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ABSTRACT

| would like to comment on the article “Commentary: Impact of meningococcal group B OMV vaccines,
beyond their brief’, DOI: 10.1080/21645515.2017.1381810. The author states that meningococcal group B
OMVs vaccines —such as VA-MENGOC-BC®- may induce moderate protection against Neisseria
gonorrhoeae. | agree. However, the author states that “there was no evidence of effectiveness in the younger
children.” The effectiveness of VA-MENGOC-BC® in heterologous contexts has been higher than 80% in
individuals older than 4 years old, but the effectiveness in younger children should not be undervalued; it
has usually been higher than 60%, and results markedly higher when evaluated based on mortality rates.
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There is strong evidence that VA-MENGOC-BC® may induce cross-protection against heterologous N.

meningitidis strains and N. gonorrhoeae.

Introduction

Outer membrane vesicle (OMV) vaccines have been used to
control serogroup B outbreaks. MenBvac (Norwegian Institute
of Public Health, NIPH) was used to control an epidemic in
Normandy, France, caused by the B:15:P1.7,16 strain. The
MeNZB vaccine (Chiron and NIPH) controlled an epidemic in
New Zealand produced by the B:4:P1.7-2,4 strain, and VA-
MENGOC-BC® (Finlay Institute) was successfully used to
control a huge epidemic of meningococcal disease in Cuba,
caused by the B4:P1.19,15 hypervirulent strain.'” Nevertheless,
the effectiveness of these vaccines in heterologous contexts has
been questioned.

OMVs from Neisseria meningitidis contain a cocktail of
immunogenic antigens, including lipo-oligosaccharide and
several different outer-membrane proteins, out of which the
porin protein, PorA, has been considered the principle
antigenic source of bactericidal antibodies. However, PorA is
highly variable across Neisseria meningitidis strains."” For that
reason, new approaches have been evaluated for new vaccines,
including those based on reverse vaccinology that have identi-
fied common proteins to different strains, and generation of
recombinant proteins.& "

However, we have to take into account the minor OMV
components that could potentially generate cross-reactivity
inducing broader protection. These particles possess self-adju-
vancity and they induce not only a strong bactericidal response
by activating the classical pathway of the complement system,
but also by facilitating the opsonization mechanism of
phagocytosis, stimulating neutrophils and other phagocytic
cells, interfering with the bacterial iron metabolism, inducing

mucosal immunity, and modifying the carrier state, among
other immune mechanisms.*"

Nevertheless, the immunogenicity evaluation of meningo-
coccal vaccines has been limited to serum bactericidal assays,
the gold standard, underestimating the broad protection
induced by meningococcal vaccines.*'*"

VA-MENGOC-BC® is composed of OMVs from the B4:
P1.19,15:L3,7,9 strain and capsular polysaccharide of meningo-
coccus C.> The OMVs have been obtained from a hypervirulent
strain, which was chosen precisely considering the expression
of minor components that may be present in heterologous
strains.

The correct choice of the vaccine strain and the production
know-how allow the OMV’s of this vaccine to have more than
one hundred proteins, including 31 predicted ones. It includes:
PorA, PorB, Opa, Opc, Tbp, NspA, NadA, FbpA, FetA, HrpA,
PilQ, fHbp, NMB0088, NMB1796, NMB0928, ATP-synthe-
tases, bacterioferritins, heat shock proteins and ribosomal pro-
teins, among other components.“’15

On the other hand, a study published in 2014 by
researchers of the University of Southampton and GlaxoS-
mithKline Pharmaceutical, showed that VA-MENGOC-BC®
induces bactericidal antibodies with broad cross-reactivity.
They also identified novel antigens such as exopolyphospha-
tase, y-glutamyltranspeptidase and a putative cell-binding
factor protein.'

The author of “Commentary: Impact of meningococcal group
B OMV vaccines, beyond their brief’ (DOIL 10.1080/
21645515.2017.1381810) states that meningococcal group B
OMYV vaccines -like VA-MENGOC-BC- may induce moderate
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protection against N. gonorrhoeae.'” I agree with this point of
view. However, the author states that the heterologous effect
against diverse strains of meningococcus is limited to older
children and adults.

In this Letter to the Editor, the effectiveness of VA-MEN-
GOC-BC® in reducing meningococcal disease caused by
homologous or heterologous serogroup B strains was analyzed

by age group.

Methods

Scientific papers on VA-MENGOC-BC® composition and
the vaccine efficacy in the pre-licensure phase III clinical trial
were reviewed. This was the Cuban study designed to evaluate
whether the VA-MENGOC-BC® vaccine produced the expected
result under ideal circumstances, that is, in a randomized, dou-
ble-blind, placebo-controlled trial based on a clinical disease
endpoint.

Results of the published post-marketing observational stud-
ies on VA-MENGOC-BC® application in Cuba, Brazil, Uru-
guay and Colombia were analyzed. The effectiveness against
meningococcal disease caused by the vaccine strain (homolo-
gous) and meningococcal B strains different than the one used
in the vaccine (heterologous) was evaluated in several age
groups.

Vaccine effectiveness was defined in the post-marketing
observational studies as the degree of protection attributable to
the vaccine when administered under field conditions.

Furthermore, the impact of vaccination on the mening-
ococcal disease burden in Cuba and Uruguay, as well as the
phenotypic and genetic structure of Neisseria meningitidis pop-
ulations in Cuban patients and carriers, during the pre- and
post-vaccination periods were analyzed.

Results and discussion

VA-MENGOC-BC® OMVs are obtained from a hypervirulent
strain, which caused a large epidemic outbreak in Cuba in the
80’s of the past century. Conceptually, it could be considered a
“tailor-made” vaccine, since the B:4:P1.19,15 strain caused
most of the cases. However, since the beginning of the vaccine
development, the expression of cross-reactive antigens that
would induce protection not only against homologous strains,
but also against heterologous ones was considered. These
requirements were taken into account for the selection of
the vaccine strain and the development of the production
know-how.>'®

In 1987, a Phase I1I efficacy trial of VA-MENGOC-BC® was
conducted. It was a controlled, double-blind, randomized trial,
with the participation of 106,251 boarding school students,
aged 10-16 years, using a two-dose schedule with a 6-8 week
interval. The trial was carried out in the 7 Cuban provinces
with the highest incidence of the disease and lasted 16 months.
The estimated efficacy was 83%. A similar result was achieved
in a cohort study performed in children under 4 years old
(886,148 children; 85% vaccinated).>*'®

The strategy of the Cuban Ministry of Public Health (MIN-
SAP) to combat the meningococcal epidemic was carried out in
two stages. The first was a nationwide mass vaccination
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campaign from 1989 to 1990, targeting the highest-risk popula-
tion aged 3 months to 24 years and involving over 3 million
people, which achieved a general coverage of 95%. The main
objective of this stage was to stop the increase in disease inci-
dence. During the second stage, begun in 1991, which contin-
ues to date, VA-MENGOC-BC® was included in the Expanded
Program of Immunization, using a two-dose schedule: the first
dose at 3 months and the second, at 5 months of age. The
objective of this stage was to protect all children born after the
mass vaccination campaign, in order to prevent new epidemic
outbreaks among susceptible population accumulating over
time. In addition, VA-MENGOC-BC® has been routinely used
in other risk groups.

This strategy has proven correct. The morbidity rates
dropped from 14.4 x 100,000 inhabitants during the epidemic
period to 0.1 x 100,000. The effectiveness of the vaccine has
ranged from 80% to 100% in infants, children, adolescents and
adults. The mean effectiveness in infants (<one year old) was
84% between 1997 and 2008, and reached 93% in preschool
children. In recent years, the incidence rates of meningococcal
disease have been lower than 0.1 x 100,000 inhabitants.>*'®"?

VA-MENGOC-BC® has been widely used to control
serogroup B outbreaks in various countries. Of course, epide-
miological situations in other countries differ from the Cuban
one, in many cases there is wide circulation of heterologous
strains.

In Sao Paulo, Brazil, Cassio de Moraes and coworkers per-
formed an ambispective case-control study (112 cases; 409 con-
trols) at the beginning of the 90’s of the past century. It was
designed to estimate VA-MENGOC-BC® effectiveness against
meningococcal disease in children between 3 months and
6 years of age.”” The reported effectiveness against serogroup B
of this study was 73% in children above 4 years old, and it was
33% in children under 4 years of age, however for the prospec-
tive branch of the study, the estimated effectiveness was 55%.
About 60% of cases were produced by heterologous strains, for
that reason they concluded: “The finding suggests that the vac-
cine can provide protection against some serogroup B meningo-
coccal strains other than the vaccine type-strain”.

On the other hand, other trials performed in Brazil during
those years showed higher effectiveness. In the State of Santa
Catarina, the effectiveness against serogroup B was evaluated in
a retrospective cohort study (400,482 vaccinated children;
89,610 unvaccinated). It was 66% in children younger than
4 years old, and 88% in children above 4 years old.”" In the City
of Rio de Janeiro, a retrospective case-control study (275 cases;
279 controls) was carried out in children between 6 months
and 9 years of age. The calculated effectiveness was 64% in chil-
dren younger than 4 years old, and 82% in children above
4 years of age.”

Moreover, the Health Ministry of Brazil assessed the impact
of vaccination with VA-MENGOC-BC® in six Brazilian states,
including those that we have referred to. The effectiveness
reported against serogroup B was 72% in children between 6
and 83 months of age.”’

Regarding the lower protective effectiveness for children
younger than 4 years old, reported in the study published by
Moraes and coworkers in which only laboratory-confirmed
cases were analyzed, it could be partially due to a selective effect
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of this procedure. The exclusion from the study of those cases
not confirmed by laboratory analysis decreases the effectiveness
of the vaccine because severe cases occurred in non-vaccinated
children, who died before reaching the hospital. Vaccinated
children who contracted the disease presented an attenuated
clinical situation, allowing them to reach the hospital, where
laboratory diagnosis could be performed.

On the other hand, the lower effectiveness for this study, as
compared with other Brazilian studies, was also apparently
related to the retrospective and prospective enrollment of cases
to increase the sample size, which probably caused biased
results. For the retrospective part of the study, estimated vac-
cine coverage was only 5%, but the actual vaccination coverage
of the population was 12%. Data for the controls underesti-
mated vaccine coverage. For the prospective part, the estimated
and actual coverage were 93% and 92% respectively, and effec-
tiveness increased to 55%.°%%’

The effectiveness reported in Brazil is significant. The great
diversity of meningococcal serosubtypes reported, supports
cross protection induced by VA- MENGOC-BC®.

The higher effectiveness against heterologous strains in
older age groups could be related to the maturation of the
immune system, but it is also necessary to consider the increas-
ing exposure to Neisseria meningitidis, due to the carrier state
or the close contact with carriers; either at home, school or
work. In this situation, the booster effect induced by common
components of outer membrane vesicles increases. However,
the levels of protection achieved in children younger than
4 years of age should not be undervalued.

VA-MENGOC-BC® was also used in Colombia during the
epidemic in Itagui, Antioquia, in children between 3 months
and 4 years of age. Effectiveness was assessed in a cohort study
(16,762 children; 92% vaccinated), and it was higher than 98%,
greater than the effectiveness determined by Cuban and Brazil-
ian researchers.”*

In Uruguay, the vaccine was also used to control an out-
break in individuals between 4 and 19 years old. The morbidity
and mortality rates dropped dramatically after vaccination. In
the department of Canelones 443,053 individuals were vacci-
nated (81% vaccination coverage), and morbidity decreased
from 7.4 x 100,000 inhabitants in the epidemic period, to 0 in
the post-vaccination one. Although the vaccine serosubtype
predominated in the most severe cases of meningococcal dis-
ease, about 50% of cases were caused by heterologous strains.””

In the department of Montevideo, 1,344,839 individuals
were vaccinated (73% vaccination coverage), and the mor-
bidity rate declined slightly: from 4.6 x 100,000 inhabitants
in the epidemic period, to 3.4 x 100,000 inhabitants after
vaccination. Heterologous strains were isolated in most
patients with meningococcal disease (83.87%) during the
epidemic period.*

The effectiveness was 88% in Montevideo and 100% in Can-
elones. Since most of the strains isolated in Montevideo were
heterologous, we must consider that vaccine protection is not
strictly limited to the vaccine strain.

A summary of these observational studies is displayed in
Table 1.

Additional analyses in heterologous-strain contexts were
carried out in children younger than 2 years old, and children
between 2 and 4 years old, when data were available.

In the city of Rio de Janeiro, the effectiveness against con-
firmed serogroup B strains was 69% in children between 2 and
4 years of age and 47% in children younger than 2 years old. It
is noteworthy that the effectiveness defined by any criteria was
higher in children less than 4 years. The protection against
severe clinical manifestations of meningococcal disease was
67% in children less than 2 years of age.*”

In the state of Santa Catarina, the effectiveness increased
when the analysis was restricted to cases that could be classified
as Neisseria meningitidis serogroup B: 66% in children between
3 months and 4 years old and 88% in those over 4 years. How-
ever, data were not available for children between 2 and 4 years
old, and younger than 2 years old. On the other hand, if effec-
tiveness was evaluated based on mortality rates, it rose to 76%
in children under 4 years of age.*!

In these Brazilian studies, the lowest effectiveness was found
in children less than 2 years old, however, the effectiveness in
these children should not be undervalued. On the other hand,
it markedly increased when the evaluation was based on severe
clinical scenarios (Table 2).

It should be taken into account that a two-dose immuniza-
tion schedule with a 6 to 8 week interval was used, and other
studies have demonstrated that three doses of VA-MENGOC-
BC® and other OMV vaccines, increases immunogenicity
against heterologous strains.”®*’

The protection against heterologous serogroup B strains
could be due to cross-reactive antigens that have been identified
on the OMVs of this vaccine. These include not only well-

Table 1. Effectiveness of VA-MENGOC-BC® against serogroup B meningococcal disease.

Effectiveness by age group

Location (Date) Age group <4 years old >4 years old
7 Provinces/Cuba (1987-1989) 10-16 years — 83%
14 Provinces/Cuba (1989-1994) 3 months-4 years 81% —
Cuba (1997-2008) <1 year 84% —
12 Provinces/Cuba (1988-1990) 3 months-4 years 93% —
Santa Catarina/Brazil (1990-1992) 3 months-7 years 66% 88%
Rio de Janeiro/Brazil (1990-1992) 6 months-9 years 64% 82%
Sao Paulo/Brazil (1990-1991) 3 months-6 years 33% (55%") 73%
Antioquia/Colombia (1991-1994) 3 months-4 years 98% —
Canelones/Uruguay (2002-2003) 4-19 years — 100%
Montevideo/Uruguay (2002-2003) 4-19 years — 88%

“Effectiveness in the prospective branch of the study.



HUMAN VACCINES & IMMUNOTHERAPEUTICS 1067

Table 2. Effectiveness of VA-MENGOC-BC® in analytical observational studies carried out in Rio de Janeiro and Santa Catarina, Brazil.

Rio de Janeiro (1990-1992)

Santa Catarina (1990-1992)

Years B All B All
<2 47% 53% (67%") n.a. 55%
2-4 69% 77% na. 62%
<4 64% 64% 66% 59% (76%"")
>4 82% 80% 88% 78%

B = Effectiveness against serogroup B meningococcal disease (Neisseria meningitidis isolated from a culture of cerebrospinal fluid (CSF) or blood, and meningococcal anti-
gens demonstrated in CSF or serum by counter-immunoelectrophoresis or latex agglutination).
All = Effectiveness against meningococcal disease (Neisseria meningitidis serogroup B was not studied. Cases were defined by clinical criteria and laboratory tests).

n.a. = data not available.
“Effectiveness against severe clinical manifestations of meningococcal disease.
“*Effectiveness based on mortality rates.

studied antigens, but also novel antigens that could be useful
for developing new generation meningococcal vaccines.'*™*®

Phenotypic characterization of strains isolated in carriers
during epidemic and post-epidemic stages complements the
studies aimed at assessing the role of vaccination as an
intervention measure. In this regard, Martinez and col-
leagues characterized Neisseria meningitidis strains for
20 years. They showed that during the epidemic stage in
Cuba, serogroup B (67.62%), serotype 4 (70.48%) and
subtype P1.19,15 (61.91%) predominated and during the
post-vaccination period, non-serogroupable (NG) (79.65%)
non-serotypable (NT) (70.8%) and non-serosubtypable
(NST) (34.36%) prevailed. Thus, the predominant pheno-
type during the epidemic was: B:4:P1.19,15:L3,7,9; favorably
changed in the post-vaccination period to the phenotype
NG:NT:P1.NST:L3,7,9.%

Climent and colleagues studied the impact of vaccination on
the distribution of strains in patients and carriers in the pre and
post-vaccination periods. Strains from 12 clonal complexes were
isolated. The main strain that caused the outbreak in Cuba
belonged to the ST-32 complex (58.6% of the isolates). It was
demonstrated that VA-MENGOC-BC® was effective against the
ST-32, ST-41/44, ST-8 and ST-11 complexes, among others.
Likewise, the carrier state was modified with decrease of the
hypervirulent lineages. The ST-53 complex, common in asymp-
tomatic carriers, became predominant after vaccination.**°

The protection induced by VA-MENGOC-BC® is not
strictly limited to the vaccine strain. On the other hand, Dr
Helen Petousis states that there is strong evidence that OMV
vaccines against Neisseria meningitidis may induce moderate
protection against Neisseria gonorrhoeae.'” Data clearly show a
decline in the incidence of gonorrhoea in Cuba following vacci-
nation with VA-MENGOC-BC® especially after the massive
catch-up immunization campaign.”** These results prove that
this vaccine induces cross-reactive protection against patho-
genic Neisseria species.

Provision of booster doses of VA-MENGOC-BC® at an age
prior to sexual debut, after priming during infancy could con-
tribute to protection against gonorrhoea, as well as improving
population immunity against Neisseria meningitidis.
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