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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. I2 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% CI: 
0.89 ~ 0.92) and 0.97 (95% CI: 0.94 ~ 0.99), respectively. The PLR, NLR, and DOR 
were 16.93 (95% CI: 6.15 ~ 46.55), 0.08 (95% CI: 0.05 ~ 0.14), and 397.57 (95% CI: 
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  | INTRODUC TION

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.1,2 HBV is a circular, 3.2 kbp 
partially double-stranded DNA with eight genotypes (A–H).3,4 The 
transmission of the virus occurs mainly through blood or mother-
to-child.5,6 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.7,8 And the gene 
expression of TLR1, TLR6, and NEAT1 may attribute to the innate 
immune response to enhance the chronic infection.9 Some studies 
have determined that the HBV level was associated with HBeAg.6 
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.10-14 Jean et al (2018) determined the sensitivity of BIOSYNEX 
IMMUNOQUICK® RDT for HBsAg detection was 78%, higher 
than the previous report.5 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.15 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.16,17 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)18 and successfully 
applied for the detection of HBV and other pathogenic microorgan-
isms.19-22 It has high accuracy for the detection of microorganisms. 
For example, the LAMP can detect NDM-1 gene with high specific-
ity in 45 minutes.23 However, LAMP, combined with other technol-
ogies, can improve the efficiency of diagnosis. To identify the viable 
bacteria, Wu et al (2017)24 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  | MATERIAL S 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.29 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.30

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.31

2.9 | Investigations of heterogeneity

We performed chi-square test and I2 statistic to assess the hetero-
geneity among the included studies.32 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).33

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 

F I G U R E  1  Flow diagram of study 
identification and inclusion
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articles were excluded according to the criteria, and nine articles 
were included.19,34-41 The process is represented in Figure 1.

3.2 | Study characteristics

The characteristic details of the articles are shown in Table  1. In 
this study, a total number of 1298 samples in the studies published 
from 2000 to 2019 were analyzed, including 327 serum samples, 
539 plasma samples, and 432 blood samples from five countries. In 
the reference methods, three articles compared LAMP to traditional 
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 
approximately 65 ℃. Of the included articles, two were from the 
United States, two from Iran, three from China, and the remaining 
from India and Vietnam, respectively.

3.3 | Quality assessment of the study

According to QUADAS-2,29 the methodological quality of nine ar-
ticles was evaluated independently by two researchers. The crite-
ria we used to assess the methodological quality were catalogued 
in Table S1. Quality assessment of the included studies was shown 
in Table S2. The risk of bias and applicability results are presented 
in Figures 2 and 3 and Table S3. In terms of patient selection, six 
studies were evaluated to offer a high risk of bias because they 
included the HBV-confirmed cases or set up a case-control trial, 
or did not avoid inappropriate exclusion, while two studies were 
evaluated as low risk of bias. Nevertheless, the remaining stud-
ies were not clear because the description of the case was inad-
equate. In the aspect of the index test, approximately 33% of the 
studies were considered as low risk of bias while the remaining 
were at unclear risk due to their indistinct thresholds, or the re-
sults of the gold-standard method were known when explaining 
the index test.

Furthermore, concerning the reference standard, all the included 
studies were judged to be at low risk of bias. The results of the index 
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 
due to the lack of descriptions about the appropriate time interval 
between the index test and the gold-standard method. In terms of 
the applicability of case selection, that of two studies was not clear, 
and the remaining were at low risk.

3.4 | Threshold effect

Spearman's correlation coefficient was 0.561, and P-value  =  .116 
suggested that no threshold effect could not cause heterogeneity 
among the included studies. TA
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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 

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, 

F I G U R E  2   Risk of bias and applicability 
concerns graph

F I G U R E  3   Risk of bias and applicability 
concerns summary

F I G U R E  4  Forest plots for the pooled 
diagnostic OR of LAMP
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specificity, PLR, and NLR were 0.91 (95% CI: 0.89-0.92; I2: 80.7%), 
0.97 (95% CI: 0.94-0.99; I2: 52.7%), 16.93 (95% CI: 6.15-46.55; I2: 
58.8%), and 0.008 (95% CI: 0.05-0.14; I2: 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% CI: 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 

F I G U R E  5  Forest plots for the pooled 
sensitivity of LAMP

F I G U R E  6  Forest plots for the pooled 
specificity of LAMP

F I G U R E  7  Forest plots for the pooled 
positive LR of LAMP
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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),42 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 tests43. 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 I2 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.35,36 In the study by Izadi,38 the samples were 
stored for a prolonged period, leading to a false-negative result with 
the reference method. However, the MgP2O3 would increase with 

F I G U R E  8  Forest plots for the pooled 
negative LR of LAMP

F I G U R E  9  SROC of HBV infections 
detected by LAMP
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the synthesis of DNA. High turbidity caused by MgP2O3 exerted 
a specific effect on the observation of the results.38 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.34,39 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.

CONFLIC T OF INTERE S T
The authors declare that there are no competing interests associ-
ated with the manuscript.

AUTHOR ' S CONTRIBUTION
CM Chen, LY Lin, TA Xie, and XG Guo conceived and designed the 
experiments. CM Chen, JJ Chen, ZX Li, and S Ouyang analyzed the 
studies and extracted the data available. LJ Wu, TA Xie, LY Lin, and 
GD Zhu contributed to making the tables. CM Chen, TA Xie, and ZY 

Pan contributed to the publication of figures. All members partici-
pated in the writing, review, discussion, and revision of the manu-
script and adopted the final version unanimously.

ORCID
Juan-Jiang Chen   https://orcid.org/0000-0002-5968-8490 
Xu-Guang Guo   https://orcid.org/0000-0003-1302-5234 

R E FE R E N C E S
	 1.	 Stramer SL. Current risks of transfusion-transmitted agents: a re-

view. Arch Pathol Lab Med. 2007;131(5):702-707.
	 2.	 Zampino R, Boemio A, Sagnelli C, et al. Hepatitis B virus 

burden in developing countries. World J Gastroenterol. 
2015;21(42):11941-11953.

	 3.	 Wai CT, Fontana RJ. Clinical significance of hepatitis B virus geno-
types, variants, and mutants. Clin Liver Dis. 2004;8(2):321-352.

	 4.	 Wong VW, Sung JJ. Diagnosis and personalized management of 
hepatitis B including significance of genotypes. Curr Opin Infect Dis. 
2012;25(5):570-577.

	 5.	 Eko Mba JM, Bisseye C, Mombo LE, et al. Assessment of 
rapid diagnostic tests and fourth-generation Enzyme-
Linked Immunosorbent Assays in the screening of Human 
Immunodeficiency and Hepatitis B virus infections among 
first-time blood donors in Libreville (Gabon). J Clin Lab Anal. 
2019;33(3):e22824.

	 6.	 Choi R, Oh Y, Park S, Lee SG, Lee EH. Understanding the patient 
population and test utilization for hepatitis B virus testing. J Clin Lab 
Anal. 2019;33(9):e22987.

	 7.	 Block TM, Alter HJ, London WT, Bray M. A historical perspective on 
the discovery and elucidation of the hepatitis B virus. Antiviral Res. 
2016;131:109-123.

	 8.	 Kim MJ, Park Q, Min HK, Kim HO. Residual risk of transfusion-trans-
mitted infection with human immunodeficiency virus, hepatitis C 
virus, and hepatitis B virus in Korea from 2000 through 2010. BMC 
Infect Dis. 2012;12:160.

	 9.	 Zeng Y, Wu W, Fu Y, et al. Toll-like receptors, long non-coding RNA 
NEAT1, and RIG-I expression are associated with HBeAg-positive 
chronic hepatitis B patients in the active phase. J Clin Lab Anal. 
2019;33(5):e22886.

	10.	 Abe A, Inoue K, Tanaka T, et al. Quantitation of hepatitis B virus 
genomic DNA by real-time detection PCR. J Clin Microbiol. 
1999;37(9):2899-2903.

F I G U R E  1 0   Deeks’ funnel plot 
asymmetry test to assess publication bias

https://orcid.org/0000-0002-5968-8490
https://orcid.org/0000-0002-5968-8490
https://orcid.org/0000-0003-1302-5234
https://orcid.org/0000-0003-1302-5234


     |  9 of 9CHU-MAO et al.

	11.	 Kim JW, Shim JH, Park JW, et al. Development of PCR-ELISA for the 
detection of hepatitis B virus x gene expression and clinical applica-
tion. J Clin Lab Anal. 2005;19(4):139-145.

	12.	 Usuda S, Okamoto H, Iwanari H, et al. Serological detection of 
hepatitis B virus genotypes by ELISA with monoclonal antibod-
ies to type-specific epitopes in the preS2-region product. J Virolo 
Methods. 1999;80(1):97-112.

	13.	 Wu X, Zhou C, Huang WJ, et al. Sensitivity and specificity of 4 do-
mestic ELISA kits for detection of hepatitis B virus markers. Chinese 
J Epidemiol. 2008;29(9):915-918.

	14.	 Yeh SH, Tsai CY, Kao JH, et al. Quantification and genotyping of 
hepatitis B virus in a single reaction by real-time PCR and melting 
curve analysis. J Hepatol. 2004;41(4):659-666.

	15.	 Deguchi M, Kagita M, Yoshioka N, et al. Evaluation of the highly sensi-
tive chemiluminescent enzyme immunoassay "Lumipulse HBsAg-HQ" 
for hepatitis B virus screening. J Clin Lab Anal. 2018;32(4):e22334.

	16.	 Mansouri N, Movafagh A, Sayad A, et al. Hepatitis B virus infection 
in patients with blood disorders: a concise review in pediatric study. 
Iran J Ped Hematol Oncol. 2014;4(4):178-187.

	17.	 Repine TB, Perkins JG, Kauvar DS, Blackborne L. The use of 
fresh whole blood in massive transfusion. J Trauma. 2006;60(6 
Suppl):S59-S69.

	18.	 Notomi T, Okayama H, Masubuchi H, et al. Loop-mediated isother-
mal amplification of DNA. Nucleic Acids Res. 2000;28(12):E63.

	19.	 Cai T, Lou G, Yang J, Xu D, Meng Z. Development and evaluation 
of real-time loop-mediated isothermal amplification for hepatitis B 
virus DNA quantification: a new tool for HBV management. J Clin 
Virol. 2008;41(4):270-276.

	20.	 Chen C, Zhao Q, Guo J, Li Y, Chen Q. Identification of methicil-
lin-resistant staphylococcus aureus (MRSA) using simultaneous 
detection of mecA, nuc, and femB by Loop-mediated isothermal 
amplification (LAMP). Curr Microbiol. 2017;74(8):965-971.

	21.	 Jelocnik M, Islam MM, Madden D, et al. Development and evalu-
ation of rapid novel isothermal amplification assays for important 
veterinary pathogens: chlamydia psittaci and chlamydia pecorum. 
PeerJ. 2017;5:e3799.

	22.	 Rudolph DL, Sullivan V, Owen SM, Curtis KA. Detection of acute 
HIV-1 Infection by RT-LAMP. PloS One. 2015;10(5):e0126609.

	23.	 Moreira MG, Barreto LM, Dos Santos VL, Monteiro AS, Nobre V, 
Dos Santos SG. Rapid detection of the New Delhi metallo-b-lact-
amase 1 (NDM-1) gene by loop-mediated isothermal amplification 
(LAMP). J Clin Lab Anal. 2018;32(4):e22323.

	24.	 Wu D, Kang J, Li B, Sun D. Evaluation of the RT-LAMP and LAMP 
methods for detection of Mycobacterium tuberculosis. J Clin Lab 
Anal. 2018;32(4):e22326.

	25.	 Barker FG 2nd, Carter BS. Synthesizing medical evidence: system-
atic reviews and metaanalyses. Neurosurg Focus. 2005;19(4):E5.

	26.	 Leeflang MM. Systematic reviews and meta-analyses of diagnostic 
test accuracy. Clin Microbiol Infect. 2014;20(2):105-113.

	27.	 Leeflang MM, Deeks JJ, Gatsonis C, Bossuyt PM. Systematic reviews 
of diagnostic test accuracy. Ann Intern Med. 2008;149(12):889-897.

	28.	 McInnes MDF, Moher D, Thombs BD, et al. Preferred report-
ing items for a systematic review and meta-analysis of diagnos-
tic test accuracy studies: the PRISMA-DTA statement. JAMA. 
2018;319(4):388-396.

	29.	 Whiting PF, Rutjes AW, Westwood ME, et al. QUADAS-2: a revised 
tool for the quality assessment of diagnostic accuracy studies. Ann 
Intern Med. 2011;155(8):529-536.

	30.	 Deville WL, Buntinx F, Bouter LM, et al. Conducting systematic 
reviews of diagnostic studies: didactic guidelines. BMC Med Res 
Methodol. 2002;2:9.

	31.	 Zamora J, Abraira V, Muriel A, Khan K, Coomarasamy A. Meta-DiSc: 
a software for meta-analysis of test accuracy data. BMC Med Res 
Methodol. 2006;6:31.

	32.	 Huedo-Medina TB, Sanchez-Meca J, Marin-Martinez F, Botella J. 
Assessing heterogeneity in meta-analysis: Q statistic or I2 index? 
Psychol Methods. 2006;11(2):193-206.

	33.	 Higgins JP, Thompson SG. Quantifying heterogeneity in a me-
ta-analysis. Stat Med. 2002;21(11):1539-1558.

	34.	 Nyan DC, Ulitzky LE, Cehan N, et al. Rapid detection of hepatitis 
B virus in blood plasma by a specific and sensitive loop-mediated 
isothermal amplification assay. Clin Infect Dis. 2014;59(1):16-23.

	35.	 Zhao N, Liu JX, Li D, Sun DX. Loop-mediated isothermal amplifi-
cation for visual detection of hepatitis B virus. Chinese J Hepatol. 
2016;24(6):406-411.

	36.	 Joshi N, Lakshmi V, Vanjari L, et al. A novel loop mediated isother-
mal amplification assay for detection of HBV DNA: a pilot Study. 
Indian J Gastroenterol. 2013;32(1):A133-A134.

	37.	 Moslemi E, Shahhosseiny MH, Javadi G, Praivar K, Sattari TN, Amini 
HK. Loop mediated isothermal amplification (LAMP) for rapid de-
tection of HBV in Iran. Afr J Microbiol Res. 2009;3(8):439-445.

	38.	 Izadi A, Moslemi E, Shahhosseiny MH. Comparison of SYBR Green 
and turbidimetry methods for loop mediated isothermal amplifi-
cation (LAMP) product detection in diagnosis of hepatitis B virus 
(HBV). Afr J Microbiol Res. 2012;6(42):7003-7007.

	39.	 Quoc NB, Phuong NDN, Chau NNB, Linh DTP. Closed tube 
loop-mediated isothermal amplification assay for rapid detection of 
hepatitis B virus in human blood. Heliyon. 2018;4(3):e00561.

	40.	 Cai Z, Lou G, Cai T, Yang J, Wu N. Development of a novel geno-
type-specific loop-mediated isothermal amplification technique for 
Hepatitis B virus genotypes B and C genotyping and quantification. 
J Clin Virol. 2011;52(4):288-294.

	41.	 Chen HW, Belinskaya T, Zhang Z, Ching WM. Simple detection of 
hepatitis B virus in using loop-mediated isothermal amplification 
method. Mil Med. 2019;84(7-8):e275-e280.

	42.	 Zhou HY, Chen C, Li XN, Ma XJ. Loop-mediated isothermal ampli-
fication technique in the diagnosis of hepatitis B virus infection: a 
Meta-analysis. Chinese J Prevent Med. 2017;51(6):562-567.

	43.	 Larner AJ. The Q* Index: A Useful Global Measure of Dementia 
Screening Test Accuracy? Dement Geriatr Cogn Dis Extra. 
2015;5(2):265-270.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Chu-Mao C, Ou-Yang S, Li-Ying L, et al. 
Diagnostic accuracy of LAMP assay for HBV infection. J Clin 
Lab Anal. 2020;34:e23281. https://doi.org/10.1002/jcla.23281

https://doi.org/10.1002/jcla.23281

