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ABSTRACT

COVID-19 pandemic has become a global public health priority. The rapid increase in infection
numbers, along with a significant number of deaths, has made the virus a serious threat to
human health. Rapid, reliable, and simple diagnostic methods are critical to controlling the
disease. While Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) is the current diag-
nostic gold standard, Reverse Transcriptase Loop-Mediated Isothermal Amplification (RT-
LAMP) appears to be a compelling alternative diagnostic test due to its greater simplicity,
shorter time to obtain a result, and lower cost. This study examined RT-LAMP application for
rapid identification of SARS-CoV-2 infection compared to the RT-PCR assay. A systematic review
and meta-analysis was conducted over six scientific databases in accordance with PRISMA
guidelines. Original studies published in English conducted on human clinical samples were
included. Articles evaluating the sensitivity and specificity of RT-LAMP relative to RT-PCR were
considered eligible. Quality assessment of bias and applicability was examined based on
QUADAS-2. A total of 351 studies were found based on the keywords and search queries.
Fourteen eligible case-control studies fit the mentioned criteria. Quality assessment using
QUADAS-2 indicated alow risk of bias for all included studies. All case studies, containing 2,112
samples, had acumulative sensitivity of 95.5% (Cl 97.5% = 90.8-97.9%) and cumulative
specificity of 99.5% (Cl 97.5% = 97.7-99.9%). The RT-LAMP assay could be areliable alter-
native COVID-19 diagnostic method due to its reduced cost and processing time compared to
RT-PCR. RT-LAMP could potentially be utilized during critical high-throughput and high-
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demand situations.

INTRODUCTION

The recently emerged novel Coronavirus Disease
(COVID-19), the disease caused by Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
infection, has caused a pandemic and become
a global public health emergency [1]. As of
3 January 2021, the COVID-19 pandemic has resulted
in a total of 83,322,449 confirmed cases and 1,831,412
deaths, according to the WHO COVID-19 report [World
Health 2]. SARS-CoV-2 is currently known to be trans-
mitted among humans through respiratory droplets
and aerosols produced from infected persons while
sneezing, talking, and/or coughing [3]. At present,
effective antiviral drugs and vaccines for SARS-CoV-2
are still undergoing research [4]. The absence of suita-
ble therapeutic agents necessitates prompt diagnosis
with simple, rapid, and reliable detection of SARS-CoV
-2 infection [5].

Diagnosis of early infection is difficult because
COVID-19 manifests with nonspecific clinical symp-
toms, such as fever, cough, or shortness of breath,
which overlap (at least in mild and early-stage cases)
with those found in the common cold and influenza
[1,3]. In addition, patients in the early stages of SARS-

CoV-2 infection can remain asymptomatic. Symptoms
appear in as little as 2 days or as many as 2 weeks after
exposure [4]. Thus, confirmation of SARS-CoV-2 infec-
tion relies on nucleic acid testing, which detects viral
RNA [6]. Early, rapid, and accurate identification of
SARS-CoV-2 infected patients, even prior to an immune
response and for asymptomatic carriers, is crucial not
only for providing appropriate and timely medical sup-
port for patients but also for mitigating further
spread [1,7,8].

The current gold standard for COVID-19 molecular
diagnosis is based on real-time reverse transcription-
polymerase chain reaction (RT-PCR), which detects
SARS-CoV-2 RNA [6]. RT-PCR produces outstanding
analytical performance with highly sensitive and spe-
cific  results [8]. Nevertheless, RT-PCR-based
approaches for COVID-19 detection suffer from several
limitations, as these methods require highly skilled
personnel and sophisticated equipment with poor
availability (restricted to public health laboratories)
[4]. As a result, they are considered impractical, espe-
cially in remote areas and developing countries with
limited resources [3]. Furthermore, the fact that PCR-
based methods are relatively time-consuming and
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complicated limits their ability to meet the demand for
testing in an ongoing pandemic [3].

Rapidly growing number of COVID-19 incidences
urges substitution of RT-PCR testing with an equally
reliable, rapid, and cost-effective molecular detection
method to facilitate the detection of SARS-CoV-2 infec-
tion [1,3]. In seeking to meet this challenge, a test kit
that offers shorter turnaround time and is simple to
operate would be highly desirable. The test should be
able to identify infected patients even at an early stage.
Ideally, it would be mobile, reducing the need for
complicated equipment, and its results would be inter-
pretable by the naked eye, making it feasible for use at
public facilities, particularly health centers in rural
areas [W. E. 9].

Reverse transcriptase loop-mediated isothermal
amplification (RT-LAMP) is a rapid, one-step DNA
amplification technique [7]. This method has been
applied in the detection of numerous pathogens,
such as viruses, bacteria, and malaria [W. E. 9]. RT-
LAMP is regarded as a promising point-of-care test
due to several features: high sensitivity and specificity,
quick reaction time, and reduced dependence on
sophisticated equipment [5]. The LAMP reaction takes
place at a constant temperature of 60°C to 65°C in
under an hour [8]. Since the DNA amplification process
occurs at a constant temperature, RT-LAMP can be
performed on simpler equipment and eliminates the
need for the thermal cycle in PCR [6]. A single reaction
in RT-LAMP significantly shortens the reaction time
and bypasses the DNA purification step. Thus, RT-
LAMP can be used to rapidly detect SARS-CoV-2
[W. E. 9]. RT-LAMP results can be detected by visual
turbidity or fluorescence in real time [7]. As such, the
results can be interpreted by the untrained naked eye
with a short turnaround time [5]. Finally, the simplicity
of the procedure means that it can easily be mastered
by junior laboratory technicians or health-care workers
with little training [8].

Given these facts, a review was conducted in order
to examine the diagnostic performance of RT-LAMP
compared to RT-PCR, the current gold standard for
COVID-19 diagnosis. As of the time that the review
was performed, the authors had not found other simi-
lar studies analyzing the use of RT-LAMP for COVID-19.
The review results were expected to provide credible
evidence for the use of the proposed diagnostic tool,
RT-LAMP, as a potential alternative to address the
current issue.

MATERIALS & METHODS

This systematic review and meta-analysis followed the
Preferred Reporting Items for Systematic Review and
Meta-Analyses (PRISMA) guidelines [10] to properly
identify relevant studies and literature used in this
review.

Search Strategy

Two independent investigators performed thorough
literature searches in a blinded fashion. Discrepancies
were resolved through discussion between the inves-
tigators. The literature search was done through six
scientific databases — PubMed, ScienceDirect, Scopus,
ProQuest, Wiley, and EBSCohost - for studies pub-
lished through 12 October 2020. Literature search stra-
tegies were developed using medical subject headings
(MeSH) in scientific databases with text words related
to COVID-19 diagnosis, RT-PCR, and RT-LAMP. The
search was performed using several keywords, consist-
ing of ‘reverse transcriptase polymerase chain reac-
tion,” ‘RT-PCR,’ ‘reverse transcriptase loop mediated
isothermal amplification,” ‘RT-LAMP,” ‘SARS-CoV-2,
and ‘COVID-19' in different combinations. We also pro-
duced a manual, hand-searching reference list from
the included studies. The retrieved results were subse-
quently deduplicated and screened against the pre-
specified eligibility criteria.

Study Eligibility Criteria

Inclusion criteria were set to filter for primary studies
investigating the diagnostic study of RT-LAMP in
COVID-19 diagnosis using PICO (Patient, Intervention,
Control, Outcome) criteria in which patients were sus-
pected or confirmed COVID-19 patients; intervention
or index test using RT-LAMP kit, control or reference
test using RT-PCR, and objective or outcome of sensi-
tivity and specificity (diagnostic value). We included
published studies consisting of prospective and retro-
spective, cross-sectional, and cohort studies from
human clinical samples of COVID-19-suspected
patients that evaluated the sensitivity and specificity
of RT-LAMP for COVID-19 diagnosis in comparison to
RT-PCR. Meanwhile, studies were excluded if any of the
following criteria were met: (1) review articles, case
series, or letters to editor; (2) in-vitro studies without
clinical samples; (3) irretrievable full-text articles; and
(4) non-English articles.

Study Selection

After the previous search in the proposed databases
was completed, search results were stored in
a Microsoft Excel spreadsheet (Microsoft Corp,
Redmond, WA, USA). Authors manually checked and
removed duplicate articles, and the spreadsheet was
also utilized to manage the data. The authors inde-
pendently reviewed the literature search. A screening
of titles and abstracts of the selected articles was
conducted to exclude studies in line with the exclu-
sion criteria. The reviewers noted the reason for
exclusion of items in the spreadsheet. If there was
any uncertainty regarding a particular study, it was



included for the following step. Next, the authors
read the full text in order to exclude studies that
did not meet the inclusion criteria. The selected stu-
dies were then validated by conducting a meeting
among the reviewers to select which articles were
considered eligible for review. A data extraction form
was built to compile data from the included studies.

Data Extraction and Quality Assessment

Two reviewers (ADS, LW) independently collected the
data. Data were justified and discussed by both
authors to ensure completeness and plausibility before
being synthesized. The variables reported included:
authors, year published, location of study, study
design, sample size, study sample/population, index
test (RT-LAMP), reference test (RT-PCR), clinical setting
(inpatient vs outpatient), and level of evidence. The
main outcomes for this review were the diagnostic
values of RT-LAMP, 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 were then assessed for their
methodological quality to reduce systematic biases
and inferential errors from the data extracted. Two
reviewers (ADS, LW) independently assessed the risk
of bias of the included studies using Quality
Assessment of Diagnostic Accuracy Studies (QUADAS-
2) [11]. QUADAS-2 assesses four areas of bias [11]:
patient selection, index test, reference standards, and
flow/timing. All studies were subsequently judged to
have low, unclear, or high risks of bias. The authors also
assessed the concerns about applicability in terms of
three areas: patient selection, index test, and reference
standards, which were then judged to generate low,
unclear, or high concern regarding applicability.
A summary of the risk of bias is extrapolated into
graphs that were generated in a Microsoft Excel
spreadsheet.

Statistical Analysis

Quantitative analysis was performed using the out-
comes of the included studies. Values of test accuracy
were compared with RT-PCR methods, including sensi-
tivity, specificity, true positives (TP), false negatives
(FN), false positives (FP), and true negatives (TN)
using data extracted from sources or calculated from
the available data. RT-PCR was considered a reference
test and comparator to the index test, RT-LAMP.
Results of individual studies were graphically pre-
sented in a forest plot in addition to diagnostic value
and random effects curve. Meta-analysis was con-
ducted using MetaDTA software (University of
Leicester, Leicester, England).
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RESULTS
Study Selection and Characteristics

The literature search process is summarized in Figure 1
using the PRISMA guideline [10] flowchart. The initial
search yielded 364 records, of which 16 were dedupli-
cated and 332 were excluded following the title and
abstract screening. A total of 16 articles were then
properly assessed through full-text assessments,
resulting in two articles being excluded due to inap-
propriate study design.

The 14 articles included contained a total of 2,112
patients or samples, consisting of either suspected or
confirmed COVID-19 patients. Patients’ characteristics
were not mentioned in most studies; thus, the authors
of this study did not extract characteristics. The
included studies consist of a wide variety of samples:
five studies from China; two studies from Germany
[12,13]; and one study each from Hong Kong [8],
China [6], Japan [14], Malaysia [15], South Korea [7],
Canada [16], Australia [17], and the U.S. [4].

Regarding the index test, six studies did not report
the RT-LAMP kit used [1, 7, 8, W. E. 4, 9, 15, 18], while
other studies used the Warmstart RT-LAMP Assay Kit
(n = 3) [5,7,16], the Variplex RT-LAMP Assay Kit (n = 1)
[13], the Loopamp RNA Amplification Kit (n = 2) [6,14],
RT-LAMP Mastermix kit (n = 1) [17], or the specific
colorimetric and fluorescence RT-LAMP Kit (n = 1)
[12]. As for the reference test, the majority of studies
used the gRT-PCR Kit, with eight studies specifying the
kit used (LightMix RT-PCR [13]; ABI COVID-19 gRT-PCR
Kit [1]; NPMA gRT-PCR [18]; BGI gRT-PCR Kit [6]; Bio-rad
iTag Universal Probes One-Step Kit gRT-PCR [7];
Quantabio gScript XLT One-Step RT-qPCR ToughMix
[17]; LightCycler® Multiplex RNAVirus Master kit [12];
Invitrogen Superscript lll one step RT-PCR system [15];
Shanghai ZJ Bio-Tech 2019-nCoV RT-PCR kit [W. E. 9]).
The remaining five studies did not specify the refer-
ence RT-PCR kit used [4,5,8,14,16]. The RT-PCR kits
utilized in the studies were approved as COVID-19
diagnosis reference methods by the WHO (n = 4) [1,
W.E. 9, 13,15],CDC [190] (n = 1) [17]; and FDA (n = 2)
[7,12]. Most studies used a cross-sectional study design
(n = 13), with the one exception using prospective
cohorts in its study [1].

Primers for RT-LAMP assays were designed to target
several sequences of the SARS-CoV-2 gene, such as
those encoding the envelope (E) (n = 3) [8, W. E. 9,
15]; nucleocapsid (N) (n = 6) [7, W.E. 5,9, 12, 17, 18];
spike protein (S) (n = 3) [1,6,16]; membrane protein (M)
(n = 1) [13]; open reading frame 1ab (ORF1ab) (n = 2)
[W. E. 6, 9]; ORF3a (n = 1) [8]; RNA-dependent RNA
polymerase (RdRP) (n = 1) [15]; and non-structural
protein 3 (NSP 3) (n = 1) [4]. One study did not specify
the targeted gene [14].

Meanwhile, RT-PCR, the reference test for validating
the RT-LAMP test results, targeted the N gene (n=6) [1,
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Figure 1. PRISMA Flow-chart describing the literature search and screening strategy of the review.

W. E. 4, 9, 14, 16, 18]; E gene (n = 5) [12,13,15-17];
S gene (n = 2) [W. E. 6, 9]; ORF1ab gene (n = 4) [1,
W.E. 6,9, 18]; and RdRP gene (n = 1) [15]. The included
studies’ characteristics are summarized in Table 1.

Risk of Bias Assessment

The risk of bias assessment using QUADAS-2 [11]
revealed that most studies carried a low or unclear
risk of bias. On the patient selection aspects, 10 out
of 14 studies had unclear risk of bias, with 4 out of 14
showing a low risk of bias. This result can be explained
by the fact that most studies did not explicitly declare
their study design. Meanwhile, in terms of the refer-
ence test, 7 out of 14 studies had an unclear risk of bias,
with another seven studies carrying a low risk of bias.
Unclear risk of bias was assigned for studies that did
not clearly state the blinded nature of the data analysis
of reference tests without knowing index test results.
In the index test assessment, 5 out of 14 studies had an
unclear risk of bias, four because they did not mention
the blinded fashion of data extraction and one because
it had no pre-specified threshold on the index test. On
the flow and timing aspects, 3 out of 14 studies
demonstrated an unclear risk of bias due to unclear
statements regarding the interval time between the
reference test and the index test. All studies not men-
tioned above yielded a low risk of bias.

Our review question did not focus on any particular
patient demographics, and none of the included stu-
dies excluded patients based on demographic charac-
teristics. Therefore, there was no concern regarding
applicability for patient selection. The index test, RT-
LAMP, was not specifically mentioned in our review
question. Thus, all RT-LAMP kits are applicable for our
review. The reference standard tests in nearly all of the
included studies used qRT-PCR, the current gold stan-
dard test for COVID-19 diagnosis. As a result, these
studies were determined to be of low concern regard-
ing their applicability in terms of both index tests and
standard tests. Therefore, all included studies gener-
ated only low concern as to applicability in all aspects.
A summary of the QUADAS-2 assessment can be found
in Supplementary (Figure S1).

Outcome of Studies

A summary of the outcome of each included study is
listed in Table 2. Study outcomes, consisting of TP, FN,
FP, and TN values, are listed. The sensitivity and speci-
ficity values for each study were then calculated. The
sensitivity of RT-LAMP is found to range from 75% to
100%, while its specificity is found to range from 90%
to 100%. All outcomes of each study were extracted to
generate the cumulative outcome if the mentioned
study used several subgroups for their analysis. Out
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of all 14 studies, 10 studies showed a sensitivity value
of more than 90%, with 4 of them having a sensitivity
value of 100% [W. E. 6, 9, 12, 15]. Three studies showed
sensitivity values of more than 80% [1,7,17], and only
one study had a sensitivity value below 80% [13]. In
terms of specificity values, all studies showed a high
degree of specificity, with nine studies showing 100%
specificity while the other five studies showed
a specificity value of more than 98% [1,4,5,7,18]. Both
sensitivity value and specificity value were then dis-
played in a forest plot, pictured in Figure 2, to repre-
sent the outcomes of all studies. As shown in the plot,
each of the studies’ sensitivity and specificity values is
shown with a confidence interval (Cl) of 95%. Data on
limit of detection (LOD) were also extracted from each
article and ranged from 1 to 304 RNA copies per reac-
tion. However, one study used another unit of mea-
surement with a result of 500 RNA copies/mL [18].

Meta-Analysis of Sensitivity and Specificity

We performed a pool analysis on 14 included studies
using RT-LAMP as the index test and RT-PCR as the
reference test. In the pooled analysis, we estimate the
pooled sensitivity and specificity for all studies and
report the data in a SROC curve, as seen in Figure 3.
The result of the pooled analysis is summarized in
Table 3. Pooled sensitivity and specificity are found to
be 99.5% (Cl 97.5%: 90.8-97.9%) and 95.5% (Cl 97.5%:
97.7-99.9%) respectively, indicating good overall per-
formance by RT-LAMP as a diagnostic test thus far. The
false positive rate is also considered low, at 0.5% (Cl
97.5%: 0.1-0.23%).

DISCUSSION

As of the authors’ latest search, this study is the first
systematic review and meta-analysis examining the
performance and diagnostic value of RT-LAMP as
a test for COVID-19. Most included studies used RT-
LAMP as the index test with RT-PCR as the reference
test and found a sensitivity of at least 90%, with four
studies reporting 100% sensitivity and specificity.
While there are three studies with sensitivity values
of <90%, with one study reporting 75% sensitivity, we
can safely assume that all studies reported a high
diagnostic value for RT-LAMP in the diagnosis of
COVID-19. At the time of this writing, the only pub-
lished meta-analysis focusing on using RT-LAMP for
diagnosis was the recent article by [20], which primar-
ily investigated the performance of isothermal nucleic
acid tests for human coronaviruses. The authors used
81 articles for the systematic review and 26 articles for
subgroup analysis in the meta-analysis. The study
reported a pooled sensitivity of 0.94 (Cl 95%: 0.90-
0.96%) for purified RNA from samples and sensitivity
at 0.78 (Cl 95%: 0.65-0.87%) for crude samples. Our
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review obtains the same result regarding the perfor-
mance of RT-LAMP, finding a high sensitivity value.
However, our review does not analyze the difference
between the samples used in our analysis.

For all the studies, the QUADAS-2 assessment
returned a low or unclear rating for risk of bias and
concerns about applicability. As most studies yielded
a low risk of bias, all studies were considered suitable
to be included in the review and pooled analysis, as
there is no indication of any high risk of bias or inap-
plicable study results.

While the majority of the studies seemed to be
predominantly similar, there are some notable studies
that evaluate various aspects of the performance of RT-
LAMP. Rodel et al. [13] performed a diagnostic test to
assess RT-LAMP in various respiratory samples and
compared with RT-PCR and a combination of RT-
LAMP and RT-PCR. They reported a combination of RT-
PCR and RT-LAMP having a sensitivity value of 92—
100%. The other 13 studies compared the diagnostic
value of RT-LAMP kit alone to that of RT-PCR. Most
studies used nasopharyngeal swabs obtained pre-
viously, while 4,used various samples, from respiratory
samples to urine. However, the authors chose naso-
pharyngeal samples for the data extraction to ensure
similarity to other studies.

RT-LAMP is considered to be a novel approach in
diagnostic tests due to its rapid and low-cost kit [21], as
mentioned by [22]. It has been used for detecting both
DNA and RNA viral pathogens, such as foot-and-mouth
disease [23], human immunodeficiency virus (HIV),
Japanese encephalitis virus, chikungunya virus,
human papillomavirus, dengue virus, West Nile virus,
and mumps virus [3]. Furthermore, RT-LAMP has been
reported to be effective for detecting other corona-
viruses, such as severe acute respiratory syndrome
coronavirus (SARS-CoV) [24] and the Middle East
respiratory syndrome coronavirus (MERS-CoV) [P. 25].
The most recent study on the potential for using RT-
LAMP as an emerging diagnostic test for COVID-19 was
a mini-review by Thompson et al. [26] and Kashir et al.
[27]. The lack of facilities that accommodate RT-PCR
has given birth to cheaper and affordable diagnostic
kits for COVID-19. Rodel et al. [13] also mentioned
a faster cycle of RT-LAMP, as there is no need for the
thermal cycling process. However, all included studies
have the same view on the potential of RT-LAMP.

Our study identified all relevant peer-reviewed
studies published to derive objective conclusions
on the potential of RT-LAMP for the diagnosis of
COVID-19. The authors have ensured that this
study adheres to PRISMA guidelines to ensure
objective review and a low risk of bias. The sys-
tematic review was conducted with an objective
screening process using pre-determined keywords
and guidelines to ensure the reproducibility of the
authors’ method. The screening process, from
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Figure 2. The forest plot of sensitivity and specificity of included studies on RT-LAMP diagnostic performance.



PATHOGENS AND GLOBAL HEALTH e 289

RT-LAMP SROC Curve
@ °
O
$ C]
et
< J
o
Q
o
o
2
=
&
e
I
(7]
<
o
N
o
= Summary estimate
--- 95% Confidence region
o 95% Predictive region
o o Data
T T T T T T
0.0 0.2 04 0.6 08 1.0

False Positive Rate (1 - Specificity)

Figure 3. Summary Receiver Operating Characteristic (SROC) illustrates RT-LAMP diagnostic performance as compared to RT-PCR

in COVID-19 diagnosis.

Table 3. Pooled analysis outcome of meta-analysis on 14

studies, summarized in this table with sensitivity, specificity,

false positive rate, and logit of sensitivity and specificity.
Pooled Analysis Outcome (n = 14)

Parameter Estimate 2.5% Cl 97.5% CI
Sensitivity 0.955 0.908 0.979
Specificity 0.995 0.977 0.999
False Positive Rate 0.005 0.001 0.023
logit(sensitivity) 3.053 2.286 3.819
logit(specificity) 5.26 3.738 6.782

article screening and selection to data extraction,
was documented properly. Pooled analysis is con-
ducted to report the objective cumulative outcome
(sensitivity and specificity) of all included studies to
properly highlight the pooled conclusion of the
included articles. Nevertheless, this review has sev-
eral limitations. The authors have noted that this
review primarily uses RT-LAMP diagnostic value
data on each study by extracting the cumulative
data from all studies. As such, there was no extrac-
tion on subgroup analysis, which has been used in
some studies. In our search strategy, the authors
used several databases to find peer-reviewed arti-
cles relevant to the RT-LAMP diagnostic value for
COVID-19. A systematic review and meta-analysis
using preprints and ongoing clinical trials could
be performed to gather more data for the systema-
tic review while keeping in mind the need to prop-
erly assess study quality. Subgroup analysis,
particularly on types of RT-LAMP used in trials,
could also be used.

CONCLUSION

In conclusion, this systematic review and meta-analysis
revealed the performance of RT-LAMP in diagnosing
COVID-19 as compared with RT-PCR, the current gold-
standard diagnostic tool. A systematic review of 14
studies showed a comparably high diagnostic value
for RT-LAMP, as seen in its sensitivity and specificity
values. The pooled analysis of all included studies has
revealed a sensitivity value of 99.5% (Cl 95%: 90.8-
97.9%) and a specificity value of 95.5% (Cl 95%: 97.7-
99.9%), respectively. Thus, the authors conclude that
RT-LAMP performs well and has high potential in the
diagnosis of COVID-19. The authors have noted several
limitations, including only using peer-reviewed studies
and the lack of subgroup analysis. This leaves room for
further improvement for further studies and reviews
on the same topics.
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