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12 Abstract

13 Background and objective: RT-PCR is the gold standard to detect SARS-CoV-2, however, its
14  capacity is limited. We evaluated an automated antigen detection (AAD) test, Elecsys

15  SARS-CoV-2 Antigen (Roche, Germany), for detecting SARS-CoV-2.

16  Results: We compared the limit of detection (LOD) between AAD, rapid antigen detection
17  (RAD) test, SARS-CoV-2 Rapid Antigen Test (SD Biosensor, Korea), and in-house RT-PCR
18  test. LOD results showed that the AAD test was 100 fold more sensitive than the RAD test,
19  while the sensitivity of the AAD test was comparable to the RT-PCR test. The AAD test
20  detected between 85.7% and 88.6% of RT-PCR-positive specimens collected from

21  COVID-19 patients, false negative results were observed for specimens with Ct values >30.
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22 Conclusions: Although clinical sensitivity for the AAD test was not superior or comparable to
23 the RT-PCR test in the present study, the AAD test may be an alternative to RT-PCR in terms

24 of turn-around time and throughput.

25

26  Keywords

27  SARS-CoV-2, COVID-19, Automated Antigen Detection, Rapid Antigen Detection, RT-PCR

28
29
30 1. Introduction
31

32 Successful COVID-19 control could only be achieved by widespread testing, contacts tracing
33 and cases isolation. RT-PCR is the gold standard and the most widely used method to detect
34  SARS-CoV-2 [1,2]. For rapid diagnosis of SARS-CoV-2 infection, rapid antigen detection
35 (RAD) assays for qualitative determination of SARS-CoV-2 antigen are available. RAD
36  assays are fast and can be performed by healthcare professional without intensive training and
37  specialized instrument. However, application of these assays are limited to the high viral load
38  samples [3-5]. With the limited capacity of RT-PCR tests, it is hot known whether the sudden

39 increased of COVID-19 cases will lead to the increased demand for SARS-CoV-2 diagnosis.
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40  Alternatives have to be sought for other assays which shared similar turn-around time,

41  throughput and even clinical performance with RT-PCR.
42

43 The purpose of this evaluation was to evaluate an automated antigen detection (AAD) test in
44  detecting SARS-CoV-2. The first part of the study was to assess the limit of detection (LOD)
45  between AAD, RAD and RT-PCR tests. The second part was to evaluate the performance of

46  AAD in detecting SARS-CoV-2 in different types of respiratory specimens.
47 2. Methods

48

49 2.1 Respiratory isolates

50

51 SARS-CoV-2

52

53 The dilution set of the SARS-CoV-2 culture isolate (strain hCoV-19/Hong
54  Kong/VM20001097/2020, the first SARS-CoV-2 case detected in Hong Kong) was used to
55  determine LOD between different assays [3]. The sensitivity of different assays can be

56  obtained by measuring the lowest concentration of the culture isolate. RT-PCR was the gold
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57  standard among different assays, the viral load of different dilution points were estimated by

58  the cycle threshold (Ct) values.
59

60 To prepare the dilution set, 1:100 dilution was performed for the stock of the culture
61  supernatant. Then, serial tenfold dilution was performed to obtain a dilution set from 107 to

62  10°. Each dilution point was aliquoted and stored at -70°C until further testing.
63

64  Non-SARS-CoV-2 respiratory virus isolates

65

66  To evaluate the cross-reactivity of the AAD test, 13 non-SARS-CoV-2 respiratory virus
67  isolates were tested. They were influenza A(H1), influenza A(H3), influenza B, adenovirus,
68  coronavirus type OC43, coronavirus type 229E, parainfluenza virus type 1, parainfluenza
69  virus type 2, parainfluenza virus type 3, parainfluenza virus type 4, respiratory syncytial virus,
70  rhinovirus and enterovirus. Except OC43 and 229E, all of the isolates were obtained from our
71  routine culture of respiratory specimens received from other hospitals and clinics. OC43 and

72 229E were kindly provided by the Department of Microbiology, University of Hong Kong.

73
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74 2.2 Respiratory specimens
75

76  From January 6, 2021 to March 12, 2021, respiratory specimens from COVID-19 patients
77  collected by the Public Health Laboratory Services Branch in Hong Kong were retrieved for
78  this evaluation. All of the specimens were confirmed with SARS-CoV-2 infection by

79  RT-PCR as described [3].
80

81  The Ct values used to classify specimens as ‘high viral load’, ‘medium viral load’ and ‘low
82  viral load” were identical to previous studies, they were <18.57, 18.57-28.67 and >28.67

83  respectively [4,5].
84

85 The types of specimens selected were nasopharyngeal swab (NPS) and combined
86  nasopharyngeal swab and throat swab (NPS & TS). A total of 35 specimens each for NPS and
87  NPS & TS were selected. Since we were out of specimens, there were some minor deviation
88  for the ratio of viral load distribution, 1:2:1, for ‘high viral load’, ‘medium load’ and ‘low

89  viral load’ specimens as described [4].

90
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91  An additional of 20 NPS specimens collected between September and October 2009, prior to
92  the introduction of SARS-CoV-2, were also included to evaluate the cross-reactivity of the

93  AAD test. These specimens were previously tested positive for influenza viruses.
94

95 2.3 Antigen detection kits used

96

97  RAD kit

98

99  The Roche ‘SARS-CoV-2 Rapid Antigen Test’ (SD Biosensor, Korea) kit was selected in the
100  present study to compare LOD between different assays. This kit was under the ‘WHO
101  Emergency Use Listing for In vitro diagnostics (IVDs) Detecting SARS-CoV-2’ [6]. Another
102  name of this kit was Standard Q COVID-19 Ag. The procedures were carried out according to

103 manufacturer’s instructions.
104
105  AAD kit

106
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107  The ‘Elecsys SARS-CoV-2 Antigen’ (Roche, Germany) kit was chosen in the present study.
108  The intended use for this kit was for NPS and oropharyngeal swab specimens, 30uL of
109  sample volume was required to transfer to the reaction container. The principles was based on
110  electrochemiluminescence and an analyzer was required. The cobas e 801 analyzer was used
111  in the present study, it has been installed in our setting for performing routine serology tests.
112 There were no hands on procedures except transferring samples to the reaction containers
113 (including the dead volume of the reaction container) and loading them to the analyzer. After
114  starting the test, the results were available in 18 minutes. This instrument allows for
115  continuous loading of samples and a maximum of 300 samples can be loaded. Positive and
116  negative results were automatically outputted from the analyzer and were shown as ‘Reactive’
117  or ‘Non-reactive’. All of the calculation steps were done by the instrument, the results were
118  calculated by using Cutoff Index (COI). COl 21.0 and <1.0 were for ‘Reactive’ and

119  ‘Non-reactive’ results respectively.
120

121 2.4 Sample preparation

122

123 All samples tested for the AAD test were inactivated by using ‘SARS-CoV-2 Extraction

124  Solution C’ (Roche, Germany). To inactivate SARS-CoV-2 samples, the SARS-CoV-2
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125  Extraction Solution C was mixed with samples in 1:10 ratio. Due to the limited quantity for
126 each specimen, 150uL of each sample was used. It means that 15uL SARS-CoV -2 Extraction
127  Solution C was mixed with 150uL samples in the present study. After standing at room
128  temperature for 2 mins, the inactivated samples were transferred to reaction containers and

129  proceeded for the AAD test.
130

131  In order to see if there were any effects of ‘SARS-CoV-2 Extraction Solution C’ on RAD

132 and RT-PCR tests, LOD was determined using inactivated samples and untreated samples.
133

134  25RT-PCR

135

136  The in-house developed RT-PCR test was used to detect the presence of SARS-CoV-2
137 nucleic acid in all samples as described previously [3]. It targets the large polyprotein
138  ORFlab of SARS-CoV-2. Viral RNA amount in respiratory specimens were estimated from

139  cycle threshold (Ct) value.

140

141 3. Results
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142

143 The LOD of the RAD test was 100 fold less sensitive than SARS-CoV-2 RT-PCR test which
144  was concordant to our previous study. We previously compared the SARS-CoV-2 Rapid
145  Antigen Test (SD Biosensor, Korea) kit with the in-house RT-PCR test, the SARS-CoV-2
146  Rapid Antigen Test was 100 fold less sensitive than the in-house RT-PCR test [4]. The LOD
147  of the AAD test was 10 which was comparable to RT-PCR test. When comparing the
148 inactivated samples and un-treated samples, the LOD for RAD and RT-PCR tests remained

149  the same for these two group of samples (Table 1).
150

151  We also evaluated variability between runs for the AAD test. LOD was performed in two

152  different days, and the results were the same. The COI values were shown in Table S1.

153

154  Table 1. Comparison of RT-PCR, rapid antigen detection (RAD) and automated antigen
155  detection (AAD) tests for the limit of detection of SARS-CoV-2.

Test results®

Dilution® Inactivated samples Un-treated samples
RT-PCR® RAD AAD RT-PCR® RAD

10 18.78 POS POS 19.61 POS

10° 22.86 POS POS 24.19 POS
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10 27.47 POS POS 27.96 POS
10° 29.74 NEG POS 31.60 NEG
10° 36.07 NEG POS 34.90 NEG
10" NEG ND NEG NEG ND
10°® NEG ND NEG NEG ND

156  ®ND, not done; POS, positive; NEG, negative.

157 ° Serial tenfold dilution of the SARS-CoV-2 culture isolate, hCoV-19/Hong
158  Kong/VM20001097/2020 (case 1 of the Hong Kong patient).

159  ° RT-PCR were tested twice in the same run with identical results. The Ct values shown were

160 the mean of both runs.

161

162  In the cross-reactivity test using virus isolates and NPS collected prior to the introduction of

163  SARS-CoV-2, all were tested negative by the AAD test.

164

165  Of the 70 specimens tested, the AAD test can detect all high viral load and medium viral load
166  specimens. (100%, N=57) but low sensitivity for low viral load specimens (28.6-33.3 %)
167  (Table 2). Review of the COI values showed that some values were varied from the viral load
168  of the specimens estimated by Ct values, however, COI values were correlated with Ct values

169  in general (Table S2).
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170  Table 2. Performance characteristics of the automated antigen detection (AAD) test for the

171  presence of SARS-CoV-2 in 70 respiratory specimens.

Specimens used for the AAD test and the results

Specimen
Ct value No. of specimens

type* sensitivity

Mean Range tested positive
NPS
High 16.56 13.65-18.44 13 13 100
Medium 22.85 18.60-27.62 15 15 100
Low 32.84 28.81-34.96 7 2 28.6
All 22.51 13.65-34.96 35 30 85.7
NPS & TS
High 16.73 14.90-18.36 12 12 100
Medium 21.57 18.58-24.67 17 17 100
Low 32.30 29.46-35.40 6 2 333
All 21.75 14.90-35.40 35 31 88.6

172 ?® ‘High’, means specimens with Ct values <18.57 of SARS-CoV-2 RT-PCR; ‘Medium’, Ct
173  values between 18.57 and 28.67; ‘Low’, Ct values >28.67.

174

175 4. Discussion

176
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177  In this study, we determined the performance characteristics of the Elecsys SARS-CoV-2
178  Antigen kit for detecting SARS-CoV-2 respiratory specimens and compared the results with
179  RAD test and RT-PCR test as the gold standard. To the best of our knowledge, there is no

180  peer-reviewed study of evaluating this Kit.
181

182  The methodology used in the present study was same as before for evaluating RAD Kits [3-5].
183  Confounding factors such as types of specimens processed and method to quantity the viral
184  load were limited. Our data indicated that the AAD and RT-PCR tests shared similar LOD
185  results. In terms of clinical sensitivity, the AAD test is better than the RAD test (Table S3).
186  The AAD test showed 100% sensitivity for detected specimens with Ct values <30. For low
187  viral load specimens, although declined sensitivity was found, the AAD test can detect

188  specimens up to 31.69.
189

190 The AAD test evaluated in the present study was a high throughput test. All of the hands on
191  procedures were mainly the sample preparation steps and the samples loading steps to the
192  analyzer. To handle around 100 specimens by two laboratory technologists, we estimated that
193  around 1.5 hours were required from samples preparation to results interpretation. For

194  RT-PCR, it normally requires 3 hours to process 100 specimens from RNA extraction, PCR

Page 12



Journal Pre-proof

195  reagent dispensing to thermal cycling. We have to say that the AAD test is not suitable for
196  low-complexity laboratories. An analyzer is required to install in the laboratory and intensive
197  training is needed. AAD is not different to the RAD test while RAD is a point of care test. On
198  the other hand, the cobas e 801 analyzer is mainly for testing serum specimens in our setting.
199  There are rigid sample requirements for this analyzer and is not suitable for viscous
200  specimens such as throat saliva and sputum. Swab samples were less affected as they were
201  immersed in the viral transport media and were homogenized. In addition, bubbles generated
202  especially during the sample inactivating steps will be rejected by the analyzer. Extra
203  procedures were required to ensure the reaction containers were free of bubbles. For example,

204  adisposable dropper was required to aspirate the bubbles on the top.
205

206 The limitations of this study include the fact that we employed a small sample size to evaluate
207 the AAD test. In addition, it remains unclear whether the AAD test is applicable to
208  laboratories like us for receiving throat saliva as majority specimen type for confirmation.
209 However, our results were in-line with other AAD systems to detect SARS-CoV-2. These
210  studies showed that other AAD systems were capable of detecting low viral load
211 SARS-CoV-2 specimens or having higher sensitivity than the RAD tests [7-9]. The VITROS
212 test (Ortho Clinical Diagnostics, USA) showed a sensitivity of 100% when clinical samples of

213 Ct values <33 were tested. On the contrary RAD tests were mostly effective to identify
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214 RT-PCR positive samples with Ct values <25 [7]. The S-PLEX test (MesoScale Diagnostics,
215  USA) was capable of detecting 95.4% of clinical samples after excluding samples with Ct
216  values >35 [8]. The Lumipulse G test (Fujirebio, Japan) also shared similar performance

217  when samples were tested with Ct cutoff of 35 [9].
218

219  In summary, the gold standard to detect SARS-CoV-2 remains RT-PCR assay in terms of
220  sensitivity and specificity. The AAD test is a method of choice and serves as adjunct to
221  RT-PCR test when there is an upsurge of specimens or when large number high risk group of

222 individuals are required for testing.
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292  Table S1. The Cutoff Index (COI) values generated by the automated antigen detection test in
293  two different runs

Dilution COl values run 1 COl values run 2
10 4378 4326

103 241 287

10* 235 24.2

10° 2.99 3.03

10° 1.13 1.25

107 0.959 0.984

108 0.946 0.960

294  The two runs were performed in two different days.
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295  Table S2. The cycle threshold (Ct) and Cutoff Index (COI) values generated by the RT-PCR
296 and the automated antigen detection (AAD) tests respectively for the 70 respiratory
297  specimens [nasopharyngeal swab (NPS) =35, combined nasopharyngeal swab and throat swab
298  (NPS & TS) = 35] collected from COVID-19 positive patients.

NPS NPS & TS

Ct AAD result cor Ct AAD result cor®
13.65 Reactive 20111 14.90 Reactive 13.3
14.85 Reactive 24586 15.44 Reactive 14193
16.43 Reactive 8585 15.73 Reactive 2560
16.44 Reactive 9266 16.62 Reactive 6449
16.50 Reactive 8515 16.70 Reactive 14398
16.54 Reactive 5092 16.76 Reactive 9943
16.78 Reactive 6280 16.85 Reactive 4950
16.80 Reactive 5342 16.91 Reactive 10274
16.92 Reactive 10128 17.32 Reactive 1058
16.93 Reactive 1120 17.37 Reactive 4838
17.10 Reactive 5319 17.80 Reactive 2658
17.90 Reactive 4905 18.36 Reactive 189
18.44 Reactive 1887 18.58 Reactive 1399
18.60 Reactive 256 18.76 Reactive 5064
18.68 Reactive 3648 19.34 Reactive 3294
19.63 Reactive 209 19.52 Reactive 17154
19.91 Reactive 2572 19.68 Reactive 311
20.39 Reactive 57.5 20.16 Reactive 402
22.33 Reactive 58.8 20.51 Reactive 190
22.69 Reactive 324 20.76 Reactive 205
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22.86 Reactive 38.1 22.33 Reactive 33.4
23.12 Reactive 117 22.45 Reactive 60.6
23.77 Reactive 5.13 22.58 Reactive 61.4
24.75 Reactive 31.6 22.74 Reactive 79.4
25.57 Reactive 7.26 22.75 Reactive 35.8
26.00 Reactive 3.47 23.54 Reactive 2.17
26.83 Reactive 2.14 23.66 Reactive 19.2
27.62 Reactive 1.15 24.61 Reactive 129

28.81 Reactive 1.03 24.67 Reactive 1.05
31.69 Reactive 3.06 29.46 Reactive 12.4
32.95 Non-reactive 0.466 30.34 Reactive 6.01
33.13 Non-reactive 0.739 32.35 Non-reactive 0.469
33.45 Non-reactive 0.560 32.66 Non-reactive 0.577
34.90 Non-reactive 0.438 33.61 Non-reactive 0.691
34.96 Non-reactive 0.419 35.40 Non-reactive 0.866

299  ?COl 21.0 and <1.0 were for ‘Reactive’ and ‘Non-reactive’ results respectively.
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Table S3. Performance characteristics of the automated antigen detection (AAD) and the rapid antigen detection (RAD) tests for detecting SARS-CoV-2 in

respiratory specimens.

AAD RAD®
Specimen
Ct value No. of specimens Ct value No. of specimens

type* sensitivity sensitivity

mean range tested positive mean range tested positive
NPS
High 16.56 13.65-18.44 13 13 100 16.38  14.56-18.07 9 9 100 %
Medium 22.85 18.60-27.62 15 15 100 2344  18.98-27.51 16 13 81.3%
Low 32.84  28.81-34.96 7 2 28.6 3173  28.91-34.47 10 1 10 %
All 2251 13.65-34.96 35 30 85.7 2399  14.56-34.47 35 23 65.7 %
NPS & TS
High 16.73 14.90-18.36 12 12 100 1596  12.94-18.43 9 9 100 %
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Medium 21.57 18.58-24.67 17 17 100 23.72 19.75-28.59 16 15 93.8 %
Low 32.30 29.46-35.40 6 2 33.3 32.04  29.00-34.24 10 1 10 %
All 21.75 14.90-35.40 35 31 88.6 24.10 12.94-34.24 35 25 71.4%

302 # ‘High’, means specimens with Ct values <18.57 of SARS-CoV-2 RT-PCR; ‘Medium’, Ct values between 18.57 and 28.67; ‘Low’, Ct values >28.67.
303 " Data compiled from Mak et al., Analytical sensitivity and clinical sensitivity of the three rapid antigen detection kits for detection of SARS-CoV-2, J. Clin. Virol. 133 (2020),

304 104684, https://doi.org/10.1016/].jcv.2020.104684
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