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Meningococcal serogroup-specific immunoglobulin G (IgG), IgG1, and IgG2 concentrations were assigned to
three reference sera, CDC 1992, 89-SF, and 96/562, for meningococcal serogroups A, C, Y, and W135 via the
method of cross standardization. The sum of the serogroup-specific IgG1 and IgG2 concentrations determined
for the four meningococcal serogroups showed good agreement with the serogroup-specific IgG either deter-
mined here or as previously represented. Following the assignment of meningococcal serogroup-specific IgG1
and IgG2 concentration to these reference sera, a meningococcal serogroup-specific IgG1 and IgG2 enzyme-
linked immunosorbent assay protocol was developed. The serogroup A and C specific subclass distribution of
a panel of adult sera collected following vaccination with any combination of meningococcal serogroup C
conjugate, bivalent, or tetravalent polysaccharide vaccines was determined. For the determination of serogroup
W135 and Y specific subclass distribution, an adolescent panel 28 days following a single dose of either
tetravalent polysaccharide or conjugate vaccine was used. The sum of the serogroup-specific IgG1 and IgG2
showed strong correlation with the serogroup-specific total IgG determined. The assignment here of IgG1 and
IgG2 subclasses to these reference sera will allow more detailed evaluation of meningococcal conjugate and
polysaccharide vaccines.

Meningococcal disease, which occurs mainly as either septi-
cemia or meningitis, represents a major health problem world-
wide. Outbreaks and epidemics of meningococcal disease oc-
cur throughout the world, caused by serogroups B, C, Y, and
W135 causing endemic disease, whereas epidemics are mainly
caused by serogroup A. Meningococcal serogroup C conjugate
(MCC) vaccines have been introduced into several countries
and have had a significant impact on the reduction of menin-
gococcal serogroup C disease in the targeted age groups within
the United Kingdom (2, 17). Recently, an increase in cases due
to serogroup W135, especially in association with the hajj pil-
grimage to Saudi Arabia, and serogroup Y within the United
States has occurred (20). Currently, only tetravalent A, C, Y,
and W135 polysaccharide vaccines are available against all four
serogroups, with conjugate vaccines under development (3,
17). Therefore, the need for international reference sera with
assigned serogroup-specific IgG and IgG subclass values is
valuable for vaccine development and evaluation.

There is no standard method for assigning antibody concen-
trations to a standard reference serum. Arbitrary or weight-
based units can be assigned, with the latter being of preference.
However, achieving a consensus antibody level can prove dif-
ficult, as in the case of Haemophilus influenzae reference serum
FDA 1983, in which a variety of techniques were used (8, 9,
12). Various methods can be used to assign reference sera
antibody concentrations, including quantitative precipitation

assays (14, 19, 21), homologous or heterologous enzyme-linked
immunosorbent assay (ELISA) formats (10) and the use of
myeloma protein standards (11), all methodologies used in the
past. The method of cross standardization between different
antigens has been reported by Concepcion and Frasch (5), who
evaluated previously assigned IgG values in the pneumococcal
reference serum 89SF by this method. Available reference sera
would facilitate the comparison of ELISA results and inter-
laboratory standardization of subclass assays.

IgG1 and IgG2 comprise about 90% of the total human
serum IgG. Little information is available concerning the IgG
subclass response following meningococcal disease or vaccina-
tion with meningococcal polysaccharides or conjugates and this
is in part due to the absence of an international reference
serum that has been quantified for IgG subclasses. The deter-
mination of IgG subclass response following vaccination or
infection will give an insight into the type of immune response
induced by the immunological challenge present.

This study had two main aims, the assignment of serogroup-
specific IgG and IgG subclass values to three international
reference sera and the development of a subclass ELISA pro-
tocol, enabling the use of the assigned values to quantify sera
from individuals following vaccination or disease.

MATERIALS AND METHODS

Reference sera. CDC 1992 (NIBSC code 99/706) is a pool of serum from 20
adults following vaccination with a tetravalent meningococcal polysaccharide (A,
C, W135, and Y) vaccine, which is distributed by the National Institute for
Biological Standards and Control (NIBSC, Potters Bar, United Kingdom) and
the Centers for Disease Control and Prevention (CDC, Atlanta, Ga.).

Meningococcal reference serum (NIBSC code 96/562) is a pool of serum from
adults following bivalent meningococcal polysaccharide (A and C) which is also
distributed by NIBSC and will be referred to as 96/562 throughout this article.
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U.S. reference serum lot 89-SF is a pool of postvaccination adult sera following
immunization with a 23-valent pneumococcal vaccine, a meningococcal tetrava-
lent (A, C, Y, W135) polysaccharide vaccine, and an H. influenzae type b con-
jugate vaccine which is distributed by the Food and Drug Administration (FDA),
Bethesda, Md.

All reference sera were reconstituted as directed.
Monoclonal antibodies against human IgG subclasses. The mouse anti-hu-

man monoclonal antibodies used were anti-IgG1 (clone HP6069) and anti-IgG2
(clone HP6002), both purchased from Zymed Laboratories (San Francisco,
Calif.).

Human serum panel. A panel of 10 adult sera was used to determine sero-
group A and C specific IgG and IgG subclass distribution. These samples were
obtained from laboratory staff at Manchester Health Protection Agency Labo-
ratory, subjects had received any combination of MCC, bivalent (A and C), or
tetravalent (A, C, Y, and W135) polysaccharide vaccines, and blood samples
were obtained at various time points following vaccination. A different panel was
used to determine serogroup W135 and Y specific IgG and IgG subclass distri-
bution. This panel consisted of 10 adolescent sera, 28 days following a single dose
of either a tetravalent polysaccharide or conjugate vaccine.

Meningococcal polysaccharides. Meningococcal serogroup A (MenA) and C
(MenC) polysaccharide and methylated human serum albumin are available
upon request from NIBSC and were reconstituted as directed. Meningococcal
serogroup W135 (MenW135) and Y (MenY) polysaccharides were provided by
Aventis Pasteur, Swiftwater, Pa.

Polysaccharide plate coating took place in a mixture of methylated human
serum albumin in 10 mM phosphate-buffered saline dissolved in pyrogen-free
sterile water, overnight at 4°C. The concentrations of MenA and MenC polysac-
charides and methylated human serum albumin were as described by Holder
et al. (10) and MenW135 and MenY were at a final concentration of 1 �g/ml with
methylated human serum albumin at 2 �g/ml.

All buffers and plate washings were as described previously (4).
ELISA for determination of anticapsular meningococcal serogroup A, C,

W135, and Y IgG concentrations in reference sera. Immulon 2 microtiter plates
(ThermoLabsystems, Franklin, Mass.) were coated with meningococcal polysac-
charides and always contained MenA and MenC and either MenW135 or MenY,
with four columns being coated with each serogroup polysaccharide. Following
blocking, seven twofold dilutions of reference sera were made directly in the
microtiter plate by well to well transfer, leaving row H as a buffer blank. Each
reference serum was tested in duplicate on each plate and incubation was over-
night at 4°C.

Microtiter plates were developed with monoclonal-PAN anti-human Fc� per-
oxidase antibody (diluted in serum/conjugate [S/C] buffer) for 2.5 h at room
temperature, followed by the chromogenic substrate tetramethylbenzidine dihy-
drochloride monohydrate, and the reaction was stopped after 30 min with 2 M
H2SO4. The optical density of each well was then read at 450 nm.

Data analysis. Data analysis was performed as previously described by Soin-
inen et al. (22). Differences between values assigned with MenA and MenC as
reference standards were analyzed with a paired student’s t test.

ELISA for determination of anticapsular meningococcal serogroup A, C,
W135, and Y IgG1 and IgG2 concentrations in reference sera. The ELISA for the
determination of IgG1 and IgG2 concentrations in reference sera was a modi-
fication of the ELISA described above for IgG. Costar, enzyme immunoassay
enzyme immunoassay/radioimmunoassay medium binding microtiter plates
(Corning Life Sciences, Netherlands) were coated with meningococcal polysac-
charides as above. Following overnight incubation, plates were incubated se-
quentially with mouse monoclonal antibodies to human IgG subclasses for 3 h at
room temperature, with alkaline phosphatase-conjugated rabbit anti-mouse an-
tibody for 2.5 h at room temperature, and with p-nitrophenyl phosphate (1 mg/
ml) in 1 M diethanolamine buffer containing 0.5 mM MgCl2 (pH 9.8) for 2 h at
room temperature. Both the monoclonal antibodies and conjugated anti-mouse
antibody were diluted in S/C buffer at predetermined dilutions. The reaction was
stopped by the addition of 50 �l of 3 M sodium hydroxide. The plates were read
on an Anthos 2001 plate reader at 405 nm with a reference filter at 690 nm.

Data analysis. Data analysis was carried out as above except only MenC CDC
1992 was used as a standard with values previously assigned by Hutchins et al.
(11).

ELISA for antimeningococcal serogroup-specific IgG antibodies in unknown
samples. A standardized ELISA was performed as described previously by Car-
lone et al. (4) except reference serum CDC 1992 and a different conjugate,
monoclonal-PAN anti-human Fc� peroxidase antibody, were used.

ELISA for antimeningococcal serogroup-specific IgG1 and IgG2 antibodies in
unknown samples. The ELISA specific for IgG1 and IgG2 antibodies in un-
known samples was a modification of the ELISA described earlier by Carlone et

al. (4). Following nonspecific protein binding blocking, reference sera, a quality
control serum (either 89-SF or 96/562) and unknown samples were added in
duplicate to a Costar enzyme immunoassay/radioimmunoassay medium binding
plate coated with the required polysaccharide and eight twofold dilutions made
directly in the plate leaving two wells at the base of the quality control as buffer
blanks. Following overnight serum incubation plates were processed as in the
IgG subclass reference serum concentration determination above.

Data analysis. Serogroup-specific IgG and IgG subclass concentrations were
calculated with a four-parameter, logistic curve model in the SOFTmax PRO
(Molecular Devices, Wokingham, UK) data analysis software program.

RESULTS

Assignment of serogroup-specific IgG concentrations to ref-
erence sera. The method of cross-standardization was used to
assign meningococcal serogroup-specific IgG, IgG1, and IgG2
antibody concentrations to CDC 1992, 89-SF, and 96/562. As-
signment of meningococcal serogroup-specific IgG used the
reference serum CDC 1992 on the MenA and MenC portions
of the plate as the standard reference. There was no significant
difference between the values assigned when CDC 1992 on
either the MenA or MenC portion of the plate was used as the
reference standard (P � 0.05 for all comparisons), and there-
fore the values shown in Table 1 are the means of the values
determined with both. Means were determined from at least
five independent assays, with the coefficient of variation for
values assigned on different days remaining below 23% (n � 5
to 27) in all cases. Standard reference curves and unknown
sample curves obtained by the cross standardization assay were
parallel as determined by the guidelines of Plikaytis et al. (15).

Assignment of serogroup-specific IgG1 and IgG2 concentra-
tions to reference sera. Meningococcal serogroup C-specific
IgG subclass antibody concentrations have previously been
assigned to CDC 1992 (11), and this was used as the reference
standard to assign IgG and IgG subclass antibody concentra-
tions to the three reference sera for all four serogroups. Again,
each test was run at least five times and the means were
assigned as the IgG subclass specific concentrations (Table 1).
Standard reference and unknown curves were parallel in the
IgG subclass ELISA and the coefficient of variation for values
assigned on different days remained below 25% (n � 5 to 14).
The sum of IgG1 and IgG2 was 98.8 to 121.3% of the total IgG
determined by independent assays for all four serogroups. The
ratio of IgG subclass serogroup C CDC 1992 concentration to
the IgG subclass concentration of the unknown were similar to
the dilution ratio required to produce equivalent optical den-
sities on standard dilution curves for all serogroups and refer-
ence sera. For example, the ratio (1.14) of serogroup A IgG1
CDC 1992 concentration (10.17 �g/ml) to serogroup C IgG1
CDC 1992 concentration (8.9 �g/ml) is similar to the dilution
ratio required to produce equivalent optical densities on dilu-
tion curves for both serogroups (100/100 � 1).

Comparison of the IgG subclass-specific assay to the IgG-
specific assay. Adult sera were quantified for antimeningococ-
cal serogroup A, C, W135 and Y specific IgG, IgG1 and IgG2
with the reference serum CDC 1992 as a reference standard,
with values determined in this study (Table 1) or earlier (10,
11). The correlation between independently determined IgG
concentrations and the sum of IgG1 and IgG2 concentrations
measured by the IgG subclass-specific ELISA was determined,
with correlation coefficients of 0.99 for all four serogroups (Fig.
1).
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DISCUSSION

This study has determined the IgG, IgG1, and IgG2 concen-
trations of antibodies to meningococcal serogroups A, C,
W135, and Y in three reference sera and describes an IgG
subclass protocol for determining IgG subclass distribution in
unknown sera. The method of cross-standardization was used
to assign IgG and IgG subclass values to the three reference
sera. Cross-standardization allows the assigned antibody con-
centration in a reference serum against one meningococcal
serogroup to assign antibody values to additional meningococ-
cal serogroups. This assumes that if equal amounts of antibody
are bound to the two different solid-phase antigens, the optical
density of the bound labeled secondary antibody will be the
same regardless of the specificities of the antibodies being
measured. This format allows a previously calibrated standard
reference serum to be used to assign antibody concentrations
to any designated reference serum.

For the method of cross-standardization to measure menin-
gococcal serogroup-specific IgG and IgG subclasses, several
requirements must be met (13). First, the antigen must not be
limiting. Optimal antibody binding was obtained when MenA
and MenC were used at 5 �g/ml and when MenW135 and
MenY were used at 1 �g/ml. The dilution curves of the two
samples (reference and unknown) must be parallel to support
the assumption that the antibody-binding characteristics are
similar enough to allow the determination of antibody levels in
the diluted serum sample. Standard reference curves and un-
known samples in the cross-standardization ELISAs were
judged to be parallel by the guidelines of Plikaytis et al. (15).
Figure 2 shows an example of typical curves obtained in the
assays described here in which parallelism was present. Finally,
the standard and unknown serum samples must be assayed
under the same experimental conditions. Three meningococcal
polysaccharides were coated per plate and only these data were
used in the cross standardization, and therefore all assay pa-
rameters were identical.

Meningococcal serogroup A and C capsular polysaccharide
and meningococcal reference serum, CDC 1992 with previ-
ously assigned IgG antibody concentrations (10) were used to
generate standard curves used to measure IgG-specific anti-
body concentrations in the three reference sera for meningo-
coccal serogroups A, C, W135, and Y. The serogroup A and C
IgG-specific concentration in CDC 1992 assigned by Holder et
al. (10) were confirmed by the use of human IgG myeloma
(data not shown). Recently serogroup Y and serogroup W135
IgG values have been assigned to CDC 1992 (7) with cross
standardization in which a polysaccharide coating concentra-
tion of 5 �g/ml was used. It has been noted that subjects
immunized with polysaccharide vaccine recognize specific epi-
topes of serogroup W135 and Y polysaccharide antigens that
varied with the individual. The availability of these epitopes
in the ELISA also varied with the coating concentration (P.
Giardina, R. E. Evans, D. J. Sikkema, and S. W. Hildreth,
abstracts 13th International Pathogenic Neisseria Confer-
ence, Oslo, Norway).

Titration of serogroup W135 and Y polysaccharide and
methylated human serum albumin was performed and a poly-
saccharide coating concentration of 1 �g/ml with 2 �g/ml of
methylated human serum albumin was found to be optimal for
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both serogroups. With this coating concentration, serogroup-
specific IgG antibody concentrations were assigned for
MenW135 and MenY by cross-standardization from CDC
1992 on serogroup A and C as reference standards. For
MenW135, the value assigned via this method was different
to that assigned previously by Elie et al. (7). This difference is
probably accountable to the different coating conditions used.
Giardiana et al. (P. Giardina, R. E. Evans, D. J. Sikkema, and
S. W. Hildreth, abstracts 13th International Pathogenic Neis-
seria Conference, Oslo, Norway) reported that some serum
samples display different IgG values based on the coating con-
centrations.

IgG subclass values have previously been assigned to CDC
1992 for MenC, with human myeloma proteins as standards

(11). These values were used in this study to assign serogroup
A, Y, and W135 IgG1 and IgG2 specific antibody concentra-
tions in reference sera CDC 1992 via the method of cross
standardization. The assignment of IgG and IgG subclass se-
rogroup-specific concentrations to additional reference sera
would enable their use as either reference standards or quality
control sera.

Pneumococcal anti-serotype IgG and IgG subclass values
have been previously assigned to 89-SF (16, 22) but no such
values have been assigned for meningococcal serogroups for
either 89-SF or 96/562. The same method of cross-standard-
ization was used assign IgG, IgG1, and IgG2 serogroup-specific
antibody concentrations to 89-SF and 96/562. Those values
obtained with either standard were not significantly different

FIG. 1. Comparison of the sum of IgG1 and IgG2 concentrations determined by the IgG subclass ELISA with IgG concentrations of antibodies
to meningococcal serogroups A, C, Y, and W135 in adult sera.

FIG. 2. Typical parallel curves obtained in the determination of meningococcal serogroup-specific IgG and IgG subclass in the reference sera
CDC 1992, 89-SF, and 96/562.
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(P � 0.05). IgG subclass values were assigned with CDC 1992
as a reference standard on serogroup C. The sum of IgG1 and
IgG2 was in good agreement with the IgG assigned here.

These assays used adhered to the criteria mentioned previ-
ously, but several other factors confirm the validity of IgG1 and
IgG2 assignments to the three reference sera.

The sum of IgG1- and IgG2-specific antibody levels for all
three reference sera for the meningococcal serogroups was
consistent with the IgG values either assigned in this study or
previously (7, 10) with the sum of IgG1 and IgG2 being within
20% agreement of the IgG-specific antibody as measured in a
separate assay. Also, the ratio of the unknown IgG subclass
antibody concentrations to the serogroup C CDC 1992 IgG
subclass antibody concentration was similar to the dilution
ratio required to produce equivalent optical densities on dilu-
tion curves.

IgG3 and IgG4 values were assigned to CDC 1992 for MenC
(10), but values were too low for this to be used as a standard.

The values assigned in this study were used to quantify IgG1
and IgG2 in ten serum samples from individuals who had
received none or any combination of serogroup A/C polysac-
charide vaccine, serogroup C conjugate vaccine, or serogroup
A,C, Y, W135 polysaccharide vaccine. IgG subclass concentra-
tions were determined with reference serum, CDC 1992 as a
reference standard with values assigned either in this study or
previously and either 89-SF or 96/562 as a quality control
serum. Serogroup-specific IgG concentrations were deter-
mined in independent assays with standardized ELISA meth-
odology (4). There was good agreement between the sum of
IgG1 and IgG2 with the IgG concentrations determined in
independent assays with correlation coefficients of 0.99 for all
four serogroups, indicating that the concentrations for refer-
ence serum CDC 1992 have been reliably determined.

Little information is available concerning the IgG subclass
response following vaccination with meningococcal polysaccha-
rides. The determination of IgG subclass response to vaccina-
tion or infection will give an insight into the type of immune
response induced by the immunological challenge present.
Bactericidal polysaccharides are thought to stimulate the pro-
duction of IgG2 in adults and IgG1 in infants, whereas proteins
elicit predominantly an IgG1 response. The production of
IgG1 is thought to involve antigenic activation of T helper cells
that promote class switching in B cells from IgM to IgG1. An
IgG2 response is thought to involve limited T cell help for B
cell antibody production (1). This is reflected in the response
to meningococcal polysaccharide and conjugate vaccines, where
the polysaccharide response is T cell independent and short
term (6), but the conjugate vaccine stimulates a T-cell-depen-
dent response, priming immunological memory. Therefore, it
would be of interest to analyze the IgG subclass response to
both types of vaccine. The assignment of meningococcal sero-
group-specific IgG and IgG subclass values to three reference
sera will allow further evaluation of the immune response to
both vaccination and meningococcal disease and enable inter-
laboratory comparison.
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