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A B S T R A C T   

Rapid testing has become an indispensable strategy to identify the most infectious individuals and prevent the 
transmission of SARS-CoV-2 in vulnerable populations. As such, COVID-19 rapid antigen tests (RATs) are being 
manufactured faster than ever yet lack relevant comparative analyses required to inform on absolute analytical 
sensitivity and performance, limiting end-user ability to accurately compare brands for decision making. To date, 
more than 1000 different COVID-19 RATs are commercially available in the world, most of which detect the viral 
nucleocapsid protein (NP). Here, we examine and compare the analytical sensitivity of 26 RATs that are readily 
available in Canada and/or Australia using two NP reference materials (RMs) – a fluorescent NP-GFP expressed 
in bacterial cells and NCAP-1 produced in a mammalian expression system. Both RMs generate highly compa
rable results within each RAT, indicating minimal bias due to differing expression systems and final buffer 
compositions. However, we demonstrate orders of magnitude differences in analytical sensitivities among 
distinct RATs, and find little correlation with the median tissue culture infectious dose (TCID50) assay values 
reported by manufacturers. In addition, two COVID-19/Influenza A&B combination RATs were evaluated with 
influenza A NP-GFP. Finally, important logistics considerations are discussed regarding the robustness, ease of 
international shipping and safe use of these reference proteins. Taken together, our data highlight the need for 
and practicality of readily available, reliable reference proteins for end-users that will ensure that manufacturers 
maintain batch-to-batch quality and accuracy of RATs. They will aid international public health and government 
agencies, as well as health and aged care facilities to reliably benchmark and select the best RATs to curb 
transmission of future SARS-CoV-2 and influenza outbreaks.   

1. Introduction 

COVID-19 remains a public health challenge. Hospitalizations are 
rising again for the first time in several months due to the emergence of 
new variants [1]. The World Health Organization (WHO) has recently 
published a ‘step-by-step’ guide for countries to develop a national 
genomics-based pandemic surveillance strategy [2]. As such, countries 
will need to step up their preparedness in case the pandemic resurges. 
However, COVID-19 has transitioned to an endemic phase and the re
sponsibility of detection and isolation is now mostly on individuals. The 
technical and logistics issues associated with RT-qPCR testing has shif
ted the majority of COVID-19 testing to be carried out using rapid an
tigen tests (RATs) [3]. RATs are most useful when the time required 
post-infection to generate a positive result is minimized. The 

analytical limit of detection (LOD) of a RAT is one of the most important 
quantitative measures that can inform end-users on this aspect. 

The vast majority of RATs developed to diagnose an active SARS- 
CoV-2 infection are based on detection of the viral nucleocapsid pro
tein (NP) as the target antigen. However, the preferred method to assess 
the LOD of COVID-19 RATs remains the median tissue culture infectious 
dose (TCID50) assay despite several concerns highlighted recently [4]. 
Notably, TCID50 is an indirect measure of the antigen being detected, 
and the laboratory specific conditions used to culture a virus (e.g. cell 
type, culture conditions and time) affect the relative abundance of both 
NP and infectious virions making direct comparison of data difficult 
[5–8]. Furthermore, NP is located inside the virus [9–11] and this 
encapsidated form is not accessible to the capture or detection anti
bodies in the RAT and as such unquantifiable. Therefore, RATs 
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exclusively capture and detect ‘free’ NP that is released from infected 
cells and viruses upon lysis. This propounds that well-characterized NP 
reference standards should be most accurate to evaluate the LOD of 
COVID-19 RATs and demonstrate commutability. 

The WHO recognized the importance of accurately assessing the LOD 
of RATs and proposed a lyophilized preparation of formaldehyde- 
inactivated cell culture-grown SARS-CoV-2 Omicron variant (sub
variant BA.1) as the WHO International Standard for SARS-CoV-2 anti
gen to act as a higher order reference and calibrate secondary reference 
materials [12]. A subsequent multi-center collaborative study further 
evaluated and confirmed the suitability of the first candidate over seven 
inactivated virus cultures and one recombinant SARS-CoV-2 NP sample 
using a range of point of care and laboratory-based antigen detection 
tests [12]. The concentration of NP was determined by isotope dilution 
mass spectrometry (IDMS) in all samples. Additionally, the concentra
tion of viral RNA was determined in all inactivated virus culture sam
ples. Surprisingly, the recombinant NP was found to be more variable 
than the formaldehyde-inactivated virus. 

Virus cultures are laborious, time-intensive and hazardous, and 
require accurate NP quantitation to be informative. Astoundingly, 
TCID50 data have been widely used as an alternative to inform on the 
LOD of RATs. A recent evaluation highlighted that the TCID50 values 
reported for 10 commercially available RATs were highly discordant 
against their LOD measured with a green fluorescent protein tagged NP 
(NP-GFP) as reference material [4]. Stocks et al. have characterized an 
SI-traceable SARS-CoV-2 NP reference material (NCAP-1) [13], however 
to our knowledge it has not been employed to evaluate the LODs of 
COVID-19 RATs. 

We selected 26 commercially-available brands of RATs that were 
approved for personal use in Australia or Canada at the time of this 
comparative study (Q1 2023). The analytical sensitivity of these RATs 
was evaluated either in Canada and/or Australia, depending on their 
availability, with both NCAP-1 and NP-GFP. The results obtained with 
NCAP-1 and NP-GFP were highly concordant with respect to intra-test 
reproducibility (NCAP-1/NP-GFP) and ranking of RAT performance. In 
addition, a GFP-tagged influenza A NP (IAV H5N1 NP-GFP) [14] was 
also employed for the first time to compare the detection performance of 
two recently approved influenza A, B and COVID-19 multiplex tests. 
Taken together with the simplification of logistics and biosafety issues, 
our data provide support for recombinant NP use as a robust alternative 
reference material for global benchmarking and reporting of the LOD of 
antigen detection devices that are based on NP detection. 

2. Materials and methods 

2.1. Expression and purification of proteins 

The SARS-CoV-2 NP-GFP, MERS-CoV NP-GFP and Influenza A virus 
NP-GFP were produced in E. coli BL21(DE3)RIPL as previously described 
[4,14]. MERS-CoV NP-GFP and Influenza A virus NP-GFP were purified 
using the same procedure as described in our previous RAT evaluation 
study [4]. The purification procedure for SARS-CoV-2 NP-GFP was 
slightly modified to include more stringent conditions for his-tag bind
ing and an extra wash step was included (lysis and wash buffers were 
supplemented with 40 mM imidazole). Additionally, to streamline 
protein analyses and lyophilization which was performed post purifi
cation, β-mercaptoethanol was not included in the lysis, wash and 
elution buffers and glycerol (10 % v/v) was replaced with sucrose (10 % 
w/v). Protein concentrations were determined by Bradford Assay, DC 
assay (Bio-Rad) and by GFP-fluorescence and the purity assessed by 
SDS-PAGE. NCAP-1 was from the National Research Council Canada and 
the reference material production has been described previously [13, 
15]. Units contained 10 μM NP solutions in 50 mM Tris buffer (pH 8) 
with 150 mM NaCl. 

2.2. Lyophilization of NP-GFP 

SARS-CoV-2 NP-GFP and MERS NP-GFP were diluted in PBS +10 % 
(w/v) sucrose to a final concentration of 10 μM and aliquots of 100 μL 
were prepared in screw cap tubes. Aliquots (100 μL) were freeze-dried 
using a SCANVAC CoolSafe (LABOGENE) for 3-h. Lyophilized samples 
were posted to Canada from Australia at ambient temperature and the 
pellets dissolved in 95 μL of ultrapure water to reconstitute a 10 μM 
stock solution (the volume of water required for reconstitution was 
calculated based on the GFP-fluorescence pre- and post-lyophilization). 
For consistency, lyophilized NP-GFP samples were also kept at room 
temperature in Australia for the duration of the transit (7-days) and 
resuspended in the same conditions. The stability of NP-GFP proteins 
was determined using fluorescence readings at 1 μM pre-lyophilization 
and post-reconstitution. Reconstituted proteins were stored at − 80 ◦C. 

2.3. Independent evaluation of COVID-19 rapid antigen tests 

The LOD of 26 COVID-19 RATs commercially available in Australia 
and/or Canada was assessed across two laboratories (JCU Australia and 
NRC Canada). For each RAT, 10 μL of SARS-CoV-2 NP-GFP or NCAP-1 
solutions at various concentrations (5, 1, 0.1 and 0.05 nM in PBS) 
were used to spike the manufacturers’ provided buffers. The spiked 
buffer samples were mixed by inverting five times and used according to 
the manufacturers’ specific instructions. Results were captured after the 
time indicated and alongside a ‘control RAT’ printed with a defined 
colour value line (Hex:#A0A0A0) to normalize band intensities and 
allow accurate comparison of RAT LOD data. Band intensities were then 
quantified using ImageJ including the ‘control RAT’ for normalisation 
(Fig. S1 for details). To ensure analysis of band intensity was consistent 
between JCU and NRC, a subset of RAT images from each country were 
cross analyzed with highly similar values obtained. For each RAT, 
MERS-CoV NP-GFP at 100 nM was used as a negative control and to 
assess test specificity. Prior to production of each dilution series, the GFP 
fluorescence of stock NP-GFP suspensions at 1 μM was quantified as a 
quality control measure (BMG LABTECH microplate reader, ex485, 
em520, 1500 gain). 

2.4. Evaluation of the influenza A, B and COVID-19 multiplex tests 

The analytical sensitivity of two combined influenza A, B and 
COVID-19 tests were assessed using the same approach as described for 
the COVID-19 RATs except 10 μL of influenza A virus (H5N1) NP-GFP 
was spiked into the provided buffers alongside SARS-CoV-2 NP-GFP. 
The GFP fluorescence of proteins were normalized at 1 μM (BMG LAB
TECH microplate reader, ex485, em520, 1500 gain) prior to evaluation 
to ensure the virus specific detection capabilities could be accurately 
compared. 

2.5. Statistical analysis 

Statistical analyses and the number of repeats are indicated in the 
relevant figure legends and methods. Analyses were performed using 
GraphPad Prism 9. A ratio paired t-test was used to evaluate the NP-GFP 
and NCAP-1 interassay agreements. Spearman’s correlation was used to 
measure the strength of association between band intensities obtained 
using NP-GFP and NCAP-1 for 44 paired RAT evaluations. 

3. Results 

3.1. NP-GFP and NCAP-1 reference standards 

In this study, 16 COVID-19 RATs approved by the Therapeutic Goods 
Administration (TGA) Australia and 10 COVID-19 RATs approved by 
Health Canada were evaluated with two different SARS-CoV-2 NP 
reference proteins (i.e. SARS-CoV-2 NP-GFP and NCAP-1) using a multi- 
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center approach. The SARS-CoV-2 NP-GFP was produced with a bacte
rial expression system and the NCAP-1 with a mammalian expression 
system (see Fig. S2 for a detailed comparison of the two protein se
quences and tags as well as post-translational modifications). The SARS- 
CoV-2 NP-GFP (produced in Australia) was shipped in lyophilized form 
at ambient temperature to the NRC Canada, while NCAP-1 (produced in 
Canada) was shipped to JCU Australia on dry ice. RAT evaluations were 
performed by spiking known concentrations of these protein 

suspensions into the provided buffers and run as per the manufacturers’ 
instructions. At the time of this study, only one RAT brand (Panbio) was 
available and approved for use both in Canada and Australia, and as 
such could be evaluated in both laboratories. All other brands of RATs 
could only be assessed either at NRC Canada or JCU Australia. In spite of 
this limitation, the study was designed to allow a systematic comparison 
of RAT as well as reference material performances. Of note, using two 
reference proteins which differ in their design, constituents, and 

Fig. 1. Comparison of the band intensities obtained using two independently produced SARS-CoV-2 NP reference materials (A) Visual comparison of the Panbio RAT 
that was independently assessed in Canada and Australia with both NP-GFP and NCAP-1. Protein concentrations are indicated and correspond to the concentrations 
in the samples used to spike the RAT buffers. Band intensity ratio values are calculated as NCAP-1/NP-GFP (see Fig. S1 for more detail) (B) Scatter plot of the 
correlation coefficient (spearmen r = 0.87) between band intensities obtained using NP-GFP and NCAP-1 for all 44 paired RAT evaluations tested at various con
centrations (0.05 nM–5 nM) (p = < 0.0001). Data points are coloured to indicate if the tests were evaluated at NRC Canada (red) or at JCU Australia (light brown) (C) 
Band intensity ratios with all paired data (NCAP-1/NP-GFP) plotted on a logarithmic scale to show fold-differences between band intensities obtained for both 
reference materials. The median with the standard deviation is shown. A ratio paired t-test was used to determine if there was a statistically significant difference 
between band intensity obtained using NP-GFP and NCAP-1 for all paired data (p = 0.43, t = 0.79, df = 43). 
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production as independent repeats to compare RAT performance, allows 
evaluation of reproducibility rather than just repeatability. 

The Panbio RAT was near its LOD when the buffer was spiked with a 
1 nM solution of SARS-CoV-2 NP-GFP and NCAP-1. This is consistent 
with a lower clinical and analytical sensitivity of the Panbio RAT in 
comparison with other brands as reported previously [4,16,17]. 
Importantly, highly similar band intensities were obtained with NP-GFP 
and NCAP-1 in both laboratories (Fig. 1A). Band intensities were 
quantitatively assessed using ImageJ integration to eliminate visual 
bias. The band intensities obtained using NCAP-1 strongly correlated 
with that of NP-GFP (correlation coefficient = 0.87, p < 0.0001) for 25 
RATs evaluated at several different concentrations ranging between 
0.05 and 5 nM (Fig. 1B). Note here that the CovClear RAT gave a 
negative result even at 100 nM (Fig. S3) and was therefore excluded 
from the comparison. The ratio of NCAP-1/NP-GFP was calculated for 
each RAT and plotted to showcase the limited data variability obtained 
across both research centers (Fig. 1C). With the exception of the 
Medomics RAT yielding a 3.5-fold absolute difference when evaluated 
with SARS-CoV-2 NP-GFP and NCAP-1 (at 1 nM), all other tests pro
duced band intensities within 2-fold of each other. It is important to note 
that the intra-lot variability of these tests is unknown and could explain 
the discrepancy obtained with the Medomics RAT at 1 nM as the ratio 
obtained at 5 nM for the same RAT was only 1.85. Overall, no significant 
difference between the means of the band intensities obtained using 
NCAP-1 and NP-GFP was observed in a pairwise comparison (p-value =
0.43, df = 43). Taken together, these data suggest that NCAP-1 and 
NP-GFP are antigenically identical despite presence of different tags and 
protein sequences and their different production processes. 

3.2. Comparison of RAT LOD 

With no discernible difference between RATs evaluated with NP-GFP 
or NCAP-1, we reasoned the data obtained from both reference materials 
could be used as independent duplicate measures to compare their 
analytical performances. As a minimum, RATs were assessed at 0.1 nM 
followed by an additional assessment at 0.05 nM for tests that were 
positive, or 1 nM for tests that were negative (Fig. 2A). Analytical 
specificity was also systematically evaluated using spiked MERS-CoV 
NP-GFP samples as negative controls and all 26 tests produced a nega
tive result (Fig. S4). 

The six best performing RATs produced detectable/visible test lines 
with buffers spiked with 0.05 nM suspensions of SARS-CoV-2 NP-GFP 
and NCAP-1. These included the Canadian-approved BTNX Cassette, 
Flowflex and Medsup as well as the Australian-approved Fanttest, 
Innoscreen and Juschek. Of note, an additional dilution to failure was 
deemed unnecessary as the band intensities produced at this concen
tration were very faint (borderline) and indicative of their LOD 
(Fig. 2A). The majority of tests (16/26) were unable to produce a visible 
test line when buffers were spiked with 0.1 nM of either NP reference 
protein. RATs were further evaluated at 1 nM and 5 nM if they failed to 
produce a detectable test line at lower concentrations (Fig. 2A). 

RAT brands were grouped based on their test line intensities at the 
three lowest reference protein concentrations (Fig. 2B) to showcase their 
differences in performance. Test lines were normalized using a ‘control 
RAT line’ (see Fig. S1 for details), for quantitative comparison. The least 
sensitive RATs (Group 4) were near their LOD at 1 nM NP reference 
protein while RATs in Group 3 (orange) produced significantly more 
intense test lines (Fig. 2B). The results of the best performing Australian- 
approved RAT ‘Fanttest’, is also shown at each concentration to high
light its superior detection capability. A >10-fold higher band intensity 
was obtained for Fanttest at 1 nM compared to some of the Group 4 RATs 
which correlates well with its >10-fold increase in analytical sensitivity 
over some of these tests i.e. the LOD of Fanttest is ~0.05 nM compared to 
~1 nM for Panbio (Figs. 1A and 2B). Of note, there was no statistical 
correlation between the reported TCID50 values and the lowest reference 
protein concentration detected for each RAT (r = 0.07, P = 0.76, see 

Fig. 2. (A) Comparison of the performance of RATs using known concentra
tions of NP-GFP and NCAP-1 (as duplicates) spiked into the provided buffers 
and run as per manufactures instructions. (B) Plotted data is of the lowest 
detected concentration of NP for each RAT and is normalized by the band in
tensity of the control RAT (see materials and methods for more details) and 
grouped according to their similarity in performance (i.e. test line intensity). 
The best performing RAT (Fanttest) is also plotted at 0.1 nM and 1 nM to 
showcase its superior performance (black dot). Group 1 (positive at 0.05 nM): 
Alltest, BTNX Cassette, Flowflex, Fanttest, Innoscreen, JusChek and Medsup. 
Group 2 (positive at 0.1 nM): MPBio, Novagen and Onsite. Group 3 (positive at 
1 nM): Boson, Genebio, Rightsign, SecurePlus, V-chek and VivaDiag. Group 4 
(positive at 1 nM): BTNX, PCL, Medriva, Medomics, PanBio (Aus), PanBio 
(Can), SDBiosensor, StandardQ and Touchbio. Representative band intensities 
are shown for each group. See Fig. S3 for CovClear raw data. 
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Fig. S5). 

3.3. Assessment of combined influenza A, B and COVID-19 tests with IAV 
(H5N1) NP-GFP 

While influenza RATs have been available for personal use in some 
countries, they were not approved in Australia at the time of the study. 
However, two COVID-19 RAT brands were available in Australia that 
detect IAV, IBV and SARS-CoV-2 in the same cassette (see Fig. S4 – 
Fanttest and Touchbio). These multiplex RAT brands, similar to previous 
influenza A/B RATs, detect the presence of IAV and IBV NP which are 
the most abundantly expressed protein during infection [18,19]. While 
NP sequences are highly conserved within a virus type and its subtypes 
[18,20], they are highly divergent between different types [21]. Here, 
we used IAV (H5N1) NP-GFP to further evaluate the analytical sensi
tivity of two influenza A, B and COVID-19 RAT brands that have recently 
been approved in Australia. Concentrations of SARS-CoV-2 and IAV 
(H5N1) NP-GFP were matched via fluorescence quantitation (see ma
terials and methods) allowing a direct comparison of the virus specific 
detection capabilities of these tests. While IAV (H5N1) subtype has 
limited relevance in humans presently, its NP shares 91 % and 94 % 
sequence identity with NP from the currently circulating H3N2 and 
H1N1 strains respectively (Fig. S6). As such, IAV (H5N1) NP-GFP re
mains a relevant subtype-specific reference standard to compare the 
performance of IAV RATs, although further assessment with NP from 
other circulating strains is warranted. 

The Touchbio RAT was ~20-fold less sensitive for SARS-CoV-2 NP- 
GFP than the Fanttest RAT despite identical reported TCID50/mL values 
(Figs. 2A and 3A-B). Regarding IAV detection, both tests produced faint 
test lines with 1 nM IAV (H5N1) NP-GFP (Fig. 3B). Of note, one batch of 
Touchbio RATs yielded faint false IBV positive test lines with all con
centrations of IAV (H5N1) NP-GFP (cf intensity of IAV test lines at 0.1 
nM IAV (H5N1) NP-GFP in Fig. 3B–C). The subsequent batch did not 
produce detectable IBV test lines at any concentration nor an IAV test 
line at the lowest concentration (0.1 nM IAV (H5N1) NP-GFP). Analyt
ical specificity was evaluated with 100 nM SARS-CoV-2 NP-GFP (i.e. 
concentration of spike sample). Here, no RAT produced a positive IAV or 
IBV test line. 

4. Discussion 

The production of SARS-CoV-2 NP reference proteins to benchmark 
RATs is of high global interest. In this study, 26 RATs were used to 
compare the suitability of two different recombinant NP as reference 
standards. Both recombinant NP-GFP and NCAP-1 include the original 
Wuhan SARS-CoV-2 NP amino acid sequence (>98 % identity with the 
currently circulating Omicron XBB.1.5 and JN.1 proteins - Fig. S7) and 
were produced in bacterial and mammalian expression systems respec
tively. NP-GFP and NCAP-1 were independently compared at NRC 
Canada and JCU Australia with RAT brands that were approved in each 
respective country. Of note, the low number of overlapping, 
government-approved tests in both Australia and Canada (Panbio, 
Flowflex, Carestart and SDBiosensor) and their limited commercial 
availability precluded a systematic multi-center evaluation. As such, 
only the Panbio RAT was cross-examined and used for reference. 
Overall, our combined data showed no significant difference in RAT test 
line intensities between NP-GFP and NCAP-1. That is, both proteins 
produced highly agreeable test lines across all RAT brands at each 
concentration (Fig. 1) supporting their suitability as reference standards 
for rapid and reliable comparison of RAT brands. 

Overall, only 6 out of the 26 COVID-19 RATs yielded faint test lines 
using buffer spiked with the lowest concentrations of NCAP-1 or NP-GFP 
suspensions (see 0.05 nM and group 1 in Fig. 2). Four more RATs could 
detect buffer spiked with 0.1 nM reference protein suspensions (group 
2). From here it reasons that any RAT performing below this detection 
threshold i.e. group 3–4 and especially CovClear (which has been 

revoked by the TGA Australia in 2022 due to insufficient sensitivity), 
would be redundant or even undesirable for effective infection control. 
Of note, both influenza A, B and COVID-19 multiplex RAT brands were 
poor to detect IAV (H5N1) NP-GFP comparing with the worst per
forming COVID-19 RATs (group 4). Indeed, both tests yielded only faint 
test lines using buffer spiked with a 1 nM IAV (H5N1) NP-GFP suspen
sion. In addition, false positive IBV test lines were obtained with one of 
the Touchbio batches which is concerning as it is already a poor test for 
COVID-19 (group 4). Additional benchmarking with NP from circulating 
H3N2 and H1N1 strains are obviously needed for further evaluation of 
these multiplex RATs. 

NP reference standards are essential for manufacturers of laboratory- 
based immunoassays and RATs, and would also benefit regulatory 
bodies and other end-users for informed decision making to easily 
compare, select or revoke RAT brands. Indeed, the production of SARS- 
CoV-2 viral cultures and their subsequent inactivation is a laborious, 
time-consuming and costly process that requires appropriate facilities 
with high biosafety levels, restricting its production and availability for 
independent testing. Moreover, the complex logistics of transporting 
bio-hazardous reference material adds additional hurdles and further 
limits their overall accessibility. The complexity of NP concentration 
determination in viral cultures has led to indirect measures such as 
quantitative reverse-transcriptase PCR and even the flawed TCID50 assay 
to be used as proxy methods. Here we demonstrate that NCAP-1 and NP- 
GFP are robust and reliable as reference proteins and can be safely 
shipped without biosafety concerns, in frozen solution or at ambient 
temperature in lyophilized form. As such, NCAP-1 and NP-GFP are safe 
to be used in any laboratory and non-laboratory settings, significantly 
expanding their accessibility to potential end-users for independent 
comparison of the multitude of government-approved RAT brands. 

Recently, the WHO selected an inactivated virus culture over re
combinant NP as the first reference standard for COVID-19 RATs and 
laboratory-based immunoassays [12]. The decision stemmed from (a) 
the possibility that tests could be developed that detect different 
SARS-CoV-2 antigens than NP and (b) the findings of a multicenter 
comparative study that showed that inactivated virus cultures stan
dardized by the concentration of NP yielded slightly more homogenous 
LOD values across assays developed by various manufacturers [12]. Of 
note, only one sample of NP was compared in that study, while eight 
viral cultures were cross-compared. We have previously shown that 
interassay variability was comparable to the variability obtained be
tween two different NP proteins produced in E. coli (i.e. NP and NP-GFP) 
[4]. In the present study we found that both NCAP-1 and NP-GFP pro
duced highly similar test line intensities at all concentrations tested with 
the 26 RAT brands that were evaluated. 

The NP sequences from currently circulating strains XBB.1.5 and 
JN.1 include five sequence variations compared to the wildtype strain 
(P13L, E31_S33 deletion, R203K, G204R and S413R). JN.1 NP contains 
an additional Q226K mutation. As such, these mutations account for less 
than 2 % change in the NP sequence. Nonetheless, a study exploring the 
impact of these mutations on the analytical sensitivity of the best per
forming RATs would be of interest. It would also be interesting to 
compare the best performing RATs using a selection of identical clinical 
samples. Taken together, our comparative data, the simplified biosafety 
and shipment logistics, and the fact that the vast majority of COVID-19 
RATs were developed to detect NP analytes, bring forth a strong case for 
NP-GFP and NCAP-1 and new versions thereof to be included as inter
national reference standards. 
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Fig. 3. Assessment of the of the influenza A, B and COVID-19 dual tests using SARS-CoV-2 and IAV (H5N1) NP-GFP. (A) Reported analytical performance of Fanttest 
and Touchbio using the TCID50 assay compared to the detection limit obtained in this study. (B) Comparison of the band intensities obtained at the COVID-19 and 
IAV test lines between Fanttest and Touchbio using equimolar concentrations of SARS-CoV-2 NP-GFP and IAV NP-GFP. The faint line produced for Touchbio at 0.1 
nM of IAV NP-GFP in one of the replicates is a similar intensity as the background IBV test line and thus considered a background response. (C) Quantified band 
intensities of the IAV and IBV test lines. A 100 nM SARS-CoV-2 NP-GFP ‘spike sample’ (red) was used to evaluate test specificity and serve as a negative control. 
#Lowest detectable concentration of NP-GFP in the sample dilution series. 
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