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1 | INTRODUCTION

Abstract

Background: Rapid laboratory detection is essential to diagnose norovirus infection.
LAMP has many advantages compared with RT-PCR for detecting norovirus, including
high sensitivity, high specificity, rapidity, low cost, and intuitive results, which can be
easily read with the naked eye with the help of color-based reporters. In this study,
we intend to analyze the accuracy of LAMP methods for the diagnosis of norovirus
infection.

Methods: Two researchers independently retrieved relevant literature up to January
2021 (PubMed, Web of Science, Cochrane Library, Embase, CNKI, Wan Fang, and
VIP). The researchers screened all articles and extracted their research data for meta-
analysis. QUADAS-2 tool was used to evaluate the quality of the included studies by
Review Manager 5.3. Forest plots were performed by Meta-DiSc 1.4 to evaluate the
accuracy of the test. Deeks’ funnel plot symmetry tests were conducted by Stata 15.0
to check the potential publication bias.

Results: Eleven sets of data extracted from the eight included studies were included
for meta-analysis. For the detection of norovirus, the pooled sensitivity, specificity,
positive LR, negative LR, diagnostic OR, and their 95% Cl were 0.96 (0.95-0.97), 0.99
(0.99-1.00), 91.14 (31.88-260.56), 0.06 (0.04-0.09), and 1473.68 (562.96-3857.70),
respectively. Besides, AUC in the SROC curve was 0.9920.

Conclusion: LAMP had high sensitivity and specificity in terms of the diagnosis of nor-
ovirus infection. However, further extension of this approach should be researched to

ensure the accuracy and practicability of this hopeful test in the future.
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an estimated 685 million cases and 50,000 child deaths, and costs

about $60 billion worldwide due to healthcare costs and lost pro-
According to the data in the Centers for Disease Control and ductivity every year.! Diarrheal diseases were the eighth leading
Prevention (CDC) and World Health Organization (WHO), norovi-

rus is the dominant cause of acute gastroenteritis that led to diar-

cause of death at all ages and the fifth leading cause of death in chil-
dren younger than 5 years.> WHO estimated that norovirus was re-

rhea and vomiting worldwide in recent years.>? Norovirus causes sponsible for approximately 1/5 of the cases of diarrheal diseases,
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leading 35, 000 deaths worldwide in 2010 and constituting the
most deaths among the diarrheal diseases.?>* Norovirus was di-
vided into at least 6 genogroups (GI-GVI), and Gl and Gll were the
predominant genogroups that caused acute gastroenteritis in hu-
mans.®® Norovirus infection usually caused a self-limiting illness in
healthy adults with 2- to 3-day course, while in the elderly, young
children, and immunocompromised individuals, it was associated
with severe complications such as developing severe disease and
mortality“"'7 Human norovirus has a substantially high prevalence
and mortality across both healthcare and community settings, par-
ticularly in developing countries, and brings humans a severe global
burden of disease.”*1°

Since the rapid spread of norovirus is a major public health
issue, rapid laboratory diagnosis is essential to facilitate the exe-
cution of appropriate control measures to reduce transmission and
outbreaks of the virus. The methods for the detection of norovi-
rus can be concluded in terms of electron microscopy, immunol-
ogy, and molecular biology.®** Unfortunately, electron microscopy
was not widely available for detecting norovirus in microbiology
laboratories because of its low sensitivity, specificity, and expen-
siveness.!! The development of enzyme immunoassays, such as
IDEIA and RIDASCREEN, has been challenging because norovirus
genotypes that formed most virus antigens were many (n = 29) and
had the antigenic drift in certain strains.® In addition, due to the
problem of sample processing, the IDEIA norovirus assay was at low
sensitivity and raised serious questions regarding its usefulness in
routine screening for norovirus.'? Currently, reverse transcription-
polymerase chain reaction (RT-PCR) is known as the gold standard
in the detection of norovirus due to its high sensitivity and speci-
ficity in clinical and environmental samples.®® However, the disad-
vantages of RT-PCR-based assays are also apparent, including high
cost, time-consuming, and dependence on sophisticated equipment
and expertise, leading to the limitation in its use in resource-poor
settings without equipped laboratories.’*3Loop-mediated isother-
mal amplification (LAMP), created by Notomi et al.,** was a remark-
able alternative to RT-PCR for the diagnosis of norovirus infection.
LAMP allowed RNA detection in an isothermal condition by using
Bst DNA Polymerase that had high displacement activity, which was
performed with simple and single-temperature incubation sources
and thus got rid of the limitation of expensive equipment.®1314
LAMP has many advantages compared with RT-PCR, including high
sensitivity, high specificity, rapidity, low cost, and intuitive results,
which can be easily read with the naked eye with the help of color-
based reporters.'®

While many LAMP assays have been presented to detect nor-
ovirus by research groups, it is essential to systematically evaluate
and conclude the performance of LAMP and the quality of these
studies. So far, no overall analysis of the accuracy of LAMP for nor-
ovirus seems to have been researched. Therefore, here, we intend
to determine the accuracy of LAMP methods for the diagnosis of
norovirus infection, using systematic review and meta-analysis

techniques.

2 | METHODS

2.1 | Electronic searches

A systematic evaluation was conducted in this study according to the
PRISMA guidelines.'**® Two researchers independently retrieved
relevant literature up to January 2021 by using the databases, in-
cluding PubMed, Web of Science, Cochrane Library, Embase, CNKI
(China National Knowledge Infrastructure), Wan Fang, and VIP. The
first four were in English, and the next three were in Chinese. The
primary keywords combined LAMP with norovirus. The search had
no restriction in language, but synonymous extensions were utilized.

2.2 | Study screening and selection

According to the predefined inclusion and exclusion criteria, two
researchers (Xi-Feng Qian and Nan-Xi Li) as a group independently
screened all English articles, including titles, abstracts, and full texts.
Another group (Ai-Ling Duan and Rong-Xian Huang) were responsi-
ble for all Chinese articles in the same ways. In addition, we scanned
the bibliographies of most publications included to identify addi-
tional studies. All of them used Endnote X9 to manage and screen
the literature. Then, they checked and rechecked the results. A third
researcher would join to achieve consensus if there was still a dis-

crepancy after discussing in each group.

2.3 | Inclusion and exclusion criteria

We established the inclusion and exclusion criteria by skimming sev-
eral relevant works before screening the articles in detail. The inclu-
sion criteria were listed as follows: (1) The study described LAMP
and norovirus and linked them with the diagnostic tests; (2) the
study was an original work of research; (3) RT-PCR and LAMP had
been used to detect the samples, and RT-PCR had been used as the
gold standard in the diagnosis of norovirus infection; and (4) there
was enough information to extract 2*2 tables to form the pooled
data. The criteria for exclusion were as follows: (1) duplicated pub-
lications, irrelevant studies, letters, erratum, reviews, and meeting
abstract; (2) studies did not use the gold standard or could not ex-
tract the 2*2 data; and (3) the samples were collected from animals

or other species.

2.4 | Data extraction

While reading the included articles independently, data were ex-
tracted simultaneously on author, year, study design, country, de-
tection method, gold standard, sample source, sample type, sample
size, incubation temperature (°C) and time (min), detection limit, ge-

nogroup type, true positive (TP), false positive (FP), false negative
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(FN), and true negative (TN). The third researcher in the other group
intervened to resolve the conflicts.

2.5 | Quality assessment

We conducted the quality assessment in the included articles in-
dependently with the standard principles according to the Quality
Assessment of Diagnostic Accuracy Study-2 (QUADAS-2) guide-
lines.'? It contained eleven criteria in four parts (patient selection,
index test, reference standard, and flow and timing). The criteria of
QUADAS-2 are listed in Table S1. We responded with “Yes (Y), No
(N), and Unclear (UC)” to assess the risk of bias and responded with
“Low (L), High (H), and Unclear (UC)” in the concern of applicabil-
ity. Then, the quality assessment form was filled with relevant data
according to the included articles. We then discussed the result,
and the third researcher resolved the dissents. Then, the statistical
software Review Manager 5.3 was utilized to generate the quality
plot.

2.6 | Statistical analysis

Based on the data we extracted earlier, Meta-DiSc 1.4 was employed
to analyze the data and generate the results pertaining to sensitiv-
ity, specificity, negative and positive likelihood ratio (LR), diagnos-
tic odds ratio (OR), and SROC.?° The pooled data were discussed
to determine the accuracy of LAMP for the detection of norovirus.
Heterogeneity analysis was discussed from the threshold and non-
threshold effects. The source of the heterogeneity was explored
through the following operations: visual inspection of forest maps to
observe the deviation and the inconsistency in the above-combined
results and analysis of correlation index?1?%; a large deviation and
inconsistency between the studies indicated a possible source of
heterogeneity. The random-effects model was used to analyze the
accuracy of the diagnostic method through presenting forest spots
if large heterogeneity was found. Deeks’ funnel plot symmetry tests
were conducted by Stata 15.0 to check the potential publication
bias.?®

3 | RESULTS

3.1 | Database search results

After the previous detailed database search, a total of 202 publi-
cations were initially retrieved. The number then decreased to 99
after excluding the duplicates. On this basis, we excluded 68 stud-
ies after screening the abstracts and titles. After a full-text review,
we excluded 27 articles. Ultimately, eight articles were identified
for inclusion.?*®! The reasons for specific exclusion are shown in

Figure S1.

WILEY- 2™

3.2 | Characteristics of eligible studies

Based on our strategy of data extraction, eleven sets of data ex-
tracted from the eight studies were included for meta-analysis. The
detailed characteristics of the included studies are summarized in
Table 1. All articles were prospective studies and published between
2008 and 2017. LAMP detected in Gl or GlI or both of genogroup of
norovirus, the results were compared with RT-PCR. Among them,
all articles reported data from stool samples; one collected vomitus
samples, and one collected the samples from the anal swab, periph-
eral water, and barreled water. A total of 1553 samples were used to
evaluate the diagnostic performance of LAMP.

3.3 | Quality assessment

To ensure scientific rigor and objectivity, two evaluations were con-
ducted at different times. The quality assessment of the eight in-
cluded articles is catalogued in Table S2. The overall risk of bias and
applicability results are presented in Figures 1 and 2. Most studies
were only performed when there were a low risk of bias and little
concern about the applicability of the results. In the aspect of pa-
tient selection, all studies had a low risk of bias due to the inclusion
of continuous or randomized samples and avoidance of inappropri-
ate exclusions, while the applicability concerns were little high. In
the aspect of the index test, approximately half of the studies were
at low risk, while still two studies were classified as having “Unclear”
risk of bias and one study as having a high risk of bias, because they
were unclear in the elaboration of thresholds or explained the index
test under the condition of knowing the results of the reference
standards. In terms of the reference standard, all the studies had a
low risk of bias and high clinical applicability, because the reference
standard could correctly classify the target condition in all studies
and the results of the reference standard were interpreted without
knowledge of the results of the index test in more studies. In terms
of flow and timing, a low risk of bias was existed in all studies, owing
to that there was an appropriate interval between the index test and
the reference standard and patients received the same reference
standard. Also, all patients were included in the analysis except for

the study of Iturriza-Gomara et al.

3.4 | Threshold effect analysis

The Spearman correlation coefficient is a nonparametric measure
to evaluate the correlation between two statistical variables. If the
Spearman correlation coefficient is more than 0.6, the possibility of
threshold effect is indicated. Moreover, typical “shoulder-arm” pat-
terns indicate the presence of threshold effect.?® The Spearman
correlation coefficient 0.164 with p-value = 0.631 (p > 0.05) was
applied, indicating the absence of a threshold effect, which would

result in heterogeneity between the included studies. Moreover,



QIAN ET AL.

WILEY

4 0of 10

80T

98

15

(43

LS

6

(941

L8V
6€
€61

NL

€1

125

N4

el

dd

9¢€

(43

SS

e

0S¢

8€€

ST
L9T
8T

dlL

157

(454

LS

061

€6

80T

01§

01s

505
(474
474

9ZIS

s|dweg

119

19+ 19

119

19+ 19

1919

119

19
119
19

dnou8ouan

dq 00T< 4aew YNA AON
|o03s
8/sa1dod .0T< JO peo| AON

uopnip
;0T> Jo o|dwes anisod

uonnjip
2G> 0 3|duwes aAnIsod
saldod 0T< Jo

Peo| YN AON/ uoinjip
5S> 40 3|dwes aAIsod

uonn|ip
,0T> 40 d|dwies an1Isod

uopn|ip
,0T> JO 3|dwes aAIsod

uonn|ip
,0T> 40 3|dwes aAi3ISod

uonnjip
,0T> JO 3|dwes aARIsod

Jeappun
Jeapun

Juawspn(
aA1lsod ay3 Jo anjep

0ZT ‘59

Jeapun

0L ‘29

09 ‘s9

09 ‘59

S¥ 29

Jeappun

Jeapun

Jeapun
0629
0629

(unw)
awn} pue (J,)

ainjesadwa)
uoleqnouj

,Ie 39 (0035

10035

[003S

[0035

[003S

10035

[003S

[0035

[0035

SN}WOA pue |00}

SN}IWOA pUE [00}S

adA} ajdweg

¥D0d-1d

qdDd-L3d

d0d-1d

d0d-1d

¥0d-1d

d0d-1d

d0d-1d

dod-1d

d0d-1d
d0d-1d
¥od-1d

piepuels
PIoS

"J9jeMm pajalieq pue ‘Jajem [esaydiiad ‘gems [eue ‘|ools Suipnul,

euyd

ueder

euyd

eulyy

euyd

eulyd
wop3ury|
payun
wop3ury|
payun
wop3ury|
payun
ueder

ueder

A1uno)

9AI329dsoud

9A1309dsoud

9AI329dsoud

9A1309dsoud

9AI329dsoud

9AI1309dsoud

9AI329dsoud

9AI309dsoud

9AI329dsoud
9AI329dsoud
9AI329dsoud

ugisap
Apms

YDOd-1Y swn-|esy

"4Dd Pa1saU-1Y 10§ SASOd,
"aA13Is0d 2N} ‘q] ‘oA1zeSau anJ3 ‘NI ‘9A1Nsod as|ey ‘d4 ‘DA13eSauU as|ey ‘N :SUOIeIARIqqY

£10¢

ST0C

10¢C

¥10¢

¢10c

600¢C

800¢

800¢

800¢
800¢
800¢

1ea)\

gUeL Uayz
ogPINZNs
mvch.m,sN enyoeys

520N Sulwuelr

,20M Sujwuelr
5z494D 8uajsuoz
zBJBWOD-eZIIINY|
cz8Jewo-eziuny|

ZPIBWOD-BZLLNY|
22PN
28PN

Joyine 3suai4

(TT = U) S3IpN3s papnjaul aY3 JO sosLaRReIeyD T 3T9VL



QIAN ET AL.

WILEY-L2°™

as we observe in Figure 8, no “shoulder-arm” distribution was seen.
Thus, we concluded that no threshold effect existed among the ar-

ticles included.

3.5 | Non-threshold effect analysis

Quantitative indicators of heterogeneity were judged by the in-
consistency index (I-square) automatically generated by Meta-

DiSc software. The inconsistency index was interpreted in the

Risk of Bias Applicability Concerns

Fukuda 2008

lturriza-Gomara 2008

Jianming Luo 2012

Jianming Luo 2014

Shaohua Zhang 2014

Suzuki 2015

Zhen Tan 2017

® 6 6 e ®| ® e raentselection
® O O S e ®| ®| ® RreferenceStandard
® 6 e e ® e ® rowandTming
® ® 0O S @ ® | O ratentselection
® OO0 G G O 6 G noextest

® O 6 S\ ®| ®|® RreferenceStandard

~ OO S O > @ @ noextest

Zongfeny Chen 2009

| @ High

®Low

? Unclear

FIGURE 1 Quality evaluation of the included studies

handbook of heterogeneity.?? The ratios are plotted with the for-
est map with arandom pattern, and the result is shown in Figure 8
with the following values: Cochran's Q = 14.91, p = 0.1352
(p > 0.05), and inconsistency = 32.9% (inconsistency < 50%).
This indicated that the heterogeneity originating from the non-
threshold effect was low.

3.6 | Merge analysis results

With using the random-effects model, the pooled data to evalu-
ate the diagnostic accuracy of LAMP are shown in Figures 3-7.
LAMP technology was utilized to detect norovirus, whose pooled
sensitivity, specificity, positive LR, negative LR, and their 95% Cl
were 0.96 (0.95-0.97), 0.99 (0.99-1.00), 91.14 (31.88-260.56),
0.06 (0.04-0.09), and 1473.68 (562.96-3857.70), respectively.
Moreover, the value of the combined diagnostic OR was 1473.68
(562.96-3857.70). Diagnostic OR is the ratio of positive LR to
negative LR, reflecting the degree of connection between the re-
sults of diagnostic tests and diseases. The larger the diagnostic OR
value, the better the discrimination effect of the diagnostic test.
The SROC curve is shown in Figure 8, with AUC and Q* of 0.9920
and 0.9636 (SE = 0.0139), respectively. SROC is a comprehensive
index reflecting continuous variables of sensitivity and specificity
and revealing the relationship between them, and the AUC means
the area under the SROC curve. The value of AUC getting closer
to 1 indicates a better diagnosis, and Q* point is the intersection
of the upper left and lower right diagonal with the SROC curve;
the closer it is to the upper left, the better it is. According to the
above results, it indicates that LAMP has high accuracy in the area

of diagnosis of norovirus infection.

Patient Selection Ny
indexTest [ TN
Reference Standard I [

Flowand Timing
.

FIGURE 2 Risk of bias and applicability % 25% 50% A 100% 0% 25% 50% 7aw  100%
concern graph: review authors’ judgments Risk of Bias Applicability Concerns
about each domain presented as ’ T B one .
R . nclear o
percentages across the included studies i W
Sensitivity (95% CI)
Fukuda 0.95 (0.74 - 1.00)
Fukuda 0.97 (0.93-0.99)
lturriza-Gomara 0.83 (0.59-0.96)
lturriza-Gomara 0.97 (0.95-0.99)
lturriza-Gomara 0.97 (0.95-0.98)
@ Zongfeng Chen 0.80 (0.44-0.97)
Jianming Luo 0.94 (0.81-0.99)
—@-| Jianming Luo 0.95 (0.86-0.99)
Shaohua Zhang 1.00 (0.54-1.00)
—@| | Suzuki 0.91 (0.85-0.95)
Zhen Tan 0.97 (0.86-1.00)
* Pooled Sensitivity = 0.96 (0.95 to 0.97)
Chi-square = 19.43; df = 10 (p = 0.0351)
FIGURE 3 Forest plots for the 0 0.2 0.4 0.6 0.8 Inconsistency (I-square) = 48.5 %

combined sensitivity of LAMP

Sensitivity
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Specificity (95% CI) FIGURE 4 Forest plots for the
Fukuda 1.00 (0.98 - 1.00) combined specificity of LAMP
Fukuda 0.98 (0.87 - 1.00)
lturriza-Gomara 1.00 (0.99-1.00)
lturriza-Gomara 1.00 (0.98-1.00)
lturriza-Gomara 1.00 (0.98-1.00)
Zongfeng Chen 0.96 (0.90 - 0.99)
Jianming Luo 1.00 (0.94-1.00)
Jianming Luo 1.00 (0.97 -1.00)
Shaohua Zhang 1.00 (0.93-1.00)
Suzuki 0.99 (0.94 -1.00)
—@-|| Zhen Tan 0.95 (0.89-0.98)
Pooled Specificity = 0.99 (0.99 to 1.00)
Chi-square = 40.19; df = 10 (p = 0.0000)
0 0.2 04 0.6 0.8 1 Inconsistency (l-square) = 75.1 %
Specificity
Positive LR (95% Cl) FIGURE 5 Forest plots for the
——{ Fukuda 358.90 (22.47 - 5,733.59) combined positive LR of LAMP
——@—)| Fukuda 38.84 (5.61-269.04)
—4{ lturriza-Gomara 796.21 (49.46-12,816.48;
—+—— lturriza-Gomara 319.05 (20.04 - 5,079.55)
—— Ilturriza-Gomara 29047 (18.25-4,622.79)
—@— Zongfeng Chen 1960 (7.15-53.74)
——1 Jianming Luo 108.16 (6.84-1,711.01)
——{ Jianming Luo 250.22 (15.72 - 3,982.58)
ﬂ Shaohua Zhang 96.57 (6.08 - 1,535.15)
Suzuki 7920 (11.28-556.31)
—— Zhen Tan 18.49  (8.47-40.35)
Random Effects Model
Pooled Positive LR = 91.14 (31.88 to 260.56)
Cochran-Q = 32.21; df = 10 (p = 0.0004)
0.01 1 100.0 Inconsistency (I-square) = 69.0 %
Positive LR Tau-squared = 1.8630

Negative LR (95% CI) FIGURE 6 Forest plots for the

S) Fukuda 0.08 (0.02-0.35) combined negative LR of LAMP
—@— Fukuda 0.03 (0.01-0.07)
— @ lturriza-Gomara 0.18 (0.07 - 0.48)
—@— lturriza-Gomara 0.03 (0.01-0.05)
—@— lturriza-Gomara 0.03 (0.02-0.06)
—1T @ Zongfeng Chen 0.21 (0.06-0.72)
@ Jianming Luo 0.07 (0.02-0.23)
— 1 Jianming Luo 0.06 (0.02-0.16)
@ Shaohua Zhang 0.07 (0.00-1.04)
-6 Suzuki 0.09 (0.05-0.15)
K—e Zhen Tan 0.03 (0.00-0.20)
. Random Effects Model
Pooled Negative LR = 0.06 (0.04 to 0.09)
Cochran-Q = 25.30; df = 10 (p = 0.0048)
0.01 1 100.0 Inconsistency (l-square) = 60.5 %

Negative LR Tau-squared = 0.3159

3.7 | Publication bias

Deeks’ funnel graph asymmetry was drawn, and the result, p = 0.02
(p < 0.05), is shown in Figure 9, which indicated a low potential for
publication bias in the present study. However, the small number of
studies included in the analysis resulted in a low capacity to detect

bias.

4 | DISCUSSION

Human norovirus is the leading cause of foodborne illness globally,
which has caused a considerable public health and economic bur-
den.®® Complex pathogenesis, different susceptibility, and difficult
culture methods in vitro limit the research, diagnosis, and prevention

of viruses.3®34 A rapid and distinct diagnosis of norovirus infection
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FIGURE 7 Forest plots for the
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Diagnostic OR (95% CI)

combined diagnostic OR of LAMP

[ Fukuda 4,773.00 (187.69 - 121,381.39)

{ Fukuda 1,302.60 (147.96 - 11,467.46)

[ lturriza-Gomara 4,317.86 (213.68 - 87,251.49)

[{ lturriza-Gomara 11,651.53 (674.01 - 201,417.57)

[{ lturriza-Gomara 9,113.00 (533.55 - 155,648.38)

————® Zongfeng Chen 94.00 (14.86 - 594.54)

4| Jianming Luo 1,587.00 (74.00 - 34,035.85)

[{ Jianming Luo 4,202.14 (213.50 - 82,707.97)
—{ Shaohua Zhang 1,339.00 (24.43-73,395.38)

[{ Suzuki 873.23 (112.19 - 6,796.83)

{1 Zhen Tan 648.00 (75.46 - 5,564.94)

Random Effects Model
Pooled Diagnostic Odds Ratio = 1473.68 (562.96 to 3857.70)
Cochran-Q = 14.91; df = 10 (p = 0.1352)

0.01 1

Diagnostic Odds Ratio

100.0 Inconsistency (I-square) = 32.9 %
Tau-squared = 0.8479

FIGURE 8 Summary receiver operating Sensitivity SROC Curve
characteristic curves of norovirus o
infections detected by LAMP e Symmetric SROC
R AUC =0.9920
SE(AUC) = 0.0052
/ Q* =0.9636
08 8 SE(Q*) =0.0139
0.7 |
06 |
0.5 -
0.4
0.3
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0.1
0
0 0.2 0.4 06 0.8 1
1-specificity

is of great importance to treat patients early and control disease
progression.

Among the detection methods of norovirus, RT-PCR is regarded
as the gold standard in the detection of norovirus with inherent
advantages. However, the disadvantages of RT-PCR-based assays
lead to the limitation in its use in resource-poor settings without
equipped laboratories. It is usually only performed in public health
laboratory with advanced research equipment.®®

LAMP is a novel, rapid, specific, sensitive, and simple nucleic acid
amplification technique located in six regions in the target gene using
four primers and amplified RNA at a constant temperature. The most
significant one is its rapidity; LAMP allows immediate diagnosis in
just 30-50 min.%¢ Recently, LAMP has been utilized for the rapid
detection of some pathogens, and their results showed high accu-
racy and availability in the diagnosis of the corresponding patho-
gens.?”% In the detection of norovirus, LAMP with hydroxynaphthol
blue dye could be observed visually through the change of color;
therefore, the instrument of molecular electrophoresis is not re-
quired.?”?%3! This can decline costs, reduce procedure, and rapidly

make a clear diagnosis. The previous study showed that the relative
detection limitation was the concentration of the positive sample
after 5% dilution or norovirus RNA load of >10° copies/tube, which
was equivalent to that of the conventional RT-PCR.?”?® Therefore,
LAMP has more advantages in detecting norovirus.

In this study, we majorly focused on the importance and ap-
plicability of LAMP in detecting norovirus promptly. Based on the
strict inclusion and exclusion criteria, we finally included eight ar-
ticles to form quality evaluation and extracted eleven data sets for
meta-analysis. The results in this analysis displayed that the pooled
sensitivity and specificity of LAMP were 0.96 (0.95-0.97) and
0.99 (0.99-1.00), respectively, suggesting that LAMP had a lower
rate of omission diagnosis and misdiagnosis in detecting norovi-
rus. Furthermore, the negative LR, positive LR, and diagnostic OR
were 0.06 (0.04-0.09), 91.14 (31.88-260.56), and 1473.68 (562.96-
3857.70), respectively. A greater value contributed to a better distin-
guishing efficiency of diagnostic experiments if diagnostic OR was
>1. Meanwhile, the AUC was 0.9920 and Q* was 0.9636 in SROC;
the curve was close to the top left corner. The results proved a
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Deeks' Funnel Plot Asymmetry Test
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FIGURE 9 Deeks' funnel plot
asymmetry test to assess publication bias
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higher value, suggesting a greater diagnostic potential of LAMP for
norovirus infection.

From the comprehensive analysis, one may conclude that the ca-
pacity of LAMP in the early diagnosis of norovirus is considerably
high. LAMP may be a practical and reliable method for detecting
norovirus.

In addition, Deeks’ funnel plots and the linear regression pattern
were made to examine the publication bias of the included studies.
The results implied the presence of publication bias, which might
be that some negative results had not been published. It reduced
the reliability and persuasiveness for the accuracy of LAMP of this
analysis.

Further analysis was employed to investigate the source of het-
erogeneity of the included studies. To minimize the heterogeneity,
this study had set rigorous inclusion/exclusion criteria earlier. The
value of 12 of pooled sensitivity (48.5%), specificity (75.1%), nega-
tive LR (60.5%), and positive LR (69.0%) indicated the existence of
heterogeneity in this study. The threshold effect and non-threshold
effects were analyzed to discover the heterogeneous sources. The
correlation index (0.164) and p-value (0.631) of eleven data showed
the lack of diagnostic threshold. Moreover, in non-threshold effect
analysis, the result of diagnostic OR (1% 32.9%) indicated the pres-
ence of non-threshold effect in the included studies. Considering
the few articles included, subgroup analysis was not conducted to in-
vestigate its heterogeneity. Through browsing the included articles,
possible factors of heterogeneity originating from non-threshold
effect might be identified, including the virus conditions in patients,
concurrent infection, the sample situation (collection, storage, and
transportation), and experiment status (technics, standard tests, and
operators).

Nevertheless, this analysis has several limitations. First, although
we searched and screened all the relevant documents with the

retrieval strategies, it was difficult to ensure that no articles were
missing. Second, unpublished studies that might have several neg-
ative outcomes were not researched, which led to publication bias.
Third, the number of the included articles was comparatively small.
There were only eight articles to include and evaluate. Fourth, some
articles included were relatively old. Half of the included articles
were published before 2012. Finally, the existence of generic quality
in the included studies could result in the rise of heterogeneity.

In conclusion, the study illustrates that LAMP has high sensitiv-
ity and specificity in the detection of norovirus. LAMP proves feasi-
ble and promising in the rapid diagnosis of norovirus infection. The
results of this study provided information for finding an efficient
method for the clinical detection of norovirus. However, further ex-
tension of this approach is encouraged to ensure the accuracy and
practicability of this hopeful test in the future.
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