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as whooping cough, this has been one of the most persistent and 

extended infectious diseases, with more than 200 000 deaths per 

year and 20 million cases worldwide, according to  the World 

Health Organization (WHO). This situation exists today in spite of high vaccine coverage ȏͳȐǤ A ϐirst generation of vaccines consisting 
of suspensions of Bordetella pertussis cells has been used since the ͳͻͶͲs with high levels of efϐicacyǤ Howeverǡ concerns 
about several drawbacks such as local reactions, fever and 

even some not substantiated neurological disorders has driven 

the development and application of vaccines based on isolated and puriϐied antigens as opposed to whole cellsǤ This second 
generation of acellular vaccines (aP) containing either three or ϐive puriϐied antigens adsorbed to alum and coǦformulated with 
other antigens, although less reactogenic, has not conferred 

the same level of protective immunity against  BǤ pertussis as the original wholeǦcell pertussis ȋwPȌ vaccines ȏʹȐǤ In factǡ its 
introduction in the 1980s has been linked to the resurgence of 

whooping cough in developed countries, where had changed 

from wP to aP vaccines. One explanation of the failure of these aP vaccines is attributed to the induction of IgGͳ antibodies and T helperǦʹ ȋThǦʹȌ cellsǡ whereas the wP vaccines generate a ThǦͳȀThǦͳ͹ responseǡ which is thought to be important for protection 
against BǤ pertussis. One solution to the ongoing problem might 

be a return to wP, but this is generally viewed as unfeasible in 

countries where aP vaccines are established. Therefore, a third 

generation of vaccines and new strategies regarding vaccination 

schedules and policies are in progress [3]. In this contextǡ the session on pertussis vaccines started 
with a presentation from DrǤ Waldely OǤ Dias ȋButantan Instituteǡ 
Brazil), who described the development of an improved wP 

vaccine, designated as Plow, with low endotoxicity, using a simpliϐied and not expensive methodologyǡ which also produced monophosphoryl lipid A as a byǦproductǡ to be used as an adjuvantǤ This new wP vaccine with low lipoǦoligosaccharide 
(LOS) content, due to a chemical extraction of LOS from the outer 

membrane, when combined with diphtheria and tetanus antigens 

AbstractOn June ͳͶǦͳͻǡ ʹ Ͳͳͷǡ  the IUPHAR Section of Immunopharmacology and the Cuban Society of Pharmacologyǡ together with the LatinǦAmerican Association of Pharmacology ȋALFȌǡ Finlay Vaccine Institute and other prestigious Cuban scientiϐic institutionsǡ organized the Congress VACCIPHARMA ʹͲͳͷ ȋ͵rd International Congress on Pharmacology of VaccinesȌǡ held as part of the First International Convention IMMUNOPHARMACOLOGYȂVACCIPHARMA ʹͲͳͷ ȋMeliá Marina Varadero Hotelǡ in Varadero beachǡ CubaȌVACCIPHARMA ʹͲͳͷ was organised into two large Workshopsǡ 
addressing topics related to the research, development, clinical 

evaluation, production and quality control of Therapeutic and 

Prophylactic Vaccines, respectively. At the same time the Workshop 

on Prophylactic Vaccines was integrated by several Symposiums, 

focused on meningococcal, pneumococcal, enteric, tuberculosis and pertussis vaccinesǤ About ʹͷͲ delegatesǡ including ͳͲͲ international researchers from ͳͷ countriesǡ attended this meetingǤ
The Congress had a remarkable Opening Session, with a Key 

Lecture given by the outstanding scientist Professor Dr. Shiv Pillai ȋUnited States of AmericaȌǡ who talked about the changing views in the ϐield of the immunology of vaccination and the challenges aheadǤ
The aim of this review is to give an overview of the main topics 

discussed in the Prophylactic Vaccines Workshop, not as a complete 

narration of the events, but to provide an update of the latest state of 

the art and methodologies being applied to prophylactic vaccines with 

an expert commentary on the invited speakers.
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Combined Vaccines. The Pertussis problem

The Symposium in Combined Vaccines was focused on 

research and development of pertussis vaccines as one of the 

most important components of combined vaccines. Also known 
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(DTPlow) was shown to be as potent as the current pertussis 

whole cell combined vaccine (DTP vaccine) but less reactogenic. 

The LOS extraction did not affect the integrity of the product and, 

more importantly, did not impact on the potency, immunogenicity andȀor stability of DTPlowǤ Thusǡ this new approach for wP vaccines could be a signiϐicant improvement and a promising and 
affordable alternative to currently available pertussis vaccines for 

developing countries [4]. DrǤ Arno van der Ark ȋNetherlands Institute for Translational Vaccinologyǡ Intravaccǡ the NetherlandsȌ discussed the value of product characterization and immunoproteomic proϐiling in the 
search of improved pertussis vaccines, based mainly on outer membrane vesicles ȋOMVȌ ȏͷȐǤ In his presentationǡ DrǤ van der Ark 
showed the results of the comparative characterization of wP and OMV vaccines using  microarrays for gene expression and enzyme linked immunoassays ȋELISAȌ to evaluate antigen contentǡ as well as immunoproϐiling by liquid chromatography mass spectroscopy ȋLCǦMSȌ and ʹ dimensional ȋʹǦDȌ electrophoresisȀblotting as 
well as immunogenicity in mice. Both types of vaccine raised 

strong antibody responses, but large quantitative and qualitative 

differences were measured. The highest antibody levels were obtained by OMVǤ The wP vaccine induced IgGʹaȀIgGʹbȀIgG͵ levels which were signiϐicantly lower compared to OMVǤ The majority of OMVǦinduced antibodies were directed against Vagͺǡ BrkA and lipopolysaccharide ȋLPSȌ whereas wPǦinduced antibodies were mainly directed against GroELǡ FHA and VagͺǤ The higher IgGʹaǡ IgGʹb and IgG͵ antibody responses induced by OMV 
indicate more functional antibodies were induced, although this needs to be conϐirmed in functional assays ȏ͸ȐǤA presentation by DrǤ Diógenes Quintana ȋCenter of Genetic Engineering and Biotechnologyǡ CIGBǡ CubaȌ introduced his work 
on the design of new recombinant molecules comprising the complete sequencesȀregions of two different types of pertactin ȋPRNȌǤ PRN molecules bear two variable Rͳ regions from Prnͳ and PrnʹǤ The genes of Prnͳǡ Prnʹ and six variants of PRN were 
cloned in Escherichia coliǡ and PRN proteins were overǦexpressed at ʹͷǦ͵ͲΨ of total protein concentrations using the pETʹͺaȀBLʹͳ Codonplus RP expression systemǤ The proteins were puriϐied and after refoldingǡ the PRNs were recognized by antiǦPRN monoclonal antibodies binding protective conformational and linear epitopesȀregionsǤ The PRN proteins were highly immunogenic in BALBȀc miceǡ with the induction of IgGʹa and IgGʹb subtypesǤ In particularǡ two PRNs ȋPRNʹǦlcǦͳ ε PRNʹǦͳȌ induced highly signiϐicant ȋp δ ͲǤͲͲͳȌ antiǦPrnͳ antibody levelsǤ The PRNʹǦlcǦͳ and PRNʹǦͳ molecules exhibited an enhanced immunological proϐile in BALBȀc mice in terms of the level of whole antiǦPrn IgG antibodies with 
respect to natural Prn controls. DrǤ Coenraad Hendriksen ȋIntravaccǡ the NetherlandsȌ outlined 
the consistency approach, the new paradigm in lot release testing 

of established vaccines. This approach starts from the idea that 

subsequent lots of vaccine produced can be compared with a clinicalȀhistorical lotǡ which is thoroughly tested and has a well deϐined proϐile ȏ͹ȐǤ The consistency approach has come into 
being by improvements in production and control: optimized production processesǡ a tight protocol for inǦprocess testing 

ȋusing innovative physicoǦ and immunochemical techniquesǡ 
in vitro cell culture techniques and bioinformatics) and a stateǦofǦtheǦart quality monitoring system ȋGood Manufacture Practice GMPǡ Quality Assurance QAȌǤ Consistency testing may lead to a signiϐicant reduction in animal useǡ since a narrow set of animal tests performed on each ϐinal lotǡ sometimes 
with questionable relevance, may be replaced by a battery of meaningful physicochemicalǦǡ immunochemicalǦ and in vitro 

functional tests with enhanced capacity to measure equivalence with batches of proven safety and efϐicacyǤ DrǤ Hendriksen also 
showed some proof of concept data of the consistency testing 

for pertussis, rabies and diphtheria vaccines [8].Finallyǡ DrǤ Mario Landys Chovel ȋFinlay Vaccine Instituteǡ 
Cuba) discussed the development of a pertussis serological 

potency test (PSPT) and its correlation with protection. The Mouse Protection Test ȋMPTȌ still remains the ǲgold standardǳ 
for Pertussis Potency in vaccines, but it has been broadly criticized in terms of variabilityǡ scientiϐic relevanceǡ ethics and high costǤ As PSPT correlates well with MPTǡ it appears 
to be a very promising alternative to the challenge method. 

However, its biological relevance, namely the mechanisms 

related to the role of the antibodies detected with protection, 

are rather unclear. Dr. Chovel showed that whole antibody titresǡ instead of speciϐic antibody titresǡ correlated with MPT activitiesǤ Likewiseǡ IgGʹa and IgGʹb subclasses were generated 
during the PSPT, suggesting a role for antibodies in inducing 

phagocytosis by phagocytes like neutrophils and macrophages. 

The results derived from an in vitro opsonophagocytosis model correlated well with the PSPT and the MPTǡ conϐirming this pathway as signiϐicant in explaining the role of the antibodies 
in the protection induced by wP. Thus, this alternative method could provide not only a potential replacement of MPTǡ but also 
a valuable tool for estimating the biological relevance of new 

pertussis vaccines [9].

Pneumoccocal Vaccines. Learned Lessons

The main goals of the Pneumococcal Vaccine Symposium, were to provide an update on scientiϐic information about 
Pneumococcal Conjugate Vaccines (PCV) and to share with 

international experts the strategy for the development of the 

Cuban pneumococcal conjugate vaccine. 

The chairmen of the Symposium were two prestigious scientistsǣ DrǤ David Goldblattǡ Director at the WHO Pneumococcal Reference Laboratoryǡ Institute of Child Healthǡ University College Londonǡ UKǡ and DrǤ Vicente VerezǦBencomoǡ General Director of Finlay Vaccine Instituteǡ Havanaǡ CubaǤ Other important speakers were DrǤ Ron Dagan from the Faculty of Health Sciencesǡ BenǦGurion University of the Negevǡ BeerǦShevaǡ IsraelǤǡ ProfǤ Katherine OƲBrien from Johns Hopkins Bloomberg School of Public Healthǡ USAǤ DrǤ Maria Catalina Pirez from Facultad de Medicinaǡ Universidad de la Repúblicaǡ UruguayǤ Dr Gail Rodgersǡ from Bill and Melinda Gates foundationǡ USAǤ The ϐirst session of the symposium focused on 
pneumococcal diseases around the globe, the impact of PCV on 

pneumococcal diseases and carriage, and the lessons learned after ͳͷ years after PCV͹ was launchedǤ The second session of 
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the symposium was dedicated to update and critically review the 

development of a new PCV in Cuba. In ʹͲͲͲǡ about ͳͶǤͷ million episodes of serious pneumococcal 
disease were estimated to occur. Pneumococcal disease caused about ͅ ʹ͸ǡ ͲͲͲ deaths in children aged under ͷ yearsǡ of which ׽ͻͳǡ ͲͲͲ were in HIV positive and ׽͹͵ͷǡ ͲͲͲ in HIV negative childrenǤ Of the deaths in HIV negative childrenǡ over ͸ͳΨ occurred in ten 
African and Asian countries [10]. Three pneumococcal conjugate 

vaccines are licensed against SǤ pneumoniae serotypesǣ Prevnar͹ or PCV͹ ȋPϐizerǡ USAȌ against serotypes Ͷǡ ͸Bǡ ͻVǡ ͳͶǡ ͳͺCǡ ͳͻF and ʹ͵FǢ Synϐlorix or PCVͳͲ ȋGlaxoSmithKlineǡ BelgiumȌ includes antigens for serotypes ͳǡ Ͷǡ ͷǡ ͸Bǡ ͹Fǡ ͻVǡ ͳͶǡ ͳͺCǡ ͳͻF and ʹ͵FǢ and Prevnarͳ͵ or PCVͳ͵ ȋPϐizerǡ USAȌ contains antigens for serotypes ͳǡ ͵ǡ Ͷǡ ͷǡ ͸Aǡ ͸Bǡ ͹Fǡ ͻVǡ ͳͶǡ ͳͺCǡ ͳͻAǡ ͳͻF and ʹ͵FǤ The introduction of PrevnarǦ͹ in the USA in ʹͲͲͲ was an important success in the ϐight against pneumococcal diseasesǡ due to its high efϐicacy in preventing diseases and death caused 
by pneumococci. Also, a reduction of child mortality was reported in children below ʹ years and a substantial decrease in Invasive Pneumococcal Disease ȋIPD) in other nonǦimmunized age groups 
was documented [11, 12]. For many years in the last decade, the vaccine was only available for developed countriesǤ Nowadaysǡ the licensed PCV PrevnarǦͳ͵ and Synϐlorix are available in many 
countries of the world, even in very poor countries thanks to the efforts of GAVIǡ with more than ͷͲ countries now having rolled 
out the vaccine [13]. On the other hand, several middle income countries are nonǦeligible for GAVIǡ therefore they are not able to 
access them because of the high price of these vaccines. 

WHO recommends the inclusion of pneumococcal vaccines 

in childhood immunization programs worldwide, especially in countries with underǦϐive mortality of greater than ͷͲ per 
1000 live births. Schedules of three primary doses (3p+0) or, 

as an alternative, two primary doses plus a booster (2p+1) are 

recommended, although the 3+1 is still used in several developed countriesǤ Primary vaccination can be initiated as early as at ͸ weeks of ageǤ WHO also recommends catchǦup vaccination during 
pneumococcal vaccine introduction to accelerate herd protection 

and PCV impact on disease and carriage [14]. The differences 

between the 2p+1 and 3p+0 schedules are subtle, especially in 

countries with a mature immunization program in which coverage 

is high and indirect effects help enhance protection provided directly by a vaccine schedule ȏͳͷȐǤ 
Strong evidence was provided during the session about the efϐicacy and the impact of PCV established through multiple clinical trialsǤ PCV͹ demonstrated efϐicacy of ͻ͹ǤͶΨ against 

invasive pneumococcal disease caused by serotypes contained 

in the vaccine [11]. PCV10 has been effective against invasive pneumococcal diseases in Brazilǡ with ͺ͵ȉͺΨ ȋͻͷΨ CI ͸ͷȉͻȂͻʹȉ͵Ȍ against vaccine serotypesǡ and ͹͹ȉͻΨ ȋͶͳȉͲȂͻͳȉ͹Ȍ against vaccineǦrelated serotypes ȏͳ͸ȐǤ PCVͳ͵ has recorded data on efϐicacyǡ initially 
inferred before licensure from an aggregate correlate of protection, established for PCV͹Ǣ and laterǡ a postǦlicensure assessment of serotypeǦspeciϐic vaccine effectiveness and immunogenicity in Englandǡ Walesǡ and Northern Ireland was reportedǡ with vaccine 

effectiveness of ͻͲΨ ȋ͵ͶǦͻͺȌ for the PCV͹ serotypes and ͹͵Ψ ȋͷͷǦͺͶȌ for the six additional serotypes included in PCVͳ͵ ȏͳ͹ȐǤ Other nonǦlicensed vaccines were also effective preventing 
pneumonia and mortality in different regions [18, 19].

The need of alternative PCV dosing schedules was also 

discussed during the symposium, based on the need for some 

countries to reduce cost of their immunization programs. Thanks to the work of GAVI and Vaccine Alliance partnersǡ most 
of the world�s poorest children are now receiving PCV, but the 

sustainability of this vaccination could be compromised when these countries graduate from GAVI and one of the strategies is the reduction of the number of PCV dosesǤ Rückinger et 
alǤ [20] have published a metanalysis estimating that about ͳͲΨ fewer children achieve antibody levels of ηͲǤ͵ͷ ɊgȀml 
after two primary immunizations compared to three primary 

immunizations for most of serotypes included in one of the 

licensed pneumococcal conjugate vaccines. This difference in proportion was higher for serotypes ͸B and ʹ͵Fǡ where ǦͶͻǤͶΨ ȋǦ͸͸ǤͲǢ Ǧ͵ʹǤͻΨȌ and Ǧʹ͸ǤͻΨ ȋǦ͵͹ǤʹΨǢ Ǧͳ͸Ǥ͸ΨȌ fewer children achieved protective antibody levelsǤ These ϐindings 
support the fact that the majority of children were protected 

by two primary immunizations with pneumococcal conjugate vaccines in the ϐirst year of life ȏʹͳȐǤ Thenǡ following the control of pneumococcal vaccineǦtype disease and colonization through 
vaccination could be decided by some countries by changing 

the PCV schedule to single priming and a booster dose would be sufϐicient to sustain that control at reduced costs ȏʹʹȐǤ This 
option should be evaluated and clinical evidence should be 

generated for supporting this approach.Professor David Goldblatt provided an update on the next 
generation of pneumococcal vaccines. Some PCV are under development by manufacturesǡ such as Merck ȋa ͳͷǦvalent vaccineȌǡ Serum Staten Institute of India ȋa ͳͲǦvalent vaccineȌǡ Finlay Vaccine Instituteǡ Cuba ȋa ͹Ǧvalent vaccineȌǡ among some othersǤ  It may be difϐicult for manufacturers not belonging to 
the big pharmaceutical companies to enter the PCV market, but many countries will be graduating from GAVI eligibility over the next ͷ years so there is a market for cheaper vaccines 
that can be supplied to these countries and which will cover the key serotypes prevalent in those countriesǤ Undoubtedlyǡ 
the effectiveness of PCVs has led to the development of higher 

valence vaccines, to combat in part, serotype replacement, but it 

is unclear how many serotypes can be added to a single conjugate vaccine and serious physicoǦchemical and immunological challenges are expectedǤ  Neverthelessǡ as the Target Product Proϐile has recognizedǡ the combination of ͹Ǧͺ of them could be enough to cover more than ͸ͲΨ of the invasive disease isolates 
in the target region and considerable public health impact may 

be expected [23].Protein based vaccines offer the promise of serotypeǦ
independent immunity, but not even one has been licensed until 

now, mainly because the regulatory pathway for their licensure remains undeϐinedǤ New vaccines containing highly conserved 
Streptococcus pneumoniae proteins such as pneumolysin toxoid ȋdPlyȌ and histidineǦtriad protein D ȋPhtDȌ are being developed 
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to provide broader protection against pneumococcal disease, 

which are well tolerated and immunogenic when administered 

to healthy adults [24]. Several approaches have been followed for proteinǦbased vaccinesǤ One strategy has been the combination of proteins with conjugatesǤ The combination of PCVͳͲ Synϐlorix 
with PhtD and dPly were immunogenic either for polysaccharide 

and protein antigens, and the investigational vaccine formulations were wellǦtolerated when administered to toddlers as a ʹǦdose primary vaccination followed by a booster dose ȏʹͷȐǤ PCVͳ͵ 
has been evaluated in combination with two pneumococcal proteins in Navajo Indiansǡ with ͳͺͲͲ subjectsǡ ͻͲͲ with PCVͳ͵ 
and 900 with PCV13 more PhtD and dPly proteins. This clinical trial has as primary endpoint clinical OAMǡ and the secondary endpoint is efϐicacy against nasopharyngeal carriage of nonǦPCV serotypes ȋGoldblatt personal communicationȌǤ Another strategy 
has been to use pneumococcal proteins as a carrier for capsular 

polysaccharide. A clinical trial was conducted in healthy elderly 

adults to examine the safety, reactogenicity, and immunogenicity 

of six different investigational pneumococcal vaccine formulations 

containing AS02V or alum adjuvant with PhtD and dPly proteins either conjugated to pneumococcal polysaccharide in an ͺǦvalent PCV ȋͺPCVȌ or as free proteins ȏʹ͸ȐǤ Neverthelessǡ the regulatory pathway for the licensure of proteinǦbased vaccines is unclear and 
correlates of protection need to be found.The ϐinal session of the symposium was dedicated to 
the discussion and critical review of the Cuban strategy for 

the development of a heptavalent pneumococcal conjugate vaccine PCV͹ǦTT ȋusing tetanus toxoidǡ TTǡ as a carrierȌ and 
the implementation of a clinical research strategy and impact 

evaluation of this new vaccine. This candidate vaccine has been developed by the same research team that developed the ϐirst 
human vaccine using a fully synthetic polysaccharide antigen: QuimiǦHib ȏʹ͹ȐǤ The PCV͹ǦTT vaccine was designed to be used in Cuba and other countries with the good ratio of costǦeffectivenessǤ In contrast to the current PCVǦͳͲ and PCVǦͳ͵ strategiesǡ the number 
of serotypes was kept at seven, but with a more rational selection than the original PCV͹Ǣ ϐive serotypesǣ ͸Bǡ ͳͶǡ ͳͺCǡ ͳͻF and ʹ͵F are the same compared to the original PrevnarǦ͹ formulationǡ but serotypes ͳ and ͷ were additionally includedǡ instead of 
increasing the number of serotypes, and the corresponding 4 and 

9V serotypes were not included because they are found in lower prevalence than ͳ and ͷ worldwideǤ Additionallyǡ an important crossǦprotection is expected for serotypes ͸A and ͳͻAǤ The Cuban 
strategy keeps the number of serotypes at seven, as it is considered 

the best number to get wide coverage and to enable faster vaccine 

development. The candidate vaccine contains as active ingredients the CPS of serotypes ͳǡ ͷǡ ͸Bǡ ͳͶǡ ͳͺCǡ ͳͻF and ʹ͵Fǡ coupled by 
reductive amination to TT, adsorbed on aluminum phosphate as 

the adjuvant. The preclinical research stages of this vaccine have 

demonstrated immunogenicity and safety in animal models, the 

technology has been scaled up and several batches have been 

produced for clinical trials. 

The clinical research strategy and impact evaluation of this 

vaccine is based on the necessity to introduce pneumococcal vaccines into the Cuban National vaccination program to impact on the burden of IPDǡ and to provide scientiϐic evidence to support 

the use and commercialization of this vaccine in the PCV13 era. 

The clinical evaluation strategy and impact evaluation for this 

vaccine is summarized in Figure 1. The PCV͹ǦTT vaccine was initially evaluated in ͶͲ healthy 
young adults during a controlled, randomized and double blind Phase I clinical trialǡ using polysaccharide vaccine PneumoǦʹ͵ ȋSanoϐiǦPasteurȌ as a controlǤ This clinical trial demonstrated that the candidate vaccine PCV͹ǦTT was safe when used in 
healthy adults and immunological results showed that after 

a single dose, the concentration of antibodies increased signiϐicantly in both groups with respect to preǦvaccination 
levels [28]. The clinical trial was published in the Cuban Public Register of Clinical Trials with code RPCECͲͲͲͲͲͳ͵͵Ǥ 

Once the safety in adults was demonstrated, a controlled, randomized ȋratio ͳǣʹȌ and double blind Phase Iǡ clinical 
trial was designed to assess the safety and to explore the immunogenicity of PCV͹ǦTT in ͳͷ childrenǡ aged ͶȂͷ years oldǤ 
This clinical trial was designed as a bridge recommended by the Cuban National Regulatory Agency to assess the safety in children around ͷ years old prior to authorizing clinical trials in 
infants; this was the reason for the small sample of children. The 

primary outcome of this study was safety, but immunogenicity was also exploredǤ PCV͹ǦTT was well tolerated and as safe as Synϐlorix used as the control vaccineǤ Following a singleǦdose vaccinationǡ all individual serotypes included in the PCV͹ǦTT vaccine induced a statistically signiϐicant increase of antibodies and opsonophagocytic activity ȋIgG GMC and OPA GMT), and the ϐirst evidence of a possible crossǦprotection against serotypes ͸A and ͳͻA were observed ȏʹͻȐǤ These were the ϐirst clinical results for PCV͹ǦTT in children and they paved the way towards 
the next clinical trials in children and infants. This clinical trial was published in the Cuban Public Register of Clinical Trials with code RPCECͲͲͲͲͲͳ͹͵ǤDuring ʹͲͳͶǦʹͲͳͷǡ a parallelǡ controlledǡ randomized and double blind Phase IIȀIIIǡ clinical trial was initiated in Cienfuegosǡ 
Cuba, with the aim to demonstrate the immunogenicity and efϐicacy of PCV͹ǦTT compared with PrevnarǦͳ͵Ǥ Childrenǡ ͳͳͶͲǡ aged ͳǦͷ years oldǡ who had not received prior pneumococcal vaccinationǡ were enrolled into the studyǤ This trial ϐinished in the ϐirst semester of ʹͲͳ͹ǡ and if the results are positiveǡ it will 
allow the license of the vaccine for this population.

Clinical trials in children and infants was the next stage in 

clinical evaluation of this vaccine in order to obtain a license for 

these target populations. Firstly, we evaluated the vaccine in infants of ͹ months oldǡ with a schedule at ͹ǡ ͺ and ͳͳ monthsǡ 
and the results showed low reactogenicity (unpublished data). During ʹ Ͳͳ͸ǡ a Phase IȀII clinical trial have been doing in infants ʹ monthǦoldǤThe PCV͹ǦTT vaccine will be licensed in Cuba ϐirstly 
for children and then for infants, with a window of a year or 

two. This time will give us the unique possibility to study the 

impact of PCV vaccination on infants and other unvaccinated 

populations [30, 31]. The current PCVs were initially introduced in infantsǡ sometimes accomplished by a catchǦup for childrenǢ 
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but the Cuban experience could beǡ as far as we knowǡ the ϐirst 
experience in the world where the indirect impact on infants could 

be evaluated by vaccinating with PCV in children.

The Cuban strategy will introduce vaccination of children between ͳǦͷ years old as a shortǦterm mass vaccination campaign with high coverageǡ contributing to provide scientiϐic evidence 
about the impact on reduction of nosocomial pneumonia colonization rates and the incidence of IPD in vaccinated and 
unvaccinated subjects, including infants. Excellent results were found in a mass campaign with MenAfrivac in Maliǡ Burkina Faso 
and some other African countries based on similar strategy [30,31].

Enteric Vaccines. The promise of the future

The Enteric Vaccines (EV) Symposium received prominent 

experts and members of international programs involved in the 

development of vaccines against enteric pathogens. FoodȀwaterborne diseases are a worldwide problem and a 
major cause of childhood deaths in developing countries [32]. 

Certainly, the best strategy of control will be the improvement of 

water supplies and sanitation; however, these measures may not 

be achievable in the near future in most developing countries. For that reasonǡ vaccination has become a shortǦ to midǦterm strategy 
[33].

Salmonella Typhi and Paratyphi A

Caused mainly by Salmonella enterica serovar Typhi and 

serovar Paratyphi A, enteric fever is still an important public 

health problem in many developing countries [34]. Even though 

live attenuated and Vi capsular polysaccharide vaccines have 

been available for more than 30 years ago, almost no country 

has implemented vaccination against typhoid at country level. Part of the reason for their lack of use in atǦrisk populations is their shortǦterm protection and poor immunogenicity in young children ȏ͵ͷȐǤ At present no vaccines speciϐic to SǤ Paratyphi A are availableǤ In this regardǡ a new generation of improved 
vaccine candidates has been emerging; all focused on the induction of a longǦlasting immune response in all age groupsǤ Among themǡ antiǦtyphoid conjugate vaccines is the most advanced strategyǡ with three vaccines already licensed for inǦcountry use in India and China ȏ͵͸ȐǤ Similarlyǡ efforts have been 
made in the development of candidates against Paratyphi A, in order to obtain a bivalent vaccine versus both pathogens ȏ͵͸ȐǤ  

Dr. Sushant Sahastrabuddhe, Program Leader of Enteric and Diarrheal Diseases at International Vaccine Institute ȋIVIǡ 
Korea), introduced the session with a presentation about the 

burden of typhoid and paratyphoid fever and the strategies for controlǤ DrǤ MǤ Imran Khanǡ former Director of Coalition against 
Typhoid discussed how even though vaccines against typhoid 

have been available for several years, the absence of global ϐinancing support has resulted in minimal national uptakeǤ Howeverǡ GAVI commitment to support a typhoid conjugate vaccine is encouragingǤ DrǤ Khalid Ali Syedǡ Associate Research Scientist from IVIǡ talked about the typhoid conjugate vaccine candidate developed at IVIǡ its technology transfer to four 
manufacturers and the clinical development plan for use in 

children less than 2 years of age. He also discussed the need of a paratyphoid vaccine based on the signiϐicant disease burdenǡ 
the increasing antimicrobial resistance and the non existence 

of vaccines against this disease. On the other hand, Sonsire Fernándezǡ Project Manager at Finlay Vaccine Instituteǡ showed 
the impact of sanitation measures and typhoid vaccination with 

Figure 1: Summary of the clinical evaluation strategy for effectiveness and impact of Cuban PCV͹ǦTT vaccine 

mailto:sushants@IVI.INT
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a Vi polysaccharide vaccine ȋvaxǦTyvi̺ǡ Finaly Vaccine InstituteȌ on the disease incidence in CubaǤ In additionǡ she presented the 
Cuban project of development of a typhoid conjugate vaccine, which has achieved successful results at preclinical stage ȏ͵͹ȐǤ  
ETEC-Shigella-Cholera

Diarrhea remains a major cause of childhood morbidity 

and mortality worldwide [38]. Vibrio cholerae, Shigella spp. and 

Enterotoxigenic Escherichia coli (ETEC) are among the numerous 

pathogens (bacteria, parasites and viruses) that cause diarrheal 

infectious diseases in humans. 

Together, ETEC and Shigella infections represent nearly oneǦ
third of annual diarrhea episodes in Africa and South Asia [39]. Additionallyǡ ETEC is responsible for oneǦthird to oneǦhalf of 
diarrhea in travelers returning from Asia, Latin America and Africa 

[40]. Currently, there are no licensed vaccines against either of 

these infectious diseases. 

Amongst the relevant antigens for vaccine development 

against ETEC are the colonization factor (CF) antigens and the heat labile ȋLTȌ and heat stable ȋSTȌ enterotoxinsǤ It has been proposed by experts that a multivalent vaccine containing ͶǦ͸ more common 
CF antigens, combined with LT, may provide protection against ͺͲΨ ETEC strains globally ȏͶͳǡ ͶʹȐǤ In that regardǡ DrǤ Thomas 

Wierzba from the Enteric Vaccine Initiative at PATHǡ discussed the status of vaccine development against ETECǦassociated diarrhea 
emphasizing two of the lead candidates: ETVAX (Scandinavian BiopharmaȌ and ACEͷʹ͹ ȋPATHȌǡ which have been found to be safe and immunogenic in Phase IȀII trialsǤ 

On the other handǡ among the ͶǦͷ serotypes of Shigella spp. 

that have shown clinical importance, SǤ sonnei is highly prevalent 

globally and is the most frequent cause of traveler�s shigellosis 

[43].  Dr. Audino Podda, Head of the Clinical Development & Regulatory Affairs at Sclavo Behring Vaccines Institute for Global Health ȋItaliaȌǡ described the advances of the vaccine candidate 
against SǤ sonnei based on Generalized Modules for Membrane Antigens ȋGMMAȌ and its evaluation in two Phase I dose escalation 
trials with encouraging results. In contrast to Shigella and ETEC, oral cholera vaccines (OCV) 

against VǤ cholerae have existed since the 1980s. Currently, two WHO prequaliϐied killed OCVs ȋDukoral̺ and Shanchol̺) are 

available on the international market. Both have proved to be 

safe and effective; however, the development of other OCVs using 

attenuated live strains have continued in order to confer greater and longerǦterm protection after only one doseǡ especially in children under ͷ years old ȏͶͶȐǤ In that regardǡ DrǤ Rodrigo Valera ȋa specialist of clinical trialsȌ at the Finlay Vaccine Instituteǡ Cubaǡ presented the safety proϐile of the ͸͵ͺ attenuated strainǡ the 
Cuban vaccine candidate against cholera which has accomplished Phase IǦII clinical trials in adults ȋNational Clinical Trial Registry RPCECͲͲͲͲͲͳͺͺȌ and Phase I in children and adolescents of both sexes ȋNational Clinical Trial Registry RPCECͲͲͲͲͲͳ͹ʹȌ
Tuberculosis Vaccine

The Tuberculosis (TB) Vaccines Symposium was focused on 

the presentation of important research on global TB epidemics and 

the efforts to develop new vaccines to prevent TB. The congress was honored to host a wide representation of International Foundationsǡ Institutes and Universitiesǡ which carry out research andȀor ϐinance studies related to TBǤ 
TB continues to be a central point of attention for many research groups worldwideǤ Even though the Bacille CalmetteǦGuerin ȋBCGȌ vaccine has been administered to thousands of 

people since 1921, it does not confer adequate protection against pulmonary infection in adultsǡ as BCG has only deϐinitively 
been shown to protect infants and young children from severe, 

often fatal complications of Mycobacterium tuberculosis ȋMtbȌ infection ȏͶͷȐǤ Efforts to obtain a new vaccine that is more robust and efϐicient in protecting against Mtb infection than BCGǡ particularly in adolescents and adultsǡ as these older age groups are the primary global source of Mtb transmissionǡ 
represents a global health priority.  At present, some vaccine candidates are in different clinical phase evaluation ȏͶ͸Ȑ ȋTable 
1). ProfǤ Hervé Bercovierǡ ȋHebrew University of JerusalemȌǡ spoke about BCG vaccinationǡ its advantages and clinical 
applications both in humans and animals, not only for 

preventing TB infection, but also to understand the evolution of the disease as a way to ϐight against TBǤ Lewis Schragerǡ MǤDǡ ViceǦpresident of Scientiϐic Affairsǡ AERASǡ Marylandǡ USA, 

explained the status of the current development of TB vaccines, 

emphasizing the challenges and strategies related to this goal. 

Dr. Willem Hanekom, Deputy Director of TB Vaccines of Bill and Melinda Gates Foundationǡ USAǡ focused his presentation on the correlates of risk of TB diseaseǡ speciϐically describing ongoing 
efforts to discover new ways of developing and testing vaccine 

candidates against TB.ProfǤ Edilberto Ochoaǡ Tropical Medicine Institute ǲPedro Kouríǳǡ Cubaǡ shared the Cuban experience with TB to the 
conference, speaking about TB social inequalities in health both 

in developed and developing countries.

Subsequent speakers provided an in depth view into the efforts to develop speciϐic TB vaccine candidatesǡ including 
presentations illuminating preclinical advances being made in vaccine candidates derived from modiϐications of Mtb or 

related mycobacteria speciesǤ Dr Rogelio HernándezǦPandoǡ MǤDǡ pathologist from the National Institute of Medical Sciences and Nutrition ǲSalvador Zubiránǳ Méxicoǡ showed the potential 
use of an attenuated mutant of MǤ tuberculosis H͵͹Rv lacking 
the sigma factor E as a live vaccine in an experimental model of progressive pulmonary TB in BALBȀc mice infected by the intratracheal routeǤ DrǤ HernándezǦPando and his group demonstrated that nonǦvaccinated mice infected with a high 
dose of this mutant, showed higher survival rates and less tissue 

damage than animals infected with the parental strain. Although 

animals infected with the sigE mutant had low bacillary loads, their lungs showed signiϐicantly higher production of the protective factors interferon gamma  ȋIFNǦɀȌǡ tumor necrosis factor alpha ȋTNFǦȽȌǡ inducible nitric oxide synthase ȋiNOSȌǡ and betaǦdefensins than those animals infected with the parental or 
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complemented mutant strain ȏͶ͹ȐǤ Moreoverǡ they demonstrated 
that the sigE mutant, when inoculated subcutaneously, was more attenuated than BCG in immunodeϐicient nude miceǡ and when used 
as a subcutaneous vaccine, induced a higher level of protection than did BCG after challenge with both H͵͹Rv and a highly virulent 
strain of MǤ tuberculosis ȋBeijing code ͻͷͲͳͲͲͲȌǤ In order to get a 
more attenuated vaccine strain they produced a second mutation 

in the gene fadD͸ͼ that contributed to the production of the virulence factor phthiocerol dimycocerosates ȋDIMȌǡ producing 
the double sigEȀfadD͸ͼ mutant ȋunpublished resultsȌǤ Using the same BALBȀc mice model of progressive TBǡ they showed that the 
attenuation in fadD͸ͼ single mutant induced less tissue damage 

than the parental strain. When used as a subcutaneous vaccine, ͸Ͳ days before intratracheal challenge with a hypervirulent 
strain of MǤ tuberculosis ȋBeijing code ͻͷͲͳͲͲͲȌǡ this mutant induced a higher level of protection than did BCGǤ These ϐindings 
suggested that this double mutant is a very promising strain for 

the development of a new vaccine against TB.Dr Iliana Valdesǡ Tropical Medicine Institute ǲPedro Kouríǳǡ 
Cuba, described her experiences using MǤ ƲhabanaƲ as a vaccine candidate against TBǤ It is considered that the protection conferred 
by the vaccination with either a live, inactivated or protein fraction 

of MǤ ƲhabanaƲ TMCǦ ͷͳ͵ͷ is probably related to less virulence 
signs in experimental models. MǤ ƲhabanaƲ TMCǦ ͷͳ͵ͷ is a 
naturally attenuated strain which allows total animal survival and prevention of TB disease progression to a similar degree to BGG 
vaccination [48].Yanely Tiradoǡ Maria de los Angeles Garcia and Nadine Alvarezǡ Finlay Vaccine Institute of Cubaǡ showed the potential of 
proteoliposome and liposome formulations using nonǦpathogenic 
mycobacteria as promising candidates to be considered as a new vaccine strategy against TB infection ȏͶͻȐǤ OMV or proteoliposomes 
from mycobacteria were obtained using the experience and protocols developed by the Finlay Vaccine Institute to obtain OMV from meningococcus ȏͷͲȐǤ  Due to the high homology between MǤ 
tuberculosisǡ MǤ smegmatis and BCG ȏͷͳǡ ͷʹȐ these results were not surprising in protecting against TB infection ȏͷ͵ȐǤ The candidates 
demonstrated the capacity to induce cellular and humoral immune responses and to recognizeǡ via crossǦreactivityǡ MǤ tuberculosis antigens modulated by the alum adjuvant ȏͷͶǡ ͷͷȐǤ Proteoliposome 
from MǤ smegmatis ȋunpublished resultsȌ and BCG ȏͷ͸Ȑ induced 
protection as a prophylactic vaccine against intratracheal infection 

with MǤ tuberculosis H͵͹Rvǡ when they were administered with 
alum.. In addition to these presentationsǡ other results were shared 
as poster presentations, including the protective capacity of 

liposomes obtained from MǤ smegmatis in BALBȀc mice after challenge with the Mtb H͵͹Rv strain ȏͷ͹ȐǢ the ϐirst Cuban report of anal TB in an AIDS patient ȏͷͺȐǢ surveillance of anti tuberculosis drug resistance in Cuba ȏͷͻȐǢ and preliminary results about the application of a phageǦdisplayed human domain antibody library 
against cell wall lipoarabinomannan of MǤ tuberculosis.

This symposium represented a unique opportunity to 

interchange experiences, results, alternatives and strategies 

relevant to the evaluation of new TB vaccine candidates designed to address the disadvantages of BCG vaccination 
and to develop TB vaccines for use in adolescents and adults. 

Additionally, the congress provided an important opportunity to establish contactsǡ join efforts and work together to ϐight TB.

Vaccines against meningococcal disease; status and 

perspectivesThe Meningoccocal Vaccine Symposium received prestigious researchers from scientiϐic and health institutionsǡ universities 
and pharma.  The discussion was focused on the current 

situation of meningococcal vaccines, being the multivalent 

conjugated polysaccharide vaccines and the recently licensed 

antimeningococcal serogroup B vaccines. From the early capsular polysaccharide vaccinesǡ developed in the late ͳͻ͸Ͳsǡ 
there has been a gradual improvement in vaccines that have 

the bacterial polysaccharide (PS) capsule as the protective principleǣ ϐirst as puriϐied PS vaccines against one serogroupǡ 
then as combinations for protection against an increased number of serogroups at the same timeǤ More recentlyǡ the development of proteinǦPS conjugate vaccines and ϐinally the 
quadrivalent conjugate formulations, against meningococcal serogroups Aǡ Cǡ Y and W have become some of the most 
important vaccine strategies ever implemented against these pathogens ȏ͸ͲǦ͸͵ȐǤ Important milestones and time points 
are listed in Figure 2. The public health impact of the various meningococcal vaccines has been great ȏ͸Ͷǡ ͸ͷȐǤ Dr Ray Borrowǡ Public Health Englandǡ UK referred to the evolving strategies 
for meningococcal conjugate vaccination, the importance of 

immunization schedules and concomitance studies to optimize 

the induction of immunological memory, protection and 

protective herd immunity against meningococcus.The current RƬD situation of a pentavalent and thermostable vaccine against serogroups ACWY and X was presented by DrǤ Marc LaForce ȋSerum Institute of IndiaȌ. Dr. LaForce also mentioned the impact of MenAfricVac immunization campaigns 
in some African countries. This conjugated vaccine against NǤ 
meningitidis serogroup A has become an affordable solution for 

developing countries of Africa against epidemics caused by this 

Figure 2: �A dream coming through�; in 2013 it became possible 

to prevent meningococcal disease caused by all major serogroups 

ȋadapted from Rino Rappuoliǡ presentation at EMGM September ͸Ͷͷ͹ȌǤ

file:///E:/Journals/nutritionalhealth-foodscience/Volume4/4.1/AI/l 
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meningococcus ȏ͸͸ǡ ͸͹ȐǤ Yetǡ further evaluation and clinical trials 
will be needed to demonstrate the impact of the new pentavalent 

vaccine candidate in Africa. Neverthelessǡ for more than four decades there has been a challenging search for a vaccine against MenB disease ȏ͸ͺǡ ͸ͻȐǤ 
Early on during the development of meningococcal vaccines, it was noticed that the MenB capsule was poorly immunogenic in humans 
due to molecular mimicry with glycoproteins found in human 

tissue (especially abundant in the fetal brain). Efforts to break 

immunological tolerance raised concerns regarding potential 

autoimmunity reactions and tissue damage in vaccinees in general 

and pregnant women in particular. Thus, vaccine development efforts in the MenB ϐield have been concentrated on subǦcapsular candidates ȏ͸ͺǡ ͹ͲȐǤDr Johan Holstǡ Norwegian Institute of Public Health ȋNIPHȌǡ Norwayǡ opened the second session of the Meningoccocal Vaccine 
Symposium with a dissertation about the learning points from developing vaccines against MenB diseaseǤ  In ͳͻͻͳǡ two large doubleǦblind placeboǦcontrolled clinical trials in Cuba and Norway 
demonstrated protection against the respective outbreak strain in 

these two countries. Due to the work of international collaborations, 

involving WHO, Pan American Health Organization (PAHO) and UǤS Center for Disease Control and Prevention ȋCDCǡ AtlantaȌǡ it 
became clear that protection after primary immunization with two 

doses was of fairly short duration and a booster was needed after a year ȏ͹ͳȐǤ Also the protective immune response was directed mainly against the seroǦsubtype deϐining epitopes on PorAǡ a highly variable porine protein ȏ͹ʹȐǤ This phenomenon was most signiϐicant in infantsǡ and OMV vaccines were deemed to be of only limited use against heterologous strains ȏ͹͵ȐǤ 
However, the international collaborations and exploratory efforts came to fruition when a serious outbreak of MenB disease 

appeared in New Zealand in the beginning of the ͳͻͻͲs ȏ͹ͶȐǤ The solution for this problem was to make an OMV vaccine based on that particular circulating strain ȏ͹ͷȐǤ During the situation in New Zealand it was declared unethical to perform a placeboǦ
controlled trial, so after initial safety and immunogenicity studies, the vaccine was offered in a threeǦdose schedule to all ͳǤ͵ million 
inhabitants less than 20 years of age (later four doses for infants) ȏ͹Ͳǡ ͹ͷȐǤ Effectiveness estimates of ͹͵Ψ for all age groups over a twoǦyear observation period were found retrospectivelyǡ because the staggered rollǦout of the vaccine in the population resulted in vaccinated and unǦvaccinated cohorts existing at the same time ȏ͹Ͳǡ ͹͸ȐǤIn the search for a more universal vaccine with broad strain 
coverage, a number of approaches have been explored; from multiǦvalented PorA based OMV vaccines to single ǲcrossǦreactiveǳ antigens as lipopolysaccharides ȋLPSȌ and various 
minor outer membrane proteins that were assumed to be under less immunological pressure than PorA ȏ͸ͺǡ ͸ͻǡ ͹͹ȐǤ The ϐirst 
substantial breakthrough occurred in 2000 by sequencing the 

whole genome of a NǤ meningitidis strain and using the in silico mining approachǡ named Reverse Vaccinology ȏ͹ͺȐǤ The vaccine 
developed according to these principles was ready 13 years later 

for licensure and global use under the name ͶCMenB ȋBexsero̺, Novartis later GSKȌ ȏ͹͹ ǡ͹ͻȐǤ The active principle of this vaccine consists of three recombinant proteinsǣ factor HǦbinding protein ȋfHbpȌǡ neisserial heparinǦbinding antigen ȋNHBAȌ and neisserial adhesin A ȋNadAȌ in combination with an OMV component ȋwith the PorA porine PͳǤͶȌ ȏ͹͹ǡ ͹ͻȐǤ The latter is in 
fact the same vaccine component that was used for controlling the outbreak in New Zealand during the nationǦwide campaign 
from 2004 to 2008, mentioned above. In parallelǡ a more traditional approachǡ consisting 
of fractionation of bacterial extracts and immunological 

measurements, led to the development of another protein based MenB vaccineǡ rLPʹͲͺ͸ with the commercial name Trumenba̺ ȋWyethȀPϐizerȌ ȏͺͲǡ ͺͳȐǤ This vaccine formulation consists of 
two lipidated variants of fHbp, which are claimed to cover most circulating MenB strainsǤ Both formulations contain fHbp as 
a key protective antigen and have demonstrated broad strain coverage in the range of ͹ͲΨ to ͻͲΨǡ depending on the actual local epidemiological situation ȏͺʹǦ ͺͶȐǤ In ʹͲͳ͵ǡ a longǦanticipated goal was reached with the licensure of the ϐirst vaccine with the ability to prevent against 
most circulating serogroup B of NǤ meningitidis ȋMenBȌ 
(httpǣȀȀcenterforvaccineethicsandpolicyǤnetȀʹͲͳʹȀͳͳȀʹͶȀemaǦrecommendsǦmarketingǦauthorizationǦforǦbexsero meningǦbǦnovartis and httpǣȀȀwwwǤemaǤeuropaǤeuȀemaȀindexǤjspǫcurlαpagesȀmedicinesȀhumanȀmedicinesȀͲͲʹ͵͵͵Ȁhuman̴med̴ͲͲͳ͸ͳͶǤjspƬmidαWCͲbͲͳacͲͷͺͲͲͳdͳʹͶ). The ϐirst universal MenB vaccine on the market ȋin EUȌ was named ͶCMenB with the commercial name Bexsero̺, from NovartisǤ In ʹͲͳͶ another MenB vaccine was licensed in USAǡ called Trumenba̺ȋrLPʹͲͺ͸ǡPϐizerȌȋhttpǣȀȀwwwǤfda.govȀBiologicsBloodVaccinesȀVaccinesȀApprovedProductsȀ
ucm421020.htm).  Thus, the vision of vaccinating against all major diseaseǦcausing serogroups of meningococci is now a possibility ȏͺͷȐǤ Development of these more universal MenB vaccines 
required more than 20 years of research, and they represent a solid breakthrough for the prevention of MenB disease globallyǤ These vaccines are also the ϐirst proteinǦbased bacterial vaccines 
that are not dependent on toxin neutralization as a key preventive 

principle. This historical use and integration of knowledge in the ϐield of vaccinology will also prove important for development 
of other vaccines in the years to come. Learning points that will 

be particularly useful, also in more general settings, include 

selection of strain panels and evaluation of strain coverage 

for a particular vaccine formulation. Challenges of making the selected vaccine candidates sufϐiciently immunogenic and crossǦreactive can proϐit from the developmental experience for ͶCMenB and rLPʹͲͺ͸Ǥ In addition to the scientiϐic issuesǡ MenB 
development and the initial attempts to implement the vaccine 

in national vaccination programs, also illustrated limitations with the current models for costǦeffectiveness and thus difϐiculties for decision makers to appreciate the true value of vaccines against rareǡ but very serious infectious diseases ȏͺ͸ǡ 

https://www.cdc.gov/
http://centerforvaccineethicsandpolicy.net/2012/11/24/ema-recommends-marketing-authorization-for-bexsero mening-b-novartis
http://centerforvaccineethicsandpolicy.net/2012/11/24/ema-recommends-marketing-authorization-for-bexsero mening-b-novartis
http://centerforvaccineethicsandpolicy.net/2012/11/24/ema-recommends-marketing-authorization-for-bexsero mening-b-novartis
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/002333/human_med_001614.jsp&mid=WC0b01ac058001d124
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/002333/human_med_001614.jsp&mid=WC0b01ac058001d124
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/002333/human_med_001614.jsp&mid=WC0b01ac058001d124
http://www.fda.gov/BiologicsBloodVaccines/Vaccines/ApprovedProducts/ucm421020.htm
http://www.fda.gov/BiologicsBloodVaccines/Vaccines/ApprovedProducts/ucm421020.htm
http://www.fda.gov/BiologicsBloodVaccines/Vaccines/ApprovedProducts/ucm421020.htm
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ͺ͹ȐǤ Howeverǡ from September ʹͲͳͷ Bexsero̺ was introduced in the UK childhood immunization program ȋhttpǣȀȀwwwǤmeningitisǤorgȀmenbǦvaccine;httpǣȀȀwwwǤϐiercevaccinesǤcomȀstoryȀgskǦϐinallyǦsealsǦukǦbexseroǦdealǦʹͲǦdoseȀʹͲͳͷǦͲ͵Ǧ͵Ͳ) [88].It will take at least two to ϐive years until we know the full clinical 
impact and value of these new meningococcal vaccines in various epidemiological situationsǤ Issues to be studied more carefully are 
duration of protection in various age groups, mucosal immunity 

and herd protection. Of particular note, a substantial difference in 

immunogenicity has been observed with recombinant fHbp versus the experimental formulations of native OMV vaccines where fHbp has been included as overǦexpressed vaccine antigen ȋNOMVǦOEǦfHbp with ͵Ǧ͸ times the ordinary level found in wild type strainsȌ ȏͺͻǦ ͻͳȐǤ The total amount of fHbp in the two formulations can be more than ͳͲͲ times differentǡ and the NOMV formulation induces better antiǦfHbp immunity than the recombinant vaccineǤ Since fHbp is a membraneǦattached lipoprotein the NOMV must be 
manufactured without using the standard detergent extraction established for manufacture of ordinary OMV vaccines ȏͻʹȐǤ Instead the vaccine can be made tolerable for humans with genetic 
manipulation of LPS (lpxͷǦmutantsȌ ȏͺͻȐǤ Preclinical studies with NOMV vaccines have shown higher protective titres and broader 

immune responses, resulting in better capacity to kill strains with 

fHbp variants that are substantially different from the vaccine antigen selected for the vaccine ȏͻͳǡͻ͵ǦͻͷȐǤ These observations served as inspiration for further studies of the OMVǦconcept and use of NOMV as a ǲplatformǳ for various other antigensǤ This approach might also well provide beneϐits in the ϐight against diseases that are in need for betterǦperforming vaccinesǡ like 
Bordetella pertussis ȏͻ͸Ȑ or where so far there are no other vaccine 
alternatives in existence, against like SǤ sonnei ȏͻ͹ȐǤ  Even soǡ the applications of detergent extracted OMV are 
ongoing. The results of a collaborative project between Finlay Vaccine Institute and NIPH was presented by Dr Luis Garcia ȋCubaȌǡ Dr Einar Rosenqvist ȋNorwayȌ and Dr Lisbeth Naess ȋNorwayȌǤ The Phase I clinical trial using a bivalent OMV 
formulation from meningococcal serogroups A and W demonstrate that the candidate was safe ȋNational Clinical Trial Registry RPCECͲͲͲͲͲͳ͸ͲȌǤ Moreoverǡ satisfactory preclinical results using a trivalent OMV combination against Aǡ W and X serogroups was 
discussed as an alternative to developing an affordable vaccine for 

African countries [98].

Thus, in the current situation there are strong indications for continued development and use of the OMVǦconcept in various 
ways for modern biotechnology and vaccinology, in the decades 

to come (Figure 2). 

Improving vaccination for all people

A general Symposium was dedicated to review recent strategies 

for the sustainable development of vaccines. Dr. Pagliusi, Executive Secretary of Developing Countries Vaccine Manufacturersǯ Network ȋDCVMNȌǡ Switzerland explained how DCVMN stands 
for improving vaccination to all people: The common mission of 

all DCVMN members is to protect people against known and 
emerging infectious diseases, by improving the availability of highǦquality vaccines globallyǤ As an internationalǡ nonǦgovernmentalǡ nonǦpartisanǡ notǦforǦproϐitǡ public health 
driven alliance of vaccine manufacturers, research and policy 

organizations from all over the world, it operates based on principles of sharing knowledge for international scientiϐicǡ 
technical and economic cooperation, guided by common values 

of equity, responsibility, accountability, transparency and 

respect. 

Developing countries� economies include all countries that 

Figure 3: The results represent averages of those countries for which 

urban Demographic and Health Surveys (DHS) data were available for coverage of child DPT͵ vaccination during  ʹͲͲͲȂʹͲͳͳ ȋAfricaα͵ͳ 
countries, Americas=8 countries, Asia=14 countries, Europe=2 counǦ
tries).

Figure 4: Graphic representations of manufacturers and countries 
working together to carry out vaccination for all people

http://www.meningitis.org/menb-vaccine
http://www.meningitis.org/menb-vaccine
http://www.fiercevaccines.com/story/gsk-finally-seals-uk-bexsero-deal-20-dose/2015-03-30
http://www.fiercevaccines.com/story/gsk-finally-seals-uk-bexsero-deal-20-dose/2015-03-30
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reach a speciϐic level of human development for their respective populations according to the Human Development Index ȋHDIȌ of the International Monetary Fund ȋWorld Economic Outlook ʹͲͳͷǡ IMF cfǤ httpǣȀȀwwwǤimfǤorgȀexternalȀpubsȀftȀweoȀʹͲͳͷȀͲͳȀpdfȀtextǤpdf) based on three main criteria: economic, education and health status ȋFigure ͵ȌǤ Thusǡ except for North Americanǡ 
most central European, Oceania countries and Japan, all other 

countries are considered developing economies. Thus, the network is composed of Ͷͷ corporate members located in ͳ͸ countries or 
territories, divided in three major regions: Latin America with 8 manufacturersǡ MiddleǦEastǦAfrica with ͷ manufacturersǡ and AsiaǦPaciϐic with ͵ʹ manufacturersǡ and well positioned to serve the 
respective regional populations. All manufacturers operate with 

the approval of local regulatory authorities and 11 manufacturers have vaccines prequaliϐied by WHOǡ for global procurementǤ The 
challenge is to satisfy the needs of developing country populations, which represent approximately ͅ ͲΨ of the worldǯs population and 
is growing at a fast pace with high birth rates in many countries, 

with 1 billion people growing from 2000 to 2012, and estimated to reach ͺ billion by ʹͲʹͷǤ Thusǡ the demand for protective vaccines 
are on the rise, particularly in developing countries, where DTP coverage as an indicator is at around ͺͲΨ in average in Africa and Asia compared to ͻͷΨ coverage in industrialized regions as exempliϐied by European region ȋFigure ͶȌǤIn addition to supplying vaccines for national public 
immunization programs, the manufacturers have contributed signiϐicantly to major global health initiatives such as polio 
eradication, tetanus elimination, measles and rubella elimination, 

and to supply vaccines such as yellow fever, typhoid fever, 

meningitis A, Japanese encephalitis, and Hepatitis E vaccines, 

diseases predominantly relevant on a regional basis.

By sharing the common goals of increasing and maintaining 

the number of vaccines available for international procurement, particularly for GAVIǦeligible countriesǡ while reducing the time to obtaining WHO prequaliϐication PQǡ and securing sustainable vaccines supplyǡ the Network has launched four initiatives to 
support manufacturers, as follows: 1) review the design and layout of manufacturing facilities and systems as to fulϐill global GMP 
expectations; 2) Training workshops, to update professionals on 

recent Good Practices in may areas ȋGXPȌ and PQ requirementsǢ 
3) create a forum for industry to discuss regulatory challenges 

with experts; 4) to create a database of expert vaccine consultants for corporate organizations to advance speciϐic projectsǯ needsǤ 
The new initiatives are expected to have an impact on upgrading 

facilities for priority vaccines, provide consistent information to industry professionals from developing countries on GMPǡ quality management systems and preǦqualiϐicationǡ serving as ǲharmonizationǳ effortsǡ unlocking new regulatory approaches to improve access to vaccines to beneϐit people in developing 
countries, and facilitate access to reliable consulting expertise 

for members to advance with clinical development, regulatory dossiersǡ partnerships and investmentsǤ DCVMN has focused 
efforts in trying to engage members and partners in contributing 

to the global initiatives.Notablyǡ the demand and supply for the ͷǦinǦͳ pentavalent 
vaccines in developing countries has grown 10 fold in the last ͳͲ yearsǡ from ʹͲ to ʹͲͲ million doses procured by UNICEFǡ due to availability from over ͸ manufacturersǡ and all ͹͵ GAVI 
countries have introduced this vaccine today as compared to ͷǦ͸ countries in ʹͲͲͶǤ The goal is that the same pattern proves 
true for rotavirus, pneumococcal and HPV vaccines, among 

others, when more manufacturers can make them available. 

Vaccines have proven to be an effective strategy in controlling, 

eliminating and eradicating infectious diseases, as a result of 

close cooperation and partnerships.

Still much remains to be achieved, as while the global 

coverage of essential traditional vaccines such as DTP, hepatitis Bǡ measles and polio averaged ͺͶΨ global coverage in ʹͲͳ͵ǡ the 
new vaccines such as pneumococcal and rotavirus vaccines is of ʹͷ and ͳͶΨ respectivelyǡ and HPV and other vaccines even 
less. The needs are huge as populations in developing countries 

continue to grow and so we need strong manufacturers to take 

up this challenge and scale up the supply of affordable vaccines 

to control and prevent the spread of infectious diseases globally. DCVMN has focused efforts in trying to engage members 
and partners in contributing to the global initiatives. 
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