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Two hundred twenty-one Gambian children vaccinated previously with one, two, or three doses
of a meningococcal conjugate vaccine or two doses of polysaccharide vaccine before the age of 6
months were revaccinated at the age of 18—24 months with either meningococcal polysaccharide,
conjugate, or inactivated polio vaccines. Children who had previously received one, two, or three
doses of conjugate vaccine had significantly (P < .001) higher anti—group C meningococcal antibody
levels following revaccination than did children vaccinated with a polysaccharide vaccine for the
first time. Children vaccinated previously with two doses of polysaccharide vaccine had a lower
group C antibody response than did control children. Group A antibody responses following revacci-
nation of children who had previously received polysaccharide or conjugate vaccine were not signifi-
cantly higher than those in control children. Thus, immunologic memory was probably induced by
the group C but not by the group A component of the conjugate vaccine.

Vaccination with group A meningococcal polysaccharide
vaccines is an effective way of stopping epidemics of group
A meningococcal disease. However, the protection induced by
these vaccines is short-lasting, at least in children. In one study
in Burkina Faso, vaccine efficacy had declined to 54% by 3
years after vaccination. This decline was particularly marked
in children <4 years old, for whom vaccine efficacy was not
significantly different from background levels 3 years after
vaccination [1]. Serologic studies have shown rapid declines
in antibody levels in African children following meningococcal
polysaccharide vaccination [2]. Thus, the recent development
of a group A plus group C meningococcal polysaccharide and
protein conjugate vaccine [3, 4] that might give a longer dura-
tion of protective immunity than a polysaccharide vaccine is
an important step forward toward the control of epidemic me-
ningococcal disease.

Recently, we described a safety, immunogenicity, and dose-
finding trial of a group A and group C meningococcal polysac-
charide/CRM,y; conjugate vaccine in Gambian infants who
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were vaccinated during the first 6 months of life [5]. Groups
of ~50 infants were vaccinated with one dose of conjugate
vaccine at the age of 6 months; two doses of conjugate vaccine
at the ages of 2 and 6 months; three doses of conjugate vaccine
at the ages of 2, 3, and 4 months; or two doses of polysaccharide
vaccine at the ages of 3 and 6 months. Blood samples were
collected for antibody determinations before and 1 and 3
months after completion of vaccination. Infants were observed
carefully for any local or systemic side effects; these were few.

After vaccination, group A meningococcal polysaccharide
antibody levels measured by ELISA increased progressively
after one, two, or three doses of conjugate vaccine. There was
no significant difference in postvaccination group A antibody
concentrations between children given two doses of polysac-
charide vaccine and those given two doses of conjugate vac-
cine. In contrast, two doses of conjugate vaccine induced higher
concentrations of group C antibody than did two doses of
polysaccharide vaccine, although the response to two doses of
conjugate vaccine was less than that to one dose of conjugate
vaccine. Three months after vaccination with conjugate vac-
cine, antibody concentrations had declined to about one-quarter
of their peak value.

A potentially important advantage of a conjugate vaccine
over a polysaccharide vaccine is that it should induce immuno-
logic memory, facilitating a brisk and enhanced response on
subsequent exposure to the vaccine antigen. Because the peak
age of occurrence of meningococcal disease during African
epidemics is ~10 years [6], it is essential that if meningococcal
conjugate vaccines are to be given as part of an infant program
of immunization, they should induce immunologic memory
that persists for many years. As a first step toward determining
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Characteristics of children in the study of revaccination against meningococcal disease and the reasons for exclusion.

Previous vaccination

Conjugate vaccine

Polysaccharide vaccine,

Characteristic 1 dose 2 dose 3 doses* 2 doses Total
Initial recruitment 66 62 114 62 304
Completed primary course of vaccination” 59 58 109 53 279
Recruitment to booster study 45 50 79 47 221
Reasons for exclusion
Death? 0 0 10 0 10
Severe illness 0 0 1 0 1
Refusal 4 1 4 3 12
Traveling 10 7 15 3 35

NOTE. Data are no. of children.

* Twice as many children were included in this group as in other groups because 2 different blood sampling schedules were used [5].
T These figures differ from those reported previously [5], because all children who were vaccinated were approached to join this study (in earlier report, children

who refused blood testing were excluded).

* See text for details of deaths during whole course of primary and revaccination studies.

whether this might be the case, we revaccinated children in the
Gambian conjugate vaccine trial and a group of control children
when they reached the age of 18—24 months with a further
dose of either conjugate or polysaccharide vaccine and com-
pared group A and group C meningococcal antibody concentra-
~ tions in children with different previous vaccinations.

Subjects and Methods

Subjects. The study area, the eastern part of the Gambia, and
the study population have been described [5]. When children who
had been recruited into the conjugate vaccine trial reached the age
of ~18 months, as many as possible were traced, and their families
were asked if the child could join a further study. Of the 304
children originally entered into the trial, 221 (73%) were recruited
into the follow-up study. Their mean age was 19.7 months (1.3
SD). Reasons for exclusion are shown in table 1. When it became
apparent that a high proportion of deaths had occurred among
children who had received three doses of conjugate vaccine, a
further exhaustive survey was undertaken to determine the status
of all children who had entered the original trial. Information was
obtained on the status of 289 children (95%). A further group of
children from the study area who were age-matched with children
in the main trial and who had received no previous meningococcal
vaccination were recruited as controls.

Children from the main trial were randomized according to a
random numbers list to receive an injection of (1) a 0.5-mL dose
of group A plus group C meningococcal polysaccharide/CRM;y;
conjugate vaccine (lot 090991; Biocine, Siena, Italy) containing
~11 pg of each polysaccharide, 49 pg of CRM;y;, and 1 mg
of aluminum hydroxide per 0.5-mL dose; (2) a 0.5-mL dose of
meningococcal polysaccharide vaccine (Menpovax A plus C; Bio-
cine) containing 50 ug of each meningococcal polysaccharide per
dose; or (3) a 0.5-mL dose of inactivated poliomyelitis vaccine
(IPV; Pasteur Mérieux, Lyon, France). Further details on the devel-
opment of the conjugate vaccine are given elsewhere [3]. No hy-
persensitivity reactions were recorded following revaccination. At

10—-14 days (mean, 12.3) after vaccination, a finger-prick blood
sample was collected for antibody determinations. Children in the
control group were vaccinated with a single dose of the same batch
of polysaccharide vaccine ~6 months after children in the booster
cohort; blood samples were obtained from these children before
and 10-14 days after vaccination.

Laboratory methods. Group A and group C meningococcal
antibody titers were measured at the Centers for Disease Control
and Prevention (CDC, Atlanta) by ELISA as described [7, 8].
Results are expressed in relation to a standard reference serum
that has been ascribed total and class-specific antibody concentra-
tions for group A and C meningococcal antibodies [9]. Sera from
groups of children, selected to give the most useful comparisons,
were assayed for serum bactericidal antibodies using a method
described previously [4]. The group A isolate used in this assay
(CDC strain F8238) was isolated during an epidemic in Kenya in
1989, and the group C isolate used (strain C-11; provided by C.
Frasch, Center for Biologics Evaluation and Research, Bethesda,
MD) was isolated in Germany in 1965. Serum bactericidal anti-
body titers are expressed as the reciprocal of the highest serum
dilution that gave =50% killing.

Statistical methods. Antibody concentrations were log-trans-
formed. The lower limits of detectability of the polysaccharide
antibodies were 0.3 pg/mL (group A) and 0.1 pg/ml. (group C).
Sera that contained concentrations of antibody lower than these
were assigned these figures for the purpose of statistical evalua-
tions. Comparisons of the effects of revaccination with different
vaccines were made after adjustment for prior vaccinations by an
analysis of variance. Comparisons between initial vaccine groups
were made after adjustment for the type of vaccine used for revac-
cination. No interaction was found between initial vaccination and
revaccinations, justifying a stratified analysis. All analyses were
done using SAS System for Windows (SAS Institute, Cary, NC).

Results

Mortality in vaccinated children. When study children
were called for revaccination at the age of 18 months, we
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found that 10 had died since completing their primary course
of vaccination; all of these deaths occurred among the 38% of
the children who received three doses of conjugate vaccine.
However, children in the three-dose group finished their pri-
mary course of vaccination by the age of 4 months, while
children in the other groups did not finish until age 6 months.
Two of the 10 deaths in the three-dose conjugate vaccine group
were of children between the ages of 4 and 6 months, leaving
only 8 deaths for comparison with data from other groups.
None of these comparisons were statistically significant (P >
.05). Nevertheless, concern over these deaths led to an intensive
search for all children in the original trial, even if they had not
been recruited to the follow-up study. Information was obtained
about 295 (95%) of the 304 children. Twenty-three had died
between the time of recruitment at the age of 2 months and
final follow-up at a mean age of 24 months. Seven deaths
occurred between the ages of 2 and 11 months, 13 between
the ages of 12 and 23 months, and 3 after the age of 24 months.
None of the deaths could be related directly to vaccination.

Interviews with the families of children who had died and
review of any health records available suggested the following
causes of death: malnutrition (6), acute gastroenteritis (5),
pneumonia (3), septicemia (2), pericarditis caused by Haemo-
philus influenzae type b (Hib; 1), meningitis of unknown etiol-
ogy (1), and measles (1). The cause of 4 deaths was uncertain.
Fourteen children in the three-dose conjugate vaccine group
died (mortality rate per 1000 child-months at risk, 5.3), 1 child
in the two-dose conjugate vaccine group (mortality rate, 0.6),
5 children in the one-dose conjugate vaccine group, 3 of whom
died before vaccine was given (mortality rate, 3.0), and 3 chil-
dren in the two-dose polysaccharide vaccine group (mortality
rate, 1.9).

Comparisons between groups showed only one statistically
significant difference: that between the three-dose and two-
dose conjugate vaccine groups (x> = 4.3; 1 dfi P = .04).
However, when only deaths after vaccination had been com-
pleted were considered this difference disappeared and no sig-
nificant differences between groups were found.

The pattern of deaths among children in the three-dose conju-
gate vaccine group (8 deaths from infections [pneumonia, 2;
acute gastroenteritis, 2; Hib pericarditis, 1; septicemia, 1; mea-
sles, 1; meningitis, 1], 3 from malnutrition, and 3 from un-
known causes) did not differ from that seen for the remaining
children. Data collected previously on child mortality in Upper
River Division [10] suggested that ~18 deaths would have
been expected in a cohort of this size, a statistically nonsignifi-
cant difference. Eighty percent of these deaths would have been
expected to be due to infections and 10% to malnutrition. Thus,
the pattern of deaths among the children in the three-dose
conjugate vaccine group was not different from the expected.

ELISA antibodies. Group A and C meningococcal ELISA
antibody concentrations in vaccinated children are shown in
table 2. Both group A and C antibody concentrations had fallen
to nearly background levels by the age of 18—24 months in
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children who had been vaccinated during the first few months
of life with either polysaccharide or conjugate vaccines.

Control children showed group A and C antibody responses
to a primary vaccination with a single dose of group A plus
group C polysaccharide vaccine (for comparisons between
pre- and postvaccination antibody concentrations, P < .001
in each case).

All groups of children revaccinated with polysaccharide or
conjugate vaccine had significantly higher group A antibody
concentrations (P < .001) than did control children who re-
ceived IPV. However, the group A antibody responses to a
single dose of polysaccharide vaccine in children vaccinated -
previously with two doses of polysaccharide vaccine or with 2
one, two, or three doses of conjugate vaccine did not differ 2
significantly from the response in children of the same age§
vaccinated with polysaccharide vaccine for the first time. There =
was, however, a small and statistically significant difference S
(P < .01) between two-dose polysaccharide and three-dose =
conjugate vaccine groups. There was no significant differenceﬁ
in group A antibody responses following revaccination with 3
polysaccharide or conjugate vaccine when previous vaccina-
tions were taken into account (P = .29).

Group C antibody responses to revaccination differed in sev-
eral respects from those seen for antibodies to group A polysac-
charide. All groups of previously vaccinated children revacci-
nated with polysaccharide or conjugate vaccine had
significantly higher (P < .001) group C antibody concentra-
tions than did control children who received IPV. Children who
had previously received one, two, or three doses of conjugate
vaccine had significantly higher group C antibody concentra-
tions (P < .001) when boosted with polysaccharide vaccine
than did age-matched children given polysaccharide for the
first time. In contrast, the group C antibody response of children
who had previously received two doses of polysaccharide vac-
cine and who were revaccinated with polysaccharide was sig-
nificantly less (P = .02) than that of children who received
polysaccharide for the first time. This was not the case when
conjugate was used as the second vaccine.

After adjustment for the type of vaccine used for revaccina-
tion, the postbooster group C antibody concentration in children
who had received two doses of conjugate vaccine at age 2 and
6 months was lower than that of children who had received
only one dose of conjugate vaccine at age 6 months, but the
difference between groups was not statistically significant.
After adjustment for previous vaccinations, the conjugate vac-
cine was found to give a significantly higher group C booster
antibody response than the polysaccharide vaccine (P < .001).

Bactericidal antibodies. Measurement of bactericidal anti-
body titers in sera from selected groups of children showed a
pattern similar to that obtained for ELISA antibodies (table 2).
Children who received polysaccharide vaccine for the first time
showed a significant rise in group A and C antibody titers
(P < .001). For group A antibodies, this response was not
significantly different from that of children vaccinated pre-
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Table 2. Meningococcal antibody concentrations in Gambian children (mean age, 19.7 months) with different previous meningococcal vaccine
experiences 10—14 days after revaccination with polysaccharide vaccine or conjugate vaccine.

ELISA antibodies

Bactericidal antibodies

Initial vaccination Reimmunization Group A Group C Group A Group C
None None* 1.2 [0.9-1.5] (34) 0.2 [0.1-0.3] (34) 9 [7-10] (34) 8 [7-9] (34)
None Polysaccharide 12.2 [8.8-16.8] (34) 19.0 [13.7-26.3] (34) 338 [181-630] (34) 239 [147-388] (34)

Polysaccharide, 2 doses

None®

2.4 [1.9-3.0] (14)

Polysaccharide 22.8 [14.5-35.8] (18)
Conjugate 12.7 [8.9-18.0] (15)
Conjugate

1 dose None' 1.4[0.9-2.1] (17)
Polysaccharide 22.8 [12.4-42.0] (12)
Conjugate 8.3 [5.7-11.6] (16)

2 doses None’ 2.0 [1.5-2.6] (15)
Polysaccharide 14.5 [8.1-26.1] (17)
Conjugate 17.9 [10.4-30.6] (18)

3 doses None' 2.2 [1.5-3.4] (27)
Polysaccharide 10.1 [7.2-14.2] (27)
Conjugate 13.4 [9.5-18.9] (25)

0.7 [0.4—1.4] (14)
9.4 [6.2-14.3] (18)
38.6 [26.2-56.8] (15)

0.4 [0.2-0.9] (17)
77.8 [50.0-121.0] (12)
86.7 [58.1-129.3] (16)

0.4 [0.2-0.8] (15)
55.7 [33.5-87.3] (17)
57.9 [41.4-80.8] (18)

0.6 [0.3-1.0] (27)
46.9 [28.2-77.9] (27)

117.0 [80.2-170.5] (25)

1783 [1097-2896] (17) 26 [14-49] (16)

549 [194-1048] (15) 4390 [1261-14,263] (12)

NOTE. ELISA antibody data are geometric mean concentrations in pug/mL; bactericidal antibody data are geometric mean reciprocal titer [95% confidence

interval] (n).

* Same children as in next group but blood samples were obtained immediately before vaccination.

" Received inactivated polio vaccine.

viously with two doses of polysaccharide or conjugate vaccine.
In contrast, the group C antibody response of children who
had previously received two doses of conjugate vaccine was
significantly higher (P < .001) than that of previously nonvac-
cinated children, and the response of children who had pre-
viously received two doses of polysaccharide vaccine was sig-
nificantly lower (P < .001).

ELISA and bactericidal antibody levels generally correlated
well in individual samples. Overall correlation coefficients
were 0.81 and 0.88 for group A and C antibodies, respectively.

Discussion

When a search for children in the original conjugate vaccine
trial was made to recruit them into a booster study, we found
that 10 children had died since completing their primary course
of meningococcal vaccination. Because of the high mortality
rate among children in this rural community (infant mortality
rate, 84/1000 live births) [10] (unpublished data for 1988-—
1993), this number of deaths was not unexpected. However, a
matter of concern was the fact that all 10 deaths had occurred
among the children who had received three doses of conjugate
vaccine. Although the mortality rate after the age of 6 months
was not significantly higher among children in this group than
among children in other groups, a full review, involving home
visits, of all children initially entered into the trial was under-
taken. This revealed that although more deaths had occurred
in the three-dose vaccination group than in other groups, these
had occurred throughout the surveillance period and at different

ages and that they were due to a variety of causes, mainly
infectious. The presumed causes of death in children who had
received the conjugate vaccine did not differ from those ex-
pected on the basis of previous mortality surveys in the study
community. Thus, it seems likely that the apparent clustering
of deaths in children in this vaccine group was a chance finding.

The group C component of the conjugate vaccine induced
immunologic memory; both ELISA and bactericidal antibody
levels 10 days after revaccination were significantly higher in
children who had received two doses of conjugate vaccine
previously than in those who had received two doses of poly-
saccharide vaccine or in those who had not been vaccinated
before. Protective levels of meningococcal antibodies are not
known for certain but are likely to be ~1-2 pg/mL [11]. All
children who had received two doses of conjugate vaccine had
antibody titers well above this level, and it seems likely that
they would have had a high degree of protection against group
C meningococcal disease, had they been exposed to a virulent
strain of group C meningococcus. Both group A polysaccharide
and conjugate vaccines induced antibody responses on primary
vaccination, as has been noted in previous studies in infants, but
no evidence was found that either the group A polysaccharide
vaccine or the group A component of the conjugate vaccine
induced immunologic memory. Why the group C component
of the conjugate vaccine, but not the group A component, was
able to induce immunologic memory is unclear.

It has been reported that group C polysaccharide vaccines
can, under certain circumstances, induce immunologic toler-
ance in infants [12]. This phenomenon was observed again in
our study; children who had received two doses of group C
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polysaccharide vaccine during the first 6 months of life had
lower group C ELISA and bacterial antibody levels after chal-
lenge with a group C polysaccharide vaccine than did age-
matched children who received this vaccine for the first time.
These children will be studied again in 1997, when they reach
the age of 5 years, to see if this phenomenon persists. This
was not the case for children vaccinated previously with two
doses of conjugate vaccine. Although their antibody level after
revaccination was lower than that of children who had pre-
viously received one dose of conjugate vaccine, as noted in
the initial trial [5], the difference between the groups was not
statistically different, and children in the two-dose conjugate
group had a better response to revaccination than control chil-
dren vaccinated for the first time. Children revaccinated with
conjugate vaccine had a higher mean group C antibody concen-
tration than did children given polysaccharide vaccine, after
adjustment for previous vaccinations. This effect was especially
marked among the children vaccinated previously with two
doses of polysaccharide vaccine. A similar phenomenon has
been observed during some studies with Hib conjugate vaccines
[13], although in others, polyribosylribitol phosphate polysac-
charide has been as effective a booster vaccine as conjugate
[14, 15]. In any case, an excellent response was seen to the
group C meningococcal polysaccharide alone, and this will be
satisfactory for subsequent revaccination if needed.

Acknowledgments

We thank the children and their families who participated in the
study and also the Medical Research Council field staff involved
in the project.

References

1. Reingold AL, Broome CV, Hightower AW, et al. Age-specific differences
in duration of clinical protection after vaccination with meningococcal
polysaccharide A vaccine. Lancet 1985;2:114-8.

2.

15.

. Granoff DM, Anderson EL, Osterholm MT, et al. Differences in the immu-

JID 1997;175 (January)

Cessay SJ, Allen SJ, Menon A, et al. Decline in meningococcal antibody
levels in African children 5 years after vaccination and the lack of an
effect of booster immunization. J Infect Dis 1993;167:1212—6.

. Constantino P, Viti S, Podda V, Velmonte MA, Nencioni L, Rappuoli R.

Development and phase 1 clinical testing of a conjugate vaccine against
meningococcus A and C. Vaccine 1992;10:691-8.

. Anderson EL, Bowers T, Mink CM, et al. Safety and immunogenicity of

meningococcal A and C polysaccharide conjugate vaccine in adults.
Infect Immun 1994;62:3391-5.

. Twumasi PA, Kumah S, Leach A, et al. A trial of a group A plus group

C meningococcal polysaccharide—protein conjugate vaccine in African
infants. J Infect Dis 1995;171:632-8.

. Greenwood BM. The epidemiology of acute bacterial meningitis in tropical

Africa. In: Williams JD, Burine J, eds. Bacterial meningitis. London:
Academic Press, 1987:61-91. g

. Carlone GM, Frasch CE, Siber GR, et al. Multicenter comparison of 1evels§

of antibody to the Neisseria meningitidis group A capsular polysaccha- 8
ride measured using an enzyme-linked immunosorbent assay. J Cling
Microbiol 1992;30:154-9. =

. Gheesling LL, Carlone GM, Pais LB, et al. Multicenter comparison ofo

Neisseria meningitidis serogroup C anti~capsular polysaccharide anti-__
body levels measured by a standardized enzyme-linked immunosorbent=
assay. J Clin Microbiol 1994;32:1475-82. i

. Holder PK, Maslanka SE, Pais LB, Dykes J, Plikaytis BD, Carlone GM.3

Assignment of Neisseria meningitidis serogroup A and C class- specmc%
anticapsular antibody concentrations to the new standard reference se-3
rum CDC 1992. Clin Diagn Lab Immunol 1995;2:132-7.

00l

. De Francisco A, Hall AJ, Armstrong Schellenberg JRM, Greenwood AM 2

Greenwood BM. The pattern of infant and childhood mortality in Uppero
River Division, the Gambia. Ann Trop Paediatr 1993;13:345--52.

[jwoo d

. Peltola H, Mikeld PH, Kayhty H, et al. Clinical efficacy of meningococcusz’

group A capsular polysaccharide vaccine in children less than three§
months to five years of age. N Engl J Med 1977;297:686—91.

9[01}

. Gold R, Lepow ML, Goldschneider I, Gotschlich EC. Immune response of\

human infants to polysaccharide vaccines of groups A and C Neisseria o,
meningitidis. ] Infect Dis 1977;136(suppl):S31-5.

nogenicity of three Haemophilus influenzae type b conjugate vaccines
in infants. J Pediatr 1992;121:187-94.

L988/OOZ/L/

. Granoff DM, Holmes SJ, Osterholm MT, et al. Induction of immunologicGD

memory in infants primed with Haemophilus influenzae type b con_]ugateo-
vaccines. J Infect Dis 1993;168:663—71.
Decker MD, Edwards KM, Bradley R, Palmer R. Responses of children&
to booster immunization with their primary conjugate Haemophilusg’
influenzae type B vaccine or with polyribosylribitol phosphate conju--
gated with diphtheria toxoid. J Pediatr 1993;122:410-3.

6 A

¥20¢ UdIe|N 0¢



