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Background: Rapid point-of-care tests provide plausible diagnostic strategy for hepatitis B surface antigen
(HBsAg) in low resource areas. However, their utility depends upon their overall performance. Our objective
was to meta-analyze the diagnostic accuracy of rapid point-of-care tests for HBsAg. Methods: Literature search
was done with the help of a metasearch engine Mett�a, a query interface for retrieving articles from five leading
medical databases. Studies that employed rapid point-of-care tests for detection of HBsAg and compared the re-
sults with reference test were included. Two reviewers performed quality assessment of the studies and extracted
data for estimating test accuracy. Twenty-seven studies weremeta-analyzed and stratified bymultiple parameters.
Results: Twenty-seven studies had evaluated 49 test brands and generated 76 data points. Sensitivity of individual
tests varied widely andwere heterogeneous (range 43.5%–99.8%); while specificity estimates weremore robust and
close to 100% (range 90%–100%). Overall pooled sensitivity, specificity, positive likelihood ratio (LR), negative LR
and diagnostic odds ratio for all tests were 97.1% (95% CI, 96.1%–97.9%), 99.9% (CI, 99.8%–100%), 118.4 (CI, 84.7–
165.5), 0.032 (CI, 0.023–0.045) and 4094.7 (CI, 2504.1–6600.8) respectively. This suggested high pooled accuracy
for all studies. We found substantial heterogeneity between studies. Three factors (study location, reference stan-
dard and study score) appeared most strongly associated with test estimates and observed heterogeneity. The
Determine test showed consistency in performance in studies done across developed and developing countries
and the Determine and the BinaxNOW tests had significantly higher estimates than pooled estimates of remain-
ing tests. Tests revealed analytical sensitivity of 4 IU/ml againstmanufacturer's claim of 0.5 IU/ml; reduced sensi-
tivity with HBsAg mutants and poor performance in seroconversion panels. Conclusions: Tests with better
analytical sensitivity need to be developed and their feasibility and outcomes in various clinical settings need
to be addressed. ( J CLIN EXP HEPATOL 2014;4:226–240)
Hepatitis B infection is a global health problem.1

There are more than 350 million carriers of hepa-
titis B virus (HBV) in the world today, with addi-

tion of 4 million acute infections every year. Around one
million die annually from hepatitis B-associated liver dis-
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ease including hepatocellular carcinoma. Majority of
HBV (over 75%) infections occur in high endemic regions
namely Southeast Asia and Africa, with lifetime risk of
infection from 60% to 80%. Areas of intermediate risk
include parts of southern and Eastern Europe, the Middle
East, and the Indian subcontinent with a lifetime risk of
infection from 20% to 60%. In the United States, around
1.25 million individuals are chronically infected with
HBV with an estimated 78,000 cases of new HBV infections
occurring yearly, mostly among sexually active young
adults, black and Hispanic people and IV drug users.
Within this context, diagnosis of HBV infection, initiation
of treatment, and prevention of transmission to suscepti-
ble population is a priority.2

Hepatitis B surface antigen (HBsAg) is the serologic
hallmark of HBV infection and has been the principal
target for laboratory testing to identify active infection
by HBV.3,4 Additional serologic and molecular tests need
to be done depending upon the setting and purpose of
HBV testing.5 HBsAg is typically detected by a sensitive im-
munoassays that uses antibody to hepatitis B surface
xperimental Hepatology | September 2014 | Vol. 4 | No. 3 | 226–240
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antigen (anti-HBs) to capture antigen in the sample.
Although immunoassays effectively detect HBsAg, the tests
have many limitations in poor resource endemic regions of
the world. These include high facility cost, need for sophis-
ticated equipment and trained technicians, continuous
supply of electricity, and long turnaround times. Point-
of-care testing offers significant advantages which include
reduction of facility costs, rapid delivery of results, early
diagnosis and rapid initiation of treatment.6–8

Since 1990s, several rapid point-of-care tests (RPOCTs)
that primarily use blood samples to test for HBsAg have
been developed.9 The manufacturers claim high accuracy
and utility of their respective tests. However, several vital
questions about their use remain unanswered namely ac-
curacy of individual tests, comparative efficacy of the
different tests, and applicability of these tests in different
scenarios of HBV evaluation.

A recent meta-analysis on accuracy of RPOCTs for
HBsAg attempted to address the above mentioned ques-
tions.10 However, this study had many limitations. Two
well-conductedmajor studies done on accuracy of RPOCTs
and available by then were not included in the meta-anal-
ysis.11,12 These 2 studies had evaluated 27 tests against
two international sera panels and generated 29 data
points. There were errors in data entry in 2 � 2 tables.
Khan et al13 while evaluating OneCheck test reported 19
of the 19 negative sera as true negative (specificity of
100%) and not as 19 false positive (specificity 0%) as shown
in the study. Authors did not address the issue of inconclu-
sive test results and how to analyze and report these data.
We believe complete transparency regarding the handling
of inconclusive results in the analysis phase is essential
for the reader to understand how key summary statistics
have been derived.14 Analytical sensitivity of the tests based
on low titer and seroconversion panels performed in several
included studies15–17 were not evaluated, which affected
the conclusions made on the accuracy of the tests under
consideration. Authors did not evaluate heterogeneity
(differences in reported estimates among studies) and its
potential sources, an important component in meta-
analysis studies.18 We believe recommendations on use of
RPOCTs can have far reaching effects on the healthcare
in developing countries. For example recommending tests
with low analytical sensitivity in blood banks can pose a
serious threat to recipients as infected otherwise healthy
donors often have low titer HBsAg viremia.19 Keeping the
above in consideration, we conducted another systematic
review and meta-analysis of studies pertaining to diag-
nostic accuracy and applicability of RPOCTs for HBsAg.
METHODS

Protocol
We sought to conduct a systematic review andmeta-analysis
on studies which evaluated accuracy of RPOCTs for HBsAg.
Journal of Clinical and Experimental Hepatology | September 2014 | Vol. 4
A protocol was written that specified several aspects of the
meta-analysis (available at our website www.drkhuroo.com;
AppendixDocument 1) as per PRISMA (PreferredReporting
Items for Systematic Reviews and Meta-analysis) guide-
lines.20 Two independent reviewers made literature search,
performed quality assessment of the included studies and
extracted data for estimating test accuracy.21 Any discrep-
ancies were referred to third reviewer.

Acquisition of Data
Literature search was done with the help of a metasearch
engine “Mett�a” which can be accessed at http://mengs1.
cs.binghamton.edu/metta/search.action. Mett�a is a query
interface that helps systematic reviewers in retrieving,
filtering and assessing articles from five leadingmedical da-
tabases: PubMed, EMBASE, CINAHL, PsycINFO, and the
Cochrane Central Register of Controlled Trials.22 De-
duplication of records returned from multiple databases
is carried out in a prioritized fashion that favors retaining
citations returned from PubMed. Upto several thousand
retrieved records can be exported within a few minutes
and the process of writing systematic reviews is accelerated.
The articles can be exported in XML format for further
processing by a series of other computer-based tools, or ex-
ported in BibTeX format for users who employ reference
manager software.

MeSH terms used for key and text word searching
included “Hepatitis B” OR “Hepatitis B Surface Antigens”
AND “Point-of-Care Systems”OR “rapid test”OR “diagnos-
tics” AND “Sensitivity and Specificity”OR “diagnostic accu-
racy” OR “validity”. We also searched bibliographies and
reference lists of eligible papers and related reviews, con-
sulted experts in the field, and contacted several authors
from the included studies to locate additional studies. Titles
and abstracts of all the above articles identified in the pri-
mary search were evaluated and a list of potential eligible
studies identified. These studies were considered for full
text review. Studies which fulfilled the criteria for selection
were included in the systematic review and meta-analysis.
Criteria for Study Inclusion
Studies were included that employed RPOCTs for detec-
tion of HBsAg (Index test) and compared the results with
a reference standard and reported results to recreate the
2 � 2 diagnostic table for estimating test accuracy. Index
test was defined as any commercially available assay that
identified HBsAg at or near the site of patient care. The
test had to have quick turnaround time; ease of sampling,
performance and reading results and no requirement of
cold chain and specialized equipment. The test results are
available to the patient, physician and care team within mi-
nutes, which allows for clinical management decisions to
be made in the same clinical encounter.8 Acceptable refer-
ence standards included enzyme immunoassay (EIA),
| No. 3 | 226–240 227
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enzyme-linked immunosorbent assay (ELISA) or micro-
particle enzyme immunoassay (MEIA) for detection of
HBsAg. Additional tests (confirmatory neutralization test
for HBsAg positive sera, HBsAg quantification and detec-
tion of HBV DNA) were considered to make the reference
standard as perfect. We included studies conducted in
adults (age > 18 years), published both as abstracts and
full-text articles, using all study-designs, conducted in
any study settings (laboratory orfield-based) and regardless
of sample size, study location, language of publication, and
country of origin of test. We excluded studies which dealt
with accuracy of laboratory-based tests; studies with data
unable to recreate 2 � 2 diagnostic table; reports from
the manufacturers and package inserts which are subjected
to overt conflict of interest, and duplicate reports.

Data Extraction
Each study was subjected to following search: study
author, year of publication, location of study, index test
(one or more), reference standard, study design, source of
sera, sample size, characteristics of the population em-
ployed for sera collection, cross reactive sera included in
panel and analytical sera included for evaluating test sensi-
tivity. Detailed information about the index test were ex-
tracted from the studies which included: name of the
test, country of origin and name of the manufacturer,
time taken to read results, specimen (serum, plasma or
blood) needed for test, volume of the sample (ml) needed
to test, storage conditions for maintaining test kit, special
equipment if any needed to perform the test and shelf life
of the test kit. For purposes of data synthesis we extracted
raw cell numbers namely true positives, false negatives,
false positive and true negatives for each test run.

Quality Assessment
We performed quality assessment of the studies using
QUADAS-2 (Quality Assessment of Diagnostic Accuracy
Studies) tool23 and the STARD (Standards for the Report-
ing of Diagnostic Accuracy Studies) checklists.24

QUADAS-2 sheet was completed by following stepwise
guidelines to judge risk of bias (4 domains) and concerns
about applicability (3 domains) for each study. STARD
checklist consisted of 25 questions and each question
was weighted equally (yes = 1, No = 0) and total score for
each study calculated.

Statistical Analysis and Data Synthesis
Data was extracted to construct 2� 2 tables (reference test
results vs. index test results). We defined HBsAg positive as
those with disease and HBsAg negative as those without
disease based on the reference test results. Index test results
were reported as true positive, false positive, false negative
and true negative. To maintain transparency of the test re-
sults reporting, we searched for inconclusive index test re-
228
sults. We believe inconclusive test results should be
analyzed depending on how these patients would be
treated in the clinical context. For the present meta-
analysis all valid inconclusive index test results were
clubbed with either false negative results (sera which
were HBsAg positive by reference test and inconclusive by
index test) or false positive results (sera which were HBsAg
negative by reference test and inconclusive by index test)
(Appendix Document 2).14

For estimates of accuracy we calculated sensitivity &
specificity, positive & negative likelihood ratio (LR) and
diagnostic odds ratio (DOR) along with 95 percent confi-
dence intervals (CIs) (see Appendix Document 2). Sensi-
tivity of a test is defined as the probability that the index
test result will be positive in a case with disease. Specificity
of a test is defined as the probability that the index test
result will be negative in a non-diseased case. Both Sensi-
tivity, & Specificity were expressed as percentages. LR is
used to update the pre-test probability of disease using
Bayes' theorem, once the test result is known. The updated
probability is referred to as the post-test probability. For a
test that is informative, the post-test probability should be
higher than the pre-test probability if the test result is pos-
itive, whereas the post-test probability should be lower
than the pre-test probability if the test result is negative.
Positive LR of >10 and negative LR of <0.1 gives conclusive
evidence of test accuracy. DOR, commonly considered a
global measure of test performance, was estimated by the
ratio of the odds of a positive test result in a diseased sub-
jects to odds of a positive test result in a non-diseased sub-
jects. DOR describes how many times higher the odds are
of obtaining a test positive result in a diseased rather than a
non-diseased person. DORs summarizes test accuracy in a
single number and makes it easy to use this in subgroup/
meta-regression model to derive statistical values.

We pooled test estimates using a bivariate random-
effects regression model.25 The bivariate model takes in
to consideration the potential tradeoff between sensitivity
and specificity by explicitly incorporating this negative cor-
relation in the analysis. Themodel was used to draw hierar-
chical summary-operating characteristic (HSROC) curves.
The curve of a test is the graph of the values of sensitivity
and specificity that are obtained by varying the positivity
threshold across all possible values. The graph plots sensi-
tivity (true-positive rate) against 1–specificity (false-positive
rate). The shape of the curve between these two fixed points
depends on the discriminatory ability of the test. The closer
the curve is to the upper left hand corner of the curve plot,
the better the overall accuracy of the test.

Heterogeneity inmeta-analysis refers to the degree of vari-
ability in the results across studies.26 Diagnostic accuracy
studies are expected to show considerable heterogeneity
and models used are by default random-effects models, tak-
ing in to account study variation as well as chance variation.
To detect heterogeneity test estimates were graphically
© 2014, INASL
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displayedusing forest plots and overlap in the confidence in-
tervals of individual studies compared. Poor overlap sug-
gested statistical heterogeneity. Q test for heterogeneity
with P value was calculated. A large Q value with P < 0.10
(rather than conventional 0.05) suggested heterogeneity.
Finally the inconsistency index (I2) testwas calculated.We re-
garded values of#25%, >25–50%, >50–75% and >75% as low,
moderate, substantial and considerable statistical heteroge-
neity, respectively (See Appendix Document 2).

To investigate the sources of heterogeneity the
following variables were selected a priori as potential sour-
ces of heterogeneity: year of publication (prior vs. after
2005), location of study (developed vs. developing coun-
tries), reference standard (EIA alone vs. EIA with neutrali-
zation test or nucleic acid test), study design (cross
sectional vs. case control), source of sera (blood banks vs.
hospitals/clinics), cross reactive sera (included vs. not
included in sera panel) and study quality (high >15 vs.
low #15 STARD score). Summary estimates for each co-
variate were generated, along with their 95% CIs and
compared in the meta-regression model. A P value below
0.05 for DORs was defined as significant difference among
the levels of particular covariate. Because the effects of
some of the covariates may influence each other, multivar-
Figure 1 Flow diagram

Journal of Clinical and Experimental Hepatology | September 2014 | Vol. 4
iate meta-regression was also done to take in to account the
possible interrelations among the variables.27

In order to compare relative efficacy of tests, we appreci-
ated the studies had included different test brands and as-
says were conducted in different study populations and
under varied laboratory conditions. Consequent to this,
the accuracy of different assays varied markedly within
and between different tests. To overcome this, the studies
were stratified in to 2 subgroups based on location where
studies had been performed (developed vs. developing
countries). Pooled estimates of tests that had acquired
$3 data points (Determine, Hepacard, BinaxNOW, Gene-
dia, and SD) were calculated across and within the 2 sub-
groups and compared in the meta-regression model.

We did all statistical analysis in Meta-Analyst (Tufts
Medical Centre, Boston, MA).28
RESULTS

Literature Search
We identified 29 articles eligible for inclusion
(Figure 1).11–13,15–17,29–51 Data from 2 studies had
duplicate publications. Official report of International
Consortium for Blood Safety 2007 (ICBS,12) was
of study selection.

| No. 3 | 226–240 229
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Table 1 Characteristics of the 27 Studiesa.
Author
(Reference)

Year Location Index test Reference s
tandard

Study design Source Size Patient
population

CRSb Analytical
analysis

Nakata29 1990 NK Hybritch EIA Cross
sectional

Prison inmates 300 NK No No

Sato15 1996 Japan Dainascreen EIA Case control Hospital samples 462 NK NK Yes; Dainabot
panel

Mvere30 1996 Zimbabwe SimpliRed,
Dipstick
(PATH)

EIA Cross
sectional

Blood Bank 206 NK No No

Abraham31 1998 India Virucheck,
QuickChaser

ELISA Cross
sectional

NK 400 NK No No

Oh32 1999 Korea Genedia EIA Case
control

Blood donors 250 NK NK No

Palmer33 2000 Honduras,
Dominican
Republic
Trinidad,
Jamaica

Determine EIA Case control NK 298 NK No No

Kaur34 2000 India Hepacard EIA Cross
sectional

Hospital samples 2754 NK Nil No

Lien35 2000 Vietnam Dainascreen,
Determine,
Serodia

EIA Case
control

High risk
volunteers

328 NK Yes,
128 sera

No

WHO11 2001 Global Ten testsg EIAc Serum panel study
(Case control)

Africa, Asia, Europe,
Latin America

277 Well
described

No Low titer panel,
Seroconversion
panel

Raj36 2001 India Hepacard EIA/MEIA Cross
sectional

Hospital samples 1000 NK No No

Clement16 2002 Belgium BinaxNOW MEIA Cross
sectional

Hospital samples 942 Chronic
hepatitis

No in-house standards
sera panel

Lau37 2003 USA BinaxNOW EIA Cross
sectional

Criminals,
Hepatology clinic,
Health fair,

2463 NK Fresh &
frozen sera

No

Whang38 2005 Korea Daewoong,
Genedia

MEIA Case control NK 200 NK No No

Cha39 2006 Korea Asan,
Genedia, SD

MEIA Case Control NK 40 NK No No

Akanmu40 2006 Nigeria Binax Now ELISA Cross
sectional

Donors 101 HBV carriers No No

Ansari41 2007 Iran 6 testsh EIA/PCR Case control Hospital Patients 240 NK No No
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ICBS12 2007 Global 19 testsi ICBS panel
testingf

Serum panel study
(Case control)

ICBS
master panelf

346 NK No ICBS Quantitative
panel

Lin17 2008 China,
Guinea

Determine,
DRW

EIA Case Control Blood donors
(Stanford & Ghana)

1250 NK No WHO sera,
Seroconversion
panel

Randrianirina42 2008 Madagascar Cypress,
Determine,
Hexagon,
Virucheck

EIA Case control NK 200 NK No No

Torane43 2008 India Hepacard ELISA Case control Blood bank 60 NK No No

Ola45 2009 Nigeria GWHB ELISA Cross
sectional

Medical clinic 25 NK No No

Davies46 2010 Malawie Determine EIAc Cross
sectional

HIV clinic 75 NK HIV No

Khan13 2010 Pakistan OneCheck,
Accurate

ELISA Case control NK 57 NK No No

Maity48 2012 India Hepacard,
Span, SD

ELISAc Case control NK 100 NK No No

Bottero49 2013 France Determine,
QuickProfile
VIKIA

ELISAd Cross
sectional

Health care
centers

3956 NK No No

Franzeck50 2013 Tanzania Determine EIA Cross
sectional

HIV Clinic 272 Chronic
carriers

HIV No

Chemeera51 2013 Sri Lanka Cortez Onsite EIA Cross s
ectional

Hospital
samples

50 NK No No

NK = Not known or not specified in the report, EIA = Enzyme immunoassay, MEIA = Micro-particle enzyme immunoassay, ELISA = Enzyme-Linked Immunosorbent Assay, PCR = Polymerase Chain
Reaction.
a2 studies44,47 were excluded for duplicate publications.
bCRS = Cross reactive sera included in serum panel.
cNeutralization test for all positive sera performed.
dAll positive sera had HBsAg quantification and HBV DNA quantification.
eSera collected in Malawi and tested in UK.
fICBS clinical master panel sera were collected in blood banks from diverse regions of world and have been extensively analyzed by serology, HBV DNA, HBV genotyping, HBV subtyping and
sequencing.
gWHO 10 tests: 1. Advanced, 2. Determine, 3. DoubleCheck, 4. Genedia, 5. HEP B STAT-PAK, 6. Hepacard, 7. Immunocomb II, 8. Rapid, 9. Serodia, 10. Unigold.
hAnsari 6 tests: 1. Acon; 2. Atlas; 3. Intec, 4. Blue Cross, 5. DIMA, 6. Cortex.
iICBS 19 tests: 1. Acon, 2. Assure, 3. Bioline, 4. Cassette, 5. Cypress, 6. Determine, 7. Equipar, 8. HBsAg (WB), 9. Hepacard, 10. Hep-Alert-B, 11. HepaScan, 12. Hep-Check-1 Miniclip, 13. Hep-
Check-1 Strip, 14. i + LAB, 15. Line test, 16. Newmarket, 17. QuickChaser, 18. QuickTest, 19. SD.
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published as a full-text paper in a peer-reviewed jour-
nal.47 Sera from another study were collected and tested
in Malawi44 and had shown conflicting results. The
same sera were retested in UK and results published as
a full-text paper in a peer-reviewed journal.47 Conse-
quent to this we excluded 2 studies from further anal-
ysis.44,47 Of the 27 studies, 24 were published as full-
length manuscripts in peer-reviewed journals, two
studies were published as official reports of WHO &
ICBS11,12 and two studies were reported as conference
abstracts.29,33 There was unanimity between the
authors about the selection of relevant articles.

Study Characteristics
Table 1 shows the study characteristics. Of the 27 studies,
20 were conducted in developing countries and 14 were
case-control. Source of sera were from blood banks in 7
studies, hospitals and medical/surgical clinics in 13
studies, and from unknown source in 7 studies. Four
studies had included cross reactive sera in sera
panels.35,37,46,50 Four studies had described patient's
characteristics.11,16,40,50 Sample size varied from 25 to
3956. For defining analytical sensitivity of the tests, 5
studies employed low titer sera panels11,12,15–17 and 1
included seroconversion sera panels.11 None of the studies
had included sera from general population, patients with
acute hepatitis syndrome, fulminant hepatic failure or
HBV infected patients on antiviral therapy.

Appendix Table 1 lists the index test characteristics.
Twenty-seven studies had used 49 test brands and gener-
ated 76 data points. A single data point was generated
for 37 tests; 2 data points for 7 test brands (Dianascreen,
ViruCheck, QuickChaser, Serodia, Cortez, Cypress &
Acon), 3 data points for 2 test brands (BinaxNow, SD); 4,
6 and 9 data points for one test brand each (Genedia, Hep-
acard and Determine respectively). Reference standard in
all studies was detection of HBsAg either by EIA, MEIA
or ELISA. Neutralization test for HBsAg (CDC guideline
for HBsAg testing by EIA), HBsAg quantification or molec-
ular testing for HBV were employed in only 6
studies.11,12,41,46,48,49 All the studies administered the
same reference test to all patients, thus avoiding partial
or differential verification bias.

Study Quality
QUADAS-2 sheet shows major risk of bias in patient selec-
tion and index test (Table 2). Bias in patient selection re-
sulted from: i) case-control study design, ii) poor
description of patient's selection and clinical scenario.
Bias in index test was mostly related to lack of reporting
blinding while reading test results. The quality of study re-
porting ranged from poor to good (STARD scores from 8
to 23 of 25), with a number of items missing from report-
ing of diagnostic accuracy.
232
Conflict of Interest
Two studies reported afinancial relationshipwithor received
funding from the industry,17,35 3 explicitly declared no
conflict of interest,37,42,46 and 2 were independent
evaluation by International Organizations.11,12 Most
remaining studies omitted disclosure of conflict of interest.

Test Accuracy
Figure 2 reports on the estimates of sensitivity & specificity
with 95% confidence intervals and related Forest plots
stratified by type of test brand. Sensitivity of individual
tests varied widely and were heterogeneous (range 43.5%–
99.8%); while specificity estimates were more robust and
close to 100% (range 90%–100%). Overall pooled sensitivity,
specificity, positive LR, negative LR and DORs for all tests
were 97.1% (95% CI, 96.1%–97.9%), 99.9% (CI, 99.8%–100%),
118.4 (CI, 84.7–165.5), 0.032 (CI, 0.023–0.045) and 4094.7
(CI, 2504.1–6600.8) respectively. This suggested high
pooled accuracy for all studies. The ROC curve also indi-
cated high sensitivity with a high specificity as the curve ap-
proached the upper left hand corner of the graph where
sensitivity is 1 and specificity is 1 (Appendix Figure 1).

We found substantial heterogeneity between studies
when calculating the pooled sensitivity (I2 = 83%), speci-
ficity (I2 = 83%), positive LR (I2 = 64%), negative LR
(I2 = 66%) and DORs (I2 = 66). Multiple covariates were
used in subgroup analysis and tested statistically in
meta-regression model to find out the reason/s of hetero-
geneity (Table 3). Three factors (location of study, reference
standard and study score) appeared most strongly associ-
ated with test estimates and observed heterogeneity. In
contrast study year (studies before & after 1995), study
design (case control vs. cross sectional studies), source of
sera (blood banks vs. hospital/clinics) and cross reactive
sera (presence or absence of cross reactive sera in panels)
had no significant effect on test performance and heteroge-
neity. Studies conducted in developed and developing
countries both revealed high pooled accuracy values; how-
ever DORs were 4.5 times higher in studies conducted in
the developed than in developing countries (DORs
9812.7 [CI, 6467.3–14888.7] vs. 1467.7 [CI, 762.8–2824.1]
respectively; P # 0.001) (Figure 3). Studies conducted in
developed countries had minimal heterogeneity (I2 = 0%),
while those in developing countries showed substantial
heterogeneity (I2 = 69%). Studies which used additional
neutralization test with or without nucleic acid testing as
a reference standard had higher DORs than studies which
used enzyme immunoassays alone (DORs 7179.6 [CI,
4901.5–10497.3] vs. 1663.7 [CI, 745.3–3714.0] respectively;
P < 0.001) and were less heterogeneous (I2 = 0% vs. 76%
respectively) (Appendix Figure 2). On a similar note,
studies with STARD score of >15 had higher DORs than
those with STARD score #15 (DORs 10414.9 [6464.8–
16778.6] vs. 1838.4 [915.8–3690.2] respectively; P < 0.001)
© 2014, INASL



Table 2 QUADAS-2 Assessments and STARD Scores.

Author (Reference) QUADAS-2 sheet STARD

Patient selection Index test Reference standard Flow & timing Score

Risk of
bias

Concern about
applicability

Risk of bias Concern about
applicability

Risk of
bias

Concern about
applicability

Risk of
bias

Total 25

Nakata29 Published as an abstract; data insufficient for evaluation

Sato15 UC UC HR LR LR LR LR 10

Mvere30 LR LR LR LR LR LR LR 13

Abraham31 HR LR LR LR LR LR LR 9

Oh32 UC LR HR LR LR LR LR 9

Palmer33 Published as an abstract; data insufficient for evaluation

Kaur34 LR LR HR LR LR LR LR 11

Lien35 LR LR HR LR LR LR LR 19

WHO11 LR LR LR LR LR LR LR 24

Raj36 HR LR HR LR LR LR LR 9

Clement16 LR LR HR LR LR LR LR 17

Lau37 LR LR HR LR LR LR LR 10

Whang38 HR LR HR LR LR LR LR 10

Cha39 HR LR HR LR LR LR LR 10

Akanmu40 HR LR HR LR LR LR LR 15

Ansari41 HR LR HR LR LR LR LR 12

ICBS12 LR LR LR LR LR LR LR 23

Lin17 UC LR HR LR LR LR LR 11

Randrianirina42 HR LR HR LR LR LR LR 9

Torane43 HR LR HR LR LR LR LR 8

Ola45 UC LR HR LR LR LR LR 9

Davies46 HR LR LR LR LR LR LR 18

Khan13 HR LR LR LR LR LR LR 14

Maity48 HR LR HR LR LR LR LR 14

Bottero49 LR LR HR LR LR LR LR 13

Franzeck50 LR LR LR LR LR LR LR 20

Chemeera51 LR LR HR LR LR LR LR 14

LR = low risk, HR = high risk, UC = unclear.
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and were less heterogeneous [I2 = 0% vs. 74%] respectively)
(Appendix Figure 3). We performed multivariate meta-
regression to take in to account the interrelations among
these 3 variables associated with test estimates and hetero-
geneity. Study location was the only variable which was
significantly associated with test estimates and heterogene-
ity (Appendix Table 2).

Comparative accuracy of test brands was a complex
issue. Five test brands with sufficient data points ($3)
(Determine, Hepacard, Genedia, BinaxNow, and SD)
showed grossly heterogeneous pooled estimates
(I2 = 59%, 75%, 42%, 66% and 73% respectively) (Appendix
Figure 4). Next we pooled estimates of these 5 test brands
Journal of Clinical and Experimental Hepatology | September 2014 | Vol. 4
separately for developed and developing countries. Pooled
estimates of all test brands showed minimal heterogeneity
for studies done in developed countries (I2 for Determine
0%, Hepacard 0% and BinaxNow 0% respectively)
(Appendix Figure 5) and substantial for studies done in
developing countries (I2 for Determine 70%, Hepacard
80%, Genedia 43% and SD 74% respectively) (Appendix
Figure 6). Accuracy estimates of all the 5 test brands were
2.3–4.3 times higher in studies done in developed vs. devel-
oping countries. Determine test estimates were consistent
and revealed high sensitivity (98.0 [95.1–99.2] vs. 96.7
[95.1–97.8] respectively) and specificity (98.9 [CI, 92.1–
99.9] vs. 99.6 [CI, 97.0–99.9] respectively) across developed
| No. 3 | 226–240 233



Figure 2 Forest plot of the sensitivity and specificity estimates and 95%confidence intervals (CIs) of 27 studies stratified by test brands. 37 test brands
had generated single data point each (subgroup SDP) while 12 test brands had generated$2 data points each. Estimates of sensitivity and specificity
from each study are shown as solid squares. Solid lines represent the 95% CIs. Squares are proportional to the weights based on the random effect
model. Pooled estimates and 95% CIs is denoted by the diamond at the bottom. I2 and p values represents heterogeneity of studies.
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Table 3 Accuracy Estimates from Subgroup Analysis.

Variable Subgroups (no of
studies/data points)

Pooled sensitivity
(95% CI), %

Pooled specificity
(95% CI), %

Positive LR (95% CI) Negative LR (95% CI) DOR (95% CI) I2U p Valuea

All studies 27 studies/76
data points

97.1 (96.1–97.9) 99.9 (99.8–100) 118.4 (84.7–165.5) 0.032 (0.023–0.045) 4094.7 (2504.1–6600.8) 66% –

Abstracts
excluded

25 full text studies/74
data points

97.1 (96.0–97.9) 99.9 (99.8–100) 126.6 (90.2–177.8) 0.03 (0.02–0.04) 4327.2 (2753.2–6800.9) 66% –

Year Prior 2005 (12/25) 97.1 (95.2–98.2) 99.0 (98.4–99.4) 93.4 (56.8–153.6) 0.023 (0.012–0.044) 5931.9 (2393.4–14703.4) 74% Reference

After 2005 (15/51) 95.4 (91.1–97.5) 99.3 (98.9–99.5) 129.1 (84.4–196.1) 0.038 (0.029–0.050) 3501.5 (2016.6–6079.2) 59% 0.39
Location
of Testb

Developing Countries
(20/39)

94.3 (89.8–96.4) 99.1 (98.4–99.5) 72.2 (48.4–109.3) 0.049 (0.032–0.077) 1467.7 (762.8–2824.1) 69% Reference

Developed Countries
(6/36)

97.0 (96.2–97.7) 99.4 (99.0–99.6) 193.5 (115.8–323.6) 0.018 (0.012–0.036) 9812.7 (6467.3.0–14888.7) 0% <0.001

Reference
Test

EIA/ELISA/MEIA alone
(21/34)

94.1 (90.6–96.3) 98.9 (98.4–99.3) 82.9 (55.5–123.7) 0.060 (0.037–0.098) 1663.7 (745.3–3714.0) 76% Reference

Neutralization/NAT
test (6/42)

97.0 (96.4–97.5) 99.5 (99.1–99.7) 185.5 (104.5–329.2) 0.018 (0.014–0.023) 7179.6 (4901.5–10497.3) 0% <0.001

Study design Cross sectional (13/18) 95.4 (93.3–96.8) 99.3 (98.8–99.8) 129.9 (84.9–196.7) 0.078 (0.043–0.140) 3111.7 (984.6–9833.7) 81% Reference

Case control (14/58) 97.1 (95.2–98.2) 99.0 (98.4–99.4) 93.9 (56.4–153.2) 0.021 (0.016–0.026) 4373.0 (2656.9–7197.7) 54% 0.63
Source of
serac

Hospital/Clinics (13/23) 96.2 (94.0–97.6) 99.5 (99.1–99.7) 188.0 (103.1–344.0) 0.027 (0.014–0.60) 7052.4 (3063.5–16238.3) 64% Reference

Blood Banks (7/36) 97.1 (95.9–97.9) 99.4 (99.0–99.6) 157.2 (94.9–260.4) 0.015 (0.012–0.020) 9974.1 (5115.8–12429.4) 0% 0.36
CRSU No CRSU (23/70) 95.9 (94.4–97.1) 99.1 (98.8–99.4) 107.6 (76.6–151.2) 0.033 (0.024–0.047) 3619.5 (2217–5908.4) 66% Reference

HIV Clinics with
CRSU (4/6)

96.2 (93.1–97.9) 99.8 (99.4–99.9) 493.6 (1594.7-1527.9) 0.019 (0.006–0.059) 24709.4 (6264.0–97467.0) 0% 0.18

Score #15 (19/39) 93.7 (89.9–96.2) 99.0 (98.5–99.4) 91.5 (58.6–142.8) 0.053 (0.035–0.081) 1838.4 (915.8–3690.2) 74% Reference

>15 (6/35) 97.0 (96.5–97.5) 99.5 (99.1–99.7) 185.2 (107.8–318.3) 0.012 (0.009–0.016) 10414.9 (6464.8–16778.6) 0% <0.001

LR = Likelihood ratio, DOR = Diagnostic Odds Ratio, I2U = inconsistency index test for heterogeneity (<25 = low, >25–50% = moderate; >50–75% = substantial & >75% = considerable statistical
heterogeneity), CRSU = cross reactive sera.
ap Value determined from meta-regression model.
bLocation of one study (Reference 29) not known.
cSource of sera of 7 studies (Ref 20, 22, 29, 30, 34, 40, 41) not known.
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Figure 3 Forest plot of the sensitivity and specificity estimates and 95% confidence intervals (CIs) stratified by study location. 7 studies generating 36
data points were conducted in developed countries (Subgroup W) and 19 studies generating 39 data points were conducted in developing countries
(Subgroup E). Estimates of sensitivity and specificity from each study are shown as solid squares. Solid lines represent the 95%CIs. Squares are pro-
portional to the weights based on the random effect model. Pooled estimates and 95% CIs is denoted by the diamond at the bottom. I2 and p values
represents heterogeneity of studies.
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and developing countries. Hepacard test showed inconsis-
tency in pooled sensitivity (98.0 [CI, 95.1–99.2] vs. 85.7 [CI,
51.6–97.1] respectively) in studies between developed coun-
tries and developing countries. In contrast pooled speci-
ficity of Hepacard was consistent and high in studies
done both developed vs. developing countries (98.9 [CI,
236
92.1–99.9] vs. 99.5 [CI, 97.2–99.9] respectively) (Appendix
Table 3).

Next we compared the DOR's of these 5 tests and
compared these with pooled DOR's of remaining 37 tests
with single data points (reference tests) in the meta-
regression model. DORs of Determine test performances
© 2014, INASL
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were significantly higher in studies done in developed
(DORs 19971.5 [CI, 4263.2–93550.1] vs. 8169.7 [CI,
5155.7–12945.7]; P = 0.01) as well as in developing coun-
tries (8505.5 [993–72849.4] vs. 1116.9 [505.3–2468.8];
P = 0.03). BinxNow also showed significantly higher test es-
timates in studies done in developed countries (DORs
97845.1 [CI, 155549.6–615683.0] vs. 8169.7 [CI, 5155.7–
12945.7]; P = 0.007). DOR's of SD, Hepacard, and Genedia
did not differ from the DOR's of the reference tests in
either developed or developing countries (Appendix
Table 3).

Test brands with one or 2 data points could not be eval-
uated in the meta-analysis statistical model. Of these 42
such test brands, 7 tests had acquired extremely poor sensi-
tivity estimates: ViruCheck (79.0 [CI, 71.7–83.2]), Quick-
Chaser (77.0 [CI, 71.7–83.2]), Asan (78.6 [CI, 56.4–91.2]),
Accurate (50.0 [CI, 34.6–65.4]), OneCheck (52.6 [CI,
37.1–67.5]), Cortez (58.3 [CI, 21.6–87.6]), and Onsite
(75.0 [CI, 32.1–95.0]). In contrast, the specificity of these
tests was consistency high (97.0 [CI, 96.5–99.9], 99.0 [CI,
96.5–99.9], 97.6 [CI, 71.3–99.9], 94.7 [CI, 70.6–99.3], 97.5
[CI, 70.2–99.8], 98.9 [CI, 84.9–99.9], 98.9 [CI, 84.9–99.9]
respectively).
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Analytical Analysis
Five studies used panels with low titer HBsAg sera and one
study used seroconversion panel to evaluate analytical
sensitivity of index tests. Sato et al15 used Dainabot panel
with six concentrations. Index test sensitivity was 3.1 ng/
ml (HBs/ad) and 6.3 ng/ml (HBs/ay). Nine of the 10 tests
failed to detect WHO HBsAg low (0.1–0.8 IU/ml) titer
sera. WHO11

five seroconversion panels with 43 sera (23
positive by reference test) reacted poorly by index tests.
Clement et al16 used in-house standards with HBsAg con-
centrations and found index test lowest detection limit of
9.5 IU/ml as against 0.2–0.7 ng/ml by reference test. Lin
et al17 used 2 analytical panels (In-house sensitivity panel
&WHOHBsAg reference panel) and claimed DRW test de-
tected HBsAg with 0.2–0.5 IU/ml irrespective of the sero-
type. ICBS12 HBsAg quantitative panel consisted of 146
sera with 8 HBV genotypes and 14 subtypes. Of the 19
RPOCTs, most could only detect undiluted sera with
HBsAg levels of >4 IU/ml. 17 test kits showed genotype
(D/ayw3, E/ayw4, F/adw4 and by S gene mutants) depen-
dent sensitivity reduction. Analytical sensitivities for
HBsAg of >1 IU/ml significantly reduce the length of the
HBsAg positive period which renders them less reliable
for detecting HBsAg in asymptomatic HBV infections.
DISCUSSION

The present meta-analysis had six strengths when
compared to 2 earlier studies10,52: i) global and complete
literature search, with strict inclusion criteria, ii) defined
Journal of Clinical and Experimental Hepatology | September 2014 | Vol. 4
strategy to include and analyze inconclusive results, iii)
use of Bivariate statistical model, iv) statistical
comparison in meta-regression model of summary esti-
mates of diagnostic accuracy within subgroups to make
relevant conclusions, v) evaluation of heterogeneity and
its potential sources in the meta-regression model, vi) as-
sessing analytical sensitivity of tests. We do not agree
with use of Bayesian hierarchical summary receiver oper-
ating characteristic (HSROC) model on the assumption
that IgM antibodies to HBcAg were not included in refer-
ence standard.53 Themeta-analysis was related to detection
of HBsAg, which is the hallmark of HBV infection. Further
serological andmolecular tests follow detection of HBsAg.3

In addition use of Bivariate model was appropriate as: i)
reference standards were enzyme immunoassays which em-
ployed consistent standard positive thresholds across the
studies as per manufacturer's guidelines, ii) Index test
yielded positive and negative results as consistent cut-offs
on the device (appearance of a colored line or dot) across
the studies, iii) all studies administered the same reference
standard to all patients, thereby avoiding partial or differ-
ential bias.25 HSROC model widens the confidence inter-
vals due assumed conservative ranges of sensitivity and
specificity.53 Interestingly, the same authors used bivariate
model in similar meta-analysis for HCV.54

Our meta-analysis showed high pooled accuracy for
RPOCTs for HBsAg. However, sensitivity of individual
tests showed wide range from 43.5 to 99.8%. While evalu-
ating the high accuracy of tests, we should be cautious as
our meta-analysis was subject to the detection, spectrum,
and sampling bias of the original studies.18 Case-control
design employed in studies is apt to overestimate accuracy,
with a potential of spectrum bias. In addition, only 4 of the
27 studies explicitly mentioned blinded reading of index
test results, suggesting possible detection bias in the re-
maining studies. This could artificially inflate sensitivity
and specificity estimates of the index test.

In the present meta-analysis all tests performed better in
studies conducted in developed versus developing coun-
tries. It is well known that performance characteristic of
any test varies markedly with prevalence of the condition
in that population. Studies conducted in developed coun-
tries showed minimal heterogeneity while those in devel-
oping countries showed substantial heterogeneity. These
observations need to be kept in mind as all these tests
are meant to be employed in low resource endemic regions
of the World. Satisfying was the observation that cross
reactive sera (for example HIV, HCV, Tuberculosis etc.)
did not influence the diagnostic accuracy of the tests.
Such co-infections are highly prevalent in endemic regions
and this findings is significant while evaluating scope of
these test usage.

We could evaluate the performances of 5 tests with $3
data points in our statistical model. Determine and Binax-
Now tests showed significantly higher test estimates than
| No. 3 | 226–240 237
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the reference standard. In addition Determine test esti-
mates were consistent across studies performed in the
developed and developing countries. However, this finding
should not underestimate tests which could not be evalu-
ated in the statistical model. We believe that the high accu-
racy of some tests may have been obscured. For example,
Lin et al17 made head-to-head comparison of DRW test
and Determine and found DRW did better in overall accu-
racy, analytical and seroconversion panels.

We believe evaluation of tests by analytical and serocon-
version panels gave concerning results. Analytical sensi-
tivity of tests was around 4 IU/ml, which is much higher
(<0.5 IU/ml) than claimed by most manufacturers.9 Tests
performed poorly in seroconversion panels and showed
sensitivity reduction with several HBVmutants. Thus these
tests are likely to do poorly in situations with low concen-
trations of HBsAg prevalent in healthy blood donors, gen-
eral populations, patients recovering from acute HBV
infection and those on antiviral therapy.19

Limitations
While the included studies in the present meta-analysis ad-
dressed accuracy of RPOCTs for HBsAg, there was little in-
formation available on the evaluation of these tests on
HBV-related patient centered outcomes. The most impor-
tant of these is the feasibility and outcomes of these tests
in various setting where HBsAg testing is routinely done.
Studies need to be done how these tests shall perform in
following situations: i) seroepidemiologic studies in low
and high endemic zones, ii) screening of blood and blood
products for HBsAg and prevention of transfusion trans-
mitted HBV infection, iii) diagnosis and follow up of acute
hepatitis and fulminant hepatic failure, iv) diagnosis of
HBV-related chronic hepatitis and cirrhosis and evaluation
of antiviral therapy. These outcomes are key to shaping
global policy in diagnostics as it becomes more patient
centered in the future. In addition we need to do studies
which shall address the variability in accuracy with variable
prevalence in different population and settings. Also
impact of HBV e-mutants which constitute upto 30% of
chronic infections in tropical regions need to be defined.55
CONCLUSIONS

RPOCTs have major benefits to offer in screening and con-
trol of HBV infection especially in far flung low resource
endemic zones of the world. The tests are cheap, give rapid
diagnosis, are convenient and easy to store, need small
blood samples for testing, needminimal training of profes-
sionals for testing and need no or minimal expensive
equipment. However, their global uptake needs to be ad-
dressed keeping in view the overall performance of the
tests. With present low level of test accuracy especially
sensitivity, poor performance in developing countries,
238
poor analytical sensitivity and possible influence of HBV
mutants, these tests shall significantly underdiagnose
HBV infections. This is of major importance in blood
banks. Many potential donors in blood banks in tropical
countries are likely to have low HBsAg titers and tests are
unlikely to diagnose such infections, putting huge health
risks to recipients. We believe tests with better analytical
sensitivity need to be developed and their feasibility and
outcomes in various clinical settings need to be addressed.
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