Egypt. J. Vet. Sci., pp. 1-16

Egyptian Journal of Veterinary Sciences
https://ejvs.journals.ekb.eg/

Application and Optimization of Reverse Transcription Loop-
Mediated Isothermal Amplification Assay for Rapid SARS-CoV-2
Detection in Humans and Animals

Gamil S.G. Zeedan', Abeer M. Abdalhamed', Amel M. Naguib?, Said I.A.
Shalaby?, Mona A. M. Awad*, Mervat I. Abd El Moniem®

CrossMark

Virology and Infectious Unit in Parasitology and Animals Diseases Department,
National Research Centre, 33 Bohouth Street, Dokki, 12622, Giza, Egypt.

*Virology Department, Central Public Health Laboratories, Ministry of Health and
Population, Cairo, Egypt.

‘Tropical Medicine, Gastroenterology and Hepatology-Digestive Endoscopy at
Complementary Medicine Department, Medical Research Institute, National
Research Centre, 33 Bohouth Street, Dokki, 12622, Giza, Egypt.

“Clinical and Chemical Pathology Department, Medical Research Institute, National
Research Centre, 33 Bohouth Street, Dokki, 12622, Giza, Egypt.

’Department, Animal Health Research Institute (AHRI), Nadi El-Said Street, Dokki,
Giza, Egypt.

Abstract

EVERE Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) requires quick and

dependable diagnostic solutions. Our study aimed to optimize the rapid detection of SARS-
CoV-2 using the reverse transcription loop-mediated isothermal amplification (RT-LAMP) assay
and to compare its performance with the reverse transcription real-time TagMan quantitative
polymerase chain reaction (RT-qPCR) of RNA extraction protocols. Nasopharyngeal swabs
(NPS), oropharyngeal swabs (OPS), mixed nasopharyngeal and saliva samples, and sputum
samples from individuals with or without COVID-19 symptoms (outpatient n = 180, inpatient
n = 50) were collected and stored at -80 °C. These samples were tested using RT-qPCR, RT-
LAMP, and RT-PCR for comparison. Additionally, animal samples were tested, including cattle
(n = 20), buffaloes (n = 10), sheep (n = 25), goats (n = 30), horses (n = 5), donkeys (n = 5),
mules (n = 3), camels (n = 5), dogs (n = 10), cats (n = 5), and rabbits (n = 6). The detection
rates of RT-qPCR were 7.3 £ 0.56, 8.0 = 0.98, and 5.0 + 0.56 for nasopharyngeal swabs (NPS),
oropharyngeal swabs (OPS), and mixed nasopharyngeal and saliva samples mixed with sputum
samples from outpatients (n = 180), respectively. For inpatients (n = 50), the means and SD
were 43 + 0.264, 43 £ 0.245, and 26 + 0.376, respectively. The sensitivity of RT-LAMP was
comparable to RT-qPCR, with 88.9% for outpatients and 99.4% for inpatients. Both assays
demonstrated 100% specificity in both groups. The findings demonstrated the direct RT-qPCR
assay, both with and without RNA extraction, produced positive results
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Introduction

COVID-19 is caused by SARS-CoV-2, a pandemic
with an unknown an unknown animal reservoir [1].
A SARS-CoV-2 strain genetically similar to the
human isolates was isolated from pangolins and
bats [2]. SARS-CoV-2 belongs the Betacoronavirus
subgenus Sarbecovirus and has RNA genome that
encodes four structural proteins; envelope (E), spike
(S), nucleocapsid (N) and membrane (M) proteins
[2, 3]. The remaining viral polyproteins are cleaved
into various non-structural proteins essential for
viral replication [3, 4]. Like other coronaviruses,
SARS-CoV-2 binds to host cells through the
angiotensin-converting enzyme 2 (ACE2) receptor
using the receptor-binding domain (RBD) on its
spike protein [5, 6]. This binding facilitates viral
entry and subsequent airborne transmission from
person to person [7, 8]. SARS-CoV-2 infection can
manifest with various pathological signs, including
influenza-like respiratory illnesses, dry cough, and
fever [9, 10].

While RT-qPCR remains the gold standard
for SARS-CoV-2 diagnosis, its high cost, time-
intensive nature, and need for specialized
equipment present challenges [11, 12]. RT-qPCR
provides flexibility, enabling precise control over
reaction parameters and the ability to perform
multiplex analysis [13]. Reverse transcription loop-
mediated isothermal amplification (RT-LAMP)
has emerged as a promising alternative for rapid
SARS-CoV-2 detection. It provides advantages in
terms of simplicity, speed, and cost-effectiveness
compared to traditional RT-qPCR methods [13].
The RT-LAMP assay begins by converting viral
RNA into complementary DNA (cDNA) using
reverse transcriptase [14]. Extensive research has
supported the development of effective RT-LAMP
assays targeting different regions of the SARS-
CoV-2 genome, including the nucleocapsid (N)
gene, envelope (E) gene, and RNA-dependent RNA
polymerase (RdRp) gene [15]. The use of saliva
samples offers significant advantages in their non-
invasive nature and the potential for self-collection
[16, 17]. This minimizes transmission risk for both
the individual and healthcare workers [18, 19].
Furthermore, the RT-LAMP test’s suitability for
point-of-care (POC) diagnostics plays a vital role
in effective disease management and outbreak
control [20, 21]. The study aimed to compare
the performance of a one-step, single-tube RT-
LAMP assay with RT-qPCR and RT-PCR assays
for detecting SARS-CoV-2 in different human and
animal samples [22].
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Material and Methods

Sample collection

In this study, we included participants from
various governorates in Egypt to examine
COVID-19 for travel purposes (outpatients)
and collected samples from hospitalized
patients (inpatients). All participants provided
written consent. Nasal, oropharyngeal, and
nasopharyngeal swab samples were collected
from 180 random outpatients of various ages and
genders, and 50 samples were collected from
inpatients. These samples were stored at -80°C
and included individuals with or without fever,
respiratory symptoms, or known contact with
COVID-19 cases, all of whom were attended at
the Central Laboratory of the Ministry of Health
(CLMH), Egypt. The healthcare professional
collected an oropharyngeal swab by tilting the
patient’s head back slightly and asking them to
open their mouth wide. This allowed access to
the pharyngeal tonsils on both sides for swabbing.
The swab was used to gently wipe both sides of
the tonsils at least three times, followed by wiping
the posterior pharyngeal wall up and down at
least three times. Nasal swabs were collected by
instructing patients to blow their noses before
the procedure Nasopharyngeal swab collection, a
swab was carefully inserted with a gentle rotating
motion. Insertion continued until resistance was
felt at the level of the turbinate, approximately 1
centimetre or less from the nostril opening. The
swab was then rotated against the nasal wall
several times before being carefully removed.
Additionally, nasopharyngeal swabs were
collected from various animals: cattle (n = 20),
buffaloes (n = 10), sheep (n = 25), goats (n =
30), horses (n = 5), donkeys (n = 5), mules (n =
3), camels (n = 5), dogs (n = 10), cats (n = 5),
and rabbits (n = 6). Whole uncoagulated blood
samples were also collected from these animals.
The seal was removed from the sample treatment
tube, and the swab was placed in the tube,
submerged in a viral transport medium (VTM)
solution. This solution consisted of phosphate-
buffered saline (PBS) with phenol red (Gibco),
supplemented with 2% fetal bovine serum (FBS;
Gibco), 0.5 pg/ml amphotericin B, and 100 pg/ml
gentamicin. Each swab was rotated and pressed
ten times against the side and bottom of the tube.
Then, it was squeezed along the inner tube wall
to release any collected material into the tip. The
processed samples were then frozen at -80°C for
storage. Nasopharyngeal (NP) and oropharyngeal
(OP) swabs were placed together in a 3-ml tube
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containing VTM, whereas saliva samples were
placed in a separate tube. Complete coagulated
blood samples (3 mL) were collected from the
same person. Specimens were collected by
physicians or professionally trained individuals at
a specific location (Respiratory Emergency Room
at CLMH). A total of 180 outpatient samples were
examined and classified as positive or negative
using molecular tests, specifically RT-PCR and
RT-LAMP, following the guidelines outlined [23].

RNA extraction

RNA was isolated from clinical samples
using a QIAamp viral RNA mini kit (QIAGEN,
Germany). The protocol followed the
manufacturer’s instructions with modifications as
described by Toptan et al., [23]. All specimen
handling procedures strictly adhered to the WHO’s
laboratory biosafety guidelines for COVID-19
prevention. Following manufacturer instructions,
extracted RNA was reconstituted to a final
concentration of 50 ng in a 40 pL elution volume.
Control reactions for reverse transcription real-
time TagMan quantitative polymerase chain
reaction and reverse transcription loop-mediated
isothermal amplification assays Positive control
reactions were conducted using commercially
available SARS-CoV-2 RNA (e.g., Viro Gene
company, Egypt) to validate the specificity and
efficiency of reagents, the reaction itself, and the
performance of the RT-qPCR thermal cycler.

Negative control allows for the exclusion of
contaminations

The RT-qPCR and RT-LAMP runs rely on
the successful inclusion and performance of both
positive and negative control reactions.

Internal control is based on the detection of
artificial RNA

An internal control target, co-amplified in
the HEX channel in each reaction, acts as a
quality check. It helps evaluate factors such as
proper sampling, sample storage and transport,
preparation, and the overall performance of RT-
qPCR and RT-LAMP assays.

One-step  endpoint  reverse  transcription
polymerase chain reaction for SARS-COV2
detection

The reaction was performed with 5 uL of RNA,
12.5 pL of 2x reaction buffer, 1 uL of 25x enzyme
mix, 1 uL each of forward and reverse primers (10
pmol/uL), and 0.5 pL each of probes (10 pmol/
pL) as detailed in Table 1. The process included
an initial denaturation at 95°C for 3 minutes,

followed by incubation at 50°C for 2 minutes,
then 120 minutes at 37°C, and a final step at 85°C
for 5 minutes. Amplification involved 38 cycles:
denaturation at 95°C for 30 seconds, annealing at
58°C for 30 seconds, and extension at 72°C for
30 seconds. A final extension was done at 72°C
for 5 minutes. Results were verified by observing
amplicons on 2% agarose gels, according to CDC
guidelines, according to CDC guidelines for RT-
PCR SARS-CoV-2 detection.

Reverse  transcription  real-time  TagMan
quantitative polymerase chain reaction (RT-gPCR)
A 20-pL reaction mixture was prepared using
5 pL of RNA, 12.5 pL of 2x reaction buffer (from
the one-step RT-qPCR kit), 1 pL of 25x enzyme
mixture, 1 pL each of forward and reverse primers
(10 pM concentration), and 0.5 pL each of probes
(10 pM concentration) as specified in Table 1. Re-
verse transcription was performed at 50°C for 30
minutes, followed by inactivation of the reverse
transcriptase at 95°C for 10 minutes. PCR ampli-
fication then proceeded with 40 cycles, each con-
sisting of denaturation at 95°C for 15 seconds and
annealing/extension at 60°C for 1 hour.

Reverse transcription loop-mediated isothermal
amplification assay primer design

Four sets of LAMP primers targeting
the SARS-CoV-2 Orflab and RNase genes
were designed using Primer Explorer (http://
primerexplorer.jp/e/), a dedicated LAMP
primer design software, and deposited in NCBI
GenBank. The LAMP assay utilized six primers
to accelerate the reaction, forward primer (F3),
reverse primer (B3), forward inner primer (FIP),
reverse inner primer (BIP), forward loop primer
(LF), and reverse loop primer (LB). Details on the
designed primers and DNA fragments alongside
a 2019-nCoV reference sequence are provided in
(Table 2).

Reverse transcription loop-mediated isothermal
amplification assay

The specific primer set “Primer 17 (P1) was
selected for the RT-LAMP reaction, which was
performed in triplicate. The 25 pL reaction mixture
included 1 pL each of the outer primers (F3 and
B3; final concentration 2 pM), inner primers (FIP
and BIP; final concentration 16 pM), and loop
primers (LF and LB; final concentration 4 M), as
well as 1 pL of the diluted RNA sample. For RT-
LAMP, either WarmStart Multi-Purpose LAMP/
RT-LAMP 2X Master Mix with UDG (one-step)
or modified WarmStart (DNA and RNA) (two-
step) from New England Biolabs was used.
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A direct patient swabs without RNA extraction
were used for real-time quantitative polymerase
chain reaction, and Reverse transcription loop-
mediated isothermal amplification assay.

To advance rapid and accessible diagnostic
tools, we evaluated using nasopharyngeal and
oropharyngeal swabs directly in RT-PCR, RT-
gPCR, and RT-LAMP assays, eliminating the
need for prior RNA extraction. We tested two
methods with swab specimens collected in VTM:
one involved heating the samples on a heating
block at 95°C for 5 or 10 minutes, and the other
used the samples directly without heating for RT-
PCR, RT-qPCR, and RT-LAMP assays.

Statistical analysis

Descriptive  statistics ~ were  calculated,
including mean and standard deviation (SD).
Student’s t-test (significance level of 0.05) was
used to assess differences within the dataset.
Data analysis was performed using SPSS
(version 15, Windows 7). Sensitivity, specificity,
and percentage agreement (assessed via the
kappa coefficient) were determined utilizing the
MedCalc Diagnostic Test Evaluation Calculator
available online (MedCalc’s Diagnostic _test
evaluation calculator) and a trial version of
MedCalc software. Real-time qPCR, LAMP,
and PCR were carried out under reaction using
the same primers set and evaluated equation as
follows

L. True Postive
Sensitivity = — —X 100 >
True Positive +tFalse Negative

True Negative

Specificity = : :
True Negative +False Postive

The strength of the kappa coefficients was
assessed according to the following categories:
0.01 - 0.20: Indicates slight agreement; 0.21
- 0.40: Indicates fair agreement; 0.41 - 0.60:
Indicates moderate agreement; 0.61 - 0.80:
Indicates substantial agreement, and 0.81 - 1.00:
Indicates almost perfect agreement.

Results

RT-gPCR with or without RNA extraction
may identify the SARS-CoV-2 from NP swabs.
The different samples were extracted with an
extraction Kit or used directly after heating at
95 °C for 5, and 10 minutes. RT-qPCR detected
SARS-CoV-2 RNA in NPS samples as shown in
Figure 1 amplification plot of RT-qPCR revealed
positive results 1 to 5 while 6 gave negative
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results. Figure 4. Detection of SARS-Co2 RNA
extracts from patients’ sample specimens using
different molecular methods (RT-PCR and rRT-
qPCR. RT-qPCR assay had a higher detection rate
than did the RT-PCR of the SARS-CoV-2 RNA
from all sample specimens (NPS, NOPS, and SA
mixed with sputum). The rates of SARS-CoV-2
in outpatient samples were 4.44, 3.88, 4.44, and
8.33 NPS, NOPs, and SPs, respectively. While,
inpatient samples of whole blood, NP, and OP
were 8, 80 and 84 respectively. The molecular
identification performed via gel-based RT-
PCR used the N, E, and Orfla primer sets to
detect SARS-CoV-2. Table 3. The SARS-CoV-2
RNA can be detected from NP swabs by RT-
qPCR with or without RNA extraction. SARS-
CoV-2 detection is shown in a real-time PCR
amplification plot. RT-qPCR was used to test NP
swabs using an N primer/probe pair. The mixture
was either subjected to RNA extraction using the
QiagenQIAamp Viral RNA Mini Kit or directly
added to the RT-qPCR reaction, with or without a
preheating step (0, 5, and 10 min at 95 °C for “NP,
OP, NOP, and sputum samples treated with heat at
95 °C for “NP, Op, and Nop, and sputum sample
treated with heat at 95 °C for “NP, Op, and NO)
As a control, the Ministry of Health generously
provided the required quantities of positive-
control SARS-CoV-2 RNA in transport medium,
which was purified using the QIAamp Viral RNA
Mini Kit and screened using RT-qPCR. Direct RT-
qPCR was used to test NP swabs from 180 sample
specimens for SARS.

Discussion

Diagnostics have been essential to the
COVID-19 pandemic response. There are three
primary methods for detecting SARS-CoV-2
infection, and their roles have evolved throughout
the pandemic. Molecular tests, as real-time
reverse transcriptase-polymerase chain reaction,
reverse  transcription-PCR ~ and  reverse-
transcription loop-mediated isothermal
amplification (RT-LAMP) assays are highly
sensitive and specific in detecting viral RNA. The
WHO recommends these tests for confirming
diagnoses in symptomatic individuals and for
initiating public health measures [13, 24]. The
PCR technique is considered the gold-standard
approach for viral detection because of its rapidity
and high sensitivity and specificity [24, 25]. Table
3 demonstrated that RT-qPCR had a higher
detection rate of SARS-CoV-2 RNA from all
sample specimens compared to RT-PCR (NPS,
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OP, NOPS, and SA mixed with sputum). The
detection rates for NPS were 4.44%, 3.88%,
4.44%, and 8.33% for NPS, NOPS, and SPs,
respectively. In 180 persons without confirmed
COVID-19, nasopharyngeal and oropharyngeal
swabs, sputum, and whole uncoagulated blood
samples were collected for SARS-CoV-2
identification using real-time RT-qPCR. We found
that NPS was more sensitive than OPS for
detecting SARS-CoV-2, with a higher viral load
in NPS specimens. Despite the viral load in the
upper respiratory tract decreasing as the patient’s
health improved, NPS tests detected this variation.
NPS, NOPS, and SP showed significantly higher
sensitivity than OPS samples from 180 specimens:
9/180 (5%), 9/180 (5%), 6/160 (10%), and 7/180
(3.88%), respectively. The sensitivity difference
was not influenced by the patient’s condition,
indicating that NPS is more diagnostically
accurate than OPS. Currently, rapid and effective
nasopharyngeal and oropharyngeal swabs are
recommended for sample collection and
examination using the current WHO diagnostic
test techniques. After RNA extraction from patient
sample swabs, RT-qPCR amplification of the
collected RNA 1is necessary to identify the viral
RNA in RT-qPCR tests [25]. The RT-PCR
experiment is also a time-consuming process that
requires the use of specialized equipment.
Therefore, a quicker, more convenient, and less
complicated test is required to address these
issues. The RT-PCR test might be considered the
primary approach for detecting the COVID-19
causal agent, SARS-CoV-2 [26]. However, RT-
PCR has a disadvantage in that it can produce
false-negative and false-positive results [26, 27].
RT-PCR tests are expensive to execute, although
the fact that they are designed to be as precise as
possible based on the conserved sections of the
viral genome [28]. The RT-qPCR method had a
higher detection rate than RT-PCR for SARS-
CoV-2 RNA across all sample specimens (NPS,
NOPS, and SA mixed with sputum). The detection
rates for NPS were 4.44%, 3.88%, 4.44%, and
8.33% for NPS, NOPS, and SPs, respectively, as
shown in Table 3 and Figures 1 and 2. These
findings are consistent with several previous
studies [28]. RT-PCR detected eight positive
samples of SARS-CoV-2 using a specific primer.
RT-gPCR is an extremely accurate and rapid
procedure that enhances the laboratory diagnosis
of SARS-CoV-2. In real-time RT-qPCR, 9 out of
180 suspected samples tested positive for SARS-
CoV-2, which is similar to the 8 positive samples

detected by RT-PCR. These results suggest that
RT-gPCR has higher sensitivity and specificity
than the RT-PCR method. As shown in Table 4
and Figure 2, negative results were more likely to
occur in samples with a low viral load. A common
SARS-CoV-2 test relies on RNA extraction Kkits,
which are currently sold out, and reagents for both
manual and automated equipment remain scarce,
with uncertain supply chains [29]. As
demonstrated in Figure 2, the direct approach
produced the best findings and was highly
consistent with the SARS-CoV-2 infection
diagnosis based on conventional RNA extraction.
Due to limited funding compared to foreign
projects, the study included only a small number
of samples [30]. Interestingly, SARS-CoV-2 has
shown varied environmental stability [31]. The
findings in Table 4 demonstrated that SARS-
CoV-2 RNA could be detected by RT-qPCR
without the need for an RNA extraction step. This
result is supported by other studies indicating that
RT-gPCR can effectively identify the virus even
in the absence of a conventional RNA extraction
process [32]. Because of oligonucleotide cross-
contamination during synthesis or processing,
certain oligonucleotide batches may contain trace
quantities of target areas from the SARS-CoV-2
genome [33, 34]. The findings indicate that the
combined use of RT-PCR and RT-qPCR identified
the highest percentage of SARS-CoV-2 in both
nasopharyngeal (NP) and nasopharyngeal with
oropharyngeal (NOP) samples. While RT-LAMP
offers potential benefits, it faces challenges such
as false positives due to aerosol contamination
[35] and the need to open reaction tubes for end-
point detection, which hinders large-scale
screening and on-site use [36]. This study
evaluated a novel RT-LAMP assay for SARS-
CoV-2 detection, achieving a sensitivity of 88.9%
and a specificity of 99.4% (Figures 3 and 4; Table
4). Compared to RT-PCR, the RT-LAMP assay
presents several advantages: (The RT-LAMP
assay is easy to use; it requires less specialized
equipment and expertise, making it more
accessible in various settings; the test completes
in 60 minutes, significantly faster than the 120
minutes required for RT-PCR; and results are
visually apparent, facilitating interpretation
without the need for specialized equipment.)
These features highlight the potential of RT-
LAMP as a valuable point-of-care (POC) testing
tool, owing to its simplicity, speed, and ease of
result interpretation (Figures 1-3; Table 4).
Furthermore, the positive results of the assay were
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evident, making them easily recognizable [37]. The
RT-LAMP assay proves to be a significant point-of-
care (POC) detection tool, highlighting one of the
key strengths of this study. Additionally, the results
of this test are straightforward and easy to interpret
[38]. The well-established RT-LAMP assay has
significant  clinical implications, especially
considering that COVID-19 is present in 203
nations, regions, or territories, with increasing
numbers of confirmed cases and deaths [39]. No
detectable SARS-CoV-2 RNA was found in nasal
swabs or blood samples from cattle, buffalo, sheep,
goats, horses, donkeys, mules, camels, dogs, cats,
or rabbits. This result contrasts with positive
findings obtained from previously tested human
samples using both RT-qPCR and RT-LAMP.
Several factors may explain these negative results,
including missed viral shedding windows or
changes in infection dynamics. Importantly, many
of the species tested, such as cats, ferrets, mink,
white-tailed deer, and non-human primates, have
shown moderate to high susceptibility to SARS-
CoV-2 in both natural and experimental settings
[39]. This suggests potential interspecies
transmission. However, several limitations of our
study warrant consideration. The detection window
for SARS-CoV-2 using RT-qPCR in infected
animals is relatively short. Viral shedding periods
vary: skunks shed for about 5 days, cattle for 0-3
days, while cats and white-tailed deer can shed for
up to 21 days. Deer may shed an infectious virus
for around 7 days. Negative RT-qPCR results might
indicate that testing occurred outside the viral
shedding window. Additionally, without antibody
testing, it is possible that animals with prior SARS-
CoV-2 exposure were not actively shedding at the
time of testing. Although high-risk animals were
targeted, there remains a possibility of missing
susceptible or previously infected animals [39].
Finally, the novel RT-LAMP assay shows promise
for rapid and cost-effective SARS-CoV-2 detection.
However, it requires further validation and
standardization before it can be widely adopted in
clinical settings. While it should not replace
existing diagnostic tests, its potential benefits make
it a valuable option, especially in resource-limited
environments.

Conclusions

RT-LAMP has shown promising results for
detecting SARS-CoV-2, it is not yet a widely
accepted diagnostic method and should not be used
as a standalone test for COVID-19 diagnosis; it
should be used in conjunction with other diagnostic
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tests, such as RT-qPCR and/or serological testing,
to ensure accurate diagnosis of COVID-19. Also, it
is dependent on the quality of the sample collected,
and improper collection, storage, or transportation
of samples can lead to false-negative results.
Therefore, it is essential to follow proper sample
collection and handling procedures to ensure
accurate test results. Our results did not, detected
SARS-CoV-2 in any animal sampling does not
rule out susceptibility or interspecies transmission;
ongoing surveillance is still necessary for future
monitoring. Overall, while the RT-LAMP assay
shows great potential as a diagnostic tool for SARS-
CoV-2, further wvalidation and standardization
of the assay are needed before it can be widely
implemented in clinical settings.
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Fig. 1. (A and B). Showed amplification plot of real-time PCR. Fig.1 A and B: revealed that RT-qPCR with or

without RNA extraction identified the SARS-CoV-2 RNA from NP swabs, amplification plot of real-time
PCR revealed positive results.
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Fig. 2. (A- D). Showed amplification plot of real-time PCR that showing RT-qPCR with or without RNA extraction
may identify the SARS-CoV-2 RNA.
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Fig. 3. LAMP based rapid detection of SARS-CoV-2 in saliva by photographed Smartphone camera. Successive
green-colored LAMP amplification tubes indicate successful LAMP amplification. Color green positive

and colorless negative tubes.

Detection of SARS-Co2 RNA extract from patients' sample specimens using different molecular methods (RT-PCR and
rRT-qPCR)
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Fig. 4. Detection of SARS-Co2 RNA extract from patients’ sample specimens using different molecular methods

1.

(RT-PCR and rRT-qPCR).
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