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Abstract

Hepatitis B surface antigen (HBsAg) is the important marker in diagnosis and decision making of Hepatitis
B infection. Equivocal results are common diagnostic challenges with HBsAg. The study evaluates the
role of neutralization assay in equivocal HBsAg results. Serum samples which documented equivocal or
low positive COl where subjected to HBsAg neutralization assay. Percentage reduction in false positivity
and recommended COI for deciding the assay was calculated. A subset of samples was subjected to
molecular confirmation. Analysis of 51 samples showed 87.71% reduction in false positivity by using
neutralization assay. 9.17 was the COl which showed highest AUC (0.702). Percentage positivity of
molecular analysis of 13 samples was 70% (9/13). The optimum COI for utilizing neutralization assay
is high from the study which is probably due to the high mean COI (12.1) of the included samples. Use
of follow up HBsAg neutralization assay is recommended in equivocal HbsAg results to confirm the
interpretation. However, the cut-off COIl for implementation of test may vary for different population
and analysers used for testing.
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INTRODUCTION

Hepatitis B is a global disease with
high burden. It is also the leading cause of
hepatic cirrhosis and hepatocellular carcinoma.*
Hepatitis B is a disease with multiple stages and
diagnostic markers with different clinical utilities.
Hepatitis B surface antigen (HBsAg) is the first
marker to appear and is usually the marker
for initial screening. CDC recommends triple
marker screening in the recent guidelines which
includes HBsAg, anti-HBs antibodies and HBc IgM
antibodies.? Definition and classification of chronic
hepatitis B also is dependent on detection of
HBsAg.? HBsAg quantification is possible in some
platforms.*® Over the years the testing formats
have changed for better sensitivity. The assay
platforms like chemiluminescence have improved
sensitivity and turnaround time significantly.®’
Highly sensitive assay platforms have also been
beneficial in blood banks for screening for HBV.2
The analysers and kits are continuously working
on improving detection level.’ However, increased
sensitivity mostly comes with disadvantage of
increased false positivity.’ In chemiluminescence
platforms the positive results with low cut-off
index (COl) are usually a diagnostic challenge as
those samples test negative in other platforms.
These results are differently referred to as weak
reactive, equivocal, or indeterminate results.
In a previously non-reactive individual this can
lead to diagnostic dilemma. Sequential testing
using different platforms, quantitative HBsAg
estimation are some of the alternatives evaluated
in equivocal results.’*3 Other serological markers
and HBV DNA are also used in this context.
Hepatitis B surface antigen neutralization assay
is also useful in such situations. The assay works
on the principle of neutralizing the HBsAg in the
tested serum sample and then demonstrating a
decrease in the resulting signal strength. Though
the assay has been available for some years now,
it is not commonly used. The existing literature
demonstrates advantages of test in different test
formats and not the overall test usefulness.**
The assay is not a part of diagnostic algorithm by
any guidelines. The test is not indicated in clear
positive cases of Hepatitis B, however, even in
doubtful positive cases, the exact guideline is not
yet established. The present study tries to look at

the usefulness of the assay and probable cut-off
index below which the assay may be helpful.

METHODOLOGY

The prospective observational study was
conducted in the Department of Microbiology,
Kasturba Medical College, Manipal, after
approval from the institutional ethics committee
(IEC:13/2019). Informed consent was not taken as
study was approved under exempt category and
test was performed on samples received in the
laboratory for routine testing.

The tested serum samples were the ones
reactive for HBsAgin Cobas e601 and e411 systems
using the kit, Elecsys HBsAg Il (Roche diagnostics,
Gmbh, Germany) with a COl of < 100 in two runs in
same equipment, and non-reactive by other rapid
test formats. Immunochromatography (Hepacard,
J.Mitra & Co. Pvt. Ltd, India) was the rapid test used
for all reactive samples by chemiluminescence.
HBsAg confirmatory test using Elecsys HBsAg
confirmatory kit (Roche Diagnostics,GmbH,
Germany) was performed on all the included
samples. The test is selected on manual basis.
There was no auto instructions programmed in
the analyser to select the test for samples with
low COI. Other laboratory markers and values of
Hepatitis B (HBV) were collected for the samples.
The data on viral DNA levels were also collected
for samples where viral load was tested. Viral load
testing was done using real-time PCR based on
Tagman chemistry using the COBAS Tagman HBV
test. (Roche Molecular Systems.Inc)

HBsAg neutralisation assay

The assay works on the principle of
antigen neutralisation by specific antibodies. Each
sample was treated with the confirmatory and
control reagent provided by the manufacturer and
incubated for 60 minutes at 15-25°C. The volume
of the pre-treatment reagent depended on the
primary test's cut-off index. 30ul for COI <7, 150ul
for COl between 7 and 30. The sample with COI>30
was diluted 20 times in universal diluent before
treatment with control and confirmatory reagent.
After an incubation of 60 minutes, the samples
were tested for HBsAg by Elecsys HBsAg Il. A COI
with the confirmatory reagent < 60 % of that with
the control reagent indicates a positive result. The
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results are interpreted as invalid or indeterminate
if the COI of control reagent tests <0.81.

Analysis

Categorical and nominal variables are
expressed in percentages. Continuous variables
are expressed in mean and standard deviation.
Analysis was done using EZR software with R
commander. The study's primary outcome was a
percentage reduction in equivocal results after the
confirmatory tests. The highest COI, which benefits
from confirmatory assay, was also calculated using
the ROC curve.

RESULTS

Total samples tested in the study were
57 samples with equivocal and low positive HBsAg
results. The mean COl was 12.1+/-10.9. HBsAg
confirmatory test was positive in 47 samples,
indicating 82.45% of equivocal results were true
positives for HBsAg. Three samples (5.26%) were
negative by confirmatory assay. 12.28% (7/57)
samples tested invalid in confirmatory test.
Percentage reduction in equivocal results is 87.71%
which includes positive and negative results from
confirmatory assay (Figure 1). A COl up to 9.17
showed a maximum area under the curve (AUC)
in the receiver operator curve (ROC) analysis
indicating upper limit COl which would benefit
from neutralization assay. AUC for the COI was
0.702 (0.526, 0.878) (Figure 2).

Analysis of molecular confirmation was
feasible in 13 samples. Supplementary data shows
the details of each sample in terms of molecular
and HbsAg confirmatory test. All the samples were
positive by HbsAg confirmatory assay. Percentage
positivity was 70% (9/13) and percentage of
negative results was 30% (4/13) (Figure 3).

DISCUSSION

The study evaluated the benefits of
hepatitis B confirmatory assay. The percentage
reduction in equivocal results demonstrated
by the study is 87.71%. The percentage is high
compared to 59% reported by Shao H et al. and
63% by Punnaswami S et al.’>*> Mean COI recorded
is 12+/-10.9 in the present study. High original COI
might have influenced the percentage as predicted
by the above mentioned literature. In the studies
mentioned earlier, the authors have claimed that
the positivity of confirmatory assay is 100% when
the initial COl is more than four.

The chemiluminescence immunoassay
is highly sensitive platform. Though a definitive
cut-off is defined by the manufacturer, the
samples with low positivity usually test negative
in other platforms. Wang et al. compared
chemiluminescence results with viral DNA after
categorizing the cut-off into three grey zones. That
study also suggests a direct correlation between
initial cut-off and percentage of negatives.*®

‘ Total samples - 57

—1 Confirmatory test I

\ Positive — 82.45% ( 47/57) }o—

\ Negative — 5.26% ( 3/57) \ I Invalid —12.28% ( 7/57)

‘ Percentage reduction in false positive — 87.71% ( 50/57) ‘

Figure 1. Details of HBsAg confirmatory test
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We recommend 9.17 as the cut-off below
which HBsAg confirmatory assay will be beneficial.
This cut-off is comparable with the study by
Pasaribu M et al.*’ The study was performed using
HBsAg Qualitative Il (REF 2G22) reagents on the

ARCHITECT i2000 analyzer (Abbott Diagnostics).
Methodology was like the present study in terms
inclusion criteria. The authors report a 100%
reduction in false positivity if the initial COl is >10.
Other comparable studies recommended lower
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Figure 2. ROC curve for optimum COI for HBsAg confirmatory assay.
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COI as an indication for HBsAg neutralisation
test ranging from 0.8 to 1.08.%51%18 This variation
suggests that the cut-off COl may vary depending
on the population. It emphasises the necessity to
have the cut-off COI customised for each centre.
The other performance indicators also need to be
analysed while evaluating an assay. Including the
hepatitis B surface antigen neutralisation assay for
every positive HBsAg sample would increase the
test cost. The cost of using neutralization assay was
confirmed to be more compared sequential testing
of Hepatitis B surface antigen using different test
methodologies.’ In-house neutralization assay
using antibodies from vaccinated donors with high
antibody titre has been tried. The study documents
an agreement of 0.8 kappa between in-house
and commercial methods.* Using neutralization
test for confirmation will also increase the TAT of
the assay. Frequently encountering invalid results
in the confirmatory test is also a concern. Very
low COl is the most probable reason, which fails
to demonstrate a significant difference between
the control and confirmatory reagents results.
The present study documented 12.28% of invalid
results. Evaluation of HbsAg quantitative assay
in a different platform suggest that quantitative
estimation of HBsAg can be an alternative to
confirmatory assay. However, quantitative HBsAg
assays may also be equivocal when the value is
low positive. HBsAg confirmatory assay is useful
in equivocal HBsAg confirmatory results also.?
The indication for conducting the assay should
be decided based on clinical background and the
suspected stage of the disease. Restricting data
to the laboratory is one of the drawbacks of the
present study. The HbsAg neutralisation assay
is very useful in doubtful results of HBsAg done
for acute case definition and to define chronic
Hepatitis B.

CONCLUSION

Diagnostic HBsAg neutralization assay
is an underutilized test, which can reduce the
diagnostic challenges in newly diagnosed cases
with inconclusive HBsAg results. However, the COI
where the neutralization assay is highly effective
and is yet to be defined globally.
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