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Abstract

Coronavirus disease 2019 or COVID-19 caused by novel coronavirus/severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2 or 2019-nCoV) is an ongoing
pandemic that has emerging global effects and requires rapid and reliable diagnostic
testing. Quantitative reverse transcription-polymerase chain reaction (q-RT-PCR) is
the gold standard method for SARS-CoV-2 detections. On the other hand, new
approaches remedy the diagnosis difficulties gradually. Reverse transcription loop-
mediated isothermal amplification (RT-LAMP) as one of these novel approaches may
also contribute to faster and cheaper field-based testing. The present study was
designed to evaluate this rapid screening diagnostic test that can give results in
30-45min and to compare the effectiveness of LAMP to the g-RT-PCR. The
30 randomly chosen patient samples were generated by nasopharyngeal swabs with
a portion of the SARS-CoV-2 nucleic sequence. The sample of quantification cycle
(Cq) values was tested using RT-LAMP as well as by conventional g-RT-PCR. The
patient samples were tested with four different kits (SENSObiz COVID-19 [SARS-
CoV-2] LAMP Assay, the QlAseq DIRECT SARS-CoV-2 kit, Biospeedy SARS-CoV-2
Variant Plus kit, and CoVirion-CV19-2 SARS-CoV-2 OneStep RT-PCR kit) and two
different PCR devices (GDS Rotor-Gene Q Thermocycler and Inovia Technologies
GenX series). Based on 30 patient samples, the positive/negative ratio (P/N) was
30/0 as Biospeedy and Covirion (positivity 100%), 28/2 as Qiagen kit (positiv-
ity 93.3%) for the samples studied on the Inovia device while the same samples on
the Rotor-Gene device were 30/0 as Biospeedy and Covirion (positivity 100%), 29/1
as Qiagen kit at the first day (96.7%). On the fifth day, the samples were studied in
the Inovia device and the respective results were obtained: 27/3 as Biospeedy
(positivity 90%), 16/14 as Qiagen (positivity 53.3%), 28/2 as Covirion kit (positivity
93.3%). When these samples were studied in the Rotor-Gene device, it was 29/1 in
Biospeedy and Covirion (positivity 96.7%), 19/11 in the Qiagen kit (positivity 63.3%).
When these samples were compared with the LAMP method it was found to be
19/11 (positivity 63.3%) on the first day and 18/12 (positivity 60%) on the fifth day.
SARS-CoV-2 test studies will contribute to a proactive approach to the development of
rapid diagnosis systems. The LAMP approach presents promising results to monitor ex-

posed individuals and also improves screening efforts in potential ports of entry.
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1 | INTRODUCTION

Throughout history, three types of coronavirus families have affected
humans. Severe acute respiratory syndrome coronavirus (SARS-
CoV) emerged in Guangdong, China, while the Middle East re-
spiratory syndrome coronavirus (MERS-CoV/SARS-CoV-1) emerged
in Saudi Arabia. In late December 2019, an unknown dis-
ease reported as pneumonia appeared in Wuhan city, Hubei Province,
China, which was called SARS-CoV-2 (genus Betacoronavirus, sub-
genus Sarbecoronavirus). Globally, there have been 262.178.403
confirmed cases of COVID-19 including 5215 745 deaths, reported
to WHO (December 1, 2021). As of November 30, 2021, a total of
7880127 721 vaccine doses have been administered.” Generally,
droplets from person to person, contaminated materials, and direct
contacts of the virus are also the main reasons for the transmission of
the virus. Fever, back pain, taste and smell loss, cough, and diarrhea
are the main symptoms of the disease. Moreover, multiorgan system
failure because of cytokine storm and respiratory failures are de-
scribed in severe cases.” Asymptomatic cases have been also de-
tected with positive polymerase chain reaction (PCR) results
depending on their viral loads that represent the ratio range from 8%
to 80%.° Incubation time is significant to detect the disease clinically
and it was updated as 6.4 days with recent studies.”

The coronavirus family members are positive-sense enveloped
single-stranded RNA viruses that are categorized into four genera as
beta, alpha, gamma, and delta coronavirus. The SARS-CoV-2 is a beta
type and only affects mammals. Mainly, it is composed of a 30 kb
genome with 14 open reading frames (ORFs) encoded to the spike
protein (S), nucleocapsid protein (N), a small membrane protein (SM),
and membrane glycoprotein (M) with an additional membrane gly-
coprotein (HE).” The spike protein is the actual part for binding the
specific host receptor, angiotensin-converting enzyme 2 (ACE2).

S2 —s

When the spike protein binds to the receptor, it divides two main
subunits; first, an amino-terminal subunit (51) and a carboxyl-terminal
subunit (S2) by host furin-like proteases, as shown in Figure 1.6

The genetic sequence of SARS-CoV-2 shares 79.5% with SARS-
CoV and 96.2% identical genome with RaTG13 which is a short RNA-
dependent RNA polymerase (RdRp) region that originated from bats
of CoV.” A new version of the coronavirus family, SARS-CoV-2 was
first reported in the Wuhan city of China in December 2019 and
spread throughout the whole world rapidly® The first case in our
country (Tukey) was reported on March 11, 2020, and the Ministry of
Health established COVID-19 diagnostic laboratories in public hos-
pitals and private diagnostic centers to detect the SARS-CoV-2 virus.

The major aspect to control pandemics throughout the whole world
is the understanding of SARS-CoV-2 genome mutations. Recently, nu-
merous types of variants of SARS-CoV-2 have been described. Thus,
rapid and reliable detection of severe acute respiratory syndrome SARS-
CoV-2 is crucial to control the spread rate of the virus.”° The creation of
sufficient awareness and preparedness of the virus is the main effective
aspect so as to prevent the transmission of the virus. In particular, many
patients show asymptomatic infection and are the most frequent carriers
of the disease. These patients contribute to the spreading of the infection.
Thus, to control the spreading of the virus infection, the first step is the
diagnosis of the disease. According to this perspective, four different
strategies are g-RT-PCR, serological tests, LAMP, and point of care (POC),
respectively.

The RT-PCR is a quantitative and gold standard method that is
commonly preferred. In this technique, three main genes are targeted
for SARS-CoV-2 virus detection including the N-gene (N protein),
Orflb gene (human RNA polymerase protein), and the E-gene (E
protein). In the RT-PCR technique, the specificity of the confirmatory
test relies on the probe-target sequence.’® Clinical specimens are
resourced from nasopharyngeal

or oropharyngeal samples of
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FIGURE 1 The structure of SARS-CoV-2. CT, C-terminal domain; FP, fusion peptide; HR1, and HR2, Heptad repeat 1 and 2; NTD, N terminal
domain; RBD, receptor-binding domain; S, spike protein; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; TM, transmembrane
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patients. On the other hand, the immunoassays are alternatively
utilized test types used the enzyme-linked immunosorbent assay
(ELISA) that are cheaper but also less sensitive compared to PCR. The
immunofluorescence assay (IFA) is utilized for the diagnosis of SARS-
CoV-2 with the presence of immunoglobulin G (IgG).*? The blood-
based tests are serological tests that are used to identify whether the
person had an infection. The antibodies are utilized to detect
the disease. Antibodies (IgM and IgG) are specific to an antigen within
the blood. Principally, the immune system recognizes these antigens
of an infected person as a foreign element and specific antibodies can
be created to fight the infection within the body. Thus, these anti-
bodies can act as labels for the disease that are generally produced
after the second week of the virus infection. Although IgM antibodies
can be detected after 10-20 days, IgG is determined after 20 days of
SARS-CoV-2 infection.'® Moreover, the POC tests are rapid diag-
nostic tests for immunodiagnostic detection of SARS-CoV-2. How-
ever, tests are available only in research settings recommended by
WHO. Although these tests give the result within several minutes,
they can only detect actively replicating viruses.** Although there are
many techniques to detect the SARS-CoV-2, nowadays the scientific
world has changed direction to the loop-mediated isothermal am-
plification with simultaneous reverse-transcription LAMP (RT-LAMP)
technique.

RT-LAMP technique is a recently preferred technique which is
a rapid and sensitive method used in SARS-CoV-2 detection. Nucleic
acid detections occur over 1h and this easily interpretable colori-
metric assay requires only a heat source.’® LAMP technique is the
fast and low-cost simple colorimetric technique that makes RT-LAMP
an effective solution for ramping up global testing capacity. More-
over, it is single tube technology to detect the target nucleic acid
sequences.'® On the basis of the LAMP technique, six primers are
utilized, including four primers selected by combining parts of the
target DNA and two additional loop primers that are used to amplify
a specific gene region. Recently, RT-LAMP has been applied for POC
for many RNA virus infections.’” According to this perspective,
LAMP has taken an important place for the diagnosis of virus infec-
tions, such as SARS-CoV-2. Thus, in this study, it is aimed to compare
the COVID-19 diagnosis effectivity of RT-PCR to the RT-LAMP. In
addition, our results contribute to the proactive approach for the

development of a rapid diagnosis system.

2 | MATERIAL AND METHOD

2.1 | Sample collection and transportation

Nasopharyngeal swab samples of SARS-CoV-2 patients were col-
lected by trained staff and transferred to Private VIROMED Istanbul
Central Laboratory and Imaging Center, Istanbul, in a viral transport
medium (VTM) solution tube. Thirty randomly selected patient sam-
ples were tested with four different kits as SENSObiz COVID-19
(SARS-CoV-2) Reverse Transcriptase PCR (isothermal) Assay (LAMP)
(NANOBIZ Technologies A.S.), the QlAseq DIRECT SARS-CoV-2 kit

(QIAGEN), Biospeedy SARS-CoV-2 Variant Plus kit (BIOEKSEN
R&D Technologies), and CoVirion-CV19-2 SARS-CoV-2 OneStep
RT-PCR kit (MEDAMET Medical ITH. IHR. SAN. TIC. LTD, Turkey).
Additionally, three of these kits (QIAseq DIRECT SARS-CoV-2 kit,
Biospeedy SARS-CoV-2 Variant Plus kit, and CoVirion-CV19-2 SARS-
CoV-2 OneStep RT-PCR kit) were also tested in GDS Rotor-Gene Q
Thermocycler (QIAGEN) and Inovia Technologies GenX series
(INOVIA) RT-PCR systems. The study was conducted based on po-
sitivity and negativity of results on the first and fifth days and the Cq

results of the samples that were positively changed daily.

2.2 | RT-PCR tests

Throughout the RT-PCR, the kits did not require any extra RNA ex-
traction step because of the VTM solution usage with nucleic acid
extraction property. The vortex was enough for RNA extraction of
swap samples with VTM solution. For the RT-PCR, three different kit
systems were utilized which were the QlAseq DIRECT SARS-CoV-2
kit, Biospeedy SARS-CoV-2 Variant Plus kit, and CoVirion-CV19-2
SARS-CoV-2 OneStep RT-PCR kit.

2.3 | Biospeedy SARS-CoV-2 Variant Plus kit

In this kit, 6-carboxy- fluorescein (FAM), phosphoramidite (Hex),
6-carbocyl-X-Rhoddamine (ROX) and, carboxylic acid (Cy5) channels
were utilized for ORF1ab, RNaseP, Spike (S) gene and, Nucleocapsid
(N), respectively. Based on the kit protocol, 2.5 ul patient samples
with VTM were added to a 7.5 ul ready kit mixture to achieve a 10 pl
PCR mixture in total. Thermal cycle parameters of RT-PCR amplifi-
cation were as follows: 52°C for 3 min for reverse transcription, 95°C
for 10's for holding, then 35 cycles of 85°C for 1s and 60°C for 1s

for denaturation, annealing, and extension, respectively.

2.4 | CoVirion-CV19-2 SARS-CoV-2 OneStep
RT-PCR kit

In this kit, FAM, HEX, and Texas Red were used for S, Orflab, and
RNaseP gene, respectively. According to the kit protocol, 5 pl patient
samples with VTM were added to a 15 ul ready kit mixture to achieve
20 ul PCR mixture in total. Thermal cycle parameters of RT-PCR
amplification were as follows; 55°C for 10 min for reverse tran-
scription, 95°C for 10 s for holding, then 40 cycles, and 60°C for 30 s

for denaturation, annealing, and extension, respectively.

2.5 | QlAseq DIRECT SARS-CoV-2 kit

In this kit, FAM, HEX, and Cy5 were used for S, Orflab, and RNaseP
gene, respectively. According to the kit protocol, 5 pl patient samples
with VTM were added to a 15 pl ready kit mixture to achieve a 20 pl
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PCR mixture in total. Thermal cycle parameters of RT-PCR amplifi-
cation were as follows; 50°C for 10 min for reverse transcription,
95°C for 2min for holding, then 40 cycles, and 58°C for 30s for

denaturation, annealing, and extension, respectively.

2.6 | LAMP-PCR tests—SENSObiz COVID-19
(SARS-CoV-2) RT PCR kit

In the LAMP procedure, the kit does not require any extra RNA extrac-
tion step due to the use of VTM solution, and another advantage is that
swap samples can be used just after being taken from the patient. Thus,
SENSObiz COVID-19 (SARS-CoV-2) Reverse Transcriptase PCR (iso-
thermal) Assay was utilized using LAMP4U device (NANOBIZ Technol-
ogies A.S.). The mix should be completely thawed on ice and mixed
thoroughly by inverting several times. The RNA isolate of the samples
(minimum 0.5 ng/ul) was added to the reaction mix (23 pl). The prepared
tubes were mixed gently by finger tapping, briefly centrifuged (spin), and
placed in the thermal cycler. It gave a positive result at the end of 45 min.
Amplification and extension temperatures were 63°C and 4°C, respec-
tively. Moreover, each patient sample was studied as duplicate and can be
observed with bare eyes, as negative control tubes were purple and
positive control tubes as blue, as summarized in Figure 2.

2.7 | Test interpretation
The special rotary design of the Rotor-Gene Q makes it the most precise
and versatile real-time PCR cycler currently available. Each tube spins in a

chamber and keeps all samples at precisely the same temperature during

Nasal Cavity

Nasopharynx
Throat

COVID-19 Positive Patient

Positive

5 RT-LAMP Result

Negative
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rapid thermal cycling. Cq value was arranged automatically in Rotor-Gene
Q as 200. Cq values below 37 for FAM channel irrespective of HEX
values. Nonsigmoidal signals or sigmoidal signals with Cq values above 37
in the FAM channel and sigmoidal signals with Cq values below 37 in the
HEX channel were interpreted as negative. Nonsigmoidal signals and
sigmoids were below 37 Cq on both FAM and HEX channels.

In the Inovia Technologies GenX series, positive values were inter-
preted as sigmoids with Cq values below 37 for the FAM channel, irre-
spective of HEX values. Nonsigmoidal signals or sigmoidal signals with Cq
values above 37 in the FAM channel and sigmoidal signals with Cq values
below 37 in the HEX channel were interpreted as negative. Nonsigmoidal
signals and sigmoids below 37 Cq on both FAM and HEX channels were
interpreted as invalid results according to the kit protocol. On the other
hand, the threshold value was set as 200 according to kit protocol and on
the Inovia Technologies GenX series, it was set automatically.

The LAMP4U device was used to perform the RT-LAMP tech-
nigue. RT-LAMP kit primer sets for SARS-CoV-2 were designed from
conserved regions of the RdRP, E, and N genes. Throughout LAMP
primers, including two outer primers (forward primer F3 and back-
ward primer B3), two inner primers (forward inner primer FIP and
backward inner primer BIP), and two loop primers (forward loop
primer LF and backward loop primer LB). The kit contains fully ready-
to-use COVID-19 Reaction Mix tubes and gives qualitative (yes/no)
results visible to the bare eye. The bare eye is sufficient for test
results and negative control tubes were observed as purple and po-
sitive control tubes as blue. Although each patient sample was stu-
died as duplicate, purple in both sample tubes means SARS-CoV-2
negative result, and blue in both sample tubes means SARS-CoV-2
positive result. If one of the sample tubes was purple and the other is

blue, the test is repeated as summarized in Table 1.

I

\ RNA
(| )

= @ %

1. Sample Collection 2. Vortex 3. Purified RNA

4 Heating Procedure

FIGURE 2 Reverse transcription loop-mediated isothermal amplification (RT-LAMP) study protocol
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TABLE 1 LAMP result evaluation

Before evaluation

After evaluation

Both sample tubes

Color of both sample

Negative control Positive control are the same color Result evaluation tubes Result

Purple Blue Yes Yes Purple SARS-CoV-2 negative
Blue SARS-CoV-2 positive

Purple Blue No No Retest is recommended

Abbreviations: LAMP, loop-mediated isothermal amplification; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

TABLE 2 The Cq values of the kits studied on the Rotor-Gene and the Inovia device on the first and fifth days

PCR devices and days Kits n Mean
Inovia Cq (1st day) Biospeedy 30 18.4333
Qiagen 30 25.6667
Covirion 30 22.4667
Total 90 22.1889
Inovia Cq (5th day) Biospeedy 30 20.6667
Qiagen 30 33.0000
Covirion 30 26.7333
Total 90 26.8000
Rotor-Gene Cq Biospeedy 30 17.5333
(1st day} Qiagen 30 26.0667
Covirion 30 25.0000
Total 90 22.8667
Rotor-Gene Cq Biospeedy 30 19.7667
Bl ek Qiagen 30 33.3667
Covirion 30 26.5667
Total 90 26.5667

Note: One-way analysis of variance statistical analysis.

Std. 95% confidence interval for mean
deviation Lower bound Upper bound p
3.87462 16.9865 19.8801
0.000
5.07416 23.7719 27.5614
3.44146 21.1816 23.7517
5.09879 21.1210 23.2568
5.77947 18.5086 22.8248
7.21588 30.3055 35.6945 0.000
5.01675 24.8600 28.6066
7.85429 25.1550 28.4450
3.39100 16.2671 18.7996
0.000
4.18481 24.5040 27.6293
4.09373 234714 26.5286
5.43025 21.7293 24.0040
4.81150 17.9700 21.5633
6.38146 30.9838 35.7495 0.000
4.24819 24,9804 28.1530
7.60699 24,9734 28.1599

Abbreviations: Cq, quantification cycle; LAMP, loop-mediated isothermal amplification; PCR, polymerase chain reaction.

2.8 | Statistical analyses

The data were analyzed using the SPSS 25.0 package program. The
distribution of the data was examined with the Kolmogorov-Smirnov
test. Student's t test, one-way analysis of variance (ANOVA), x2, and
Fisher Exact test were used for parametric data as well as descriptive
statistical methods (mean, standard deviation, frequency) while
evaluating the study data. It was calculated in the 95% confidence

interval when evaluating the study.

3 | RESULTS

By taking samples of 30 different COVID-19 positive patients, on the
first and fifth days of our experiment, three different kits were stu-
died on two different g-RT-PCR devices. The same samples were

studied in the LAMP-PCR device on Days 1 and 5. The threshold
value of the LAMP device was determined automatically for each
study and gave negative and positive results. According to the first
observation result, the positive and negative results of the first and
fifth days of the samples and the Cq results of the samples that were
positive were compared on a day-by-day basis in Bioeksen, Qiagen,
and Covirion kits to measure the kit sensitivity. This comparison was
made on two different devices and a common finding and result were
obtained. The comparison of the findings obtained in the first ob-
servation with the results obtained in the LAMP-PCR device was
evaluated in terms of kit, device, and day, and the confidence interval
was calculated according to g-RT-PCR for the results of the first and
fifth days as shown in Table 2.

When the kit sensitivity was considered in terms of Cq values, in
the first day Rotor-Gene group, no significant difference was found

between the Qiagen and Covirion pairs. There was a significant
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difference between all the other pairs. The Biospeedy kit worked
better on the first and fifth days in both the Inovia and the Rotor-
Gene device than Covirion and Qiagen. On the other hand, it was
concluded that the Covirion kit worked better than the Qiagen kit in
both the first and fifth days in the Inovia and Rotor-Gene devices.

When the kit was considered in terms of the positive and ne-
gative values of the samples in the Inovia device, there was no dif-
ference between the Biospedy and Covirion kit on the first day. The
Qiagen kit was also in the 93.3% confidence interval compared to the
Biospedy and Covirion. This confidence interval was insignificant in
terms of kit sensitivity and does not reveal any significance, as shown
in Table 3.

When the kit was considered in terms of the positive and ne-
gative values of the samples in the Inovia device; the rates of positive
and negative groups showed significant differences according to kits
in subgroups. There was no difference between the Biospeedy and
Covirion kit, and it is observed that the sensitivity of the Qiagen kit
was decreased compared to the Biospeedy and Covirion in terms of
significance, as summarized in Tables 4 and 5.

When the Rotor-Gene device was considered the use of the kit

in terms of the positivity and negativity values of the samples, there

TABLE 3 Positive and negative (P/N) results of the kits on the
Inovia device on the first day
Groups kits
Biospeedy Qiagen Covirion p
P/N 1-day Positive n 30 28 30 0.326
Inovia
% 100.0% 93.3% 100.0%
Negative n O 2 0
% 0.0% 6.7% 0.0%

Note: Fisher's exact test.

TABLE 4 Positive and negative results of the kits on the inovia
device on the fifth day
Groups kits
Biospeedy Qiagen Covirion p
P/N 5th day Positive n 27 16 28 0.000
Inovia
% 90.0% 53.3% 93.3%
Negative n 3 14 2
% 10.0% 46.7%  6.7%
TABLE 5 Positive and negative results of the kits on the Rotor-

Gene device on first day

Groups kits
Biospeedy Qiagen Covirion p
P/N 1st day Positive n 30 29 30 1.000
Rotor-
% 100.0% 96.7% 100.0%
Gene
Negative n O 1 0
% 0.0% 3.3% 0.0%

MEDICAL VIROLOGY

was no difference between the Biospedy and Covrion kit on the first
day. Moreover, the Qiagen kit was also in the 63.3% confidence
interval compared to the Biospedy and Covirion in terms of sig-
nificance. This confidence interval was the kit sensitivity, as sum-
marized in Table 6.

The positivity and negativity values of the samples in the Rotor-
Gene device exhibit significant differences according to kits in sub-
groups. There was no difference between the Biospedy and the
Covrion kit. It was observed that the sensitivity of the Qiagen kit was
decreased compared to the Biospedy and Covirion kit in terms of
significance, as summarized in Table 7.

When the LAMP group was compared with the inovia and the
Rotor-Gene device on the first day, a significance of 63.3% was de-
tected, and when the cost, speed, and laboratory requirement used in
rapid diagnosis systems were considered, these results are found to
be in an ideal confidence interval as summarized in Tables 7 and 8.

On the fifth day, when the LAMP group was compared with the
Rotor-Gene device and the Inovia device, a 60% significance was
detected. The positivity values of the samples were approximately
the same after 5 days compared to the experiment performed on the
first day. They were statistically insignificant, even during long-term
sample scans of the LAMP system and when the samples were stored

as summarized in Tables 9 and 10.

TABLE 6 Positive and negative results of the kits on the Rotor-
Gene device on the fifth day
Groups kits
Device and day Biospeedy Qiagen Covirion p
P/N 5th day Positive n 29 19 29 0.000
Rotor-
% 96.7% 63.3%  96.7%
Gene
Negative n 1 11 1
% 3.3% 36.7%  3.3%
TABLE 7 Evaluation between inovia and LAMP on the first day

LAMP_Group_1st day

Device and day Positive  Negative Total
P/N 1st day Inovia  Positive n 19 11 30
%  63.3% 36.7% 100.0%

Abbreviation: LAMP, loop-mediated isothermal amplification.

TABLE 8 Evaluation between the Rotor-Gene and the LAMP
group on the first day

LAMP_Group_1st day

Device and day Positive Negative Total
P/N 1st day Positive n 19 11 30
Rotor-
% 63.3% 36.7% 100.0%
Gene

Abbreviation: LAMP, loop-mediated isothermal amplification.
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TABLE 9 Evaluation between the Inovia group on the first day
and the LAMP group on the fifth day

LAMP_Group_5th day

Device and day Positive  Negative Total
P/N 1st day Inovia  Positive n 18 12 30
% 60.0% 40.0% 100.0%

Abbreviation: LAMP, loop-mediated isothermal amplification.

TABLE 10 Evaluation between the Rotor-Gene on first day and
the LAMP group on fifth day

LAMP_Group_5th day
Positive Negative Total

Positive n 18 12 30

Device and day

P/N 1st day

Rotor-Gene

% 60.0%  40.0% 100.0%

Abbreviation: LAMP, loop-mediated isothermal amplification.

TABLE 11 Evaluation between the Inovia group on the fifth day
and the LAMP group on the first day

LAMP_Group_1 day

Device and day Positive Negative p
P/N 5th day Inovia Positive n 18 9 0.266
% 94.7% 81.8%
Negative n 1 2
% 5.3% 18.2%

Abbreviation: LAMP, loop-mediated isothermal amplification.

TABLE 12 Evaluation between the Rotor-Gene group on the
fifth day and the LAMP group on the first day

LAMP_Group_1 day

Device and day Positive  Negative p
P/N 5th day Positive n 18 11 1.000
Rotor-Gene
% 94.7% 100.0%
Negative n 1 0
% 5.3% 0.0%

Abbreviation: LAMP, loop-mediated isothermal amplification.

When Tables 11 (p= 0.266) and 12 (p= 1.00) were examined, no
significant difference was observed in terms of days of statistically
studied samples compared to the findings of the kit group used in
the Inovia device of the LAMP system. This result confirms the
confidence interval between the LAMP system and the g-RT-PCR
system.

WhenTables 13 (p = 0.325) and 14 (p= 0.170) were examined, no
significant difference was observed in terms of days of statistically
studied samples compared to the findings of the kit group used in the
Inovia device of the LAMP system. When these results were

TABLE 13 Evaluation between the inovia group on the fifth day
and the LAMP group on the fifth day

LAMP_Group_5th day

Device and day Positive Negative p
P/N 5th day Inovia Positive n 17 10 1.000
% 94.4% 83.3%
Negative n 1 2
% 5.6% 16.7%

Abbreviation: LAMP, loop-mediated isothermal amplification.

TABLE 14 Evaluation between the Rotor-Gene group on the
fifth day and the LAMP group on the fifth day

LAMP_Group_5th day

Device and day Positive Negative p
P/N 5th day Positive n 18 11 0.170
Rotor-Gene
% 100.0% 91.7%
Negative n O 1
% 0.0% 8.3%

Abbreviation: LAMP, loop-mediated isothermal amplification.

evaluated together with the results in Tables 10 and 12, it confirms
the confidence interval between the LAMP system and the g-RT-PCR
system.

Threshold values of the first day were found to be significantly
different between the positive and negative groups, as shown in
Table 15, but there was no significant difference between these

groups in the Cq value of the fifth day as shown in Table 16.

4 | DISCUSSION

Nowadays, SARS-CoV-2 is also defined as a chemical, biological,
radiological, and nuclear defense (CBRN defense or CBRNE defense)
member as a disaster or biological disaster. Disaster is defined as the
holistic state of natural or human-induced events that develop sud-
denly, controllability requires a systematic approach, interrupts or
stops social life that causes loss of life, property and often cannot be
overcome with local capacity.'® Biological disasters can be human-
induced as well as naturally infectious diseases and epidemiological
emergence. It has become significant to prepare a plan, which in-
cludes information and practical actions, including all situations that
require urgency and actions to be taken in emergencies that may
occur in workplaces.>”?° In particular, it is important to understand
how the COVID-19 disease spreads. As patients are divided into two
as symptomatic and nonsymptomatic. Although patients with symp-
toms can be detected by various diagnostic methods, patients who
do not show symptoms, which are called asymptomatic, are the main
reason for the spreading of the disease. For this reason, developed
countries have turned direction to more rapid tests. In this way, it is
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TABLE 15 LAMP group Cq value on Group statistics
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the first day

Cq value_1st day

Negative 11

LAMP_Group_1istday n Mean
Positive 19

Standard deviation (SD) p?

0.5463  0.33679 0.009

0.9000  0.33045

Abbreviation: Cq, quantification cycle; LAMP, loop-mediated isothermal amplification.

aStudent's t test.

TABLE 16 LAMP group Cq value on Group statistics

the fifth day

Cq value_5th day

LAMP_Group_5thday n Mean
Positive 18

Negative 12

Standard deviation (SD) p?

1.3222 0.56460 0.979

1.3167 0.58002

Abbreviation: Cq, quantification cycle; LAMP, loop-mediated isothermal amplification.

aStudent's t test.

thought that they will perform a continuous screening. In the early
stages of the infection, false-negative results are the actual problem
in RT-PCR. The insufficient and improper extraction of nucleic acids
for RT-PCR causes false-negative results. Thus, as a complementary
tool, the computerized tomography scan of the chest is suggested.”"
The problem of RT-PCR with inaccurate results was increasingly
exposed.?> Moreover, RT-PCR requires trained medical staff, spe-
cialized instrumentation, technical labor, and special chemicals or
reagents.”® The accuracy of the serological tests is also not enough to
detect the SARS-CoV-2 infection. Generally, these tests can be
coupled with the RT-PCR based on the presence of viral RNA.?* The
LAMP technique is an alternative to the conventional quantitative
RT-PCR methods that do not require expensive instruments to per-
form the reaction or interpret the results and LAMP may achieve
higher sensitivity on crude clinical samples than RT-PCR.?> RT-LAMP
is a nucleic acid amplification assay like RT-PCR, which is a simple,
low cost and fast method.?® Catarina Amaral et al. created a one-tube
test based on RT-LAMP which allows visual detection of less than
100 viral genome copies of SARS-CoV-2 within 30 min. In that study,
177 nasopharyngeal RNA samples for COVID-19 were compared
with RT-PCR. For viral loads greater than 100 copies, the sensitivity
of the RT-LAMP assay was 100% and the specificity was 96.1%.% In
our study, we present the development of a LAMP-based method to
detect SARS-CoV-2 genes that are ORF8 and N directly from phar-
yngeal swab samples. The test was sensitive and highly specific for
SARS-CoV-2 detection under 45 min. Moreover, the RT-LAMP
technique detects SARS-CoV-2 directly from pharyngeal swab sam-
ples without a time-consuming and laborious RNA extraction step.
The presented study shows that the LAMP technique is sensitive
enough to be used in the field. RT-PCR is a gold standard method,
and it exhibits a value close to 100% even when working with various
kits and devices. In addition, we have shown that the LAMP techni-
que can be used for rapid tests in the field with the positivity de-
tection rate of LAMP on the first day being 63%. Mautner et al.
stated that this method is very ideal in rapid diagnosis systems since

it does not show cross-reactivity when tested on other 20 respiratory
tract pathogens, and it is 12 times faster and 10 times cheaper than
routine RT-PCR depending on the test used.?® As the study consisted
of random patients with routine positive results, the high confidence
interval of the results makes it ideal for this method in which the
LAMP system is applied. Unlike the studies in the literature, in the
study, various kits and devices used in RT-PCR studies were com-
pared. Based on 30 patient samples, the positivity was caught 100%
as Biospeedy and Covirion, 93.3% as Qiagen kit for the samples
studied on the Inovia device while the same samples on the Rotor-
Gene device are 100% as Biospeedy and Covirion, 96.7% as Qiagen
kit at the first day. On the fifth day, the samples studied in the Inovia
device were recorded as 90% for Biospeedy, 53.3% for Qiagen,
93.3% for the Covirion kit. When these samples were studied in the
Rotor-Gene device, positivity was 96.7% in Biospeedy and Covirion,
63.3% in the Qiagen kit. The Qiagen kit showed a significant decrease
in positivity on the fifth day. The Covirion and Biospeedy kit did not
show as much decrease as the Qiagen kit in both the Inovia and the
lamp device. This may be due to susceptibility to reduced viral load in
expected samples. Kits produced in Turkey can also be considered as
more specific effects than genomic sequencing in samples collected
in Turkey. It is not possible to evaluate this situation accurately on
30 samples. These evaluations can be better clarified as a result of
expanding the population in a more comprehensive study. In addition,
another reason why the Qiagen kit did not catch a positivity on the
fifth day may be the damage to the kit in the freeze-thaw process and
it can be considered as a kit problem or the kit used (QIAprep & amp
Viral RNA UM kit, GTIN 04053228039679, LOT-166044095, Date:
2021-03-21 REF 221415). The protocol was produced according to
the first SARS-CoV-2 structure, recreating the kit with new variants
or over new samples can solve this problem. In such a case, the study
can be repeated with the new version kits of QIAGEN. When these
samples were compared with the LAMP method, positivity was found
at 63.3% on the first day and 60% on the fifth day. In addition, all
results were compared with the LAMP method, which reveals that
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the sensitivity of the confidence interval of LAMP to RT-PCR. Ad-
ditionally, the results obtained with this technique can be seen with
the bare eye without the requirement for any reading device.
Therefore, this is the most important advantage of the RT-LAMP
method that distinguishes it from other methods.

The incubation period of the disease is thought to extend to 14
days, with a median time of 4-5 days from exposure to symptoms.?
A study reported that 97.5% of people with COVID-19 who have
symptoms will do so within 11.5 days of SARS-CoV-2 infection.*®
Experiments were carried out on the first and fifth days since the
incubation period was 4-5 days for the first occurrence. According to
the results (as shown in Table 1) positivity was caught ideally by
inovia and Rotor-Gene devices for all kits on the first day. However,
on the fifth day, the Qiagen kit showed a significant decrease in
positivity rate based on the first day, which is 53.3% for the inovia
device and 63.3% for Rotor-Gene. On the other side, when the LAMP
is examined, the first-day positivity rate was 63.3% and the fifth day
was 60%. All experiments were performed on 30 different patients
with known positivity. This study focused on the sensitivity of the
LAMP-PCR system, whose confidence interval has proven to be
above acceptability in urgent needs for pandemic guidelines. It works
without the need for any complicated device, especially with its
portable device form. At the same time, the denaturation, annealing,
and extension steps applied in RT-PCR are not found in the LAMP
technique, and the most striking feature is that the whole experiment
is performed at constant temperature (54°C). In this way, it is possible
to perform these steps even by using only a water bath. As the use of
LAMP PCR in this field is very new, comprehensive studies are
needed.®* Also Chaouch et al. revealed that the RT-LAMP method
has reliable application for SARS-CoV-2 diagnosis due to its simple
application and low technical requirements, thus presenting a po-
tentially effective test to help us to fight the ongoing COVID-19
pandemic.®? The hope is that this strategy could be applied rapidly,
and confirmed for viability with clinical samples, before being rolled
out for mass-diagnostic testing in these current times.>®> This ap-
proach could be used for monitoring exposed individuals or poten-
tially aid with screening efforts in the field and potential ports of
entry.?%>* During the event, the time for the development of the kits
and the devices is further shortened. Ultimately, it is an analysis
system that can read both quantitatively and qualitatively.

With this study, we foresee it will be used frequently in the
future in cases of epidemics or pandemics in many CBRN agents, as
well as in the triage stages of the emergency services of hospitals.
Furthermore, the study showed that there may be differences be-
tween the kits used in the diagnosis and their results. The results of
this study will shed light on further studies to be conducted in larger

samples.
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