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With the spread of a novel coronavirus disease 2019 (COVID-19) in early 2020, dozens of nucleic acid amplification
test (NAT) kits were developed in Japan and used to diagnose COVID-19. Since clinical specimens were difficult to obtain
at the time of development of these NAT kits and their use needed to be approved urgently, the performance of these kits
was evaluated on a very limited number of clinical specimens, and most of them were exceptionally permitted to be used
as "research reagents" for COVID-19 diagnosis. Based on this, in 2020, we conducted a survey and performance
comparison study of those NAT kits. In this study, we conducted both wet and dry evaluation studies to solve the "problems
and issues related to ensuring the reliability of urgently developed NAT test reagents (see (1)-(4) below)" that were
extracted from the studies in 2020.

The brief results of each study are as follows.

(1) Study on the validity of specimens used for performance evaluation

To verify the validity of pseudo-clinical specimens for clinical performance evaluation, we tested the feasibility of
detecting viral RNA for several COVID-19 diagnostic NAT kits using pseudo-clinical specimens. The results showed that
viral RNA could be detected if the RNases in the biological specimen could be inactivated in advance with the specimen
lysate provided with the test reagent. However, since some reagents cannot inactivate RNases, it was considered necessary

to develop and maintain an artificial matrix that does not contain RNases.

(2) Study on the complementarity of primers with relevant pathogen genomes
By in silico analysis using an ultrafast and accurate sequence search system, we showed that most of the PCR primers
for COVID-19 diagnoses designed by the national institutes exceeded the guideline criteria of 80% complementarity with

any of the relevant pathogen sequences.

(3) Study on the influence of host cell-derived nucleic acids on the detection sensitivity of NAT

Using hundreds of primers designed with common primer design software, we investigated how often off-target
amplification occurs in the presence of human genomic DNA and how off-target amplification affects the detection
sensitivity of viral nucleic acids. As a result, we found that off-target amplification can occur relatively frequently and that

the detection sensitivity of target viral nucleic acids was reduced in the primer sets that caused off-target amplification.

(4) Study on the effect of viral mutations on the sensitivity of NAT
Using the DNA templates with a mutation at each position within the primer binding region as the model, we showed

that the detection sensitivity of NAT decreased if the mutation was closer to the primer 3' end.

Along with new considerations based on the results of the studies (1) — (4) above, we summarized the requirements for
performance evaluation described in the emergency use authorization guidance issued by the FDA and WHO in the early

stages of the COVID-19 pandemic.



