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Conclusion

The finding from this study support the use of the Abbot RDT as a diagnostic tool in COVID-
19 suspects, mainly in those with higher viral loads.

Introduction

COVID-19 is a disease caused by severe acute respiratory syndrome corona virus 2
(SARS-CoV-2), an RNA virus that causes severe acute respiratory syndrome [1]. COVID-19
was originally discovered in individuals with viral pneumonia symptoms in Wuhan, China, in
December 2019. As the start of the study on October 18, 2021, globally, there were about
241,411,380 million confirmed cases and 4,912,112 deaths, where with almost 44 million cases
and 722,690 deaths, the United States of America was the most afflicted country. In Ethiopia,
as of October 17, 2021, there were 359,881 confirmed cases and 6,258 COVID-19 death report
[2].

Patients over the age of 65 and those who have pre-existing illnesses (such as hypertension,
heart disease, lung disease, cancer, or diabetes) have been identified as possible risk groups for
severe disease and mortality [3]. Health Care Workers’ lack of understanding of the disease
can lead to delayed detection, identification, and treatment, resulting in infection transmission
[4].

The diagnostic tool utilized in the global surveillance for the detection of COVID-19
involves Nucleic acid amplification tests (NAATSs), mainly reverse-transcription polymerase
chain reaction (RT-PCR) assays [5]. Currently, a number of NAATS are commercially avail-
able for usage; however, the testing capacity of NAATS is insufficient to deal with the COVID-
19 pandemic, due to the need for qualified staff, the cost of the test, and specialized viral detec-
tion instrumentation [6].

Alternatively various manufacturers have developed SARS-CoV-2 rapid point-of-care anti-
gen tests, providing an advantage over NAATS in that they are rapid, cheaper, and do not
require specialized equipment or skilled personnel but they are less sensitive and will miss low
viral load [7]. However, its diagnostic performance has not been evaluated in the context of
Ethiopia. There is therefore a need to evaluate the performance of antigen testing for diagnosis
of COVID-19 [8]. It is thought to deliver early detection of COVID-19 which is critical for
optimal disease management and interventions [9].

The World Health Organization (WHO) advises utilizing rapid antigen test kits with a sen-
sitivity of at least 80% and specificity of 97% as compared to the gold standard RT-PCR [2].
Antigen point-of-care tests are currently being employed in several countries to help elevate
the diagnostic capacity together with RT PCR [10]. However, in some instances, the test has
been criticized for having lesser clinical sensitivity than NAATSs [11]. The Abbott COVID-19
rapid antigen testing kit has been utilized in many countries and is currently being distributed
in Ethiopia [12].

In this study, we aimed to evaluate the diagnostic performance of the PanbioTM Abbott
SARS-CoV-2 antigen test for the detection of COVID-19 as compared to the Gold standard
RT-PCR, aiming at distribution and use in all health-care settings.

Materials and methods

Study setting

This study is a prospective cross sectional study which enrolled a total of 120 COVID-19 sus-
pected patients attending the All African Leprosy Research and Training (ALERT) Hospital,
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Addis Ababa, Ethiopia from November 2021 to April 2022. Ethical approval was obtained
from AHRI/ALERT Ethics Review Committee. A written informed consent was obtained
from each study participants and for those participants whose age were below 18, a parental/
guardian consent and child assent was obtained before enrollment into the study. RT-PCR was
used as a gold standard to analyze the sensitivity, specificity, positive and negative predictive
value of PanbioTM Abbot RDT-Ag test at a Ct cut-off value of <40 [12]. The sample size was
determined by (https://www.openepi.com/SampleSize/SSCohort.htm). We used to collect 120
samples due to budget and time constraints. The population correction was used. The calcu-
lated sample sizes were multiplied by the design effect.

Data analysis

Data entered and analyzed by SPSS version 23, statistical software. Ag-RDT and RT-PCR
result with the corresponding Ct value were collected for all cases. The RDT performance was
assessed using sensitivity, specificity, positive predictive value, negative predictive value, and
respective 95% Confidence interval. The agreement between RT-PCR a significance value of
0.05 in statistic tests considered (P-values <0.05) [13].

Sample collection

Nasopharyngeal swabs specimen were collected using viral transport medium (VIM). For the
rapid antigen test, a separate swab was collected without VT'M, both swab samples were col-
lected in parallel, according to WHO and the national standard operating procedure (SOP)
with strict biosafety measures. The nasopharyngeal samples were collected in the morning
hour by trained nurses and laboratory technologists from eligible participants attending
ALERT hospital, Addis Ababa [14, 15]. Both RDT and RT PCR testing were performed with
an hour of swab sample collection at AHRI COVID laboratory.

Laboratory procedures

Rapid Abbott COVID-19Ag test. Five drops of sample buffer were transferred into a
small conical tube, then a nasopharyngeal swab collected from each participant was immersed
into a tube containing sample buffer supplied with the test kit (Abbott, Panbio, COVID 19 Ag
Rapid test device, Jena, Germany), LOT 41ADGO095A following five minutes incubation, five
drops of mixture were added into a sample well. The kit was left for 15 minutes at room tem-
perature before reporting result as negative. The test was considered positive if two bands was
appeared both in the sample and control area [16, 17].

Real time PCR. Nasopharyngeal swab samples were used for RNA extraction. Swabs were
put into catalogue- 2020060025 VTM tubes with sample preservative fluid after sampling and
vortexed vigorously for one minute. 300pL of soaking solution were then placed into a 1.5mL
nuclease-free centrifuge tube for use. The major open reading frames ORF1lab gene as domain
target, and we followed the manufacturers’ manual (MagaBio Plus Virus RNA Purification Kit
I1, China). The cutoff point for a negative result is 40 cycles. If the virus is detected between 38
and 40 cycles, we call this an indeterminate or inconclusive result. All inconclusive results are
considered probable (likely) cases for public health reporting.

The detection kit Beijing Genomics Institute (BGI, Real Time Fluorescent RT-PCR Kit,
China) used in this study contains two vials: a reaction and an enzyme mix. The master mix
was prepared by mixing 18.5 pl of SARS-COV-2 reaction mix with 1.5 ul of SARS-COV-2
Enzyme mix. After thoroughly mixing, 10 pl of the master mix was added to each well in the
reaction plate, which was later mixed with 10pl of the purified RNA. The plate was then placed
in to a thermo-cycler (Bio Rad, CFX96, Singapore) for amplification reaction. The PCR
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protocol used the following: one cycle at 50°C for 20minutes, followed by one cycle at 95°C for
10minutes, and 40 cycles involving 95°C for 15 seconds and 60°C for 30 seconds.

Results
Demographic characteristics

A total of 120 participants were enrolled in this study. The mean age of the participants was 35
years with SD of 13.3. 83/120 (69.2%) and 37 (30.8%) were females and males respectively. The
majority of the participants (99%) were urban dwellers. Most of the participants (N = 108 had
symptoms of COVID-19. Nearly half (N = 59; 49.2%) had received a first-round AstraZeneca
vaccine. Among them 30 (50.8%) and, 23 (38.9%) were positive by RT-PCR and Abbot
RDT-Ag tests respectively (Table 1).

Abbot RDT-Ag test detected 46/120 (38.3%) and 74/120 (61.7%) cases as positive and nega-
tive respectively. The level of agreement with the gold standard RT-PCR was 0.735 which is
said to be good. The RDT- Ag test had an excellent specificity (100%), while the sensitivity
decreased to 74.2% (Table 2).

In this study, the RDT test did not miss those positive cases with a Ct value of less than 24.
However for a positive case with a Ct value of higher than 24, the rapid test missed the majority
of the cases, For a Ct of 32 and higher, the Ct value cut-off then is 40, the rapid test detected
only 1/12 (8%) of the positive cases as shown in(Table 3).

The majority of the participants (N = 108 (90%) were symptomatic. Of these, 61(56.5%)
had a Ct value of below 39 (P-value = 0.045) as shown in (Table 4).

Discussion

The Abbot RDT Ag test detected 46 (38.3%) and 74 (61.7%) cases as positive and negative,
respectively and PPV was 100% while NPV was 78.4%. The level of agreement with the gold
standard RT-PCR was 0.735, which is considered significant [13]. The RDT-Ag test showed to
have an excellent specificity (100%), while the sensitivity decreased to 74.2%. This finding is
similar to the study conducted in Mallorca, Spain on PanbioTM abbot Ag-RDT kit, which
demonstrated a sensitivity of 79% and a specificity of 100% [11].

Another study conducted in Mozambique during the peak transmission period found a
considerably lower sensitivity of 41.3% and a specificity of 98.2%, as well as a PPV 0f 93.3%
and NPV of 52.9%. The study also showed a level of agreement of 0.766 that was similar to our
study [12]. A similar study in Uganda also demonstrated a sensitivity of 70% (95% CI: 60-79),
a finding which was slightly similar with this study [18].

In Uganda, one study compared the performance of seven Antigen Rapid Diagnostic Tests
(RDTs) for the diagnosis of SARS-CoV-2 virus infection. The RDTs included the COVID-19
Ag Respi-Strip, BIOCREDIT COVID-19 Ag, MEDsanl SARS-CoV-2 Antigen Rapid test, PCL
COVID19 Ag Rapid FIA, PanbioTM COVID-19 Ag Rapid test, Novegent COVID-19 Antigen
Rapid test kit. Only the PanbioTM COVID-19 Ag Rapid Test meets the WHO performance
requirements of 80% sensitivity and 97% specificity at QqRT-PCR Ct levels of 29, and our RDT
test results are comparable with this study [19].

There was also a clear correlation between the PanbioTM Abbot COVID 19 Ag RDT result
and Ct value of RT-PCR [20]. As we determined by the Ct value using RT-PCR; samples with
a Ct value of < 24.6 were all positive and samples with a Ct value of >39 were negative with
RDT. Similar results were found in Mozambique during in high transmission period, when
the Ct value <25 sensitivity of 52.7%, when Ct > 25 sensitivity of 11.9% [12].

In our study, 108 out of 120 were symptomatic. 19 of the symptomatic suspects had been
vaccinated with a Ct value of < 27.1, whereas the remaining 40 were immunized with a Ct
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Table 1. Socio-demographic characteristics of study participants (N = 120).

Variables Total RT PCR RDT Ag

Positive Negative Positive Negative
Age group <18 7 3 4 2 5
19-40 86 49 37 34 52
41-60 18 8 10 8 10
>61 9 2 7 2 7
Gender Male 37 16 21 14 23
Female 83 46 37 32 51
Occupation Governmental 98 54 44 40 58
Self employed 4 3 1 3 1
Student 7 3 4 2 5
Unemployed 6 2 4 1 5
Retired 4 0 4 0 4
Other 1 0 1 0 1
Vaccine status Vaccinated 59 30 29 23 36
Non vaccinated 61 32 29 23 38
Symptom Yes 108 60 48 45 63
No 12 2 10 1 11
Cough Yes 86 45 41 35 52
No 34 17 17 11 23
Fever Yes 48 30 18 25 23
No 72 32 40 21 51
Shortness of breath Yes 17 7 10 6 11
No 103 55 48 40 63
Sore throat Yes 46 30 16 22 24
No 74 32 42 24 50
Headache Yes 62 43 19 36 26
No 58 19 39 10 48
Easy fatigue Yes 54 38 16 31 23
No 66 24 42 15 51
Underlying condition No 112 59 53 43 69
Asthma 1 0 1 0 1
Chronic cardiac disease 2 1 1 1 1
DM & Hypertension 1 1 0 1 0
Hyper tension 3 1 2 1 2
HIV 1 0 1 0 1
Contact with COVID-19 patient No 65 22 43 15 50
Work place 52 38 14 30 22
House hold 3 2 1 1 2

https://doi.org/10.1371/journal.pone.0277779.t1001

value > 27.2. Among asymptomatic 12 patients, two were positive with RT-PCR but one was
missed with the RDT-Ag; detection of the disease and level of infectiousness are critical for
suspected individuals, and if infection is still being transmitted, the RDT-Ag may miss some
positive suspects with high Ct values, which is consistent with previous results and likely
reflects lower virus levels in those patients. Another study reported that overall sensitivity was
30.4%, but that patients with symptoms had a higher sensitivity of 52.9% [16]. Furthermore, in
a different study, the total sensitivity was 65.3% (95% confidence interval: 56.8-73.1) in symp-
tomatic cases and 44.4% (95% confidence interval: 24.4-65.1) in asymptomatic cases [21]. The
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Table 2. Detection rate and diagnostic performance of Abbot RDT Ag test against RT-PCR.

Abbot RDT-Ag test RT-PCR Total P value Kappa value
Positive Negative
Positive 46 0 46 <0.001 0.735
Negative 16 58 74
Total 62 58 120
Diagnostic performance Sensitivity 74.2% (95% CI: 63.3% - 85%)
Specificity 100% (95% CI: 100%)
PPV 100% (95% CI: 100%)
NPV 78.4% (95% CI: 69% - 87.7%)

https://doi.org/10.1371/journal.pone.0277779.t1002

findings suggest that asymptomatic and pre-symptomatic persons do represent a source of
potentially transmissible virus [22].

When compared to the WHO’s indicated standards, the sensitivity was slightly lower than
the specified standard, but the specificity was acceptable. WHO advises employing kits with a
sensitivity of 80% and a specificity of higher than 97% in its preliminary guidance on using
SARS-CoV-2 rapid antigen assays [2, 23]. According to the manufacturer, the stated Abbott
SARS-CoV-2 kit sensitivity and specificity was 71.4% and 99.8%, respectively. The Abbott
SARS-CoV-2 antigen kit performed well based on WHO and manufacturer-specified sensitiv-
ity and specificity.

The availability of RT-PCR testing capacity is limited to a few specialized centers, resulting
in significant testing delays. Despite the fact that the new Abbott COVID-19 RDT-Ag kit has
slightly reduced sensitivity, we are employing it in a resource-constrained setting because it
was simple to use in health facilities and the field and required little training. For health-care
workers and patients it would be useful for early quarantining contact tracing, and hospitaliza-
tion for those who needed it. This test can be distributed to remote areas that have limited
availability/access to RT-PCR testing and high patient numbers, hence allowing for rapid test
results and short turnaround times [17, 24].

Diagnostic tests with a high PPV should be used when there is a high rate of disease trans-
mission. This gives clinicians and public health officials more confidence in their decisions. In
our study, the PPVs were detected in 100%, especially those experiencing symptoms. Thus,

Table 3. Detection rate of Abbot RDT-Ag test as compared with Ct values (N = 120).
Ct value RDT Ag Total

Positive Negative
N/A 0 57 57
Total 46 74 120
Ct value Sensitivity
<271 97.40% (95% CI: 92.3-100)
Specificity
100% (95% CI: 100)
>27.2 Sensitivity
36% (95% CI: 17.1-54.2)
Specificity
64% (95% CI: 33.5-82.1)

*N/A (Ct value >40)*.

https://doi.org/10.1371/journal.pone.0277779.t1003

PLOS ONE | https://doi.org/10.1371/journal.pone.0277779 November 22, 2022 6/10


https://doi.org/10.1371/journal.pone.0277779.t002
https://doi.org/10.1371/journal.pone.0277779.t003
https://doi.org/10.1371/journal.pone.0277779

PLOS ONE Evaluation of the diagnostic performance of PanbioTM Abbott SARS-CoV-2 rapid antigen test

Table 4. Comparison of various groups of Ct values with vaccination status and symptoms of the participants.

Ct value Frequency Vaccinated P Value Symptom P Value
Yes No Yes No
17.1-23.1 18 6 12 0.77 17 1 0.045
23.2-29.2 28 16 12 28 0
29.3-35.3 14 8 6 13 1
35.4-41.4 3 0 3 3 0
N/A 63 30 33 61 2
Total 120 59 61 108 12

https://doi.org/10.1371/journal.pone.0277779.t1004

during a high transmission period in our setting, at least 90% of those showing positive on
RDT-Ag were correctly identified and confirmed using RT-PCR-as SARS-CoV-2 infected
[25, 26].

However for a positive case with a higher Ct value, the rapid test missed the majority of the
cases, detecting only 1 out of 8 positive cases when the Ct was 32 and higher. RT-PCR testing
should be offered if clinical suspicion is high because individuals with low viral load (high Ct
values on RT-PCR) have poorer sensitivity [27]. Users should follow the manufacturer’s testing
procedures to avoid potentially misleading false-negative or false-positive results [28].

To the best of our knowledge, this is the first study in Ethiopia investigating the perfor-
mance of COVID-19 Abbot RDT-Ag kit. This test was shown to be useful in tackling the chal-
lenges to prevent the spread of SARS-CoV-2 across the community. However, users should be
mindful of the RDT kits’ limitations. Studies have found that screening asymptomatic people
has a low sensitivity [29].

Conclusion

While the PanbioTM rapid antigen test for SARS-CoV-2 has a high specificity, it has a rela-
tively low and heterogeneous sensitivity in real life depending on the onset of symptoms and
viral load. A person testing negative on the RDT-Ag with suggestive COVID-19 symptoms
during a time of community transmission of SARS-CoV-2 needs confirmation with RT-PCR,
keeping in mind that sensitivity decreases dramatically after the first week of symptoms.
Abbott SARS-CoV2 rapid antigen test can be valuable screening and diagnostic test for
COVID-19. The kit nearly met the WHO cut-off standards, when compared to the gold stan-
dard for detecting COVID-19. The Abbott quick antigen test is easy to perform, to transport
and store and does not require training/skilled laboratory professional, hence it can be used
for rapid screening, of patients in Ethiopian health care settings.

Early detection and isolation of cases are essential to slow transmission, and provide timely
clinical therapy to patients who are infected and safeguarding health system operations by tri-
aging at admissions.
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