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Abstract. To study immunity to meningococcal diseases, investigators need a sensitive,
serological technique for measurement of the protective antibodies. Although the well-
accepted assay for this purpose is the radioimmunoassay (RIA), it requires expensive
equipment and uses potentially hazardous reagents which usually have a short shelf life.
The enzyme-linked immunosorbent assay (ELISA) has been reported to be as sensitive and
reliable a technique as the RIA. We have developed the ELISA for determination of
antibodies to group C meningococcal polysaccharide. A successful method for the indirect
coating of polystyrene surfaces with polysaccharide antigen, the biochemical purification of
the different reagents used and the various optimal ELISA parameters are described. The
results of 90 different human sera tested by the ELISA technique were comparable with RIA
results of the same sera, and a significant correlation was obtained (r = 0.86; P < 0.001).

Meningococcal disease is a major cause
of mortality and morbidity among children
throughout the world and also among many
adults in sporadic epidemics (1). Cerebro-
spinal meningitis outbreaks have continued
to occur in Africa, but at the same time the
morbidity due to the disease has risen to
epidemic proportions in some countries of
South America, the Middle East, Southern
Africa, Europe, and Asia (2). To study im-
munity to meningococcal diseases, inves-
tigators need a simple and sensitive
serological technique for measurement of
the protective antibodies. The enzyme-
linked immunosorbent assay (ELISA) has
been used to detect the immune response to
a wide variety of infectious agents (3—35).
The ELISA has been shown to be as sensi-
tive as the radioimmunoassay (RIA) (6—8)
and can be adapted to large-scale testing.
The assay uses an enzyme as the immuno-
globulin marker instead of radioisotopes.
The ELISA reagents are stable and non-
hazardous, and the assay does not require
expensive radioactivity detection equipment.

In the present study, we have adapted the
ELISA for the measurement of antibodies
to group C meningococcal polysaccharide
in humans.

Materials and Methods. Group-specific
meningococcal polysaccharide antigen.
Group C meningococcal polysaccharide
was isolated from strain C,,, group C, Neis-
seria meningitidis (obtained from Dr. J. B.
Robbins, U.S. Food and Drug Administra-
tion, Bethesda, Md.) according to the
method of Gotschlich et al. (9).

Horse anti-group C meningococcal anti-
bodies. Horse anti-group C antiserum was
prepared according to the method of Alex-
ander et al. (10). A partially purified IgG
fraction (PPIgG) of horse anti-group C
meningococcal polysaccharide was pre-
pared by fractionating the horse antiserum
on Sephadex G-200 (Pharmacia, Uppsala)
(11). The PPIgG fraction was further
purified on DEAE-Sephadex A-50 (Phar-
macia, Uppsala) according to the method of
The and Feltkamp (12), except that the
ammonium sulfate fractionation step was
eliminated.

Conjugate. Whole rabbit anti-human IgG
serum (Kallestad, Minneapolis, Minn.) was
fractionated by three successive precipita-
tions using 40% saturated (NH,),SO, fol-
lowed by purification on DEAE-Sephadex
A-50, as for PPIgG.

The purified IgG fraction of rabbit anti-
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human IgG was coupled to alkaline phos-
phatase (Sigma, Type VII) by the one-step
glutaraldehyde technique described by Eng-
vall and Perlmann (13). The conjugated
enzyme was precipitated with an equal vol-
ume of saturated (NH,),SO,. The precipi-
tate was dissolved in 0.5 ml of 0.08 M
Tris—HCI buffer at pH 8 and fractionated
by gel filtration using Sephadex G-200 to
separate the excess unbound enzyme. The
optical density (OD) was monitored at 280
nm by a recording spectrophotometer. The
first peak was pooled and 0.1 M MgCl, was
added to obtain a final concentration of
0.001 M. NaN; was added for a final con-
centration of 0.02%. The conjugate was
stored at —20°.

Test performance. The ELISA sandwich
technique was a modification of the method
of Engvall and Perlmann (13). A 1-ml IgG
fraction of horse anti-group C meningococ-
cal polysaccharide (10 ug) in 0.1 M sodium
carbonate buffer, pH 9.6, containing 0.02%
NaN; was added to each polystyrene tube
(12 X 75 mm; Falcon Plastics, Division of
Becton, Dickinson, & Co., Oxnard, Calif.).
The tubes were incubated in a water bath at
37°C for 3 hr and stored at 4° overnight. The
precoated tubes were washed three times
with phosphate-buffered saline containing
0.05% Tween 20 (PBS—Tween). Then 1 ml
of group C meningococcal polysaccharide
antigen (5 pg) diluted in PBS—Tween was
added to the immunoglobulin-coated tubes.
The tubes were incubated in a water bath at
37° for 1 hr. The coated tubes containing the
polysaccharide antigen were used immedi-
ately in the assay.

The tubes were washed three times with
PBS—Tween. One milliliter of serum was
added to each tube and the tubes were in-
cubated for 1 hr in a 37° water bath. After
washing three times with PBS—Tween, 1
ml of conjugate diluted in PBS—Tween
containing 4% bovine serum albumin (BSA)
(Sigma, fraction V) was added. The tubes
were incubated at 37° overnight (about 16
hr), washed three times with PBS—Tween,
and 1 ml of substrate (1 mg p-nitrophenyl
phosphate/ml 0.05 M sodium carbonate
buffer, pH 9.8, containing 0.001 M MgCl,)
was added to each tube. The tubes were
incubated in a 37° water bath for 2 hr. The

enzyme reaction was stopped by the addi-
tion of 0.1 ml 1 N NaOH. The OD of the
solution was obtained by using a Pye—
Unicam (SP-500) spectrophotometer at
400 nm. All assays included control tubes
without antigen. The amount of antibody
detected was assessed by subtracting the
OD values of the control tubes from the OD
values of the test samples.

Radioimmunoassay. The RIA was per-
formed according to the method described
by Gotschlich et al. (14). Tyraminated
group C meningococcal polysaccharide was
obtained from Dr. E. Gotschlich (Rocke-
feller University, New York) and was
labeled with '*I (Amersham) according to
the method of Gotschlich et al. (14).

Results. Effect of adding BSA (fraction
V) to the conjugate solution. Theoretically,
it is possible that proteins other than the
specific antibodies will adhere to poly-
styrene surfaces of the tubes not occupied
by the specific antibodies, therefore in-
creasing the background staining. To de-
crease background staining due to this phe-
nomenon, conjugates were diluted in
PBS—Tween containing BSA (fraction V)
added as a protective blocking agent. Table
I shows the effect of addition of BSA frac-
tion V to the conjugate solution. The mean
of the OD readings at 400 nm of conjugate
controls decreased progressively with in-
creasing concentration of BSA fraction V
up to 4%.

These experiments show that the back-
ground staining due to the nonspecific
reactions is reduced. The no-antigen con-
trol, however, still shows some background
color. Therefore, this control, representing
a nonspecific background reading, was
subtracted from the OD readings of all the
test sera in the ELISA results.

Specificity of ELISA. To test the speci-
ficity of ELISA technique for detecting
antibodies to group C meningococcal
polysaccharide, we reacted group C poly-
saccharide coated in tubes with sera known
to contain antibodies against the follow-
ing: Group C meningococcal polysaccha-
ride, group A meningococcal polysaccha-
ride, Haemophilus influenzae type b, Clos-
tridium tetani toxin, and serum from an
individual volunteer with no history of
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meningococcal infection (taken as normal
serum). The mean OD values observed
were 1.36, 0.10, 0.085, 0.07, and 0.09, re-
spectively. These values indicate that it is
likely that antibodies to these agents do not
cross-react in the ELISA group C menin-
gococcal system.

Reproducibility of ELISA. To evaluate
the reproducibility of the assay, we tested
three positive sera known to contain
antibodies to group C meningococcal
polysaccharide 10 times by ELISA over a
period of 2 months, during which the sera
were stored at 4°. The mean optical density
values for sera 1, 2, and 3 were 1.4, 0.92,
and 0.72, respectively. The coefficient of

variation for the assay values were 3.2, 1.6,
and 4.1, respectively.

Comparison of ELISA and RIA. Fol-
lowing standardization of various ELISA
parameters, we compared this method with
the RIA. Thirty-three persons from Kafr-
Harith Village, Egypt (general population),
were chosen at random. Ninety serum
samples were obtained from them. These
were tested for the presence of group C
meningococcal antibodies by both the
ELISA method just described and the RIA.
These results are shown in Fig. 1. By RIA,
26 of the 90 sera were shown to have
antibodies to group C meningococci of
more than 5 wg/ml serum. Twenty-two of

1.20 ® — one observation *
@ — two observations
110 . :*
1.00
o °
° . 4
0.90 * *
°
° °
. i *
0.80
°
S 0.70
w
>
=
2 0.60-
[
(o]
B S »
= 0.50
8— [ ] ¢ )
[} L | ¢
0.40 o ) * : *
Sob e
°
0.30 soel®
o °
%, o . ©
o, ©
020 © e ®
o® o ® oo
°
oee *
.
0.10
o0
T Y ) T ! ! ‘ o 10
1 2 3 4 5 6 7 8 s

ug Antibody per ml (RIA)

Fi1G. 1. The group C meningococcal antibody concentrations (ug antibody/ml) as measured by RIA
versus ELISA values (OD at 400 nm) for the same sera.
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these gave OD readings by ELISA of more
than 0.5. Sixity-five sera had antibodies to
group C meningococci < 5 ug/ml serum by
RIA. With four exceptions, all of the 65
sera gave OD readings of < 0.5 by ELISA.
The four exceptions had readings of 0.51,
0.52, 0.82, and 0.98, respectively. Statistical
evaluation of these data by correlation
coefficient revealed a significant correlation
between RIA and ELISA (r = 0.85; P <
0.001).

Discussion. In the present work a suc-
cessful method was introduced for indi-
rectly coating polystyrene surfaces with
group C polysaccharide through the use of a
biospecific binding of the polysaccharide to
polystyrene surfaces precoated with IgG
fraction of immune group-specific menin-
gococcal antibodies. Following the incuba-
tion of polysaccharide antigen, human sera
were added and then the conjugated en-
zyme. The enzymatic color reaction was
developed when specific substrates were
added. The intensity of color developed
was proportional to the amount of anti-
bodies present in human sera directed
against the group C meningococcal poly-
saccharide.

The purity of the different components
used in the ELISA proved to be an impor-

tant parameter which affected the non-
specific reactions. In addition to purifi-
cation of the materials used in ELISA,
other manipulations were required to
minimize nonspecific color reactions. One
of these was the addition of 4% BSA frac-
tion V to the dilutions of the conjugates,
which resulted in the decrease of the
nonspecific reactions (Table I). This sup-
ports the use of 4% BSA as reported by
Ruitenberg et al. (15). The background
staining still remaining in the case of the
no-antigen control (Table I) could be ex-
plained as probably due to the presence of
nonspecific serum factor(s). Therefore, this
nonspecific background reading was sub-
tracted from the OD readings of all test sera
in the ELISA results.

The radioimmunoassay is a well-estab-
lished technique, is highly sensitive, and
permits precise quantification of antibodies
to meningococcal polysaccharide (14). Our
data demonstrated that the ELISA can also
be utilized as a sensitive technique for
determination of antibodies against group C
meningococcal polysaccharide. The RIA
has some disadvantages: the use of hazard-
ous, radioactive, nonstable isotopes and
the need for expensive equipment. The
ELISA is a more convenient method and,

TABLE 1. EFFECT OF ADDING BSA FRACTION V TO THE CONJUGATE SOLUTION

Percentage of BSA fraction V

Reactions 0 0.5 1 2 4 S
Positive serum control
Horse anti-c+Ag-c+Ab-c+
conjugate +substrate 0.98 0.96 1.10 1.05 1.15 1.15
Negative serum control
Horse anti-c+Ag-c+ Ab-negative
-c+conjugate+ substrate 0.24 0.24 0.23 0.20 0.18 0.18
Conjugate controls
Horse anti-c+ Ag-c+PBS—Tween
+conjugate +substrate 0.16 0.09 0.08 0.07 0.09 0.07
Horse anti-c+PBS—Tween+ Ab-c
+conjugate + substrate 0.52 0.48 0.38 0.31 0.22 0.21
Horse anti-c+PBS—Tween+PBS—
Tween+conjugate+substrate 0.09 0.06 0.04 0.04 0.04 0.02
Mean of conjugate controls 0.25 0.21 0.16 0.14 0.11 0.10

Note. Results are OD at 400 nm.
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therefore, should find wide application
for measuring antibodies against microbial
polysaccharide antigen.
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