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Abstract

Objective

The objective of this study was to evaluate the performance of seven antigen rapid diagnos-
tic tests (Ag RDTSs) in a clinical setting to identify those that could be recommended for use
in the diagnosis of SARS-CoV-2 infection in Uganda.

Methods

This was a cross-sectional prospective study. Nasopharyngeal swabs were collected con-
secutively from COVID-19 PCR positive and COVID-19 PCR negative participants at isola-
tion centers and points of entry, and tested with the SARS-CoV-2 Ag RDTs. Test sensitivity
and specificity were generated by comparing results against gqRT-PCR results (Berlin Proto-
col) at a cycle threshold (Ct) cut-off of <39. Sensitivity was also calculated at Ct cut-offs
<29 and <33.

Results

None of the Ag RDTs had a sensitivity of >80% at Ct cut-off values <33 and <39. Two kits,
Panbio™ COVID-19 Ag and VivaDiag™ SARS-CoV-2 Ag had a sensitivity of >80% at a Ct
cut-off value of <29. Four kits: BIOCREDIT COVID -19 Ag, COVID-19 Ag Respi-Strip,
MEDsan® SARS-CoV-2 Antigen Rapid Test and Panbio™ COVID-19 Ag Rapid Test had a
specificity of >97%.
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Conclusions

This evaluation identified one Ag RDT, Panbio™ COVID-19 Ag with a performance at high
viral load (Ct value <29) reaching that recommended by WHO. This kit was recommended
for screening of patients with COVID -19-like symptoms presenting at health facilities.

Introduction

Coronavirus disease 2019 (COVID-19) was first confirmed in Uganda in March 2020 using
real-time PCR reverse transcription polymerase chain reaction (QRT-PCR) tests. Over time,
the number of specimens tested and the number of COVID-19 cases have increased with a sec-
ond wave of the epidemic starting in May 2021, and by 6™ October 2021, the estimated cumu-
lative PCR tests performed was 1,680,863 while the cumulative number of COVID-19 cases in
Uganda stood at 123,445 with 3152 cumulative deaths giving a Case Fatality Rate of 1.1% [1].
However, it is unlikely that all cases were detected since not all suspected cases were tested [1].
There is an increasing demand for testing and sometimes this leads to increased turn-around
times (72 hours instead of the desired 24 hours). The QRT-PCR tests are expensive (50-65
USD per test) when personal protective equipment and labour costs are included. In a search
for cheaper diagnostic tests and tests that decrease the turn-around time for reporting results
compared to qQRT-PCR tests [2], the Ministry of Health requested the Uganda Virus Research
Institute (UVRI), a COVID-19 national, Africa CDC and WHO reference laboratory to evalu-
ate the performance of COVID-19 Ag RDTs. UVRI had previously evaluated and reported on
one Ag RDT, the STANDARD Q COVID-19 Ag Test [3]. Here we provide a performance
report for an additional seven Ag RDTs.

The seven RDTs that were evaluated were; BIOCREDIT COVID -19 Ag (RapiGEN, INC,
Gyeonggi-do, Korea), COVID-19 Ag Respi-Strip (Coris BioConcept, Gembloux, Belgium),
PCL COVID 19 Ag Rapid FIA (Inc, Geumcheon-gu, Seoul, Korea)), MEDsan® SARS-CoV-2
Antigen Rapid test (MEDsan", Hamburg, Germany), Panbio™ COVID-19 Ag Rapid Test
(Abbott Rapid Diagnostics Jena, Germany), Novegent COVID-19 Antigen Rapid Test Kit (col-
loidal gold) (Chongging Novegent Biotech Co., Ltd, Chongqing, China) and VivaDiag™
SARS-CoV-2 Ag Rapid Test kit (VivaCheck Biotech(Hangzhou) Co., Ltd. Hangzhou, China).
According to the manufacturers’ ‘Information for Use’ (IFU) of the different kits, these Ag
RDTs were designed to directly detect SARS-CoV-2 antigens in respiratory secretions. In addi-
tion, with the exception of PCL, the other six Ag RDTs evaluated were Conformité Européene
(CE) marked (S1 Table).

Although manufacturer’s reported high sensitivity (60.0-100%) and specificity (97.8-100%)
for their Ag RDTs (S1 Table), the limited peer reviewed reports on their performance in clini-
cal settings [4-8] showed conflicting performance.

The objective of this study was to evaluate the performance of the above Ag RDTs in clinical
settings as compared to qRT PCR for detecting SARS-CoV-2 virus in nasopharyngeal samples
in order to recommend Ag RDTs that can be used for COVID-19 diagnosis in Uganda.

Materials and methods
Study sites, study design, and implementation

This was a prospective cross-sectional study from August 2020 to March 2021. The study was
carried out at national and regional COVID-19 isolation centres, established by Ministry of
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Health, that received patients from all over the country and at points of entry into the country.
The study enrolled travellers requiring testing at points-of-entry (POE) into the country and
patients admitted at isolation centres.

At isolation centers we used results from previous PCR tests and records of symptoms in
the files to identify participants for recruitment. While at points of entry, participants with and
without COVID-19 symptoms were enrolled. Patients that had difficulty in breathing and
were receiving oxygen therapy or were on ventilators were excluded from the evaluation.

Enrolment of participants was convenient and consecutive from the selected sites.

Data were collected from each of the participants and entered in an Excel sheet. Data col-
lected included socio-demographic (age, sex, health unit of isolation or point-of-entry), pres-
ence or absence of symptoms, date of admission and date of first symptom(s).

Sample collection and testing

The evaluation of each Ag RDT was performed at different time periods using different sets of
samples drawn from participants enrolled at that time. This was because RDTs were received
at UVRI from suppliers at different times and in different quantities.

Two nasopharyngeal samples were collected: one from each nostril. One sample was tested
on the Ag RDT under evaluation and the second sample was used for qRT- PCR test. The
sequence of collection of the nasopharyngeal samples for the Ag RDT and qRT- PCR test was
alternated. Samples for qRT-PCR and COVID-19 Ag Respi-Strip were collected in a tube con-
taining virus transport media (Hanks balanced salt solution, Fetal bovine serum, gentamycin
sulfate and amphotericin B). The samples for the other six Ag RDT (BIOCREDIT COVID -19
Ag, PCL COVID 19 Ag Rapid FIA, MEDsan™ SARS-CoV-2 Antigen Rapid test, Panbio™
COVID-19 Ag Rapid Test, Novegent COVID-19 Antigen Rapid Test Kit (colloidal gold), and
VivaDiag™ SARS-CoV-2 Ag Rapid Test kit) under evaluation were placed in the buffer pro-
vided by the kit manufacturer.

Antigen RDT testing was done within one hour of specimen collection without any cooling,
following the manufacturer’s instructions. The results of the six Ag RDTs: BIOCREDIT
COVID -19 Ag, COVID-19 Ag Respi-Strip, MEDsan® SARS-CoV-2 Antigen Rapid test, Pan-
bio™ COVID-19 Ag Rapid Test, Novegent COVID-19 Antigen Rapid Test Kit (colloidal gold),
and VivaDiag™ SARS-CoV-2 Ag Rapid Test kit were visually read by trained UVRI laboratory
staff. While, results from the PCL COVID19 Ag Rapid FIA were not visible and thus only read
using the PCLOK EZ instrument supplied with the test kit. Interpretation of Antigen RDT
results were as per the respective manufacturer’s guidelines. Those reading/interpreting the
RDT results sometimes had access to the clinical information of the participant.

Samples collected for qRT-PCR were stored at 2°-8°C and transported within one week of
collection to UVRI. At UVRI, samples were stored at -80°C for 1 to 28 days (median of 4-7
days) for the six RDT's except for RESPI Strip which ranged 1-37 days (median of 21 days)
before qRT-PCR testing. The personnel carrying out the QRT-PCR testing were blinded to the
Antigen RDT results. qRT-PCR testing was carried out at the EPI laboratory, one of the UVRI
laboratories that tests for SARS-CoV-2, as described below:

RNA extraction. Viral RNA was extracted from the samples using the QTAGEN QIAamp
Viral RNA extraction kit (QIAGEN, Hilden, Germany) following the manufacturer’s
guidelines.

Real-time reverse-transcription PCR. qRT-PCR testing was carried out using the
Charite-Berlin Protocol [9]. This assay was selected as the Standard reference for the kit evalu-
ation because the protocol has good sensitivity with a limit of detection (LoD) of 3.9 RNA cop-
ies per reaction for E-gene assay and 3.6 RNA copies per reaction for RARp gene assay using
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invitro transcribed RNA identical to 2019 novel coronavirus sequences and specificity of 100%
[9].

Screening for SARS-CoV viruses was done using the SuperScript™ III Platinum™ One-Step
qRT-PCR kit (Invitrogen, Carlsbad, CA) and LightMix™ SarbecoV E-gene primer/probe mix
(TIB MOLBIOL, Berlin, Germany) following the manufacturer’s guidelines. All samples that
had Ct values <45 in the above assay were subjected to a SARS-CoV-2 confirmatory qRT-PCR
using the SuperScript III real-time RT-PCR kit (Invitrogen, Carlsbad, CA) and LightMix®™
Modular SARS-CoV-2 (COVID-19) RdRp primer/probe mix (TIB MOLBIOL, Berlin, Ger-
many) following the manufacturer’s guidelines. A sample was considered positive if it had a Ct
value <39 on the confirmatory qRT-PCR. A sample was considered negative if the Ct value
was undetermined on the screening qRT-PCR or if it was positive on the screening qRT-PCR
but undetermined or >39 on the confirmatory gqRT-PCR.

The thermal cycling conditions consisted of a reverse transcription reaction at 50°C for 10
minutes, an activation step at 95°C for 10 minutes and 45 cycles at 95°C/15 seconds and 60°C
/1 minute. The platform used for the PCR was Applied Biosystems:7500 Real-Time PCR Sys-
tem (Marsiling, Singapore).

Data management and analysis

Ct values were recorded against each sample’s identifier and data entered in an MS Excel sheet
which was transformed into a STATA™ v15 (StataCorp LP, 4905 Lakeway Drive, College Sta-
tion, TX, USA) file for analysis. Inconsistency checks were performed using STATA and data
cleaning done in collaboration with the field and laboratory staff. Samples with missing Anti-
gen RDT and qRT-PCR results were excluded from the analysis.

Univariate analysis was performed to generate descriptive summaries for demographic and
sample source characteristics. Frequencies, means, confidence intervals and medians were
generated as summary statistics.

Performance evaluation

Sensitivity. Sensitivity was calculated as the number of specimens determined as positive
by the Ag RDT under evaluation divided by the number of specimens determined as positive
by PCR and expressed as a percentage with confidence intervals.

Specificity. Specificity was calculated as the number of specimens determined as negative
by the Ag RDT under evaluation divided by the number of specimens determined as negative
by PCR and expressed as a percentage with confidence intervals.

Accuracy. The accuracy was calculated as the proportion of results determined by the Ag
RDT under evaluation that agreed with the PCR results and expressed as a percentage with
confidence intervals.

False positive rate. The false positive rate was calculated as False Positive/(False Positive
+ True Negative) and expressed as a percentage.

False negative rate. The false negative rate was calculated as False Negative/(False Nega-
tive + True Positive) and was expressed as a percentage.

Sensitivity, specificity, accuracy, false positive rate and false negative rate calculations were
performed using the proportion command in STATA 15 and confidence intervals produced
with the Wilson score method [10].

Sensitivity of the Ag RDTs was also determined for different Ct cut-off values of <29, <33
and <39.

Sensitivity and specificity for all the Ag RDTs were also determined according to whether
symptom onset was within 7 days of the specimen collection or after 7 days.
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A sub-analysis (for sensitivity) was also performed for each Ag RDT considering different
Ct cut off values following discussions with relevant stakeholders at the Ministry of Health and
basing on literature [11-13]; a strong positive was defined as Ct value <29, a moderate positive
was defined as Ct value 30-37 and a low positive was defined as Ct value 38-39.

Ethical considerations

The study protocol [14] was approved by Uganda Virus Research Institute’s Research Ethics
Committee (No. GC/127/20) and the Uganda National Council for Science and Technology
(No HS637ES). Informed written consent was obtained from each of the participants before
enrolment into the study.

Results

Participant demographics

A total of 1,533 participants were included in the evaluation of the seven Ag kits as detailed in
Table 1 below. The mean age group was 36 years, and 1024(66.8%) were males, 493 (32.2%)
were females while 16(1.0%) had missing information on gender.

BIOCREDIT COVID -19 Ag test

Participant characteristics. Samples for the evaluation of the BIOCREDIT COVID-19
Ag RDT were collected in August 2020, from 247 participants (S1 Fig) with 122 (49.4%) from

Table 1. Demographic characteristics of participants.

Antigen RDT | BIOCREDIT COVID-19Ag |PCLCOVID19 |MEDsan®™ Panbio™ Novegent COVID-19 VivaDiag™
COVID -19 Ag Respi-Strip Ag Rapid FIA SARS-CoV-2 COVID-19 Ag | Antigen Rapid test kit SARS-CoV-2 Ag
Antigen Rapid test | Rapid test (colloidal gold) Rapid Test kit
N 247 194 172 243 185 229 263
Sex
M 165 (66.8) 156 (80.4) 142(82.6) 156 (64.2) 136(73.5) 132(57.6) 137 (52.1)
F 76 (30.8) 38 (19.6) 30 (17.4) 77 (31.7) 49(26.5) 97(42.4) 126 (47.9)
Missing 6(2.4) 10 (4.1)
Age in years
<20 2(0.8) 4(2.1) 3(1.7) 5(2.1) 6(3.2) 1(0.4) 4(1.5)
20-29 68(27.5) 54(27.8) 49(28.5) 39(16.0) 53(28.7) 28(12.2) 77(29.3)
30-39 87(35.2) 62(32.0) 48(27.9) 39(16.0) 59(31.9) 52(22.7) 66(25.1)
40-49 29(11.8) 34(17.5) 22(12.8) 36(14.8) 33(17.8) 46(20.1) 41(15.6)
50 and above 61(24.7) 17(8.8) 50(29.1) 41(16.9) 34(18.4) 97(42.4) 71(27.0)
Missing 23(11.9) 83(34.2) 5(2.2) 4(1.5)
Duration of
symptoms
0-7 Days 97(39.3) | No information 32(18.6) 68(28.0) 117(63.2) 137(59.8) 235(89.4)
>7 Days 42(17.0) 11(6.4) 49(20.2) 20(10.8) 88(38.4) 21(8.0)
No 108(43.7) 129(75.0) 126(51.9) 48(26.0) 4(1.8) 7(2.7)
symptoms/
missing
PCR (Berlin
protocol)
Positive 135 (54.7) 67 (34.5) 93 (54.1) 123 (50.6) 85 (46.0) 100(43.7) 43 (16.4)
Negative 112 (45.3) 127 (65.5) 79 (45.9) 120 (49.4) 100(54.1) 129(56.3) 220 (83.6)

https://doi.org/10.1371/journal.pone.0265334.t001
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Table 2. Field performance of 7 antigen RDTs for the diagnosis of SARs-CoV-2 virus in Uganda.

Kit name

BIOCREDIT COVID -19 Ag

COVID-19 Ag Respi-Strip

PCL COVID19 Ag Rapid FIA

MEDsan™ SARS-CoV-2 Antigen Rapid test
Panbio™ COVID-19 Ag Rapid test
Novegent COVID-19 Antigen Rapid test kit

(colloidal gold)
VivaDiag™ COVID-19 Ag

https://doi.org/10.1371/journal.pone.0265334.t1002

Total participants Test sensitivity | Test sensitivity |Test sensitivity |Test specificity |RDT accuracy

recruited (%) (%) (%) % (%)
Ct<39(95% |Ct<33(95% |Ct<29(95% (95% CI) Ct < 39 (95%
Cn CI) CI) CI

247 27.4 (20.5%— 44.7 (33.8%— 60 (45.5%- 98.2 (93.1%- 59.8 (53.6%-
35.6%) 56.3%) 72.9%) 99.6%) 65.8%)

194 19.4 (11.5%- 35.1 (21.1%- 46.4 (28.2%- 99.2 (94.5%- 71.6 (64.8%-
30.9%) 52.4%) 65.7%) 99.9%) 77.6%)

172 37.6 (28.2%- 71.0 (51.8%- 77.8 (57.0%- 89.9 (80.8%- 61.6 (54.1%-
48.1%) 84.8%) 90.2%) 94.9%) 68.7%).

243 13.0 (8.1%- 23.7 (44.7%- 43.5 (24.0%- 100 (96.9%- 56.0 (49.6%-
20.3%) 74.3%) 65.3%) 100%) 62.1%)

185 49.4 (38.7%— 72 (57.6%— 85.7 (66.0%- 100 (96.4%- 76.8 (70.1%-
60.1%) 83.0%) 94.9%) 100%) 82.3%)

229 46 (36.3%- 58.2 (44.5%- 66.7 (46.0%- 89.9 (83.3%-— 70.7 (64.5%-
56.0%) 70.8%) 82.5%) 94.1%) 76.3%)

263 30.2 (18.0%— 31.6 (18.4%— 80 (37.8%— 94.1 (90.1%-— 83.7 (78.6%—
46.1%) 48.6%) 96.3%) 96.6%) 87.7%)

Mulago National Referral Hospital (NRH), 27 (10.9%) from Entebbe Regional Referral Hospi-
tal (RRH) and 98 (39.7%) from Namboole National Stadium isolation centre.

One hundred thirty-five participants (54.7%) were PCR-positive with 48 (36.1%) of these
being females. The median age of the participants was 33 years (IQR 28-39 years).

There were 97 participants with onset of symptoms ranging between 0-7 days prior to the
evaluation, 42 with onset of symptoms more than 7 days prior to the evaluation and 108 partic-
ipants who were asymptomatic before the Ag RDT test (Table 1).

BIOCREDIT COVID -19 Ag test performance. There were 39 (15.7%) specimens that
were BIOCREDIT COVID -19 Ag test positive (S1 Fig). The sensitivity of the test was 27.4%
(95% CI: 20.5%~ 35.6%) at <39 Ct cut-off, 44.7% (95% CI: 33.8-56.3%) at Ct cut-off values
<33 and 60.0% (95% CI: 45.5%-72.9%) at Ct cut-off values <29 (Table 2).

Among the participants with symptom onset to date of Ag RDT test between 0-7 days, the
sensitivity of the test was 39.3% (95% CI: 27.7%- 52.4%). The sensitivity of the test was 11.1%
(3.3%-31.1%) for participants with more than 7 days from symptom onset to date of Ag RDT
test: and 21.3% (95% CI: 11.6%-35.8%) for asymptomatic participants.

The Ag RDT specificity was 98.2% (95% CI: 93.1%-99.6%). The accuracy of the test was
59.8% (95% CI: 53.6%-65.8%) (Table 2); The false positive rate (FPR) was 5.1% (95% CI:
1.2%- 19.3%) and the false negative rate (FNR) was 72.6% (95% CI: 64.4%- 79.5%) (Table 2).

The BIOCREDIT COVID -19 Ag test result was negative for a large proportion of strong,
moderate, and low positive specimens by qRT-PCR: 40%, 90% and 100% respectively. This
was observed especially for Ct cut-oft values between 30-38 (Table 3).

COVID 19 antigen respi-strip test (Respi-Strip)

Participant characteristics. Samples for the Respi-Strip evaluation were collected in
August 2020, from 194 participants (S2 Fig) with 84 (43.3%) from Mulago NRH, 71 (36.6%)
from Malaba POE, 33 (17.0%) from Entebbe RRH and 6 (3.1%) from Mbale RRH. Seventy- six
(66) participants had COVID-19 Ag Respi-Strip and PCL COVID19 Ag Rapid FIA. While fif-
teen (15) participants had both COVID-19 Ag Respi-Strip and BIOCREDIT COVID -19 Ag
Test and One hundred and three (103) had only COVID-19 Ag Respi-Strip tests.
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Table 3. COVID-19 Antigen Rapid test results compared to the Ct values on RT-PCR.

COVID-19 Antigen kit results qRT-PCR Ct Value
Kit Results Strong Positive Moderate Positive Low Positive
(<29) (30-37) (38-39)
N (%) N (%) N (%)
BIOCREDIT COVID-19 Ag Positive 30 (60) 7 (9.6) 0(0.0)
Negative 20 (40) 66 (90.4) 12 (100)
PCL COVID-19 Positive 21(77.8) 12 (20.7) 2 (25.0)
Negative 6(22.2) 46 (79.3) 6 (75.0)
Respi-Strip COVID-19 Ag Positive 13 (46.4) 0(0) 0(0)
Negative 15 (53.6) 37 (100) 2 (100)
MEDsan®™ SARS-CoV-2 Antigen Rapid test Positive 10 (43.5) 6(6.5) 0(0.0)
Negative 13 (56.5) 87 (93.6) 7 (100)
Panbio™ COVID-19 Ag Rapid test Positive 24 (85.7) 17 (30.9) 1 (50.0)
Negative 4(14.3) 38 (69.1) 1 (50.0)
Novegent COVID-19 Antigen Rapid test kit (colloidal gold) Positive 18 (66.8) 27 (40.3) 1(16.7)
Negative 9(33.3) 40 (59.7) 5(83.3)
VivaDiag™ COVID-19 Ag Positive 8 (80.0) 5(15.6)
Negative 2 (20.0) 27 (84.4)

https://doi.org/10.1371/journal.pone.0265334.t003

Sixty-seven (34.5%) participants out of the 194 were positive on PCR with 6 (9.0%) of these
positives being females. The median age was 33 years (IQR 28-41 years).

Respi-Strip test performance. There were 14 (7.2%) specimens that were Respi-Strip test
positive (S2 Fig). The test showed a sensitivity of 19.4% (95% CI: 11.5%— 30.9%) at Ct values
<39; 35.1% (95% CI: 21.1-52.4%) at Ct values <33 and 46.4% (95% CI: 28.2%-65.7%) at Ct
values <29 (Table 2). The specificity of the test was 99.2% (95% CI: 94.5%-99.9%).

The accuracy of the Respi-Strip test was 71.6% (95% CI: 64.8%-77.6%) at Ct values <39
(Table 2); the FPR was 0.8% (95% CI: 0.1%- 5.5%); and the FNR was 80.6% (95% CI: 69.1%—
88.5%) (Table 2).

The Respi-Strip determined the largest proportion of strong positives by qRT-PCR as nega-
tive (53.6%) and all moderate and low positives by qRT-PCR as negative (100%) (Table 3).

PCL COVID19 Ag Rapid FIA (PCL)

Participant characteristics. Samples for the evaluation were collected between August
and September 2020, from 172 participants (S3 Fig) with 155 (90.1%) from Mulago NRH and
17 (9.9%) from Entebbe RRH. Ninety-three participants (54.1%) were PCR positive with 12
(12.9%) of these being females. The median age was 32 years (IQR 28-39 years).

There were 32 participants with onset of symptoms to date of Ag RDT test between 0-7
days. Of these, 19 were PCR-positive. Another 15 participants reported symptom onset of
more than 7 days prior to the Ag RDT test with 9 (60%) being qRT-PCR positive (Table 1).

PCL Ag Rapid FIA test performance. There were 43 (25%) specimens that were Ag
RDT-positive (S3 Fig). Overall, the PCL Ag test had a sensitivity of 37.6% (95% CI: 28.2%-
48.1%) at Ct values <39: 71.0% (95% CI: 51.8%— 84.8%) at Ct values <33 and 77.8% (95% CI:
57.0%— 90.2) at Ct values <29 (Table 2).

The sensitivity of the Ag RDT was 26.3% (95% CI: 10.4%- 52.4%) for participants with
symptom onset to date of test within 0-7 days and 11.1% (0.9%-62.6%) for those with symp-
tom onset to date of test greater than 7 days. For asymptomatic participants, sensitivity of the
Ag RDT was 46.0% (95% CI: 33.9%-58.7%).
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The specificity of the test was 89.9% (95% CI: 80.8%-94.9%) (Table 2). The accuracy of the
Ag RDT was 61.6% (95% CI: 54.1%—68.7%) (Table 2). The FPR was 10.1% (95% CI: 5.1%-
19.2%) and the FNR was 62.4% (95% CI: 51.9%- 71.8%) (Ct cut-off <39) (Table 2).

The PCL test determined a large proportion of samples, whether strong or moderate or low
positive by qRT-PCR as negative: 22.2%, 79.3% and 75.0% respectively (Table 3).

MEDsan"® SARS-CoV-2 Antigen Rapid test

Participant characteristics. A total of 243 samples (S4 Fig) were collected in November
and December 2020 (from 228 participants; some participants gave multiple samples) with 137
samples (56.4%) from Mulago NRH, 10 (4.1%) from Entebbe RRH and 96 (39.5%) from Nam-
boole National Stadium isolation center.

Of the 243 samples, 123 (50.6%) were QRT-PCR positive: 37 (30.1%) of these positives were
females. The median age of the participants was 37 years (IQR 28-49 years). A total of 75(30%)
participants had onset of symptoms 0-7 days before the antigen test (Table 1).

There were 25 QRT-PCR positive participants with the period between symptom onset to
the date when the antigen test was done ranging between 0-7 days. For twenty- three (23) par-
ticipants the period was greater than 7 days.

MEDsan™ SARS-CoV-2 Antigen Rapid test performance. There were 16 (6.6%) speci-
mens that were MEDsan™ SARS-CoV-2 Antigen Rapid test positive (54 Fig). The MEDsan™
SARS-CoV-2 Antigen Rapid test showed a sensitivity of 13.0% (95% CI: 8.1%- 20.3%) at a Ct
cut off <39; a sensitivity of 23.7% (44.7-74.3%) at Ct values <33 and sensitivity of 43.5%
(24.0-65.3%) at Ct values <29 (Table 2). The Ag RDT had a sensitivity of 12.0% (95% CI:
3.96%-— 33.3%) for participants with 0-7 days between symptom onset and the antigen test and
21.7% (6.7%-44.8%) for participants with more than 7 days between symptom onset and the
antigen test.

The specificity of the test was 100% (95% CI: 96.9%-100%) (Table 2).

The accuracy of MEDsan® SARS-CoV-2 Antigen Rapid test was 56.0% (95% CI: 49.6%—
62.1%) (Table 2). The FPR was 0.0% (95% CI: 0.0%— 19.4%) and the FNR was 87.0% (95% CI:
79.7%- 91.9%).

The MEDsan®™ SARS-CoV-2 Antigen Rapid test determined a big proportion of strong,
moderate and weak positives by qRT-PCR as negative, i.e. 56.5%, 93.6% and 100% respectively
(Table 3).

Panbio™ COVID-19 Ag Rapid test

Participant characteristics. One hundred eight five (185) participants (S5 Fig) were
recruited in October 2020, 133 (71.9%) from Namboole Stadium isolation center, 40 (21.6%)
from Mulago NRH and 12 (6.5%) from Entebbe RRH. Out of the 185 participants, 85 were
qRT-PCR positive and 100 were qRT-PCR negative. One hundred seventeen (117(63.2%))
participants had a range of 0-7 days from symptom onset to the date when the antigen test
was done (Table 1). Of these 117, forty-five (45) were positive by qRT-PCR. Twenty (20) par-
ticipants had symptom onset more than 7 days prior to the test, and 9 out of the 20 (45%)
tested positive by qRT-PCR.

The majority of the participants were males (73.5%) and the median age was 34 years (IQR
28-44 years) (Table 1).

Panbio™ COVID-19 Ag Rapid test performance. There were 42 (22.7%) specimens that
were Panbio™ COVID-19 Ag Rapid test positive (S5 Fig). The Panbio™ COVID-19 Ag Rapid
test showed a sensitivity of 49.4% (95% CI: 38.7%- 60.1%) (Table 2) when compared to
qRT-PCR test results at a Ct cut off value < 39; a sensitivity of 72% (95% CI: 57.6%-83.0%) at
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Ct values <33 and 85.7% (95% CI: 66.0%-94.9%) at Ct values <29 (Table 2). The sensitivity of
the Panbio™ COVID-19 Ag Rapid test was 51.1% (95% CI: 36.3%- 65.8%) for participants with
symptom onset 0-7 days before the antigen test while the sensitivity of the antigen test was
44.4% (13.4%-80.5%) for participants with symptom onset greater than 7 days before the anti-
gen test. In asymptomatic participants, the sensitivity of the test was 48.4% (95% CI: 30.8%-
66.4%).

The test had a specificity of 100% (95% CI: 96.4%-100%) (Table 2).

The Panbio™ COVID-19 Ag Rapid test showed an accuracy of 76.8% (95% CI: 70.1%-
82.3%) (Table 2). The FPR was 0% (95% CI: 0%-8.4%) and the FNR was 50.6% (95% CI:
39.9%- 61.2%).

It was observed that the Panbio™ COVID-19 Ag Rapid test is more likely to determine a
sample as positive when a sample has abundant target nucleic acid with Ct < 29 (85.7%). How-
ever, when a sample is determined as moderate positive, 69% were determined as negative by
Panbio™ COVID-19 Ag Rapid test (Table 3).

Novegent COVID-19 antigen rapid test kit (colloidal gold)

Participant characteristics. A total of 229 participants (S6 Fig) were included in the eval-
uation: 32 (14.0%) participants from Entebbe RRH, 111 (48.5%) from Namboole National Sta-
dium isolation center, 85 (37.1%) from Mulago RRH and 1 (0.4%) from Kisubi Hospital. The
samples for evaluation were collected between January and February 2021. Of these 229 partci-
pants, 100 were qRT-PCR positive and 129 were qRT-PCR negative (Table 1).

There were 137 participants with a period of 0-7 days between symptom onset and the date
of the antigen test and 56 of these were qRT-PCR positive. Forty- two (42) qRT-PCR positive
participants had symptom onset more than 7 days prior to the test (Table 1).

The majority of the participants were males (57.6%) and the median age was 47 years (IQR
34-58 years) (Table 1).

Novegent COVID-19 Antigen Rapid test kit (colloidal gold) performance. There were
59 (25.8%) participants that were Novegent COVID-19 Antigen Rapid test positive (S6 Fig).

The test showed a sensitivity of 46% (95% CI: 36.3%- 56.0%) when compared to qRT-PCR
test results at a Ct cut off value of < 39;a sensitivity of 58.2% (95% CI: 44.5%-70.8%) at a Ct
cut off value of <33 and sensitivity of 66.7% (95% CI: 46.0%-82.5%) at a Ct cut-off value of
<29 (Table 2).

Taking into consideration participants with 0-7 days between symptom onset and the date
of the antigen test, the Antigen RDT sensitivity was 65.0% (95% CI: 38.6%- 71.4%). For those
participants where the period between symptom onset and the date of the antigen test was
greater than 7 days the RDT sensitivity was 42.9% (28.4%-58.7%).

The test had a specificity of 89.9% (95% CI:83.3%-94.1%) (Table 2).

The RDT accuracy was 70.7% (95% CI: 64.5%-76.3%) (Table 2): the FPR was 22.0% (95%
CI:13.0%-34.8%) and the FNR was 31.8% (95% CI: 25.1%- 39.2%) (Table 2).

Novegent COVID-19 Antigen Rapid test (Colloidal) is more likely to determine a sample as
positive (66.7%) if the qRT-PCR result is a strong positive. However, for those samples that
were moderately or weakly qRT-PCR positive, this antigen test was more likely to determine
them as negative, 59.7% and 83.3% respectively (Table 3).

VivaDiag™ SARS-CoV-2 Antigen Rapid test

Participant characteristics. In January to March 2021, samples for the evaluation were
collected from 263 participants (S7 Fig): 122 (46.4%) from Kiruddu NRH, 59 (22.4%) from
CASE Hospital, 77 (29.3%) from Mulago NRH and 5 (1.9%) from Entebbe RRH. Forty- three
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(16.4%) were positive on qRT-PCR with 21 (48.8%) of these positives being females. The
median age of the participants was 36 years, (IQR 28-51 years) (Table 1).

There were 235(89.3%) participants with a period ranging between 0-7 days from symptom
onset to the date when the antigen test was done(Table 1). Of these 235, thirty-eight (38) were
positive by qRT-PCR. Twenty-one participants reported symptom onset more than 7 days
prior to the antigen test with 5 (23.8%) determined as qRT-PCR-positive.

VivaDiag™ SARS-CoV-2 Antigen Rapid test performance. There were 26 (7.8%) partici-
pants that were VivaDiag™ antigen test positive (S7 Fig).

The VivaDiag™ Ag test showed a sensitivity of 30.2% (95% CI: 18.0%- 46.1%) at qRT-PCR
Ct values <39; a sensitivity of 31.6% (95% CI: 18.4%-48.6%) at qRT-PCR Ct values <33 and a
sensitivity of 80% (95% CI: 37.8%-96.3%) at qRT-PCR Ct values <29 (Table 2). Taking into
consideration participants with symptom onset 0-7 days prior to the antigen test, the sensitiv-
ity of the antigen test was 26.3% (95% CI: 14.4%- 43.2%).

The specificity of the test was 94.1% (95% CI: 90.1%-96.6%) (Table 2).

The VivaDiag™ Ag test showed an accuracy of 83.7% (95% CI: 78.6%-87.7%) (Table 2); The
FPR was 50.0% (95% CI: 30.5%- 69.5%); and the FNR was 12.7% (95% CI: 9.0%- 17.6%).

The VivaDiag™ determined a large proportion of qRT-PCR strong positive cases as positive
(80%) though the number of cases in this category was only five. However, VivaDiag™ deter-
mined a very large proportion of the gRT-PCR moderately-positive cases (Ct values 30-38) as
negative (84.4%) (Table 3).

Discussion

WHO recommends the use of antigen RDT's for SARS-CoV-2 diagnosis because they provide
results within 15-30 minutes compared to qRT-PCR tests where results may not be available
for more than 24 hours. RDTs cost far less than PCR tests, and do not require specialized labo-
ratories and highly trained staff [2]. The use of accurate COVID -19 antigen RDTs will enable
faster identification and management of COVID-19 patients leading to better control of the
pandemic. A large number of antigen RDT's have been developed with varying sensitivities
and specificities reported by the manufacturer’s IFUs. However, WHO has recommended
field evaluations of antigen RDT's before they can be adopted in a national setting [2]. WHO
recommends the use of antigen RDT's with a sensitivity of >80% and a specificity of > 97%
[2].

In this study, none of the seven antigen RDTs evaluated reached the sensitivity reported by
the manufacturers, even after considering samples strongly positive by qRT-PCR (Ct values
<29). These RDTs however had good specificity, with only three showing a specificity slightly
lower than that reported in the IFUs. Poor performance in real-world settings compared to
that found in the manufacturer’s IFUs has also been reported by others [4,7,8,15-18], empha-
sizing the need for performance evaluations of antigen RDTs in-country before adoption for
use. In our study, we noted that the sensitivity of all seven Ag RDTs improved at lower
qRT-PCR Ct values and this has also been observed in other studies [6-8,18-20]. Lower
qRT-PCR Ct values in most cases correlate with higher viral loads and hence with increased
transmissibility of the virus, usually in the early phases of the infection [21].

There were two antigen RDTs that reached the WHO recommended sensitivity perfor-
mance of >80% at a Ct value of <29. These were the Panbio™ COVID-19 Ag Rapid test and
the VivaDiag™ SARS-CoV-2 Ag Rapid test with sensitivities of 85.7% and 80% respectively.
However, for the VivaDiag, the sample size was very small with only 10 samples at this Ct
value. Of the two kits, Panbio™ COVID-19 Ag Rapid test and VivaDiag™ SARS-CoV-2 Ag

PLOS ONE | https://doi.org/10.1371/journal.pone.0265334 May 10, 2022 10/14


https://doi.org/10.1371/journal.pone.0265334

PLOS ONE

Field evaluation of SARs-CoV-2 Antigen Rapid diagnostic tests in Uganda

Rapid test, only the PanBio™ COVID-19 Ag Rapid Test had the WHO recommended specific-
ity performance of > 97%.

There was no correlation of antigen RDT performance with the presence or absence of
symptoms. High viral loads usually appear in the pre-symptomatic and early symptomatic
phases of the illness (within the first 5-7 days of symptom onset), however asymptomatic indi-
viduals can also have high viral loads in the early days of infection [22].

The Panbio™ COVID-19 Ag Rapid Test met the sensitivity and specificity performance lev-
els reccommended by WHO at qRT-PCR Ct values of <29. This antigen RDT together with the
Standard Q (by SD Biosensor) antigen RDT we previously evaluated [3], have been recom-
mended in Uganda for COVID-19 diagnostic intervention in a phased approach as more expe-
rience and confidence is gained in their use through continuous field evaluation and the
generation of additional data. These antigen RDTs have been recommended for rapid screen-
ing of the following populations; symptomatic alerts and symptomatic contacts of confirmed
cases, patients with COVID -19-like symptoms presenting at health facilities.

The Uganda MOH recommends that, any antigen RDT positive case from the above men-
tioned populations will be considered “COVID- 19 positive” and managed accordingly and
will not require additional qRT-PCR confirmation except in special cases such as genomic
sequencing or routine quality control monitoring. Furthermore, any antigen RDT negative
case with highly suggestive symptoms will be considered “a suspect COVID- 19 case” until
confirmed to be uninfected by qRT-PCR and should be managed with enhanced infection pre-
vention control (IPC). Laboratories at health units are expected to obtain/collect an additional
specimen from those symptomatic clients who are antigen RDT negative to be sent for PCR
testing.

Study limitations

Since samples were collected from different nostrils for the antigen test (BIOCREDIT COVID
-19 Ag, MEDsan™ SARS-CoV-2 Antigen Rapid test, PCL and Panbio™ COVID-19 Ag Rapid
test) and qQRT-PCR tests, the two swabs can be considered as two different samples which may
lead to variation in the virus content of the collected samples.

The Panbio™ COVID-19 Ag Rapid Test IFU recommends using the test within 5 days of
symptom onset. However, in the evaluation of this antigen RDT, specimens from some asymp-
tomatic cases were included. In asymptomatic cases it is difficult to determine the stage of the
infection, whether early or late, thus affecting the overall interpretation of the results i.e.
whether the antigen test result is negative because the client was in the early stage of disease
and thus had low levels of antigen or was due to the poor performance of the test kit.

Participants in the study were recruited at different time periods thus there was varying
prevalence of SARS-CoV-2 which could have affected the specificity of the tests. There was
also significant difference in the population mix of the participants for the different tests
(male/female, mean age, number of PCR positive and PCR negative participants) which may
affect the comparability of the tests. Most participants were tested with only one of the evalu-
ated RDT, implying different populations were used for evaluation of each RDT, thus making
it difficult to compare the different RDT performance.

Conclusions

This field evaluation of seven SARS CoV-2 RDTs: COVID-19 Ag Respi-Strip, BIOCREDIT
COVID -19 Ag, MEDsan™ SARS-CoV-2 Antigen Rapid test, PCL COVID19 Ag Rapid FIA,
Panbio™ COVID-19 Ag Rapid test, Novegent COVID-19 Antigen Rapid test kit (colloidal
gold), and VivaDiag™ COVID-19 Ag showed poorer performance than that reported by the
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manufacturers. Only the Panbio™ COVID-19 Ag Rapid Test reached the WHO recommended
performance of a sensitivity of > 80% and a specificity > 97% at qRT-PCR Ct values < 29.
This RDT can be recommended for COVID-19 infection diagnosis among symptomatic
patients in health facilities in order not to delay patient management while waiting for
qRT-PCR results.
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