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Abstract

Background: Detection of hepatitis B virus (HBV) is vital for the diagnosis of hepatitis
B infection. A novel test loop-mediated isothermal amplification (LAMP) has been
successfully applied to detect various pathogens. However, the accuracy of LAMP
in diagnosing HBV remains unclear. Therefore, in the present study, the accuracy of
LAMP for HBV detection was evaluated systematically.

Methods: Embase, Cochrane Library, and PubMed databases were searched for stud-
ies using LAMP to detect HBV. Then, two researchers extracted data and assessed
the quality of literature using the QUADAS-2 tool independently. 2 statistic and chi-
square test were analyzed to investigate the heterogeneity, and Deek's funnel plot
assessed the publication bias. The pooled sensitivity (SEN), specificity (SPE), positive
LR (PLR), negative LR (NLR), diagnostic odds ratio (DOR), and 95% confidence inter-
vals were displayed in forest plots. We calculated the area under the curve (AUC) to
assess the overall efficiency of LAMP for HBV detection.

Results: A total of nine studies with 1298 samples were finally included in this evalu-
ation. The pooled sensitivity and specificity of HBV detection were 0.91 (95% ClI:
0.89 ~ 0.92) and 0.97 (95% Cl: 0.94 ~ 0.99), respectively. The PLR, NLR, and DOR
were 16.93 (95% Cl: 6.15 ~ 46.55), 0.08 (95% Cl: 0.05 ~ 0.14), and 397.57 (95% ClI:
145.41 ~ 1087.07). Besides, the AUC was 0.9872, and Deek's plot suggested that
there existed publication bias in the studies.

Conclusion: Compared with PCR, LAMP is a simple, rapid, and effective assay to
diagnose HBV. However, additional evidence is essential to confirm that LAMP can

replace other methods in diagnosing HBV infection.
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1 | INTRODUCTION

According to the report of the World Health Organization (WHO) in
2015, the hepatitis B virus (HBV) infected 275 million people world-
wide and presented a threat to global health. The number of deaths
caused by hepatitis B was 887 000. A total of 1.1 million new infec-
tions were detected in 2017. The region with the highest prevalence
of hepatitis B was in the Western Pacific and Africa, with adult infec-
tion rates 6.2% and 6.1%, respectively.%? HBV is a circular, 3.2 kbp
partially double-stranded DNA with eight genotypes (A-H).>* The
transmission of the virus occurs mainly through blood or mother-
to-child.>® HBV is one of the leading causes of acute and chronic
hepatitis and liver cancer, which is often co-infected with the hep-
atitis C virus and human immunodeficiency virus.”® And the gene
expression of TLR1, TLR6, and NEAT1 may attribute to the innate
immune response to enhance the chronic infection.” Some studies
have determined that the HBV level was associated with HBeAg.
Therefore, a highly accurate method for the detection of HBV is es-
sential for the early diagnosis, treatment, and prognosis.

Various techniques, such as enzyme-linked immunosorbent
assay (ELISA) and quantitative PCR (qPCR), have been widely
used to detect the hepatitis B surface antigen (HBsAg) and HBV-
DNA.1% Jean et al (2018) determined the sensitivity of BIOSYNEX
IMMUNOQUICK® RDT for HBsAg detection was 78%, higher
than the previous report.” Matsuo et al (2017) applied “Lumipulse
HBsAg-HQ” to detect the HbsAg and its variants, finding that
HBsAg-HQ assay had high sensitivity and lower LOD to detect
HBV.'® However, the sensitivity of the immunization method was
not high in screening hepatitis B of early stage, while the sensitivity
of the PCR technique to detect HBV-DNA of acute infection was
higher.}®Y” PCR-based detection has certain advantages in sensitiv-
ity, pollution control, and virus quantity test. Nevertheless, these
time-consuming and expensive methods require high personnel and
equipment. Thus, an alternative approach, loop-mediated isothermal
amplification (LAMP), has been under intensive investigation.

LAMP was developed by Notomi et al (2000)*® and successfully
applied for the detection of HBV and other pathogenic microorgan-
isms.}”22 |t has high accuracy for the detection of microorganisms.
For example, the LAMP can detect NDM-1 gene with high specific-
ity in 45 minutes.?® However, LAMP, combined with other technol-
ogies, can improve the efficiency of diagnosis. To identify the viable
bacteria, Wu et al (2017)%* applied an RT-LAMP assay to detect the
16S rRNA of Mycobacterium tuberculosis and found that RT-LAMP
was 10-fold higher in sensitivity than that of the LAMP. Four specific
primers are designed to amplify the six particular regions of the tar-
get sequence. The Bst DNA polymerase is used for strand displace-
ment-DNA synthesis. LAMP can be performed at about 65°C in a
water bath for 60 minutes. The naked eyes or amplification curve
observed the reaction.

In recent years, the detection of HBV by LAMP has been estab-
lished, but the overall evaluation has not been studied thoroughly.
Therefore, we combined the previous research data and made a sys-

tematic analysis to reveal the accuracy of LAMP in detecting HBV.

2 | MATERIALS AND METHODS
2.1 | Electronic searches

We conducted this systematic evaluation according to the stand-
ard guidelines.25'28 The search using databases such as PubMed,
Embase, and Cochrane Library retrieved relevant studies published
from January 1, 2000, to date without language restriction. The
search words (((Hepatitis) OR (Hepatitis B) OR (HBV) OR (Hepatitis
B virus) AND ((Loop-mediated isothermal amplification) OR
(LAMP))) were used to identify the studies evaluating LAMP ac-
curacy in HBV infection. We retrieved all the studies searched on
the databases and checked their references manually for eligible
studies.

2.2 | Study screening and selection

Two investigators (Chu-Mao Chen and Li-Juan Wu) independently
checked the title and abstract to screen out the relevant literature;
any discrepancies were settled by a third investigator (Tian-Ao Xie).
The studies that met the eligibility criteria were included in this

evaluation.

2.3 | Inclusion and exclusion criteria

We analyzed and included the literature that fulfilled the following
criteria: (a) the purpose was to evaluate the LAMP in the diagnosis
of HBV; (b) comparison between the index test and the gold-stand-
ard method; and (c) the studies provided data such as true positive
(TP), false positive (FP), true negative (TN), and false negative (FN).
However, the studies were excluded if (a) the data provided could
not calculate the sensitivity and specificity; (b) the gold-standard
method was not precise or not used; (c) the number of cases was
<10; and (d) repeated published studies.

2.4 | Data extraction

The necessary information was extracted independently by two
investigators from each of the included studies, such as the year
of publication, reference method, and the number of samples.
Additionally, the diagnostic characteristics of LAMP, such as TP, FP,
TN, and FN, were extracted. Then, we reviewed the information ob-
tained by two investigators, and the disagreement was settled by a

third investigator.

2.5 | Quality assessment

Two investigators assessed the quality of the included studies in-
dependently based on the QUADAS-2 standard.?’ The quality
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of the included studies was evaluated by two investigators. The
QUADAS-2 comprised of eleven criteria in four domains (patient se-
lection, index test, gold-standard method, and flow and timing). We
used “Yes,” “Unclear,” and “No” to assess the risk of bias of the stud-
ies. The first three assessments considered the clinical applicability
of the method.

2.6 | Statistical analysis

Statistical analysis and data synthesis were performed according to
the standard method using the Meta-Disc 1.4 software.*°

2.7 | Publication bias

In a systematic evaluation, we tested the publication bias of the
included studies by drawing Deek's funnel plot using Stata 12.0

software.

2.8 | Threshold effect detection

Spearman's correlation coefficient was calculated to explore the
threshold effect of the included studies. A negative correlation be-
tween the sensitivity and specificity suggested a threshold effect or

vice versa.®!

]

2.9 | Investigations of heterogeneity

We performed chi-square test and |2 statistic to assess the hetero-
geneity among the included studies.’> When a heterogeneity ef-
fect was detected, the random-effects model was selected. If the
heterogeneity was small or absent, the fixed-effects model was

implemented.

2.10 | Data synthesis

We used the Meta-Disc 1.4 software to merge the sensitivity, speci-
ficity, positive LR (PLR), and negative LR (NLR) using an appropri-
ate model. The results were shown in forest plots. Also, SROC was
applied to calculate the AUC. Then, DOR and AUC were used to
evaluate the overall efficiency of the LAMP assay. Each item would

combine the 95% confidence interval (95% CI).%%

3 | RESULTS
3.1 | Literature search

Based on the current search strategy, we identified 153 related
articles: 103 articles were from PubMed, 25 from Embase, and 25
from the Cochrane Library. After excluding 19 repetitive items, we
screened the titles, abstracts, and full text. Finally, 125 ineligible

Additional records identified

Records identified through
database searching
(n=153 )

through other sources
(n=0)

Identification

[

]

Eligibility Screening

Included

FIGURE 1 Flow diagram of study
identification and inclusion

Records after duplicates removed

(n=134)
Records excluded by screening
> title/abstract
A4 (n=115)
Records screened
(n=19)

10 articles excluded after reading
l—’ full text

Meta analysis(n=1)

Inappropriate gold standard(n=1)
Abstracts data not extractable(n=2)
LAMP assay for other purpose(n=6)

Full-text articles assessed
for eligibility

!

Studies included in
qualitative synthesis
(n=9)

l

Studies included in
quantitative synthesis
(meta-analysis)
(n=9)
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articles were excluded according to the criteria, and nine articles

~
were included.’”34* The process is represented in Figure 1. g o o S S <+ 3 S~ 39
Z O 0 N
[T N o 1n O o < N M <
3.2 | Study characteristics =
' o o O N O o O O
The characteristic details of the articles are shown in Table 1. In o § % 2 2 o S § § 5
this study, a total number of 1298 samples in the studies published
from 2000 to 2019 were analyzed, including 327 serum samples, I
w
539 plasma samples, and 432 blood samples from five countries. In %_
the reference methods, three articles compared LAMP to traditional ‘,nE, 5 g w § o § § E §
PCR, while four compared it to real-time PCR. Moslemi et al adopted
COBAS PCR, while Nyan et al used the Procleix Ultrio Plus assay. §
The incubation temperatures of the experiments were similar at & © © o it
. . . 2 £ g E ¢ £ E E E T
approximately 65 °C. Of the included articles, two were from the £ 4 g g a a a g g 8
(3] -— —_ -— —_— —_— —_
United States, two from Iran, three from China, and the remaining LN o o v o v Ry ©
from India and Vietnam, respectively. °
5%
® o &
sg S
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3.3 | Quality assessment of the study 290 g Q9 Q 59 2 989
According to QUADAS-2,%? the methodological quality of nine ar- § =
ticles was evaluated independently by two researchers. The crite- E % 3
= Q
ria we used to assess the methodological quality were catalogued § E Q SKE 2 5 2 SE 3

in Table S1. Quality assessment of the included studies was shown

Abbreviations: FN, false negative; FP, false positive; FQ-PCR, fluorescence quantitative PCR; RtF-LAMP, real-time fluorescence LAMP; Rt-PCR, real-time PCR; TN, true negative; TP, true positive.

in Table S2. The risk of bias and applicability results are presented s > 5§ g _
in Figures 2 and 3 and Table S3. In terms of patient selection, six 'féo % .g" %‘ E
studies were evaluated to offer a high risk of bias because they g if E 8‘30 550 E 5
included the HBV-confirmed cases or set up a case-control trial, £ %J '(% g ('EU 3{ @
or did not avoid inappropriate exclusion, while two studies were @ % E E g g g % g
evaluated as low risk of bias. Nevertheless, the remaining stud- $ .,§ C g 8 s § g .§ c .§D §
ies were not clear because the description of the case was inad- 3 «;u:: 2 E 2 2 _% S EE '%D s 8
equate. In the aspect of the index test, approximately 33% of the E a < 2 3,0 &D = E S< 4 % E
studies were considered as low risk of bias while the remaining
were at unclear risk due to their indistinct thresholds, or the re- E
sults of the gold-standard method were known when explaining g
the index test. S s
Furthermore, concerning the reference standard, all the included % S S S < S < E
studies were judged to be at low risk of bias. The results of the index a 3 £ S B ny = S S &
test were unknown while explaining the results of the gold-standard °
method. Regarding the flow and timing domain, about 67% of the " ° % > §
studies were rated as low risk of bias. The rest were at unclear risk % g 2 5 Ef) 5 § 5 5 2
due to the lack of descriptions about the appropriate time interval ‘E % % 5 j'.'_, g', g é j'.; S % 8 5
between the index test and the gold-standard method. In terms of E R = N - “ B “ B~
the applicability of case selection, that of two studies was not clear, % > 0 g o
and the remaining were at low risk. E % é E _;EB E 2 = g < g
s O < > 0O < =y 5 O = 0
o
= EEM H B H E
3.4 | Threshold effect 2 £ & &8&8& &R &R
~
Spearman's correlation coefficient was 0.561, and P-value = .116 ; _“é ;-C gu go g: 3 %’6 9{\‘ % zl'_
suggested that no threshold effect could not cause heterogeneity o = g s g @ & = & =
among the included studies. |<E . - N o O
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FIGURE 4 Forest plots for the pooled Diagnostic OR (95%Cl)
diagnostic OR of LAMP Chen 120.61 (6.83-2,128.39)
— P Quoc 897.00 (16.64 - 48,346.85)
Zhao 231.00 (11.87 -4,494.96)
Nyan 2,298.85 (127.48-41,456.02)
—— @ Joshi 4860 (1.95-1,214.36)
— Aladi 261.36 (14.80-4,616.48)
—y Cai.Z 990.08 (54.23 - 18,075.59)
— P Moslemi 435.00 (20.51-9,227.52)
—| CaiT 752.75 (45.77 - 12,379.40)
Random-Effects Model
Pooled Diagnostic Odds Ratio = 397.57 (145.41 to 1087.07)
Cochran-Q=4.74; df = 8 (p =0.7847)

0.01 1

100.0

Diagnostic Odds Ratio

3.5 | Diagnostic accuracy

The forest plots were drawn with the random-effects model using

the Meta-Disc 1.4 software. As presented in Figure 4, we obtained

Inconsistency (I-square) =0.0 %
Tau-squared = 0.0000

the following results: Cochran-Q = 4.74, P = .7847, and inconsist-
ency = 0.0%, which indicated that the threshold effect caused no

heterogeneity. Then, we merged the data to evaluate the diag-

nostic accuracy of LAMP (Figures 5-8). The combined sensitivity,
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Sensitivity (95% Cl) FIGURE 5 Forest plots for the pooled
0.84 (0.77-0.90 sensitivity of LAMP
1.00 (
0.92 (
1.00 (
1.00 (0.
0.91 (0.87-0.95
0.95 (
0.97 (
0.86 (

Pooled Sensitivity=0.91 (0.89 to 0.92)
Chi-square =41.53; df = 8 (p = 0.0000)

0 0.2 0.4 0.6 0.8 1 Inconsistency (I-square) = 80.7 %
Sensitivity
Specificity (95% Cl) FIGURE 6 Forest plots for the pooled
Chen 1.00 (0.72-1.00) specificity of LAMP
Quoc 1.00 (0.72-1.00)
Zhao 1.00 (0.69 - 1.00)
Nyan 0.95 (0.89-0.98)
Joshi 0.67 (0.22-0.96)
Aladi 1.00 (0.74-1.00)
Cai.Z 1.00 (0.88-1.00)
Moslemi 1.00 (0.59-1.00)
Cai.T 1.00 (0.94-1.00)

Pooled Specificity =0.97 (0.94 to 0.99)
Chi-square = 16.91; df = 8 (p =0.0311)

0 0.2 04 0.6 0.8 1 Inconsistency (I-square) =52.7 %
Specificity
Positive LR (95%Cl) FIGURE 7 Forest plots for the pooled
e Chen 2016 (1.34-304.30) positive LR of LAMP
@ Quoc 2340 (1.55-353.22)
@ Zhao 2017 (1.34-302.81)
@ Nyan 1741 (8.25-36.75)
—@— Joshi 270 (0.99-7.33)
L Aladi 23.73 (1.57-359.64)
@ CaiZ 5840 (3.73-913.33)
& Moslemi 1547 (1.06 - 226.49)
—D Cai.T 105.10 (6.65-1,661.90)
. Random-Effects Model
Pooled Positive LR = 16.93 (6.15 to 46.55)
Cochran-Q=19.40; df = 8 (p =0.0129)
0.01 1 100.0 Inconsistency (I-square) =58.8 %
Positive LR Tau-squared = 1.1512

specificity, PLR, and NLR were 0.91 (95% Cl: 0.89-0.92; 12: 80.7%),
0.97 (95% Cl: 0.94-0.99; 1%: 52.7%), 16.93 (95% Cl: 6.15-46.55; 1%:
58.8%), and 0.008 (95% Cl: 0.05-0.14; I>: 78.0%), respectively. The
Cochran-Q value of SEN, SPE, PLR, and NLR was 41.53, 16.91,
19.40, and 36.41, respectively. However, the P-values of the chi-
square test in each study were <.05, suggesting heterogeneity
among the studies. As shown in Figure 4, the DOR was 397.57
(95% Cl: 145.41-1087.07). Thus, we adopted a random-effects
model to draw the SROC (Figure 9). The results showed that the
AUC = 0.9872 and Q index was 0.9519 (SE = 0.0119). Both DOR
and SROC suggested that LAMP had high diagnostic accuracy for
the HBV infection.

3.6 | Publication bias

Deek's funnel plot (Figure 10) was drawn using Stata 12.0. The
test indicated a potential publication bias in the included studies
(P =.026).

4 | DISCUSSION

LAMP is a novel nucleic acid amplification method, which amplifies
six regions on the target sequence using four specific primers and

Bst DNA polymerase at 65°C. Currently, several pathogenic bacteria
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and viruses are detected by LAMP; however, only a few studies used
LAMP technology to detect HBV. In the present study, we searched
the relevant databases and established strict screening criteria.
Finally, nine studies were included. Two researchers independently
extracted the data, and the accuracy of LAMP in detecting HBV was
evaluated.

The results of this analysis showed high sensitivity (0.91) and
specificity (0.97) of LAMP in the diagnosis of HBV. The specific-
ity increased as compared to the study by Zhou et al (SEN = 0.92,
SPE = 0.86),*? suggesting that the LAMP improved the differenti-
ation between HBV and non-HBV infection. Moreover, the com-
bined PLR and NLR were 16.91 and 0.08, respectively. PLR > 10
and NLR < 0.1 indicated that LAMP had a low missed diagnosis and
misdiagnosis rate in HBV detection. The area under the SROC curve
(AUC), Q index, and DOR were used to assess the overall perfor-
mance of the diagnostic tests*. In this study, the combined DOR
was 397.57, AUC was 0.9872, and the Q index was 0.9519, higher

than that described previously (Zhou et al 2017) (DOR = 311.09,
AUC = 0.986, Q = 0.949), which showed that LAMP has high accu-
racy in detection of HBV.

Further analysis revealed publication bias among the included
studies (P = .026). However, the value of the I? statistic of pooled
SEN, SPE, PLR, and NLR was >50%, and the P-value of the chi-square
test was <.05, which indicated the presence of heterogeneity in the
studies. Thus, the combined results should be interpreted with cau-
tion. The threshold effect is one of the sources of heterogeneity.
Spearman's correlation coefficient in the current study was 0.561
and P = .116, suggesting the lack of threshold effect in the included
studies. Then, the sample type, condition, experimental design, and
protocol were assessed carefully in each of the studies. We found
two researches that performed a case-control trial to improve the
accuracy of diagnosis.>>3¢ In the study by Izadi,*® the samples were
stored for a prolonged period, leading to a false-negative result with

the reference method. However, the MgP,0, would increase with
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the synthesis of DNA. High turbidity caused by MgP,0, exerted
a specific effect on the observation of the results.>® Besides, the
selection and success of the target gene amplification are essential
to the LAMP reaction. Nevertheless, whether the target sequences
are consistent with other studies is not yet clarified from these two
studies.?*%? The factors such as sample size, viral load, the severity
of illness, and experimental operators in these studies would cause
the heterogeneity.

Nevertheless, the present systematic evaluation has several
limitations. First, no grouping analysis was carried out due to the
limited number of published articles, the small size of samples, and
the lack of comparability. Therefore, we need to improve the eval-
uation after the increase in the number of clinical samples. Second,
the majority of the studies included well-diagnosed or healthy
cases, overestimating the diagnostic accuracy of the LAMP method.
Third, the existence of general quality research led to a certain de-
gree of heterogeneity. Finally, the detection ability of the reference
method was not stronger than that of LAMP technology, which led
to false-positive results, thereby underestimating the specificity of
the LAMP method.

In conclusion, LAMP is a rapid, sensitive, and specific detection
method, providing reliable experimental results for the diagnosis of
HBV infection. Also, it improves the treatment of patients and re-
duces the financial burden. With the development and maturity of
technology, LAMP might become a primary auxiliary diagnostic tool
for HBV infection.
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