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A prospective evaluation of Roche’s newly developed  
SARS-CoV-2 Rapid Antigen Test 2.0 using anterior nasal  

and nasopharyngeal specimens
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A B S T R A C T

  Rapid qualitative antigen tests are essential for the management of COVID-19, but their sensitivity and spec-
ificity vary. This study prospectively evaluated the diagnostic performance of a newly developed product, the 
SARS-CoV-2 Rapid antigen test 2.0 （Roche Diagnostics GmbH, Mannheim, Germany） in anterior nasal and na-
sopharyngeal samples, comparing results with reverse transcription polymerase chain reaction（RT-PCR）in na-
sopharyngeal samples. The symptomatic participants or asymptomatic participants with a history of close contact 
with COVID-19 patients were consecutively enrolled. The study also evaluated the sensitivities across different 
viral loads in pooled samples with known viral RNA levels and compared them with those of a previous product.
  Among 287 participants, 283 were symptomatic and 187 tested positive for SARS-CoV-2; 179 nasopharyngeal 
samples had viral loads ≥ 1,000 copies/test. The antigen test had a sensitivity of 92.5% （95% confidence interval 
［CI］: 87.8%-95.8%） and specificity of 100% （95% CI: 96.4%-100%） in anterior nasal samples. When stratified 
by viral loads in the corresponding nasopharyngeal samples（≥ 105, ≥ 104 to <105 , ≥ 103 to <104, ≥ 102 to <103, 
and <102 viral copies/test）, the sensitivities were 95.9%, 91.3%, 70.0%, 100%, and 40%, respectively. For naso-
pharyngeal samples, the sensitivity and specificity of the antigen test were 97.3%（95% CI: 93.9%-99.1%）and 
99.0%（95% CI: 94.6%-100%）, respectively. In the evaluation of pooled samples, the SARS-CoV-2 Rapid antigen 
test 2.0 demonstrated a lower limit of detection for SARS-CoV-2 compared to the previous product.
  The SARS-CoV-2 Rapid antigen test 2.0 exhibited sufficient diagnostic performance, with improved detection 
performance over the previous products. 
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I. INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  Severe acute respiratory syndrome coronavirus-2 
（SARS-CoV-2） has been prevailing and causing coronavi-
rus disease （COVID-19） worldwide 1）. Despite advance-
ments in treatments and vaccination efforts, COVID-19 
continues to pose a significant health threat to vulnerable 
populations 1）, underscoring the critical need for prompt 
and accurate diagnosis for effective infection control. 
While molecular examinations are the gold standard for 
COVID-19 diagnosis because of their high reliability 2）, 
rapid antigen tests have been widely used due to their 
convenience, immediate results, and wide availability 3）. 
  Prior to the emergence of the Omicron variant and oth-
er subsequent variants, the SARS-CoV-2 Rapid antigen 
test （Roche Diagnostics GmbH, Mannheim, Germany） 
showed sufficient sensitivity and specificity in nasopha-
ryngeal samples 4）. However, our previous study revealed 
a significant decrease in the test’s sensitivity for samples 
containing low viral load, e.g., anterior nasal samples 4）. 
As such, re-evaluating and improving the diagnostic per-
formance of this product seem warranted.
  The SARS-CoV-2 Rapid antigen test 2.0 （Roche Diag-
nostics GmbH, Mannheim, Germany） is an improved 
version of the SARS-CoV-2 Rapid antigen test using new 
reagents but its utility with clinical samples has not yet 
been evaluated. In this study, we conducted a prospective 
evaluation of the diagnostic performance of the SARS-
CoV-2 Rapid antigen test 2.0 using both anterior nasal 
and nasopharyngeal samples. Additionally, we assessed 
its sensitivity across a range of viral loads by analyzing 
pooled samples with known quantities of viral RNA.

II. MATERIALS AND METHODS. . . . . . . . . . . . . . . . . . . . . .

  The evaluations were performed at a drive-through 
PCR center in Tsukuba Medical Center Hospital （TMCH; 
Tsukuba, Japan） between August 16 and August 29, 2022. 
All of the participants were referred for SARS-CoV-2 RT-
PCR from 42 clinics and a local public health center as 
previously described 5)6). The study included participants 
having symptoms compatible with COVID-19 or a histo-
ry of close contact with COVID-19 patients if they were 
asymptomatic. The results of the SARS-CoV-2 Rapid 
antigen test 2.0 were compared with those of RT-PCR 
with nasopharyngeal samples. One anterior nasal sample 
and two nasopharyngeal samples were simultaneously 

collected from participants after obtaining their verbal 
informed consent. The informed consent process was 
performed verbally to prevent infection transmission and 
was documented in the corresponding electronic medical 
record. The ethics board of the University of Tsukuba ap-
proved the protocol （approval number: R03-041）. 

Sample collection and antigen testing with SARS-
CoV-2 Rapid antigen test 2.0
  Anterior nasal samples were first obtained from both 
nostrils, as previously described 4）, and two nasopharyn-
geal samples were then collected for antigen testing and 
RT-PCR following the recommended procedure 7）. The 
swab included in the antigen test kits was used for anti-
gen testing, and a FLOQSwab （Copan ItaliaSpA, Brescia, 
Italy） was used for RT-PCR. All sample collections were 
performed by trained medical staff. Antigen testing was 
performed immediately after sample collection.

Procedures for RT-PCR examinations
  For RT-PCR, swabs collected from the nasopharynx 
were suspended in 3 mL of Universal Transport Medium 
（UTM; Copan Italia SpA） and preserved at − 80℃ after 
in-house RT-PCR at the TMCH microbiology depart-
ment. The in-house RT-PCR was performed primarily for 
clinical purposes and its procedures for in-house RT-PCR 
have been described previously 8）9）. Briefly, purification 
and RNA extraction were performed using a magLEAD 
6gC （Precision System Science Co., Ltd., Chiba, Ja-
pan） from 200 µL aliquots of UTM. The GENECUBE® 

（TOYOBO Co., Ltd., Osaka, Japan） and GENECUBE® 

HQ SARS-CoV-2 assays, which target the N region, were 
used for detecting SARS-CoV-2. The UTM was then 
transported to LSI Medience Corporation （Tokyo, Japan） 
for reference RT-PCR testing. 
  As a reference, real-time RT-PCR at LSI Medience 
Corporation was performed using the national standard 
method developed by the National Institute of Infectious 
Diseases （NIID）, Japan 5）10）–13）. The purification and RNA 
extraction were performed on 200-μL aliquots of UTM 
samples using the Maxwell® RSC Viral Total Nucleic 
Acid Purification Kit and Maxwell® RSC 48 Instrument 
（Promega Corporation, Madison, WI, USA）. The NIID 
test targets the N2 region, and the RT-PCR equipment 
included the cobas® z480 （Roche Diagnostics Inter-
national Ltd., Rotkreuz, Switzerland）, the QuantiTect® 
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Probe RT-PCR Kit （QIAGEN, Hilden, Germany）, and 
a SARS-CoV-2 standard （Exact Diagnostics LLC, Fort 
Worth, TX, USA）. Viral loads were quantified using the 
NIID N2 method with calibration curves generated from 
EDX SARS-CoV-2 Standard （Bio-Rad Laboratories, Inc., 
Hercules, CA, USA） at concentrations of 100, 125, 250, 
500, and 1000 copies/reaction. The average viral load of 
the duplicate assays per sample was used for analysis.
  Samples with discrepancies between in-house RT-PCR 
and NIID N2 RT-PCR underwent further testing using 
the cobas® Liat® system and cobas® Liat SARS-CoV-2 
& Influenza A/B （Liat; Roche Molecular Systems, Inc., 
Pleasanton, CA, USA）14）–16）. The Liat assays were ex-
clusively used for resoloving the discordance, with their 
results considered definitive for determining the SARS-
CoV-2 status of the sample.

Evaluation of limit of detection of the SARS-CoV-2 
Rapid antigen test 2.0 and the SARS-CoV-2 Rapid 
antigen test
  To evaluate the limit of detection （LOD） for SARS-
CoV-2 using the SARS-CoV-2 Rapid antigen test 2.0, we 
prepared samples of 7 concentrations for the evaluation 
by serially diluting 4 pooled positive samples with 5 neg-
ative matrix samples （UTM; four pooled nasopharyngeal 
samples）. The 4 pooled positive samples were prepared 
from preserved UTM media of participants previously 
diagnosed with COVID-19.
  For each concentration, 20 samples were prepared, re-
sulting in a total of 140 samples for the study. The LOD 
evaluation was performed concurrently with the SARS-
CoV-2 Rapid antigen test 2.0 and the SARS-CoV-2 Rapid 
antigen test.
  For antigen testing with both kits, 350 μL of each of the 
140 specimens were added with an equal volume of the 
extraction buffer provided in the antigen kit. The anti-
gen tests were performed following the manufacturer’s 
instructions, and the interpretation of the antigen test re-
sults was carried out by two independent medical techni-
cians in a blinded manner. To ensure blinding, all samples 
were randomly numbered by other researchers before 
being provided to the technicians. The limit of detection 
（LOD） was defined as the viral concentration at which 
both examiners achieved a detection sensitivity of >95%.

Statistical analyses
  The sensitivity and specificity of the antigen tests were 
calculated with 95% confidence intervals （CIs）. The 
sensitivity was stratified according to the viral loads as-
sessed by the N2 set of the NIID method. If a sample had 

tested negative on the NIID N2 RT-PCR but positive on 
the in-house RT-PCR and Liat assay, it would have been 
considered to have a minimal viral load of < 100 copies/
test.
  All statistical analyses were conducted using the R 4.1.2 
software program （R Foundation, Vienna, Austria） with 
the “readxl,” “tidyverse,” and “epiR” packages.

III. RESULTS.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  In this study, 287 participants were assessed, and 283 
（98.6%） were found to be symptomatic. The median in-
terval from symptom onset to sample collection was 1.0 
days （IQR: 1.0-2.0 days）. The NIID N2 assays were pos-
itive in 185 samples and negative in 102 samples, among 
which the results of 5 samples were different from those 
of in-house RT-PCR tests. Of the 5 samples, the Liat as-
says were positive in 3 and negative in 2 （Supplementa-
ry Table 1）. As a result, we considered SARS-CoV-2 to 
be positive in 187 （65.2%） and negative in 100 samples 
（34.8%）.

Diagnostic performance of SARS-CoV-2 Rapid anti-
gen test 2.0 in anterior nasal samples
  Table 1 shows the diagnostic performance of SARS-
CoV-2 Rapid antigen test 2.0 in anterior nasal samples. 
The overall sensitivity and specificity were 92.5% （95% 
CI: 87.8%–95.8%） and 100% （95% CI: 96.4%–100%）, 
respectively. When stratified by viral loads of copies/
test （with ≥ 105, ≥ 104 to <105 , ≥ 103 to <104, ≥ 102 
to <103, and <102） in the corresponding nasopharyngeal 
samples, the sensitivities were 95.9% （95% CI: 91.3%–
98.5%）, 91.3% （95% CI: 72.0%–98.9%）, 70.0% （95% CI: 
34.8%–93.3%）, 100% （29.2%–100%）, and 40.0% （95% 
CI: 0%–84.2%）, respectively （Table 2）. 

Diagnostic performance of SARS-CoV-2 Rapid anti-
gen test 2.0 in nasopharyngeal samples
  The SARS-CoV-2 Rapid antigen test 2.0 demonstrated 
an overall sensitivity of 97.3% （95% CI: 93.9–99.1%） and 
specificity of 99.0% （95% CI: 94.6–100%） when using 
nasopharyngeal samples （Table 3）. As shown in Table 4, 
the sensitivities of the SARS-CoV-2 Rapid antigen test 2.0 
for nasopharyngeal samples with viral loads of ≥ 105, ≥
104 to <105, ≥ 103 to <104, ≥ 102 to <103, and <102 cop-
ies/test were 99.3% （95% CI: 96.2–100%）, 100% （95% 
CI: 85.2–100%）, 90.0% （95% CI: 55.5–99.7%）, 100% 
（95% CI: 29.2–100%）, and 40% （95% CI: 5.3–85.3%）, 
respectively.
  Table 5 summarizes the variation in sensitivity of the 
SARS-CoV-2 Rapid antigen test 2.0 according to days 
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since symptom onset. While sensitivity in anterior nasal 
samples increased from 86.7% on day 0 to 100% from day 
3 onwards, nasopharyngeal samples consistently demon-
strated a sensitivity exceeding 90% throughout the ob-
servation period.

Evaluation and comparison of the limit of detection 
of the SARS-CoV-2 Rapid antigen test 2.0 and the 
SARS-CoV-2 Rapid antigen test
  For the SARS-CoV-2 Rapid antigen test 2.0, both inves-
tigators reported 100% detection rates at concentrations 

of 6,250 copies/test and higher on the corresponding 
UTM samples （Table 6）. In contrast, for the SARS-
CoV-2 Rapid antigen test, both investigators demonstrat-
ed 100% detection rates up to a concentration of 12,500 
copies/test. The complete dataset was provided as Sup-
plementary Table 2.

IV. DISCUSSION.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  Among anterior nasal and nasopharyngeal samples, the 
SARS-CoV-2 Rapid antigen test 2.0 demonstrated high 
sensitivities of 92.5% and 97.3%, retaining specificities 

Table 1    Diagnostic performance of the SARS-CoV-2 Rapid antigen test 2.0 with anterior 
nasal samples

Real-time RT-PCR

Positive Negative

Antigen test Positive 173 0

Negative 14 100

Sensitivity （%） 92.5 （87.8–95.8）

Specificity （%） 100 （96.4–100）

RT-PCR, reverse transcription-polymerase chain reaction 
Data in parentheses indicate 95% confidence intervals.

Table 3    Diagnostic performance of the SARS-CoV-2 Rapid antigen test 2.0 with nasopha-
ryngeal samples

Real-time RT-PCR

Positive Negative

Antigen test Positive 182 1

Negative 5 99

Sensitivity （%） 97.3 （93.9–99.1）

Specificity （%） 99.0 （94.6–100）

RT-PCR, reverse transcription-polymerase chain reaction 
Data in parentheses indicate 95% confidence intervals.

Table 2    Sensitivity of the SARS-CoV-2 Rapid antigen test 2.0 with anterior nasal samples 
stratified by viral loads of RT-PCR with nasopharyngeal samples

Virus copies/test （NIID, N2） Sensitivity （%） Positive Negative

≥ 105 95.9 （91.3–98.5） 140 6

104–105 91.3 （72.0–98.9） 21 2

103–104 70.0 （34.8–93.3） 7 3

102–103 100 （29.2–100） 3 0

< 102 40 （5.3–85.3） 2* 3*

NIID, National Institute of Infectious Diseases（NIID）, Japan; RT-PCR, reverse transcrip-
tion-polymerase chain reaction 
*  The viral loads of three SARS-CoV-2 positive samples, which tested negative on the NIID N2 

assay but positive on both the in-house PCR and Liat assay, were determined to be below 100 
copies/test.

Data in parentheses indicate 95% confidence intervals.
The viral loads for RT-PCR were determined using the NIID （N2 gene）, Japan method
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Table 4    Sensitivity of the SARS-CoV-2 Rapid antigen test 2.0 with nasopharyngeal sam-
ples stratified by viral loads of RT-PCR with nasopharyngeal samples

Virus copies/test （NIID, N2） Sensitivity （%） Positive Negative

≥ 105 99.3 （96.2–100） 145 1

104–105 100 （85.2–100） 23 0

103–104 90.0 （55.5–99.7） 9 1

102–103 100 （29.2–100） 3 0

< 102 40 （5.3–85.3） 2* 3*

NIID, National Institute of Infectious Diseases （NIID）, Japan; RT-PCR, reverse transcrip-
tion-polymerase chain reaction 
*  The viral loads of three SARS-CoV-2 positive samples, which tested negative on the NIID N2 

assay but positive on both the in-house PCR and Liat assay, were determined to be below 100 
copies/test.

Data in parentheses indicate 95% confidence intervals.
The viral loads for RT-PCR were determined using the NIID （N2 gene）, Japan method

Table 5    Sensitivity of the SARS-CoV-2 Rapid antigen test 2.0 stratified by the number of 
days since symptom onset

Anterior nasal samples

Days since onset Sensitivity （%） Positive Negative

0 86.7 （59.5–98.3） 13 2

1 86.9 （77.8–93.3） 73 11

2 97.8 （88.5–99.9） 45 1

3 100 （82.4–100） 19 0

4 100 （69.2–100） 10 0

>5 100 （54.1–100） 6 0

Nasopharyngeal samples

Days since onset Sensitivity （%） Positive Negative

0 100 （78.2–100） 15 0

1 95.2 （88.3–98.7） 80 4

2 100 （92.3–100） 46 0

3 94.7 （74.0–99.9） 18 1

4 100 （69.2–100） 10 0

>5 100 （54.1–100） 6 0

Of the 283 symptomatic participants included in the data, onset date was unavailable for 11.
Data in parentheses indicate 95% confidence intervals.

Table 6    Detection rates of SARS-CoV-2 Rapid antigen test 2.0 and SARS-CoV-2 Rapid antigen test at differ-
ent viral concentrations using pooled positive samples

Viral Concentration
on UTM samples （copies/test）

SARS-CoV-2 Rapid antigen test 2.0 SARS-CoV-2 Rapid antigen test

Examiner A Examiner B Examiner A Examiner B

100,000 100% （20/20） 100% （20/20） 100% （20/20） 100% （20/20）

50,000 100% （20/20） 100% （20/20） 100% （20/20） 100% （20/20）

25,000 100% （20/20） 100% （20/20） 100% （20/20） 100% （20/20）

12,500 100% （20/20） 100% （20/20） 100% （20/20） 100% （20/20）

6,250 100% （20/20） 100% （20/20） 90% （18/20） 100% （20/20）

3,125 95% （19/20） 90% （18/20） 75% （15/20） 65% （13/20）

1,563 55% （11/20） 50% （10/20） 35% （7/20） 25% （5/20）

UTM, Universal Transport Medium 
The values in parentheses represent the number of positive samples detected out of the total number of samples 
tested at each concentration.
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of 100% and 99.0%, respectively. In addition, the analysis 
of pooled positive samples in this study also suggested a 
lower LOD of SARS-CoV-2 Rapid antigen test 2.0 com-
pared to its previous product.
  The anterior nostrils generally have a lower viral load 
than the nasopharynx 17）. In fact, according to our previ-
ous study, the SARS-CoV-2 Rapid antigen test showed a 
modest sensitivity of 72.7% in anterior nasal samples 4）. 
However, in the current study, the diagnostic perfor-
mance of the SARS-CoV-2 Rapid antigen test 2.0 was 
high and comparable for both sample types. A notable 
difference in sensitivity existed only in samples with viral 
loads of 103–104 copies/test, with sensitivities of 70.0% 
and 90.0% for anterior nasal and nasopharyngeal samples, 
respectively （Table 2 and Table 4）. This finding sug-
gests that the sensitivity of the current product has im-
proved compared to the SARS-CoV-2 Rapid antigen test. 
In addition, our pooled sample analysis, which showed a 
better LOD for the SARS-CoV-2 Rapid antigen test 2.0 
than for the original SARS-CoV-2 Rapid antigen test, pro-
vides further evidence of its improved sensitivity. 
  The high sensitivity of the SARS-CoV-2 Rapid antigen 
test 2.0 in anterior nasal samples can increase the util-
ity of antigen tests. Anterior nasal sample collections 
may prevent the induction of cough or sneezing during 
sample collection, thus reducing virus transmission from 
patients 18）. In addition, anterior nasal sample collection is 
less burdensome and more suitable for self-testing than 
nasopharyngeal collection 19）. Despite showing a slight 
decrease in sensitivity on the first and following days of 
symptom onset （Table 5）, the SARS-CoV-2 Rapid anti-
gen test 2.0 maintains good performance with anterior 
nasal samples. The availability of several antigen tests as 
over-the-counter products has contributed to the increas-
ing popularity and widespread use of self-testing. The 
good sensitivity of the SARS-CoV-2 Rapid antigen test 
2.0 in anterior nasal samples may further promote the 
adoption of this sampling method, making testing more 
accessible and convenient for the general population.
  Differences in genome variants of SARS-CoV-2 are 
another factor that can influence the diagnostic perfor-
mance of antigen tests. The study period during which 
this evaluation was performed was the “7th wave” of 
COVID-19 in Japan, where the Omicron BA4/5 variant 
was dominant. Compared to the Omicron BA.1 variant, 
Roche’s previous product, SARS-CoV-2 Rapid antigen 
test, showed a reduced sensitivity for the BA.2, BA.5 
variant 20）. Despite this, the SARS-CoV-2 Rapid antigen 
test 2.0 demonstrated adequate analytical performance 
with both anterior nasal and nasopharyngeal samples, 

although the current study did not analyze the genome 
variant. It is important to note that the diagnostic perfor-
mance of antigen tests can change with the emergence of 
other variants and should be continuously evaluated.
  Several limitations associated with the present study 
warrant mention. First, the study population consisted 
primarily of symptomatic participants, with the majority 
of corresponding nasopharyngeal UTM samples contain-
ing viral loads greater than 104 copies/test. Nevertheless, 
two previous studies have reported similar sensitivities 
for this antigen test, with 92.9% for nasal samples 21） and 
92.1-92.9% for nasopharyngeal samples 21）22）, which are 
consistent with our findings. Second, the use of frozen 
samples may have influenced the reference test results. 
Third, the study did not evaluate the potential impact of 
vaccination status or medication use on the diagnostic 
performance of the test. Finally, this study’s LOD evalu-
ation used samples stored in UTM, while direct inocula-
tion of sampled swabs into the antigen extraction medi-
um is the standard practice in clinical settings. This may 
have influenced the tests’ performance 23）–25） and should 
be considered when interpreting the results of this study.
  In conclusion, this first clinical evaluation of the SARS-
CoV-2 Rapid antigen test 2.0 showed a sufficient diag-
nostic performance with both anterior nasal and naso-
pharyngeal samples. In addition, the product showed an 
improvement in its LOD for SARS-CoV-2. These results 
support the clinical utility of the new product for detect-
ing SARS-CoV-2 and highlight the importance of continu-
ous evaluation and improvement of rapid antigen tests.
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