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Experimental conditions affecting the sensitivity of
enzyme-linked immunosorbent assay (ELISA) for
detection of hepatitis B surface antigen (HBsAg)*

HOWARD A. FIELDS,' CANDACE L. DAVIS, DANIEL W. BRADLEY,3 & JAMES E. MAYNARD

The sensitivity ofan enzyme-linked immunosorbent assay (ELISA)for the detection of
hepatitis B surface antigen (HBsAg) was improved 16 to 32 times after examination of
various solid-phase supports, different antibody preparations as capture antibody, and
different conditions for adsorbing capture antibody to the solid-phase. Comparisons were
made by checkerboard titration analysis and by sensitivity studies, both of which demon-
strated essentially equivalent results. Endpoints were determined by visual inspection and
by spectrophotometry using o-phenylenediamine as substrate. The assay was as sensitive
as commercially available radioimmunoassays without the requirement of affinity
chromatography purified reagents, expensive instrumentation, or radioisotopes.

Third-generation tests such as radioimmunoassay
(RIA) have been used extensively for the detection of
hepatitis-associated antigens and antibodies in a
variety of specimens including sera, biological tissues,
and faeces (1-4). Radioimmunoassays which use 125 I_
labelled reagents are limited by a relatively short shelf-
life, a user-associated radiation hazard, and a waste
disposal problem. The development and use of
enzyme-linked immunosorbent assay (ELISA) by
Engvall & Pearlman (5) have obviated many of these
problems. Current ELISA systems for HBsAg
detection (6-9) are quantitatively assessed by the
visual or spectrophotometric determination of
various enzyme substrate reactions. Despite the
amplification occurring in these ELISA systems, they
have not routinely exceeded the sensitivity of radio-
immunoassay (6-10).
The ELISA technique has been chosen by the

World Health Organization as the preferred method
for the detection of HBsAg in developing countries of
the world. So that this technique could become widely
known, WHO sponsored a training workshop (con-
ducted in Pune, India, November 1980), in which
participants from several countries in the South-East
Asia Region were introduced to ELISA. This article

* From the Hepatitis and Viral Enteritis Division, (WHO Collab-
orating Centre for Reference and Research on Viral Hepatitis),
Center for Infectious Diseases, Centers for Disease Control, US
Public Health Service, Department of Health and Human Services,
4402 North Seventh Street, Phoenix, AZ 85014, USA.

'Chief, Immunovirology Laboratory.
2 Biologist.
3Chief, Hepatitis Virus Section.
4Director, Hepatitis and Viral Enteritis Division.

describes the assays presented at the workshop and
examines the experimental parameters that contribute
to the overall sensitivity and specificity.

MATERIALS AND METHODS

Reagents

Purification of HBsAg, immunization of guinea
pigs, and purification of polyclonal anti-HBs IgG
from guinea pigs and goats have been previously
described (11). In addition, guinea pig anti-HBs
serum was kindly provided by Abbott Laboratories,
North Chicago, Illinois. Horseradish peroxidase
(EC 1.11.1.7), type VI, was obtained from Sigma
Chemical Co. (St. Louis, Missouri). The enzyme
substrates, 5-aminosalicylic acid (5-AS) (Aldrich
Chemical Co., Milwaukee, Wisconsin), o-phenylene-
diamine (OPD) (Sigma Chemical Co.), and 2.2'-
azino-di-[3-ethyl-benzthiazoline sulfonate] (ABTS)
(Boehringer Mannheim, Indianapolis, Indiana),
were used at concentrations published elsewhere
(13, 6, 14, respectively). The guinea pig anti-HBs IgG
was immunoadsorbed against normal human sera
(NHS) coupled to CNBr-activated Sepharose (Phar-
macia Fine Chemicals, Piscattaway, New Jersey).
Goat anti-HBs IgG was conjugated to horseradish
peroxidase by the method of Wilson & Nakane (12).
Conjugates were lyophilized in the presence of 1 o
bovine serum albumin (BSA) and stored at 4 °C with-
out any deleterious effects. A normal human serum
pool was prepared from approximately 20 individuals
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pre-screened for HBsAg and anti-HBs activity by
Ausria II and Ausab (Abbott Laboratories). This
pool was used for all the checkerboard and sensitivity
studies described below. Individual normal human
serum was obtained during investigations of various
outbreaks and stored at -20 'C. HBsAg-positive
serum was obtained by plasmapheresis of chronic
asymptomatic carrier chimpanzees; this serum
consistently yielded a titre of 1:100 x 29 by Ausria
II.

Enzyme-linked immunosorbent assay

Checkerboard titration. Serial two-fold dilutions
of guinea pig anti-HBs IgG were prepared and
0.125 ml of each dilution was used to coat the wells of
various microtitration solid-phase supports (Table 1).
Each well, coated with capture antibody, received
0.1 ml of a dilution of HBsAg-positive sera close to
the endpoint. By using a very dilute positive control,
small differences in positive control absorbances (P
values) were easily discernible. Normal human serum
(NHS) was used as a negative control (N value). The
wells were incubated for 3 h at 45 'C. Serial two-fold
dilutions of conjugate were prepared and each posi-
tive and negative control well at each dilution of cap-
ture antibody received 0.1 ml of conjugate prepared
in water containing 10% NHS, 10% normal guinea
pig sera, and 10% normal goat sera. The wells were
incubated for 2 h at 37 'C. Finally, substrate was
added and incubated at room temperature for 30 min
in the dark. A wash cycle after each incubation step
was performed using a Dynawasher II (Dynatech,
Alexandria, Virginia) and 0.5% BSA as wash sol-
ution. The plates were washed 10 times following the
capture antibody incubation, 12 times following the
positive and negative control incubation, and 15 times

Table 1. Characteristics of various ELISA solid phases

Type of Plate
plastic No. Configuration Manufacturer

polystyrene flat-bottom strip
(Immulon) Dynatech

11 flat-bottom strip
(Immulon I) Dynatech

Ill flat-bottom strip
(Immulon II) Dynatech

IV flat-bottom EIA plate Dynatech
V flat-bottom EIA plate Costar
VI flat-bottom EIA plate

(1/2 area) Costar
VIl U-bottom plate Cooke

polyvinyl Vil U-bottom plate Cooke
IX U-bottom plate Costar
X U-bottom strip Costar

following the conjugate incubation. Absorbance was
measured by reading the optical density in each well at
the appropriate wavelength for each product, using
an automatic Dynatech reader (MR-580). Results
were scored by comparing P/N quotients.

Sensitivity. The sensitivity of the assay was deter-
mined by either visual inspection or by calculation of
a cutoff value based upon the mean (X) and 3.5 stan-
dard deviations (SD) from X obtained from at least
eight negative controls. This value corresponds to at
least the 99% confidence level for the upper limit of
negative sera absorbance using a one-tailed test. This
cutoff was compared to the traditional cutoff value of
2.1 (X) and by visual inspection which provided
approximately equivalent results.

Specificity. Normal human sera, pretested and
found to be negative for HBsAg by Ausria II (Abbott
Laboratories, North Chicago, Illinois), were assayed
by ELISA. These values were used to calculate X
and SD for the N value. Sera with an absorb-
ance value greater than X + 3.5 SD were con-
sidered false positives.

RESULTS

Comparison ofsubstrates by checkerboard analysis

Table 2 illustrates the effect of substrate type on the
determination of optimal conditions by checkerboard
titration. The P/N values obtained with OPD as sub-
strate were higher than those with ABTS. In addition,
as can be seen, a 1:25 dilution of conjugate was
required to reach a maximum P/N value for ABTS,
whereas a 1:50 dilution of conjugate was required to
reach a maximum P/N value for OPD. Not only were
the optimum conditions more easily discernible by
either visual inspection or spectrophotometric
analysis, but also a two-fold conservation of conju-
gate was obtained. Thus, the use of OPD as substrate
represented a considerable saving of conjugate
despite the faster consumption of capture antibody.
P/N values with substrate 5-AS were not tabulated
because, at the dilutions of HBsAg-positive sera used,
there was no difference between the positive and
negative controls.

Sensitivity ofELISA with OPD and ABTS
compared
Serial two-fold dilutions of HBsAg-positive serum,

prepared in a pool of normal human sera, were used
to determine the sensitivity of the test. Optimal con-
ditions for capture antibody and conjugate had pre-
viously been determined (Table 2). Table 3 indicates
that both substrates yielded the same endpoint based
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Table 2. Comparison of substrates by checkerboard
analysis a

P/N
Capture antibody Conjugate
dilution (jLg/well) dilution ABTS OPD

1:100 (1.2) 1:25 3.90 4.02
1:50 3.02 3.57
1:100 1.89 4.31

1:200 (0.6) 1:25 3.69 4.39
1:50 2.26 5.19b
1:100 2.60 3.00

1:400(0.3) 1:25 4.15b 3.79
1:50 2.30 4.90
1:100 2.06 2.35

a Assay was performed using plate No. IV.
b These figures indicate the highest P/N value.

on a cutoff value of 3.5 SD above the X of 10 NHS
pool replicates. ABTS, used as substrate, yielded a

lower X and a smaller SD than OPD. However, the
determination of endpoints based upon visual inspec-
tion by four different individuals, demonstrated that
OPD was qualitatively easier to read than ABTS and
gave sensitivities approximately equivalent to 2.1 (X).
OPD was used as substrate for the remainder of the
study.

Table 3. Sensitivity of ELISA comparing o-phenylened
sulfonate (6)] (ABTS) as substrates a

Comparison of various plates by checkerboard
analysis

Table 4 compares by checkerboard analysis various
solid-phase supports coated with capture antibody at
different temperatures and times for maximum P/N
responses. Dilutions of guinea pig anti-HBs IgG were

prepared in a TKE buffer (0.05 mol/l Tris buffer,
pH 8.4, containing 0.3 mol/l KCl and 2 mmol/l
EDTA) (11). This batch of guinea pig anti-HBs IgG
and conjugate preparation was different from that
used in the experiments whose results are given in
Tables 1 and 2. Table 4 indicates that nearly every
polystyrene solid-phase yielded a P/N value greater
than the polyvinyl solid-phases at either coating
condition. Plate No. I (trial A) yielded the highest
P/N value as well as provided the greatest conser-

vation of conjugate (1:200 dilution). Interestingly,
the three best plates utilized the most amount of
coating antibody (1: 100). This observation, however,
was not reproduced by coating the plates at 22 °C for
16 h (trial B). In general, an incubation period of 16 h
at 22 °C resulted in the use of less antibody per well to
achieve maximum P/N values. It is interesting to note
that, for plate No. I, approximately equivalent P/N
values were obtained with either trial despite different
optimal conditions. Plate No. II, however, yielded a

P/N value of more than 2 times when incubated for
16 h at 22 'C. This substantiates the manufacturer's
claim that plate No. II as well as No. III have higher
protein adsorption capacities than No. I. An incu-

iamine (OPD) and 2.2'-azino-di-[3-ethyl-benzthiazoline

Dilutions of
HBsAg-positive OPD ABTS
sera ( 00 x 2')
where n = Absorbance S.D.b Resultc Absorbance S.D. Result

2 0.286 83.7 + 0.114 48.5 +
3 0.169 44.7 + 0.071 27.0 +
4 0.094d 19.7 + 0.042d 12.5 +
5 0.063 9.3 + 0.029 6.0 +
6 0.048 4.3 + 0.027 5.0 +
7 NTe NT NT 0.020 1.5 -

Negative control
specimen

X (N = 10) 0.035 0.017
S.D. 0.003 0.002
2.1 {X) 0.074 0.036

aOptimal conditions for capture antibody and conjugate dilutions were based upon results in Table 2; plate No. IV was used.
b The number of standard deviations above the X.
Cutoff based upon X + 3.5 S.D.

d Underlined values indicate cutoff based upon 2.1 (X).
Not tested.
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Table 4. Comparison of various solid-phase supports by checkerboard analysis

Optimal conditions

Coating Plate Capture antibody Conjugate
Trial conditions No. (1ug/well) dilution P/N

A 1 hour
at4 OC 1:100 (1.4) 1:200 8.9

11 1:100 (1.4) 1:50 5.8
VIl 1:100 (1.4) 1:100 5.5
VI 1:200 (0.7) 1:200 5.3
V 1:200 (0.7) 1:100 3.9
IV 1:200 (0.7) 1:100 3.6
Vil 1:200 (0.7) 1:100 3.6

B 16 hours
at22 OC 11 1:200 (0.7) 1:100 12.3

III 1:400 (0.35) 1:200 12.1
1:200 (0.7) 1:50 8.8

Vil 1:100 (1.4) 1:200 8.4
IX 1:100 (1.4) 1:200 6.4
X 1:100 (1.4) 1:50 5.0
IV 1:400 (0.35) 1:200 4.8

bation period of 16 h at 22 °C for capture antibody
was used for the rest of the study.

Sensitivity ofELISA using various plates

A sensitivity assay was performed using various
solid-phases and optimal reagent conditions for each
solid-phase indicated in Table 4 to substantiate the
concept that the use of a dilution of HBsAg-positive
sera that was close to the endpoint in a checkerboard
assay would reveal differences in P/N values which
would be reflected in differences in sensitivities. Table
5 demonstrates that plate No. II gave the highest
sensitivity and confirms the observation based upon
data obtained by checkerboard analysis using a dilu-
tion close to the endpoint (Table 4, trial B). Further-
more, the results obtained by checkerboard analysis
for each solid-phase were reflected in the sensitivity
assay. Because plate No. II demonstrated superior
sensitivity it was used for the rest of the study.

Comparison of different coating antibody prep-
arations and coating buffers by checkerboard
analysis

Three antibody preparations, diluted in three
buffers representing three different pH values, were
used to coat plate No. II. As indicated in Table 6,
guinea pig anti-HBs 493-3, used at 2.0 ytg/well and
diluted in 0.05 mol/l carbonate buffer, pH 9.6,
yielded the highest P/N value. This antibody prep-

aration was approximately 5 times higher in titre than

WHO II when assayed for antibody activity by Ausab
and, as a result, gave the highest P/N responses when
coated at any of the indicated pH values. Thus,
maximum sensitivity was obtained by using a combi-
nation of high-titred antibody and elevated pH for
coating. In general, at pH 9.6, more antibody could
be added per well which indicates a higher adsorptive
capacity for plate No. II. It is important to note that
affinity chromatography purified goat anti-HBS IgG
was not as sensitive as either of the guinea pig
preparations.

Sensitivity of ELISA with comparison of the two
antibody preparations
Two guinea pig preparations of anti-HBs IgG,

differing approximately 5-fold in titre, were com-
pared by a sensitivity study. Table 7 clearly demon-
strates that 493-3, the higher titred preparation, was
more sensitive by all the methods used to determine a
cutoff value. This observation again confirms the
concept that real differences in sensitivity can be
ascertained by performing a checkerboard titration
using a dilution of antigen close to the endpoint.

Specificity ofELISA
Eighty-eight individual normal human sera, pre-

tested and found to be negative for HBsAg by Ausria
II, were retested by ELISA. The X absorbance value
obtained was 0.042 with a SD of 0.014. With a cutoff
value of X + 3.2 SD (greater than the 99070 confidence
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Table 6. Comparison of different coating antibody
preparations and coating buffer by checkerboard
analysis

Optimal conditions

Antibody Capture antibody Con-
Buffer prepar- (14g/well) jugate P/N

ation dilution

PBS, 493-3a 1:40 (0.5) 1:100 34.1
pH 7,4 WHO)) 1:100 (1.4) 1:200 30.4

ACP Gtb 1:200 (0.6) 1:100 6.6

TKE, 493-3 1:80 (0.25) 1:100 33.0
pH 8.5 WHO II 1:400 (0.35) 1:200 21.4

ACP Gt 1:100 (1.2) 1:100 7.2

0.05
mol/l 493-3 1:10 (2.0) 1:100 48.2c
carbonate WHO II 1:100 (1.4) 1:200 36.1
buffer, ACP Gt 1:100 (1.2) 1:200 7.6pH 9.6

a Gift from Abbott Laboratories, North Chicago, Illinois.
b Affinity chromatography purified goat anti-HBs IgG.
c Underlined value indicates maximum P/N.

level), only 1 false positive (1. l 7o) was observed. This
cutoff value is equivalent to the traditional cutoff
P/N value of 2.1.

DISCUSSION

This WHO-sponsored study was undertaken as
part of a programme developed for upgrading HBsAg
testing in the South-East Asia Region. ELISA kits
were prepared and distributed to 16 laboratories
which participated in a WHO Workshop on Rapid
Viral Diagnosis, conducted at the National Institute
of Virology in Pune, India, in November 1980. The
overall goal of the programme was to develop a sensi-
tive and inexpensive assay for the detection of HBsAg
quantitatively without the requirement of sophisti-
cated and expensive instrumentation.

Three methods of distinguishing a positive speci-
men from a negative specimen were compared:
(a) X+3.5 SD; (b) 2.1 (X), or P/N value; and
(c) visual inspection. Method (c) proved to be almost
as sensitive as method (b); however, because of the
subjective nature of the visually read endpoints there
was more individual variation. The most sensitive
method for discerning a positive from a negative is by
the use of a cutoff value computed from the X and SD
of at least eight negative controls. A cutoff value
equivalent to the X+ 3.5 SD represents the 99%
confidence level using a one-tailed test.
A comparison of the three substrates used

demonstrated that 5-AS was unacceptable because of
the observed lowered sensitivity. The substrates OPD

Table 7. Sensitivity of ELISA in the comparison of two antibody preparations'

Antibody preparation

Dilutions of
HBsAg-positive 493-3 WHO II
sera (100 x 20)
where n = Absorbance S.D. b Resultc Absorbance S.D. Result

3 0.613 198.0 + 0.216 97.5 +
4 0.378 119.7 + 0.031 55.0 +
5 0.214 65.0 + 0.08 29.5 +
6 0.130 37.0 + 0.052d 15.5 +
7 0.081 20.7 + 0.042 10.5 +
8 0.052 11.0 + 0.033 6.0 +
9 0.041 d 7.3 + 0.027 3.0 -

10 0.030 3.7 + 0.025 2.0 -

Negative control
specimen

X (N =8) 0.019 0.021
S.D. 0.003 0.002
2.1 (X) 0.040 0.044

a Optimal conditions for capture antibody and conjugate dilutions were based upon results in Table 6; plate No. ll was coated for
26 h at 22 0C in 0.05 mol/l carbonate buffer, pH 9.6.

The number of standard deviations above the X.
Cutoff based upon X + 3.5 S.D.

d Underlined values indicate cutoff based upon 2.1 (X).
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and ABTS gave very similar results in terms of overall
sensitivity. However, the use of OPD consistently
yielded higher P/N ratios than ABTS in the checker-
board titrations and was considerably easier to read
visually. For this reason, OPD was chosen as the
substrate in the evaluation of various conditions that
affect the sensitivity of ELISA for HBsAg.
A checkerboard titration was performed to

establish the optimal dilutions for the conjugate and
capture antibody. Dilutions of HBsAg-positive sera
close to the endpoint were used and the results were
scored in terms of P/N values. This study
demonstrated that a checkerboard titration not only
established optimal conditions for the test, but also
provided P/N values that reflected the relative
sensitivities. This conclusion was based upon
checkerboard analysis and sensitivity studies for the
selection of substrate, selection of a solid-phase
support, and selection of capture antibody.
The sensitivity of ELISA for HBsAg was affected

by all the conditions studied in this report: selection of
substrate, capture antibody titre, solid-phase protein
adsorption properties, and conditions used for coat-
ing the solid-phase. The latter three relate to the
amount of specific antibody adsorbed to the surface
of the plastic. Checkerboard titrations demonstrated
(data not shown) that too much antibody, as well as
too little, will adversely affect the test by lowering the
P value or increasing the N value or both. A curious
contradiction was observed, however, using affinity
chromatography purified goat anti-HBs IgG as cap-
ture antibody. This preparation, in which essentially
1000/o of the antibody molecules have specificity
towards HBsAg, should be at least 10 times more

sensitive per weight of total IgG than the guinea pig
preparations. The sensitivity of ELISA for HBsAg
using this preparation, however, was significantly
reduced. Thus, other factors in addition to those
described in this study may be operative.
A comparison of SD values obtained from repli-

cates of the same specimen and from different indivi-
dual specimens revealed that individual specimens
varied considerably more. This increased variation
among the individual specimens makes visual
inspection of unknown specimens difficult in discern-
ing a positive from a negative. Thus, ELISA for
HBsAg in an unknown specimen has a somewhat
lowered sensitivity when assessed quantitatively by
visual inspection than by the two other methods.
By incorporation of the conditions presented in this

study, the sensitivity of ELISA for HBsAg was
improved 16-32-fold, depending upon the method
used for determining endpoints. This improved assay
has approximately the same sensitivity as commer-
cially available RIA and ELISA systems, most of
which utilize affinity chromatography purified anti-
body in the preparation of the conjugate to attain
maximum sensitivity and specificity. This latter
reagent considerably raises the cost and complexity of
the test; however, a critical examination of the test
system components and optimal parameters has
eliminated this requirement. The use of affinity
chromatography purified antibody in the preparation
of the conjugate, in addition to examining the various
conditions, may lead to a more sensitive and specific
ELISA for HBsAg than the one described in this
article.

RESUME

CONDITIONS EXPtRIMENTALES MODIFIANT LA SENSIBILITE DU TITRAGE AVEC IMMUNOADSORBANT
LIE A UNE ENZYME (ELISA) POUR LA DETECTION DE L'ANTIGtNE DE SURFACE DE L'HEPATITE B (HBsAg)

L'examen de diverses conditions modifiant la sensibilite
du titrage avec immunoadsorbant lie A une enzyme (ELISA)
pour la detection de l'antigene de surface de l'hepatite B a
permis d'ameliorer celle-ci de 16 A 32 fois. Le point final a
et determine par examen visuel et par spectrophotometrie.
On a choisi comme substrat l'o-phenylenediamine (OPD)
car cette substance est sensible et facilite considerablement
la lecture visuelle. La determination spectrophotometrique
du point final repose sur le calcul d'une valeur moyenne de
la densite optique (X) A partir d'au moins 8 temoins negatifs,
et d'un ecart-type (ET) de X. Les densites optiques
depassant X + 3,5 ET ou 2,1 (X) ont et calculees et utilisees
pour determiner les points finals. Cette derniere methode a
donne des resultats dans l'ensemble equivalents A ceux de
l'examen visuel, mais la methode avec X + 3,5 ET etait plus

sensible. Une comparaison de la sensibilite avec divers
supports en phase solide a montre qu'en general le poly-
styrene etait superieur au polyvinyle, bien que des diffe-
rences considerables aient e observees entre les diverses
phases solides A base de polystyrene. En outre, l'adsorption
passive d'anticorps de capture de titre eleve A 22 °C pendant
16 heures, en dilution dans du tampon carbonate 0,05
mol/l, pH 9,6, a grandement ameliore la sensibilite de la
methode. Tous ces resultats se rapportent A la quantite
d'anticorps specifique adsorbe. Pour la detection de
l'HBsAg, la methode ELISA s'est revelee aussi sensible que
les titrages radio-immunologiques du commerce, sans qu'il
soit necessaire d'utiliser des reactifs purifies pour chromato-
graphie d'affinite, un appareillage couteux ou des radio-
isotopes.
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