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ABSTRACT

To address the challenges associated with COVID-19 diagnosis, we need a faster, direct, and
more versatile detection method for efficient epidemiological management of the COVID-19
pandemic. RT-qPCR (reverse transcription quantitative real-time Polymerase Chain Reaction)
although the most popular diagnostic method suffers from a major drawback of equipment
dependency and trained molecular biologists that limits rapid and large-scale screening,
particularly in low resource regions. Reverse transcription loop-mediated isothermal amplifica-
tion (RT-LAMP) is a feasible alternative for RT-qPCR; however, it also suffers from the drawback
of false-positive issues. Recently, RT-LAMP has been integrated with the CRISPR-Cas technique
to take care of the problems associated with RT-LAMP for COVID-19 diagnosis. In this study,
a meta-analysis was conducted using three scientific databases considering the PRISMA guide-
lines to assess the diagnostic efficiency of RT-LAMP integrated CRISPR-Cas technology. Out of
a total of 1286 studies on COVID-19, we identified 15 articles that met our eligibility criteria of
using simultaneous RT-LAMP and CRISPR-Cas technique. Our meta-analysis of the included
studies revealed that most of the studies were conducted in the USA with the N gene as the
most common target and fluorescence-based detection method. The meta-analysis results of
all included studies have further revealed a pooled sensitivity value of higher than 85% and
a pooled specificity value of 80% with the confidence interval of 95%, respectively, as revealed
from the forest plot and SROC curve. The accuracy rate of included studies was also calculated
which varied from 77.4% to 100%. Furthermore, the precision of included studies varied from
75% to 100%. Lastly, a quality assessment of bias and applicability was performed based on
QUADAS-2. Taken together, combined RT-LAMP and CRISPR-Cas technique could be
a potential alternative to RT-qPCR particularly in low resource regions having a high demand
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for rapid testing.

Introduction

The recent emergence of Coronavirus disease (COVID-19)
is caused by the virus known as Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2). In 2020, the WHO
declared COVID-19 a global pandemic which has esca-
lated into a major worldwide health emergency. This
pandemic has not only affected the health of the human-
kind but also the global economy [1, 2]. Person-to-person
transmission from infected individuals and asymptomatic
patients has been reported [3, 4]. SARS-CoV-2 is fatal and
dangerous as it rapidly spreads and robustly mutates into
new variants. Due to the fast mutations in the SARS-CoV-2
genome, different variants have emerged, which cause
the infection at a very rapid rate in all population groups
across the globe (Schermer et al., 2020[5]). This leads to
the urgent requirement of rapid and low-cost diagnostic
screening of a population at risk to mitigate the sources of
infection. Such diagnostic capability also helps policy-
makers to decide when and to what extent the restric-
tions can be eased and restore the economic activities.

The rapid, accessible, and accurate nature of diag-
nostic tests for coronavirus infections is crucial for
patient management and to control the pandemic.
Quantitative reverse transcription-polymerase chain
reaction (RT-qPCR) is the mostly used detection
method for SARS-CoV-2 with the application of
Reverse transcription-Loop Associated mediated
amplification (RT-LAMP) as a new addition to the diag-
nosis of the SARS-CoV2 [6, 7]. To fulfill the demand for
rapid diagnosis during disease outbreaks, point-of-care
tests (POCTs) are needed that are cheaper, faster, and
deployable in the field. Various commercially and non-
commercially developed tests have been reported
since the pandemic started. Most of the commercially
available kits are based on RT-gPCR. Non-commercially
available tests are based on RT-LAMP, CRISPR,
Biosensors, Sequencing-based tests, etc. These tests
predominantly target five genes - ORF1 (Open
Reading Frame 1), N (Nucleoprotein), E (Envelope),
S (Spike), and RdRp (Recombinant dependent RNA
polymerase) [8, 9]. Nucleic acid-based detections
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relying on isothermal amplification such as RT-LAMP
and RT-RPA (Reverse Transcription-Recombinase poly-
merase amplification) obviate the need for a thermal
cycler and these methods are also cost-effective, less
time-consuming, and realistic [10, 11]. Simple amplifi-
cation-based assay (SAMBA) uses DNA-dependent RNA
polymerase and RNA-dependent DNA polymerase to
alternately transcribe and reverse transcribe RNA tar-
get. CRISPR diagnosis combines isothermal amplifica-
tion techniques (such as RT-LAMP and RT-RPA) with
specific DNA or RNA targeting ability of crRNA and
Cas12 [12, 13] or Cas13 [14, [5]1Schermer et al.,, 2020]
enzymes. The outputs of these detection techniques
can be coupled with fluorescent or colorimetric repor-
ters as well as lateral flow strip platforms to facilitate
readout processes.

Isothermal amplification techniques when inte-
grated with CRISPR-Cas increase the specificity and
sensitivity of the assay. Techniques based solely on
isothermal amplification have their drawbacks such
as RT-LAMP which is very prone to false-positive results
and the RT-RPA reagents are not readily available in
the market [15, Nguyen et al., 2020[16]]. Hence, the RT-
LAMP integrated CRISPR techniques can help to
achieve the goal of simplifying the assay for POCT.
Considering the growing appreciation of many studies
reporting the RT-LAMP integrated CRISPR-Cas techni-
que as POCT for SARS-CoV-2 [15,17-19], it is important
to systematically evaluate and draw conclusions about
the performance and quality of these studies. This
current study aims to determine credible evidence for
the use of the proposed diagnostic tool, RT-LAMP
integrated with CRISPR-Cas and how it can be utilized
as a potential alternative to widely used RT-gPCR for
addressing the current COVID-19 challenge under high
demand and low resource places.

Materials and methods

For identifying relevant studies in this systematic
review and meta-analysis, the Preferred Reporting
Items for Systematic Review and Meta-Analyses
(PRISMA) guidelines (Moher et al., 2009[20]) have
been followed.

Search strategy

We have searched different scientific databases i.e.
PubMed, BioRxiv, and MedRxiv for studies performed
through August 2021. For the literature search in scien-
tific databases, text words related to COVID-19 diag-
nostics, RT-LAMP, and CRISPR-Cas assays were used in
different combinations. The following search terms
were included (coronavirus OR COVID-19), (SARS-CoV
-2), (RT-LAMP-based assays on COVID-19), (CRISPR-Cas-
based assays on COVID-19) and (RT-LAMP integrated

CRISPR-Cas assay on COVID-19). The retrieved results
were screened for duplication and conformity with the
pre-specified eligibility criteria.

Study eligibility criteria

Inclusion criteria- This systematic review and meta-
analysis included: (1) both peer-reviewed and preprint
original articles on RT-LAMP integrated CRISPR-Cas tech-
nology; (2) full-text articles (all English language articles
were found); and (3) articles that provided enough infor-
mation to determine the number of true positive, false
positive, false negative and true negative (performed on
clinical samples) relative to a standard reference test.
Exclusion criteria- We excluded: (1) studies investigat-
ing antibody test, direct antigen tests or non-isothermal
nucleic acid test and other isothermal amplification
techniques such as RPA, (2) studies based only on either
RT-LAMP or CRISPR-Cas assays related to COVID-19, (3)
studies in which data is irretrievable, (4) review articles,
editorials, commentaries, and proceedings, etc. based
on RT-LAMP or CRISPR-Cas assays related to COVID-19.

Data extraction

Data were extracted by one author (AB) while for any
ambiguity, two independent authors (GSB and ZF) were
consulted. The information related to variables such as
authors, year of publication, location of study, sample
size, types of specimens, targeted genes, involvement
of RNA extraction step, duration of the assay, detection
method, limit of detection, and standard reference
method were extracted from included studies. The stu-
dies were searched for diagnostic assays based on RT-
LAMP integrated CRISPR diagnostics performed on the
same set of samples or on a different set of samples or
the studies in which different variants of the same
assays were used (e.g. using crude samples or on pur-
ified RNA or using fluorescent readout, lateral flow read-
outs, and gold-nanoparticle-based detection). All these
studies were included separately. The important para-
meters in this meta-analysis were the diagnostic values
of RT-LAMP integrated CRISPR-Cas, consisting of the
true positives (TP), true negatives (TN), false positives
(FP), and false negatives (FN) of all studies, providing
their sensitivity and specificity values. The included
studies (n = 15) were then assessed for their methodo-
logical quality to reduce systematic biases and inferen-
tial errors from the data extracted.

Statistical analysis

Quantitative analysis was conducted on the outcomes
of the included studies (n = 15). The values of TP, FP,
TN, FN, LoD, and sample size were extracted from the
included studies (n = 15). In addition to this, values of
sensitivity and specificity were either extracted from



these studies or calculated from the available data. The
accuracy and precision were calculated using the for-
mulas: Accuracy = [TP+TN/TP+TN+FP+FN] *100 and
Precision = [TP/TP+FP] *100 [21, 22]. Accuracy is the
closeness of the measurements to a specific value,
while precision is the closeness of the measurements
to each other, i.e. reproducibility. In this study, accu-
racy depicts how correct a diagnostic test gives a result
in a given condition. It is the proportion of true results,
either true positive or true negative, in a selected
population and represents the percentage of correctly
identified samples. Precision represents the ratio
between the correctly identified samples and the
total number of positive samples (both true and
false). It is the proportion of true positive results and
quantifies the number of correct positive predictions
made in a diagnostic test, in a selected population. RT-
gPCR was considered as a standard reference test.
Forest plot for sensitivity and specificity were plotted
using R-software.

Quality assessment

The risk of bias of the included studies (n = 15) was
assessed using Quality Assessment of Diagnostic
Accuracy Studies (QUADAS-2). QUADAS-2 assesses
four areas of bias; patient selection, index test, refer-
ence standards, and flow/timing [1, 23, 24]. All studies
were subsequently judged to have low, unclear, or
high risks of bias. Additionally, the authors also
assessed the applicability in terms of three parameters:
patient selection, index test, and reference standards,
which were then judged to generate low, unclear, or
high-risk applicability.

Results
Literature survey

The literature for the present study has been summar-
ized by using PRISMA guidelines (Figure 1). The three
search engines viz. PubMed (n = 522), Biorxiv (n = 428),
and Medrxiv (n = 336) have been extensively searched
and a total of 1286 articles were found based on the
combination of search terms described above. Out of
the 1286 shortlisted articles, 422 used RT-LAMP-based
diagnosis for COVID-19 while 864 used CRISPR-based
diagnostic tools. Only 98 articles used RT-LAMP inte-
grated CRISPR technology for the diagnosis of COVID-
19. While searching the abstracts and titles of the
studies, the review articles, editorials, proceedings,
etc. (n = 71) have been excluded from the current
systematic review and after removing the duplicated
articles (n = 6) we had 21 articles. However, from the 21
included articles which were assessed through full-text
assessments, further 6 articles were also eliminated
because the TP, FP, TN, and TN values were not
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specified in these articles. Overall, after applying all
the exclusion criteria, 15 articles were included for
detailed analysis (Figure 1).

Characteristics and meta-analysis of the study

Information regarding 15 identified articles (Table 1)
describes the authors, year of publication, location of
study, sample size, types of specimens, target genes,
involvement of RNA extraction step, duration of the
assay, detection method, limit of detection and stan-
dard reference method. The 15 articles included con-
sist of studies from different countries around the
world (Figure 2). It was observed that 40% of the
studies were conducted in the USA only [14, 15, 25-
28], 13% in Canada [29, 17] and China [2, 30] each.
Apart from this, some studies have been conducted in
Germany [31], Singapore (Ooi et al, 2021[32]),
Netherlands [18], Japan [33], and Saudi Arabia [34],
representing 7% each from included studies
(Figure 2). Patient’s details have not been specified in
any of the articles, although the type of specimen
taken for most of the studies was nasopharyngeal
swab (n = 10) [14, 25, 26, 2, 13, 17, 18, 27, 28, 31].
Some studies have tested on both nasopharyngeal and
oropharyngeal swab (n = 3) [15, 33, 34] and only a few
studies (n = 2) [29, 30] have used the respiratory throat
swab samples for their experiments (Table 1). In terms
of applicability of crude patient sample or RNA extrac-
tion from patient samples, it has been observed that
most of the studies (n = 12) showed the RNA extraction
involvement as the initial step for the RT-LAMP inte-
grated CRISPR technology, while 3 articles showed the
applicability of RT-LAMP integrated CRISPR technology
on crude samples (Table 1).

Furthermore, the standard quantitative RT-qPCR
assay was used as a reference standard in all
included studies (n = 15). However, in addition to RT-
qPCR, the RT-LAMP DETECTR was also used as
a reference standard for validating the RT-LAMP inte-
grated CRISPR results (Table 1). Next, we analyzed the
type of target gene(s) chosen for the studies. In the
included 15 studies, we found E (Envelope),
N (Nucleoprotein), ORF1 (Open reading frame 1),
and S (Spike protein) genes were used as target
genes (Figure 3). N gene was most commonly used
in 86.67% of included studies followed by E-gene
(53.33%), ORF1 (20.00%), and S-gene (13.33%)
(Figure 3). Additionally, from the perspective of the
type of detection method used for these 15 studies,
the fluorescence method (n =7) [2, 14, 17, 18, 27, 28,
30] was most frequently used while gold nano-
particle (n = 1) based detection method was used
in one study [29]. In five studies, the combination of
fluorescence and lateral flow assay was used for the
viral detection [13, 15, 25, 26, 34] while the lateral
flow assay was used in two studies [31, 33] (Figure 4).
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Figure 1. PRISMA flowchart depicts search of the literature and screening strategy for meta-analysis.

Detection time was another parameter included for
all 15 articles and ranges between 30 and 60 minutes
approximately (Table 1).

The sensitivity and specificity values for each study
were calculated using TP, FP, TN, and FN values. The
sensitivity of RT-LAMP integrated CRISPR varies in the
range from 72% to 100%, while its specificity varies in
the range from 89.2% to 100% (Table 1). Out of all 15
studies, 7 studies showed sensitivity values higher than
90%, while 4 studies showed sensitivity values of 100%. In
terms of specificity, 14 studies showed a specificity value
of higher than 90% while 12 studies showed a specificity
value of 100%. Further, we analyzed the sensitivity and
specificity of the included studies (n = 15) using a forest
plot (Figure 5). These sensitivity and specificity values
were found to be at the confidence interval (Cl) of 95%.
The sensitivity value at 95% Cl was found to vary from
0.73 to 1.00. The specificity value at 95% Cl was found to
vary between 0.51 and 1.00 (Figure 5).

The summary receiver operating characteristic
(SROQ) plot between sensitivity and false-positive rate
was analyzed by using R-software (Figure 6). All studies
showed pooled sensitivity higher than 85% except one

study which reported a sensitivity value of 73% [31]. In
terms of specificity, all studies showed pooled specificity
of 80% or higher except a study by Steens et al. (2021
[18]), who reported a specificity value of 51%. Data on
the limit of detection (LoD) for each of the studies were
also extracted from these studies which range from 2
RNA copies per microliters to 1000 RNA copies per
microliters. However, one study (Joung et al, 2020
[25],) reported the LoD value as 33 copies/ml (Table 1).
The accuracy rate of included studies was also calcu-
lated which varied from 77.4% to 100%; 11 out of 15
studies showed an accuracy rate of more than 90.0%.
However, five studies showed an accuracy rate of 100%
(Table 2). Furthermore, the precision of included studies
varied from 75% to 100%; 12 out of 15 studies showed
a precision of 90% or more. However, six studies showed
a precision of 100%. On intra-comparison of accuracy
with precision, it was observed only in three studies, the
accuracy rate is lower than their corresponding preci-
sion values. However, in six studies, the accuracy rate is
higher than their corresponding precision values and in
the other six studies, the accuracy rate equals to preci-
sion value for the same study (Table 2).



PATHOGENS AND GLOBAL HEALTH (&) 5

In uolieun|nbbe 2uab 3
Kesse ydd-14 aaneyuenb /saidod g/ %00l %07°96 dpiuedoueu pjon  ulw G ON 0 /T T St ¥S BN sojdwes gqems Aioresdsay epeue) 67 Sl
In
Kesse YDd-1Y aaneuuenb /saidod sgems |eabukieydoseu
'3 4103130-dWVT-14 ooL> %56 %06 Aesse mo|{ [essle]  “ulw Op S9A L 0T L 6 LE N pue esbufeiydoip uedey €€ vl
In
/sa1dod e1440
AKesse yod-1y aAnenzuenb SL9 %001 %001 9dusdsalon|y  ulw 0§ A 0 /Ll 0 €€ 0S 3N sqems |eabukieydoseN vsn vl €L
In
/ saidod sinopeal Moy}
Aesse Ydd-1Y aneyuenb 00¢ %001l %0£96 |eJdle| @ 9dusdsaION|{  “uUlW 0§ SSA L 0¢ L 0€ 9 I8N sqems [eabukieydoseN vsn 9 Tl
In
Kesse ydd-1Y aAieIuenb /saidod gL %001 %S/ 9OUIISAION|4  “UIW OE ON 0 ¥ [ 8 I8N sqems [eabukieydosen vsn Yerdmn!
In
/sa1dod
Kesse yod-1y aAnenzuenb 000L %001 %9L 9xuadsaloN|{  ulw GE ON 0 0C 6l 79 Lot auab 3 sqems |eabukieydoseN  spuepayaN 8L Ol
]
/ saidod synopeal Moy}
Kesse Ydd-14 anneiuenb €€ %586 %L'€6 [eid1e| )3 2OUIISAION|S  “UIW Gy SOA € /6L ¥l 88L  COF auab N sqems [eabukieydoseN vsn ST 6
n
/sa1dod
Aesse ydd-1y aaneiyuenb 007 %001 %001 aduddsAION]Y  ulw O€ S9A 0 0L 0 9% 95 auab N sqems |eabukieydoseN vsn 8 8
In synopeas Moy} duab g
Kesse ydd-14 aAneyuenb  /saidod ¢ %001 %7/  |eJd1e| 1 AdUIISAION]{  “UlW Of SOA 0 /S 0 L 6ZL 3N sqems |eabufieydoser  aiodebuig [ A
N MD0T4IHS+
Aesse ¥dd-1y aaneiyuenb VIN %0768  %06TL sinopeas Moy [esRre] /N S9A 0T ST € ¥S  TOL  ®EeLdYO  sqems [eabukieydoseNy  Auewssn dWYT-LY)LE 9
In
/ saidod
Kesse Ydd-14 aneyuenb 0¢ %001 %6 Qdusdsalon|y  ulw o SSA 0 0S5 € [I¥ 00L IRN sqems [eabukieydoseN epeue) Ll S
l sinopeal Moy sqems [eabufieydoseu
Kesse Ydd-14 anneuenb  /saidod oL %001 %06  [eld1e| ) OUIISAION|S  “UIW G SSA 0 Tl T ol 74 I8N pue [esbufeiydoio vsn Sl ¥
In sinopeal Moy} sgems |eabukieydoseu eiqely
Kesse ydd-1Y aAieIuenb /saidod gL %001 0498  |eJdle| 3 9DUIISAION|{  “UIW 09 9L € € 0 8l ¥ I8N pue [eabukesydoio Ipnes ye €
In ER] sa|dwes
Kesse YHd-1Y oAieuenb  /saidod ¢ %001 %001 9OUIISAION|{  “UIW O 9L 0 € 0 [ oL N‘®L440  gems jeolyl Kiojesidsay eulyd 0 ¢
In sa|dwes
Kesse Ydd-1Y aAieuenb 7/ saidod ¢ %001 %001 9dOUIISAION|{  “UIW G 9L 0 vZ 0 9T 05 auab g gems |eabufieydoseN eulyd) [
plepuels a5ualaaYy aol Apypads  ANAISUSS  poylaw uofd1e(g awi JUSWSA[OAUI Nd NL di dlL EVN sauab uawidads jo adA) Aunod uonedygnd jo ‘ON
uolAdQ  UOoMdRIXS YNY o|dwes  1abie] 134 13 Joyine isii4 'S

‘(g1 = U) SaIpni1s papn|aul JO SBWO0ISINO pue sdlisiialoeley) *| ajqel



6 A. BHATT ET AL.

Quality assessment

Based on QUADAS criteria, in general, studies were
at higher risk of bias than at risk of poor applic-
ability (Figure 7). Patient selection procedures in all
15 studies were at high risk of bias, considering
that most studies selected patients nonrandomly.
The index tests were also at high risk of bias since
it was usually clear that the index tests were inter-
preted with the knowledge of the results of the
reference standard, and the detection methods are
qualitative as they did not specify detection
thresholds. As shown in Tables 1, 14 studies have
used RT-qPCR as a reference standard test for the
interpretation of results and only one study has
used RT-LAMP DETECTR as well as RT-gqPCR test
[33], due to which reference standards were also
at high risk of biasness. The flow and timing, as
shown in Figure 7, were unclear mainly in five
studies due to unclear intervals between the
index test and the reference standard [14, 15, 28,
29, 34]. Although in 10 studies, it was observed
that the reference standard test has been simulta-
neously performed along with RT-LAMP integrated
CRISPR test, suggesting a low risk of biasness
(Figure 7).

Discussion

This present study endorses a method for detec-
tion of SARS-CoV-2 in the human body that
involves RT-LAMP integrated CRISPR technique

Figure 2. Country-wise distribution of included studies (n = 15) reported in the present investigation.

that can visually be detected with the unaided
eye. In this systematic review and meta-analysis,
we have included only those articles which were
solely based on RT-LAMP integrated CRISPR tech-
nique used for COVID-19 diagnosis. Typically,
a newly developed or introduced diagnostic test
was compared with the commonly used reference
standard test. After the implementation of several
inclusion and exclusion criteria as reported above,
finally, 15 articles have been thoroughly assessed
and selected for further analysis (Figure 1). Most of
the studies have shown more than 90% sensitivity
and 100% specificity, as compared to RT-qPCR.
Four of the studies showed sensitivity in the
range of 70% to 76% and only one study showed
the sensitivity of 86% (Table 1). Although, in terms
of specificity, all the studies showed a specificity of
around 100%, except two studies which reported
89.2% and 95% specificity. Overall, 12 out of 15
studies endorsed the RT-LAMP integrated CRISPR
technique as an alternative for RT-qPCR. Our meta-
analysis results have also revealed a pooled sensi-
tivity value higher than 85% and a pooled specifi-
city value of 80% with the Cl of 95%, respectively
(Figures 5 and 6).

Notably, all the 15 studies have a predominantly
similar experimental design, i.e. the amplification of
viral RNA from RT-LAMP either using crude samples
or by involving RNA extraction step from respiratory
swab samples either nasopharyngeal swab, orophar-
yngeal swab, or throat swab followed by detection by
CRISPR-Cas technology. Hence, the nasopharyngeal
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Figure 3. Percentage distribution of target genes reported in the included studies (n = 15).
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Figure 4. Distribution of type of detection method for SARS-CoV-2 in the included studies (n = 15).

swab sample could be considered as the best recom-
mended sample for the detection of COVID-19. On the
basis of included studies, we observed that the step of
RNA extraction increases the sensitivity and more relia-
bility of the diagnostic performances of the test, when
compared to crude sample. However, developing the
test on crude sample will definitely make the diagnos-
tic test easier, faster and cost efficient [18, 27, 29]. As
most of the included studies were using Cas12 enzyme
for detection purposes, RT-LAMP integrated Cas12-
based test can be recommended best for the diagnos-
tic purpose. However, among other four studies, two

studies used Cas13, one study used Cas10 and used
Cas3, but the detection method was different for most
of the studies (Figure 4). Cas13 directly acts on the
genetic material of the coronavirus, i.e., RNA so using
Cas13-based test will definitely reduce the time of
detection [14, Schermer et al.,, 2021]. Overall, Cas12 or
Cas13 proteins have been used as the most common
CRISPR effectors in SARS-CoV-2 detection methods.
The basis for selecting the detection test was not
mentioned in any of the research; nonetheless, the
majority of the studies used fluorescence-based as
well as lateral flow assays [13, 15, 25, 26, 34]. The
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Study TP FP FN TN Sens(95%CI) Spec (95% CI) Sens (95% Cl) | Spec (95% CI)
Wang et al. 2021 26 0 0 24 1.00(0.87-1.00) 1.00 (0.86-1.00) —a —u
Chen et al. 2020 7 0 0 3 1.00(065-1.00) 1.00(0.44-1.00) 2 x
Al et al,,2020 18 0 3 3 086(066095 100(044-100) —= | — =
Broughton et al. 2020 10 2 0 12 1.00(0.72-1.00) 0.86 (0.60-0.96) —a —
Pang et al. 2020 47 3 0 50 1.00(0.92-1.00) 0.94 (0.84-0.98) -y =
Schermer et al. 2020 54 3 20 25 073(062082) 089(07209) —#— | _—
Ooi et al. 2021 72 0 0 57 1.00(0.95-1.00) 1.00 (0.94-1.00) a i~
Frangos et al.,2021 46 0 0 10 1.00(0.92-1.00) 1.00(0.72-1.00) =1 S
Joung et al. 2020 188 14 3 197 0.98(0.95-0.99) 0.93 (0.89-0.96) a »
Steens et al., 2021 62 19 0 20 1.00(0.94-1.00) 0.51 (0.36-0.66) .
Ramachandranetal.2020 3 1 0 4  1.00(0.44-1.00) 0.80 (0.38-0.96) '} —
Nguyen et al. 2020 30 1 1 30 0.97(0.84-0.99) 097 (0.84-0.99) —n —u
Khan et al.,2020 33 0 0 17 1.00(0.90-1.00) 1.00 (0.82-1.00) —u -
Yoshimi et al.,2020 9 1 1 20 090(0600.98) 095(0.77-099) ——= | — =
Cao et al,, 2021 25 2 0 27 1.00(0.87-1.00) 0.93(0.78-0.9) — —»
[T 1T T°1 I;I 17T 1T 11
044 0664 06886 036 0616 0872

Figure 5. The Forest plot of sensitivity and specificity of included studies (n = 15) on the diagnostic performance of RT- LAMP

integrated CRISPR technique.
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Figure 6. Summary Receiver Operating Characteristic (SROC) depicts RT-LAMP integrated CRISPR diagnostic performance as

compared to RT-PCR in COVID-19 diagnosis.

main reason for developing fluorescence-based tests
could be to increase sensitivity for the detection limit.
However, the lateral flow-based tests would be more
appropriate for the market application purpose. Only
[29] have tried to use gold-nanoparticle agglutination
for the faster detection time with no difference in the
detection limit. When compared with RT-gPCR results,
most of the studies have reported more than 90%
sensitivity and 100% specificity in their results. The
diagnostic performance of RT-LAMP integrated
CRISPR is very much comparable with RT-qPCR diag-
nostic performance.

RT-LAMP integrated CRISPR could be considered
as a novel, rapid and cost-effective approach for
the diagnosis of COVID-19. This technique removes
the barrier of the requirement of RT-PCR equip-
ment and trained professionals for performing the
assay to screen the population. As reported
(Table 1), detection time in all the studies was
around 30-60 minutes, making this technique
more robust and ease-effective for solving the
purpose of screening the large population in
a short time (Table 1). All included studies echoed
the same view on the potential of RT-LAMP
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Wang et al.,2021
Chen et al.,2020
Ali et al.,2020
Broughton et al.,2020
Pang et al., 2020
Schermer et al., 2020
Ooi et al.,2021

Frangos et al., 2021
Joung et al.,2020
Steens et al., 2021
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Cao et al.,2021
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Figure 7. Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) summary of items for risk of bias and applicability in
included studies (n = 15). Green color depicts the low risk of biasedness, yellow color depicts the unclear risk of biasedness and red

color depicts the high risk of biasedness.

Table 2. Accuracy and precision of the included studies
(n =15).

S.No.  First author & year of publication Accuracy Precision

1 35 100 100

12 30 100 100

3 34 87.5 100

4 15 91.666667  83.333333
5 17 97 94

6 31 77.45098 94.736842
7 13 100 100

8 28 100 100

9 25 95.771144  93.069307
10 18 81.188119 76.54321

1" 27 87.5 75

12 26 96.774194  96.774194
13 14 100 100

14 33 93.548387 90

15 29 96.296296  92.592593

integrated CRISPR-Cas technique. This study iden-
tified both relevant peer-reviewed studies and pre-
prints for illustrating better scientific conclusions
in the diagnosis of COVID-19 promptly with few
limitations. First, almost half of the included stu-
dies had a high risk of patient selection bias or
index test bias (Figure 7). Such bias could lead to
over-estimation of diagnosis performance. Future
studies should focus on the use of un-bias patient
cohorts, double-blinded index test and detection
assays that do not require RNA extraction.
Secondly, some studies have reported the highest

performance with 100% sensitivity and 100% spe-
cificity with narrow 95% Cls (Figure 6). Hence,
these were also the ones with the lowest
QUADAS risk and concerns in all domains. Other
limitations highlighted by the authors include the
use of solely peer-reviewed English language
research and the lack of subgroup analysis. This
will pave way for further studies and reviews on
the same topics with improvement.

Conclusions

The use of RT-LAMP integrated CRISPR-Cas in
COVID-19 diagnosis has made significant impact
that should be endorsed for further optimization
and improvement. Particularly in resource-limiting
regions, patients can get their COVID-19 testing
reports in considerably lesser time and at reason-
able cost which is vital during outbreaks. Even
onsite screening can also be applied for prevention
of asymptomatic carriers to transmit infection unin-
tentionally. Following necessary improvisations,
maybe it can offer making diagnostic kits for
home usage. Thus, it can be safely concluded that
the RT-LAMP integrated CRISPR performs well and
has a high potential to be used as an alternative for
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RT-gPCR in the diagnosis of COVID-19 that will be
easier to use to facilitate their applicability as POCT.
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