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Introduction: Laboratory examination is extremely important in handling the COVID-19 pandemic. In the first era of the pandemic,
the molecular and antigen tests were limited. Hence, at that time, it was necessary to carry out antibody Rapid Diagnostic Tests (RDT).
However, many antibody RDTs were yet to obtain Food and Drug Authorization (FDA)’s approval.

Purpose: Therefore, The Indonesian Association of Clinical Pathology and Medical Laboratory (PDS PatKLIn) decided to conduct
a validity test of RDT antibodies to find out the quality of SARS-CoV-2 diagnosis performance based on these RDTs used.

Patient and Methods: This is a descriptive observational design with diagnostic analysis. The retrospective secondary data were
collected from 34 provinces in Indonesia from May to June 2020. Data analysis was carried out on the sensitivity and specificity values
of each antibody RDT brand to the RT-PCR result and analyzed descriptive data.

Results: The amount of secondary data of antibody RDT and RT-PCR results collected was 139,908, consisting of 59 RDT brands of
which 44% were authorized by The Indonesian COVID-19 Response Acceleration Task Force (Gugus Tugas Percepatan Penanganan
COVID-19 Indonesia). There were huge variations of SARS-CoV-2 antibody RDT performance between total antibody types
(sensitivity 59.18%, specificity 62%), IgM RDT (sensitivity 16-100%, specificity 7-97%), and RDT IgG (sensitivity 33-96%,
specificity 19-100%).

Conclusion: The variations in the RDT antibodies’performance can cause errors in diagnosis leading to significant material and
immaterial losses. Therefore, cooperation from various parties is needed for the pre- and post-marketing surveillance process to assess
the performance and the characteristics of each RDT kit and other diagnostic methods to assist the rapid pandemic response process.
Keywords: antibody rapid diagnostic test, SARS-CoV-2, COVID-19

Introduction
At the end of 2019, there was an outbreak of a novel coronavirus infection from China which caused a worldwide COVID-19
pandemic.’ In February 2020, the World Health Organization (WHO) named the virus as Severe-Acute-Respiratory-Syndrome-
Coronavirus-2 (SARS-CoV-2). For the past three years, the world has made various efforts to get over the pandemic by
conducting laboratory tests, isolation, and vaccination.” In March 2020, the WHO recommended conducting laboratory
examinations on every patient suspected of COVID-19 with antibody RDT and PCR. Therefore, laboratory examinations
have become one of the important pillars in establishing a diagnosis of COVID-19 to control and prevent infection transmission.
The first cases in Indonesia were on March 2, 2020. There were 10 confirmed cases of COVID-19 in Indonesia, then
increased sharply on April 6, 2020 (1968 confirmed cases).” The increasing case finding is related to the increase in
COVID-19 testing laboratories which were initially focused on laboratories of the research and development agency of
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the Indonesian Ministry of Health. Then, on March 19, 2020, the Indonesian Ministry of Health determined 41
laboratories with surveillance functions, and 29 laboratories without surveillance functions.*

The world is trying to develop various laboratory diagnostic techniques to increase the screening capacity of the SARS-CoV
-2-virus. On January 23, 2020, WHO developed a reverse- transcriptase-real-time polymerase-chain-reaction (RT-PCR) techni-
que to detect the SARS-CoV-2-virus. Subsequently, on February 2, 2020, WHO distributed 250,000 examination kits to each
country. Molecular tests other than RT-PCR are also being developed up to approximately 14 commercial products of nucleic-acid
-amplification-tests (NAAT) to detect the SARS-CoV-2 virus. This NAAT technique is the standard in diagnosing SARS-CoV-2.
The use of NAAT has become the gold standard in testing to detect unique sequences of the SARS-CoV-2 genome. The diagnostic
accuracy of this technique is very importance.® However, it has several disadvantages including the difficulty of obtaining
adequate specimens (nasopharyngeal and oropharyngeal swabs), long processing time, requires sophisticated laboratory facilities,
more expensive reagents, and particular trained human resources. At the beginning of the pandemic, there was a shortage of
trained clinical laboratory manpower. The diagnostic center laboratories were forced to hire additional personnel who had limited
experience and technical knowledge and molecular test skills, especially in processing specimens, interpreting results, identifying
errors, and troubleshooting, to meet increased testing demands. This leads to a vulnerability to diagnostic errors, including cross-
contamination, which is increased with the tendency for generating false-positive results that can compromise the health of the
patient and disrupt the efficacy of public health policies and public health response, surveillance programs, and restrictive
measures for containing the outbreak.® Another test that has been developed is the SARS-CoV-2 antigen test, which is promising
for screening tests but has limitation in sensitivity. Both molecular and antigen tests have limitations in detecting in the window
period and cannot detect past infections. Since antibody examination can overcome these limitations, it was used to complement
the COVID-19 examination strategy.”® The lateral flow immunoassay (LFIA) examination method, known as the rapid-
diagnostic-test (RDT), was the only antibody examination method available during the earlier pandemic.

Since its first emergence at the end of 2019, the SARS-CoV-2 virus has mutated to give rise to several variants of concern
(VOC) that rapidly spread globally. The emergence of SARS-CoV-2 variants makes it important for continuous monitoring of
variants circulating in the population and the assessment of their sensitivity to neutralization by immune sera. Several in vitro
immunoassays have been developed to study the neutralizing activity of the antibodies produced during infection or after
vaccination.” For example, prior to the omicron variant, monoclonal antibody therapy was shown to be very effective in
preventing death, but may not be as effective as the omicron variant. The Omicron variant contains a mutation in the RBD
previously thought to be highly conserved and a target for monoclonal antibodies. Among the 15 RBD substitutions in the
Omicron variant, the K417N substitution is responsible for the most significant disruption to the known mAbs. '’

At the beginning of the pandemic, there are little pieces of information that were known about the characteristics of
COVID-19 such as the rate of transmission, the level of infection in asymptomatic patients, or the immunological response of
patients infected with SARS-CoV-2. Therefore, serological tests are urgently needed to expand the screening strategy.'' On
April 1, 2020, the first SARS-CoV-2 antibody RDT examination received an emergency use authorization (EUA).'? This
antibody test is used to detect the SARS-CoV-2 humoral response and past SARS-CoV-2-virus infections. However, it cannot
be used as the only diagnostic tool to detect SARS-CoV-2 virus infection. In the first week of April 2020, dozen brands of
SARS-CoV-2 antibody RDT were spread in the market without authorization. Most of these antibody RDTs failed to detect the
humoral immune response of SARS-CoV-2 infection and were not authorized by the Food and Drug Administration (FDA)."

Capacity constraints are a lack of reagents and equipment and limited human resources. As a result of these obstacles,
most laboratories cannot operate. The main obstacle is dependence on imported supplies and associated procurement
times. Expanding real-time polymerase-chain reaction testing capacity, through increased numbers of laboratories and
optimization of existing facilities, was clearly the main priority. Results of potential assessment of the use of rapid
molecular testing machines in referral hospitals in Indonesia. Even if this potential can be exploited, several provinces
still do not receive adequate diagnostic services if a spike in cases occurs.'®

Meanwhile, the spread of the SARS-CoV-2 antibody RDT has been massive and difficult to control, causing concern,
especially in the Indonesian community of clinical pathologists, regarding the performance of the antibody RDT to detect
SARS-CoV-2 infection. The Indonesian Association of Clinical Pathology and Medical Laboratory (PDS PatKLIn)
considered the need to assess the performance and carry out a validity test on the SARS-CoV-2 antibody RDT that had
been spread and widely used in the community. This prompted PDS PatKLIn to conduct a post-marketing survey of 59
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brands of SARS-CoV-2 antibody RDTs, circulating in 34 provinces through 30 organizational chapters. Therefore, this
study assessed the sensitivity and specificity of the SARS-CoV-2 antibody RDT as well as the difficulties encountered in
carrying out the test. The performance of the SARS-CoV-2 antibody RDT and other results are expected to be used for
the management of other pandemics that are likely to emerge in the future.

Material and Methods
This is a descriptive observational design with a diagnostic test analysis. The data were collected retrospectively to assess the
validity, which includes sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of
the RDT antibody results against that of the SARS-CoV-2 RT-PCR. The secondary data are obtained from the community and
hospitals that carry out antibody tests collected from clinical pathologists in 34 provinces, from May to June 2020. These data were
the results of the SARS-CoV-2 antibody RDT and RT-PCR on patients with criteria for people without symptoms or asymptomatic
people (AP), people under surveillance (PeUS) are people who has contact with confirmed patient, and patients under surveillance
(PaUS) are patients with mild or severe symptoms who are in contact with confirmed patient. We can see Schematic Diagram
Outlining the patient recruitment Process and Data Analysis Flow in Figure 1. Subsequently, the collected data were analyzed by
diagnostic tests to calculate the sensitivity, specificity, PPV, NPV, and accuracy of the SARS-CoV-2 antibody RDT results against
that of the RT-PCR examination. Statistical analysis was carried out using SPSS software version 20, and the results are presented
in the form of tables and graphs.

This study was approved by the Ethical Committee of the Faculty of Medicine, Padjadjaran University, and Dr. Hasan
Sadikin General Hospital (No: 1003/UN6.KEP/EC/2022). All procedures followed were in accordance with the ethical
standards put forth by the Helsinki Declaration of 1975, as revised in 2000.

Results and Discussion

A total of 139.908 secondary data of SARS-CoV-2 antibody RDT and RT-PCR collected between May-June 2020
were obtained from communities and hospitals in 34 provinces of Indonesia. The characteristics of the data such
as patient status and type of sample are presented in the form of numbers and percentages as summarized in
Table 1.

Most of the data were collected from a total of 44,197 asymptomatic people (AP), which is 31.59% of all data. The
examination with unknown patient status was 42.51%; therefore, it cannot be concluded that the majority population
passed through the examination at that time. The type of samples used mostly was a serum, in line with WHO
recommendation (51.72%)."

The distribution of the SARS-CoV-2 antibody RDT was obtained 59 brands. The top 10 brands are presented in terms
of number and percentage as shown in Table 2 and Figure 2. The most widely used brand was Wondfo, which was 61,793
examinations and reached 44.17% of all data collected.

All brands of SARS-CoV-2 antibody RDT were further investigated regarding their marketing authorization as shown
in Table 3 and Figure 3. The recommendations by The Indonesian COVID-19 Response Acceleration Task Force (Gugus
Tugas Percepatan Penanganan COVID-19 Indonesia) for RDT antibody SARS-CoV-2 Brand. Approximately 44% of all
SARS-CoV-2 antibody RDTs have received recommendations from The Indonesian COVID-19 Response Acceleration

Patients with criteri Antibody RDT

atients witn criteria :

- e without o] — Wholeblood Sample ) @
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Figure | Schematic Diagram Outlining the patient recruitment Process and Data Analysis Flow.
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Table | Characteristics of Sample Data

Characteristics Sample (N = 139,908)
n %
Status
AP 44,197 31.59
PeUS 26,122 18.67
PaUS 10,118 7.232
No data 59,471 42.51
Type of Sample
Capillary 32,927 23.53
Serum 72,358 51.72
Whole Blood EDTA 19,370 13.84
Plasma EDTA 15,253 10.90

Abbreviations: AP, asymptomatic people or people without
symptoms; PeUS, people under surveillance; PaUS, patients
under surveillance; EDTA, Ethylene diamine tetraacetic acid.

Table 2 The Top 10 SARS-CoV-2 Antibody RDT
Brands in Indonesia

No. | Brands Samples (N = 139,908)
n %

I Wondfo 61,793 44.17
2. VivaDiag 19,343 13.83
3. Hightop 10,107 722
4. SD Biosensor 6947 4.97
5. Vazyme 5247 3.75
6. Sugentech 4784 342
7. Biolidics 4599 3.29
8. Star 3228 2.31
9. Egens 2744 1.96
10. Livzon 2424 1.73
Other Brands 18,692 13.36

Task Force (Gugus Tugas Percepatan Penanganan COVID-19 Indonesia), while the remaining 56% were not given
recommendations.

The various brands of SARS-CoV-2 antibody RDT were grouped based on the type of antibody examined into total,
IgG, and IgM. The performance of each group was analyzed against the results of RT-PCR as the standard. The RT-PCR
examination consists of Reverse-Real-Time-Polymerase-Chain-Reaction (rRT-PCR) and Molecular Rapid Test (TCM);
using swab samples of the nasopharynx and oropharynx.

Collected antibody RDT results accompanied by RT-PCR results were 11,975 data (8.56%). The only brand of total
antibody RDT was the brand with the highest number of uses, Wondfo with a performance of 59.18% sensitivity, 62%
specificity, and 61.24% accuracy (Table 4). The SARS-CoV-2 total antibody RDT only provides one indicator, which is
a combination of overall IgM and IgG antibodies value and is unable to differentiate the individual value of specific
antibodies (IgM or IgG). Thus, explaining the low sensitivity and specificity of this type of RDT, it cannot determine
whether the antibodies detected are from the past or the current infection. Since the detection is based on total antibodies,
those formed from the current infection might not be adequate to give reactive results from the RDT examination.” The
PPV value of this RDT was 36.38% (33.85%—-37.92%, 95% CI) and an NPV value of 80.52% (79.26%—81.79%, 95%
CI). This indicated that the test is better used to rule out the possibility than to make a diagnosis of COVID-19."°
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Figure 2 The top 10 SARS-CoV-2 antibody RDT brands in Indonesia (Antibody SARS-CoV-2 RDT that were used in Indonesia in early period of COVID-19 pandemic).

The diagnostic performance of the SARS-CoV-2 IgG antibody RDT is presented in Table 5, which specifically only
detects IgG-type antibody. The most widely of IgG antibody RDT data was Acro, which was 1389 data (39.66%), with
the best diagnostic value. The diagnostic value of a total of 9 brands of SARS-CoV-2 IgG antibody RDT has a fairly wide
range, which was 22.42-98.99%, 33.33-87.5%, and 16.08-99.06% for accuracy, sensitivity, and specificity. Several
positive results from the IgG test that are generally considered markers for past infection indicate agreement with the
results of the RT-PCR examination. Therefore, it revealed that IgG antibodies in COVID-19 can appear during acute

Table 3 Indonesian COVID-19 Response Acceleration Task Force Recommendation for SARS-CoV-2
Antibody RDT Brands (April 28, 2020)

No

The Indonesian COVID-19 Response
Accelaration Task Force (Gugus Tugas
Percepatan Penanganan COVID-19
Indonesia) Recommendation

Not The Indonesian COVID-19 Response
Accelaration Task Force (Gugus Tugas
Percepatan Penanganan COVID-19
Indonesia) Recommendation

0 N o8 LT AW N —

0

Acro
Biolidics
Boson
Cellex
Clungene
Deep blue
Easy Diagnosis
Egens
Frend
GenBody
Hecin
Hightop

Humasis

Afias
Answer
Antai
Artron
Biozek
Diaspot
Eaglecare
Edan
Elabscience
Genrui
Green Spring
Hangzhou Kanlong
Healgen

(Continued)
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Table 3 (Continued).

No The Indonesian COVID-19 Response Not The Indonesian COVID-19 Response
Accelaration Task Force (Gugus Tugas Accelaration Task Force (Gugus Tugas
Percepatan Penanganan COVID-19 Percepatan Penanganan COVID-19
Indonesia) Recommendation Indonesia) Recommendation
14 Livzon Instant View
15 LumiQuick Joysbio
16 Lyher Kwork
17 Medical System Leccurate
18 Ray Biotech Lifotronic
19 Really Tech Lizbon
20 SD Biosensor Long Island
21 Sugentech Luminer
22 Vazyme Luxus
23 VivaDiag New Test
24 Wiz Prescan
25 Wondfo Prestige
26 Zybio Promeds
27 Safecare Biotech
28 Sens Reading
29 Serenity
30 Setro
31 Star
32 Testsealabs
33 Yilifang

infection. IgM antibodies, considered markers of current infection, showed a wider sensitivity range (16—100%)
compared IgG antibody.®

This secondary data also reveals problems in the examination process using the SARS-CoV-2 antibody RDT as shown
in Table 6 and Figure 4. The most common problem encountered is that the results are unclear, making it difficult to
determine whether they are reactive or non-reactive. This can be overcome by issuing a color grading card by the
manufacturer to indicate at which level of color gradient the result is reactive. Another significant problem is the invalid

The Indonesian COVID-19
Response Accelaration
Task Force

B Recommended
® No recommendation yet

Figure 3 The proportion recommendations of SARS-CoV-2 antibody RDT.
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Table 4 SARS-CoV-2 Total Antibody (IgG and IgM) RDT Performance

RDT of Total Antibody (IgG + IgM) n Accuracy (%) | Sensitivity (%) 95% CI Specificity (%) 95% CI
Min Max Min Max
Wondfo 5152 61.24 59.18 56.59 | 61.77 62.00 60.45 | 63.55

Note: Only | brand of RDT of total antibody was found in this study, namely Wondfo.

Table 5 The Performance of SARS-CoV-2 IgG Antibody RDT

No. IgG RDT n Accuracy (%) Sensitivity (%) 95% CI Specificity (%) 95% CI

Min Max Min Max
l. Acro 1389 98.99 87.50 47.35 99.68 99.06 98.4 99.5
2. VivaDiag 710 74.37 54.44 44.16 64.73 77.26 73.96 80.56
3. Vazyme 527 84.25 53.70 40.40 67.00 87.74 84.78 90.69
4. Hightop 350 79.71 53.66 38.39 68.92 83.17 79.00 87.34
5. Sugentech 281 2242 84.62 70.75 98.48 16.08 11.57 20.59
6. Standard Q Duo 159 75.47 50.00 28.22 71.78 79.56 71.83 85.97
7. Lungene 32 62.50 50.00 18.71 81.29 68.18 45.13 86.14
8. Livzon 27 81.48 50.00 1.26 98.74 84.00 63.92 95.46
9. Healgen 27 70.37 33.33 0.84 90.57 75.00 53.29 90.23

Table 6 The Performance of SARS-CoV-2 IgM Antibody RDT

No. | RDT IgM n Accuracy (%) | Sensitivity (%) 95% ClI Specificity (%) 95% ClI

Min Max Min Max
l. Acro 1389 98.99 62.50 28.95 96.05 99.20 98.73 99.67
2. VivaDiag 713 55.82 72.22 62.97 81.48 53.45 49.53 57.37
3. Vazyme 527 76.09 40.74 27.64 53.85 80.13 76.53 83.72
4. Hightop 345 79.13 34.88 20.64 49.13 85.43 81.45 89.41
5. Standard Q Duo 169 28.40 64.00 45.18 82.82 22.22 15.43 29.01
6. Sugentech 102 56.86 75.00 3491 96.81 55.32 44.71 65.59
7. Healgen 27 66.67 3333 0.84 90.57 70.83 49.91 87.38
8. Livzon 27 29.63 100.00 100.00 100.00 24.00 7.26 40.74
9. Lungene 22 59.00 60.00 29.64 90.36 41.67 13.77 69.56

results, where the SARS-CoV-2 antibody RDT and RT-PCR results from the same patient do not match. False-positive
results were discovered mainly in the geriatric patient population with comorbidities and the pregnant patient population.
The technical complaints in this study correspond to that of other investigations, where there are difficulties in reading
the line and inconsistency of results in repeated examinations (reproducibility).'>

Generally, IgM antibodies appear earlier and have a shorter half-life than IgG. In the first week, IgG and IgM
antibodies have low antibody levels and pass through seroconversion 7-12 days after the appearance of symptoms. IgM
levels remain elevated for up to 3 weeks post symptoms and decreased rapidly. Meanwhile, IgG levels increased sharply
compared to IgM in the first week after post-symptoms. The peak is at fifth week and persists until the seventh week.>!”
IgM levels were found to be higher in patients with severe cases than in moderate, mild, and asymptomatic cases, while
IgG was still in asymptomatic, mild, moderate, or severe cases.'® This condition is probably the main cause of better IgG
antibody RDT performance than the IgM antibody RDT group, considering that the data collected were mostly from the
population without symptoms. The antibody RDT examination based on the principle of lateral flow immunochromato-
graphy (LFIA) method is the easiest, cheapest, and can be conducted anywhere. However, the performance of an
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Figure 4 Problems Reported relate to the Antibody Covid RDT kit.

antibody RDT depends on many factors such as endogenous, exogenous, and examination factors, which come from the
patients, antibody products, and pre and post-analytic, respectively.'® Comorbid and physiological conditions also appear
to affect the test results. The RDT of the SARS-CoV-2 antibody specificity was mostly reported to have a specificity
above 95%, with various numbers of sensitivity.

A meta-analysis study reported a sensitivity range of 66-76%.'" ' Moreover, the diagnostic performance obtained
showed a greater range than in other investigations. This is due to limitations in a retrospective examination of this
secondary data, which include the heterogenecity of the overall examination process (pre- and post-analytical). The
number of different samples for each group and brand of antibody RDT which affects the validity of each brand antibody
RDT. The smaller samples than necessary will have insufficient statistical power to answer the main research question
and lead to statistically insignificant results.>' The absence of data on the day of sampling from the onset of the disease.
Additionally, these factors also become the main limitations of this study.

Conclusion and Suggestion

This study shows the general state of use of SARS-CoV-2 antibody RDTs at the beginning of the COVID-19 pandemic, where
various brands flood the community with their respective advantages and limitations. A large variety of these SARS-CoV-2
antibody RDT brands were discovered. These include the type of antibody tested, completeness of recommendations and/or
certification, diagnostic performance, and technical difficulties. These variations, especially in terms of diagnostic perfor-
mance, can cause diagnostic errors; hence, there is a risk of being misdiagnosed or falsely diagnosed.

Therefore, cross-sectoral collaboration is needed, between regulators and implementers to overcome the pandemics that
can emerge in the future such as the COVID-19 pandemic. Clinical Pathologists can have an important role in pre-, and post-
marketing evaluation, as they are in charge of most of the clinical laboratory assays. This collaboration is expected to oversee
the acceleration of the pre-market verification and validation process to guarantee the quality of diagnostic tools circulating in
the community and limited diagnostic tools that have not been certified and/or whose diagnostic performance is unknown.
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RDT, Rapid Diagnostic Test; FDA, Food and Drug Authorization; PDS PatKLin, The Indonesian Association of Clinical
Pathology and Medical Laboratory; SARS-CoV-2, Severe-Acute-Respiratory-Syndrome-Coronavirus-2; COVID-19,
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