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Introduction

The Coronavirus Disease 2019 (COVID-19) pandemic has
brought significant changes to society, from global and nation-
specific efforts to control the respiratory spread of the virus
(masks, social distancing, quarantine and lockdown measures)
to the re-structuring of healthcare systems. In redirecting med-
ical resources, the response to the pandemic has affected the
surveillance, diagnosis and vaccination programmes for a range
of vaccine-preventable diseases, including invasive meningococcal
disease (IMD).

The 4th Summit Meeting of the Global Meningococcal Initiative
(GMI) sought to: (i) highlight the impact of the COVID-19 pan-
demic and lockdown on the epidemiology and vaccine schedules
of meningococcus; (ii) highlight the growing trend of resistance of
IMD to antibiotic treatments; and (iii) explore the future of broad
coverage meningococcal vaccines. Other topics were also discussed,
including potential sexual transmission of Neisseria meningitidis.

This meeting is the latest in a series of summits organised
by the GMI, where a multidisciplinary group of scientists, public
health officials and healthcare professionals come together to raise
awareness of IMD.!?

The impact of the COVID-19 pandemic on the epidemiology,
surveillance, and vaccination schedules of IMD

IMD epidemiology

Since the onset of the COVID-19 pandemic, the average number
of IMD cases has decreased relative to previous years. For exam-
ple, confirmed IMD cases in France decreased significantly during
16 March-15 May 2020 (23 cases) compared with the same pe-
riod in 2018 (73) and 2019 (68). The reduction in cases in 2020
coincided with the introduction of stringent COVID-19 control and
national lockdown measures.> Moreover, lockdown may have im-
pacted the transmission of hyperinvasive isolates associated with
specific meningococcal serogroups in France. In particular, cases as-
sociated with serogroup W (clonal complex: CC11) were high at
the start of 2020 prior to lockdown implementation,® but, during
the initial lockdown, cases associated with this serogroup signifi-
cantly decreased (3 cases compared with 14 and 21 cases within
the same period in 2018 and 2019, respectively).> Despite de-
creases in these hyperinvasive lineage isolates, there was an indica-
tion that in 2020 SARS-CoV-2 infections preceded some IMD cases
(n = 4), particularly in the elderly (median age 71 years). However,
no confirmatory SARS-CoV-2 testing was available for these cases.
In addition, the cases presented with meningococcal pneumonia; it
is possible that SARS-CoV-2 was suspected based on this meningo-
coccal presentation rather than because of a separate, preceding
infection.?

As shown in Table 1, declines in meningococcal disease during
2020 have also been observed in other regions across the world. In
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Brazil, the number of confirmed IMD cases in 2020 was 357 com-
pared with 1021 the previous year and 1131 in 2018 (a 65% reduc-
tion in the number of cases from 2019).# In Chile, there was a 90%
reduction in IMD cases in 2020 compared with 2019.> A similar
pattern was observed in Mexico, with only 12 IMD cases reported
in 2020 versus 48 cases in 2019.°

Although rates of IMD have been falling in South Africa over the
past decade, there was a substantial reduction in cases between
2019 and 2020 (111 and 46 cases, respectively; Table 1).”-® This
decrease was also evident across all reported serogroups (B, C, W
and Y, as well as unknown).

There has also been a stark decline in IMD cases in China. The
incidence rate of IMD in 2020 decreased by 58% compared with
the average incidence rate between 2017 and 2019 (number of
cases in 2020: 53; number of cases in 2019: 132 [unpublished
data]; Table 1). A similar trend was observed in Russia, with the
IMD incidence rate decreasing by over 50% between 2019 and 2020
(0.6 and 0.26 cases/100,000, respectively).

Since IMD is notifiable in many countries and the disease is
severe enough to warrant hospitalisation in most people, it is
unlikely that poor surveillance measures/lack of notification ac-
counted for the decline of IMD in 2020. This is particularly unlikely
in countries where IMD surveillance is well established. Over-
all, the data suggest that the observed reduction in hyperinvasive
meningococcal transmission was more likely a result of COVID-19
control measures.

A recent analysis of invasive disease cases associated with Strep-
tococcus pneumoniae, Haemophilus influenzae, and N. meningitidis
was conducted in 26 countries during the period Jan 1, 2018-May
31, 2020. Case data associated with the non-respiratory pathogen
Streptococcus agalactiae were also collected. All countries experi-
enced a large reduction in cases due to the respiratory pathogens
between Jan 1, 2020 and May 31, 2020. However, no reduction was
observed with Streptococcus agalactiae indicating that the decline
in respiratory diseases during this period was more likely due to
limited transmission than declines in surveillance sensitivity.’

Despite these overall declines, meningococcal outbreaks were
identified in 2020 through surveillance efforts. In the sub-Saharan
meningitis belt, the national Ministries of Health have con-
ducted surveillance and case reporting throughout 2020, sup-
ported by the World Health Organization (WHO), the United Na-
tions Children’s Fund (UNICEF), the Africa Centres for Disease Con-
trol and Prevention (Africa CDC), the Global Alliance for Vac-
cines and Immunisation (Gavi), the US Centers for Disease Con-
trol and Prevention (CDC), and other partners. During the 2020
epidemic season (December-June) in the sub-Saharan African
meningitis belt, there was a meningococcal serogroup C (MenC)
outbreak identified in Benin and a meningococcal serogroup X
(MenX) outbreak in Ghana.' However, a number of countries
in sub-Saharan Africa have not reported IMD data over the last
18 months.!!

Table 1
Number of cases and incidence rate of IMD 2018-2020, by country.
2018 2019 2020
Country Number of cases Incidence = Number of cases Incidence = Number of cases  Incidence
Spain”’ 346 0.74 400 0.86 266 0.56
France® 202 176 129
South Africa’-8 111 46
New Zealand’® 120 139 23
China 109 132
Brazil* 1131 0.55 1021 0.49 357 0.17
Chile® 76 69 6
Mexico® 30 48 12

United States’® 0.1 371

0.11
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Fig. 1. MenC vaccine uptake (at 5 months and 12 months old) in France during the COVID-19 pandemic between February and December 2020. [Solid line denotes actual

use compared with expected use as a dotted line].

IMD vaccination during the COVID-19 pandemic

Many countries suspended immunisation programmes tem-
porarily during the early stages of the pandemic to minimise
the risk of transmitting SARS-CoV-2. In the first five months of
the global pandemic, 27 countries postponed planned measles or
measles-containing vaccine campaigns; seven countries temporar-
ily stopped inactivated polio vaccinations; seven countries sus-
pended tetanus-diphtheria immunisation; and five countries sus-
pended oral cholera vaccinations.'?

In many other countries, although vaccination programmes did
not stop, vaccine uptake slowed due to containment measures
(parents were uncertain about whether vaccinations were taking
place and experienced difficulties in booking appointments with
widespread school closures).!> Unpublished data from an online
survey conducted in 8 countries (United States, United Kingdom,
Italy, France, Germany, Argentina, Brazil and Australia) indicate that
around 50% of parents delayed or cancelled a scheduled meningo-
coccal vaccination appointment for their child during the COVID-19
pandemic. These parents selected lockdown regulations (63%) and
concerns surrounding contracting SARS-CoV-2 (33%) as the main
reasons for this vaccination disruption.' This effect is also high-
lighted in England where the number of first Hexavalent vaccine
doses, which are given on the same visit as MenB, fell when social
distancing measures were enforced in March 2020. It is possible
that messaging surrounding the continuation of routine immunisa-
tion programmes may have been disrupted by guidance surround-
ing the prevention of SARS-CoV-2 transmission.!®

MenC conjugate vaccine uptake was affected in France during
the period March 16-May 20, 2020. Uptake of both the 5-month
and 12-month dose was significantly reduced during this time
(—11% and —21% respectively) (Fig. 1).!6 Following communications
focussed on informing parents of the importance of meningococ-
cal vaccination, coverage with the initial 5-month dose returned
to pre-pandemic levels.'® However, the reduction in uptake for the
12-month booster with MenC persisted; during the period October
26-December 20, 2020 booster dose uptake was significantly lower
than in the same period in 2019 (—14%).16

A recent publication aimed to quantify the impact of the
COVID-19 pandemic on routine immunisation programmes in
South-East Asia and the Western Pacific. In total, 95% (18/19) of
the countries included in the study reported vaccination disruption
between the start of the pandemic and June 01, 2020. In 13 coun-
tries, delivery of meningococcal A vaccines (MenA or MenACWY)
was impacted. By the end of the study, it was noted that cover-
age rates for MenACWY vaccination had not yet returned to pre-
COVID-19 levels.!”

Immunisation practices have also been disrupted in other re-
gions, including Africa. During the pandemic, healthcare disrup-
tion, misinformation on vaccination, stay-at-home orders, as well
as the suspension of transport services became the predominant
barriers to immunisation.’® However, the short-term disruption
of meningococcal serogroup A (MenA) vaccination in the African
meningitis belt had no immediate effect on disease owing to the
persistence of direct and indirect benefits from past MenA mass-
vaccination campaigns for 1- to 29-year-olds.' In some countries
MenA vaccination was expanded despite the pandemic.2®

There is some evidence to suggest that meningococcal vaccine
uptake has been lower in South America because of the COVID-19
pandemic. In Brazil, for MenC vaccination, there was 96% coverage
in 2014.2' However, since 2014, coverage rates for MenC vaccina-
tion have declined, falling to 78% in 2020.

Meningococcal antibiotic resistance

Each year, antibiotic-resistant diseases are responsible for at
least 700,000 deaths globally; a figure that is set to increase.”> A
sustained effort is required to contain this global public health cri-
sis. However, the current COVID-19 pandemic is an unprecedented
global challenge that has understandably dominated healthcare
systems and economies globally over the past two years. Subse-
quently, there may be a number of indirect implications of COVID-
19 on existing public health threats. In the case of antibiotic re-
sistance, the COVID-19 pandemic may be exacerbating such issues.
Broad-spectrum antibiotics are frequently and pre-emptively pre-
scribed for patients with SARS-CoV-2 to limit bacterial co-infection
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Table 2
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Susceptibility to six antibiotics versus meningococcal serogroups in China.

Antibiotic-susceptible rate (%)

Serogroup No. of strains

SMZ Ciprofloxacin  Penicillin  Ampicillin  Ceftriaxone  Minocycline
A 78.0 0.0 13 97.4 96.2 100.0 75.6
B 135.0 0.7 41.5 76.3 80.0 93.3 99.3
C 116.0 1.7 11.2 85.3 89.7 99.1 95.7
w 92.0 62.0 304 88.0 924 97.8 100.0
NG 90.0 0.0 30.0 80.0 833 97.8 98.9
Others 27.0 0.0 333 92.6 92.6 100.0 100.0
Total 538.0 112 249 84.8 87.7 97.4 95.2

or secondary infection.”* However, such practices may lead to an-
tibiotic overuse and result in the promotion of resistance.?’ It is
therefore important to track how antibiotic resistance is impacting
treatments prescribed for life-threatening diseases, such as IMD,
and how it has evolved over recent years.

Ciprofloxacin resistance and the role of commensal Neisseria species

There is ongoing concern regarding the increasing prevalence of
antibiotic-resistant N. meningitidis strains, particularly in the Asia-
Pacific region.

The susceptibility to a range of antibiotics of N. meningitidis iso-
lates (N = 538, isolated from 2005 to 2019) collected from across
China has recently been characterised.?6 All isolates collected
were susceptible to ceftriaxone, meropenem, azithromycin, chlo-
ramphenicol and rifampicin. However, the average ciprofloxacin
susceptibility rate across all serogroups was 24.9%.2! The major-
ity (98.7%) of MenA isolates and 88.8% of MenC isolates were not
susceptible to ciprofloxacin (see Table 2). Specifically, MenA:CC5
and MenB/C:CC4821 are both clonal lineages that exhibit a high
degree of ciprofloxacin resistance in China.2? In addition, isolates
of a ‘Chinese-strain sub-lineage’ of MenW:CC11 are ciprofloxacin-
resistant while those in the other subcluster are susceptible.?’

Since 2004, all ciprofloxacin-resistant isolates of the various
clonal complexes in China contained a T911 mutation in the gyrA
gene, with more genetic diversity for gyrA compared with suscep-
tible strains.?® Ciprofloxacin-susceptible strains did not contain the
T911 mutation.?> This T91] mutation appeared to have arisen in
2004.2° Ciprofloxacin-resistant N. meningitidis strains are not exclu-
sive to China, with resistant isolates also being identified in Africa,
Europe, South America, the USA and Canada.3?-%°

The origin of quinolone resistance in N. meningitidis in China
has been recently studied. Through genomic analysis of N. meningi-
tidis (N = 198) and commensal Neisseria (N = 293) isolates, antibi-
otic resistance in N. meningitidis isolates was linked to horizontal
gene transfer of gyrA alleles;® N. lactamica and N. subflava were
identified as donors.>® Transformation of a N. meningitidis isolate
with gyrA alleles from these donors increased the minimum in-
hibitory concentration (MIC) for ciprofloxacin of the N. meningi-
tidis isolates between 0.004 pg/mL to a range of between 0.125 and
0.19 pg/mL.36

The link between antibiotic-resistant N. meningitidis and
Haemophilus influenzae

The ROB-1 B-lactamase gene confers resistance against S-
lactam antibiotics in Haemophilus influenzae.?” A penicillin-
resistant N. meningitidis strain (serogroup Y), which expressed
beta-lactamase, was recently observed in Canada and France
(an isolate collected in each country in 2016 and 2017, respec-
tively).?8:39 Both strains were ST-3587 (CC23) and possessed a

ROB-1 B-lactamase gene (blagpp.;), but were susceptible to third-
generation cephalosporins.38-39

In early 2020, two B-lactamase-producing MenY isolates were
detected in the United States; however, in addition to contain-
ing blagpp.1, these isolates were also resistant to ciprofloxacin®®
A call for MenY isolates from across the USA led to the find-
ing of 33 B-lactamase positive isolates (2013-2020); 11 were also
ciprofloxacin-resistant (2019-2020). Twenty-two of the 33 cases
were recovered from Hispanic individuals. All 22 isolates contain-
ing the blaggp.; gene were of the clonal complex CC23 (19 were
ST-3587; two were ST-15379 and one was ST-13034).“C The 11
ciprofloxacin-resistant isolates were all MenY ST-3587 (CC23).40
Based on these findings, the US CDC has encouraged healthcare
professionals to ascertain the susceptibility of isolates to penicillin
and ampicillin before using these antibiotics to treat a case of
meningococcal disease.

ST-3587 MenY isolates with both the blaggg.; and the T91I gyrA
mutations have also been collected from El Salvador and were as-
sociated with an outbreak of meningococcal disease (2017-2019).%!
Again, all isolates were of the clonal complex CC23 (ST-3587) and
contained the blaggp.1 and T91I gyrA mutations.

Additional N. meningitidis isolates containing the blagop.; gene
have been identified, with seven isolates collected from Mexico
(between 2016 and 2019) and three more from Europe (collected
between 2017 and 2018 in England, Sweden and Germany). All 10
of these isolates were also MenY (all CC23; ST-3587), and phylo-
genetic analysis showed that these isolates were closely related to
the isolates identified in the US.*!

The susceptibility of N. meningitidis to third-generation
cephalosporins

Antibiotic resistance amongst N. meningitidis isolates is not
solely associated with ciprofloxacin or penicillin. In 2006,
ceftriaxone-non-susceptible MenA isolates were identified in In-
dia using a latex agglutination Kkit.*> Two of the isolates were also
highly resistant to ciprofloxacin (MICs >32 pg/mL). Given the very
high MICs cited as part of the study and the paucity of detailed
information, there remain questions about the accuracy of these
results.

Further evidence of cephalosporin-resistant N. meningitidis was
reported from France during 2012-2015.%3 In 2012, 27% of invasive
isolates received at the National Reference Centre for Meningo-
cocci (n = 95/357) exhibited penicillin G MICs between 0.125 and
0.5 ng/mL*? with the isolates containing a number of penA allele
mutations and low MICs for cefotaxime, indicating susceptibility
to this antibiotic. Over the next three years, 2% of all Pen' inva-
sive isolates (n = 25) (i.e., those with intermediate susceptibility
to penicillin G) were found to harbour a new altered penA allele
(penA327). The allele was identical to the penAXXXIV allele in Neis-
seria gonorrhoeae, which is associated with reduced susceptibility
to third generation cephalosporins (MIC of 2 pg/mL).*>44 The 25
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isolates identified also demonstrated a 10-fold increase in MIC to
cefotaxime (mean MIC (2013-2015) = 0.087 [95% CI: 0.076, 0.099];
2012 isolates: mean MIC = 0.005 [95% CI: 0.004, 0.005]).

More recent cases of cefotaxime- and penicillin-resistant N.
meningitidis have been reported in Costa Rica.*>~** From June 2019
to January 2020, two MenY cases were identified in adults, but
with no apparent epidemiological connection. Both isolates con-
tained the pen327 allele and were ST-13,517 (CC167).4>-%7 Although
both isolates were susceptible to ceftriaxone, they exhibited high
MICs for penicillin and cefotaxime (0.5 pg/mL and 0.25 pg/mL, re-
spectively).

Globally, third-generation cephalosporin-resistant N. meningi-
tidis remains relatively uncommon. However, given the importance
of these antibiotics in IMD therapy and chemoprophylaxis, future
phenotypic and genomic surveillance is important.

Penicillin resistance

Reduced susceptibility/resistance to penicillin is frequently as-
sociated with modifications in penA. The modifications in these al-
leles result in changes within a region of the penicillin binding
protein 2 (PBP2) that is homologous to the active site of PBP2x
from S. pneumoniae, with changes in five amino acids.*® Studies
have elucidated the nature of binding between PBP2 and radioac-
tive penicillin.*® High amounts of radioactive penicillin G are re-
quired to bind with altered PBP2 isolates with higher MICs. This
indicates a reduced affinity of altered PBP2 for penicillin G. These
changes in the five amino acids also impact the function of PBP2
that catalyses the reaction of D,D-transpeptidation in peptidogly-
can, which is a structure within the cell wall.*® A modified struc-
ture of meningococcal peptidoglycan is characterised in the isolates
with reduced susceptibility to penicillin.*®

Altered penA alleles are frequently associated with penicillin re-
sistance and can be broadly categorised into two discrete types:
‘mosaic or altered’ with an MIC >0.125 ng/mL and ‘wildtype’ (MIC
<0.125 pg/mL).*? In PubMLST (Public Database for Molecular Typ-
ing and Microbial Genome Diversity), the most frequently identi-
fied alleles are harboured by a genetically diverse set of isolates.*?
From recent data in the Republic of Ireland, the frequency of iso-
lates with high MICs and mosaic alleles has increased since the
late 1990s, especially amongst MenB strains.’® A similar increase
has been reported in Australia.”! However, given the isolate diver-
sity associated with these alleles, there remains no significant ev-
idence of clonal expansion or horizontal spread of a specific penA
allele.

Broad coverage vaccines against Neisseria species

An update on MenABCWY pentavalent meningococcal vaccines

There are currently two serogroup A, B, C, W, Y pentavalent
vaccines in development; the first of which is a combination of a
MenB vaccine formulation (composed of a factor H binding protein
[fHbp]) (MenB-FHbp) and a quadrivalent MenACWY vaccine conju-
gated to a tetanus toxoid carrier protein (MenACWY-TT).>2

Several studies have assessed the immunogenicity and safety
of this combination vaccine. A recent Phase II study assessed im-
munogenicity outcomes for the pentavalent vaccine (administered
in a single dose or two separate doses) compared with a co-
administered MenB-FHbp (two or three doses) and MenACWY-TT
(single dose) combination in adolescents and young adults (10-25
years).”> Human serum bactericidal antibody (hSBA) assays were
utilised to assess protective immune responses against serogroups
A, C, W and Y, as well as against four MenB test heterologus strains
(fHbp variants A22, A56, B24, B44).>3 There were similar immuno-
genic responses across serogroups A, C, W, Y and B, irrespective of
whether the participant was quadrivalent-naive or -experienced.””
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There was also a higher proportion of participants with a > 4-
fold increase in hSBA titre one month after doses 1 and 2 for the
MenABCWY vaccine compared with the MenACWY-CRM;g; formu-
lation for serogroups A, C, W and Y; this pattern was also identified
for serogroup B.>3

The other pentavalent ABCWY vaccine currently in a clini-
cal trial is a combination of the four-component MenB vaccine
(4CMenB) and a quadrivalent MenACWY vaccine conjugated to
Corynebacterium diphtheriae protein (CRM1g7) protein,®? a form of
diphtheria toxin, with no toxin activity.”* The 4CMenB component
includes three recombinant antigens (Neisseria adhesin A [NadA],
neisserial heparin binding antigen [NHBA] and fHbp) and a PorA-
containing outer membrane vesicle derived from a New Zealand
MenB strain.’2

A Phase II study was conducted amongst 495 adolescents in
Panama, Colombia and Chile comparing different dosing sched-
ules for the MenACWY-CRM19; + 4CMenB formulation versus the
MenACWY-CRM;g; vaccine alone, with immunogenicity being as-
sessed using hSBA.>> The two dose pentavalent vaccine schedule
induced an improved immunogenic response against MenACWY,
with a greater proportion of patients achieving hSBA titers >5
compared with a single dose of MenACWY-CRM;g7.°> In addition,
those who received two doses of the pentavalent vaccine exhib-
ited a better response against MenB antigens (>68% of participants
achieved hSBA titres >5 against each of the MenB test strains)
compared with one dose.””

Antibody persistence was also analysed as part of the trial.”®
MenACWY antibody concentrations waned in all groups over a 4-
year period following vaccination, but remained higher than pre-
vaccination levels. The percentage of those with hSBA titres >8
against MenA, MenC, MenW and MenY was higher in the groups
that had previously received a MenACWY vaccine across all time-
points (1 and 4 months post final dose).’® Response persistence
varied by serogroup between those who had previously received
two doses of the MenACWY + 4CMenB vaccine and those who
had previously received a single MenACWY dose.”® For MenC, a
higher proportion of participants had a hSBA >8 in the Men-
ACWY + 4CMenB group compared with the MenACWY group at
4 years following vaccination. However, the reverse trend was ob-
served for serogroups A and Y.>¢

As part of the persistence study, the percentage of participants
with hSBA titres >5 was higher in those who had received three
doses of the MenACWY + 4CMenB vaccine (two priming doses [2
months apart] and booster [6 months after first dose]) versus non-
primed individuals (either one dose of MenACWY-CRM;g7; and two
MenACWY + 4CMenB doses or two MenACWY + 4CMenB doses)
for all seven serogroup B strains investigated.”®

The breadth of coverage (BoC) of the MenACWY + 4CMenB vac-
cine has also been investigated as part of a recent study.”’ BoC is
defined as 1-relative risk (RR) x 100% (RR corresponds to the ratio
between the percentage of isolates for which sera are seronega-
tive at a hSBA titre threshold of 1:4 against the selected strains
in the MenABCWY vs the control group).>’ The trial was con-
ducted in US adolescents between 10 and 18 years with partic-
ipants receiving either three doses of the MenACWY + 4CMenB
vaccine at 0, 2 and 6 months or a single dose of the MenACWY-
CRMg7 vaccine.”” A 4CMenB control group was not included as
part of the study. One month following vaccination, the BoC for
MenACWY + 4CMenB across 110 MenB strains, randomly-selected
from a repository of US IMD strains causing invasive disease in the
US, was 67% (95% CI: 65, 69) after two doses,”’ and this increased
to 71% (95% Cl: 69, 73) after three doses.”” However, the BoC de-
creased to 44% (95% Cl: 41, 47) and 51% (95% CI: 48, 55) 4 months
after vaccination with two or three doses of MenACWY + 4CMenB,
respectively.”’
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Development of a pentavalent MenACWXY vaccine for Africa

MenA has virtually disappeared from the sub-Saharan menin-
gitis belt following an extensive vaccination campaign amongst 1-
29 year olds followed by routine immunisation of children with
MenAfriVac®, a vaccine specifically developed for the region to
protect against MenA disease. ®° Efforts in sub-Saharan Africa are
now addressing residual outbreaks caused by serogroups C, W and
X. Currently licensed quadrivalent meningococcal conjugate vac-
cines remain too expensive for Africa and do not offer coverage
against MenX strains.”®

Efforts have been directed towards developing and testing a
pentavalent (MenACWXY) conjugate vaccine formulation (NmCV-
5).°9 The vaccine is freeze-dried with the polysaccharides being
conjugated to either of two different carrier proteins. MenA and
MenX polysaccharides are conjugated to tetanus toxoid (a high
yield conjugate, which is highly immunogenic) and MenC, MenW
and MenY polysaccharides are conjugated to recombinant CRM1g7.

Initial Phase I and II safety and immunogenicity studies in the
US and Africa are now complete amongst people aged 18-45 years
and 12-16 months, respectively.>*60-61 Data from the Phase II
study in Africa (N = 375) demonstrated that NmCV-5 is well toler-
ated and immunogenic across all five serogroups.”* The study indi-
cated that SBA concentrations were similar or higher with a single
dose of the NmCV-5 vaccine compared with two doses of Menactra
(MenACWY conjugated to diphtheria toxoid).”* There was no dis-
cernible improvement in the immune responses with the addition
of aluminium phosphate as adjuvant to the NmCV-5 formulation.”*
Further data indicate that NmCV-5 boosts both anti-tetanus toxoid
and anti-diphtheria toxoid (DT) responses ~10 fold (manuscript in
preparation). However, Menactra (DT carrier) boosts DT responses
to a somewhat higher extent than NmCV-5 (CRMyg; carrier).

Following this Phase Il programme there are now several on-
going or planned Phase III studies to further assess the immuno-
genicity and safety of NmCV-5. The first is an observer-blind,
randomised, controlled study amongst healthy individuals (2-29
years) in Mali and The Gambia, with 168-day follow-up post-
vaccination.5 A total of 1800 participants were randomised to re-
ceive either NmCV-5 or Menactra as part of the trial. The primary
objective is to demonstrate non-inferiority of NmCV-5 to Menac-
tra in terms of SBA assay (using rabbit complement, rSBA) sero-
response or geometric mean titres (GMTs) to MenA, MenC, MenY
and MenW. A second Phase III study in people aged 18-85 years in
India is complete and serology studies are ongoing.

The third Phase III study will be conducted in young infants (at
9 and 15 months of age) in Mali, with a total follow-up of 168 days
post-vaccination, and will compare the immunogenicity of NmCV-
5 to Nimenrix (Men-ACWY conjugated to TT; Pfizer Europe). A total
of 1200 participants will be randomised as part of the trial. Similar
to the other Phase III studies, the primary objective is to demon-
strate non-inferiority of NmCV-5 in terms of rSBA titers (>8).

Meningococcal disease and sexual transmission

Social and physical distancing measures enforced during the
COVID-19 pandemic may have indirectly influenced the incidence
of sexually transmitted diseases due to altered sexual risk be-
haviours.% In many countries, stay-at-home lockdown orders may
have limited the spread of such diseases through decreased social
contact. However, the redirection of public health resources toward
COVID-19 may have reduced access to testing and diagnosis, which
could also impact transmission dynamics.5* As such, efforts must
be made to increase our understanding of the current and future
epidemiological behaviour of sexually-transmitted diseases, which
could return to pre-COVID patterns as society reopens.
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In recent years, N. meningitidis has been isolated from genitouri-
nary and anal specimens of patients. A N. meningitidis urethritis
outbreak in Columbus, Ohio, US, starting in January 2015%¢ was
initially presumed to be a N. gonorrhoeae outbreak. Of 117 cases
reported in 2015-2016, a majority (98%) occurred in heterosexual
men (3-36 cases per month amongst heterosexual men) and 83%
(n = 98) amongst African-Americans. The most prevalent risk fac-
tor was oral sex (performing or receiving) with a female in the
past year (97% [N = 113]).56 Further N. meningitidis urethritis out-
breaks were identified in eastern and midwestern US states such
as Pennsylvania, Georgia, Indiana and Michigan.6-68

These outbreaks were caused by the US N. meningitidis ure-
thritis clade (US_NmUC), which belongs to CC11 lineage 11.2/ET-
15 lineage and has a fine type of PorA P1.5-1, 10-8; FetA F3-6;
PorB 2-2.% The isolates also express a unique fHbp allele. The
corresponding fHbp peptide (peptide 896) is a member of variant
group 1 (subfamily B) and can enhance the resistance of strains
to complement-mediated killing.> The allele is recognised by an-
tibodies generated by the fHbp antigen in currently licensed MenB
vaccines.5?

Vaccines covering both meningococci and gonococci

There remains the question of whether a vaccine could pro-
tect against both meningococci and gonococci. However, gonococ-
cal vaccine development has remained challenging: no correlate
of protection against the disease has been defined and natural in-
fection with gonorrhoea does not induce a protective immune re-
sponse.

Although meningococcal vaccines have not been directly as-
sessed for protection against gonococcal disease, indirect evidence
has suggested that cross-protection does occur. A MenB outbreak
in New Zealand necessitated the development of an outer mem-
brane vesicle (OMV) vaccine based on a New Zealand strain of
MenB (MeNZB).”%.71 A subsequent MeNZB vaccination programme
sought to vaccinate all those <20 years, with one million individ-
uals vaccinated during the period 2004 to 2006. Vaccine effective-
ness (VE) was moderate at 73% (95% confidence intervals [CI]: 52-
85) against strain-specific disease and 67% (95% Cl: 57-76) against
all circulating meningococcal strains.”? Following this period, there
appeared to be a gradual decrease in the number of gonorrhoea
cases.”?

To understand the relationship between the MeNZB vaccine and
gonorrhoea, a case control study was conducted in adolescents
(born between 1984 and 1998) who attended sexual health clinics
with gonorrhoea, chlamydia, or both and had been eligible for the
MeNZB vaccine.%> The adjusted estimate for VE against confirmed
cases of gonorrhoea amongst adolescents and adults (15-30 years)
based on the odds ratio was 31% (95% CI: 21, 39).7

A similar epidemiological relationship between meningococcal
vaccination and gonorrhoea cases has been identified in Cuba.
A tailor-made meningococcal vaccine in Cuba, VA-MENGOC-BC
(MBV), was produced and introduced in Cuba in the late 1980s
to reduce case numbers in an epidemic, with young children be-
ing vaccinated during this time.”> There was a reduction in the
incidence of gonorrhoea following the vaccination campaigns. Al-
though there was a similar and concurrent reduction in syphilis
during this period, syphilis cases have again begun to rise, while
gonorrhoea cases have remained low.”® A recent clinical trial has
analysed serum, saliva and oropharyngeal swab samples (N = 92)
from young adults (both Neisseria carriers and non-carriers) who
received the VA-MENGOC-BC (MBV) vaccine during infancy and a
booster during the trial.% Immunological responses against MenB
were boosted with a further dose and Neisseria carriers who re-
ceived a booster dose also exhibited anti-gonococcal salivary IgA
and serum IgG responses. It was posited that anti-gonococcal mu-
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cosal antibody responses may have resulted in the reduced inci-
dence of gonorrhoea in the epidemiological data.”®

Conclusions

The onset of 2020 brought about a new set of challenges
for IMD surveillance, treatment and prevention. Despite this, IMD
cases appeared to be declining over the course of 2020 in multiple
countries, likely due to stringent infection control and lockdown
measures minimising close contacts and limiting social gatherings
that would normally facilitate meningococcal transmission. How-
ever, the reduction in childhood vaccination in some countries in
2020 may facilitate the future surging of bacterial diseases; promo-
tion of catch-up vaccination could help compensate for the impact
of the pandemic on routine vaccination.

Despite these challenges, catch-up IMD vaccination pro-
grammes and enhanced surveillance efforts have continued in
many countries. Surveillance and control of meningococcal dis-
ease remains robust across various countries. However, antibiotic-
resistant N. meningitidis strains remain an ongoing concern across
the world, with some isolates exhibiting resistance to both
ciprofloxacin and B-lactam antibiotics. Such cases have led to en-
hanced public health measures in the US.

Equally, concerns regarding the prevalence and outbreaks of
IMD associated with specific serogroups has led to the develop-
ment of pentavalent MenABCWY vaccines. With MenA in decline
in sub-Saharan Africa, efforts are now focused on producing a
pentavalent vaccine that can address residual outbreaks associated
with MenC, MenX and MenW.
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