pharmaceutical, Seoul, Korea).
Abbreviations: HCV, hepatitis C virus; ICA, immunochromatographic assay; CMIA, chemiluminescent microparticle immunoassay; S/CO, signal to cutoff.

ASAN Easy Test HCV

Humasis HCV card

Assay type

Table 1. Test parameters and results of anti-HCV ICA performed between 2016–2018
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methods from 2016 through 2018 at a commercial

exempted from review by the institutional review board

Korea: two ICAs (Humasis HCV card [Humasis Co. Ltd.,

Data were analyzed using the online GraphPad Prism

centralized accredited laboratory in Seoul, South
Anyang, Korea] [N=24,489] and Asan Easy Test HCV [Asan
Pharmaceutical, Seoul, Korea] [N=31,430]), and one

chemiluminescent microparticle immunoassay (CMIA)

of Architect anti-HCV (Abbott Laboratories, Wiesbaden,
Germany) (N=60,632). The detection limit or cutoff were
as follows: “not provided” for the Humasis HCV card, 2.0

signal to cutoff (S/CO) ratio for Asan Easy Test HCV, and 1.0

of the Jangwon Medical Foundation (IRB_2019017).

software ver. 5.0 (GraphPad Software Inc., San Diego,
CA, USA) and R ver. 4.0.2 software (R Foundation for
Statistical Computing, Vienna, Austria). We compared

using chi-square with Yates correction, independent t-test,
and nonparametric multiple comparisons. Statistical
significance was set at P <0.05.

The positive rates for the Humasis HCV card and the

S/CO ratio for CMIA. Comparisons between methods were

Asan Easy Test were not significantly different (1.09%

each data, that is, Humasis HCV card and Asan Easy Test

[95% CI, 0.57–1.44]; P =0.1118). Note that the positive rates

performed after matching age and regional conditions for

[95% confidence interval (CI), 0.68–1.61] versus 0.94%

HCV (N=21,386 pairs), and between both ICAs and a CMIA

of anti-HCV ICA and CMIA assays showed a statistically

were retested by anti-HCV CMIA using the Architect

2.83% [95% CI, 2.34–3.38]; P <0.0001). The S/CO ratios of

(N=40,665 pairs). Anti-HCV ICA-positive samples (N=639)
i2000SR analyzer (Abbott Diagnostics, Abbott Park, IL,
USA). The influence of test parameters on the performance

of anti-HCV ICA was analyzed based on the S/CO ratios by
retesting anti-HCV CMIA (total of 13 lots). Test parameters

for anti-HCV ICA were included in 11 kit lot numbers

significant difference (1.25% [95% CI, 0.94–1.65] versus
anti-HCV ICA-positive samples (N=639) showed statistically

significant differences between the following groups: (1)
Humasis HCV card lots between group 3 (technician [T] 2

and CMB6004) and group 6 (T3 & CBM6014) (P =0.0013),
between group 3 and group 7 (T4 & CBM6014) (P =0.0075);

of two assay types (Humasis HCV card, five numbers;

(2) ASAN Easy Test HCV lots between group 4 (T6 &

temperature (℃), and humidity (%). This study was

1, Fig. 1). There were no cases showing statistically

Asan Easy Test HCV, six numbers), eight technicians,
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Fig. 1. Distribution of the S/CO ratio of anti-HCV ICA-positive samples, subgrouped according to technician and kit lot (shown in Table 1).
(A) Humasis kit. (B) ASAN kit (*P <0.05, **P <0.01). Boxs represent the interquartile range and the line within box represents the median.
The I bars represent the 2.5th and 97.5th percentiles. The instruments used were from the following companies: Humasis HCV card
(Humasis Co. Ltd., Anyang, Korea) and Asan Easy Test HCV (Asan Pharmaceutical, Seoul, Korea). Abbreviations: S/CO, signal to cutoff;
HCV, hepatitis C virus; ICA, immunochromatographic assay.
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significant differences between kit lots with the same

assays showed acceptable performance and can be

Thus, it is not clear whether the factor that caused the

immunoassays [8,9]. In our study, the positive rate of anti-

technician or between technicians in the same kit lot.

difference between groups was the technician or the kit
lot. Of the 13 lot numbers of anti-HCV CMIA used to obtain
the retest S/CO ratio, statistically significant differences

were found between the first and the other two lots

(P =0.0223, P =0.0246). However, the first kit of anti-HCV

CMIA was used with the Humasis HCV card, whereas the
other two kits were used for ASAN Easy Test HCV.

The monthly average room temperature and humidity

for the past 2 years ranged from 22℃ to 25℃ and

14%–65%, respectively. There was no statistically sig
nificant difference between monthly temperature or
humidity and the positive rate of the anti-HCV ICA

test (P =0.0689, P =0.8686). We divided daily humidity

(N=524) into three groups (<20%, 20%–55%, and >55%)

using the recommended humidity range (20%–55%)
in the laboratory area [7]. However, the group with the

used as an alternative for commercially automated

HCV ICA was less than half that of anti-HCV CMIA. The
positive region with a low S/CO ratio was mainly detected
only by the anti-HCV CMIA. These differences in analytical
performance at low S/CO ratios are presumably influenced
by the false-positive rate of the anti-HCV CMIA assay and

by the low sensitivity and false negative rate of anti-HCV
ICA assay [10,11]. Choi et al. [10] reported the S/CO ratio

(mean±SD) in an active HCV infection state was 12.96±
2.90 (versus past HCV infection: 5.29±4.53; false-positive

anti-HCV: 1.81±0.89). Seo et al. [12] suggested 10.9 as a
cutoff value of the S/CO ratio of anti-HCV for predicting

hepatitis C viremia. Referring to previous studies, a low S/

CO ratio indicated false-positive anti-HCV or past, resolved
infection, and was less likely to be due to a current
infection.

For a qualitative test requiring visual reading, such as

lowest humidity (<20%) showed a statistically significant

the type often called the “rapid test,” there is no recog

deviation [SD], 1.7±1.1; N=69) compared with the sum

the response as a function of “concentration.” Almost all

difference in the positive rate (%) (mean±standard

of the other two groups (mean±SD, 2.4±1.5; P =0.0405;

N=455) (Fig. 2).

Several studies have reported that rapid anti-HCV

nized reference material, and it is not feasible to obtain
accuracy and comparability evaluations for the rapid ICA

assay are performed by determining only the agreement
with an intended response to known positive and
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Fig. 2. Analysis of Indoor humidity (%) in workplace performed the anti-HCV ICA tests from 2017 to 2018. (A) Monthly humidity. (B)
Positive rate of the anti-HCV ICA in different humidity (*P <0.05). Boxs represent the interquartile range and the line within box represents
the median. The I bars represent the 2.5th and 97.5th percentiles. Black dashed lines represent the recommended range of the humidity
[7]. The instruments used were from the following companies: Humasis HCV card (Humasis Co. Ltd., Anyang, Korea) and Asan Easy Test
HCV (Asan Pharmaceutical, Seoul, Korea). Abbreviations: HCV, hepatitis C virus; ICA, immunochromatographic assay.
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negative samples [13,14]. Using only the qualitative result

Our study has some limitations. A comparable assay

of the ICA assay is not sufficient to properly evaluate

(anti-HCV CMIA) was performed against only test assay

assay depending on the technician, kit lot, and laboratory

differences among the technicians may depend on the

and quantify the performance variability of the rapid ICA

climate factors. Our study showed that there were
statistically significant differences in the performance

of anti-HCV ICA based on the technician and/or kit lot
number for a defined clinical application (Fig. 1). Even

for a rapid qualitative test, we recommend consistent
performance assurance for the anti-HCV ICA assay, using
the S/CO ratio of the anti-HCV CMIA assay.

Clinical laboratories usually apply tolerances to room

temperature and humidity to ensure sample and reagent
storage stability. However, little is known about the effects
of these climatic factors on the performance of ICA assays.

The temperature of the work area for anti-HCV ICA was
well controlled within the range of “room temperature,”

which is generally defined as 20℃–25℃. However, the

indoor humidity for the same area was not controlled
within the acceptable range in the CLSI guidelines for two

consecutive winters (2017–2018). Because the positive
rate of the anti-HCV ICA in the lowest humidity group

was significantly low, the laboratory should pay more
attention to humidity control in winter.

(anti-HCV ICA)-positive samples, and the competence

condition of each laboratory. Finally, it is debatable
whether anti-HCV ICA performance should meet the

performance level of anti-HCV CMIA. In conclusion, antiHCV ICA showed a lower positive rate than anti-HCV CMIA.
When anti-HCV ICA performance was evaluated using the

S/CO ratio, there were statistically significant differences
in terms of test parameters, such as technician, assay
lot, and indoor humidity. These findings suggest that

there is a need for clinical laboratories to manage the
performance of anti-HCV ICA with acceptable ranges of

positive rates and utilize the S/CO ratio to evaluate the
influence of test parameters. Finally, we recommend
paying more attention to winter humidity control in
laboratory areas.
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