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Abstract: Outbreaks of invasive meningococcal
disease (IMD) are unpredictable, can be sudden
and have devastating consequences. We con-
ducted a non-systematic review of the literature
in PubMed (1997-2020) to assess outbreak
response strategies and the impact of vaccine
interventions. Since 1997, IMD outbreaks due
to serogroups A, B, C, W, Y and X have occurred
globally. Reactive emergency mass vaccination
campaigns have encompassed single institu-
tions (schools, universities) through to whole
sections of the population at regional/national
levels (e.g. serogroup B outbreaks in Sague-
nay-Lac-Saint-Jean region, Canada and New
Zealand). Emergency vaccination responses to
IMD outbreaks consistently incurred substantial
costs (expenditure on vaccine supplies, person-
nel costs and interruption of other pro-
grammes). Impediments included the limited
pace of transmission of information to par-
ents/communities/healthcare workers; issues
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around collection of informed consents; poor
vaccine uptake by older adolescents/young
adults, often a target age group; issues of reim-
bursement, particularly in the USA; and diffi-
culties in swift supply of large quantities of
vaccines. For serogroup B outbreaks, the need
for two doses was a significant issue that con-
tributed substantially to costs, delayed onset of
protection and non-compliance with dose 2.
Real-world descriptions of outbreak control
strategies and the associated challenges sys-
tematically show that reactive outbreak man-
agement is administratively, logistically and
financially costly, and that its impact can be
difficult to measure. In view of the unpre-
dictability, fast pace and potential lethality of
outbreak-associated IMD, prevention through
routine vaccination appears the most effective
mitigation tool. Highly effective vaccines cov-
ering five of six disease-causing serogroups are
available. Preparedness through routine vacci-
nation programmes will enhance the speed and
effectiveness of outbreak responses, should they
be needed (ready access to vaccines and need for
a single booster dose rather than a primary
series).
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Plain Language Summary

= Neisseria meningitidis is a bacterium that can cause meningitis and other
forms of meningococcal disease such as pneumonia or sepsis.

= Although not common in most countries meningococcal disease can be
rapidly fatal or leave sufferers with permanent brain damage.

= Most meningococcal disease can be prevented by vaccination.

= QOccasionally, outbreaks of meningitis can occur and spread rapidly. In
these cases, antibiotics are given to close contacts of patients and
vaccines may be given to persons in the same school/region.

= |tis not possible to predict with any precision when or where an outbreak
might occur.

\

=  We reviewed publications from all over the world describing how
meningococcal disease outbreaks have been managed.

=  We found that emergency vaccination programmes:
» require extensive resources and man-power,
» are very costly to run, and

- only occur after several individuals have already contracted the
disease and possibly died from it. )

-

What is the impact? g

= Prevention of meningococcal disease would be more effective if vaccines
were given as part of routine immunisation programs.

= This would reduce the chance of outbreaks occurring and the need for
\_ expensive and challenging emergency vaccination responses. )

“The graphical PLS represents the opinions of the authors. For a full list of declarations, including funding and
author disclosure statements, please see the full text online. © The authors, CC-BY-NC 2021.”
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DIGITAL FEATURES

This article is published with digital features,
including a graphical plain language summary,
to facilitate understanding of the article. To
view digital features for this article go to https://
doi.org/10.6084/m9.figshare.14912220.

INTRODUCTION
Neisseria meningitidis: A Moving Target

Neisseria meningitidis is a Gram-negative diplo-
coccus that is an exclusive human pathogen. It
exists as a commensal in the nasopharynx but
causes meningitis or fulminant, life-threatening
sepsis if it becomes invasive. Six serogroups (A,
B, C, X, Y and W) cause the majority of invasive
meningococcal disease (IMD). All six can cause
endemic disease and all have epidemic poten-
tial. The predominant serogroups vary geo-
graphically and also temporally in response to
antigenic change or vaccine pressure [1, 2]. The
polysaccharide (PS) capsule is the major viru-
lence factor, forming the basis of all currently
available meningococcal conjugate vaccines
(Men-CV) against serogroupsA, C, W and Y

Table 1 Vaccine abbreviations

(Table 1). Other surface proteins contributing to
virulence, immune evasion and survival gener-
ally show wide genetic diversity across strains
[3]. The two broadly protective serogroup B
(MenB) vaccines include surface antigens and
not the MenB PS capsule because of its poor
immunogenicity and potential homology with
human neural glycoproteins [4]. As yet, none of
the available vaccines target serogroup X
(MenX), although pentavalent ACWYX conju-
gate vaccines are in clinical development [5].

The key feature of N. meningitidis driving the
epidemiology of IMD is its ability to undergo
continuous antigenic change, including capsu-
lar switching, mainly via horizontal gene
transfer [6, 7]. The result is continuous strain
evolution and the possibility for outbreaks to
occur should a virulent strain meet a population
with low underlying immunity to that particu-
lar strain. The presence of risk factors including
settings of close contact, social behaviours, lack
of immunity and the carriage of hypervirulent
strains all increase the likelihood that an out-
break of IMD may occur. Nevertheless, out-
breaks of IMD occur unpredictably, supporting
a preventative approach rather than a reactive
approach to their management.

There is no globally accepted definition of a
meningococcal disease cluster, outbreak or

Abbreviation Vaccine

MenA-CV Meningococcal A conjugate vaccine

MenC-CV Meningococcal C conjugate vaccine

MenAC-PS Bivalent meningococcal AC polysaccharide vaccine

MenACW-PS Trivalent meningococcal ACW polysaccharide vaccine

MenACWY-CV Quadrivalent meningococcal ACWY conjugate vaccine

MenACWY-PS Quadrivalent meningococcal ACWY polysaccharide vaccine

4CMenB 4-component meningococcal serogroup B vaccine

MenB-FHbp Meningococcal serogroup B vaccine containing Factor H binding protein
MenACWY-TT Quadrivalent meningococcal tetanus toxoid conjugate vaccine

MeNZB Meningococcal serogroup B strain-specific outer membrane vesicle vaccine
MenBVac Meningococcal serogroup B outer membrane vesicle vaccine
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epidemic. The World Health Organization
(WHO) has established epidemic thresholds for
the sub-Saharan region of Africa. Since 2014,
the WHO epidemic threshold for populations of
between 30,000 and 100,000 inhabitants is an
attack rate of 10 cases per 100,000 inhabitants
in 1 week. For populations of fewer than 30,000
inhabitants, the threshold is an incidence of
5 cases in 1 week, or the doubling of the num-
ber of cases over a 3-week period [8]. However,
individual countries apply their own thresholds
based on local epidemiology. For example, the
United States (US) Centers for Disease Control
and Prevention (CDC) moved away from a
threshold-based definition and now defines a
community IMD outbreak as multiple outbreak-
associated cases with an incidence that is above
the expected incidence for a community during
a 3-month period. An organisation-based out-
break is defined when 2-3 outbreak-associated
cases occur within an organisation during a
3-month period [9]. In this review, we loosely
refer to very large outbreaks as epidemics, and
use the terminology (outbreaks/epidemics) as
employed by individual authors when we dis-
cuss their publications.

Outbreaks can be sudden and have devastating
consequences. In recent history, the largest epi-
demics with the greatest human toll have occur-
red in sub-Saharan Africa, in the so-called
meningitis belt. The region was subject to periodic
seasonal serogroup A (MenA) epidemics until the
introduction of MenA conjugate vaccination
(MenA-CV) in 2010. During these epidemics in
the pre-vaccine era, the number of cases ran into
the hundreds of thousands, with tens of thou-
sands of deaths [10]. In complete contrast, IMD
outbreaks can also begin insidiously and be pro-
longed. For example, New Zealand and the United
Kingdom (UK) experienced prolonged epidemics
spanning many years during the 1990s that were
caused by MenB and serogroup C (MenC),
respectively [11, 12].

Meningococcal disease is characterised by
unpredictability, rapid onset, a fulminant clin-
ical course with a substantial risk of poor out-
comes due to permanent sequelae and death.
Early and rapid intervention is required to arrest
outbreaks and prevent further deaths. However,
pre-emptive planning and management are

substantially impaired by the inability to pre-
dict when or where an outbreak will occur, or
which serogroup will be responsible. Ideally,
outbreaks are detected early, with rapid identi-
fication of the causative strain and at-risk group
to provide the information needed to guide
vaccine choice should reactive emergency vac-
cination be needed. The response to outbreaks
requires contact tracing, antibiotic prophylaxis
of contacts, and emergency vaccination cam-
paigns. The last of these can be complex and
expensive to deploy, and difficult to evaluate in
terms of effectiveness. We reviewed outbreaks of
IMD and the associated response over the last
20 years with the aim of collating lessons on key
aspects of their prevention and management.

METHODS

We conducted a non-systematic, narrative litera-
ture review to assess the epidemiology of IMD
outbreaks globally from 1997 to 2020, a period
coinciding with the largest recorded MenA epi-
demic in Africa and capturing the introduction of
the first MenC conjugate vaccine (MenC-CV) into
a national immunisation programme (NIP) for
epidemic control in the UK in 1999. We describe
vaccination responses to these outbreaks in terms
of vaccination strategies and, where available, the
impact of the intervention.

The search terms were (outbreak[Title/Ab-
stract] OR epidemics[Title/Abstract]) AND
(meningitis[Title/Abstract] OR meningococcal
meningitis[Title/Abstract] OR meningococcal
disease[Title/Abstract] OR invasive meningo-
coccal disease[Title/Abstract] OR IMD|Title/Ab-
stract]) to identify English language papers
describing meningococcal outbreaks or epi-
demics that were published between 1997 and
2020. All articles with potentially relevant titles
were reviewed. No quality assessments or addi-
tional analyses were conducted as part of this
narrative review. The literature search acted as a
foundation for the review and numerous addi-
tional articles were identified from review of
citations in the articles, or from other sources
such as on-line outbreak websites maintained
by the WHO and US CDC. Where several arti-
cles described the same outbreak, the article
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providing the most recent data or the most
comprehensive data was cited. We did not
attempt to differentiate between outbreaks and
epidemics but included all reports of clusters of
IMD due to the same serogroup in a specific
region. The results are tabulated chronologi-
cally by region.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

The articles encompassed descriptions of a sin-
gle outbreak/epidemic or group of outbreaks/
epidemics, review articles on meningococcal
outbreaks, and vaccination programmes imple-
mented in response to an outbreak/epidemic.
The information in many articles was incom-
plete as details on how vaccination interven-
tions were conducted as well as on the outcome
of the intervention were missing.

Epidemiology

Europe

MenC was a common cause of IMD outbreaks in
Europe until the availability of MenC-CVs from
1999. After the introduction of MenC-CV into
routine NIPs, the majority of IMD outbreaks in
Europe have been caused by MenB (Table 2;
Fig. 1). Seven of these outbreaks were managed
by reactive vaccination using MenB vaccines.
From 2010, cases of serogroup W (MenW) IMD,
associated with a hypervirulent MenWccl1
sublineage originating from South America,
began to increase rapidly in the UK, with 170
cases reported in 2014-2015 (case fatality rate
[CFR] 12%) compared with 46 in 2012-2013 of
whom more than half developed septicaemia
[13]. Since 2014-2015, MenW IMD has
increased in other European countries [1].

The Americas

USA Meningococcal outbreaks occur periodi-
cally in the USA but not all are reported in the
peer-reviewed literature. Prior to 2009, MenC

community-based outbreaks were reported in
Illinois (4 IMD cases) and Florida (12 IMD
cases), triggering mass immunisation of chil-
dren and adolescents (and young adults in
Florida) with Men-PS vaccines (Table 3; Fig. 2).

In a CDC review covering the years 2009 to
2013, there were 36 IMD outbreaks listed that
included 180 cases, corresponding to 4.9% of all
IMD cases reported for that period, and 43
deaths (CFR 24%) [14]. Serogroups A, B, C, W
and Y were implicated in these outbreaks, with
MenB (15/36 outbreaks) predominantly detec-
ted in university-based outbreaks, and MenC
(16/36 outbreaks) in community- and organi-
sation-based outbreaks (schools, sports clubs,
childcare and residential facilities, and in men
who have sex with men [MSM)]) [14]. Since
2013, MenB outbreaks continue to occur in
universities, with two reported in the literature
in 2013, two in 2015, four in 2016, two in 2017,
one in 2018 and two in 2019 [15, 16].

Canada Canada experienced endemic MenC
disease and periodic MenC outbreaks until 2006
(Table 3; Fig.2). A large MenC outbreak in
Alberta was controlled after the administration
of MenACWY-PS to residents aged 2-24 years
from 2000-2002 [17]. A MenC outbreak in
Quebec City in 2001 continued to evolve
despite reactive MenC-PS-containing vaccina-
tion of secondary school students and extended
to include young children. As a result, the
national approval of MenC-CV was fast-tracked
for use in a mass immunisation programme
commencing a few months after the onset of
outbreak. The next meningococcal outbreak in
Quebec was prolonged (2006-2013) and caused
by MenB [18]. Subsequently, a MenB outbreak
occurred in a university in Nova Scotia in 2015.
The first MenW (sequence type [ST]-11) out-
break occurred in British Columbia in 2017 with
five cases reported in 15-19-year-olds.

Brazil Seven outbreaks were reported between
1995 and 2010, with the CFR reaching up to
67% during an outbreak in young people who
attended the same dance party (Table 3; Fig. 2).
All were MenC outbreaks that predominantly
affected children and adolescents. Three were
community-based, triggering large-scale
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11995 | 1996 | 1997 | 1998 | 1999 : 2000 i 2001 | 2002 | 2005 : 2004 i 2005 ; i 2007 i 2008 | 2008 : 2010 i 2001 i 2012 : 2015 i 2014 i 2015 | 2006 i 201/ i 2018
Belgium o —0
n=288 [11] "X MenC-CV for 119 y. Expansion of vaccination of <19 y to the rest of the country.
- (C] ~
[ 4
n=22[n2]
Norway MenAC-PS vaccination of >4000 2-5, 13-21. 14 cases
after the intervention - 8 due to the outbreak strain. One
in a vaccinee. MenAC-PS continued to be offered to all 2-
.............. yeatolde and naw seninol stidents n the atea iy BIRSE, BN U T o N
(B) - o O o
n=6[13] n=5 [114] n=15 [T15] n=4[116]

. 5 MenACWY-CV for 13-18 y and 4CMenB for
united MenAC-PS for all first-year university entrants. high-risk social
Kingdom "\ undergraduates, and students/staff A MenACWY-CVreplaced N group

{Ivhg opworking kAo liesicences MenC-CV in routine T3-T4y and associated with
Nojfurthericases: university entrants. the outbreak.
The (c) [C)
Netherlands n=7[117] "% MenAC-PS for 2-20 y. No further cases. n=7[118] *& None described.
i A e} . (c 06
n=8[n9] n=87[121] n=11[120] n=4[60] n=5[61]
France i MenBvac from 2006 for 1-5y 2 4 4CMenB for 2 m-24 y. 1 case 4CMenB for
" None described. " then 6-19 y. 81% reduction in T % No vaccine available. 2 outside the epidemic area x T-19y. No
B SR . B b S A Ji: mcoth aftef the lastcase iRt uithet cases il
Germany S o
n=9[122] "\ No vaccine intervention.
Ireland e
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA n=BI381 N, 4cHend for close contacts 2m-23 . No urthercases. ...
Poland . Mandatory MenC-CV for 6-19 y and police,
nl ] \ border guards and airport ground staff <24 y.
n=61*[62] n=7[123]
MenC-CV and 4CMenB for close
Italy MenACWY-CV for contacts: MenB and

Fig. 1 Meningococcal outbreaks/epidemics in Europe
1997-2020. 4CMenB, 4-component
serogroup B vaccine; CV, conjugate vaccine, m, months

meningococcal

of age; MenBVac, meningococcal serogroup B outer

interventions for mass vaccination of local res-
idents. Four outbreaks were linked to specific
gatherings: one affected attendees of a large
dance party [19], one occurred in employees of
a large food-processing plant [20] and two
affected workers in two oil refineries in Sao
Paulo State and their family contacts.

Asia—-Pacific

Australia IMD outbreaks in Australia have
predominantly affected school-age children,
with the exception of a MenW outbreak of 24
cases that affected remote indigenous commu-
nities, in which more than 50% of cases were at
most 4 years of age (Table 4; Fig. 3).

New Zealand New Zealand experienced a
prolonged MenB epidemic from 1991 to 2007,
which resulted in 6128 cases and an incidence
peak at 17.4 per 100,000 in 2001. Rates in the
Pacific and Maori communities were several-
fold higher than the European population [11].
The most recent outbreak in New Zealand was

" >Tly. MenC-CV *X MenACWY for commu-
booster added to nity contacts. No
regional schedule further cases due to

at6-9y. the outbreak strain.

membrane protein vaccine; Men(A/C/W/Y), meningo-
coccal vaccine containing one serogroup or combinations

of serogroups A, C, W and Y; n, number of cases; PS,
polysaccharide vaccine; vy, years of age

due to MenW in Northland in 2018, with an
overall incidence of 8.1 per 100,000 and 22.7
per 100,000 amongst Maori people [21].

India MenA epidemics have been recorded in
India for more than a century [22]. In Delhi, 616
cases of MenA IMD were reported during an
outbreak in 1966, 1731 cases and 569 deaths
(CFR 33%) in 1985, and 6133 cases and 799
deaths (CFR 13%) in 1986 [22, 23]. In the last
2 decades, numerous outbreaks of MenA disease
have been reported across the country [24]. A
large MenA outbreak occurred in 2005 (Table 4;
Fig. 3). Although exact numbers are not known,
more than 500 suspected cases were reported in
Delhi, with a CFR of around 10% [23, 25].
Outbreak management appeared to be mainly
through chemoprophylaxis of contacts.

China Until a nationwide vaccination cam-
paign with MenA-PS took place in 1982, large
MenA epidemics occurred periodically in China
[26]. Low levels of MenA disease continued to
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{1995 | 1996 | 1997 | 1998 | 1999 : 2000 i 2001 | 2002 ;| 2003 | 2004 i}

lllinois

4[65] "X, Al children from 2 y through 8th grade. No further cases for 16 months.

2005

i 2006 i 2007 i 2008 | 2008 | 2010 : 2011 i 2012 { 2013 | 2014 | 2015 : 2016 i 2017

Penn-

British (%)
Columbia n=9[130] *&_MenC-CV for13-29y.

Sague- (%)
nay-Lac-
Saint-Jean,

Nova (%)

Scotia

4CMenB for students, faculty
and staff. No further cases.

n=4[127] \Acnenﬂ. Ledto accelera(.ed FDA
approval of MenB vaccines.

EN 4CMenB campus-wide.

=211 No additional cases.

Rio Verde, &

Ol Blate i e e e e A e e =18 120] "\e-AC-PS for food plant workers. 4 addiionsl ases within 2 months of whom 3 had contactwith food plantworkers. ...
Trancoso, &

s o e e T e B A B A s R s SR S T R R n=9[19) N Novaceineimierventon, |
Salvador, &

e e e e e e e e e e e e e e e =194 [77] "\ Ment-Cfor10-24 . Hent-OV was ntroduced nto Bahia state routine infant program in 2010, Vaccine ffectveness 100% (024 |
e @ ............................................................................
lo State, Oil MenAC-PS mass vaccination of refinery workers. 9 new cases in close contacts after reaching

Refinery A LR 91% coverage of refinery workers necessitated an expanded programme for all aged 2m - 19 y.
SéoPau-@ ...................................................
lo State, Oil - N

RefineryB n=12[76] *& No vaccine intervention.

Trinidad &

WestIndies n=l[32] N Novaccineavallable,

Fig. 2 Meningococcal outbreaks/epidemics in the Amer-
icas 1997-2020. 4CMenB, 4-component meningococcal
serogroup B vaccine; CV, conjugate vaccine; FDA, Food
and Drug Administration; m, months of age; MenB-fHbp,
meningococcal serogroup B vaccine containing Factor H

occur until 2003 to 2005, when a series of 10
outbreaks, caused by a novel ST of MenC,
occurred in Anhui province (mainly in middle
schools). In 2004-2005, there were 221 cases
and 17 deaths. Mass vaccination with MenAC-
PS was undertaken and nationwide surveillance
was implemented [26]. To date, IMD manage-
ment in China is mainly through use of a
bivalent MenAC-PS vaccine. However, the epi-
demiology of IMD in China may be changing; a
case of IMD caused by MenX was reported in
2007, cases due to MenW were reported in
2011-2012 in south-eastern China, and MenB

binding protein; Men(A/C/W/Y), meningococcal vaccine
containing one  serogroup  or combinations  of
serogroups A, C, W and Y; n, number of cases; PS,

polysaccharide vaccine; vy, years of age

was isolated from healthy carriers in Beijing
[27-30].

Africa
The epidemiology of IMD in sub-Saharan Africa
is unique compared to the rest of the world,
characterised by high rates of endemic IMD
with periodic large, devastating epidemics. The
African meningitis belt comprises 26 countries
prone to seasonal IMD outbreaks during the hot
and dry months from December to April.

Prior to the introduction of MenA-CV in
2010, MenA caused the vast majority of IMD
epidemics in the region (Table 5). The largest
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1965

| 1991- i i i i H i i
i 1996 i 1997 | 1998 | 1999 | 2000 | 2001 | 2002 i 2003 i 2004

n=3[79] n=3[78]
MenC-CV for students. No
further cases. Accelerated
EN introduction of the National
MenC Program for years 10, 11
and 12 at the school and

Australia MenC-PS for students,
_staff, family contacts. No

further cases.

expanded to years 7, 8 and 9.

n=473 in 1996 [60, 135]
Development of MeNZB
*_ (Chiron) with implement-
tation from 2004,

New Zealand

=55 [136] n=17 [1371*

India *_ No vaccine intervention.

{ 2005 | 2006 | 2007 | 2008 { 2008 { 2010 | 20m | 2012 { 2013 | 2014 | 2015 { 2016 { 2017 { 2018 | 2019

n=3[133] n=24[80]  n=3[134]
MenACWY-CV for  State-wide
119y (Indigenous  campaign
then also non- with
N Indigenous). 6 AN MenACWY-
additional cases,  CV expanded

X No vaccine available.

all unimmunized.  toBw-21y.

NR[14]

N MenC-CV for 1<20 . 1 case
in unvaccinated infant.

n=7[21]

\ MenACWY-CV for
9m-hyand13-9y.

n=73[138]

*2outbreak reported in soldiers,
contained using chemoprophylaxis.

n=72[26]
\ MenAC-PS school for
students and children <6 y.

Fig. 3 Meningococcal —outbreaks/epidemics in  the
Asia—Pacific 1997-2020. CV, conjugate vaccine; m,
months of age; MeNZB, meningococcal serogroup B
strain-specific outer membrane vesicle vaccine; Men(A/C/

known outbreak in 1996-1997, affected Burkina
Faso, Mali, Nigeria and Niger and caused at least
250,000 cases and 25,000 deaths, although sig-
nificant underreporting was likely [31, 32].

The introduction of MenA-CV in Africa in
2010 had an immediate and profound impact
on the epidemiology of MenA IMD. More than
235 million 1-29-year-olds were vaccinated in
16 countries from 2010 to 2015, and more than
304 million were vaccinated in 22 countries by
the end of 2018 [33, 34]. Amongst fully vacci-
nated populations from nine countries of the
meningitis belt, the incidence of confirmed
MenA disease from 2010 to 2015 was reduced by
more than 99% [35], a reduction that continues
to be sustained [36]. In 2015, the WHO recom-
mended that MenA-CV be introduced into
routine childhood immunisation programmes
(one dose at 9-18 months of age) within 1--
5 years after the mass vaccination campaigns
[37]. By 2018, eight countries had introduced
MenA-CV into their NIP [34].

The first large MenW outbreak in Africa
occurred in 2000 in Burkina Faso among
returned Hajj pilgrims [38] (Table5; Fig. 4).
Since then, MenW (mainly ST-11) continues to
cause large epidemics across the meningitis belt.
Outbreaks of MenX, previously confined to
Niger, have increased in geographic range and
severity since 2006, affecting Burkina Faso,
Togo, Benin, Ghana, Uganda and Kenya

W/Y), meningococcal vaccine containing one serogroup or
combinations of serogroups A, C, W and Y; NR, not
reported; n, number of cases; PS, polysaccharide vaccine; y,
years of age

[38, 39]. Prior to 2013, MenC caused minimal
disease in the meningitis belt but is increasingly
responsible for large outbreaks (Fig.S5). From
December 2016 until June 2017, the world’s
largest MenC outbreak occurred in Nigeria and
was associated with a newly identified ST-10217
lineage. There were 14,518 suspected cases
reported with 1166 deaths (CFR 8%) [40]. MenC
now impacts an extensive geographic region
across the meningitis belt, causing large epi-
demics previously typical of MenA [41]. In
Africa, children, adolescents and young adults
are the age groups most commonly affected by
IMD, regardless of causal serogroup.

Outbreaks in Special Groups

Men Who Have Sex with Men (MSM) Out-
breaks of IMD, usually caused by MenC, have
been reported since 2001 in gay communities in
Australia, Canada, France, Germany and the
USA [42-47]. In the USA, seven MenC IMD
outbreaks occurred in four cities (Chicago, Los
Angeles County/Southern California, Miami
and New York City) between 2003 and 2015
(48].

Recreational Drug Use We found one study
that described an outbreak of MenC IMD in
recreational drug users in New York (USA) in
2005-2006 [49]. The median age of the 23 cases
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Burkina 0 @
Faso n=1307 [141] N>410 [142] "X MenAC-PS for 2-30y NR[143]*X, No vaccine available  NR[89] "\, MenACWY-PS for 2 districts
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n=25[140]
Central o
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n=5806 [84] “X, Men-PS vaccine n=18 [140]
The Gambia
=469 [92,147] %, MenACWY-PS
Ghana @ °
n=56-113 annually [148] *\, Annual campaigns with MenAC-PS n=763 [140]
Guinea
n=404 [146] "X, MenACW-PS
Mali ~ n=39[150] 50,998 (93%) 1-30 y received MenACWY-PS
n=11,228 [149] [marked reduction in cases observed]
T s n=9367[152] n=760
9 n=134[151] A\ No vaccine available. =129 [140] MenACW-PS or MenACWY-PS [140]
N in2-5y, MenACWY-CVin2- -
................................................................................................................................................ By region
n=856  n=333 =394 n=183  n=1458
[154]  [s4]  [41] [40]  [40155]
Nigeria n=54,766 [146,153] No 222,000 (89- 21 million
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neerventon MenACWY PS MenC-containing*
SouthSudan 4
n=T71156] "X Men-CVV
Togo =75 [143] n=1995 [86] n=201[146]
No vactlia Sailable *Q MenACWY-PS [unclear] Vaccines requested.
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inBenin, 0o
Burkina n=60,010 [88]
Faso, MenAC-PS [Estimated to
Gambia, % Mave prevented 50.4% o the
Ghana, Mali, predicted cases, or 4217
Nigerand cases and 464 deaths]
Togo

Fig. 4 Meningococcal outbreaks/epidemics in  Africa
1997-2020. CV, conjugate vaccine, Men(A/C/W/Y),

meningococcal vaccine containing one serogroup or

was 41 years, 19 were recreational drug users
and the CFR was 30%.

Outbreaks Associated with Mass Gatherings

Outbreaks of IMD have occurred in settings
where large numbers of people gather, and
published reports describe outbreaks associated
with a football tournament/football club, fun-
eral and an international scout jamboree
(Table 6) [50-53]. Crowded conditions facilitat-
ing meningococcal transmission can lead to
high attack rates. Of 150 attendees of a funeral
in Liberia, 28 (19%) developed MenC IMD and
13 died (CFR 46%) [51]. A potentially even
greater risk associated with mass gatherings is
the subsequent dispersal of attendees and

combinations of serogroups A, C, W and Y; n, number
of cases; NR, not reported; PS, polysaccharide vaccine; y,
years of age

transmission of disease across communities and
countries.

One of the great mixing pots for the dis-
semination of meningococci is the annual Hajj,
which brings more than 2 million pilgrims from
across the globe to a single location in Saudi
Arabia who acquire and carry strains of
meningococcus back to their home countries.
The first well-documented Hajj-related interna-
tional outbreak of IMD was in 1987. It affected
1841 pilgrims and triggered outbreaks in
neighbouring Gulf states, sub-Saharan Africa,
Europe and North America, and led to the
establishment of a new clonal group in Africa
[54, 55]. In 1987, the Saudi authorities imple-
mented compulsory MenAC-PS vaccination for
all pilgrims [55]. Hajj-related MenA IMD
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Fig. 5 Distribution of invasive meningococcal disease
caused by serogroups A, C, X and W over time in the
African meningitis belt from 2003 to 2019. Data from
enhanced meningococcal surveillance, World Health

outbreaks reduced in magnitude but continued
to occur until 2000, when there was a major
shift in the predominating strain with emer-
gence of MenW. After the 2000 Hajj, more than
400 cases of MenW IMD were reported in pil-
grims or their close contacts in 16 countries in
the Middle East, Asia and Europe, and
MenACWY vaccination became mandatory for
pilgrims [55, 56] (Table 6).

Public Health Responses to IMD Outbreaks

The first step in management of an IMD out-
break is to recognise that it is occurring on the
basis of WHO-based definitions or local guid-
ance, and to identify the causative serogroup.
The public health response is frequently a
multipronged effort that includes chemopro-
phylaxis of close contacts and administration of
a vaccine, if available, to the population iden-
tified as at risk. In practice, the implementation
of these principles is highly complex, resource

m Serogroup C  m Serogroup X = Serogroup W

Organization [71, 160]. *Serogroups C and X were not
reported until 2010. Cases of serogroup B and Y were
minimal or zero in all years

intensive, expensive and success can be difficult
to measure. The outbreak response is highly
specific to the location and target group and
requires individualised planning to maximise
the success of the campaign.

Europe

UK Increasing rates of MenC IMD coupled
with local outbreaks of MenC disease in high
schools during the 1990s prompted UK health
authorities to approach manufacturers to col-
laborate on the development of MenC-CV.
Between 1999 and 2000, three MenC vaccines
were approved for use in the UK. Vaccination of
15 million children aged 2 months-17 years was
progressively rolled out, beginning with 15-17-
year-olds, the age group most at risk. Vaccines
were administered by general practitioners
(GPs) and through school-based programmes to
children individually called up using national
immunisation computing systems or school
enrolment lists. Enhanced reporting of adverse
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events was expanded to capture all events
regardless of severity. Compared with
1998-1999, cases of MenC IMD in the target age
group had reduced by 81% in 2000-2001 [12].

The increase in MenW IMD recorded in the
UK in 2014-2015 triggered an outbreak
response targeting 13-18-year-olds that was
launched in 2015, with time-limited catch-up
for unvaccinated university entrants aged up to
235 years. The quadrivalent (serogroups A, C, W,
Y) meningococcal conjugate vaccine
(MenACWY-CV) replaced the 13-14 year MenC
booster from 2015 in the NIP [13]. Cases of
MenW IMD were 69% lower than predicted in
the first year of the programme [57].

France MenBVac (outer membrane vesicle
vaccine) was employed during an outbreak in
Normandy from 2006, but its implementation
was delayed because of vaccine shortages [58].
The vaccine was changed to the four-compo-
nent meningococcal serogroup B vaccine
(4CMenB) once it became available [59].

An outbreak of four cases of MenB IMD in
Beaujolais in 2016 triggered implementation of
4CMenB vaccination for the population of 4331
residents aged 2 months-24 years. Information
was communicated by press releases, radio net-
works, local newspapers, posters and flyers, the
health agency’s website and printed informa-
tion put directly into letterboxes. A toll-free
hotline was established and public information
meetings for parents occurred at school prior to
vaccination days. Vaccines were administered at
clinics set up in schools and day care centres, ad
hoc clinics provided by local councils, and
public health centres. No further cases occurred
within the epidemic area [60].

Two vaccination campaigns with 4CMenB
were conducted in two schools in response to a
MenB outbreak in 2017 in Brittany. The initial
campaign targeted the school where two cases
had first occurred. After two additional cases
were identified at another school, a second
campaign was initiated to also include all
11-19-year-olds at the second school located in
the hyperendemic region. Public information
meetings were held for parents, and a hotline
was established. Information was transmitted to
local mayors, GPs, private nurses and

pharmacies. School students and staff were
vaccinated in the school over a 2-day period for
each dose, whereas community residents were
vaccinated by GPs or private nurses. The cov-
erage of the first dose was 43% in the target
population. No further cases occurred [61].

4CMenB is not recommended as part of the
routine immunisation schedule in France, so
stock levels are generally low or absent in local
pharmacies. In the outbreaks in Beaujolais and
Brittany, the regional health agencies were
required to procure stock either from pharmacy
wholesale distributors or directly from the
manufacturer.

Italy MenC-CV was introduced for 13-15-
month-olds in 2005 and a MenACWY-CV
booster for 11-20-year-olds in 2007. Ten years
later, 61 cases of MenC IMD, including 12 cases
in vaccinated individuals, occurred in Tuscany
[62]. A reactive vaccination campaign using
MenC-CV or MenACWY-CV was initiated in
2015 for 11-45-year-olds. In 2017, the regional
health authority introduced a MenC-CV booster
dose at age 6-9 years into the regional schedule
[62]. A MenACWY-CV vaccine might be con-
sidered for this booster dose to maintain control
over MenC while broadening protection against
other serogroups [63].

Poland Poland experienced at least six out-
breaks of MenB IMD in different parts of the
country between 2006 and 2008. In 2009, six
cases of MenC IMD occurred in Goleniow
County. A reactive vaccination campaign in the
affected communities targeted approximately
6500 individuals aged 6-19 years. Police, border
guards and airport workers up to age 24 years
were also vaccinated [64].

The Americas

USA The financial burden of the 1996 Illinois
MenC outbreak included employee salaries,
overtime, vaccine costs, and the costs of
chemoprophylaxis and supplies [65]. During
the mass vaccination intervention undertaken
in Florida in 1998, 13,535 persons were immu-
nised. This campaign required the resources of
county and state health departments, the fire
department, law enforcement personnel, local
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healthcare providers, a dedicated hotline and
numerous volunteers. Vaccines were adminis-
tered at the local school at 6-18 parallel sta-
tions, each manned by registered nurses,
physicians and backed up by 3-10 nurses sup-
plying them with syringes previously filled in
the school canteen. Vaccination was to be
restricted to individuals living in the affected
region, but this proved impossible as the centre
was overwhelmed with persons from outside
the area requesting vaccination. The cost of the
vaccine itself accounted for 65% of the total
cost of the 1998 Florida outbreak [66].

4CMenB was first used in two university
outbreaks in 2013, under an expanded access
investigational new drug programme preceding
licensure in the USA [67, 68].

MenB outbreaks in universities since 2013
have triggered mass immunisation campaigns
for college students, requiring major logistical
ventures, emergency planning and significant
funds [16]. Capitano et al. [69] described the
management of an outbreak at an Oregon uni-
versity in detail. Within 48 h of identification of
the first MenB case, and each time a case was
identified, the incident management team,
comprising public information officers, univer-
sity health centre representatives and the reg-
istrar’s office, activated a standard protocol. The
protocol activities included coordination with
the County Public Health Department, imple-
mentation of a communication plan, notifica-
tion of university officials and close contacts,
and administration of chemoprophylaxis to
close contacts. A vaccination response using
MenB vaccine containing factor H binding
protein (MenB-FHbp) was recommended when
an outbreak was officially declared after the
fourth case. Vaccines were administered in mass
immunisation clinics and in smaller clinics for
incoming freshmen. The immunisation pro-
gramme required 2000 person-hours of univer-
sity staff time, in addition to the activities of
pharmacist immunisers and medical and
administrative support staff. Each individual
was required to go through six stations to
address issues of eligibility and to collect
informed consent prior to vaccination. Signifi-
cant issues that needed to be addressed were
student apathy to vaccination (only 10%

received the full three-dose course of MenB-
FHbp), issues of reimbursement related to lack-
ing or lapsed health insurance, and resource
reallocation to the detriment of other university
programmes. The cost of the campaign was
estimated to be close to US $600,000, of which
90% was for vaccine supplies. The lifetime costs
associated with death or sequelae of cases that
may have been prevented through routine mass
immunisation were not included [69].

Canada Approval of MenC-CV was fast-
tracked in Canada in response to an emerging
MenC outbreak that was not controlled with a
MenC-PS vaccination campaign. Approximately
1.5 million individuals aged 2 months to
20 years received at least one dose of MenC-CV
during the programme. The incidence of MenC
IMD in the target age group decreased from
21.47 per million person-years in 2001 to 3.26
per million person-years in 2002, and the esti-
mated vaccine effectiveness was 96.8% (95%
confidence interval [CI] 75.0-99.9) [70]. MenC-
CV was introduced into the provincial immu-
nisation schedules progressively from 2002.

A mass immunisation programme was
undertaken in the Saguenay-Lac-Saint-Jean
region which was the region most severely
affected by a prolonged MenB epidemic
(2006-2013). From May 2014, all 2-month-olds
to 20-year-olds were offered 4CMenB. More
than 48,000 persons, representing 82% of the
target population, received at least one dose of
4CMenB. There were no cases in vaccinated
persons during 2015-2016 [18]. The incidence
of MenB IMD decreased in 20-year-olds and
younger the year after the vaccination cam-
paign, from 11.4 per 100,000 to 0.0 per 100,000.
The decrease in MenB IMD in the target popu-
lation was 100% in the first 3 years and 96%
after 4 years [18, 71].

4CMenB was also used in response to a MenB
outbreak in a university in Nova Scotia in 2015.
Of the campus population of 3500, 70%
received two doses of 4CMenB administered in
vaccination units set up on site [72].

In response to the first MenW (ST-11) out-
break in British Columbia, mass immunisation
of local residents was conducted, with admin-
istration of 11,417 doses of MenACWY-CV to
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68% of the population. Mobilisation of vaccine
supplies, coordination of vaccination clinics
and data management related to vaccine uptake
were identified as the main challenges while
executing the programme [73]. No cases were
subsequently observed throughout 2018 [74].

Mexico A MenC (ST-11) outbreak, causing 19
cases and 7 deaths (CFR 37%), was reported in
Tijuana in 2013. Widespread chemoprophylaxis
of contacts was implemented without vaccina-
tion. The continued circulation of the ST-11
clone remains a concern in the region [75].

Brazil A MenC outbreak in an oil refinery in
Brazil triggered mass vaccination of workers
with MenAC-PS. Despite reaching 91% coverage
with MenAC-PS among workers, cases in family
contacts continued to occur, necessitating mass
vaccination of individuals aged 2 months to
19 years in the neighbouring city. The failure of
MenAC-PS to control the outbreak and prevent
transmission to close contacts triggered a
change in the recommendations for outbreak
control in Brazil, from Men-PS to Men-CV vac-
cines [76]. MenC-CV was introduced into the
NIP in 2010 [77]. An outbreak of 194 MenC IMD
cases in Salvador in 2009 led to mass vaccina-
tion of 10-24-year-olds with MenC-CV, with
estimated vaccine effectiveness of one dose of
100% (95% CI 79-100). Fifty-two vaccination
clinics were set up around the city. The vacci-
nation period was extended and additional
clinics were set up in large universities to
counter poor uptake by the 20-24-year-old
population [77].

Asia—Pacific
Australia Two MenC outbreaks, each con-
fined to a single high school, were managed
with reactive vaccination campaigns using
MenC-PS in 1998 and MenC-CV in 2003
[78, 79]. The 1998 campaign targeted 1600 staff,
students, and families of cases, and incurred a
total cost in excess of Australian $65,000 [79].
A MenW outbreak was declared in 2017 after
nine cases of MenW disease were admitted to
the Alice Springs hospital, a catchment hospital
for 58 surrounding remote communities. Given
the remote location of the population at risk, a

fever protocol specifying the case definition,
investigative and management procedures was
implemented in primary and secondary
healthcare centres across the region. Patients
from remote communities were evacuated to
the central hospital by the medical retrieval
service. Chemoprophylaxis was administered to
4635 close contacts and a vaccination campaign
with MenACWY-CV targeted all indigenous
Australians and Torres Strait Islanders aged 1—
19 years living in remote communities. The
programme was subsequently expanded to non-
indigenous Australians. No patient died and the
number of cases of MenW IMD decreased
rapidly after the onset of the vaccination cam-
paign. The remoteness of the Central Australian
indigenous population and frequent move-
ments between communities were challenges
specific to this outbreak that necessitated a dif-
ferent approach compared to outbreaks in
urban centres, including the use of a fever pro-
tocol and presumptive antibiotic treatment for
febrile illnesses [80].

New Zealand In responses to New Zealand’s
prolonged MenB epidemic (1991-2007), a
strain-specific outer membrane vesicle vaccine
(MeNZB) was developed by Chiron Corporation
in collaboration with the Norwegian Institute of
Public Health. Clinical trials commenced in
2002 and approval was received in 2004. A
vaccination programme was progressively rolled
out across the country to children aged
6 weeks-19 years. By mid-2006, almost 3 mil-
lion vaccine doses had been administered to
80% of the eligible population [81]. Estimates of
vaccine effectiveness are thought to be between
53% and 77% [82].

The outbreak response to the 2018 MenW
outbreak in Northland included the purchase
and administration of 25,000 doses of
MenACWY-CV to residents aged 13-20 years,
primarily through pharmacies in the region
[21].

Africa

WHO epidemic response guidelines recom-
mend antibiotic prophylaxis for contacts and
reactive vaccination campaigns once the pre-
defined thresholds are reached [8]. Outbreak
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response activities require large-scale mobilisa-
tion of local and national healthcare personnel
to raise awareness, provide education, encour-
age reduced overcrowding, and administer
chemoprophylaxis and/or vaccines.

The success of reactive vaccination pro-
grammes is difficult to measure. Modelling
shows that more cases are prevented if vacci-
nation is given early in an epidemic [83-85]. In
practice, however, many outbreaks are intense
and of short duration, which means that mass
vaccination programmes only begin after the
epidemic peaks, and their impact may be mod-
est. It has been estimated that 62% of outbreak
cases occur within the first 6 weeks of an epi-
demic, and that the maximum cases pre-
ventable by vaccination would be 30% (of the
total predicted) if vaccination started at week 8
[84].

Confirmation of the causative organism
from multiple specimens in an outbreak is
required before a vaccination campaign can
begin. However, remote villages and regions
may have low capacity to perform lumbar
puncture, communication can be delayed,
specimens need to be sent to reference labora-
tories, and delays to obtain results can be sub-
stantial. Authorities require documentation
confirming that threshold levels have been
reached. The disease can spread to other regions
before the epidemic threshold is reached and
preventative measures taken in one district
[84, 86, 87]. Access to vaccines requires appli-
cation to the International Coordinating Group
(ICG) on Vaccine Provision [33]. If approved,
vaccines need to be shipped, cleared by cus-
toms, distributed without disruption of the cold
chain, and administered by trained local staff.
Supply does not always equal demand and
vaccination may therefore be limited to the
most at-risk age groups. During a 2016 MenW
outbreak in Togo, the time between ICG
approval for each request and implementation
amounted to 2-4 weeks [86]. Considering such
potential delays, vaccines may only be admin-
istered once the outbreak is waning. In the
meantime, regions on the leading edge of the
outbreak might not qualify for reactive vacci-
nation. Unsurprisingly, in many of the reports
provided in Table 5, vaccination commenced

after the number of cases began to decrease and
therefore any effect of vaccination is unclear
[86-90].

Almost all reactive vaccination conducted in
African countries is with PS vaccines stockpiled
by the ICG. Immunity is short-lived, revacci-
nation is required in the event of another out-
break and repeated vaccination can be
associated with hyporesponsiveness. Further-
more, PS vaccination has no discernible effect
on carriage and thus does not interrupt trans-
mission to susceptible contacts [44]. The
quadrivalent (serogroups A, C, W, Y) meningo-
coccal conjugate vaccine (MenACWY-CV) was
used in some regions in Niger in 2017 during a
MenC outbreak, but the longer-term impact on
IMD in the region is not known.

Outbreaks in Special Groups

Men Who Have Sex with Men (MSM) In the
USA, MenC IMD outbreaks in MSM between
2003 and 2015 triggered targeted immunisation
campaigns, often with MenACWY-CV, for all
MSM or for individuals with specific risk factors
such as more than one male partner, human
immunodeficiency virus (HIV) infection or
exposure to risk activities specific to the out-
break (e.g. attendance at bars, bath houses)
(43, 45].

In Australia, a government-funded time-
limited (approximately 12 months) vaccination
programme with MenACWY-CV was instituted
in Victoria, following an outbreak of MenC IMD
among MSM in 2017. Vaccines were adminis-
tered through general practices, sexual health
clinics and registered immunisation providers.
Vaccine coverage at a sexual health clinic in
Melbourne was 67.4%. The number of MenC
IMD cases in this population reduced from
seven in 2017 to one in 2018 [47].

Recreational Drug Use A vaccination pro-
gramme was launched in New York in response
to an outbreak of MenC IMD in recreational
drug users. The programme targeted adults aged
over 18 years with a recent history of recre-
ational drug use and their household contacts
who were aged 2 years or more. Contact tracing
was minimally successful because of the reluc-
tance of patients and contacts to identify

A\ Adis



Infect Dis Ther (2021) 10:1949-1988

1977

associates. MenACWY-CV was administered to
11-55-year-olds and MenACWY-PS was given to
individuals aged 2-10 or over 55 years, in
accordance with recommendations in place at
the time. Vaccination was provided at commu-
nity health centres, soup kitchens, homeless
shelters, and correctional healthcare facilities. It
was also provided at sites for methadone
maintenance treatment, syringe exchange, day
or residential drug treatment. The programme
incurred significant costs, with vaccines and
staff salaries costing more than US $1 million.
Sporadic cases of the outbreak strain continued
to occur but there were no cases in vaccinated
individuals, and no further cases were reported
in recreational drug users after 2006 [49].

Outbreaks Associated with Mass Gatherings
Rapid responses to outbreaks of IMD at mass
gatherings have successfully limited their
impact. Rapid and thorough contact tracing for
chemoprophylaxis with or without vaccination
prevented the international spread of IMD from
participants at a Belgium football game [50].
After a scout jamboree in Japan, public health
agencies in Scotland and Sweden were success-
ful in restricting disease cases to participants,
with no cases in contacts in their country of
origin [52].

The Hajj is one of the only mass gatherings
where prophylactic ~ vaccination (with
MenACWY) is mandatory for attendance
[S5, 56]. A strict vaccination policy, the use of
chemoprophylaxis for pilgrims from some
countries and enhanced IMD surveillance dur-
ing the Hajj have successfully prevented IMD
outbreaks in recent years. However, MenB vac-
cination is not currently required for Haijj
attendees, no MenX vaccine currently exists,
and both of these serogroups have epidemic
potential.

Challenges in Outbreak Management

Many of the challenges associated with imple-
menting mass vaccination campaigns were
common to high- and low-income countries
and were centred around acquiring sufficient
numbers of vaccine doses in a short time frame,

rapid dissemination of information to health-
care professionals and the affected community,
and accessing the target population. Vaccine
availability was most problematic in countries
where the vaccine was not included in the NIP,
adding to delays between outbreak onset and
implementation of a vaccination programme
[58, 60, 61, 73, 86-90]. The logistics involved
with accessing the target population differed in
high- versus low-income countries, with apa-
thy, particularly among students and young
adults, or reluctance to identify close contacts
(recreational drug users) negatively impacting
uptake in high/upper-middle-income countries
[49, 69, 77]. Accessing the target population
posed specific challenges when they were loca-
ted in remote settings such as central Australian
indigenous communities [80], remote commu-
nities in African countries requiring the use of
mobile laboratories [87] and in slum areas of
large cities where house-by-house vaccination
was undertaken [91].

Challenges specific to high-income countries
were those related to health insurance and
reimbursement (mainly the USA) [69], whereas
the main challenge specific to low-income
countries was the risk of cumulative delay
between outbreak identification and vaccina-
tion due to delays in serogroup identification,
the need to reach outbreak threshold before
intervention can be actioned, and bureaucracy
associated with requests for vaccines, shipping
and customs [84, 86, 87].

Impact of Outbreaks on NIPs

The exact timing and location of infectious
diseases outbreaks, including IMD, cannot be
predicted with any precision. Infectious disease
control is therefore most successful using pre-
ventative rather than reactive strategies. IMD
outbreaks combined with epidemiological
surveillance have prompted some countries to
introduce meningococcal vaccines into NIPs
(62, 70, 92, 93].

Since 2014-2015, MenW IMD has increased
across European countries [1], leading several to
introduce a MenACWY-CV booster dose into
their adolescent vaccination schedule. As of
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2020, MenACWY-CV is recommended for all
adolescents in eight countries in Europe [94].

Vaccination recommendations for
meningococcal disease in the USA have moved
forward by increments. MenACWY-CV was
added to the US immunisation schedule in
2005, with recommendation for 11-12-year-
olds and for 11-55-year-olds at increased risk of
IMD [95]. Routine vaccination was also recom-
mended for college freshmen living in dormi-
tories and for other populations at increased
risk. The recommendation was extended to all
11-18-year-olds and to children aged 2-10 years
at increased risk of IMD in 2007 [96, 97], to 2- to
55-year-olds and 9-23-month-olds at increased
risk of IMD in 2011 [98, 99], and to 2-23-
month-olds at increased risk of IMD in 2013
[100]. Since 2010, a booster dose of MenACWY-
CV is recommended for all adolescents at age
16 years [101]. In 2015, the Advisory Commit-
tee on Immunization Practices (ACIP) recom-
mended that persons aged 10 years and over at
increased risk for MenB IMD, and that persons
aged 16-23 years receive a MenB vaccine series
[102, 103]. The recommendation for 16-23-
year-olds was initially a category B recommen-
dation (for individual clinical decision making),
and then on the basis of shared clinical deci-
sion-making from 2020.

As of 2020, ACIP recommends routine
MenACWY vaccination for 11-12-year-olds
with a booster dose at age 16 years, routine
MenACWY vaccination for persons aged
2months and older at increased risk if IMD
including unvaccinated or incompletely vacci-
nated first-year college students living in resi-
dence halls, and MenACWY booster doses for
vaccinated persons who become or remain at
increased risk. ACIP continued to recommend
routine MenB vaccination in persons aged
10 years and older who are at increased risk for
MenB IMD, and MenB booster doses for previ-
ously vaccinated persons who become or
remain at increased risk. During an outbreak, a
single MenB booster dose is recommended for
individuals with at least 1 year since completion
of the primary series [103].

At present, MenACWY-CV continues to be
recommended for unvaccinated or undervacci-
nated college freshmen living in residence halls,

while there is no similar recommendation for
MenB vaccines [103], even though all college-
associated outbreaks between 2011 and 2019
were caused by MenB [104]. The incidence of
IMD in 18-24-year-old college students is esti-
mated to be more than five times higher than
those who do not attend college [104].

A booster dose of MenC-CV or quadrivalent
meningococcal tetanus toxoid conjugate vac-
cine (MenACWY-TT) was added to the Cana-
dian recommended vaccination schedule for
adolescents in 2017 [105]. All provinces now
provide a MenACWY-CV booster, except Que-
bec, which uses MenC-CV as booster [106].

In Australia, the 2017 MenW outbreak in
remote indigenous communities led to the
replacement of the 12-month MenC-CV dose
with MenACWY-CV in 2017, and the inclusion
of a booster dose of MenACWY-CV for all ado-
lescents living in the Northern Territory [93].
4CMenB was added to the NIP for Aboriginal
and Torres Strait Islander infants in 2020, with a
catch-up program up to 2years of age until
2023. Individuals with complement deficiencies
or functional or anatomical asplenia are also
eligible to receive 4CMenB [107].

DISCUSSION

Meningococcal epidemiology evolves con-
stantly, requires continual surveillance and
proactive review of vaccination policies to
maintain control as the epidemiology changes
and as new vaccines become available. Because
of genetic flexibility, the emergence and clonal
expansion of new strains of N.meningitidis
means that human populations with underly-
ing immunity to historical strains may be sus-
ceptible to novel strains, with potentially
devastating consequences. The role of surveil-
lance in monitoring changes in carriage and
disease isolates of N. meningitidis cannot be
overemphasised for this rapidly evolving
pathogen.

This non-systematic review highlights that
IMD outbreaks/epidemics are a global phe-
nomenon that can potentially affect persons of
all ages and occur unpredictably. Attempts to
classify risk groups by age, social-sexual-
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recreational behaviours, or by proximity of
social contacts in defined settings are of limited
practical use because of their wide catchment
and non-specificity.

Reactive management of outbreaks, with
contact tracing, enhanced surveillance,
chemoprophylaxis and vaccination, can be
effective, but only if it starts early and proceeds
very rapidly. Reactive outbreak management
does not prevent disease and death in index
cases, and lives can be lost while waiting for pre-
defined threshold levels of disease to occur. The
latter is observed most acutely in Africa, where a
combination of diagnostic, administrative and
logistical delays can substantially reduce the
effectiveness of reactive vaccination campaigns
and the number of cases averted.

Emergency campaigns during MenA or
MenC outbreaks often employ mono- or biva-
lent vaccines. These vaccines may achieve the
goal of outbreak control but leave the popula-
tion susceptible to other serogroups. For exam-
ple, despite the success of MenA-CV, IMD is not
controlled in the African meningitis belt
(Fig. 5). In 2019 there were 22,414 suspected
IMD meningitis cases with a CFR of 6% across
24 countries. IMD epidemiology has changed,
and most IMD in the African meningitis belt is
now caused by MenC, MenW and MenX
(Fig. 5). MenC is rapidly emerging as an urgent
epidemic threat and appears to cause epidemics
resembling those caused by MenA. Provision of
affordable multivalent conjugate vaccines tar-
geting serogroups A, C, W, Y and X, for use in
mass vaccination campaigns followed by rou-
tine immunisation of infants, will be critical to
long-term IMD control in Africa [37, 108].

While the burden of disease is less pro-
nounced in the rest of the world, the predomi-
nating serogroups are changing, with evidence
of increased MenW in South America, China
and Australia, and serogroup Y in Scandinavian
countries and Australia [1]. In light of the
unpredictability of outbreaks, the extreme
efforts and substantial costs involved in reactive
outbreak management, and the need to pre-
serve of the maximum number of lives, pre-
vention of IMD through routine immunisation
using broadly protective meningococcal

vaccines is the most effective way to prevent
IMD morbidity and mortality.

The articles we found in this review consis-
tently reported that emergency vaccination
responses to IMD outbreaks incurred substantial
costs in terms of direct monetary expenditure
on vaccine supplies, personnel costs and inter-
ruption to other programmes. One USA-based
programme cost more than US $1 million to
vaccinate a relatively modest number of 2763
individuals at risk due to an outbreak among
recreational drug users [49]. These costs do not
consider the lifetime costs incurred by victims
of the disease, nor do they give a picture of the
cumulative cost of outbreak management over
decades. Frequently identified impediments to a
successful emergency response were the need
for transmission of information to parents,
communities, healthcare workers, issues around
the collection of informed consent, poor uptake
of vaccination by older adolescents and young
adults who were one of the most frequently
targeted age groups, issues of reimbursement
particularly in the USA, and difficulties in
obtaining large quantities of vaccine very
quickly. For the management of MenB out-
breaks, the need to administer two doses was a
significant issue. Both available MenB vaccines
require primary vaccination with two doses.
The interval between doses should be 1 month
for 4CMenB and 6 months for MenB-FHbp. The
need for a second dose in an emergency setting
contributes substantially to the overall cost,
delays the onset of protection and leads to
substantial non-compliance with the second
dose. For MenB vaccines, where herd protection
effects have not been demonstrated because of
the lack of effect against carriage [109], indi-
vidual protection is critical for disease preven-
tion and requires completion of the vaccine
series.

Currently, ACIP recommends administration
of a single MenB booster dose during an out-
break, when more than 1 year has elapsed since
completion of the primary series [103]. Uptake
of MenB vaccines remains low in the USA;
21.8% of 17-year-olds received at least one dose
of MenB vaccine in 2019, which is in contrast to
88.9% of 13-17-year-olds who received
MenACWY-CV [110]. This could reflect the
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difference in the wording around the respective
recommendations for these vaccines (shared
decision-making versus a direct recommenda-
tion). Current recommendations for MenB
vaccines seem insufficient to markedly impact
the occurrence of sporadic MenB outbreaks in
the USA. Mandated MenB vaccination prior to
school or wuniversity entry would improve
uptake amongst this at-risk population but
would not impact other age groups. Higher
coverage of MenB achieved through routine
vaccination platforms would vastly simplify
outbreak responses should they be needed.
Several outbreak reports note that vaccine
acquisition was one of the most challenging
aspects of reactive emergency vaccination
campaigns, especially when the vaccine was not
used routinely in that country [61, 86]. It fol-
lows that routine vaccination programmes
engender a setting of ‘preparedness’, not only
inducing a baseline level of population protec-
tion but also increasing the speed at which
emergency interventions can occur. Early access
to vaccines and the requirement for a single
booster dose all work to maximise the efficiency
and effectiveness of an emergency intervention.
Furthermore, administration of a single dose
when it has been at least 1 year since comple-
tion of the primary series would likely improve
coverage and levels of direct protection during
outbreaks, avoiding the need for a second dose
and the associated costs and compliance issues.
It is unlikely that the present review captures
all IMD outbreaks that have occurred globally
since 1997. Despite this limitation, a compre-
hensive summary of outbreaks from all world
regions is presented, with details on the vaccine
interventions undertaken and their effects,
when available. Although the quality of the
information captured is variable, the key mes-
sage from the data is nevertheless clear—that
although rare, IMD outbreaks occur suddenly
and unpredictably, and their management is
challenging and resource intensive.

CONCLUSION

As a result of continual antigenic change, the
epidemiology of IMD is fluid, and changes can

be unexpected. Novel meningococcal strains
regularly emerge, and virulent strains may cause
outbreaks or epidemics if they are transmitted
within populations with low underlying
immunity. Real-world descriptions of outbreak
control strategies and the associated challenges
show that without exception, reactive outbreak
management is administratively, logistically
and financially costly, and the benefit or impact
difficult to measure. Highly effective vaccines
are available that together cover five of the six
disease-causing serogroups. In view of the
unpredictability, rapidity and potential lethal-
ity of outbreak-associated IMD, prevention of
outbreak-associated IMD through routine vac-
cination is the most effective means of control.
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