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SUMMARY A field trial of an enzyme-linked immunosorbent assay (ELISA) for the detection of
the hepatitis Be markers is reported. It is simple to perform, is designed to be read by eye and
does not require any expensive apparatus. When compared with a commercially available RIA
kit for the detection of the same markers, ELISA was shown to be as sensitive as RIA for the
detection of anti-HBe but slightly less sensitive for the detection of HBeAg. However if all
specimens negative for both HBeAg and anti-HBe by ELISA are considered to be potentially
infectious, the ELISA should prove to be as useful as RIA for determining the "e" status of
HBsAg-positive patients and, therefore, provide a reliable indication of the risk of secondary
spread of hepatitis B infection to contacts by needle stick accident, close personal contact or

perinatal transmission.

The description of hepatitis Be antigen (HBeAg)
and its antibody (anti-HBe) by Magnius in 1972'
has helped to elucidate the epidemiology of hepatitis
B infection, particularly with reference to the risk of
secondary infection through contact with hepatitis B
carriers.2 The risk of persistent hepatitis B infection
in children borne to women who contract acute
hepatitis B in the last trimester of pregnancy, or who
are HBeAg-positive carriers is 90%3 whereas,
women who are anti-HBe carriers have a small
chance (about 10%) of transmitting acute hepatitis
B to their children. The latter almost invariably
recover with a complete resolution of their infection.
It was also shown by Grady,4 who re-evaluated the
results of a trial of hepatitis B immunoglobulin
(HBIg) in inoculation accidents, that the risk of
transmission of infection was 19% when the source
of infection was HBeAg-positive compared with
1-9% in HBeAg-negative patients.
There is therefore an urgent need for a sensitive

immune assay for hepatitis B "e" markers for use in
the clinical virology laboratory. One of the difficul-
ties has been that of purifying HBeAg from human

Accepted for publication 22 December 1982

581

plasma and raising an antiserum in laboratory ani-
mals. Consequently radioimmunoassay (RIA) and
enzyme-linked immunosorbent assays (ELISA) cur-
rently available make use of anti-HBe conjugates
and HBeAg prepared from human serum. Commer-
cially produced assays are very expensive and
require expensive counters and spectrophotometers
for their performance. Smith and Tedder5 described
an ELISA for the detection of HBeAg and anti-
HBe which was simple to perform, had a sensitivity
approaching that of RIA, and yet was designed to be
read by eye. This test did not necessitate the use of
radioactive substances or sophisticated equipment
and the reagents used had a long shelf life. It seemed
ideal for use in the Public Health Laboratory Service
(PHLS), as the assay tested for both HBeAg and
anti-HBe at the same time and incorporated a
confirmatory test for HBeAg. Therefore with sera
supplied by the North London Blood Transfusion
Centre, Edgware, a field trial was started.

DESIGN OF THE TRIAL
The Division of Microbiological Reagents and Qual-
ity Control (DMRQC) and four collaborating
laboratories took part, one of which had no previous
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ELISA experience. To familiarise themselves with
the test before the commencement of the trial, the
laboratories were issued with a small panel of
specimens and reagents. When preliminary tests
were satisfactorily completed, each collaborating
laboratory was asked to select 40-50 HBsAg-
positive serum specimens from their own clinical
specimen banks and test them for the "e" markers
using the ELISA reagents supplied by DMRQC.
These specimens, which included acute and conva-
lescent sera from patients with hepatitis B, as well as
specimens from HBsAg carriers, were then sent to
DMRQC for testing again using the same batch of
ELISA reagents. The sera were then forwarded to
the Virus Reference Laboratory, Colindale to be
tested by RIA using Abbott-HBe kits (Abbott
Laboratories, N Chicago, Illinois). Thus a compari-
son was made of the results obtained by workers in
the field laboratories and at DMRQC, and the sen-
sitivities of ELISA and RIA were directly com-
pared.

Material and methods

THE ELISA SOLID PHASE
The wells of Nunc immunoplates I (polystyrene
micro ELISA plates supplied by Gibco Europe Ltd,
Uxbridge, Middlesex) were coated with 0 1 ml vol-
umes of a 1/100 dilution of the IgG fraction of a high
titre anti-HBe-positive serum. The IgG was
obtained by double precipitation with 40% satu-
rated ammonium sulphate solution, the second pre-
cipitate being dissolved to the original volume in
0-02 M Tris-HCl buffer pH 7-2 plus 0*1% sodium
azide. The coating buffer was the same Tris buffer
and coating was accomplished by leaving the plates
at room temperature for 72 h. The plates were then
washed three times with coating buffer before the
wells were "quenched" by filling completely with
Tris buffer containing 0*5% bovine serum albumin
and leaving for at least one hour at room tempera-
ture. Before being sealed for storage at 4°C, some
quenching buffer was aspirated leaving approxi-
mately 0-2 ml volume in each well. Plates could not
be posted in this condition however as it proved
impossible to make them leakproof. Therefore just
before dispatch to the collaborating laboratories, the
remaining quenching buffer was aspirated from the
wells and the plates resealed whilst the wells were
still moist. A supply of fresh quenching buffer (stor-
age buffer) was posted with each plate with instruc-
tions to the recipient to add 0-2 ml to each well
immediately on arrival and to reseal the plate for
storage at 4°C until ready for use. Tests conducted
by DMRQC showed this to be the simplest way of
preparing plates for posting, the plates remaining

satisfactory for use even if they took several days to
reach their destination.
CONJUGATE
The sodium periodate method of Nakane and
Kawaoi6 was employed in the preparation of the
horseradish peroxidase conjugate. The freshly pre-
pared conjugate was fractionated immediately
through Sepharose CL-6B (Pharmacia Fine Chemi-
cals, Uppsala, Sweden) in order to separate any
aggregated conjugate or unconjugated free enzyme.
The IgG for conjugation was obtained by ion-
exchange chromatography using DE52 (Whatman
Ltd) equilibrated with 0-02 M phosphate buffer pH
8-0 from a human serum with a high titre of anti-
HBe. In order to avoid false-positive reactions due
to any rheumatoid factor present in the specimens
under test, heat aggregated normal IgG (0.5 mg/ml)
was added to the conjugate buffer.

SUBSTRATE
As the test had been designed to be read by eye,
ABTS, 2,2'-azino-di-(3-ethyl-benzthiazoline sul-
phonic acid), rather than o-phenylenediamine, had
been chosen as the chromatogen because the reac-
tion, colourless to blue-green, produced with ABTS
made weakly positive reactions easier to see.

PRELIMINARY TESTS
Initially the collaborating laboratories were given a
panel of seven specimens (I-VII) plus one specimen
containing the cut off control (reference colour
standard), and all reagents necessary for the test
except the washing buffer (PBS + 0-05% Tween 20)
and hydrogen peroxide which they were asked to
provide themselves. One plate was supplied with the
wells in the top half of the plate coated with anti-
HBe. This enabled workers to perform the initial
tests on two separate occasions, using the top three
rows of the plate on the first occasion, and the next
three rows on the second (Fig. 1). Coated wells
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Fig. 1 Lay-out for the preliminary tests.
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which were not used on the first occasion were kept
sealed during the performance of the test. Speci-
mens V, VI, VII (HBeAg positive, anti-HBe posi-
tive, HBeAg and anti-HBe-negative), and the cut-
off control constituted control sera which were
retained for inclusion in later tests.
Each specimen under test requires a column of

three wells (Fig. 1). The first well (row A) incorpo-
rates a neutralisation test with a standard HBeAg
reactant to detect the presence of anti-HBe in the
specimen; the second well (row B) detects the pres-
ence of HBeAg; and the third well (row C) confirms
the specificity of any HBeAg present by the neutral-
isation of a standard anti-HBe reactant added to
that well. Basically, 50 ,41 volumes of the specimen
are added to each of the three wells and mixed with
50,ul standard HBeAg reactant in row A, 50,u1
normal human serum (NHS) in row B, and 50,ul
standard anti-HBe reactant in row C. The cut-off is
a colour standard and consists of a dilution of a
reference HBeAg-positive serum such that the col-
our release in the wells is just within the limits of
visual discrimination.

Because of the number of steps involved it was
felt necessary to enumerate carefully each stage.
These are included in Appendix I.

Results

One hundred and seventy-one specimens were
received from the collaborating laboratories. By
RIA, 71 specimens (41.5%) were HBeAg-positive:
87 specimens (50.8%) were positive for anti-HBe:
and 13 specimens (7.6%) were apparently negative
for both HBeAg and anti-HBe. The corresponding
ELISA results obtained by the collaborating
laboratories and DMRQC are given in Tables 1, 2,
and 3.

Table 1 Results obtained by ELISA in the 71 specimens
positive by RIA for HBeAg

No ELISA

Results reported by the DMRQC result
collaborating laboratory

57 e+ e+
1 e+ Neither
7 Neither *Neither (but a

suggestion of weak e+)
5 Neither Neither
lt e+ Neither

*Some colour development, but below the cut-off level, in the wells
of row A and B.
tProbably an erroneous result.
e+ = HBeAg positive.
anti-e = anti-HBe positive.
Neither = neither HBeAg nor anti-HBe detectable.

Table 2 Results obtained by ELISA in the 87 specimens
positive by RIA for anti-HBe

No ELISA

Result reported by the DMRQC result
collaborating laboratory

84 Anti-e Anti-e
2 Neither Anti-e
1 Anti-e Neither

Table 3 Results obtained by ELISA in the 13 specimens
negative by RIA for both HBeAg and anti-HBe

No ELISA

Result reported by the DMRQC result
collaborating laboratory

9 Neither Neither
2 Neither Anti-e
1 Anti-e Neither
1 Anti-e Anti-e

There were 30 specimens which gave rather inde-
terminate results in that they were negative for
HBeAg and anti-HBe either by RIA or ELISA (see
Tables 1 and 2, omitting the top line of each Table
and Table 3). Nine of these 30 specimens (30%)
gave completely negative results by RIA and by
ELISA whether carried out in the collaborating
laboratory or DMRQC. Fourteen (47%) were
HBeAg-positive by RIA only (Table 1) and seven
(23%) were anti-HBe-positive only by ELISA
(Tables 2 and 3). If the ELISA results are consi-
dered separately, 29 specimens were reported as
negative for the "e"markers by the collaborating
laboratory and/or DMRQC. Of these ELISA nega-
tives, 14 (48%) were shown subsequently to be posi-
tive for HBeAg by RIA.

Discussion

There was good correlation between ELISA and
RIA in the detection of anti-HBe. Eighty-seven
specimens in this series were positive for anti-HBe
by RIA (Table 2) and of these 84 (97%) were
detected by ELISA in both the collaborating
laboratories and at DMRQC, and the remaining
three either by the collaborating laboratory or
DMRQC. There were 13 specimens negative for
both HBeAg and anti-HBe by RIA. Of these, one
was positive for anti-HBe when tested by ELISA in
both the collaborating laboratory and DMRQC.
Three others were found to be anti-HBe-positive by
ELISA by either the collaborating laboratory or
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DMRQC. Thus, four of the specimens negative by
RIA possessed anti-HBe detectable by ELISA.
Therefore, overall, the sensitivity of the two assays
for anti-HBe appears to be broadly similar. No
specimen negative by RIA was shown to be positive
for HBeAg by ELISA.

It is clear (Table 1) that RIA is more sensitive for
the detection of HBeAg. Of the specimens positive
for HBeAg by RIA, only 57/71 (80%) were
detected by ELISA by both the collaborating
laboratory and DMRQC with one additional anti-
gen detected by ELISA by the collaborating
laboratory only. However, the presence of HBeAg
was suggested in seven of the antigen-positive sera
undetected by ELISA by the development of traces
of colour in the wells of rows A and B. Among the
specimens positive for HBeAg by RIA, the average
positive:negative (P:N) count ratio was 13*5 for
those specimens positive by both RIA and ELISA,
whereas the average P:N ratio of the specimens
positive by RIA only was 7-15. The difference bet-
ween the two assays arises from the increased sen-
sitivity of RIA for lower levels of antigen. This is in
agreement with the findings of Smith and Tedder5
who showed that it was the lower sensitivity of the
ELISA for HBeAg that resulted in the seemingly
paradoxical small increase in sensitivity of ELISA
for the detection of anti-HBe by neutralisation.
One specimen (Table 1,t) reported by a col-

laborating laboratory as positive for anti-HBe by
ELISA was subsequently shown to contain HBeAg
on testing by RIA. When tested by ELISA at
DMRQC, it was negative for HBeAg and there was
no trace of any anti-HBe activity neutralising the
HBeAg reactant added to well A. This was the only
discrepant result in the whole trial and was obtained
by the laboratory with the least ELISA experience.
When patients are undergoing seroconversion

from HBeAg to anti-HBe mixtures of antigen and
antibody may occur and during this time serum may
still be infectious enough to carry a significant risk of
transmission of hepatitis B by parenteral inocula-
tion. If the ELISA were made too sensitive for the
detection of antibody such a specimen might be
reported as positive for anti-HBe, the HBeAg
remaining sub-detectable. To minimise the chances
of obtaining such a falsely reassuring result, Smith
and Tedder deliberately designed the assay (by
adjusting the dose of antigen to be neutralised
added to well A) to leave 5-10% of carriers
unclassified. If all specimens negative for anti-HBe
when tested by ELISA are treated as potentially
HBeAg-positive, then this ELISA should prove to
be a useful guide to the risk of transmission of
hepatitis B by parenteral inoculation, close personal
contact, or perinatal transmission.

Appendix I

TECHNICAL INSTRUCTIONS SENT TO
PARTICIPANTS FOR THE PERFORMANCE OF THE
PRELIMINARY TESTS
1 Aspirate storage buffer from three rows of

wells.
2 Add 100 ,ul volumes of the "cut-off' control

(C/C) to the last triplicate of wells.
To the rest of the wells except the C/C triplicate:
3 Add 50 ,ul volumes of NHS to row B wells.
4 Add 50 ,ul volumes of the standard anti-HBe

reactant to row C wells.
5 Add 50 ,l volumes of specimens I to VII to

their own triplicates A, B, and C.
6 Add 50,ul volumes of the standard HBeAg

reactant to wells of row A.
To all wells:
7 Seal wells with a plate sealer or strips of mask-

ing tape.
8 Incubate overnight at room temperature.
9 Immediately before step 10 make up the conju-

gate:
Dilute conjugate 1/100 in the conjugate buffer.
Only the exact amount of conjugate required
for the test should be made up (25 ,u conjugate
in 2*5 ml conjugate buffer).

10 Wash all wells five times with PBS-Tween.
Aspirate.

11 Add 100 ,u1 conjugate to each well.
12 Cover plate and incubate at room temperature

for 2-3 h (keep to the same time each time you
perform the test).

13 During this period, weigh out 4 mg ABTS
(keep in dark after weighing). Dilute 5 ml subs-
trate buffer with 5 ml distilled water (bring to
ambient temp) and check pH is 4 0 to 4.1. If
necessary, adjust pH with citric acid provided.
The pH is critical, pH 3*9 or 4.2 will result in
poor colour development. Do not dissolve
ABTS in substrate buffer yet.

14 Wash plate five times with PBS-Tween. Aspi-
rate.

15 Add the 4 mg ABTS to the 10 ml substrate buf-
fer together with 64 .l1 H202 (20 vols strength).
Mix.

16 Add 100 Al volumes of the substrate to the
wells.

17 Incubate in the dark for 30 min at room temp-
erature.

18 Add 50 p.1 0-2% sodium fluoride solution to
each well to stop the reaction.

19 Read colour pattern by eye.
Many individuals are able to detect colour
below the level of the colour in the reference
cut-off control wells. However wells should be
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scored as positive HBeAg only if the
nhr^m^Cosn rolone-c> ic: inla to% ^r armatiar thann

that of ti
spectrof
(Fig. 2).
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