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Meningococcal disease is a global prob-
lem that occurs in all countries, but its epi-
demiology varies substantially by capsular 
group (1). Virulent strains of Neisseria 

Meningitidis have a polysaccharide cap-
sule, with types A, B, C, W, X, and Y com-
monly causing invasive infections (2).

The incidence of invasive meningo-
coccal disease (IMD) is highest in chil-
dren less than 1 year of age and remains 
relatively high until approximately 5 
years. Although the incidence tends to 
decrease in older children, it usually 
peaks again during adolescence and 
young adulthood when individuals are 

living in close quarters. Incidence again 
tapers off in older adults. This pattern 
has been observed at both regional and 
country levels and with individual sero-
groups. The morbidity and mortality 
from IMD is substantial, with a case- 
fatality rate close to 10% in developed 
countries (3). Many survivors experi-
ence permanent debilitating sequelae, 
such as hearing loss, neurologic impair-
ments, or limb loss (4).

ABSTRACT Objectives. To summarize and critically evaluate the evidence on the impact and effective-
ness of meningococcal vaccination programs around the world in order to inform decisionmak-
ing in Latin America and the Caribbean.
Methods. A review of the literature was conducted following several components of the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. PubMed 
Central® was searched for papers published in any language from January 1999 – March 2017.
Results. In all, 32 studies were included, most of which evaluated the meningococcal C con-
jugate vaccine. Fourteen studies measured effectiveness and 30 measured impact. The effective-
ness of polysaccharide vaccines was 65% – 83.7% (different age groups), while the effectiveness 
of the conjugate vaccines was 66% – 100%. Incidence decline of laboratory-confirmed menin-
gococcal disease for the conjugate vaccine ranged from 77% – 100% among different ages 
groups. The only study that evaluated the protein subunit vaccine reported a vaccine effective-
ness of 82.9%.
Conclusions. The studies reviewed show impact and effectiveness of both polysaccharide 
vaccines and conjugate vaccines on vaccine-serogroup meningococcal disease. The conjugate 
vaccines, however, show higher impact and effectiveness with longer-lasting protection over the 
polysaccharide vaccines. Given the variance in potential use of a meningococcal vaccine, epi-
demiological surveillance systems should be strengthened to inform national decisions.
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The development of meningococcal 
vaccines began in the 1960s with the cre-
ation of the polysaccharide vaccines, 
which are immunogenic in older chil-
dren and adults, but less so in infants. To 
cover this younger population, conjugate 
vaccines were developed in 1999. Poly-
saccharide vaccines and conjugate vac-
cines based on the meningococcal 
capsule are now available against all 
meningococcal strains related to sero-
groups A, C, W, and Y. Regarding protec-
tion against serogroup B, a broadly 
protective serogroup B recombinant vac-
cine has recently been approved in sev-
eral countries (5, 6).

According to the World Health Organ-
ization’s (WHO) Vaccine Preventable Dis-
eases Monitoring System, as of 2016, a 
total of 39 countries had introduced a 
meningococcal vaccine in their routine 
immunization schedules. The first coun-
try to introduce the conjugate vaccine was 
the United Kingdom in 1999. Addition-
ally, 30 countries have introduced a 
meningococcal vaccine for specific high-
risk groups only. Infants and young chil-
dren less than 2 years of age are targeted 
in 27 countries, while nine countries tar-
get children 2 years of age or older and 11 
countries target adolescents. Only five 
countries have introduced a meningococ-
cal vaccine in a geographically restricted 
area within the country, while the rest 
have introduced it nationwide (7, 8).

Some countries in Latin America and 
the Caribbean have decided to imple-
ment a nationwide, routine immuniza-
tion program using meningococcal 
vaccines. Brazil was the first to introduce 
a conjugated meningococcal C vaccine 
(MenC), while Cuba was the first to in-
troduce an outer-membrane protein B 
vaccine (9). Afterwards, Puerto Rico and 
Chile introduced the ACWY tetravalent 
polysaccharide-protein conjugate vac-
cines in 2008 and 2012, respectively; Ar-
gentina did likewise in 2017 (10, 11).

Monitoring post-licensure impact of 
meningococcal vaccines is important for 
documenting appropriate gains in terms 
of expected morbidity and mortality re-
duction. This information is scarce and 
scattered in Latin America and the Carib-
bean, making it difficult for decisionmak-
ers to base policy on evidence. This review 
aims to summarize the available evidence 
on the impact and effectiveness of com-
mercially-available vaccines on meningo-
coccal disease, invasive meningococcal 
disease, and death due to meningococcus 

in all age groups, as reported by several 
countries. The intent is inform decision 
making among countries of Latin America 
and the Caribbean that are considering in-
troducing the meningococcal vaccine.

MATERIALS AND METHODS

Literature search

A literature search following several 
components of the Preferred Reporting 
Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines4 
was performed on PubMed Central® (Na-
tional Library of Medicine, Bethesda, 
Maryland, United States) to identify all 
available studies on the effects of menin-
gococcal vaccines on meningococcal dis-
ease cases and mortality. The main search 
terms were: “meningococcal vaccine,” 
“immunization program,” “mass vacci-
nation,” AND “effectiveness” OR “evalu-
ation” OR “impact” OR “benefits,” 
“hospitalization,” “notifications,” “de-
cline” OR “reduction.” Terms used for ex-
clusion of papers were: “meningococcal 
vaccines/economics” OR “ immuniza 
tion/economics” or “cost-benefit analy-
sis” OR “MenAfriVac” OR “disease out-
breaks” OR “randomized controlled 
trial.” The search included all papers pub-
lished from 1 January 1999 – 15 March 
2017, the day on which the search was 
conducted.

Inclusion and exclusion criteria

Studies of primary impact and effec-
tiveness of currently available meningo-
coccal vaccines were included, published 
from January 1999 – March 2017, in any 
language. The review focused on the 
meningococcal polysaccharide, polysac-
charide-protein conjugate, and protein 
sub unit vaccines, and considered any 
serogroup except for serogroup A. The 
outcomes of interest were clinically-com-
patible and/or laboratory-confirmed 
meningo coccal cases and deaths due to 
meningococcal disease.

The following study types were ex-
cluded: case series, case reports, and ran-
domized controlled trials; and economic, 
cost-benefit, and modelling studies. 

4 An evidence-based minimum set of items for report-
ing in systematic reviews and meta-analyses, focus-
ing on the reporting of reviews evaluating random-
ized trials, but also used as a basis for reporting 
systematic reviews of other types of research, partic-
ularly evaluations of interventions. For more infor-
mation visit: www.prisma-statement.org/

Additionally, studies performed in Africa 
related to meningococcal A vaccine were 
excluded for not being relevant to Latin 
American and the Caribbean, as were 
those studies specifically targeting pa-
tients with sickle cell disease, HIV- 
infection, or conditions known to affect 
immune response. Others excluded were: 
studies that considered only the disease of 
selected serogroups without denomina-
tors, adverse events, or immunogenicity 
(antibody levels); studies of nasopharyn-
geal carriage; studies considering only 
laboratory data; studies with all-cause 
mortality and hospitalization as primary 
outcomes; and studies that assessed only 
nosocomial infections.

Study selection

Citations were screened by two inde-
pendent reviewers in a two-step process. 
First, titles and abstracts were reviewed 
for duplication and inclusion/exclusion 
criteria. After eliminating duplicates, the 
full texts of these papers were obtained 
to complete the eligibility screening. Sec-
ond, five citations on which eligibility 
reviewers disagreed were discussed or 
assessed by a third reviewer.

By screening the abstracts of the re-
maining 209 studies, 158 were ex-
cluded—30 were not related to 
meningococcal vaccine; 95 did not mea-
sure vaccine impact; 6 were reviews (not 
primary studies); 3 were reports or press 
release; 8 were studies of meningococcal 
A vaccine; 3 were studies of vaccines that 
are not commercially available; and 13 
were modelling/economic evaluations.

The full texts of 51 studies were then 
evaluated, and another 19 were ex-
cluded, resulting in 32 primary studies 
for this review (12 – 43). Figure 1 shows 
the PRISMA Flow Diagram of the search 
strategy and selected articles.

Data collection and study quality

Data extraction was done indepen-
dently by three reviewers, using abstrac-
tion forms developed specifically for this 
review. Data extracted included first au-
thor, country and state when available, 
vaccine and serogroup type, study type, 
data source, study period, vaccine intro-
duction date, vaccination strategy, vacci-
nation schedule used, age groups on 
which impact was measured, number of 
subjects on which impact was measured, 
case definition, effectiveness, or impact 

http://www.prisma-statement.org/
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as reported, and main conclusion of the 
study.

The main results included were impact 
and/or effectiveness assessments, corre-
sponding confidence limits when avail-
able, and any information on control and 
ascertainment of exposure for case- 
control studies and cohort studies. Addi-
tionally, control (as steady practice) and 
presence of time series before were eval-
uated for impact studies.

Data analysis

A descriptive analysis was conducted 
of each study’s characteristics including 
design, type, and schedule of meningo-
coccal vaccine introduced, vaccination 
strategy, data sources, and endpoints 
considered. For all studies, the main 
measure of interest was the vaccine effect 
in reducing the outcome of interest.

RESULTS

Table 1 summarizes the characteristics 
of the 32 articles selected. Most of them 
were spread out evenly through the 

study period. Of the total, 26 evaluated 
conjugate vaccines (12 – 37) and 6 evalu-
ated polysaccharide vaccines (38 – 43). 
By far, the vaccine most commonly eval-
uated was the meningococcal conjugate 
C vaccine (Men-C-C), with 25 articles; 
some studies evaluated multiple vac-
cines. The studies originated from sev-
eral countries, with Spain being the most 
prolific publisher (10 studies), followed 
by Canada (8 studies). The study periods 
of the 32 selected articles ranged from 1 
– 58 years, with an average of 8.7 years 
and a median of 5 years. The most com-
mon data sources for the studies were 
surveillance systems (27 studies).

Regarding the immunization strategy, 
most countries studied had introduced a 
meningococcal vaccine to their routine 
immunization program (25 studies) and 
4 had also conducted catch-up for older 
age groups. Eleven studies evaluated the 
use of a meningococcal vaccine in a cam-
paign. The vaccination schedule used 
varied widely. In September 2015, the 
United Kingdom became the first coun-
try to introduce meningococcal vaccine 
(4CMenB), a protein sub-unit vaccine, 

using a 2- and 4 months-old schedule 
with an opportunistic catch-up at 3 and 4 
months of age. Among the 26 studies that 
looked at the conjugate meningococcal 
vaccines (12 – 37), 23 evaluated routine 
introductions to national schedules and 
6 evaluated campaigns; just a few studies 
evaluated both. Regarding the routine in-
troduction of conjugate vaccines, the 

Full-text articles assessed for eligibility
(n = 51)

Records excluded per inclusion/
exclusion criteria

(n = 158)

Records identified on PubMed®

(n = 209)

Studies included in the review
(n = 32)

Full-text articles excluded
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Full-text not found: 3
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FIGURE 1. PRISMA Flow Diagram for selection of articles for a review of the literature 
on the impact and/or effectiveness of meningococcal vaccines, 2016

Source: Prepared by the authors from study data.

TABLE 1. Characteristics of the articles 
included in a review of the literature on 
the impact and/or effectiveness of 
meningococcal vaccines, 2016

Characteristics n (Total 32) %

Publication year
 1999 1 3
 2000 1 3
 2001 3 9
 2002 0 0
 2003 3 9
 2004 4 13
 2005 2 6
 2006 0 0
 2007 0 0
 2008 1 3
 2009 2 6
 2010 0 0
 2011 2 6
 2012 2 6
 2013 0 0
 2014 5 16
 2015 2 6
 2016 4 13
Type of vaccine
(not mutually exclusive)
 Meningo Conjugate C 25 78
 Polysaccharide A+C 4 13
 MenACWY-135 2 6
 4CMenB 1 3
 VA Meningo BC 1 3
 Polysaccharide MenC 1 3
Country
 Spain 10 31
 Canada 8 25
 United Kingdom 4 13
 Brazil 3 9
 Italy 3 9
 Australia 1 3
 Cuba 1 3
 Ireland 1 3
 Scotland 1 3
Study type (not mutually 
exclusive)
 Impact 30 94
 Effectiveness 14 47
 Data sources
 Surveillance 27 84
 Hospital records 5 16
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most common schedule used was a single 
dose at 12 – 15 months of age (11 studies), 
followed by a three-dose schedule of 2-, 
4-, and 6-months of age (6 studies). Four 
studies also vaccinated adolescents at 
around 12 years of age. Almost one-half 
of the conjugate vaccine schedules (12 ar-
ticles) included a catch-up strategy for 
older age groups. Regarding the use of 
conjugate vaccines in campaigns, the tar-
geted ages ranged from 2 months – 20 
years of age.

The use of polysaccharides vaccines in 
the studies identified was predominantly 
during campaigns (4 of 6 studies), cover-
ing a wide range of age groups, usually 
including infancy – late adolescence. It is 
noteworthy that these studies were pub-
lished in the 1990s (38 – 43).

Regarding the estimation of impact or 
effectiveness of the vaccines, approxi-
mately two-thirds of the studies (19 arti-
cles) evaluated the impact and/or 
effectiveness of the vaccine on the entire 
population, whereas the remaining one-
third (13 articles) restricted the measure 
of effect to a certain age range or specific 
group. Meningococcal cases with lab 
confirmation (culture and/or cerebrospi-
nal fluid polymerase chain reaction) 
were used as the most common endpoint 
included (25 studies) and secondary data 
from health information systems, sur-
veillance systems, and other sources 
were also used. Seven studies evaluated 
laboratory-confirmed invasive meningo-
coccal disease.

Fourteen studies measured effective-
ness by comparing risk or rates in vacci-
nated and unvaccinated people during 
the same time period. Thirty studies mea-
sured impact by comparing a pre-vaccine 
introduction period to a post-vaccine in-
troduction period. Regarding the degree 
of impact of meningococcal vaccines, one-
third (11 studies) did not report a measure 
of change, but rather estimates before and 
after the introduction. Among the 21 
studies that did report a specific measure 
of impact or change, the actual measure 
varied, with vaccine effectiveness being 
the most common measure (14 studies), 
followed by incidence decline (9 studies), 
and lastly, relative risk (2 studies). The 
age range on which the impact was mea-
sured also varied within and among stud-
ies. A summary of main outcomes and 
characteristics of the 32 studies included 
can be found in Tables 2a – d. Among the 
studies that estimated effectiveness of the 
polysaccharide vaccines, results ranged 

from 65% (Canada) – 83.7% (Spain). In the 
Canada study, vaccine effectiveness was 
not sustained beyond the second year of 
the study, showing no effectiveness in 
years 3 – 5. The only other study that pro-
vided an impact estimate for the pol-
ysaccharide vaccines was the United 
Kingdom, reporting a relative risk of 0.94.

With the studies that estimated the ef-
fect of the conjugate vaccines, effective-
ness estimates ranged from 66% (United 
Kingdom) – 100% (Spain), and the inci-
dence decline ranged from 77% (Canada) 
– 100% (Spain). The only study that eval-
uated the protein sub-unit vaccine re-
ported a vaccine effectiveness of 82.9%.

DISCUSSION

Overall, the 32 studies included in this 
review showed a positive impact and ef-
fectiveness of both the polysaccharide 
vaccines and the conjugate vaccines on 
vaccine-serogroup meningococcal dis-
ease and mortality; but the conjugate 
vaccines show higher impact and effec-
tiveness, plus longer lasting protection 
over the polysaccharide vaccines. Pelton 
and colleagues (3) reported similar re-
sults, including several studies that 
showed reductions in vaccine serogroup 
invasive meningococcal disease inci-
dence after meningococcal polysaccha-
ride vaccines or polysaccharide protein 
conjugate vaccine introduction, while 
the overall incidence of other serogroups 
remained stable, an effect observed in 
this review’s studies as well. Nonethe-
less, it is important to consider the ad-
vantages of conjugate vaccines, which 
are well established in regards to immu-
nologic memory and protection in the 
youngest children (less than 2 years of 
age) who respond poorly to polysaccha-
ride vaccines. Also, the ability of conju-
gate vaccines to reduce carriage allows 
for significant indirect benefits through 
herd protection, reducing transmission 
of meningococci (44).

Study limitations

As mentioned above, this literature re-
view selected effectiveness and impact 
studies of meningococcal vaccines. Vac-
cine effectiveness is a measure of protec-
tion attributable to a vaccine administered 
under field conditions to a given popula-
tion and is measured by observational 
studies. In turn, impact of a vaccination 
program is measured by the fraction of 

prevented disease in a population and is 
estimated by comparing populations 
with and without vaccination, usually 
the same population before and after 
vaccination. The impact of a vaccination 
program refers to the program’s overall 
effect. Different study designs are used 
for measuring effectiveness and impact, 
but all the post-licensure study designs 
present a certain level of bias. For exam-
ple, in effectiveness studies, the level of 
natural protection against disease may 
differ between vaccinees and non-vac-
cinees, the target group for vaccination 
may have a higher probability of devel-
oping the disease, or the ascertainment 
of the disease may differ depending on 
vaccination status. On the other hand, 
impact studies could enable bias, such as 
secular trends in baseline transmission 
or cyclical variations of the target dis-
ease, changes in case detection or sur-
veillance methods, or the presence of a 
concomitant intervention, such as pru-
dent antibiotic use, which has an impact 
on the target disease as well (45). The 
majority of the studies included in this 
review are impact studies using mostly 
before-and-after design. A study-by-
study assessment of risk bias was not 
conducted and may represent a limita-
tion to the interpretation of results.

Regarding the reported results, many 
of the studies did not report a measure of 
change; among those that did, their mea-
sures varied, as did the age range of their 
study participants. These variations make 
it difficult to draw comparisons between 
studies, and even harder to consolidate 
estimates in an attempt to obtain a “big 
picture” of the impact of meningococcal 
vaccines on disease and death due to 
meningococcus. Additionally, it is worth 
noting that the countries studied use dif-
ferent vaccine schedules, target a variety 
of age groups, implement primary vacci-
nation with or without catch-ups, and ap-
ply diverse meningococcal disease 
diagnostic methods, all of which influ-
ence results and interpretation.

Of the 32 selected, there was only one 
study of the impact of the protein sub-
unit vaccine serogroup B 4CMenB (35); 
this was in part because it was just li-
censed in 2015. The United Kingdom 
was the first country to introduce it to the 
national immunization program (46). 
During the program’s first 10 months, 
the two-dose 4CMenB schedule has been 
highly effective in preventing meningo-
coccal B (MenB) disease in infants.
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Only four of the studies selected for 
this review originated in Latin America 
and the Caribbean (LAC). This was not 
unexpected since only three countries in 
the area have introduced a meningococ-
cal vaccine into their routine schedule 
and conducting these types of studies in 
LAC is challenging due to the area’s in-
sufficient surveillance of meningococcal 
disease. All four studies obtained their 
disease-burden data from Regional pub-
lic health laboratories. This reinforces 
the premise that regional surveillance 
 systems are of paramount importance to 
estimating the impact of vaccine intro-
duction, and therefore, should be ade-
quately maintained and strengthened 
(13).

CONCLUSIONS

These 32 studies have suggested or 
shown a reduction in cases and deaths 
due to vaccine-serotype invasive menin-
gococcal disease after introduction of a 
meningococcal vaccine to the routine 
schedule or as part of a mass campaign. 
When considering the meningococcal 
vaccine, each LAC country should take 
into account its particular epidemio-
logic profile, as well as the cost of 
these vaccines, only one of which—the 
conjugate tetravalent ACYW-135—
is currently offered through the 
PAHO Revolving Fund (US$ 20.30 per 
dose; 47).

LAC countries should also strengthen 
their epidemiological surveillance systems 
to include serogroup-specific surveillance 
of invasive meningococcal disease. Ade-
quate surveillance can measure the magni-
tude of this public health issue, thereby 
informing decision makers, while setting 
an epidemiologic foundation for conduct-
ing future vaccine impact and effective-
ness studies.
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RESUMEN

RESUMO

Palabras clave

Palavras-chave

Vacunas meningococicas; programas de inmunización; toma de decisiones, pre-
vención & control; revision; América Latina.

Vacinas meningocócicas; programas de imunização; tomada de decisões, prevenção & 
controle; revisão; América Latina.

Examen del impacto y la 
efectividad de las vacunas 

antimeningocócicas

Impacto e efetividade das 
vacinas meningocócicas: 
uma revisão sistemática

Objetivos. Resumir y evaluar críticamente los datos científicos sobre la repercusión 
y la eficacia de los programas de vacunación antimeningocócica en todo el mundo 
para orientar la toma de decisiones en América Latina y el Caribe.
Métodos. Se realizó un examen de la bibliografía siguiendo varios componentes de las 
directrices correspondientes a los elementos de notificación preferidos para revisiones 
sistemáticas y metanálisis. Se hicieron búsquedas en PubMed Central® para encontrar 
documentos publicados en cualquier idioma desde enero de 1999 hasta marzo del 
2017.
Resultados. En total, se incluyeron 32 estudios, en cuya mayoría se evaluaba la 
vacuna antimeningocócica conjugada contra el serotipo C. En 14 estudios se midió la 
efectividad y en 30, el impacto. La efectividad de las vacunas polisacarídeas se encon-
traba entre 65% y 83,7% (grupos etarios diferentes), mientras que la de las vacunas 
conjugadas, entre 66% y 100%. Gracias a la vacuna conjugada, la disminución de la 
incidencia de la enfermedad meningocócica confirmada en laboratorio varió entre 
77% y 100% en diferentes grupos etarios. En el único estudio en el que se evaluó la 
vacuna de subunidades proteínicas se notificó que su efectividad era de 82,9%.
Conclusiones. Los estudios examinados muestran el impacto y la efectividad tanto de 
las vacunas polisacarídeas como de las vacunas conjugadas en relación con la enfer-
medad meningocócica causada por los serotipos utilizados en las vacunas. Sin embargo, 
las vacunas conjugadas demuestran que tienen un mayor impacto y efectividad que las 
vacunas polisacarídeas para dar una protección más duradera. En vista de la varianza 
del posible uso de una vacuna antimeningocócica, se deben fortalecer los sistemas de 
vigilancia epidemiológica para orientar las decisiones nacionales.

Objetivos. Sumarizar e analisar de maneira crítica as evidências sobre o impacto e a 
efetividade dos programas de vacinação contra doença meningocócica em todo o 
mundo para subsidiar a tomada de decisão na América Latina e no Caribe. 
Métodos. Uma revisão da literatura científica foi realizada de acordo com vários 
componentes das diretrizes dos Principais itens para relatar revisões sistemáticas e 
meta-análises (PRISMA). Foi feita uma pesquisa da base de dados PubMed Central® 
em busca de estudos publicados em qualquer idioma de janeiro de 1999 a março de 
2017. 
Resultados. Trinta e dois estudos foram selecionados, sendo que a maioria avaliou a 
vacina conjugada contra o meningococo C. Quatorze artigos avaliaram a efetividade 
da vacina e 30, o impacto. A efetividade das vacinas polissacarídicas foi de 65% a 
83,7% (em diferentes faixas etárias) e a das vacinas conjugadas foi de 66% a 100%. A 
redução com o uso da vacina conjugada da incidência de doença meningocócica con-
firmada por laboratório variou de 77% a 100% em diferentes faixas etárias. O único 
estudo que avaliou a vacina de subunidade proteica informou uma efetividade de 
82,9%. 
Conclusões. Os estudos examinados indicam impacto e efetividade da vacina polis-
sacarídica e da vacina conjugada para doença meningocócica do respectivo sorogrupo 
vacinal. As vacinas conjugadas demonstram maior impacto e efetividade e proteção 
mais duradoura em relação às vacinas polissacarídicas. Diante da variação do uso em 
potencial da vacina meningocócica, os sistemas de vigilância epidemiológica devem 
ser reforçados visando subsidiar a tomada de decisão das autoridades nacionais.
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