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Background. High rates of endemic disease 
and recurrent epidemics of serogroup A and C 
meningococcal meningitis continue to occur in 
sub-Saharan Africa. A meningococcal A + C poly- 
saccharide diphtheria-toxoid-conjugated vac- 
cine may address this issue. 

Methods. In Niger three doses of a bivalent 
meningococcal A + C diphtheria-toxoid-conju- 
gated vaccine (MenD), containing 1,4 or 16 pg of 
each polysaccharide per dose, administered at 6, 
10 and 14 weeks of age, were compared with 
Haemophìlus influenzae type b-tetanus toxoid- 
conjugated (PRP-T) vaccine given with the same 
schedule or with a meningococcal A + C polysac- 
charide vaccine (MenPS) given at 10 and 14 
weeks of age. One blood sample was taken at the 
time of enrollment (6 weeks of age) and another 
was taken 4 weeks after the primary series. 

Results. Al1 doses of MenD were well-tolerated. 
After the primary series a higher proportion of 
infants had detectable serum bactericidal activ- 
ity against serogroup A for each dose of MenD 
(from 94% to 100%) than for MenPS (31%) or H. 
influenzae type b-tetanus toxoid-conjugated vac- 
cine (18.9%); P I 0.05. Significant differences 
were also observed for serogroup C MenD 4 pg or 
MenD 16 pg (100%) us. MenPS (69.7%) OE- Hae- 
inophìlus ìnfluenzae type b-tetanus toxoid- 
conjugated vaccine (24.3%); P 5 0.05. When 
MenPS vaccine was given to 11-month-old chil- 
dren, the immune response measured by both 
enzyme-linked immunosorbent assay and serum 
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bactericidal assay was greater in those previ- 
ously immunized with MenD than in those immu- 
nized with MenPS vaccine. 

Conclusion. MenD was safe among infants in 
Niger, and immunization led to significantly 
greater functional antibody activity than with 
MenPS. The 4-pg dose of MenD for both the A and 
C serogroups has been selected for further stud- 
ies. 
INTRODUCTION 

In Niger, which lies within the “meningitis belt” of 
sub-Saharan Africa,” Neisseria meningitidis causes 
an annual average between epidemics of 30 cases of 
meningitis per 100 O00 population; 85% of meningococ- 
cal cases are caused by serogroup A strains, with the 
remaining cases predominantly caused by serogroup C 
meningoc~cci.~ Although meningococcal polysaccharide 
vaccine is currently used to  control serogroup A and C 
epidemics in Niger, even if the epidemic is detected 
early, vaccination is nearly always started too late t o  
prevent most cases. Conjugation of polysaccharide an- 
tigens to protein carriers could potentially overcome 
the poor immunogenicity of polysaccharide vaccines in 
infancy by converting a T cell-independent response to 
a T cell-dependent one and result in efficacious conju- 
gate vaccines that could be incorporated into the Ex- 
panded Program of Immunization (EPI). 

This study determined the immunogenicity and 
safety in infants from Niamey, Niger of three formula- 
tions (containing 1, 4 or 16 pg of both polysaccharides 
per dose) of N. meningitidis A + C-diphtheria toxoid- 
conjugated vaccine (MenD) in comparison with two 
controls: a meningococcal A -k C polysaccharide vaccine 
(MenPS) and a Haemophilus influenzae type b-tetanus 
toxoid-conjugated vaccine (PRP-T). The anamnestic 
response was assessed 8 months after primary immu- 
nization by vaccination with a single dose of MenPS at  
11 to 12 months of age in the children already immu- 
nized with MenD or MenPS. This study followed pre- 
liminary studies conducted in adults, toddlers and 
infants in the US to evaluate the safety and immuno- 
genicity of the same three formulations of MenD. 
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METHODS 
The study was conducted between January, 1996, 

and March, 1997, at Yantala Centre de Santé Mater- 
nelle et Infantile in Niamey, Niger. The parents of the 
infants gave their written consent before inclusion, 
after being informed about the nature of the trial and 
any potential risks. If neither parent could read or 
write, two witnesses had to attest, by signing the 
consent form, that the parents had been properly 
informed about the protocol and had agreed to their 
child's inclusion. Free medical care was provided to the 
infants during the course of the study. The study 
protocol was approved by the Ethics Committee of 
Niger, the WHO Ethics Committee, the Western Insti- 
tutional Review Board and the CDC's Institutional 
Review Board. It was also submitted to  the Food and 
Drug Administration and conducted under the IND No. 
6201. The study was performed in accordance with the 
Declaration of Helsinki and the 1996 ICH Good Clini- 
cal Practice guideline. 

Subjects. Healthy children of either sex between 5 
and 9 weeks of age were recruited for the study on 
presentation for routine EPI administration of the first 
diphtheria and tetanus toxoid-whole cell pertussis 
(DTP) vaccine. 

Vaccines. The study vaccine was a polysaccharide- 
protein conjugate vaccine manufactured by Aventis 
Pasteur (Swiftwater, PA) prepared with serogroup A 
and C meningococcal polysaccharides, each covalently 
bound t o  diphtheria toxoid (MenD). Three vaccine lots 
were prepared (Lots 950213,950214 and 950215) that 
contained, respectively, per 0.5-ml dose, 1 ,4  or 16 pg of 
each polysaccharide and 5.8, 32.2 or 161.0 pg of diph- 
theria toxoid. The investigational vaccine was pre- 
sented in a prefilled (0.5-ml) ready to use glass syringe. 

Infants in the control groups received either menin- 
gococcal polysaccharide A + C vaccine (MenPS, Vaccin 
Polyosidique Meningococcique A + C, Batches LO878 
and LO991, containing 50 pg of group A and 50 pg of 
group C meningococcal polysaccharides) or one 0.5-ml 

dose of H. infZuen2a.e type b conjugate vaccine (PRP-T, 
Act-HIB, Batch L0670), both manufactured by Aventis 
Pasteur (Lyon, France). The placebo was 0.5 ml of a 
0.4% normal saline solution. The study vaccine or 
control vaccines were administered intramuscularly in 
the anterolateral aspect of the right thigh. 

Infants recruited into the study already had received 
Calmette-Guérin bacillus and oral polio vaccine at 
birth according to Niger's EPI schedule. At the ages of 
6, 10 and 14 weeks, they received DTP vaccine subcu- 
taneously in the left deltoid region and oral polio 
vaccine. At 9 months of age measles and yellow fever 
vaccines were administered. All vaccines were obtained 
from EPI-approved vaccine manufacturers. 

Study design. This was a randomized dose escala- 
tion study. A total of 180 children were randomly 
allocated to 1 of 5 groups (Table 1). The 108 infants 
allocated to  the MenD group received 1 of the 3 formu- 
lations of the meningococcal conjugate vaccine at 6, 10 
and 14 weeks of age. Dose escalation was sequential. A 
first subgroup of 36 infants received the 1-pg polysac- 
charide dose; if no reactogenicity was observed exceed- 
ing that commonly expected for DTP vaccine, then a 
second group of 36 infants received the 4-pg polysac- 
charide dose; a third group of 36 infants received the 
16-pg polysaccharide dose. Two other groups of infants 
in this joint randomization, -36 subjects each, enrolled 
as 3 series of 12 subjects, served as controls at each 
step. In the preceding year, 1995, a massive serogroup 
A meningococcal outbreak in Niger had caused more 
than 40 O00 reported cases: so the study was designed 
such that all participating infants would be offered a 
meningococcal vaccine by the end of the study. Thus 
one control group received the MenPS vaccine (1 dose 
of saline placebo at 6 weeks and 2 doses of MenPS at 10 
and 14 weeks of age), and the other group, the PRP-T 
vaccine control group (3'doses at 6,lO and 14 weeks of 
age), received a dose of meningococcal A + C polysac- 
charide vaccine at 18 weeks of age, after participation 
in the initial study was complete. 

TABLE 1. Design of a randomized trial in Niamey, Niger, assessing the safety and immunogenicity of three doses of MenD, 
MenPS or PRP-T 

Amendment MenPS Vaccination at 11-12 
mo of Age Primary Series 

Preinjection 
blood 

Study Groups sample Injections 
Injection Postinjection 

blood sample 
Postinjection Preinjection 

blood sample sample 
blood 

11-12 mo 11-12 mo +4 wk MenPS Vaccine N 6 wk 6 wk 10 wk 14 wk 18 wk 

MenD l p g  36 +* MenD 1 pg MenD 1 pg MenD 1 pg 4 + I MenPS o 
MenD4pg 36 + MenD 4 pg MenD 4 pg MenD 4 pg 4 + MenPS o 
MenD 16 pg 36 + MenD 16 pg MenD 16 pg MenD 16 pg Q e MenPS * 
MenPS 35 + Placebo MenPS MenPS + 4 MenPS 
PRP-Tt 37 + PRP-T PRP-T PRP-T + 

* +, blood sample. 
t Infants in the PRP-T control group were offered a dose of meningococcal A + C polysaccharide vaccine a t  18 weeks of age, but antibodies were not measured subsequently 



146 
% 

THE PEDIATRIC INFECTIOUS DISEASE JOURNAL Vol. 19, No. 2, February, 2000 

To evaluate the impact of MenD vaccine on memory 
priming, as compared with the plain polysaccharide 
vaccine, an amendment to this study was proposed in 
December, 1996, such that all infants of the MenD and 
MenPS groups received one dose of MenPS vaccine 
between 11 and 12 months of age. (Infants of the PRP-T 
control group were not tested for memory priming.) 

Two blood samples were collected by venipuncture 
from each infant at 6 and 18 weeks of age. For infants 
in the MenD and MenPS groups included in the study 
amendment, two additional blood samples were col- 
lected, one before the MenPS vaccination dose at 11 
months of age and one 4 weeks later. 

The parents, the home visitors who assessed local 
and systemic reactions and the laboratory personnel 
were blinded to the subjects’ study groups. 

Reactogenicity. Infants in the study were observed 
in the clinic for 15 min after each vaccination for 

\ immediate reactions. During the dose escalation stage 
of this study, local and systemic reactions were moni- 
tored by home visitors during each of the 5 days after 
each injection; after MenPS vaccination at  11 months 
of age, local and systemic events were monitored at 24 
and 72 h after injection, respectively. 

Laboratory methods. Meningococcal A and C poly- 
saccharide total antibody concentrations (measured as 
IgG) were determined for all serum samples using a 
standardized enzyme-linked immunosorbent assay 
(ELISA) at Aventis Pasteur (US) and expressed as 
micr~grams/ml.~’ Serum bactericidal activity (SBA) 
was measured for all specimens at the Centers for 
Disease Control and Prevention Laboratory (Atlanta, 
GA) by adding group-specific meningococcal bacteria in 
the presence of baby rabbit origin complement to  serial 
dilutions of a serum   ample.^ Bactericidal activity was 
defined as the reciprocal serum dilution yielding 150% 
killing as compared with the controls. Seroprotection 
levels were defined as the percentage of subjects with 
postimmunization ELISA antibody concentrations 22 
pg/ml and reciprocal SBA titers 28.82 

Data analysis. Safety data were described for each 
group and each vaccine dose by the percentage of 
infants with at  least one local or systemic reaction. 
Geometric mean titer (GMT) values of ELISA antibody 
concentrations and SBA activities, as well as the sero- 
protection rates, were calculated with their 95% confi- 
dence intervals. Groups were compared by analysis of 
covariance, including the loglo-transformed 18-week 
baseline titer as the dependent variable, the log,,- 
transformed 6-week baseline titer as the independent 
factor and the group-by-baseline interaction as the 
covariate. As a result of multiple endpoints (i.e. two 
serogroups) and multiple comparisons, statistical sig- 
nificance was declared for the global comparison at  an 
alpha risk of 0.025 (two-sided) and of the linear con- 

trasts at an alpha risk of 0.00625 (two-sided). Statisti- 
cal analysis was carried out by the Aventis Pasteur 
Biometry Department (Lyon, France) on SAS Version 
6.08 (SAS Inc., Cary, NC) 

RESULTS 
A total of 180 infants were enrolled; the male-to- 

female ratio was 0.97 and the mean age at inclusion 
was 44.8 -+ 5.8 days, with no difference between the 
study groups for either characteristic. Eight months 
later 116 infants were recontacted and included in the 
11-month MenPS vaccination. 

Local and systemic reactions after primary 
series. No child suffered an immediate reaction during 
the 15 min after any injection. The most frequently 
observed local reactions were tenderness and redness 
at the site of injection (Table 21, which were mild and 
short lived. The cumulative frequency of tenderness 
after three injections at the injection site in the three 
MenD groups combined was 37.6%; for MenPS, it was 
30.8%, and for PRP-T, 19.6%. The cumulative fre- 
quency of redness after three injections was 18.1% for 
children in the three MenD groups, 7.5% for MenPS 
recipients and 11.2% for PRP-T recipients. There was 
no increase in the incidence of local reactions with 
subsequent injections during the primary immuniza- 
tion series. 

The systemic reactions in the MenD 16-pg vaccine 
group, rangingfrom 38.9 to 57.1%, appeared to be more 
frequent than with either one of the lower doses, which 
were never more than 37% (Table 2). The rates of 
systemic reactions during the primary immunization 
series also did not increase with successive injections 
in any group. 

Local and systemic reactions after MenPS vac- 
cination of the 11-month-old-children. The reacto- 
genicity profile after the MenPS vaccination a t  11 
months of age in infants who had previously received 
the MenD vaccine was similar to that observed (Table 
2) during the primary series. There appeared to  be, 
once again, a more pronounced local reactogenicity 
observed among the infants receiving MenD at the 
lower doses as compared with the MenD 16-pg group. 
This was particularly noteworthy for local tenderness 
(Data not shown). 

Serions adverse events. Eight serious adverse 
events requiring hospitalization were reported during 
the trial, all of which were considered by the investi- 
gator either to be unrelated to or have an improbable 
relationship with the study vaccine. In the 1-pg MenD 
group, there was one case of diarrhea and dehydration 
associated with fever, and one infant in the MenPS 
group developed an intercurrent infection and severe 
dehydration; both led to the death of the child. For all 
other events, by the end of documented study follow- 
up, the infant had at  least recovered partially. 
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TABLE 2. Percentage of infants experiencing local or  systemic reactions during the 5 days after primary immunization at  6, 
10 and 14 weeks of age with MenD, MenPS or PRP-T 

Local Reaction (%) Systemic Reaction (%) 

>1 Vomiting Diarrhea Irritability 
N* >1 Redness Tenderness Othert Fever 

>38T >39"C 

Dose 1 
MenD 
1 ILg 
4 fig 
16 Pg 

MenPS 
PRP-T 

MenD 
1 Pg 
4 I% 
16 Pg 

MenPS 

Dose 2 

PRP-T 

36 66.7 36.1 55.6 13.9 33.3 5.6 O 8.3 
36 41.7 22.2 41.7 O 27.8 2.8 2.8 8.3 
36 22.2 8.3 22.2 O 38.9 13.9 2.8 8.3 
35 25.7 11.4 25.7 5.7 31.4 5.7 O 17.1 
37 29.7 16.2 29.7 2.7 21.6 5.4 O 10.8 

35 54.3 25.7 51.4 O 37.1 8.6 O 5.7 
35 42.9 20.0 42.9 O 28.6 2.9 O O 
35 31.4 8.6 31.4 O 57.1 17.1 O 8.6 
35 28.6 8.6 28.6 5.7 45.7 14.3 O 14.3 
37 24.3 8.1 24.3 O 37.8 8.1 O 8.1 

8.3 16.7 
11.1 8.3 
11.1 13.9 
11.4 17.1 
2.7 10.8 

17.1 8.6 
22.9 2.9 
11.4 34.3 
14.3 25.7 
10.8 24.3 

Dose 3 
MenD 
1 JLE 35 48.6 20.0 48.6 O 25.7 14.3 2.9 2.9 11.4 5.7 . -  
4pg 34 32.4 11.8 32.4 O 11.8 O O O 5.9 5.9 
16pg 32 9.4 9.4 9.4 O 40.6 3.1 O 3.1 15.6 25.0 

MenPS 33 9.1 3.0 9.1 O 36.4 6.1 O O 30.3 9.1 
PRP-T 36 25.0 8.3 25.0 O 38.9 5.6 O 5.6 13.9 19.4 

*Total number of infants, 180. 
t: Other local reactions: edema, induration, crying on movement of injected limb. 

Immunogenicity: antibody response measured 
by ELISA. Table 3 shows the immune response ex- 
pressed in terms of GMT values of antibody measured 
by ELISA. (In the text that follows, the proportion of 

n antibody titer 2 2 pg/ml is given 

For serogroup A, the post-Dose 3 immune responses 
by ELISA observed with the MenD vaccine were 4.6 
pg/ml(88.6%), 5.8 pg/ml(88.2%) and 9.9 pg/ml(96.9%) 
for the 1-, 4- and 16-pg vaccine doses, respectively. 
There was a significant difference in dose effect be- 
tween the 16-1.1.8 and the l-pg dose (P = 0.0002). For 
serogroup C the post-Dose 3 ELISA immune responses 

measured with the MenD vaccine were 1.5 pg/ml 
(34.0%), 2.8 pg/ml (64.5%) and 4.8 Fg/ml (87.5%), 
respectively, for the three dose levels. The MenPS 
vaccine induced comparable ELISA results for sero- 
groups A, 5.5 pg/ml (87.9%), and C, 5.3 pdml (81.8%). 
M e r  the 11-month MenPS vaccination we observed 
serum antibody titers 2 2  pg/ml in 91.7,83.3 and 69.2% 
against serogroup A and 83.3, 83.3 and 92.3% against 
serogroup C, for the 1-, 4- and 16-pg MenD dose groups, 

* respectively. The same proportion of infants in the 
MenPS group (58.6%) had seroprotective levels against 
serogroups A and C after this 11-month MenPS vacci- 
nation. 

TABLE 3. ELISA antibody titers (microgramdml) against meningococcal serogroups A i- C before and after both the primary 
series immunization (6, 10 and 14 weeks of age) and the vaccination with the plain meningococcal A f C polysaccharide 

vaccine given at  11 to 12 months of age 

1 mo after the 

Vaccination 
18 wk (Post-primary Before the 11-12-mo MenPS 11-12-mo MenPS Series) Vaccination 6 wk (Prevaccination) 

Vaccine Group 

n GMT 95% CI GMT 95% CI n GMT 95% C I  95% C I  GMT 

Serogroup A 
MenD (1  pg) 
MenD (4 pg) 
MenD (16 pg) 
MenPS 
PRP-T 

Serogroup C 
MenD (1  p g )  
MenD (4 p g )  
MenD (16 pg) 
MenPS 
PRP-T 

35 2.1 
34 3.4 
32 3.6 
35 3.0 
36 3.2 

35 1.9 
31 1.6 
32 2.4 
35 2.3 
36 2.0 

1.7-4.2 4.6 
2.2-5.4 5.8 
2.4-5.4 9.9* 
1.7-5.3 5.5 
2.2-4.5 0.W 

1.2-3.0 1.51 
0.9-2.8 2.8 
1.5-4.0 4.8 
1.4-3.9 5.3 
1.2-3.5 0.5t 

3.6-5.8 
4.3-8.0 
7.6-12.9 
4.1-7.3 
0.4-0.8 

1.1-2.0 
2.0-3.9 
3.7-6.3 
3.8-7.4 
0.3-0.7 

25 0.4 0.2-0.6 
31 0.2 0.1-0.3 
21 0.3 0.2-0.5 
30 0.9 0.5-1.4 
NA NA NA 

25 0.2 0.1-0.3 
31 0.1 0.1-0.2 
21 0.3 0.2-0.5 
30 0.6 0.3-1.0 
NA NA NA 

10 5.5-18.3 
7.0 4.0-12.0 
6.0 3.3-11.0 

NA NA 

8.9 5.3-15.0 
8.1 4.5-14.6 
8.3 5.4-12.9 
2.8 1.7-4.7 
NA NA 

3.1 2.0-4.7 

* MenD 1 p g  us. MenD 16 pg: P = 0.0002 (ANOVA). 
t PRP-T us. all MenD doses and MenPS P = 0.0001 (ANOVA). 
$ MenD 1 pg us. MenD 16 pg and MenD 4 pg: P = 0.001 (ANOVA). 
NA, not applicable; ANOVA, analysis of variance. 
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Immunogenicity: SBA. Table 4 shows the SBA 
expressed as GMTs, the reciprocal of the dilution. (In 
the following text the proportion of infants achieving 
reciprocal titers 2 8  and the P value of the 95% confi- 
dence intervals (CIS) comparison are given in paren- 
theses.) 

For serogroup A the post-Dose 3 immune responses 
observed with the MenD vaccine were 261 (97.1%), 171 
(94%) and 370 (100%) for the three levels of doses, with 
no statistically significant difference between them. In 
contrast the SBA values in the MenPS and the PRP-T 
groups were 7.0 (31%) and 6.7 (18.9%), respectively, 
each significantly less than for the MenD groups: P = 
0.0001 (P 5 0.05 when comparing the 95% CIS). For 
serogroup C the SBA values were 72.1 (94.3%), 189 
(100%) and 325 (100%) for the three doses, with a 
statistically significant dose effect: P = 0.0001. The 
SBA values in the MenPS and the PRP-T groups were 
25.4 (69.7%) and 7.3 (24.3%), respectively, both signif- 
icantly less than for the MenD groups: P = 0.0001 (P 5 
0.01 when comparing MenD 1 pg us. both the 4- and 
16-pg MenD groups). One month after the 11-month 
MenPS vaccination, for both serogroups we observed 
good SBA GMT values and seroprotection rates at least 
equal to  90% in the MenD groups (Table 4). These 
immune responses appeared to be inversely correlated 
with the dose and better than that noted for the MenPS 
group. The same proportion of infants in the MenPS 
group appeared to  be seroprotected (59.3%) against 
serogroups A and C after this 11-month MenPS vacci- 
nation. 

DISCUSSION 
The objectives of this study were to  investigate the 

safety and immunogenicity in infants in Africa of a new 
meningococcal conjugate vaccine and t o  select a dose 

for future studies that might allow inclusion of this 
vaccine in the EPI. 

All doses of MenD vaccines were well-tolerated. This 
is consistent with previous studies indicating that 
polysaccharide-protein conjugate vaccines, including 
those directed against N. meningitidis, are moderately 
reactogenic.10-12 The local reactogenicity profiles of the 
different doses of MenD vaccines appear comparable 
with those of MenPS and PRP-T vaccines, although 
there appeared to be a slight decrease in the local 
reaction rates when the dose was increased. This may 
have been the result of either detection bias13 intro- 
duced by the sequential approach or a true immuno- 
logic effect of the low doses. No difference was observed 
between the incidences of the systemic reactions ob- 
served for the conjugate vaccine and the licensed me- 
ningococcal polysaccharide vaccines, with the excep- 
tion of an apparent increase after three injections of 
the MenD 16-pg dose, which might be attributable to 
the greater quantity of diphtheria toxoid. 

We used' the 2-pglml cutoff in ELISA measurements 
and set the limit of detection of the SBA assay (i.e. 1:8) 
to  define seroprotection; however, the seroprotective 
level of meningococcal antibodies measured by ELISA 
is not known for certain, but the evidence suggests it to 
be 1 to 2 pg/ml.14-16 Likewise the functional antibody 
concentration indicative of protection has not been 
established7. l4 for the SBA assay used in this study. 

After primary immunization MenD elicited ELISA 
antibody concentrations against serogroup A that were 
comparable with those obtained after immunization 
with MenPS, whereas concentrations of antibodies 
against serogroup C tended to be lower after immuni- 
zation with the MenD vaccine, especially at the 1-pg 
dose. The ELISA antibody concentration induced by 
the 1-pg MenD vaccine was significantly lower than 

TABLE 4. Serum bactericidal activity titers (reciprocal of dilution) against meningococcal serogroups A + C polysaccharides 
before and after both the primary series immunization (6, 10 and 14 weeks of age) and the vaccination with the plain 

meningococcal A + C polysaccharide vaccine given at 11 to 12 months of age 

6 wk (Prevaccination) 
Vaccine Groua 

1 mo after the 
11-12-mo MenPS 

Vaccination 
18 wk (Post-primary Before the 11-12-mo MenF'S 

Series) Vaccination 

n GMT 95% CI GMT 95% CI n GMT 95% CI 95% CI GMT 

Serogroup A 
1 
1 32 7.6 4.9-11.8 261 152-450 22 17.9 8.1-39.4 747 393-1419 

7.2-19.3 177 101-312 24 10.1 5.6-18 373 163-853 
MenD (16 pg) 32 10.9 6.7-17.5 370 264-518 21 16.6 8.5-32.4 184 78.6-431 

MenD (1 34 11,8 
MenD (4 pg) 

MenPS 32 14.7 8.5-25.4 7.0' 4.7-10.5 26 6.1 3.9-9.5 24.1 11-53 
PRP-T 35 11.2 6.8-18.3 6.7' 4.3-10.5 NA NA NA NA NA 

d, 

Serogroup C 
MenD (1 p g )  35 37.2 24-107 72.l-f 45.5-114 25 5.4 3.7-3.8 264 104-677 
MenD (4 ud 34 50.8 24-107 189 128-278 27 4.6 3.6-5.6 287 96.2-858 
MenD (16 i g )  32 61.6 29-131 325 204-517 20 6.9 4.7-11.4 178 63.6-499 
MenPS 32 62.7 29-131 25.4' 14.4-44.6 26 4.1 3.9-4.3 14.4 7.9-26.1 
PRP-T 36 45.3 21.9-133 7.3' 7.7-11.3 NA NA NA NA NA 

* All MenD doses us. the two control groups: P = 0.0001 (ANOVA). 
t MenD 1 ~g statistically different from both the 4- and 16-pg MenD groups: P = 0.01 (SNKI. 
NA, not applicable; ANOVA, analysis of variance, SNK, Student-Newman-IZeuls test. 
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that for the MenPS vaccine. In contrast to  the response 
to the primary series, concentrations of antibodies 
measured by ELISA against serogroup A or C after 
MenPS vaccination at 11 months of age were higher in 
infants initially immunized with MenD as compared 
with MenPS. 

Goldschneiderl7 and others" demonstrated that se- 
rum bactericidal assays measure functional antibody 
activity, whereas the standard ELISA5r6 determines 
serum antibody concentrations even in the absence of 
detectable bactericidal activity.". "-" The results of 
bactericidal assays reveal major differences between 
the responses to conjugate and polysaccharide vac- 
cines. SBA values measured against both serogroup A 
and serogroup c after primary immunization are sub- 
stantially greater among who received M ~ ~ D  
than among those who had initially received MenPS. 
After the injection at  11 months of age of a dose of 
polysaccharide vaccine, the GMT values for the SBA We have Observed in the vaccine group, 

with either immunogenicity assay, that 1 month after were 10 to 25 times greater for those infants previously 
the ll-month MenPS vaccination the same proportion immunized with MenD vaccine than for those who had 
of children were seroprotected against both serogroups received MenPS vaccine. 
(58.6% against A and C by ELISA, 59.3% against A and The 4-pg dose for both the A and C serogroups has 
C by SBA), suggesting that this MenPS-induced hypo- been selected for further studies of MenD vaccine based 
responsiveness is comparable for both serogroups. It on a balance of several factors, including the post- 
would be useful to evaluate the meningococcal sero- primary and post-ll-month-MenPS immunogenicity group A ands C immune status of the children who results (ELISA and SBA) as well as the amount of pai-ticipated in this study several years later. 

This study shows that the MenD vaccine is safe and diphtheria protein carrier that would be administered. 

in SBA, after the primary vaccination series, between in terms of induction of functional antibodies 

be needed for subsequent serogroup ' sured by ELISA or SBA, after MenPS vaccination in 

A seemed reasonable based on SBA activity after the vaccine, as compared with those primed with MenPS 

ll months of age. gate vaccine is capable of inducing a measurable de- 
The dramatic antibody increase observed in this grec of immunologic memory at least up to 11 months 

study after polysaccharide vaccination at 11 months in of age. 
the MenD groups, in comparison with the MenPS Additional data on the number of MenD vaccine 

are able to induce immune memory at a young age. To immunity, will help to determine a schedule by which 
evaluate this hypothesis further, an additional study is infant immunization with meningococcal A + c conju- 
assessing, in children already primed with one to  three gate vaccine can best provide long term protection 
doses of MenD vaccine during infancy, the i"une against recurrent meningococcal meningitis epidemics 
response 7 to 10 days after MenPS vaccination at 24 in Africa. 
months of age. Both total IgG and immunoglobulin 
classes, as well as SBA, elicited by this conjugate A C K N O ~ E D G ~ ~ S  
vaccine, in comparison with the plain polysaccharide This work was partially supported by the Coopération Fran- 
vaccine, will be measured. çaise and the World Health Organization (Steering Committee on 

Some authors, like Goldschneider,l7 Gold,22, 23 %U- Vaccines for Meningitis and Pneumonia). Special thanks to the 
personnel of the Centre de Santé Maternelle et Infantile Yantala; 

attention to the possi- to D. Schneider, V. Gilles, F. Sidikou (Centre de Recherche sur les 
bility that multiple doses of serogroup C polysaccha- Méningites e t  les Schistosomoses Laboratory); to C. Vangeender- 
ride antigen administered in infancy may lead to huysen and M. Bruneteau (Centre de Recherche sur les Méning- 

ites et les Schistosomoses); to  V. Pichon (Aventis Pasteur, 
h~oresponsiveness against N. 7neningi- France); to  J. Froeschle and C. Dukes (Aventis Pasteur, US); and 

tidis serogroup c. In these studies the post-second year to D. Williams, J. Dykes and S. Bernard (CDC Laboratory) who 
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of life polysaccharide vaccination titer measured for 
the serogroup C in the polysaccharide vaccine arm was 
not as elevated as might have been anticipated if the 
children had not been vaccinated. Others have since 
reported similar results both in childrenz5 and in 
adults.z6 On the other hand P e l t ~ l a , ~ ~  in a trial con- 
ducted in 1985 in Finland, called into question any 
suppressive effect when the first dose of group c 
polysaccharide is given at 3 months of age. The rele- 
vance of these observations is unknown. 

In our study in Niger we observed a decline in SBA 
against seroSouP c in the h h P S  vaccine group from 
the pre- (62.7) to the post-primary series serum level 
(25-4); however, we have noted a higher SBA GMT 
value 1 month after the primary series of MenPS 
vaccine (25.4) in comparison with the PRP-T vaccine 
group (7.3). After boosting the SBA increased from 4 
b e - )  to l4 (post-) in the MenPS vaccine Foup. 

For the response to serogroup the Observed difference that it is superior to currently licensed 

the '-/% dose and larger doses suggested that at least in infants. The greater GMT values, mea- 
pg 

Either a l-k% or a 4-% dose of serogroup ll-month-old children already primed with the MenD 

Primary series and after Polysaccharide vaccination at vaccine, suggest that the polysaccharide-pr.otein conju- 

group, supports the hypothesis that conjugate vaccines doses needed, as well as the duration of protective 

and have 



f 
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performed the serum bactericidal assays. We also thank S. Wood, 
M. Fletcher and S. Plotkin for critical review of the manuscript. 
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