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Rapid and accurate detection of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in dead
bodies is essential to prevent infection among those working with dead bodies. This study focused on the
Smart Amplification (SmartAmp) method, which has a short examination time (approximately an hour), is
simple to perform, and demonstrates high specificity and sensitivity. This method has already been used for
clinical specimens; however, its effectiveness in dead bodies has not been reported. This study examined

Igggfﬁ;b method the SmartAmp method using 11 autopsies or postmortem needle biopsies performed from January to May,
SARS-CoV-2 2021 (of these, five cases tested positive for SARS-CoV-2 by quantitative real-time polymerase chain re-
Swab test action (qRT-PCR) and six cases tested negative). Swab samples were collected from the nasopharynx, or-
Autopsy opharynx, or anus and the SmartAmp and qRT-PCR results were compared. For the nasopharynx and
Rapid test oropharynx samples, the same results were obtained for both methods in all cases; however, for the anal

swabs, there was one case that was positive according to qRT-PCR but negative according to the SmartAmp
method. The SmartAmp method may therefore be less sensitive than qRT-PCR and results may differ in
specimens with a low viral load, such as anal swabs. However, in the nasopharynx and oropharynx spe-
cimens, which are normally used for testing, the results were the same using each method, suggesting that
the SmartAmp method is useful in dead bodies. In the future, the SmartAmp method may be applied not
only during autopsies, but also in various situations where dead bodies are handled.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
causes coronavirus disease 2019 (COVID-19) and the first outbreak
was reported in Wuhan, China, in December 2019. It has since ra-
pidly spread worldwide, causing more than 4.5 million deaths as of
September 2021 [1], and the number of fatalities continue to in-
crease. In January 2021, Heinrich and colleagues revealed that sub-
genomic RNA of SARS-CoV-2 that was indicative of viral replication
could be detected, and a viral culture was possible even 35.8 h after
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death in specimens collected from the nasopharynx of SARS-CoV-2-
infected dead bodies, suggesting a risk of infection [2]. For this
reason, the detection of SARS-CoV-2 during autopsies, for which the
cause of death is unknown, is vital to not only determine the cause of
death more reliably, but also to reduce the risk of infection for all
personnel involved in the autopsy.

The most reliable detection method for SARS-CoV-2 is the
quantitative real-time polymerase chain reaction (qQRT-PCR) method.
However, while it has high sensitivity and specificity, it requires
relatively specialized facilities and technically-trained operators.
qRT-PCR involves a number of complicated operations, such as RNA
extraction and reverse transcriptase reactions, resulting in long
testing times (about 2-3 h) and the risk of contamination. As a re-
sult, qRT-PCR is difficult to apply to onsite testing, such as autopsy or
postmortem examinations at the time of a disaster. In recent years,
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isothermal nucleic acid amplification has gained attention as a new (
method for nucleic acid detection [3-5]. In contrast to the PCR 8
method, which amplifies nucleic acids by cycling through dena- E
turation, annealing, and elongation at different temperatures, the E
isothermal amplification method amplifies nucleic acids by reacting é vyyee2222ss
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as a faster reaction speed, the lack of specialized equipment such as fl|easeazzzzz2
a thermal cycler, and a simple operation that does not require spe- &
cialized techniques. Therefore, in this study, we focused on the g E
Smart Amplification (SmartAmp) method, which is one of the iso- § §
thermal nucleic acid amplification methods [6]. £ By oY
The “SmartAmp™ 2019 New Coronavirus Detection Reagent” [7], £ g 28 8%
co-developed by DNAFORM Corporation (Yokohama, Japan) and S| oo o ; 8o é <
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form both reverse transcriptase and isothermal DNA amplification E g 2223 2 REZER
reactions in a single reaction tube. When used in combination with e N
the nucleic acid extraction reagent, “Smart Extract” [8], and the = G
dedicated equipment “LifeCase Smart” and “LifeCase Amp,” the RNA %“3 &
extraction time is approximately 15 min for eight samples. More- E 2
over, the reaction time is around 15 min when the viral load is high, = b5
and around 40 min when a sample is negative. The biggest ad- 2 2 é
vantage of SmartAmp is that the test time can be reduced to less ol = (-
. . |l 222253220
than 1 h. Furthermore, as the necessary equipment is compactly ElTSS3c<SSSSS3|g
stored in three attaché cases, it is easy to carry around. This enables Flewamsmoonmns| =
rapid examinations where dead bodies are handled, such as at au- g s
topsies, external examinations, and general handling in morgues, g S
and will lead to the prevention of infection among people who §§ E
handle and work near dead bodies. s £
The usefulness of the SmartAmp method as a SARS-CoV-2 de- £ = E
tection method has only been reported and tested using clinical .En,% “é
. . w9 9]
specimens [9,10] and there have been no reports using postmortem S£ g
specimens. In this study, to investigate the effectiveness of the 2 5
SmartAmp SARS-CoV-2 assay in postmortem specimens, we per- 8 o é é 2
formed tests using the SmartAmp method and the qRT-PCR assay =) S= = g
using swabs from dead bodies, and compared the operation times %é 5 8 ]
and the obtained results. <-E & %5
o Q
3 o g
2. Materials and methods T35 3 =
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2.1. Autopsy specimens 55w w |2
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Swab samples were collected from the nasopharynx, oropharynx, = % %D %c 2|2
. — > =
and anus of 11 cadavers (five cases were determined to be SARS- 25 § § = Iy
CoV-2 positive and six were negative, based on qRT-PCR testing) that LE’ T2 ¢ A
were autopsied or biopsied at postmortem at the Forensic Medicine 8L o g 2
Departments of three Japanese Universities, from January to May, @O Eo-g ‘E | 2
2021 (Table 1). The postmortem time ranged from 2 to 11 days in the = 2% 3 _§ s
positive cases and 3-5 days in the negative cases. There were no 228 T o 5| %
. . .. ES =t “ (:l“ o Q __%
dead bodies in advanced stages of decomposition. o 2 ?g 2 2 g cR|Z
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This study was conducted with the approval of the Institutional z % 5 g %= é 2=|8
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2.2. qRT-PCR assays 52 REES8zw2|¥
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2.2.1. RNA extraction for qRT-PCR - S o CwEES E %
Viral RNA was extracted from two swab slices using an EZ1® £38< - % 5 22 Tl
Virus Mini kit and the EZ1® Advanced XL system (QIAGEN Inc., TELELE=CLET |
Hi : e : s|53E28B3582|°
ilden, Germany), following the manufacturer’s instructions. The S1288-30ZEZ=503] 8
RNA was eluted into 90 pL of TE buffer. R I
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2.2.2. Quantification by qRT-PCR sy w g @ E
The testing reagents used for qRT-PCR ipcluded the TaqMan.TM 5|2 o % % < % Loy % % &
2019-nCoV Assay Kit v1, the TagMan™ Fast Virus 1-Step Master Mix, g|g % % = % £ % % é sL |5
and the TagMan™ 2019-nCoV Control Kit v1 (all from Thermo Fisher A G GU
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primers (to the ORFlab, N-protein, and S-protein regions, respec-
tively), 1.25 pL of standard internal primer, and 5 pL of the sample.
qRT-PCR was performed using a StepOnePlus™ Real-Time PCR
System (Thermo Fisher Scientific) at 50 °C for 5 min, 95 °C for 20 s,
95 °C for 3 s, and 60 °C for 30 s, for 45 cycles. In the qRT-PCR, am-
plification of at least two regions of ORF1ab, N-protein, or S-protein
in at least one of the swabs collected from the three locations was
considered positive.

Copy number quantification was performed using the same re-
agents and N-region primers with the same formulation, tempera-
ture, and cycling conditions. The calibration curve was prepared by
diluting the positive control given by the National Institute of
Infectious Diseases to seven serial dilutions (10,102, 103,10 10>, 108,
107). Both the calibration curve and the samples were measured at
two of these dilutions.

2.3. SARS-CoV-2 detection by SmartAmp

2.3.1. RNA extraction for SmartAmp

RNA extraction was performed in accordance with the two pro-
tocols provided with the “Smart Extract” (DNAFORM), as described
below.

2.3.2. Aspiration method

The sample swab was placed in 1 mL of Swab Suspension Buffer
(SSB) and added to the 500-uL column before aspirating for 5 s.
Then, wash solution 1 (WS1) was added to the 500-uL column before
aspirating for 5 s. Subsequently, 99.5% ethanol was added to the 500-
pL column before aspirating for 5 s and the RNA was collected in
100 pL of RNase-free water.

2.3.3. Simple centrifugation method

The sample swab was placed in 1 mL of SSB and added to the
500-puL column before centrifuging for 2 min in a small desktop
centrifuge (Bio-Medical Science Co., Ltd., Tokyo, Japan). Then, 500 pL
of WS1 was added and centrifuged for 1 min. Next, 500 pL of 99.5%
ethanol was added, centrifuged for 1 min, and the RNA was collected
in 100 pL of RNase-free water.

2.3.4. RNA amplification using SmartAmp

The SmartAmp™ 2019 novel coronavirus detection reagent
(DNAFORM) was used for amplification. A 20-pL reaction solution
was used that comprised 10 pL of RNA extraction solution, obtained
using the simple centrifugation and aspiration methods for each
sample, mixed with 10 pL of a mixture of "Reagent P" primer reagent
and "Reagent E" enzyme reagent. For the modified simple cen-
trifugation method, only 1 pL of RNA extraction solution was used
per sample in the reaction mix.

Reactions were amplified under isothermal conditions at 67 °C
using a “LifeCase Amp” device. A case was considered positive if the
amplification curve increased with more than one sample.

3. Results
3.1. Determination results

Table 2 shows a comparison of the determination results ob-
tained with the qRT-PCR and SmartAmp methods. Using the RNA
obtained by the aspiration method, similar results were obtained
with the SmartAmp method as with the qRT-PCR method for both
positive and negative cases. Using 10 pL of RNA obtained by the
simple centrifugation method, different results were obtained with
the SmartAmp method from those obtained with the qRT-PCR
method for all five positive cases. However, using the modified
simple centrifugation method in which the amount of RNA added
was reduced to 1 pL, the same determination results were obtained
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Table 2
Comparison of the qRT-PCR results with the SmartAmp results.

qRT-PCR SmartAmp method
result
Aspiration Simple Modified simple
method centrifugation centrifugation
method (10 uL RNA  method (1 pL RNA
added) added)
1 Positive Positive Negative Positive
2 Positive Positive Negative Positive
3 Positive Positive Negative Positive
4 Positive Positive Negative Positive
5 Positive Positive Negative Positive
6 Negative Negative Negative Negative
7 Negative Negative Negative Negative
8 Negative Negative Negative Negative
9 Negative Negative Negative Negative
10  Negative Negative Negative Negative
11 Negative Negative Negative Negative

with the SmartAmp method as with the qRT-PCR method for all
positive and negative cases.

3.2. Results for each sample

The results obtained for each sample are listed in Table 3. The
same determination results were obtained with the SmartAmp
method as the qRT-PCR method for the nasopharyngeal and phar-
yngeal swabs using both the aspiration method and the modified
simple centrifugation method with the addition of 1 pL of RNA.
However, the SmartAmp method and the qRT-PCR method yielded
different results for the anal swab of a positive case (Case 4).

3.3. Influence of time elapsed after death

The drowning case (Case 1), whose postmortem interval was to
be estimated 7-11 days, showed a similarly positive result with the
SmartAmp method as with the qRT-PCR method.

4. Discussion

Testing for the presence of infection in dead bodies suspected of
being infected with SARS-CoV-2 is important for the safety of those
who may come into contact with the dead bodies and for controlling
the spread of SARS-CoV-2 infection. In particular, because various
bodily fluids and organs are handled during autopsy, it is necessary
to obtain information on the infection status before autopsy so that
necessary infection control measures can be taken. Therefore, a
rapid and simple method of testing that can replace qRT-PCR is
needed. In this study, we focused on the SmartAmp method, one of
the isothermal amplification methods that can detect SARS-CoV-2
simply and rapidly, and reports its effectiveness in postmortem
specimens for the first time.

The SmartAmp method has been developed for applications such
as pathogen detection and the genotyping of single nucleotide
polymorphisms [11-13]. It is also used in clinical practice as a rapid
test for SARS-CoV-2 [9,10]. In this study, we used SmartAmp™ 2019
SARS-CoV-2 detection reagents and Smart Extract for the extraction
and amplification of RNA from samples. Smart Extract is capable of
RNA extraction by two methods: aspiration and simple centrifuga-
tion. The first choice is the aspiration method, but in highly viscous
samples that are difficult to aspirate, the simple centrifugation
method can be used for extraction. However, the vacuum equipment
required for the aspiration method is large and heavy, making it
difficult to transport. By contrast, the simple centrifugation method
can be performed using a desktop centrifuge, which is easy to
transport. Furthermore, compared with clinical samples, samples
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Table 3
Results for each sample.
Nasopharyngeal Oropharyngeal Anal
qRT-PCR (copies/uL)* SmartAmp qRT-PCR (copies/pL) SmartAmp qRT-PCR (copies/uL) SmartAmp
a b a b a b
1 +(3.99 x10) + + +(8.19 x10%) + + - - -
2 +(4.12 x10%) + + +(1.98 x10%) + + +(1.98 x10%) + +
3 +(1.04 x10%) + + +(1.04 x10%) + + - - -
4 +(9.41 x103) + + +(7.49 x10%) + + +(-) - -
5 +(1.91 x10) + + +(3.96 x10°) + + - - -
6 - - - - - - No sample
7 - - - - - - No sample
8 - - - - - - No sample
9 - - - - - - No sample
10 - - - - - - No sample
11 - - - - - - No sample
" Number of copies in N region,
" Aspiration method,
™ Modified simple centrifugation method
Cadaver

swabbed from dead bodies may contain skin fragments, mucus, or
other contaminants that make aspiration difficult, so both methods
were examined in this study. Among the positive samples, the
simple centrifugation method gave false negative results in all cases.
Considering the possibility that impurities could not be sufficiently
removed and PCR inhibitors remained, we reduced the volume of the
extraction solution to reduce impurities, and obtained the correct
results. This finding suggested that some impurities that inhibit PCR
amplification were present in the postmortem specimens and that
the simple centrifugation method was not able to remove them,
resulting in false negative results. Although we could not identify
this impurity, it is possible that an impurity may remain because the
centrifugal force of the tabletop centrifuge supplied with this kit is
weak (maximum 2000 x g). One of the reasons for insufficient
centrifugation may be the effect of postmortem changes. The iden-
tification of impurities and an investigation into the cause of in-
sufficient centrifugation will be the subject of a future study.
However, because correct results can be obtained by reducing the
amount of RNA added, it is possible to analyze postmortem speci-
mens using a modified simple centrifugation method.

In one case (Case 4), the anal swab gave different results, testing
positive by qRT-PCR and negative by the SmartAmp method. The
RNA copy number determined by qRT-PCR of the anal swab from
Case 4 was 1.31 x 10%, suggesting a low viral load. The TagMan™
2019-nCoV Assay Kit v1 can detect as few as 10 copies, while the
SmartAmp method can detect as many as 50 copies of artificially
synthesized viruses, which is slightly less sensitive than qRT-PCR
[4,14]. In addition, the sensitivity of extracts from actual samples,
especially those from cadavers, is expected to be even lower because
they contain PCR inhibitors and other substances. Therefore, it is
thought that the Case 4 anal swab, which had a low viral load, could
not be detected by the SmartAmp method. However, in the naso-
pharynx and oropharynx specimens, which are normally used for
testing, the results were the same using each method, suggesting
that the SmartAmp method is useful in dead bodies. Furthermore,
positive results were obtained using both the SmartAmp method
and the qRT-PCR method on the sample from the drowned cadaver,
which had an estimated postmortem interval of 7-11 days. This
suggests that the SmartAmp method may be useful even after a long
postmortem interval, provided a certain amount of virus remains.

In this study, using SmartAmp™ 2019 SARS-CoV-2 detection re-
agents and Smart Extract for extraction and amplification, we were
able to reduce the actual test time to approximately 1 h, which is
significantly shorter than the time required for qRT-PCR (Fig. 1).
Additionally, the SmartAmp method uses exciton-controlled hy-
bridization-sensitive fluorescent primers, which act as sequence-
specific dyes and emit sequence-specific fluorescent signals after

|

Nasopharynx, pharyngeal or anal swab
taken immediately

/\ SmartExtraction

RNA extraction RNA extraction
@ ~15 min

~ 60 min l l

RT PoR
~9°mi"‘ @ 15 ~40min
30-60 minutes

Conventional
methods

2-3 hours
Fig. 1. Using SmartExtract and Lifecase Smart to shorten testing time.

hybridization with complementary sequences, thus allowing visual
detection [15,16]. SmartAmp™ 2019, the SARS-CoV-2 detection re-
agent used in this study, is used along with equipment that can
monitor these dye changes in real time, allowing us to make deci-
sions using melting curve analysis in addition to visual confirmation.
The equipment is packaged in an attaché case for easy transporta-
tion, enabling real-time monitoring at various locations. In fact, we
were able to take the test to three facilities, including those that did
not have qRT-PCR equipment. Consequently, the methods presented
in this study and the use of these products will allow for rapid
testing regardless of location or time. These advantages suggest that
the methods described herein are useful not only during autopsies,
but also in various situations where dead bodies are handled, such as
during autopsies and in onsite morgues during disasters. Our find-
ings may help prevent infection among those who handle dead
bodies.

5. Conclusion

In this study, we conducted the first investigation of the effec-
tiveness of the SmartAmp method for postmortem SARS-CoV-2
testing. Our findings clarified that the SmartAmp method is applic-
able for postmortem SARS-CoV-2 testing, in the same way as qRT-
PCR. Furthermore, the SmartAmp method could be used for testing
over a short time period regardless of the location, which would
enable rapid testing prior to autopsy, thereby protecting those who
come into contact with dead bodies from infection.
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