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ARTICLE INFO ABSTRACT

Keywords: Background: South Africa was the African country with the most recorded cases of SARS-CoV-2 during 2020,
SARS-CoV-2 experiencing 2 waves of infection. During the first wave, diagnostics were largely based on reverse transcription-
201“3{;1 2 linked PCR (RT-PCR). The Abbott PanBio antigen test was deployed during the 2nd wave which may have been

driven by emergence of the B.1.351 variant. At the time of evaluation in mid-November 2020, B.1.351 was the
dominant circulating virus in Nelson Mandela Bay, in the Eastern Cape Province.

Methods: Used PanBio antigen swabs (collected from patients with genetically characterised virus) were first
validated as suitable for PCR. A prospective study was then undertaken to evaluate assay performance in the
field. Testing was conducted at mobile community testing centres on 677 ambulant patients. Used swabs were
kept and tested by RT-PCR.

Results: During initial validation, used swabs in proprietary lysis buffer were found to be suitable for PCR and
secondly, the PB assay reliably detected patients infected with B.1.351. In the field study, of 146 RT-PCR positive
individuals, 101 were RTD positive in the clinic. The RTD had a sensitivity of 69.2% (95%CI 61.4, 75.8) and
specificity of 99.0% (95%CI 98.8, 99.3). Sensitivity was dependent on the amount of viral RNA in clinical samples,
as reflected by the PCR cycle threshold (CT) value.

Conclusions: The assay reliably detected B.1.351 infections in ambulatory ill patients during initial validation
and in field testing. In the field, assay sensitivity was >90% in patients with high viral loads who are expected
to be most infectious. Negative and positive predictive values were also >90%.

Rapid antigen test
Point of care
COVID-19

Background

During 2020 South Africa was the African country with the most
recorded cases of SARS-CoV-2 with more than 1 380 000 laboratory
confirmed cases and 83 918 excess deaths [1]. During this period, the
country experienced 2 waves of infection [2]. Provision of an effective
diagnostic service proved to be challenging. RT-PCR is the gold standard
assay for SARS-CoV-2 diagnosis, however, in the context of high disease
prevalence, laboratory systems may easily become overwhelmed. Rapid
diagnostics such as antigen tests that can be performed at point of care
provide a welcome solution. Their main drawback is lower sensitivity
[3]. The WHO advises that assays that meet minimum performance re-

quirements (>80% sensitivity, >97% specificity in the first 7 days of
symptoms) can be used in contexts where nucleic acid-based testing is
unavailable, or where turn-around times are prolonged [4]. The Abbott
PanBio rapid SARS-CoV-2 antigen assay has fulfilled these criteria in
evaluations in several studies [5,6]

This assay was deployed during the 2nd wave in South Africa
which first became apparent in the Eastern Cape Province in Octo-
ber/November 2020. Increased disease activity was associated with
emergence of a new variant, namely B1.351 [7]. This variant first de-
tected in October 2020 rapidly became the predominant virus, across
the country, potentially due to higher transmissibility [8]. At the time
of evaluation in mid-November 2020, it was the dominant circulating

Abbreviations: COVID-19, Coronavirus disease 2019; CT, cycle threshold; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; RTD, rapid test de-
vice; PCR, polymerase chain reaction; RT-PCR, reverse transcription polymerase chain reaction; WHO, world health organisation; 501Y.v2, 501Y variant 2; IQR,
interquartile range; NP, nasopharyngeal; GISAID, global initiative for sharing all influenza data.
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Fig. 1. Average CT values of PCR positive paired antigen vs regular swabs are
compared: The range of CT values from PCR of the antigen swab were on average
2 CTs lower than for those from the standard swabs. Wilcoxon signed-rank test
p0.0073.

virus, responsible for around 84% of infections in Nelson Mandela Bay,
estimate based on genomes submitted to global initiative for sharing all
influenza data (GISAID) over this time-period [9]. This prospective diag-
nostic evaluation study was designed to evaluate the field performance
of the PanBio assay, but also provides evidence on its performance in
individuals infected with B.1.351. Another novel aspect is that RT-PCR
was performed on the same swab used for antigen testing, which obvi-
ated the need to collect further samples from patients and provided a
more direct comparison with the antigen result.

Methods and results

Prospective diagnostic evaluation study in Nelson Mandela Bay mu-
nicipality, Eastern Cape South Africa during a period of high disease
prevalence, using nasopharyngeal swabs to determine the accuracy of
Abbott PanBio COVID-19 antigen RTD.

Verification that used antigen swabs are suitable for PCR

46 paired swabs were collected from symptomatic patients, one ny-
lon tip, standard issue swab for PCR and the flocked antigen swab from
the PanBio test kit. SARSCoV-2 RT-PCR was done on used antigen and
matched nylon swabs.

The antigen swab was prepared for PCR as follows: 1 mL saline was
added to the swab container using a filter tip. The sample was vortexed
and allowed to stand 2 min. The bottom cap was opened, and fluid bled
into a sterile vial. The matching PCR swab was snipped into a vial con-
taining 1.5 ml normal saline and vortexed.

Paired samples were extracted on the NucliSENS® easyMag®
(bioMerieux, France) platform. RT-PCR was done using the Allplex™
2019-nCoV (Seegene, South Korea) assay with amplification on CFX
Real-Time PCR instrument (Bio-Rad, USA). For PCR positive swabs,
mean CT values of the 3 assay targets were compared.

Of the 46 paired samples, 15 were antigen positive. 25 were concor-
dantly PCR negative, 2 samples were PCR positive on the antigen swab,
but negative on the regular swab and 19 samples were concordantly
PCR positive. When comparing mean CT values of the paired swabs, the
antigen swab had values 2 CTs lower than the swab collected for PCR.
Wilcoxon signed-rank test p0.0073. (Fig. 1)

Verification that PB assay detects 501Y.v2 infections

Whole genome sequencing was performed on 15 of the 19 PCR posi-
tive validation samples. All 15 were confirmed to be lineage B1.351. PB
assay was positive in 13 of these 15 samples. Data on the 46 validation
samples are given in Table S1.
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Fig. 2. (a) Compares the number of antigen positive and negative samples ac-
cording to CT category values obtained in PCR, (b) Compares the percentage of
antigen positive samples according to virus levels, as reflected by the mean CT
value.
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Study protocol

Between 17 and 20 November 2020 mobile clinics ran community
testing campaigns at 6 sites in Nelson Mandela Bay. Symptomatic pa-
tients were invited to undergo antigen testing. Nasopharyngeal (NP)
swabs were tested using the PanBio SARS-CoV-2 RTD. Results were com-
municated to patients immediately. The used swabs were sent for RT-
PCR which was performed as per the verification.

A total of 677 patients from 6 mobile clinics were tested by both
antigen and PCR. Patients were ambulant and seeking COVID-19 testing.
They ranged in age range from 3 to 85 years; 59% were female.

Of these, 101 (14.9%) were antigen positive in the clinic. With RT-
PCR, 146 samples (21.4%) were reported as positive, 19 (2.8%) as incon-
clusive (single target positive, CT>38) and 509 (75.2%) were negative
for both tests. Inconclusive samples were excluded from analysis as their
significance was unresolved.

Antigen test performance

Using RT-PCR as the reference standard, the antigen test had an over-
all sensitivity (positive percent agreement) of 69.17% (95%CI 61.44,
75.80) and specificity (negative percent agreement) of 99.02% (95%CI
98.78, 99.26) in this clinical context.

Sensitivity was dependent on the quantity of viral RNA in clinical
samples, as reflected by the CT value, with 100% detection by the anti-
gen test in samples where the CT was <20, 95.5% with CT between 20
and 25, 89.3% with CT between 26 and 30 and 64,3% when CT was 31—
35. The CT values of antigen positive and negative samples are shown
(Figs. 2a, b)

The antigen assay was positive in 3 RT-PCR negative patients. Given
the prevalence of infection of 21% (as determined by RT-PCR) the pre-
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dictive value of a negative test was 91.9% and that of a positive test was
97.12%.

Characteristics of PCR positive samples

In the 146 PCR positive patients, CT values ranged from 17.4 to 41.3,
median 30.1. As expected, the median CT and interquartile range (IQR)
was lower in antigen positive samples at 28.7 (IQR 25.3-31.3). In com-
parison, the median and IQR of CT of antigen negatives was 35.8 (IQR
32.7-37.1) (Fig. 3).

Discussion

This study took place during a period of high community transmis-
sion associated with emergence of the B.1.351 variant in the Eastern
Cape. RT-PCR was performed directly on the antigen swab after test-
ing allowing direct comparison of antigen reactivity and RT-PCR on the
same sample. Initial verification confirmed that the RTD reliably de-
tected B.1.351. In the field, the RTD had a sensitivity of 69.17% and
specificity of 99.0%. The sensitivity is below the 80% WHO bench-
mark [4]. However, context is key. Testing was performed on unselected
symptomatic individuals who requested testing, irrespective of symp-
tom duration. This probably accounts for the fact that 50% of PCR pos-
itive patients had CT values > 30, indicating that on average sampling
may have occurred later during infection than recommended for max-
imum performance. Nonetheless, performance exceeded benchmark in
patients with CT<30. In this range, sensitivity was 91.3%. This concor-
dance (using distinctly different technologies) suggests that B.1.351 was
reliably detected by the RTD at clinically relevant RNA copy numbers
[9,10].

Assay specificity was similarly good at 99% and the predictive value
of a positive test was 95%. This fulfils the WHO benchmark specificity
requirements for deployment of this assay [4].

Two factors could compromise detection of B.1.351; namely amino
acid changes in the region of the nucleocapsid protein targeted by kit
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Fig. 3. Compares the range of CT values ob-
tained on antigen positive and negative sam-
ples by reference PCR. Median and IQR values
are given. CT values in antigen positive and
negative samples were significantly different
when compared with the Mann-Whitney rank
sum test, p < 0.00001.

antibodies, or reduced virus shedding in respiratory tract samples. The
potential higher infectivity of the variant makes the latter explanation
unlikely and preliminary evidence does not support it. B.1.351 has a sin-
gle amino acid change in the linker region of the nucleocapsid protein,
namely N205I [11]. As this amino acid is located in an unstructured
region [12], it should not affect antibody binding. This region is not tar-
geted by capture antibodies in the RTD, according to the manufacturers.

The main limitation was that it was not feasible to confirm B.1.351
infection in positive cases. This was inferred from the fact that resur-
gence in this district was overwhelmingly due to B.1.351, based on con-
temporaneous genomes submitted to GISAID [11].

Conclusion

The assay reliably detected B.1.351 infection in ambulatory ill pa-
tients. Sensitivity was >90% in patients with high viral loads who are
expected to be most infectious. To optimise the use of antigen RDTs in
different and changing circumstances, clinical predictors and the epi-
demiological context should be considered when deciding on assay de-

ployment.
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