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Meningococcal conjugate vaccines:
efficacy and new combinations
Marco Aurélio Palazzi Sáfadi,1 Analíria Pimentel Barros2
Abstract
Objective: Meningococcal disease continues to be a serious public health concern, being associated with high
morbidity and mortality rates worldwide, particularly in Brazil. In addition to discussing recent changes in the global
epidemiology of meningococcal disease, we also analyze the development and impact of new conjugate vaccines
on the prevention of meningococcal disease, with emphasis on the different immunization strategies implemented
with these vaccines.
Sources of data: MEDLINE databases were searched from 1996 to 2006, with emphasis on review articles,
clinical trials and epidemiological studies. Information was also sought on the Centers for Disease Control and
Prevention, Brazilian Ministry of Health and São Paulo state Epidemiological Surveillance Center websites.
Summary of the findings: Five serogroups (A, B, C, W135 and Y) are responsible for virtually all cases of the
disease worldwide, with marked regional and temporal differences. The new meningococcal serogroup C conjugate
vaccines (MCC) offer unmistakable advantages over polysaccharide vaccines. MCC vaccines generate a more
efficient and long-lasting antibody response, inducing immunologic memory and reduction of nasopharyngeal
carriage. The immediate results of introducing these vaccines into immunization programs have been encouraging,
with a dramatic reduction in the incidence of serogroup C disease, not only in vaccinated, but also in unvaccinated
individuals (herd immunity). However, concerns have arisen regarding the long term effectiveness of these
vaccines, especially for infants vaccinated in the routine schedule.
Conclusions: The reported waning of efficacy more than 1 year after routine infant immunization supports
alternative schedules incorporating a booster dose of MCC vaccine given at 12-18 months of age, in order to maintain
long-term protection. The recent licensure of the tetravalent meningococcal conjugate vaccine represents, at last,
a real possibility of a broader protection against meningococcal disease, although the need to develop an effective
vaccine against serogroup B remains.
J Pediatr (Rio J). 2006;82(3 Suppl):S35-44: Neisseria meningitidis, meningococcal disease, conjugate
meningococcal vaccines.

Introduction
Few diseases have as much power to cause panic

invasive meningococcal disease occur annually, leaving

among the population as meningococcal disease, primarily

around 60,000 patients with permanent sequelae and

because of its potential epidemic nature, the rapid onset

causing more than 50,000 deaths.1,2 In the light of this,

of illness and, in certain situations, its severity and high

the possibility of preventing this infection with vaccines

fatality rates. Worldwide, approximately 500,000 cases of

takes on fundamental importance. Motivated by increasing
incidence rates of serogroup C meningococcal disease,
some countries have introduced the new meningococcal C
conjugate vaccines into their routine immunization
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schedule, leading to a significant reduction in incidence
during the period immediately following vaccination. 3
However, after some years, reports of cases of
meningococcal disease in vaccinated children raised doubts
about the duration of vaccine effectiveness in infants
vaccinated during the first months of life.4 In this article
we present a summary of the epidemiologic trends of
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meningococcal disease worldwide and discuss the impact
of the introduction of new meningococcal conjugate
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vaccines in several different countries and the prospects

antibody titers and, consequently, reduced incidence

for future strategies for the prevention of meningococcal

rates. A second peak in incidence can be observed, in

disease.

some populations, among adolescents and young adults,
probably as a result of increased risk of transmission of
the disease, particularly in college students residing in

Global epidemiology of meningococcal disease

dormitories.9 It is important to point out that, in contrast

The causative agent of meningococcal disease, Neisseria

with what is observed in the USA and certain European

meningitidis, is a gram-negative, aerobic, non-motile

countries, in Brazil no increased incidence of the disease

diplococcus belonging to the Neisseriaceae family.

has been observed among adolescents and young

Meningococci can be classified into 13 different serogroups

adults 12 (Table 1).

based on the antigenic composition of the polysaccharide

Meningococcal disease occurs all over the world,

capsule: A, B, C, D, H, I, K, L, W135, X, Y, Z, 29E.

although there are marked geographical differences in

Serogroups A, B, C, Y and W135 are responsible for

incidence and in the distribution of the different serogroups

virtually all cases of the disease, infecting humans only.

that cause disease. Historically, serogroup A is associated

Meningococci can be further classified into serotypes and

with epidemic disease in developing countries, especially

serosubtypes, according to the antigenic composition of

in Sub-Saharan Africa, which is known as the meningitis

their outer membrane proteins (OMP) PorB and PorA,

belt. The annual incidence of disease during these epidemics

respectively.5

can be as high as 1,200 cases per 100,000 inhabitants.

Invasive infections by N. meningitidis results in a wide

Outbreaks of meningococcal disease caused by the W135

clinical spectrum that includes meningitis and

serogroup have been recently reported among nomadic

meningococcemia, or both, with meningitis being the most

Muslims in Saudi Arabia and also in countries in the African

common clinical

presentation.6

belt.13

Against this background,

the term meningococcal disease is appropriate and has

In developed regions, such as the USA and in Europe,

been adopted internationally.7 The distribution of patients

the disease is mostly endemic. In Europe, more than 95%

by sex reveals a slight predominance of the disease among

of cases are attributed to serogroups B and C. A high

male patients. The disease also exhibits seasonality, with

proportion of cases attributed to serogroup B are seen in

a larger number of cases during the winter.8

Norway, Germany, Denmark and Holland, while in Spain,

Meningococcal disease affects individuals of all age

Greece, Slovakia, the Czech Republic, Ireland and the

groups, but the highest incidence is in children under 5,

United Kingdom, a proportional increase in cases attributed

and especially among infants aged 3 to 12 months.9,10

to the C serogroup were observed from the end of the

During epidemics, a shift in the age-distribution of

1990s onwards.14,15 In the USA, incidence rates of

meningococcal disease is observed, with increased

meningococcal disease have remained steady over recent

numbers of cases among adolescents and young adults.11

years (approximately 1 case per 100,000 inhabitants),

The higher incidence of disease among infants, from 3

with serogroup B being the primary cause of endemic

months of age, is related to a reduction in maternal

disease and serogroup C related to outbreaks among

antibody titers that had been passively acquired during

adolescents and young adults. Increases in the proportion

pregnancy. 5 From 12 months on, children develop

of cases due to serogroup Y have been observed during

naturally acquired immunity, with increased protective

the last decade, mainly among adults and the elderly.13,16

Table 1 -

Incidence rates of meningococcal disease (per 100,000 inhabitants) by age group
(São Paulo state, 2000-2005)

Age group
(years)

2000

2001

2002

2003

2004

2005

<1

55.9

44.4

34.2

31.6

38.3

29.0

1-4

23.3

14.6

14.3

12.6

14.4

12.4

5-9

8.6

5.8

6.4

4.3

6.1

5.7

10-14

3.1

2.5

3.0

2.4

2.9

2.5

15-19

2.4

2.0

1.6

1.4

1.9

1.7

20-39

1.3

1.0

1.0

1.0

1.2

1.0

> 40

0.8

0.6

0.8

0.7

0.7

0.8

Source: Centro de Vigilância Epidemiológica (CVE).12
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New Zealand has been affected by an epidemic situation

(1 case/100,000 inhabitants), with serogroup B becoming

caused by meningococcus B (strain B:4:P1,7-2.4) since

more prevalent than C and practically no cases of serogroup

1991, with a total of 5,300 cases of meningococcal disease

A reported. From 1987 onwards there was an increase in

and 215 deaths reported between 1991 and 2004 with

the number of cases, with epidemics attributed to serogroup

incidence rates of up to 14 cases per 100,000 inhabitants

B in several locations around the country. This growth

in 2003. During that period around 80% of cases were

reached its peak in 1996, with 7,104 cases recorded (4.5

attributed to the epidemic strain.17 In 2004 New Zealand

cases/100,000 inhabitants), to a great extent resulting

embarked upon a mass vaccination program for children

from outbreaks in large cities such as São Paulo and Rio

and adolescents under 19 with a vaccine using outer-

de Janeiro. Nevertheless, from 2002 onwards an increase

membrane vesicle (OMV) proteins developed specifically

in the proportion of cases attributed to serogroup C was

to combat the epidemic strain in a partnership between

recorded, demonstrating an increasing trend in the

the New Zealand government, the Norwegian Institute of

proportion of this serogroup in some regions of the

Public Health and the Chiron laboratory. Characteristics

country, such as, for example, the state of São Paulo,

peculiar to epidemics caused by meningococcus B are

where it was responsible for 63% of identified cases of

insidious onset and prolonged duration, sometimes as

meningococcal disease in 2005, with serogroup B

long as 10 years.18

responding for 32% of cases and other serogroups for 5%

During the 1970s Brazil suffered its largest recorded
epidemic of meningococcal disease, with its epicenter in
São Paulo and characterized by two overlapping epidemic

(Figure 1). The case fatality rates of this disease in our
country are unfortunately very high, around 18 to 20% in
recent years.12,20

waves, the first provoked by serogroup C meningococcus,
starting in April 1971, and the second by serogroup A
meningococcus, beginning in April 1974, without the

Development of conjugate vaccines

incidence of cases related to serogroup C meningococcus

The polysaccharide vaccines currently available offer

returning to endemic values by then. The incidence rate,

protection against serogroups A, C, W135 and Y. These

which had been 2.1 cases per 100 thousand inhabitants in

vaccines, in common with other unconjugated

1970, reached a peak of 179 cases per 100,000 inhabitants

polysaccharide vaccines, do not generate adequate

in 1974. This epidemic provided the first major experience

immunoresponse in children under 2 years of age because

with polysaccharide A and C vaccines on a large scale,

of the lack of response to T-independent antigens at this

resulting in control of the epidemic from 1975 on.19 During

age. Another important characteristic of these vaccines is

the 1980s there was a period of reduced disease incidence

that, even in patients over 2 years of age, the protection

70,0
60.0
50.0

%

40.0
30.0
20.0
10.0
0.0

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Year
Serogroup B

Serogroup C

Others

Source: SINANW/D.D.T.R./CV, data as of Jan 26 2006.

Figure 1 - Meningococcal disease: distribution by serogroup (São Paulo state, 1990-2005).
Source: Centro de Vigilância Epidemiológica (CVE)12
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offered is of limited duration; they are unable to induce

without O-acetyl groups, thus generating a wider-ranging

immune memory. Furthermore, they are capable of

response and higher serum bactericidal antibody titers

inducing hyporesponsiveness after subsequent doses. For

(SBA).35-38

these reasons these polysaccharide vaccines are not used
as routine, but are indicated only for high risk groups or
during outbreaks or epidemics.21,22

The routine immunization schedule currently licensed
in Brazil for meningococcal vaccines conjugated to mutant
diphtheria toxins (MCC-CRM197  Meningitec and

The conjugation of polysaccharides to protein carriers

Menjugate) is three doses, from 2 months of age, with

(non-toxic diphtheria mutant toxin [CRM197] or tetanus

a minimum interval of 1 month between doses and, for the

toxoid) alters the nature of the antipolysaccharide response

meningococcal vaccine conjugated to tetanus toxoid (MCC-

to a T-dependent response. When B cells recognize the

TT  Neisvac-C), the schedule is two doses, from 2

polysaccharide they process the conjugated carrier protein

months, with a minimum interval of 2 months between

and present peptide epitopes to T-CD4+ cells. This antigenic

doses. For children aged 1 year and older, adolescents and

complex induces the production of elevated antibody

adults, any of the vaccines should be given in a single

levels, including in young infants, higher antibody avidity

dose.

and increases serum bactericidal activity. They also induce
the formation of long-lasting memory B lymphocyte
populations, providing an excellent amnestic response
(booster effect) on re-exposure. Furthermore, these
vaccines have the capacity to reduce nasopharyngeal
colonization, reducing the number of carriers among those
vaccinated and so transmission of the disease within the
population (herd immunity).5,23-29

As a result of the low incidence of meningococcal
disease caused by serogroup C, randomized, controlled,
phase III trials that assessed the efficacy of the vaccine in
a given population were impractical. Serological correlates
of protection against meningococcal serogroup C disease
were therefore used to infer the effectiveness of these
vaccines.5,38 The parameter accepted as a correlate for
protection, i.e. the lowest antibody titer required to

The first conjugate vaccines, developed during the

consider an individual protected is an SBA > 4, using

1980s, contained meningococcal A and C capsular

human complement, obtained from classic studies

oligosaccharides conjugated to a mutant diphtheria

undertaken by Dr. Goldschneider with North-American

toxin  CRM197. Initial studies with these vaccines

recruits in the 1960s.39 As a response to shortages of

confirmed good immunogenicity, induction of

human complement, laboratories replace it with baby

immunologic memory and an acceptable safety

rabbit complement. While SBA titers obtained using rabbit

profile. 30-32 Nevertheless, the low prevalence of

complement do not correspond exactly to SBA titers from

meningococcal disease caused by serogroup A in

human complement, it is accepted that titers of SBA > 8

developed countries directed the development of

correlate to protection when complement obtained from

conjugate meningococcal vaccines towards controlling

baby rabbits is used. 40,41 An additional method for

disease caused by serogroup C. Therefore monovalent

confirming immunity is by detecting a fourfold or greater

conjugated meningococcal vaccines were developed

increase in antibody titers after vaccination. The presence

from meningococcal serogroup C isolates containing O-

of immunologic memory is a fundamental element of

acetyl groups (Oac(+)) in their polysaccharide capsule,

protection with these vaccines and it can be confirmed by

conjugated to the mutant diphtheria toxin (MCC - CRM197

a substantial antibody response after challenge with a

- Meningitec  Wyeth Laboratories, and Menjugate 

dose of polysaccharide vaccine and by increases in antibody

Chiron Laboratories). These vaccines proved themselves

avidity index as time passes, indicating the presence of T-

immunogenic in infants, toddlers, older children,

mediated response.5 Both pre- and post-licensing trials

adolescents and

adults.24-29

Later, studies to characterize meningococcus antigens
found that around 12% of meningococcal serogroup C

demonstrated excellent immunogenicity and the presence
of immunologic memory associated with all three available
conjugate vaccines.24-29,35-38

isolates that cause disease do not have O-acetyl groups in

Phase I and II trials demonstrated that MCC vaccines

their polysaccharide capsules (Oac(-)).33 This finding

had a reactogenicity profile that was comparable with that

suggested the possibility that the immunoresponse, based

observed with other vaccines on the routine schedule.

fundamentally on group-specific antibodies,34 provoked

These were mainly characterized by local reactions like

by these vaccines using Oac(+) polysaccharides, could be

tenderness and erythema at the site of administration of

ineffective against Oac(-) strains. A vaccine was then

the vaccine and systemic reactions like irritability, fever,

developed that utilized a de-O-acetylated capsular

headaches, vomiting and myalgia.25,27,28,35,36 After its

polysaccharide conjugated to a tetanus toxoid (MCC-TT-

inclusion on the United Kingdom immunization program,

Neisvac-C  Laboratory Baxter). This Oac(-) vaccine

passive and active surveillance systems were set up to

elicits the production of antibodies aimed at epitopes

detect adverse events associated with MCC vaccines.

present in meningococcal serogroup C isolates with and

Active surveillance was maintained on 2,800 vaccinated
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infants and four adverse events considered serious were

in the United Kingdom was also observed in these other

observed (hypotonia, uncontrollable crying, agitation and

countries, with significant reductions in the incidence of

maculopapular exanthema).42 After around 18 million

meningococcal serogroup C disease.38

doses had been administered alone or concomitantly with
other vaccines, the passive surveillance system detected
an incidence of 1 case of seizures for every 60,000 doses
doses, with no associated deaths

reported.43

In an

observational study carried out in our country, we monitored
for up to 30 days 151 children who were given
meningococcal vaccine conjugated to mutant diphtheria
toxin and it was possible to confirm that the vaccine was

80

Number of cases

and 1 case of anaphylactic reactions for every 500,000

70

Introduction of
MCC vaccines

60
50
40
30
20
10
0
1997

well tolerated, with few adverse events, characterized

1998

1999

basically by fever (14%) and irritability (7%) among

considered serious during the study.44

2001

2002

2003

2004

2005

2006

Year

infants under 1 year and local reactions (25%) among
those over 1 year. We did not record any adverse events

2000

Source: Health Protection Agency North West, Manchester Laboratory

Figure 2 - Cases of meningococcal disease C reported in the
United Kingdom (1997-2006). Adapted from Southern
et al.46

In terms of possible interactions with other vaccines
administered concomitantly or in combination, there is
growing evidence to suggest that the response to
meningococcal C conjugate vaccines may be reduced,
whether conjugated to tetanus toxoid or to mutant
diphtheria toxin, when administered at the same time as
heptavalent pneumococcal conjugate vaccine or acellular
combined vaccines.45-47

9
8
7

Pre-vaccine

6
5

67% reduction
in unvaccinated
cohorts

4
3

Unvaccinated

2

Vaccinated

1

European experience of mass immunization with
meningococcal C conjugate vaccine
The first place to introduce the conjugate vaccine on a
routine schedule was the United Kingdom, in 1999,

0

94% reduction
in vaccinated
cohorts

98/99

00/01

00/01

Figure 3 - Incidence of meningococcal disease C in under-18s
before and after United Kingdom immunization
campaign. Adapted from Ramsay et al.49

vaccinating, in less than 1 year, more than 15,000,000
people under 17 years old.3 Initial results were encouraging
with an 81% reduction in the incidence of meningococcal
disease due to serogroup C for 1998-1999 compared with
2000-2001 (Figure 2). The estimated efficacy of the
vaccine was up to 97% in adolescents and 92% in
preschool children given a single dose of the vaccine and
91% in infants given three doses of the vaccine, at 2, 3 and
4 months. The number of deaths due to meningococcal
disease attributed to serogroup C dropped from 67 in 1999
to five in

2001.48

A significant reduction in the incidence

of meningococcal disease was observed, even in age
groups that were not vaccinated, apparently demonstrating

The effect of mass vaccination on the numbers of
carriers was assessed by a study in the United Kingdom
involving 16,000 adolescents aged 15 to 17 years, which
observed a reduction of 66% in rates of people carrying
serogroup C meningococci in their nasopharynx, comparing
periods before and after the introduction of conjugate
vaccines.50 In the same study no replacement with other
meningococcus serogroups was observed in the vaccinated
population.

that conjugate vaccines protect not only individuals who

One concern that arose after the dramatic reduction in

are vaccinated, but also the rest of the population, as a

the incidence of meningococcal disease from serogroup C

result of the reduced number of people carrying bacteria

in countries that have adopted mass vaccination was the

in their nasopharynx49 (Figure 3). Later, other European

possibility that the introduction of conjugate vaccine

countries, such as Spain and Ireland, also carried out mass

would exercise immune pressure on the meningococci

immunization campaigns and introduced the vaccine on

population, resulting in replacement with another

routine schedules at 2, 4 and 6 months of age. Holland and

serogroup, for example B, for which effective vaccines do

Belgium adopted an alternative strategy, introducing the

not exist. To date surveillance data from the United

vaccine in a single dose between 12 and 14 months of age

Kingdom show that in parallel with the drop in incidence of

on their routine vaccination schedules. The success achieved

meningococcal disease caused by serogroup C, no increases
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were observed in the absolute number of cases caused by

response, requires days to take effect adequately. It is,

serogroup B.51 Nevertheless, attention was aroused by a

therefore, easy to understand that immunologic memory

phenomenon recently observed in Spain, where, after the

alone is not sufficient to guarantee protection against

introduction of conjugate vaccine against serogroup C, an

invasive meningococcal disease.

outbreak was observed caused by the ST11 meningococcus

In relation to herd immunity, there is no certainty on

B clone, which had previously been associated

its duration; there are also concerns that, after the

predominantly with serogroup C, leading to a suspicion

number of carriers in the population has dropped, there

that capsular switching had taken place, associated with

may be an increase in individual susceptibility to

the mass immunization.52

meningococcus C due to the absence of opportunities for

Doubts about the real possibility of capsular switching

natural exposure to the agent. It is therefore believed that

and serogroup replacement emphasize the need for a

the protection offered by the meningococcal C conjugate

rigorous surveillance system in areas that introduce

vaccine to populations subjected to mass immunization

conjugate meningococcal vaccines to their routine

depends on a combination of persistence of bactericidal

vaccination schedules.

antibody titers, induction of herd immunity and presence
of immunologic memory.
All of these considerations gained prominence after the

Long term protection

publication of the first studies, starting in 2004, that

It is important to point out that licensure was granted

confirmed fall in effectiveness more than 1 year after

for these vaccines solely on the basis of safety and

vaccination.53 For infants vaccinated at 2, 3 and 4 months,

immunogenicity studies. The immunization program with

in the United Kingdom, effectiveness dropped from 93%

meningococcal conjugate vaccines for serogroup C (MCC),

in the first year to -81% (-7,430 to 71) more than 1 year

implemented in the United Kingdom, was successful at

after vaccination. There were 21 cases of meningococcal

controlling the incidence of meningococcal disease caused

C disease in vaccinated children, more than 1 year after

by serogroup C, as a result of high short-term effectiveness

the end of the vaccination course, with 18 of these cases

with the MCC vaccines. Nevertheless, the duration of the

occurring during 3 years follow-up; for those vaccinated

protection conferred by these vaccines remains uncertain.

between 1 and 2 years of age, effectiveness dropped from

Studies

that

have

assessed

the

long-term

immunogenicity of the conjugate vaccines have revealed
SBA titers reduced to below levels correlated with protection
few

years

after

children.26,27,53,54

the

immunization

of

these

This waning in seroprotection was

observed both in infants, who were given three doses of
the vaccine during their first year of life, and in toddlers
given just one dose of the vaccine. The studies also
demonstrated that the fall in antibodies was observed with
all of the conjugate vaccines, although it was less
accentuated with the meningococcal vaccine conjugated
to tetanus toxoid than with the meningococcal vaccine
conjugated to mutant

diphtheria.37,55

92% in the first year to 61% (-327 to 94) 1 year after
vaccination; for the remaining vaccinated age groups,
protection 1 year after vaccination remained above 80%
(Figure 4). A similar phenomenon was observed in Spain,
with infants vaccinated at 2, 4 and 6 months of age.56,57
Therefore, as had been verified with the vaccine for
Haemophilus influenzae b (Hib), the protection conferred
by the MCC vaccines is directly related to the age at which
they are given, i.e. those children given the vaccine aged
1 year or older develop stronger and longer lasting
protection than those given routine vaccination during the
first months of life.

Nevertheless, in all

of these studies excellent immunoresponse was
demonstrated after a challenge dose of polysaccharide
vaccine was given, clearly indicating immunologic memory.

100%

In relation to the memory immunoresponse to booster

80%

20%

initially believed that the presence of immunologic memory

-40%

and herd immunity would be sufficient to guarantee the

-60%

effectiveness of the vaccine, despite the fall in SBA titers.
At this point we should emphasize that in meningococcal
disease the agent can invade a few hours after it has
colonized the nasopharynx, whereas the immunoresponse,
even in individuals who have previously exhibited a

-80%
-100%

Total

4-18 years

-20%

3-4 years

0%

had been given two or three doses of vaccine.55 It was

1-2 years

vaccine in the first year of life compared with children who

40%

5-11 months

in children who had been given just one dose of conjugate

60%

2, 3 and 4 months

doses, it was also observed that the response was stronger

Up to 1 year

1 to 4 years

Figure 4 - Effectiveness of meningococcal serogroup C conjugate
vaccine according to age groups 4 years after
introduction (United Kingdom). Adapted from Trotter
et al.53
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An alternative strategy that has been shown to be

months of life to confer longer-lasting protection seems

more cost-effective was adopted in Holland, when, in

even more obvious. Among those aged over 1 year,

2002, a routine immunization program was implemented

vaccinated with a single dose, efficacy remains elevated,

with a single dose of the meningococcal C- tetanus toxoid

demonstrating that the protection offered by the MCC

conjugate vaccine at 14 months of age. In addition, a

vaccines is age dependent, and children vaccinated at

catch-up campaign was conducted targeting nearly all

older ages exhibit more consistent and long-lasting

children and adolescents aged 1 to 18 years with the same

responses, as already observed after vaccination with Hib

vaccine. The first results, published in 2006, demonstrated

conjugate vaccines.

a dramatic reduction in the incidence of meningococcal
disease, both in vaccinated as well as in unvaccinated age
groups, with the highest reduction (99%) observed in the
age groups that were vaccinated. To date, there have been
no reports of meningococcal disease in previously
vaccinated children in Holland, although the follow-up
period was shorter than in Spain or the United Kingdom.58
These results suggest that the adoption of a routine
immunization program using just one dose of
meningococcal C conjugate vaccine given during the
second year of life offers the possibility of excellent and,
probably, long lasting protection against meningococcal
disease. Since adolescents are generally the primary
carriers of meningococcus C in the population, their
inclusion in catch-up campaigns will also result in efficient
herd immunity induction. It is also clear that this strategy
is only possible in countries, like Holland, which do not
have high incidence rates of meningococcal disease during

Mathematical models attempting to predict the
prevalence of serogroup C meningococcal disease in the
United Kingdom after varying vaccination schedules
indicated that the best cost-effectiveness would be obtained
with a single dose at 12 to 15 months.60 This strategy does
not, however, appear a possible option in countries with
epidemiological conditions similar to those found in Brazil,
since in our country a significant proportion of
meningococcal disease cases occur among infants under
12 months of age.12,19,20 Considering that the memory
response after a booster dose is more substantial in
children given just one dose of vaccine during the first year
of life compared with those given two or three doses,55 an
interesting and cost-effective solution for countries like
Brazil could perhaps be an immunization program with a
regimen using just one dose for infants, followed by a
second dose after 1 year of age.

the first year of life.
The results of these studies53,56,57 that demonstrate
waning efficacy after some years, particularly among

New conjugate meningococcal vaccine
presentations

children routinely immunized during the first few months

In 2005, on the basis of short-term safety and

of age, given two or three doses of vaccine, indicate that

immunogenicity data, the USA licensed a quadrivalent

there is a need to implement different routine immunization

meningococcal vaccine containing 4 µg of capsular

schedules from those currently in use. The incorporation

polysaccharides from serogroups A, C, W135 and Y

of a booster dose after 1 year of age does appear to be

conjugated to 48 µg of diphtheria toxoid protein (Menactra

unquestionably necessary to guarantee long-term

 Sanofi-Pasteur).61 Studies conducted with this vaccine

protection for infants immunized during their first year.

demonstrated an acceptable safety profile, with no severe

Portugal was the first European country to add a booster

adverse events observed during pre-licensure studies.

dose at 15 months of age to their routine schedule of

Furthermore, excellent immunogenicity was confirmed

primary immunization with two doses of meningococcal C

among adolescents 11 to 18 years old after one dose of the

conjugate vaccine, at 3 and 5 months of age. In February

vaccine (with 99.8, 98.8, 99.5 and 98.6% of individuals

2006, the United Kingdom announced changes to its

reaching SBA titers > 1/128 for the serogroups A, C, Y and

vaccination schedule, altering the routine immunization

W135, respectively) and also among adults aged 18 to 55

regimen for meningococcal C conjugate vaccine to two

years (with 99.8, 98.8, 97.0 and 97.1% of individuals

doses, at 3 and 4 months, with a booster dose at 12

reaching SBA titers > 1/128 for serogroups A, C, Y and

months of age using a combination serogroup C

W135, respectively).61,62 Nevertheless, the results of

meningococcal-Haemophilus influenzae b conjugate

studies assessing the immunogenicity of the vaccine in

vaccine (MenC-Hib), in addition to incorporating the

infants were no better than modest, suggesting the need

vaccine.59

In

for alternative presentations, perhaps with the addition of

countries like Brazil, where the meningococcal C conjugate

adjuvants, in order that this quadrivalent conjugate

vaccine is not yet part of the Programa Nacional de

meningococcal vaccine could be used for the prevention of

Imunizações (Brazilian National Immunization Program)

meningococcal disease in infants.63 In May 2005, the

and therefore without possibility of inducing herd immunity

Advisory Committee on Immunization Practices (ACIP)

through reduced numbers of carriers, the need for a

recommended the quadrivalent meningococcal conjugate

booster dose for children vaccinated during their first 6

vaccine for all adolescents aged 11 to 12 years in the USA,

heptavalent conjugate pneumococcal
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and also for adolescents who have not been vaccinated

membrane proteins (OMV), developed in Cuba and Norway,

before high-school entry at 15 years.61 In October 2005,

were used with success to control outbreaks; however,

the Vaccine Adverse Event Reporting System (VAERS),

the immunoresponse to these vaccines is specific to the

coordinated by the Centers for Disease Control and

serosubtypes of meningococcus B included in the vaccine,

Prevention (CDC) in the USA, notified the occurrence of

preventing the protection offered from covering other

five cases of Guillain-Barré syndrome (GBS) in adolescents

meningococcus B serosubtypes.67,68 One alternative, and

aged 17 to 18 years, 14 to 31 days after receiving the

promising strategy to develop a vaccine against serogroup

quadrivalent meningococcal conjugate vaccine. At that

B appears to be reverse vaccinology, through genome

point 2.5 million doses of the vaccine had been distributed

sequencing of the bacteria, in order to identify proteins

in the USA. Based on previous data from the CDC and

that could be antigenic candidates.69

North-American healthcare agencies, the expected risk of
GBS in the 11 to 19 year-old population is one to two cases
per 100,000 inhabitants/year. It was, therefore, concluded
that the GBS incidence rate identified 6 weeks after
vaccination of the adolescents was comparable to the
expected rate for the population, based on surveys from
previous years. The pre-licensure trials, involving 7,000
adolescents, did not detect any cases of GBS among those
vaccinated. In partnership with North-American private
healthcare networks, the CDC began rapid monitoring of
adverse events, covering 110,000 vaccinated adolescents,
without identifying any cases of GBS among these
adolescents. Another aspect of relevance is the fact that
in the United Kingdom, between 1999 and 2005, 30 million
doses of meningococcal C conjugate vaccines were given
to children and adolescents younger than 18 years of age,
with five cases of GBS reported amongst vaccinated
people. This rate was below that expected for the population
in question. This being so, the data available to date are
insufficient to establish a link between the quadrivalent
conjugate meningococcal vaccine and the occurrence of
GBS.64
A conjugate vaccine that combined nine pneumococcus
serotypes with meningococcal serogroup C was developed
with the intention of easing its introduction into the
already saturated infant immunization calendar. However,
the first results published in 2005 demonstrated that the
immunogenicity for meningococcal C was reduced, limiting
its development.47

Final comments
Meningococcal disease is an important cause of
morbidity and death worldwide, particularly among infants
and young children. Its high case fatality rates, even in the
face of early therapeutic intervention, emphasize the need
for vaccines that can be used routinely for the prevention
of this disease. Polysaccharide vaccines against serogroups
A, C, W135 and Y, while immunogenic in adults, do not
offer adequate protection when administered to children
less than 2 years old, in addition to not offering lasting
protection. The development of vaccines against serogroup
C conjugated to protein carriers (non-toxic diphtheria
mutant toxin [CRM197] or tetanus toxoid) has changed
the nature of the immunoresponse, inducing production of
elevated antibody levels, even among young infants, and
also offering excellent response on re-exposure
(immunologic memory). Furthermore, these vaccines have
the capacity to reduce nasopharyngeal colonization by the
bacteria, reducing the number of carriers among those
vaccinated and transmission of the disease in the general
population (herd immunity). These vaccines are highly
effective, with a dramatic reduction in the incidence of
meningococcal disease caused by serogroup C in countries
that have introduced them in their mass immunization
programs. However, recent data on waning efficacy among
children immunized during their first year of life have

The major challenge in meningococcal disease

raised doubts with relation to the duration of protection

prevention continues to be the development of vaccines

and have caused the regimens under which these vaccines

that are immunogenic against serogroup B. The capsular

are administered to be altered in order to confer longer-

polysaccharide of meningococcus B has an antigenic

lasting protection, adding a booster dose after 1 year of

structure (acetylneuraminic

age for children who have been routinely immunized with

α-2-8-N acid) similar to that

found in embryonic neural tissues. This peculiar

two or three doses during the first months of life. The

characteristic, in addition to making it impossible for

possibility of reducing the number of doses necessary for

polysaccharide vaccines containing serogroup B to be

the routine primary immunization of infants to two or even

immunogenic, also results in a risk of autoimmune reactions

just one dose of the meningococcal C conjugate vaccine,

to the use of these vaccines.65,66 As a result, no

adding a booster dose after 1 year, to guarantee longer-

polysaccharide conjugate vaccines have been developed

lasting protection, was an attractive possibility, for example

for meningococcus B that could be shown to be

to be introduced in the Programa Nacional de Imunizações,

immunogenic and risk free. One attempt to overcome this

as it would offer a cost-effective strategy to reduce the

problem was to develop vaccines that used non-capsular

elevated morbidity and mortality of meningococcal disease

components of meningococcus B. Vaccines based on outer

attributed to serogroup C in Brazil.
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On the other hand, to date attempts to obtain an
effective and broad-spectrum vaccine for meningococcus
B have failed. While OMV vaccines have proven themselves
effective for the control of outbreaks caused by strains
homologous with the vaccine, they do not offer protection
that covers the remaining meningococcus B serosubtypes,
in addition to only offering modest immunogenicity in
children under 2 years old.70 The use of reverse vaccinology,
with genome sequencing of meningococcus B, may perhaps
allow the development of a vaccine that offers wideranging protection from serogroup B.
Finally, the auspicious announcement of the licensure
of a quadrivalent meningococcal conjugate vaccine for
serogroups A, C, W135 and Y at last offers the real
possibility of reducing the incidence of meningococcal
disease epidemics caused by serogroups A and W135 in
Africa, and also the meningococcal disease caused by
serogroup Y in the USA. It can also be used as a booster
dose for adolescents previously immunized with the
meningococcal serogroup C conjugate vaccine, extending
protection to the other three serogroups of the vaccine.
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