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ABSTRACT 

Neisseria meningitidis is a gram negative diplococcal bacterium. Worldwide, N. meningitidis is the leading cause of 
bacterial meningitis and sepsis, with five serogroups (A, B, C, Y, and W-135) responsible for the majority of the disease. 
Multivalent (A, C, Y, and W-135) polysaccharide and conjugate vaccines have been licensed in the United States and 
elsewhere and are widely available. We have developed a multi-plexed electrochemiluminescent assay to quantitate 
serum antibody responses to meningococcal polysaccharides A, C, Y, and W-135 to allow for rapid evaluation of li- 
censed and investigational vaccines. A 96-well plate containing a carbon electrode arrayed with polysaccharides A, C, 
Y, and W-135 on separate spots within each well has been developed for simultaneous detection of polysaccharide- 
specific antibodies in serum samples from vaccinated individuals. The assay conditions were optimized using the anti- 
meningococcal serogroup A/C reference serum pool, CDC 1992 (NIBSC 99/706), through evaluation of plate types, 
coating polysaccharide concentrations, and blocking and serum diluent buffers. Comparison of single and multi-plex 
assays demonstrated the sensitivity, specificity, and speed of the multi-plex format for the quantification of serum anti- 
body responses to N. meningitidis polysaccharides A, C, Y and W-135.  
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1. Introduction 

Infections caused by the bacterium Neisseria meningitis- 
dis remain an important medical need, particularly in the 
developing world where periodic outbreaks are responsi- 
ble for thousands of deaths [1]. Despite the availability of 
effective antibiotics, death occurs in approximately 10% 
of cases, and up to 20% of survivors are afflicted with 
permanent disabilities including limb amputations, deaf- 
ness and other serious sequelae [2]. Although 13 sero- 
groups of meningococci have been identified based upon 
the structural identity of their polysaccharide capsules, 
the vast majority of disease is caused by only five groups 
(A, B, C, Y, and W-135) [3]. Recently, efficacious vac- 
cines targeting four of these serogroups (A, C, Y and W- 
135) have been developed by direct conjugation of poly- 
saccharide antigens to protein carriers [3-7]. These vac- 
cines provide benefit over traditional, unconjugated poly- 
saccharide (Ps) vaccines by inducing T-cell memory, and 
afford long-term immunity in both children and adults 
[2].  

Licensure of meningococcal vaccines typically relies  

on the demonstration of immunological correlates of pro- 
tection as disease incidence in the developed world is 
extremely low. In particular, the demonstration of func- 
tional antibody response is required and typically dem- 
onstrated using the serum bactericidal assay (SBA). Total 
serum-antibody specific for each of the Ps components of 
the vaccine under evaluation are usually assessed by en- 
zyme-linked immunosorbent assay (ELISA). Evaluating 
antibody concentrations via ELISA is both time consum- 
ing and serum consuming. To create a higher throughput 
assay, we have developed an electrochemiluminescent 
(ECL)-based multi-plex assay for the quantitation of an- 
tibody responses to meningococcal polysaccharide from 
serogroups A, C, Y, and W-135.  

Compared to traditional ELISA methods, ECL-based 
assays are highly sensitive, reproducible, robust, faster, 
and require lower sample volumes [8,9]. Recently, sev- 
eral groups have used a fluorescent bead based approach 
to develop multi-plex assays to analyze antibody re- 
sponses to N. meningitidis [10,11]. However, limitations 
remain for this type of assay, including a requirement for 
covalent conjugation of polysaccharides to beads, which  *Corresponding author. 
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may impact polysaccharide conformation, and reliance 
on fluidic based measurement techniques which are in- 
trinsically slow and prone to clogging. As an alternative, 
we have developed an assay based upon technology de- 
veloped by Meso-Scale Discovery (MSD, Gaithersburg, 
MD) which allowed us to compare single vs. multi-plex 
assays in a 96-well plate format. The MSD Multi-array® 
and Multi-spot® 96-well plates have carbon coated wells 
with electrodes that produce chemical energy when sub-
jected to an electrical charge (www.mesoscale.com). 
When combined with a MSD SULFO-TAG® antibody, 
the chemical energy is transformed to emitted light 
which is measured using a high-resolution CCD camera. 
Serum antibody concentrations are determined by com- 
parison to a standard curve generated using a pooled hu- 
man antibody preparation (NIBSC 99/706). A similar 
assay was developed by Marchese et al. to measure anti- 
bodies in human serum for eight of the serotypes con- 
tained in the Streptococcus pneumoniae vaccine PNEU- 
MOVAX® 23 [12]. Herein we describe the development 
of a high throughput, multi-plexed ECL assay to simul- 
taneously evaluate antibody responses to N. meningitidis 
serogroup Ps (MnPs) A, C, Y, and W-135.  

2. Materials and Methods 

2.1. N. meningitidis Polysaccharides (MnPs)  

Serogroups A, C, Y, and W-135 MnPs used in this study 
were isolated separately from the native organisms at 
Merck Research Labs, West Point, PA, using modified 
procedures described previously [13,14]. Each purified 
MnPs was reconstituted in sterile pyrogen-free water to a 
final concentration of 1 mg/ml. These MnPs aliquots 
were placed at –70˚C for long term storage or at 4˚C for 
up to one month. 

2.2. Meningococcal Reference Sera 

The anti-meningococcal serogroup A/C reference serum 
pool, CDC 1992 (NIBSC; code: 99/706), is a pool of sera 
from 20 healthy adults following a single immunization 
of meningococcal polysaccharide vaccine (50 μg of A, C, 
W-135, and Y polysaccharide/0.5 ml; Menomune; Con-
naught Laboratories, Inc., Swiftwater, PA.) [15]. The US 
FDA Pneumococcal reference standard, lot 89SF-2 (Le- 
derle-Praxis Biologicals), was prepared by pooling 17- 
high titered sera from adults following immunization 
with Pnu-Imune (a 23-valent Pneumococcal vaccine; Le- 
derle), Menomune and ProHIBIT (a H. influenzae con- 
jugate vaccine; Connaught) [16,17].  

2.3. Meningococcal Polysaccharide ECL Assay 

Each polysaccharide was coated on the carbon surface at  

either 50 ng/well (single-plex) or 10 ng/spot (four-plex). 
Uncoated reactive sites on the carbon surface were 
blocked by addition of a blocking solution and incuba- 
tion at room temperature for one hour. Plates were 
washed with PBS + 0.05% Tween-20 (PBST) and 25 μl 
test serum samples pre-diluted in specified diluent buffer 
were then added to each well. Following incubation for 1 
hour on a shaker (~550 rpm) at room temperature and 
subsequent washing with PBST, 25 μl/well of Sulfo-tag 
labeled goat anti-human IgG secondary antibody (MSD) 
was added and the plates were incubated at room tem-
perature for 1 hour on a shaker. The plates were again 
washed with PBST and 150 μl/well of 1x Read Buffer-T 
(with surfactant, MSD) diluted in distilled H2O was ad- 
ded. The plates were analyzed on a Sector Imager 6000 
(SI-6000) instrument with MSD WorkbenchTM v.3 soft- 
ware. 

2.4. ECL Assay Optimization 

Assay optimization was performed in the single-plex 
format with the CDC 1992 control reference serum. The 
following parameters were evaluated: 1) comparison of 
high binding and standard binding plates; 2) evaluation 
of blocking solutions (5% MSD Blocker A, 5% fetal bo-
vine serum/FBS, 3% MSD Blocker B, and 5% MSD 
Blocker A + 0.5% MSD Blocker B); 3) effect of serum 
diluent buffer (PBS, PBS + 1% MSD Blocker B ± the 
addition of various concentrations of NaCl). The optimal 
assay conditions determined in the single-plex format were 
then applied for multi-plex assay development.  

2.5. Specificity of the Multi-Plex ECL Assay 

CDC 1992 and 89SF-2 reference sera were diluted 1:100 
in PBS + 1% MSD Blocker B. The sera were then di-
vided into five aliquots and each aliquot was incubated 
for one hour with 10 μg/ml MnPs A or C or Y or W-135 
or serum diluent buffer only. The percent inhibition was 
calculated using the formula [1 – ((serum concentration 
in the presence of inhibitor/(serum concentration in the 
absence of inhibitor))] × 100%.  

2.6. Meningococcal Vaccine Immunogenicity in 
Infant Rhesus Monkeys 

Two infant rhesus monkey (IRM) studies were per- 
formed at Covance, Inc. (Alice, TX) to assess the immu- 
nogenicity of commercially available meningococcal vac- 
cines. These infant rhesus monkeys were 2 - 3 months 
old at the initiation of the studies. In each study, vaccines 
were given at half the human dose. In the first study, 
IRMs (five IRMs/group) were immunized with Meno- 
mune® (25 μg A/C/Y/W-135 meningococcal polysaccha-  
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ride vaccine, Sanofi Pasteur, Swiftwater, PA). IRMs 
were vaccinated three times (days 0, 28, and 168) and 
serum samples were collected prior to the first vaccine 
dose (day 0), post-dose 1 (day 28), post-dose 2 (day 56), 
and post-dose 3 (day 210). In the second study, IRMs 
(eight IRMs/group) were immunized with Menactra® (2 
μg each of Ps A, C, Y, and W-135 conjugated to Diph- 
theria toxoid protein, Sanofi Pasteur, Swiftwater, PA). 
Three immunizations were also delivered in this study 
(days 0, 56, and 112). Sera were collected on day 0, post- 
dose 1 (day 28), post-dose 2 (day 84), and post-dose 3 
(day 140). All studies were conducted under the auspices 
of the Institutional Animal Care and Use Committee of 
both Merck Research Labs and Covance, Inc. These se- 
rum samples were tested in the multi-plex ECL assay. 
The IgG concentration in each serum was calculated us- 
ing WorkbenchTM v.3 software using CDC 1992 refer- 
ence as assay standard. 

2.7. Statistical Methodology 

All graphs and statistical analysis were done with Graph- 
Pad Prism (version 5) software. Analysis was completed 
using the log transformed mean ECL units. The effect of 
various serum diluent buffers in reducing the level of 
background signal was assessed by comparing the mean 
ECL signals between wells containing no antigen versus 
wells with MnPs. This was analyzed using a two sided t- 
test with 95% confidence interval.  

3. Results 

3.1. Development and Optimization of the  
Single-Plex ECL Assay 

Initial studies evaluated the relative contribution of stan- 
dard vs. high binding Multi-array® plates to the signal to 
noise ratio of the assay. It was determined that the CDC 
1992 reference serum produced a higher signal to noise 
ratio on the high binding than on the standard binding 
plate (data not shown). The impact of various coating 
concentrations (5, 50, and 250 ng/well) of MnPs A, C, Y, 
and W-135 were then evaluated and it was determined 
that 50 ng/well of MnPs was optimal for the single-plex 
assay. Due to poor adsorption of the negatively charged 
Ps to polystyrene microtiter plates, traditional ELISA 
assays require co-incubation of MnPs with methylated 
human serum albumin (mHSA) to be used as coating 
antigen [18,19]. We examined the impact of mHSA on 
binding of MnPs A to the carbon ECL plates. Binding of 
this Ps to the ECL plates was essentially equivalent with 
or without the addition of mHSA (data not shown). 
Additionally, the signal levels produced by the CDC 
1992 reference serum were similar in the presence or  

absence of mHSA (data not shown). This demonstrated 
that MnPs could be absorbed directly by the carbon 
surface inside of the wells. 

We also examined several blocking solutions to deter- 
mine their effect on reducing the level of non-specific 
signal in the ECL assay. The blocking solutions evaluated 
were 5% MSD Blocker A (BSA), 5% FBS, 3% MSD 
Blocker B (non-fat milk), and a combination of 5% MSD 
Blocker A + 0.5% MSD Blocker B. The use of 3% MSD 
Blocker B a blocking solution resulted in the highest 
signal/noise ratio. Therefore, it was subsequently selected 
as the blocking solution for the ECL assay (data not 
shown). 

We next evaluated the contribution of various serum 
diluent buffers including, PBS, PBS + 1% Blocker B, 
and PBS + 1% Blocker B supplemented with either 50, 
100, 250, or 500 mM of NaCl, to improve the assay 
performance (Figure 1). High non-specific binding to 
un-coated wells was observed when PBS was used to 
dilute the CDC 1992 reference serum (Figure 1(a)).The 
level of serum non-specific binding was reduced signifi- 
cantly just by adding 1% Blocker B to PBS (P < 0.0001) 
(Figure 1(b)). Adding NaCl to this diluent buffer could 
reduce the level of non-specific binding at the lower end 
of the serum dilution (1:100 - 1:400). However, increasing 
NaCl concentrations also lowered the specific antibody 
signals and significantly (P < 0.0001) affected the res- 
ponse detected to MnPs A (Figures 1(c)-(f)). 

3.2. Development and Optimization of 
Multi-Plex ECL Assay Units 

The assay conditions determined as optimal for the sin- 
gle-plex format were then used to bridge this assay to a 
multi-plex format. To confirm selection of the plate used 
for the multi-plex assay, we compared standard and high 
binding Multi-plex® plates (Figure 2). Titration of CDC 
1992 reference serum on both types of Multi-plex® plates 
revealed similar low levels of non-specific antibody 
binding to uncoated wells. However, unlike the result 
obtained in the single-plex format, the reference serum 
demonstrated higher signal levels for all four MnPs on 
the standard compared to the high binding plate. Subse- 
quent development of the multi-plex assay utilized stan- 
dard binding plates. 

3.3. Specificity of Multi-Plex ECL Assay 

The specificity of the multi-plex ECL assay was assessed 
through competitive inhibition assays using 10 μg/ml 
MnPs A, C, Y, and W-135 as the competitor. We exa- 
mined the effect of inhibition on binding of reference 
sera CDC 1992 and 89SF-2 in a multi-plex format and, in 
he majority of instances, determined that inhibition of  t 
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(a)                                                   (b) 

    
(c)                                                   (d) 

    
(e)                                                   (f) 

Figure 1. Effect of serum diluent buffers on reducing non-specific binding in single-plex ECL assay. CDC 1992 reference se- 
rum was serially diluted in six serum diluent buffers and tested on Multi-array® plates coated with MnPs A/C/Y/W-135 or 
un-coated. Data is represented as the mean ± SEM of the ECL signal. The level of non-specific signal was significantly lower 
than the level of MnPs specific signals with the addition of 1% Blocker B ± NaCl to PBS (P < 0.001). (a) Serum diluent buffer 
= PBS; (b) Serum diluent buffer = PBS – 1% Blocker B; (c) Serum diluent buffer = PBS – 1% Blocker B + 50 mM NaCl; (d) 
Serum diluent buffer = PBS – 1% Blocker B + 100 mM NaCl; (e) Serum diluent buffer = PBS – 1% Blocker B + 250 mM 

aCl; (f) Serum diluent buffer = PBS – 1% Blocker B + 500 mM NaCl. N 
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Figure 2. Effect of plate type on the signal level in a multi- 
plex ECL assay. CDC 1992 reference sera were serially di- 
luted on a (a) standard or (b) high binding Multi-plex® plates. 
Each spot in one well was coated with MnPs A/C/Y/W-135. 
Some wells were un-coated to show the level of serum non- 
specific binding in this assay. Data is shown as the mean 
ECL signal ± SEM.  

the homologous serogroup polysaccharide was nearly 
complete (Table 1). For CDC 1992 and 89SF-2 reference 
sera, we observed 92% - 98% and 77% - 99% inhibition 
with the homologous serogroup polysaccharide, respective- 
ly. In some instances, however, some cross-reactivity be- 
tween serogroups A and C or Y and W-135 were ob- 
served for both reference sera. However, in each case the 
highest percent inhibition was observed with each homo- 
logous MnPs, indicating specificity of the assay.  

3.4. Meningococcal Vaccine Antibody Responses 

Anti-MnPs IgG responses from infant rhesus monkeys 
(IRM) that had been vaccinated three times with a half-  

Table 1. Competitive inhibition studies of multi-plex MnPs 
A, C, Y, and W-135 ECL assay using meningococcal refer- 
ence sera. 

CDC 1992 Reference Serum (% inhibition) 

MnPs Inhibitor Antibody  
Response A C Y W135 

A 92 17 0 0 

C 67 98 21 0 

Y 16 0 98 70 

W135 11 15 38 98 

89SF-2 Reference Serum (% inhibition) 

MnPs Inhibitor Antibody  
Response A C Y W135 

A 77 49 0 7 

C 0 99 0 0 

Y 0 0 99 66 

W135 0 0 48 98 

 
human dose of Menomune® or Menactra® were measured 
using the multi-plex MnPs ECL assay (Figure 3). Since 
previous experiments (data not shown) had demonstrated 
cross recognition of rhesus antibodies by the anti-human 
secondary antibody, this secondary antibody was used to 
determine antibody responses to vaccinated monkeys. 
The antibody concentrations in each sample were calcu- 
lated based on the standard curve generated with the 
CDC 1992 reference serum. All of the rhesus sera showed 
low levels of pre-immune anti-MnPs IgG antibody. Me- 
nomune® induced a small increase in the IRM’s IgG re- 
sponses for all four serogroups consistent with the con- 
cept that infant primates do not respond well to T-inde- 
pendent antigens (Figure 3(a)). In contrast, a single dose 
of the conjugate vaccine, Menactra®, induced a marked 
increase (>100 fold) of anti-MnPs IgG antibody response 
for all four serogroups contained in the vaccine (Figure 
3(b)). This increase in IgG response appeared to reach a 
maximum after the second vaccine dose. 

4. Discussion  

Neisseria meningitidis infections remain a major public 
health issue worldwide. Several meningococcal vaccines 
have been licensed, with the most recent consisting of 
polysaccharide conjugated to protein carriers. Just last 
year, another meningococcal polysaccharide conjugate 
vaccine was licensed in the United States, Menveo® 
(Novartis) [20]. Sera from immunized individuals are 
evaluated in serum bactericidal assays as well as ELISAs 
to assess antibody function and polysaccharide immuno- 
genicity. As vaccines become more complex, it is im- 
perative that assays follow suit. In general, high through- 
put multiplex assays offer the benefits of speed, lower  
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(a) 

 
(b) 

Figure 3. Anti-MnPs IgG responses from infant rhesus mon- 
keys vaccinated with (a) Menomune® or (b) Menactra®. Pre- 
immune, post dose-1, post dose-2, and post dose-3 serum 
samples were tested in four-plex ECL. CDC 1992 reference 
serum was the standard in the assay for determining IgG 
concentrations to all four MnPs. Data is shown as geometric 
mean concentration ± SEM. 

serum requirements, and reduced operator input. Adding 
to that, electrochemiluminescent (ECL) assays offer in- 
creased sensitivity, reproducibility, and lower sample 
volume compared to ELISAs. 

In order to determine antibody responses for menin- 
gococcal vaccines, we developed a MnPs ECL assay. 
This assay uses a 96-well plate with all four MnPs (A, C, 
Y, and W-135) passively adsorbed to the carbon surface 
within a single well. The 96-well ECL assay uses pro- 
prietary Multi-Array® or Multi-Spot® microplates with 
integrated carbon electrodes and a Sulfo-tag labeled sec- 
ondary antibody that emits light when electrochemically 
stimulated. This signal is enhanced by the presence of a 
co-reactant (Tripropylamine/TPA) in the read buffer that 
is also stimulated when in proximity to the electrodes 
[21]. To best evaluate and optimize the assay, we used 
standard reference sera [15,17] as well as evaluating se- 

rum antibody responses to licensed vaccines in infant 
rhesus monkeys, a clinically relevant animal model for 
human infant vaccination. Both CDC 1992 and 89SF 
reference sera have been used to evaluate and standardize 
antibody based assays [22,23]. 

Initial experiments on the single-plex high binding 
plate demonstrated that a coating concentration of 50 
ng/well with MnPs is optimal. Increasing the coating 
concentration to 250 ng/well did not improve the signal 
level. Due to the smaller surface area of the spots in the 
four-plex assay versus the single-plex assay, a lower 
coating concentration was found to be optimal (10 ng 
MnPs/spot/well). Reduced surface areas require lower Ps 
coating concentrations; for example, a previously opti- 
mized pneumococcal polysaccharide (PnPs) ECL assay 
uses 5 ng PnPs/spot on a ten-spot/well format [12]. Due 
to the nature and binding of the carbon ECL plate, it was 
also determined that the addition of mHSA was not re- 
quired for MnPs A binding to the surface of the plate, 
which is the case for ELISA assay due to the poor ad- 
sorption of this polysaccharide to the polystyrene surface. 
Of the blocking buffers evaluated, 3% Blocker B (non-fat 
milk) produced the lowest level of background noise for 
the assay. Several serum diluent buffers (PBS, PBS + 1% 
Blocker B ± NaCl) were also evaluated to reduce the 
background signals in the assay. Adding 1% Blocker B 
to PBS was able to solve this issue. Increasing NaCl con- 
centrations lowered the levels ECL signals for all four 
MnPs, especially for MnPs A. Out of the four groups 
studied here (A, C, W135, and Y), MnPs A is the only 
group with a phosphodiester backbone in its structure 
[24]. For nucleic acids which also contain phosphodiester 
backbones, salt can induce conformational changes in the 
DNA polymer [25,26]. The effect of salt on nucleic acid 
confirmation change can be attributed to the presence of 
strongly hydrated ions being excluded from the vicinity 
of hydrophobic solutes, thus causing greater salting out 
of hydrophobic solutes [27]. Similarly, studies had shown 
that MnPs A exhibits conformational behavior dependent 
on the nature of its counterion, and sodium ions favored 
the folding of the MnPs A chain into a globular confor- 
mation [28]. This may also explain the reason why in- 
creasing concentration of NaCl resulted in decreased 
binding for MnPs A. Salting out of hydrophobic regions 
due to ion hydration alters MnPs A’s conformation, 
which may change its binding kinetics. Since PBS has a 
physiologic ionic strength, the use of PBS + 1% Blocker 
B as a serum diluent buffer would be the most “physio- 
logically relevant” and hence was chosen as the serum 
diluent buffer. The selection of this diluent allows for 
binding of low affinity antibodies that might not bind in 
the presence of higher concentrations of NaCl. 

MnPs specificity was evaluated by competitive inhibi- 
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tion with homologous and heterologous serogroup MnPs. 
Inhibition assays with MnPs have been used to demon- 
strate antibody binding specificity for standard reference 
and post-vaccination sera [18]. When assessing both 
CDC1992 and 89SF-2 reference sera in competitive in- 
hibition assays, we observed near complete (80% - 99%) 
inhibition for each homologous MnPs. When evaluating 
heterologous MnPs in the competitive inhibition assays, 
we observed varying degrees of cross-reactivity. This 
generally trended between MnPs A and C or between 
MnPs Y and W135. The cross-reactivity observed may 
be due to similarity in the MnPs structure and impurities 
leftover from the purification process. Both MnPs W135 
and Y have two sugars in their structures [29]. MnPs Y 
contains equimolar amounts of D-glucose and N-acetyl- 
neuraminic acid and is partially O-acetylated MnPs W135 
differs from that of MnPs Y only in the absence of O- 
acetylation and the presence of D-galactose in the place 
of D-glucose. In addition, since the purification process 
of MnPs had not been optimized, a measurable amount 
of lipooligosaccharide (LOS) is present in these MnPs 
preparations. LOS from Neisseria meningitidis is com- 
posed of inner cores of L-glycero-D-manno-heptose and 
3-deoxy-D-manno-oct-2-ulosonic acid, and anchored in 
the outer membrane by lipid A [30]. These components 
along with other outer membrane antigens may contrib- 
ute to the cross-reactivity seen in the assay. Despite the 
cross-reactivity observed, the multi-plex ECL assay de- 
monstrated specificity for the homologous MnPs. This 
assay is sensitive, fast, and reproducible with lower sam- 
ple volume requirements. A competitive inhibition assay 
should be done in the traditional single ELISA to deter- 
mine if similar cross-reactivity is present and the result 
between the two assays should be compared. 

After development of the meningococcal A, C, Y, 
W135 multiplex ECL assay, we then tested IRMs serum 
samples from meningococcal vaccine studies. In two 
separate studies, we vaccinated IRMs with either Meno- 
mune® or Menactra® and collected blood throughout the 
course of the study. Pre-immune and hyper-immune sera 
were tested in the newly developed assay to determine 
the IgG antibody concentrations using CDC 1992 refer- 
ence serum as assay standard. Vaccination with Meno- 
mune® or Menactra® increased IgG responses for all four 
MnPs serogroups. However, these responses were higher 
in Menactra® vaccinated IRMs than those vaccinated 
with Menomune®. 

It is well known that polysaccharide vaccines induce a 
T-cell independent antibody response, predominantly 
IgM. Conjugation of the polysaccharide to a protein car- 
rier changes this response to a T-cell dependent response 
and hence increases the immunogenicity of the vaccine. 
Like human infants, IRMs do not respond well to uncon- 

jugated polysaccharide. Our data supports this, as Meno- 
mune® immunized IRMs produced a much lower IgG 
response than Menactra® immunized infant rhesus mon- 
keys. In a similar comparison, Keyserling et al. reported 
higher serum bactericidal antibody responses three years 
post vaccination when comparing Menactra® versus 
Menomune® vaccinated healthy adolescents in a human 
clinical trial [31]. Our immunogenicity data, which re- 
veals these differences in the unconjugated and conju- 
gated vaccines, supports the applicability of the multi- 
plex meningococcal ECL assay for evaluation of inves- 
tigational and licensed vaccines. The IgG concentration 
of MnPs in the CDC 1992 reference serum was originally 
determined in an ELISA assay. We used the same CDC 
1992 reference serum as a standard for our multi-plex 
ECL assay, therefore we expect the results to be compa- 
rable with an ELISA based assay. For a full circle com- 
parison, the vaccine immunized monkey samples should 
be tested in the gold-standard MnPs ELISA assay and 
compared to the IgG concentrations generated in the 
ECL assay. 

In conclusion, we have successfully developed a mul- 
ti-plex ECL assay to assess post immunization antibody 
responses with meningococcal A, C, Y, and W135 vac- 
cines. This methodology is both time and serum conser- 
vative compared to conventional meningococcal poly- 
saccharide ELISAs. This assay can also be used for vac- 
cine efficacy screening. We developed this assay on a 
four spots/well format in a 96-well plate; however it can 
be expanded to ten spots/well with the addition of other 
antigens. With this MSD technology we also have the 
capability to develop a four-plex 384-well plate assay. 
This would allow for evaluation of combination vaccines 
as well as enhanced meningococcal vaccines containing 
additional polysaccharides or conserved proteins.  
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