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Abstract

Global impact of COVID-19 pandemic has heightened the urgency for efficient virus detection and identification
of variants such as the Q57H mutation. Early and efficient detection of SARS-CoV-2 among densely populated
developing countries is paramount objective. Although RT-PCR assays offer accuracy, however, dependence on
expansive kits and availability of allied health resources pose an immense challenge for developing countries. In
the current study, RT-LAMP based detection of SARS-Cov-2 with subsequent confirmation of Q57H variant through
ARMS-PCR was performed. Among the 212 collected samples, 134 yielded positive results, while 78 tested negative
using RT-LAMP. Oropharyngeal swabs of suspected individuals were collected and processed for viral RNA isolation.
Isolated viral RNA was processed further by using either commercially available WarmStart Master Mix or our in
house developed LAMP master mix separately. Subsequently, the end results of each specimen were evaluated by
colorimetry. For LAMP assays, primers targeting three genes (ORF1ab, N and S) were designed using PrimerExplorer
software. Interestingly, pooling of these three genes in single reaction tube increased sensitivity (95.5%) and
specificity (93.5%) of LAMP assay. SARS-CoV-2 positive specimens were screened further for Q57H mutation using
ARMS-PCR. Based on amplicon size variation, later confirmed by sequencing, our data showed 18.5% samples
positive for Q57H mutation. Hence, these findings strongly advocate use of RT-LAMP-based assay for SARS-CoV-2
screening within suspected general population. Furthermore, ARMS-PCR also provides an efficient mean to detect
prevalent mutations against SARS-Cov-2.

Keywords SARS-CoV-2, RT-LAMP, ORF1ab, Q57H, ARMS-PCR

*Correspondence:
Muhammad Faraz Arshad Malik
famalik@comsats.edu.pk

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12941-023-00665-0&domain=pdf&date_stamp=2024-1-31

Nawab et al. Annals of Clinical Microbiology and Antimicrobials

Introduction

Severe acute respiratory syndrome-related coronavirus
(SARS-CoV-2), arising from a novel human Betacoro-
navirus, was initially identified in 2019 at the seafood
market in Wuhan, China. World Health Organization
(WHO) declared it a global pandemic due to its wide-
spread transmission and infectious nature [1]. Since these
viruses can affect a wide range of organisms, includ-
ing mammalian and avian species, they pose a seri-
ous threat to human health. Viral strains that are more
virulent or resistant to treatment interventions than the
original ones may arise from the fast evolution of their
genomic RNA through recombination [2]. Being 5th larg-
est population, Pakistan also encountered an immense
challenge of disease diagnosis and treatment during the
COVID-19 outbreak. The situation was aggravated by
sharing geographical borders with the region’s two most
adversely affected countries (China & Iraq) [3]. Accord-
ing to NCOC’s recent statistics, ~ 1.5 million confirmed
cases and 30,364 fatalities have been reported in Pakistan
(World Health Organization).

Coronavirus is an enveloped single-stranded RNA
virus with a diameter range of 80-220 nm. Coronavi-
ruses contain five critical genes, including four structural
genes, namely Nucleocapsid (N), Enveloped (E), Spike
(S) and Membrane (M), along with viral polymerase
(RNA dependent RNA polymerase (RdRp) [4]. Corona-
virus comprises 29,811 nucleotides with 14 Open Read-
ing Frames (ORFs) responsible for encoding 27 proteins.
At the 5’-terminus, there are 16 non-structural proteins
involved in immune evasion [5]. There are 11 accessory
proteins named ORF3a, ORF3b, ORF3c, ORF3d, ORF6,
ORF7a, ORF7b, ORE8, ORF9b, ORF9c, and ORF10. The
functioning of these accessory proteins is yet to be deci-
phered in detail. Most mutations observed among the
accessory proteins have been reported among variants of
concern affecting disease severity [6].

Significant functions of ORF3a include pro-inflam-
matory cytokine and chemokine production, channel
formation, facilitating viral entry, and release from the
host cell. Conversion of one nucleotide at a specific posi-
tion from guanine to thymine (25,563 G>T) induces the
replacement of glutamine (Q) to histidine (H) at 57 posi-
tions (Q57H). All continents have shown evidence of the
Q57H mutation, although Asia has seen the highest inci-
dence. Q57H amino acid alteration in SARS-CoV-2 Orf3a
causes a premature stop codon in the reading frame for
Orf3b, accounting for 23.82% of genomes studied [7]. In
standard Orf3a, the Q57 position was not crucial in pro-
tein-binding interfaces, but in Orf3a-S and Orf3a—Orf8
complexes, the protein change Q57H created a hot point.
SARS-CoV-2 mutations may damage drug-targeting
regions by altering the protein-binding interface, leading
to a failure of the cure [8]. SARS-CoV-2 pathogenicity,
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infectivity, ion channel activity, and viral release are all
linked to Q57H in ORF3a [9].

Data regarding Q57H true penetrance primarily relies
on high throughput genomic sequencing. Earlier in a
study, the detection of 6 clades of SARS-CoV-2 was
developed by using the Amplification Refractory Muta-
tion System Polymerase Chain Reaction (ARMS-PCR)
assay [10].

Identifying SARS-CoV-2 among suspected individu-
als during the global outbreak is a challenge. Generally,
the Real-Time Reverse Transcription-Polymerase Chain
Reaction (RT-PCR) is considered the most reliable and
sensitive way to identify SARS-CoV-2 infection [11].
A rapid and easy-to-use testing equipment RT-LAMP
that is a simple and affordable approach is desperately
needed. A kit like this would make it possible to identify
virus-infected persons immediately, allowing for a quick
quarantine to stop the infection’s spread. It is perfect
for usage at airports, train stations, hospitals, including
regional and rural medical centers, due to its portability
and straight-forward result interpretation [12].

Rapid nucleic acid amplification is made possible by a
technique called loop-mediated isothermal amplification
(LAMP). It uses a DNA polymerase with chain displace-
ment activity together with 4—6 distinctive primers. The
strand displacement ability of the specialized polymerase
removes the need for heat-induced denaturation of DNA.
Compared to a thermal cycler, the device is more afford-
able and at a single constant temperature of 65 °C [13].
Interestingly, the Food and Drug Administration (FDA)
has also approved RT-LAMP-based identification of
SARS-CoV-2 [14]. RT-LAMP test may also be used in
general laboratory settings as it is approved under the
emergency utilization assay category [15].

The amplification of viral genetic components occurs
at a stable temperature; therefore, RT-LAMP diagnostic
tests may be performed everywhere with essential equip-
ment like a heat block [16]. Using pH-based colorimetric
assays is the most efficient method for diagnosing Coro-
navirus [17]. When complexometric indicators and pH-
sensitive dyes are added, LAMP colorimetric approaches
will detect turbidity based on the accumulation of mag-
nesium pyrophosphate or color changes [16]. When
amplification occurs, the reaction mixture’s pH falls as
hydrogen ions accumulate. Thus, a positive result may be
confirmed by visually seeing if the reaction solution turns
pink to yellow [18].

In this study, a one-tube colorimetric In-house
Reverse-transcription loop-mediated isothermal amplifi-
cation (RT-LAMP) assay is used for the visual detection
of SARS-CoV-2 RNA. The aim of the current study is
the screening of SARS-CoV-2 genes by using RT-LAMP
and pooling of ORFlab, N and S genes for assessment of
increase in accuracy of the kit. Moreover, identification
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of ORF3a variant (Q57H) via ARMS-PCR has also been
performed to provide a reliable approach for early detec-
tion of VOC.

Methodology

Ethical approval

The study was approved by ethical and biosafety commit-
tees of COMSATS University Islamabad and the National
Institute of Health (NIH), Pakistan. Oropharyngeal swabs
of suspected individuals were collected with signed con-
sent and standardized biosafety protocols were followed
at NIH for the needful collection of specimens.

Isolation of RNA and cDNA synthesis

Swabs were processed for RNA isolation using Invitrogen
Pure Link RNA Mini Kit as per manufacturer guidelines.
RNA of the suspected specimen was initially tested using
RT-PCR for the presence of the virus. Later, the same
specimen was used to develop a LAMP-based SARS-
CoV-2 assay.

Designing of LAMP-based primers for ORF1ab, N and S
gene

LAMP-based primer sets targeting ORFlab, N and S
gene (patent No. 157/2022) were designed for SARS-
CoV-2 by using Primer V5 software. Primer-BLAST anal-
ysis of the designed primers was also performed to check
for non-specific amplification.

Reverse transcriptase- loop-mediated isothermal
amplification (RT-LAMP)

A WarmStart Colorimetric RT-LAMP 2X Master Mix
(RNA) was used to perform RT-LAMP-based detection
of SARS-CoV-2. The reaction mixture composed of Mas-
ter Mix (1.5 pl), primer (2.5 pl), water (8 ul) and RNA
sample (2 pl) was carried out at 60°C for 40 min. The
product obtained after amplification was visually exam-
ined by its color, where yellow represents the presence of
virus and pink shows its absence.

Optimization of in-house LAMP assay

Several reactions were performed on different tempera-
ture ranges (60 °C —65 °C) to optimize the LAMP assay,
where 61°C was found to be the best optimum tempera-
ture. Multiple reactions were carried out to optimize
the quantity of various reagents, particularly BSM poly-
merase and RT enzyme, within the In-House master mix
formulation. Finally, the reaction mixture comprised of
10X buffer (1 pl), MgCl, (1.6 pl), dNTPs (1.4 ul), water
(1 pl), primer pairs (1 ul), BSM polymerase (0.5 pl), RT
enzyme (0.5 pl) and RNA sample (3 pl) was optimized.
Based on extensive experimentation, incubation at 61°C
for 1 h was a more appropriate condition for LAMP
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assay. The presence of the virus was confirmed by the gel
electrophoresis method.

In-house colorimetric RT-LAMP assay

LAMP reaction mix consisted of 0.25 pl of 10x buf-
fer, 1.6 pl of Mgcl,, 1.4 ul of dNTPs, 1 pl of dye, 1 pl of
primer, 0.5 pl of BSM polymerase, 0.5 pl of RT enzymes,
0.75 pl of DEPC water, and 3 pl of RNA sample which was
heated for 58 min at 61°C. The pH of the reaction solu-
tion decreases as hydrogen ions accumulate during the
amplification reaction. The result was confirmed visu-
ally by examining whether the reaction solution changes
color or not.

Confirmation by real time-PCR (RT-PCR)

c¢DNA synthesized was processed further to assess the
presence of SARS-CoV-2 genes (ORF1a, N and S). Detec-
tion of SARS-CoV-2 was done by utilizing a commer-
cially available kit (BGI Genomics, Shenzhen, China) as
per manufacturer instructions [19].

Designing and optimisation of amplification refractory
mutation system (ARMS-PCR) for analysis of VOC

The genomic sequence of SARS-CoV-2 (NC 045512.2)
was retrieved from NCBI. Four independent primers
were designed to target the region of ORF3a in general
and 25563G>T (Q57H) in particular. Outer forward
primer CAAATTTGATGAAGACGACTCTGAGCCA
and outer reverse primer AGATAGAGAGAAGGGGC
TTCAAGGCCAG yield a product size of 393 bp. Using
internal forward primer TGGCGTTGCACTTCTTGCT
GTTTTTTAT and internal reverse primer GAGGGTT
ATGATTTTGGAAGCGCCAC, two different amplicon
product sizes were expected. Amplicons of 265 bp and
182 bp were expected for the wild-type and mutant vari-
ants, respectively. Reagents used for this reaction include
5X master mix (2 -20 pl), 10mM outer forward primer
and 10mM outer reverse primer (1 —10 pl), 10mM inner
forward and inner reverse primer (0.5 —5 pl), distilled
water (3 —30 ul) and ¢cDNA (2 -12 ul) (Revert Aid First
Strand ¢DNA Synthesis Kit, Thermo Scientific Fisher,
USA). Reaction conditions include 95 °C for 5 min fol-
lowed by 35 cycles of 94 °C for 30s, 58 °C for 1 min, 72 °C
for 1 min with a final extension at 72 °C for 10 min.

Post amplification horizontal gel electrophoresis method
and sequencing

Amplicons synthesized were run on 2% agarose gel along
with a 100 bp ladder. Specimens identified as positive for
Q57H mutations were sequenced using the same primers
for Sanger sequencing.
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Table 1 Tabular presentation of the results

Total samples 134 Samples 78 Samples

(212) Positive Percentage Negative Percentage
RT-LAMP 128 95.5% 73 93.6%
RT-PCR 134 100% 78 100%

pH-based colorimetric detection

A pH-sensitive dye (Cresol red) and a combination of
dyes (Phenol red+Azure II) were selected based on the
pH range of RT-LAMP and the level of sensitivity and
accuracy. These dyes showed a convenient color change
for the point of care (POC) detection. The cresol red dye
can change from pink to yellow when the reaction pH
changes from basic to acidic. As well as the combined dye
of phenol red and azure II can change the color from pur-
ple/blue to slightly green when the reaction of pH alters
from basic to acidic.

Statistical analysis

Statistical analysis of the data was performed with IBM
SPSS Software (USA). Data was analyzed by applying dif-
ferent statistical tests including T test, ANOVA and ROC
Curve. Area Under Curve (AUC) with 0.9-1.0 was con-
sidered as statistically significant. Sensitivity and Speci-
ficity was also evaluated for RT-LAMP assay using the
same software.

Results

Clinical parameters of the cohort

A total of 212 nasal and oropharyngeal samples were
collected from NIH, Islamabad, Pakistan. These sam-
ples were processed and results were interpreted using
RT-LAMP, RT-PCR and ARMS-PCR assays. All three
genes (ORF1ab, Nucleotide (N) and Spike (S) were iden-
tified independently and in combination too. To ensure
the accuracy of the results, each sample was examined
through RT-LAMP, and RT-PCR was used to confirm the
results of these samples. Sensitivity of RT-LAMP screen-
ing was found to be 95.5% and specificity was 93.6% for
the detection of SARS-CoV-2 virus in Table 1.

ORF1ab, N and S results confirmation

Both colorimetric (WarmStart Master Mix) and gel elec-
trophoresis (RT-LAMP) techniques were used to confirm
SARS-CoV-2 in RT-LAMP assay. A cluster of 4 genes
were used, including ORFlab, N and S (representative of
SARS-CoV-2) as well as Actin (internal control). Detailed

Table 2 Statistical analysis of ORF1ab, N and S gene individually
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analysis of the ORFlab gene showed 87.3% sensitivity
and 85.8% specificity with RT-LAMP assay along with
the predictive value, accuracy and confidence intervals as
mentioned in Table 2. The graphic representation and gel
electrophoresis are also shown in Fig. 1a, b.

The statistical analysis was performed on SPSS software
for each gene, where sensitivity, specificity, PPV (Posi-
tive Predictive Value), NPV (Negative Predictive Value),
Accuracy, Area and Confidence Interval were calculated.

Sensitivity of the assay increased by pooling ORF1ab, N
and S genes

Various combinations of ORFlab, N and S pooling in a
single tube were also tested to monitor the sensitivity
and specificity of the assay. These genes were pooled and
then 1 ul was added to the in-house RT-LAMP Master
mix. Interestingly, the pooling of ORFlab, N and S genes
showed high sensitivity (95.5%) and specificity (93.6%)
compared to individual genes, as shown in Table 3. ROC
Curve analysis of Pooled genes and its gel image is shown
in Fig. 1c, d.

Data showed that the pooling of SARS-CoV-2 genes
shows an increase in the ratio of sensitivity and speci-
ficity as compared to the single gene. A representative
image of the ROC Curve analysis of each gene via SPSS,
gel electrophoresis and warm start Master Mix is also
shown in Fig. 1.

In-house colorimetric assay of different genes
Within the In-house RT-LAMP master mix, a dye indi-
cates evident color change, which ensures that the RT-
LAMP products can be visualized with the naked eye
for detection at POC. This in-house colorimetric LAMP
assay was performed on all SARS-CoV-2 genes (ORF1lab,
N and S). Many reactions were carried out at various
concentrations throughout the procedure to optimize the
dye concentration and reagent volume. The yellow cresol
red in the reaction shows the presence of the virus, and
the slight green color of the combined dye identifies the
positive sample, as shown in Fig. 2.

A total of 134 samples were analyzed for each gene
using ANOVA tests as shown in Table 4.

ARMS-PCR for detection of VOC

Among the 300 swabs samples, 135 tested positive for the
presence of SARS-CoV-2, with a product size of 393 bp.
Out of these positive samples, 110 showed typical traits

Asymptotic 95% Confidence Interval

Genes Sensitivity Specificity PPV NPV Accuracy Area Lower Bound Upper Bound
ORF1ab 87.3% 85.8% 91.41% 79.76% 86.79% 0931 0.857 1.000
N 85.8% 84.62% 90.55% 77.65% 85.38% 0.856 0.736 0.976
S 83.58% 80.77% 88.19% 74.12% 82.55% 0.850 0.757 0.943
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Fig. 1 Sensitivity and specificity of SARS-CoV-2 genes. (a) Representative Image of SARS-CoV-2 genes (ORF1ab, N and S): (b) Agarose gel electrophoresis
showing individual amplification of each gene: () ROC curve analysis of pooling of different genes: (d) Banding pattern upon pooling of these genes
shown on agarose gel electrophoresis: (e) Colorimetric results of ORFl1ab, N, S and actin gene via WarmStart Master Mix for LAMP where the yellow color
indicate the presence of the virus while the pink color shows the absence of the virus (SARS-CoV-2)

Table 3 Statistical analysis of pooling-based amplification

Asymptotic 95% Confidence Interval

Pooling of Genes Sensitivity Specificity PPV NPV Accuracy Area Lower Bound Upper Bound
ORFlab &N 94.78% 92.31% 95.49% 91.14% 93.87% 0.892 0.806 0.977
ORFlab &S 93.28% 91.03% 94.70% 88.75% 92.45% 0.859 0.780 0.938
N&S 91.79% 88.46% 93.18% 86.25% 90.57% 0.777 0.670 0.884

ORFlab, N&S 95.52% 93.59% 96.24% 92.41% 94.81% 0.882 0.782 0.982
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Fig. 2 In-house colorimetric Assay of SARS-CoV-2 genes. Phenol red and Azure Il dye combine to give a blue color, while a modest green coloring that
results from the RT-LAMP Assay indicates the presence of a virus. Whereas, the cresol red, which was pink before the reaction and became yellow, confirms

the existence of the SARS-CoV-2 gene

Table 4 Analysis of SARS-CoV-2 genes for colorimetric assay

ORFlabGene NGene SGene ORFlab+Npooling ORFlab+Spooling N+Spooling ORFlab+N+S
P value <0.0001
Mean 0.1269 0.1418 0.1642 0.05224 0.06716 0.08955 0.04478
Std. Deviation 03341 0.3501 03718 0.2233 02512 0.2866 0.2076
Std. Error of Mean  0.02886 003025 003212 001929 0.02170 0.02476 0.01793

of the wild-type strain (265 bp and 182 bp fragments).
The remaining 25 samples, meanwhile, showed that a
variation was present.

Confirmation of variants by sequencing

Both wild-type and mutant forms were also confirmed by
sequencing, as shown in Fig. 3. It shows G>T conversion
that corresponds to the change of glutamine amino acid
(Q) with histidine (H) at position 57, as shown in Fig. 3.

Discussion

According to the Center for Disease Control and Pre-
vention (CDC) recommendation, the detection of
SARS-CoV-2 is mainly dependent on RT-PCR assay
(Hueda-Zavaleta et al., 2022). However, an exhaustive
list of real-time PCR challenges, including sample collec-
tion errors, inadequate material volume, and interfering
substances, also compromises the COVID-19 detection
reliance solely on RT-PCR assay [20]. Based on limited
viral load, the chances of detecting false negative results
are high during the early and late phases of the disease.
False results from RT-PCR assays were also reported
among commercially available SARS-CoV-2 detection
kits. One of the plausible reasons for these results is
generally attributed to virus sequence variation, espe-
cially on the target regions of ORFlab and N gene [21].
In another study, the sensitivity of 6 different diagnos-
tic kits indicated a wide range of false negative (2-39%)
results for SARS-CoV-2 among 98 specimens [22]. These
variations never undermine the importance of real-time

PCR in diagnostics. However, the challenges of acquiring
expensive instruments, training human resources, and
addressing troubleshooting are immense for a developing
country.

RT-LAMP-based screening assay was developed to
utilize existing laboratory instrumentations and limited
dependency on trained human resources, especially in
global emergencies [23]. The present study developed an
In-House RT-LAMP assay to detect SARS-CoV-2 using
existing laboratory settings easily.

Comparative analysis showed that the assay had accu-
rately identified 128 out of 134 COVID-19 positive cases.
The current study achieved 95.5% overall sensitivity with
93.6% specificity compared to RT-PCR. These findings
were more promising in contrast to prior research, where
sensitivity (87.5%) and specificity (100%) were markedly
low against the N gene at the Massachusetts General
Hospital [24].

Based on individual gene screening, sensitivity values of
ORFlab, N and S genes observed were 87.3%, 85.8% and
83.5% respectively. The specificity values of ORFlab, N
and S gene for SARS-CoV-2 were 85.8%, 84.6% and 80.7%
respectively. In another study, LAMP-based screening of
SARS-CoV-2 by targeting the S region yielded 88.9% sen-
sitivity and 99% specificity [25]. The reason for variable
sensitivity and specificity values indicates the influence
of several factors, including sample numbers, specimen
quality, primer sets, and the presence of variants of con-
cerns observed in the subsequent wave of COVID-19. To
address this challenge, the pooling of these genes in one
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Fig. 3 Representative image of sequencing results showing single nucleotide mutation at 57 positions of orf3a protein (With the conversion of G into T)

reaction vial was also done with an evidential increase in
sensitivity and specificity.

With the availability of increasingly sensitive primer
sets, the RT-LAMP test has a lot of potential applications.
Scalable testing may be possible with the RT-LAMP assay
and LAMP-sequencing, which would be challenging
with traditional RT-qPCR-based diagnostics [26]. The
most frequent disadvantage of this method is the bind-
ing primer secondary structures, which causes inaccu-
rate amplification in negative samples and could result
in a false-positive diagnosis. Primers must be carefully
designed to prevent the formation of thesestructures.
Additionally, it was shown that omitting the RNA extrac-
tion stage can result in incorrect diagnosis as it alters
the pH of the solution, particularly in oropharyngeal

specimen. The RNA extraction step is also essential to
ensure the accuracy of the colorimetric RT-LAMP results
[27].

ARMS-PCR is among one of the most widely used
assays which have been designed for detecting known
SNP genotypes. Based on fast processing time, its utili-
zation in screening huge biological samples during an
outbreak is highly recommended. The ARMS-PCR pro-
cess is a straightforward and inexpensive way to genotype
single-nucleotide polymorphisms (SNPs) [28]. It provides
quick and easy identification at a low cost, and it just
requires a minimal degree of skill and apparatus [29]. A
single PCR followed by simple gel electrophoresis [30].

ORF3a protein of SARS-CoV-2 significantly contrib-
utes to virulence, infectivity, ion channel formation, and
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virus release [31]. A constriction of viroporin influenced
by Q57H mutation significantly alters the entry of Ca2+,
Na+, and K+ions across the membrane-based core fac-
tors, inducing positive charge repulsion and smaller pore
size. Reduced Ca2+presence inside the cell represses
caspase-dependent host cell apoptosis, providing enough
opportunity to increase viral proliferation inside the host
cell [32]. Q57H conversion leads to premature trunca-
tion of ORF3b [33]. Other mutations in ORF3a protein
are considered based on a succeeding time scale that
was found to have 2nd level mutation along with Q57H.
The fourth wave began in early November 2020 and was
caused by a newly introduced GISAID clade GH SARS-
CoV-2. Moreover, ORF3a-Q57H SARS-CoV-2 variant
was found to be the VOC in the fourth epidemic wave of
COVID-19. As a result, ORF3a could became a promis-
ing therapeutic target.

Here, the ARMS-PCR-based detection method pro-
vides an alternative robust approach for Q57H mutation
detection without sequencing. Data also showed the spe-
cific binding for designed primers to the target site. So,
they can be used to screen a large population for that
mutation to discover the dissemination and infection
potential of COVID-19. Hence, identifying variants like
Q57H will help devise appropriate diagnostic kits and
therapeutic strategies for COVID-19 affected patients in
the upcoming waves.

Conclusion

In conclusion, our research supports the efficacy of three
SARS-CoV-2 screening techniques: RT-LAMP with gel
electrophoresis, RT-LAMP with colorimetry, and ARMS-
PCR for Q57H mutation. These affordable choices are
appropriate for different lab situations. Rapid prelimi-
nary detection is provided by RT-LAMP, especially in
contexts with limited resources. ARMS-PCR provides
mutation-specific insights, such Q57H, giving a deeper
understanding of the genomic changes in the virus. In the
fight against pandemics, these screening techniques sup-
port the medical and research communities by facilitat-
ing early detection and well-informed decision-making.

Acknowledgements

We would like to express our gratitude to everyone who participated in this
research study. We also thank HEC-RRG-10 for generously contributing the
required funding for this project.

Author’s contributions

Conceived and designed the study and experiments: SH, MFAM, MN, AT, NFQ,
FB, PS, MU, SKR, El, AA, DKBA and AJRM. Performed the experiments: MN, SKR,
El, AA, AT and MFAM. Contributed reagents/materials/analysis tools: SH, MN,
SKR, El, AA, AT, MFAM, NFQ, FB, PS, MU, DKBA and AJRM. Wrote the paper:
MN, SH, MFAM, SKR, El, AA, AT, PS, MU, DKBA NFQ, FB, and AJRM. All authors
reviewed the paper.

(2024) 23:11

Page 8 of 9

Funding

This research was conducted under the funding provided by the Higher
Education Commission (HEC) through the Rapid Research Grant-10 (RRG-10)
project titled 'Development of RT-LAMP Assay for Early Detection of COVID-19.

Data availability
The study benefited from the availability of in silico datasets, which greatly
enriched our research analysis. It is not applicable in this context.

Declarations

Ethical approval

The Ethical and Biosafety Committee of COMSATS University Islamabad and
the National Institute of Health (NIH), Pakistan, granted approval for this
project. Only after receiving completed consent forms were oropharyngeal
swabs taken from suspects. To ensure an ethical and secure study, the NIH's
standard biosafety procedures were followed during collecting the samples.

Competing interests
The authors declare no competing interests.

Author details

'Department of Biosciences, COMSATS University Islamabad, Islamabad,
Pakistan

Department of Molecular Biology, Shaheed Zulfigar Ali Bhutto Medical
University, Islamabad, Pakistan

*Molecular Diagnostic Unit, Clinical Pathology Department, PAEC General
Hospital, Islamabad, Pakistan

“Laboratory Medicine Department, Faculty of Applied Medical Sciences,
Umm Al-Qura University, PO Box 7607, Makkah, Al Abdeyah, Saudi Arabia
°Department of Microbiology, Faculty of Medicine, Umm Al-Qura
University, Makkah, Saudi Arabia

SLaboratory of Animal Immunology and Biotechnology, Department of
Animal Morphology, Physiology and Genetics, Faculty of AgriSciences,
Mendel University in Brno, Brno 61300, Czech Republic

7Department of Virology, National Institute of Health (NIH), Islamabad,
Pakistan

8Research and Scientific Studies Unit, College of Nursing and Health
Sciences, Jazan University, Jazan 45142, Saudi Arabia

°Gilbert and Rose-Marie Chagoury School of Medicine, Lebanese
American University, Beirut 1102 2801, Lebanon

19Centre of Medical and Bio-Allied Health Sciences Research, Ajman
University, Ajman 13306, United Arab Emirates

"Research Unit, Universidad Continental, Huancayo 12000, Peru
2Master Program on Clinical Epidemiology and Biostatistics, Faculty of
Health Sciences, Universidad Cientifica del Sur, Lima 15046, Peru

Received: 9 October 2023 / Accepted: 26 December 2023
Published online: 01 February 2024

References

1. Rodriguez-Mateos P, Ngamsom B, Walter C, Dyer CE, Gitaka J, lles A, et al.

A lab-on-a-chip platform for integrated extraction and detection of SARS-
CoV-2 RNA in resource-limited settings. Anal Chim Acta. 2021;1177:338758.

2. AliZ, Aman R, Mahas A, Rao GS, Tehseen M, Marsic T, et al. iSCAN: an RT-
LAMP-coupled CRISPR-Cas12 module for rapid, sensitive detection of SARS-
CoV-2.Virus Res. 2020,288:198129.

3. Wang C, Wang D, Abbas J, Duan K, Mubeen R. Global Financial Crisis, Smart
Lockdown Strategies, and the COVID-19 Spillover Impacts: A Global Perspec-
tive Implications From Southeast Asia. Front Psychiatry [Internet]. 2021 [cited
2023 Jun 20];12. Available from: https://www.frontiersin.org/articles/https://
doi.org/10.3389/fpsyt.2021.643783.

4. Park SE. Epidemiology, virology, and clinical features of severe acute respira-
tory syndrome-coronavirus-2 (SARS-CoV-2; coronavirus Disease-19). Clin Exp
Pediatr. 2020,63:119.

5. Masters PS. Coronavirus genomic RNA packaging. Virology.
2019;537:198-207.


https://www.frontiersin.org/articles/
https://doi.org/10.3389/fpsyt.2021.643783
https://doi.org/10.3389/fpsyt.2021.643783

Nawab et al. Annals of Clinical Microbiology and Antimicrobials

20.

Monteil V, Kwon H, Prado P, Hagelkrilys A, Wimmer RA, Stahl M, et al. Inhibi-
tion of SARS-CoV-2 Infections in Engineered Human tissues using clinical-
Grade Soluble Human ACE2. Cell. 2020;181:905-913e7.

Lam J-Y, Yuen C-K, Ip JD, Wong W-M, To KK-W, Yuen K-Y, et al. Loss of orf3b in
the circulating SARS-CoV-2 strains. Emerg Microbes Infect. 2020,9:2685-96.
Wu S, Tian G, Liu P, Guo D, Zheng W, Huang X, et al. Effects of SARS-CoV-2
mutations on protein structures and intraviral protein—protein interactions. J
Med Virol. 2021;93:2132-40.

Liu'S, Shen J, Fang S, Li K, Liu J, Yang L et al. Genetic Spectrum and Distinct
Evolution Patterns of SARS-CoV-2. Front Microbiol [Internet]. 2020 [cited 2022
Jun 9;11. Available from: https://www.frontiersin.org/article/https://doi.
0rg/10.3389/fmich.2020.593548.

Islam MT, Alam ARU, Sakib N, Hasan MS, Chakrovarty T, Tawyabur M, et al. A
rapid and cost-effective multiplex ARMS-PCR method for the simultaneous
genotyping of the circulating SARS-CoV-2 phylogenetic clades. J Med Virol.
2021;93:2962-70.

Kasetsirikul S, Umer M, Soda N, Sreejith KR, Shiddiky MJA, Nguyen N-T. Detec-

tion of the SARS-CoV-2 humanized antibody with paper-based ELISA. Analyst.

2020;145:7680-6.

Huang WE, Lim B, Hsu C-C, Xiong D, Wu W, Yu Y, et al. RT-LAMP for rapid
diagnosis of coronavirus SARS-CoV-2. Microb Biotechnol. 2020;13:950-61.
Mautner L, Baillie C-K, Herold HM, Volkwein W, Guertler P, Eberle U, et al. Rapid
point-of-care detection of SARS-CoV-2 using reverse transcription loop-
mediated isothermal amplification (RT-LAMP). Virol J. 2020;17:160.

Fowler VL, Armson B, Gonzales JL, Wise EL, Howson ELA, Vincent-Mistiaen

Z, et al. A highly effective reverse-transcription loop-mediated isothermal
amplification (RT-LAMP) assay for the rapid detection of SARS-CoV-2 Infec-
tion. J Infect. 2021;82:117-25.

Thi VLD, Herbst K, Boerner K, Meurer M, Kremer LP, Kirrmaier D et al. Screening
for SARS-CoV-2 infections with colorimetric RT-LAMP and LAMP sequencing
[Internet]. medRxiv; 2020 [cited 2023 Jan 26]. p. 2020.05.05.20092288. Avail-
able from: https://www.medrxiv.org/content/https://doi.org/10.1101/2020.0
5.05.20092288v1.

Amaral C, Antunes W, Moe E, Duarte AG, Lima LMP, Santos C, et al. A molecu-
lar test based on RT-LAMP for rapid, sensitive and inexpensive colorimetric
detection of SARS-CoV-2 in clinical samples. Sci Rep. 2021;11:16430.

Aoki MN, de Oliveira Coelho B, Gées LGB, Minoprio P, Durigon EL, Morello LG,
et al. Colorimetric RT-LAMP SARS-CoV-2 diagnostic sensitivity relies on color
interpretation and viral load. Sci Rep. 2021;11:9026.

Wu S, Liu X, Ye S, Liu J, Zheng W, Dong X, et al. Colorimetric isothermal
nucleic acid detection of SARS-CoV-2 with dye combination. Heliyon.
2021;7:06886.

Haq F, Sharif S, Khurshid A, lkram A, Shabbir |, Salman M, et al. Reverse
transcriptase loop-mediated isothermal amplification (RT-LAMP)-based diag-
nosis: a potential alternative to quantitative real-time PCR based detection of
the novel SARS-COV-2 virus. Saudi J Biol Sci. 2021:28:942-7.

Lippi G, Simundic A-M, Plebani M. Potential preanalytical and analytical
vulnerabilities in the laboratory diagnosis of coronavirus Disease 2019
(COVID-19). Clin Chem Lab Med CCLM. 2020;58:1070-6.

(2024) 23:11

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

Page 9 of 9

Wang Y, Kang H, Liu X, Tong Z. Combination of RT-gPCR testing and clinical
features for diagnosis of COVID-19 facilitates management of SARS-CoV-2
outbreak. J Med Virol. 2020. https://doi.org/10.1002/jmv.25721.
Alcoba-Florez J, Gil-Campesino H, de Artola DG-M, Gonzélez-Montelongo

R, Valenzuela-Ferndndez A, Ciuffreda L, et al. Sensitivity of different RT-qPCR
solutions for SARS-CoV-2 detection. Int J Infect Dis. 2020;99:190-2.

Gibani MM, Toumazou C, Sohbati M, Sahoo R, Karvela M, Hon T-K, et al.
Assessing a novel, lab-free, point-of-care test for SARS-CoV-2 (CovidNudge): a
diagnostic accuracy study. Lancet Microbe. 2020;1:2300-7.

Anahtar MN, McGrath GEG, Rabe BA, Tanner NA, White BA, Lennerz JKM, et al.
Clinical Assessment and Validation of a Rapid and Sensitive SARS-CoV-2 Test
using reverse transcription Loop-mediated isothermal amplification without
the need for RNA extraction. Open Forum Infect Dis. 2021;8:0faa631.

Hu X, Deng Q, Li J, Chen J,Wang Z, Zhang X et al. Development and clinical
application of a Rapid and Sensitive Loop-mediated isothermal amplification
test for SARS-CoV-2 Infection. SSRN Electron J. 2020.

Dao Thi VL, Herbst K, Boerner K, Meurer M, Kremer LP, Kirrmaier D, et al. A
colorimetric RT-LAMP assay and LAMP-sequencing for detecting SARS-CoV-2
RNA in clinical samples. Sci TransI Med. 2020;12:eabc7075.

Alhamid G, Tombuloglu H, Alhamid G, Tombuloglu H. Perspective Chapter:
Recent Progressions on the Colorimetric Diagnosis of SARS-CoV-2 by
Loop-Mediated Isothermal Amplification (LAMP) Assay [Internet]. Curr. Top.
SARS-CoV-2COVID-19 - Two Years After. IntechOpen; 2022 [cited 2023 Feb 6€].
Available from: https://www.intechopen.com/chapters/82572.

Medrano RFV, de Oliveira CA. Guidelines for the tetra-primer ARMS-PCR
technique development. Mol Biotechnol. 2014;56:599-608.

Lajin B, Alachkar A, Alhaj Sakur A. Betaine significantly improves multiplex
tetra-primer ARMS-PCR methods. Mol Biotechnol. 2013;54:977-82.

Alyethodi RR, Singh U, Kumar S, Alex R, Sengar GS, Raja TV, et al. Designing,
optimization, and validation of whole blood direct T-ARMS PCR for precise
and rapid genotyping of complex vertebral malformation in cattle. BMC
Biotechnol. 2021;21:36.

Williamson BN, Feldmann F, Schwarz B, Meade-White K, Porter DP, Schulz J,
et al. Clinical benefit of remdesivir in rhesus macaques infected with SARS-
CoV-2. Nature. 2020;585:273-6.

Bano |, Sharif M, Alam S. Genetic drift in the genome of SARS COV-2 and its
global health concern. J Med Virol. 2022;94:88-98.

Bianchi M, Borsetti A, Ciccozzi M, Pascarella S. SARS-Cov-2 ORF3a: mutability
and function. Int J Biol Macromol. 2021;170:820-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.frontiersin.org/article/
https://doi.org/10.3389/fmicb.2020.593548
https://doi.org/10.3389/fmicb.2020.593548
https://www.medrxiv.org/content/
https://doi.org/10.1101/2020.05.05.20092288v1
https://doi.org/10.1101/2020.05.05.20092288v1
https://doi.org/10.1002/jmv.25721
https://www.intechopen.com/chapters/82572

	﻿Integrated approach for detection of SARS-CoV-2 and its variant by utilizing LAMP and ARMS-PCR
	﻿Abstract
	﻿Introduction
	﻿Methodology
	﻿Ethical approval
	﻿Isolation of RNA and cDNA synthesis
	﻿Designing of LAMP-based primers for ORF1ab, N and S gene
	﻿Reverse transcriptase- loop-mediated isothermal amplification (RT-LAMP)
	﻿Optimization of in-house LAMP assay
	﻿In-house colorimetric RT-LAMP assay
	﻿Confirmation by real time-PCR (RT-PCR)
	﻿Designing and optimisation of amplification refractory mutation system (ARMS-PCR) for analysis of VOC
	﻿Post amplification horizontal gel electrophoresis method and sequencing
	﻿pH-based colorimetric detection
	﻿Statistical analysis

	﻿Results
	﻿Clinical parameters of the cohort
	﻿ORF1ab, N and S results confirmation
	﻿Sensitivity of the assay increased by pooling ORF1ab, N and S genes
	﻿In-house colorimetric assay of different genes
	﻿ARMS-PCR for detection of VOC
	﻿Confirmation of variants by sequencing

	﻿Discussion
	﻿Conclusion
	﻿References


