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Background: When faced with a public health problem such as the COVID-19 pandemic, devising a test with an accurate and rapid
diagnostic capacity is critical to contain the disease. We compared the diagnostic performance of a rapid antigen test in comparison
with a reference method, namely a real-time polymerase chain reaction (RT-PCR) assay.

Methods: We enrolled patients with confirmed COVID-19 from two selected hospital in Addis Ababa, Ethiopia, between January and
November 2021. We assessed the performance of the Standard Q COVID-19 Ag Kit (SD Biosensor, Republic of Korea) in 200
nasopharyngeal and nasal swab samples.

Results: Out of the 200 samples utilized for the diagnostic performance evaluation, equal proportion of the samples were confirmed
positive and negative for SARS-CoV-2 based on RT-PCR. Of the 100 confirmed positive cases, 95 showed positive results with the
rapid antigen test, yielding a sensitivity of 95% (95% confidence interval [CI] 88.7-98.4%). Of the 100 confirmed negative cases, there
were three false-positive results, yielding a specificity of 97% (95% CI 91.5-99.4%). The sensitivity of the rapid antigen test was
higher for samples with an RT-PCR cycle threshold (Ct) value <25 compared with samples with a higher Ct value.

Conclusion: The finding demonstrated that the detection capacity of the Standard Q COVID-19 Ag Test meets the requirements set
by the Ministry of Health Ethiopia. The high sensitivity and specificity of the test device indicate the possibility of using it for
diagnostic and clinical purposes in resource-constrained settings such as Ethiopia.
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Introduction

The world has been struggling with COVID-19 since it was declared a pandemic by the World Health Organization (WHO) in
March 2020." With such a public health challenge, alternative diagnostic options are critical to monitor active cases, coupled
with contact tracing modalities. With this effort, it should be possible to reduce the transmission of the virus (SARS-CoV-2).%*
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So far, there have been extensive efforts to develop various diagnostic tests.' Although there are many possible options, viral
RNA-based tools including real-time polymerase chain reaction (RT-PCR) are considered to be the reference method for
COVID-19 diagnosis.>*

There are some limitations to RT-PCR including cost, a relatively long turnaround time and the required equipment for
testing.>>*® Consequently, there is a demand for alternative testing methods to halt transmission of the virus quite rapidly, which
would provide relief for the health system and patients.” Accumulated evidence has shown that rapid antigen tests, a type of rapid
diagnostic test based on lateral immunochromatography, could be used for point-of-care detection of SARS-CoV-2 antigens.’
Considering the limitations of RT-PCR, a number of companies have developed point-of-care rapid antigen tests.>”* Indeed, a
number of helpful rapid antigen tests are currently available for clinical practice.>* Among these, the Standard Q COVID-19 Ag
Test (SD Biosensor, Inc., Suwon, Korea) applies the principle of a lateral flow assay in a cassette-based format with a visual read-
out.” A previous study indicated that the test had higher sensitivity and specificity compared with other rapid antigen tests.'”
Nevertheless, it is critical to evaluate this rapid antigen test for screening of SARS-CoV-2-infected individuals before employing
it in a resource-limited context, such as Ethiopia.®

To our knowledge, there has been no research focussing on the evaluation of antigen test performance in the
Ethiopian setting. In the present study, we evaluated the performance of the Standard Q COVID-19 Ag Test for the
detection of SARS-CoV-2 compared with RT-PCR in patients confirmed SARS-CoV-2 positive and negative at selected
hospitals in Addis Ababa, Ethiopia.

Materials and Methods
Study Design, Setting and Participants

We employed a cross-sectional study design to evaluate the diagnostic performance of the Standard Q Antigen Test. We
included SARS-CoV-2-confirmed patients from Tikur Anbessa Specialized Hospital and Eka Kotebe General Hospital
from January to November 2021. We selected these hospitals based on the availability of COVID-19 diagnostic facilities.
Following the emergence of the COVID-19 pandemic, Eka Kotebe, located in Addis Ababa, Ethiopia’s capital, was
designated as the first COVID-19 treatment centre in Ethiopia. The hospital was a pioneer in the management of COVID-19
cases could admit 600 cases. During the early phase of the COVID-19 pandemic, the institution had served as the only
centre for isolation, care and support of all Ethiopian and non-Ethiopian citizens in the country.'' To evaluate the analytical
sensitivity of the intended test, we included confirmed SARS-CoV-2-positive adult patients who were willing to participate
in the study and provided their consent to participate. We excluded critically ill patients from the study.

Recruitment of Cases

Nasopharyngeal and nasal samples were collected from patients who were seeking other health services but were
required to be screened for SARS-CoV-2 as per the hospital protocol/guideline. SARS-CoV-2 RT-PCR-based analysis
was carried out; we used samples with a negative test result by the PCR as the negative controls. As mentioned above,
the confirmed SARS-CoV-2 cases were drawn from Tikur Anbessa Specialized Hospital and Eka Kotebe General
Hospital. For comparison, we tested samples from the same patients with the Standard Q COVID-19 Ag Test.

Sample Collection, Handling and Transportation

The 200 samples comprised 100 RT-PCR-confirmed SARS-CoV-2-positive cases and 100 RT-PCR-confirmed
SARS-CoV-2-negative samples. We collected demographic characteristics of the participants from electronic
software. Trained medical laboratory medical technologists collected and handled the samples. They collected
two nasopharyngeal samples and one nasal sample from each patient. They placed the first portion of the standard
flocked swab into viral transport media (VTM) and transferred it to the Department of Microbiology, Immunology
and Parasitology Molecular Biology Laboratory, where technicians performed molecular analysis to detect
SARS-CoV-2 as per the established protocol.'” They utilised the remaining nasopharyngeal and nasal samples
for the Standard Q COVID-19 Ag Test. The details are presented in the following subsections.
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Laboratory Tests
The Standard Q COVID-19 Ag Test is a rapid chromatographic immunoassay targeting SARS-CoV-2 nucleocapsid (N)
antigen from respiratory specimens.®’ The test device has a window with two pre-coated lines, namely the control (C)
and test (T) bands. The C band is coated with mouse monoclonal anti-chicken IgGy antibody; the T band is coated with
mouse monoclonal anti-SARS-CoV-2 N antigen conjugated with colour particles. The antigen—antibody colour particle
complex travels through capillary action and binds to the mouse monoclonal anti-SARS-CoV-2 N antigen at the T band.
The intensity of the coloured T band varies depending on the concentration of the N antigen in the sample.’

Briefly, each nasopharyngeal and nasal swab specimen was added to the extraction buffer provided in the kit. The filter
nozzle cap was pressed tightly onto the extraction tube. Three drops of the extracted sample were applied to the test device,

and the test result was read after 15-30 min. For a positive result, colour appears at both the C and T bands within 30 min.*’

RNA Extraction SARS-CoV-2 RT-PCR

RNA was extracted using the DAAN kit following the manufacturer’s instructions using samples suspended in 2 mL of
VTM. The extracted RNA was stored at —80°C until further application. RT-PCR Kit (BGI) was used for qualitative
detection of SARS-CoV-2 nucleic acid. The Master Mix preparation and result interpretation followed the manufacturer’s
instructions.'? Samples with a Ct value <37 for the target gene were considered positive for SARS-CoV-2.

Quality Assurance

To ensure the quality of the generated data and the analysis, internal quality assurance systems were in place for all
laboratory procedures and there were external quality assurance mechanisms. The methods used had been validated prior
to the study and if an amendment and/or modification had to be made, it was documented in the log books and reported to
all members of the research group. Standard operating procedures were developed and strictly followed. The quality of
the reagents and kits was checked regularly. All laboratory personnel received training for each procedure. Professional
medical laboratory technologists collected all samples with the utmost care and attention. The research team and those
who are actively participating in COVID-19 testing at the Department of Microbiology, Immunology and Parasitology
COVID-19 testing centre performed all the tests and analysis. The research team, with the aid of a designated project

manager, monitored every step of the data collection and laboratory analysis.

Data Analysis and Interpretation

We used SPSS Statistics Version 25 (IBM Corp., Armonk, NY, USA) for analysis. We calculated the sensitivity,
specificity, positive predictive value and negative predictive value and their 95% confidential intervals (CIs) by using
an online statistical tool.'* In an effort to use as much of the heterogeneous data as possible, we relaxed the ranges of
cycle threshold (Ct) values by 3 points, namely <25, 25.1-30 and 30.1-36.

Ethical Considerations

We obtained ethical approval from the Department of Microbiology, Immunology and Parasitology Research Ethics
Review Committee (protocol no. 022/21) and the College of Health Sciences Institutional Review Board (protocol
no. 03-008) of Addis Ababa University. We secured permission to conduct the study from each hospital’s clinical
director. We obtained written informed consent from the study participants prior to their recruitment to the study.
For study participants under the age of 18, their parents or guardians provided written informed consent. The data
collectors informed each study participant that the study was voluntary and that the participants could withdraw at
any time without losing any health-related services. We ensured that they followed the guidelines of the Declaration
of Helsinki.
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Results

Characteristics of the Study Population

We evaluated 200 RT-PCR-confirmed samples from the two hospitals, including 100 SARS-CoV-2-positive and 100
SARS-CoV-2-negative samples. The mean age of the study participant was 46 years (standard deviation [SD] 16.3
years). Around 56% were male, and the rest were female. More than 50% of them presented with one or more symptoms,
whereas the others had been tested as part of the routine screening when seeking other health services. More than two-
third of the cases were tested <7 days after disease onset. The detailed characteristics of the study participants are
presented in Supplementary Table 1.

Overall Diagnostic Performance

Of the 100 RT-PCR-confirmed SARS-CoV-2-positive samples, 95 showed a positive Standard Q COVID-19 Ag Test
result. As shown in Table 1, when comparing the antigen test with the reference method (RT-PCR), the sensitivity was
95% (95% CI 88.7-98.4%), the specificity was 97% (95% CI 91.5-99.4%), the positive predictive value was 97% (95%
CI 91.21-98.98%) and the negative predictive value was 95% (95% CI 89.19-97.85%).

Sensitivity of the Standard Q COVID-19 Ag Test with Respect to Ct Value and

Symptom Onset
We also evaluated SARS-CoV-2 positivity in relation to Ct values (Table 2). Antigen positivity was higher with a lower
Ct value. Indeed, antigen positivity was highest for samples with a Ct value < 25 and decreased dramatically when the Ct
value was >30. Hence, there were considerable differences in sensitivity based on Ct values, with the highest sensitivity
noted for Ct values <25.

We also evaluated SARS-CoV-2 positivity based on the time since symptom onset (Table 2). PCR positivity was
higher (97%) among cases with <7 days since disease onset than cases with >7 days since symptom onset (91%). Hence,
sensitivity was strongly associated with viral load.

Table I Comparison of the Diagnostic Performance of the Standard Q COVID-19 Ag Test Kit and
Real-Time Polymerase Chain Reaction (RT-PCR) at Selected Hospitals in Addis Ababa, Ethiopia, in 2021

Nasopharyngeal Swabs Standard Q COVID-19 Ag Test Kit Total
(Nasopharyngeal and Nasal Swabs)
Negative Positive
SARS-CoV-2 RT-PCR negative | 97 3 100
SARS-CoV-2 RT-PCR positive | 5 95 100
Total 102 98 200
Statistics Value (%) 95% Confidence Interval (%)
Sensitivity 95.0 88.7-98.4
Specificity 97.0 91.5-99.4
Positive predictive value 96.9 91.2-99.0
Negative predictive value 95.1 89.2-97.8
Accuracy 96.0 92.3-98.3
4302 https: Infection and Drug Resistance 2022:15
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Table 2 Diagnostic Performance of the Standard Q COVID-19 Ag Test Kit Based on
Symptom Onset and Cycle Threshold (Ct) Values at Selected Hospitals in Addis Ababa,
Ethiopia, in 2021

Antigen Test Status | Days Since Symptom Onset Total
<7 =7

Negative 2 3 5

Positive 65 30 95

Total 67 33 100

Antigen Test Status | Ct Value

<25 25.1-30 30.1-36 >37
Negative 2 0 3 97
Positive 59 26 10 3
Total 61 26 13 100

Discussion

In the present study, we compared the diagnostic performance of the Standard Q COVID-19 Ag Test with RT-PCR using
samples derived from two hospitals in Addis Ababa, Ethiopia. Accumulated evidence has demonstrated that rapid
diagnostic tests are essential in providing data in a real-life high incidence test setting.? Since the burden of COVID-19 is
escalating in Ethiopia, there is an acute demand for utilising a rapid, cost-effective, reproducible and technically
convenient diagnostic test to control the pandemic. Validation is critical to identify the best-performing technique.

The overall sensitivity and sensitivity of the rapid antigen test in this study met the WHO criteria of a mandatory
cut-off of >80% for sensitivity and >97% for specificity for rapid antigen test kits.” Research conducted in Africa and
other locations has produced similar sensitivity and specificity to our study.”® Unlike molecular analysis, which
demands trained personnel and expensive equipment, antigen-based laboratory methods have played a central role in
the prevention and control of the COVID-19 pandemic because they are user-friendly, cost-effective and provide rapid
test results. Consequently, it is possible to quickly identify individuals, while they are potential reservoir for further
transmission and thus help to interrupt the spread of the virus.” Differently from our study, there have been reports of
low sensitivity (28.6%) but comparable specificity (98.2%).' On the other hand, studies in other countries have shown
comparable sensitivity and specificity as follows: 91.2% and 98.4% respectively, in Germany; 89% and 99.7%
respectively, in Switzerland;” and 98.3% and 98.7%, respectively, in Thailand.®

The majority of the study participants were symptomatic, and SARS-CoV-2 positivity was higher among these
patients. The Ct values ranged from 25 to 40. Sensitivity and specificity were correlated with PCR Ct threshold: for both
tests, positivity correlated with lower Ct values. Test positivity dropped rapidly from 27.4% to 10.5% when the Ct value
increased from 30.1 to 36.0. This finding is in agreement with previous studies carried out in other countries.”*'*

It has been shown that the viral load is related to symptom onset, with a high viral load noted during the
symptomatic phase. Moreover, rapid diagnostic tests show the highest sensitivity in identifying infection among
patients who are potentially contagious and would contribute to spread the virus.>*"'> Such findings are also supported
by another study conducted in New Delhi.'® Taken together, rapid diagnostic tests are not reliable in cases with a low
viral load, including asymptomatic patients.” Thus, as it has been suggested by the Standard Q COVID-19 Ag Test Kit
protocol, rapid antigen test kits can be used as a potential diagnostic method particularly among symptomatic patients
with disease onset <6 days to identify individuals with a high viral load. This information could allow overcoming

transmission of the disease.’
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Conclusion

We found that using nasopharyngeal and nasal swabs, the Standard Q COVID-19 Ag Test showed good concordance
with the reference method (RT-PCR) using samples from patients in Addis Ababa, Ethiopia. We observed notable
differences in sensitivity and specificity depending on the Ct value. Moreover, a higher percentage of symptomatic
patients was positive for SARS CoV-2 using the antigen test and RT-PCR. Our findings alongside previously conducted
research indicate that rapid antigen tests are a promising tool for SARS-CoV-2 detection and infection control,
particularly in resource-limited setting such as Ethiopia.
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