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A B S T R A C T   

Introduction: The pandemic of a novel coronavirus disease 2019 (COVID-19) caused by a severe acute respiratory 
coronavirus 2 (SARS-CoV-2) infection has been problematic worldwide. A new SARS-CoV-2 diagnostic test 
(SmartAmp) was licensed in Japan in July 2021. This method, which enables us to diagnose COVID-19 as well as 
a gene mutation on the virus, is promising to reduce medical costs and staff labor. 
Patients and methods: To analyze the diagnostic accuracy of the SmartAmp assay for diagnosing COVID-19, we 
performed this retrospective study at our institute during April and May 2021. We compared the results of the 
SmartAmp assay and real-time reverse transcription-polymerase chain reaction (rRT-PCR) using a saliva sample 
from individuals suspected as having COVID-19. 
Results: Out of 70 samples tested, the SmartAmp assay had 50 (71%) positive and 20 (29%) negative results. 
Using rRT-PCR as a reference, the diagnostic accuracy displayed a sensitivity of 84%, a specificity of 95%, a 
positive predictive value of 97.7%, and a negative predictive value of 70.4%. On the other hand, false-negative 
cases were found in 7 (10%), and there was no significant difference of Ct-value between true positive and false 
negative cases (Mean Ct-value 25.2 vs. 27.5 cycles, p = 0.226 by Mann-Whitney U test). 
Conclusion: The SmartAmp assay is a valuable method to diagnose COVID-19 rapidly. However, the negative 
predictive value is not high enough to diagnose the disease, so that negative results should be considered for rRT- 
PCR testing if patients are suspected of having COVID-19.   

The emergence of a novel coronavirus in Wuhan, China, severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), and the pandemic of 
COVID-19 (coronavirus disease 2019) cause health and economic crises 
and reveal human relations problems such as racism and conflict be-
tween nations [1–3]. In Japan, we face several problems; the emergence 
of social distancing enforcers, discrimination against medical staff who 

provide medical care for the patients with COVID-19, misleading in-
formation by the mass media regarding COVID-19 vaccines, and hosting 
the Tokyo Olympics 2020 during the pandemic of COVID-19. COVID-19 
highlights various problems in Japan, which must be overcome. After a 
vaccination program started in the USA, the number of patients with 
COVID-19 dramatically decreased (as of 1:07 p.m. CET, 5 July 2021. 
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https://covid19.who.int/). On the other hand, Japan is still facing 
several problems, including a vaccination program that has been 
delayed compared to other countries, resulting in the possible fifth wave 
of COVID-19 infections. This will impact the Tokyo Olympics and can 
lead to a collapse of the medical care system. Although COVID is 
becoming a community infection, we have no rapid diagnostic method 
that is easy to handle everywhere. Thus, we have an issue with whether 
the patient should be isolated or not. While the diagnosis of COVID-19 
has been a gold standard by reverse-transcription-polymerase chain 
reaction (RT-PCR), it is costly and requires a trained laboratory tech-
nician and medical equipment to perform, taking 3–4 h per assay [4,5]. 
With an increase in numbers for COVID-19 testing, although rapid an-
tigen testing has prevailed widely, there is no reliable evidence to sup-
port it. 

The SmartAmp method is an isothermal DNA amplification tech-
nology for rapid detection, which enables us to detect genetic poly-
morphisms or mutations in 25–45 min after preprocessing under 
isothermal conditions without the need for DNA isolation or PCR 
amplification. Some had already reported its utility for detecting a single 
nucleotide polymorphism (SNP). Besides, the method has prevailed in 
several fields of medicine [6–8]. SmartAmpSARS-CoV-2 kit (DANA-
FORM Inc., Tokyo, Japan) was commercialized to diagnose COVID-19 in 
July 2021 in Japan. We evaluated the efficacy and validity of the 
SmartAmp assay for the diagnosis of COVID-19. This is the first report 
documenting that the SmartAmp assay would be a proper diagnostic 
method for diagnosing COVID-19. 

We collected 70 saliva clinical specimens from individuals from April 
2021 until May 2021 at Aichi Medical University Hospital and affiliated 
facilities. All patients were suspected of having COVID-19 based on their 
clinical symptoms (within nine days from the onset) or met the defini-
tion of close contact with COVID-19 patients. Saliva was collected based 
on the standard protocol in the same manner as the previous study [9]. 
Using the samples, we performed rRT-PCR as well as SmartAmp assay in 
diagnosing COVID-19. Then, we analyzed the diagnostic characteristics 
such as diagnostic accuracy and ROC curves, threshold cycle (Ct) value 
of the rRT-PCR, and compared the results of the two methods. This study 
was approved by the Institutional Review Board of Aichi Medical Uni-
versity Hospital (H17-106). 

As for the SmartAmp assay, we collected saliva samples from in-
dividuals who were suspected of having COVID-19 and transferred the 
samples to ReproCELL Inc. (Kanagarwa, Japan) to outsource the Smar-
tAmp assay. rRT-PCR was performed by using BD MAX system (a fully 

integrated, automated platform that performs nucleic acid extraction 
and real-time PCR) (Japan Becton Dickinson and Company, Japan). The 
re-suspended saliva was centrifuged at 500×g for 1 min, and the vol-
umes of 750 μL supernatant fluid were assayed on the BD MAX system 
using the BD SARS-CoV-2 reagents for BD MAX System. In these re-
agents, the primer and double-quencher probe sets were based on the 
United States Centers for Disease Control and Prevention (US CDC) assay 
for specific detection of SARS-CoV-2 by amplifying two unique regions 
of the N gene (i.e., N1 and N2), and the human RNase P gene as an in-
ternal control. 

Statistical analyses were performed using GraphPad Prism version 
9.1.0 for Mac, GraphPad Software, La Jolla California USA.) P-val-
ues<0.05 were considered statistically significant. 

A total of 70 saliva samples were tested. The rRT-PCR revealed 50 
(71%) positive and 20 (29%) negative results, while The SmartAmp 
assay showed 43 (61%) positive and 27 (39%) negative cases. We had 
one false-positive (positive-SmartAmp assay, but negative-rRT-PCR) and 
seven false-negative (negative-SmartAmp assay, but positive-rRT-PCR). 
A false-positive sample exhibited a 40 Ct-value. False-negative samples 
revealed the median Ct-value of rRT-PCR was 27.6 cycles (range 
15.8–38.2 cycles). Comparing the mean Ct-value between the positive 
and negative samples, the mean Ct-value in the positive samples was 
lower than in the negative ones (25.6 vs. 39.6 cycles, p < 0.001 by 
Mann-Whitney U test) (Fig. 1a). Using the result of rRT-PCR as a refer-
ence, the area under the receiver-operating characteristic (AUROC) 
curve is 0.891 [p < 0.001, 95% confidence interval (CI) 0.8–0.981] as 
shown in Fig. 2. SmartAmp assay had a sensitivity of 84%, a specificity 
of 95%, a positive predictive value of 97.7%, and a negative predictive 
value of 70.4%, as shown in Table 1. As for a gene mutated expression on 
true positive samples, N501Y and E484K were seen in 35 (83%) and 7 
(17%), respectively (data not shown). 

The results showed that the Smart-Amp assay is effective and valid 
for diagnosing COVID-19 using saliva specimens. Moreover, obtaining 
saliva samples is safer and more accessible than nasopharyngeal samples 
to prevent secondary transmission from patients to medical staff [3,5,6, 
9]. Although the gold standard diagnostic testing for COVID-19 is 
rRT-PCR, SmartAmp assay has several advantages in managing the 
COVID-19 patients. This method can reduce medical costs, showing a 
lower cost of 1980 Japanese yen (JPY), which is about 18 USD per 
sample [7], while PCR is more costly, showing about 250–300 USD per 
sample in Japan [5]. It takes 25–45 min after preprocessing to diagnose 
the disease, which is much shorter than rRT-PCR. We currently have an 

Fig. 1. shows the comparison of threshold cycle values of rRT-PCR between true positive and negative cases (Fig. 1a), and between true positive and false negative 
cases (Fig. 1b) by SmartAmp assay. 
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issue regarding the emergence of gene mutations on SARS-CoV-2, 
contributing to a reduction in the efficacy of vaccination [10,11]. It 
might be helpful to detect a gene mutation for surveillance and general 
practice, even though there is no evidence that a gene mutation affects 
the prognosis among the patients [12–14]. 

As for the diagnostic values, the diagnostic accuracy of the testing 
displayed a high positive predictive value. On the other hand, false- 
negative cases were found in 7 (10%), showing a low negative predic-
tive value of 70.4%, as shown in Table 1. We previously reported that 
the automated quantitative CLEIA antigen test by saliva sample is 
helpful for the diagnosis of COVID-19. The diagnostic accuracy of the 
testing in patients with Ct ≧ 27 cycles is lower than those with Ct < 27 
cycles [5]. The SmartAmp assay can show a false-negative result, even 
though the Ct-value ranged 15.8 to 38.2 cycles. Comparing the Ct-values 
between true positive and false negative cases, there was no significant 
difference between the two groups (Mean Ct-value 25.2 vs. 27.5 cycles, 
p = 0.226 by Mann-Whitney U test as shown in Fig. 1b). Therefore, 
clinicians should be aware that the diagnostic method is helpful, but its 
value is limited. Otherwise, we might miss false-negative cases that can 

be super spreaders in our society. Although using a saliva sample is an 
excellent tool to diagnose COVID-19 early, we should be aware that 
saliva has several factors to inhibit a reaction of amplifying RNA [15]. 
Thus, collecting a saliva sample for the SmartAmp method should be 
proper for avoiding an error result. Besides, further study regarding the 
correlation between the disease onset and diagnostic accuracy should be 
needed. 

There are several limitations to this study. First, we tested only for 
SARS-CoV-2 from saliva samples and not for co-infection with any other 
viruses. Viral co-infection could happen, even though it is infrequent. 
Second, there was no clinical information about the patients. Therefore, 
we could not evaluate any correlation between clinical manifestations 
and Ct-value. 

We conclude that the SmartAmp assay is a valuable method for the 
diagnosis of COVID-19. However, the negative predictive value is not 
reliable enough to diagnose the disease, so that negative results should 
be considered for performing rRT-PCR on patients if they are suspected 
of having COVID-19. 
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Fig. 2. Shows the area under receiver-operating characteristic curve for the diagnosis of COVID-19, using the result of rRT-PCR as a reference.  

Table 1 
Diagnostic accuracy of RT-SmartAmp assay for the diagnosis of COVID-19.  

Sensitivity (%) Specificity (%) PPV (%) NPV (%) YI 

All cases (n = 70) 
84 95 97.7 70.4 0.79 
Cases showing Ct-value≥27 (n = 39) 
78.9 95 93.8 82.6 0.74 

COVID-19, coronavirus disease 2019; Ct, threshold cycle; PPV, positive predic-
tive value; NPV, negative predictive value; YI, Youden index. 
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