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Performance Evaluation of the AllCheck hCG Card Point-of-Care Device and Method
Comparison with the Alere hCG Cassette Assay for Pregnancy Test
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Background: Immunochromatographic point-of-care (POC) devices ae widely used by laboratories and lay users for urinary human chorionic
gonadotropin (hCG) detection. Performance evaluation of pregnancy POC devices is rarely published. We performed an analytical and clinical vali-
dation of the newly introduced AllCheck hCG Card assay and compared it with the Alere hCG Cassette comparative assay.

Methods: The analytical performance of the assay was evaluated using an international standard material for hCG, as per the protocol recom-
mended in the Clinical and Laboratory Standards Institute (CLSI) guideline. Clinical validation and comparison study with the comparative method
were performed with remnant urine samples from pregnant and non-pregnant women.

Results: Probit analysis showed an analytical sensitivity of 15.82 mIU/mL. The precision of the assay was validated at a threshold of 30%.
Cross-reactivity with luteinizing hormone, follicle-stimulating hormone, and thyroid-stimulating hormone was not observed. Comparison with the
comparative assay showed a negative percent agreement of 100.0% (95% confidence interval [CI]: 92.9%-100.0%) and a positive percent
agreement of 96.4% (95% CI: 89.9%-98.8%). Cohen’s kappa value was 0.952 (95% CI: 0.899-1.000).

Conclusions: Overall, we validated the performance of the urine hCG POC device and suggest that probit regression is suitable for qualitative
tests other than molecular tests. The AllCheck hCG Card device satisfied the demanding standards suggested by the CLSI guideline and was suit-

able for clinical use.
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INTRODUCTION

Human chorionic gonadotropin (hCG) is a 37,900 kDa glyco-

protein hormone that supports the maintenance of the corpus lu-
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teum and fetal growth [1]. It comprises an alpha (o) subunit that is
noncovalently linked to a beta (3) subunit [2]. The alpha subunit
of hCG (hCGw) is identical to that of thyroid-stimulating hormone
(TSH), luteinizing hormone (LH), and follicle stimulating hormone
(FSH), while the beta subunit (hCGf) is unique. Most urinary hCG
is in the intact form in early pregnancy [3], and the core fragmented
form of hCGP becomes predominant by 10 weeks of pregnancy
4, 5.

Serum and urine hCG detection has been widely used to diag-
nose pregnancy. In particular, point-of-care (POC) devices that
apply immunochromatography to detect hCG in the urine are
widely used in laboratories. However, the performance of these
devices has not been fully evaluated. Understanding the limita-
tion of urine hCG POC devices is important in the clinical setting

because the exclusion of pregnancy is critical in patient manage-
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ment. Urine hCG test can yield false-negative results, with early
gestational age as the most common cause, followed by the hCG
variant hook effects [6]. Detection variability caused by hCG vari-
ants present in the urine has been reported among widely used
POC devices [7]. Excess hCG was also reported to cause false-neg-
ative results owing to the high-dose hook effect in the test [8]. There-
fore, method evaluation of qualitative hCG assay is warranted with
the inspection of false-negative or false-positive results produced.
Therefore, users should always be informed of the limitations of
the method, including the limit of detection (analytical sensitivity)
of urine hCG POC device. Meanwhile, a recommendation for vali-
dation of home pregnancy testing was published by a European
group [9]. This recommendation insists manufacturers to define
the analytical performance and minimum number of urine speci-
mens tested. In particular, it requires the analytical sensitivity to
be defined as the lowest concentration that detects =99% posi-
tive for the time [9]. On the other hand, the Clinical and Labora-
tory Standards Institute (CLSD provides a guideline for evaluating
the performance of qualitative tests. Validation protocol for preci-
sion and other performance parameters (sensitivity, specificity,
and agreement) is issued with minimum number requirements of
urine specimens [10].

In this study, we evaluated the analytical performance of the
newly introduced AllCheck hCG Card (Calth, Inc., Seongnam, Ko-
rea) POC device and compared it with the Alere hCG Cassette
(Alere San Diego, Inc., San Diego, CA, USA) comparative assay.
Probit regression was used to identify the imprecision curve of

the AllCheck hCG Card assay.

MATERIALS AND METHODS

1. hCG assays

Refrigerated urine samples were maintained in the ambient air
for 15-30 min before testing. Qualitative urine hCG analysis was
performed using the two POC devices, Alere hCG Cassette and
AllCheck hCG Card assay. Both devices use chromatographic im-
munoassay for qualitative detection of urinary hCG. Analytical
sensitivities of the assays were claimed to be 25 mIU/mL. Approx-
imately 100 pL of urine (3 drops by the pipette included in the kit)
was transferred to the well of the AllCheck hCG Card and the Alere
hCG Cassette following the manufacturer’s protocols. Results were

interpreted after 5-10 minutes in the AllCheck hCG Card and 3-4
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minutes in the Alere hCG Cassette assay. Results were classified
as invalid if no line was observed on the control lane; positive if
the lines were observed on both the control and the testing lane;
negative if one line appeared only on the control lane. Invalid sam-
ples were repeated for testing. Equivocal result was considered
positive. This research was considered as a quality assessment
study and the informed consent was waived. The Institutional Re-
view Board of National Health Insurance Service Ilsan Hospital

approved the study (IRB No. NHIMC 2021-07-014).

2. Analytical sensitivity and precision

The World Health Organization (WHO) 6th International Stan-
dard for hCG (NIBSC, 18/244) was first diluted with 1 mL of 1X
bovine serum albumin with Tris-buffered saline (TBS) buffer for
10 minutes. The concentration of the stock solution was measured
by an immunoassay. It was serially diluted with urine from non-
pregnant female participants according to the measured concen-
tration. Proportions of positive detection were obtained to con-
struct a probit regression model at intended hCG concentrations
of 25, 20, 175, 15, 12.5, and 10 mIU/mL around the claimed detec-
tion limit. Tests at each concentration were performed with 10 re-
peats for 3 consecutive days. The concentration showing equal to
or more than 99% positive results was defined as the assay’s ana-
lytical sensitivity, which was expressed as Co. The probit regres-
sion was used with the results at the tested concentrations to esti-
mate the Co value. To validate analytical precision in a practical
method, Cso was approximated where the positive and negative
results were split by 50:50. The precision was validated by per-
forming 40 test repeats for 4 consecutive days at three concentra-
tions, Cso—20%, Cso, and Csp+20%, according to the CLSI guideline
EP12-A2 [10]. The guideline judges that if equal to or more than
90% of the results are negative or positive at the lower or upper
concentrations, the Cs—Cos interval is bounded by the interval [Cso
—20%, Cso+20%] with 86% confidence. In case the experiment re-
sults did not meet the criteria of acceptance, the experiment was
replicated with an increased interval of 30%, instead of 20%. Fur-
thermore, the precision was also validated using the Cso, Cs, and

Cos values obtained from the probit regression.
3. Cross-reactivity and interference

Validation of cross-reactivity was performed by adding WHO
International Standards of 1,000 mIU/mL of LH (NIBSC, 81/535),
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1,000 pIU/mL of TSH (NIBSC, 81/565), and 1,000 mIU/mL of FSH
(NIBSC, 83/575) to the samples with hCG concentrations 0 and 25
mlIU/mL diluted by non-pregnant urine. Results were read in three
repeats per sample. Influence of various components expected to
cause interference in the hCG test was assessed. The components
included materials that could be commonly present in the urine
or that could affect color reaction of the hCG test, such as acet-
aminophen (20 mg/dL), caffeine (20 mg/dL), acetylsalicylic acid
(20 mg/dL), ascorbic acid (20 mg/dL), glucose (2 g/dL), ibuprofen
(20 mg/dL), albumin (10 mg/dL), ampicillin (20 mg/dL), bilirubin
(1 mg/dL), brompheniramine (20 mg/dL), hemoglobin (1 mg/dL),
and ethanol (1%) (all from Sigma-Aldrich, St. Louis, MO). Each ma-
terial was added to the samples with hCG concentrations of 0 and
25 mIU/mL diluted by non-pregnant female’s urine and repeated

three times per se.

4. Clinical validation

Clinical sensitivity and specificity were assessed by testing clini-
cal samples. Remnant clinical urine samples from 100 patients
were collected from July 2021 to April 2022 as per the following
criteria: 1 positive hCG samples were collected from women with
pregnancy confirmed by serum hCG test, ultrasound, or medical
history; 2) negative hCG samples were collected from women
without any history of medication or disease; 3) stored in the re-
frigerator for less than three days or under —20°C for less than 6
months. Additional 33 samples with missing medical information
were collected for method comparison. Exclusion of the samples
was as follows: 1) remnant volume less than 400 pL; 2) Visible in-

terference materials in the urine; 3) positive red blood cells in the

Table 1. Evaluation of the analytical sensitivity and precision at the
concentrations around the manufacturer-claimed cutoff (25 mlU/mL)

Bt et Concentration Positive result Positive cases/
(mIU/mb) percentage Total cases
Probit regression 10.0 6.7 2/30
125 53.3 16/30
15.0 96.7 29/30
175 100.0 30/30
200 100.0 30/30
250 100.0 30/30
Practical validation ~ Cs—30% (8.8) 75 3/40
Cs0—20% (10.0) 150 6/40
Cso (12.5) 50.0 20/40
Cs0+20% (15.0) 90.0 36/40
Cs0+30% (16.3) 97.5 39/40
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urine; 4) age under 18; 5) sample stored under inappropriate con-

ditions; 6) insufficient medical information about the sample.

5. Statistical analysis

Probit regression was used for the approximation of concentra-
tions with specific positive result probability. It was performed by
using MedCalc Statistical Software version 19.2.6 (MedCalc Soft-
ware bv, Ostend, Belgium; https:;//www.medcalc.org; 2020). The
statistical significance of multiple assays’ agreement was calcu-

lated by Cohen’s kappa value.

RESULTS

1. Analytical sensitivity and precision

A probit model was constructed by testing 30 repeats in 3 con-
secutive days at each concentration around the claimed limit (25
mIU/mL). This model was used to approximate Coo, Cos, Cso, and
Gs. The proportions of positive results at each concentration are
shown in Table 1. The probit regression produced a fitted model
as follows: probit (probability) = concentration “Xx” 0.665-8.196.
The analytical sensitivity was defined as the Co concentration, for
which the test would produce 99% positive results. The fitted model
calculated Coo as 15.82 mIU/mL (95% confidence interval [CI], 14.86
-1757) for the analytical sensitivity (Fig. 1.

Precision was evaluated to test if the interval [Cso—20%, Cso+20%)
contained the interval [Cs, Cos]. From the probit regression, we ob-
tained 9.85, 12.32, and 14.80 mIU/mL as the values of Cs, Cs, and
Cos, respectively. The [Cs0—20%, Cso+20%] interval [9.86, 14.78] did

Imprecision curve

Positive result probability

20 25

Concentration

Fig. 1. Imprecision curve with probabilities of positive result and hCG
concentrations (25.0, 20.0, 17.5, 15.0, 12.5, and 10.0 mIU/mL).
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not contain the Cs—Cos interval [9.85, 14.80]. Therefore, redefining
the interval at a threshold of 30% from the Cs interval [8.62, 16.02]
bounded the Cs—Cos interval, thus confirming the precision of the
AllCheck hCG Card assay to be 30%.

As described in the CLSI guideline EP12-A2 [10], for more prac-
tical validation of precision without using probit regression, we
roughly estimated Csp as 12.5 mIU/mL based on the positive per-
centage of 53.3% at test concentration (Table 1). We performed 40
repeats of tests in 4 consecutive days at the concentrations Cso—
20% (10.0 mIU/mL), Cso, and Cse+20% (15.0 mIU/mL). The tests
showed positive percentages of 15%, 50%, and 90% at each con-
centration, respectively (Table 1). The proportion at Cso was be-
tween 35% and 65%, suggesting the appropriateness of Csy esti-
mation. The proportion at Cs+20% was equal to or larger than
90%, which was validated as appropriate; however, the propor-
tion at C5—20% exceeded 10% and did not satisfy the CLSI EP12-
A2 guideline [10]. Therefore, a replication experiment using the
30% threshold from the Cso was performed. The tests showed
positive percentages of 7.5%, 52.5%, and 97.5% at Cs—30% (8.8
mIU/mL), Cso, and Cso+30% (16.3 mIU/mL) concentrations, respec-

tively. This result satisfied the recommendation of the guideline.

2. Cross-reactivity and interference

Cross-reactivity was evaluated by the addition of 1,000 mIU/mL
LH, 1,000 pIU/mL TSH, and 1,000 mIU/mL FSH to 0 and 25 mIU/
mL hCG in urine. Three repeats for each hormone showed con-
sistent negative results for the 0 mIU/mL hCG urine sample and
produced consistent positive results for the 25 mIU/mL hCG urine
sample. Likewise, the effect of the interference from acetamino-
phen, caffeine, acetylsalicylic acid, ascorbic acid, glucose, ibupro-
fen, albumin, ampicillin, bilirubin, brompheniramine, hemoglo-
bin, and ethanol with 0 and 25 mIU/mL hCG in urine was evalu-
ated. Three repeats for each compound produced consistent neg-
ative and positive results in 0 and 25 mIU/mL hCG in urine, re-

spectively.

3. Clinical validation

Random 50 positive and 50 negative urine samples from women
with pregnancy confirmed by serum hCG, ultrasound, or medical
history were tested with the AllCheck hCG Card assay. Positive
samples were obtained from women having diverse pregnancy

periods (4 to 38 weeks). The assay showed 98% (49/50, 95% CI,

172 www.labmedonline.org

Table 2. Clinical validation of the AllCheck hCG Card (A) and compari-
son with the Alere hCG Cassette (B)

o Pregnancy
(A) Clinical performance (N=100)
Positive Negative
AllCheck hCG Card Positive 49 0
Negative 1 50
Alere hCG Cassette
(B) Comparison (N=133) = :
Positive Negative
AllCheck hCG Card Positive 80 0
Negative 3 50

89.4%-100.0%) clinical sensitivity and 100% (50/50, 95% CI, 92.9%-
100.0%) clinical specificity. In addition, we assessed the clinical
agreement between the AllCheck hCG Card and the Alere hCG
Cassette assay by performing tests in 133 samples, including the
previous test set. The two devices showed 100.0% (95% CI, 92.9%-
100.0%) negative percent agreement and 96.4% (95% CI, 89.9%-
98.8%) positive percent agreement (Table 2). In one discrepant
sample, the candidate assay showed a false-negative result, whereas
the comparative assay showed an equivocal result (£). The se-
rum hCG level of the patient was 33.36 mIU/mL and the diagnosis
was fever. The other two discrepant samples were not measured
for serum hCG. One patient was diagnosed with acute gastroen-
teritis and the other urine sample was collected 9 days after her
vaginal delivery. Cohen’s kappa value was 0952 (95% CI, 0.899-

1.000), indicating almost perfect agreement between the assays.

DISCUSSION

Pregnancy test is routinely performed in emergency medical
centers before any procedures that could harm the fetus. These
tests include a serum or plasma hCG test and urine qualitative
test. Medical staffs are hesitant to use serum/plasma hCG quanti-
tative tests despite their high accuracy and well-documented clin-
ical applications because they are usually performed in a central
laboratory. Urine hCG qualitative test is simple and fast for screen-
ing pregnancy using the immunochromatography method. Al-
though urine hCG POC devices are widely used by lay users and
experts, validation study of the devices is rarely published [11].
Furthermore, urine hCG concentration of 25 mIU/mL is often la-
beled as the manufacturer-claimed sensitivity without thorough
validation. Likewise, the assay’s sensitivity at 25 mIU/mL concen-

tration was confirmed for the AllCheck hCG Card by the manu-
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facturer; however, we showed that the assay had better sensitivity
than that claimed by the manufacturer.

For the analytical performance evaluation of any qualitative
test, the validation of precision is documented in the CLSI EP12-
A2 guideline [10]. It recommends users to obtain positive result
proportions of 40 repeated tests at three specific concentrations:
Cso, C50—20%, and Cs0+20%. The method hypothesizes that the
smaller the Cs—Cys interval, the better is the precision of the assay
because it signifies that the gray zone in which the assay produces
inconsistent results is smaller. An assay is presumed to be precise
when the negative and positive percentages are equal to or larger
than 90% at Cs—20% and Cso+20%, respectively, the Cs—Cos inter-
val is bounded by the interval [Cs0—20%, Cs0+20%) by 86% confi-
dence with 40 tests. The confidence may increase with a higher
number of repeats and consistent results. Moreover, it could be
inferred that the assay’s precision can also be validated when the
interval [Cs, Cos] is within the interval [C50—20%, Cse+20%)] because
Cs and Cos are the concentrations where the assay provides con-
sistent negative/positive results. As there is no defined method to
obtain the exact Cs, Cso, and Cos, we applied probit regression that
has been documented in the CLSI EP17-A2 for estimating the points
[12]. Probit regression is commonly used in qualitative molecular
tests for the derivation of the limit of detection; however, research-
ers suggest that it could be used in other qualitative tests. We pro-
pose that the probit method can be applied for the evaluation of
chemistry tests by comparing the results from the protocol in EP12-
A2. Probit is the value of inverse standard normal cumulative dis-
tribution function with a probability. Probit regression aims to lin-
earize the S-shape imprecision curve to fit in the linear model.
The guideline suggests at least three data points between Cy and
Coo, and it is always difficult to collect sufficient data points [12].

In our study, we validated precision in two ways: one that is
more practical with naive approximation and the other using pro-
bit regression. In the experiment with samples around the cutoff,
we defined Csp as 125 mIU/mL based on the observation of its
positive result percentage of 53.3%. This practical method resulted
in 15% of positive result proportion at Csp—20% and did not satisfy
the criteria of precision. Thus, it was important to widen the thresh-
old to 30% to validate the precision. Likewise, using the probit re-
gression, we could define Cso, Cs, and Cos as 12.32, 9.85, and 14.80
mlIU/mL, respectively. The interval [Cs, Cos] was bounded within

the interval [Cs0—30%, Cso+30%] but not [Cso—20%, Cso+20%)]. We
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concluded that the assay provides precise results at 30% threshold.

We have confirmed the good agreement between the AllCheck
hCG Card candidate assay and the Alere hCG Cassette compara-
tive assay. Clinical validation was also performed and showed sat-
istying sensitivity and specificity. TSH, LH, and FSH that share
identical structures with hCGo were shown to have no cross-reac-
tivity during hCG detection by the assay [1]. Furthermore, materi-
als that could interfere in the assays using monoclonal antibodies
were validated.

Our study has a few limitations. First, testing with hCG variants
was not performed. The assay uses a combination of monoclonal
antibodies targeting intact hCG and o and 8 subunits of hCG; thus,
there is a risk that variants such as the core fragment of hCGf could
be missed. Second, more probit points between Cy and Coo would
have created a better-fitted model in the regression. When labora-
tory managers try to evaluate tests using probit regression, a nar-
rower gap of concentrations would be needed. Third, the assay’s
tolerance to the hook effect was not examined in this study.

In conclusion, we demonstrated the validation study of the urine
hCG POC device and suggested that probit regression is suitable
for qualitative tests other than molecular tests. The AllCheck hCG
Card device satisfies the demanding standards suggested by the

CLSI guideline and was suitable for clinical use.
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