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Developing a Vaccine for Rheumatic Fever and Rheumatic Heart
Disease: Current Research Strategies and Challenges
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Rheumatic heart disease (RHD) is the most sericasifestations of rheumatic fever, which is causgdylbup A Streptococcus (GAS or
Streptococcus pyogenes) infection. RHD is an autoune sequelae of GAS pharynagitis, rather thardifeet bacterial infection of the heart,
which leads to chronic heart valve damage. Althoargtibiotics like penicillin are effective agairGAS infection, improper medical care such
as poor patient compliance, overcrowding, poveatyd repeated exposure to GAS, leads to acute rhieufeger and RHD. Thus, effort to
design a vaccine based on emm gene identificafidbAS, M-protein going on for more than 40 yeassunlikely to succeed. M-protein is
strain specific. Infection with one strain does paivide immunity from infection with another smaBased on the emm gene identification,
of 250 or more identified strains of GAS, the dmmition is heterogenous and keeps changing. Thedin gene sequence of the organism
tends to mutate. A vaccine prepared from availatrtkins may not be effective against a strain falhg mutation.
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Introduction

It is generally accepted that rheumatic fever (R¥flows
group A beta hemolytic streptococcal (GAS) infecti8ince

suffered from acute RF to prevent recurrences @odi8lary
prophylaxis is ethically mandatory. However, secmyd
prophylaxis cannot reduce the burden of diseasgivién
properly, it reduces overall heart damage from sgbent
attacks.

GAS infection spreads through droplets, overcrogdin » Primary prevention

causes an increased transmission from person teomper
Undernutrition or malnutrition can increase thecgymibility

to infection. Poor socio-economic status results ain
inability to obtain optimal medical care. Hence ighler
prevalence in developing countries is predominarglated
to low socioeconomic status.

The resurgence of RF in the Utah area in USA oeduimn
middle class families with a healthy lifestyle wath
overcrowding, a suburban population with facilittes good
medical care indicates that improvement in soctmnemic
status alone cannot control RFVirulence of RF is related
to its capacity to cause more or less permanendiaar
damage. In Utah epidemic, carditis based on clinica
combined with echocardiogram findings, occurredlimost
90 percent patientS. Hence prevention of rheumatic heart
disease requires preventing RF.

Prevention of RF can be considered under two appes
primary prevention and secondary preventfbn.

» Secondary prevention

Secondary prevention consists in giving injection
intramuscular benzathine penicillin every thredotar weeks
depending on age and muscle mass to patients whe® ha

Primary prophylaxis consists in identifying thaetpatient
has a sore throat, that it is GAS infection andingjv
penicillin to eradicate the GAS infection. Primary
prophylaxis has too many loopholes and is almopbssible
to practice even for individual patients.

Sore throat is a frequent trigger of antibiotic ,ubeth in
children and adults. While only a fraction of stieoats are
related to GAS pharyngitis, the justification fontidiotic
prescription is, in the great majority of casesatedl to the
perceived need to prevent GAS-related complicaffdns
Primary prophylaxis is possible if an anti-GAS \aec
becomes available. Although a number of componefts
GAS organism are being studied in order to makaczine.

A 2018 World Health Assembly resolution calls fetter
control and prevention. Providing guidance on gldtealth
research needs is an important WHO activity, infiieg
prioritization of investments. Here, the role, statand
directions in GAS vaccines research are discus$4dO
preferred product characteristics and a researcd an
development technology roadmap, briefly preseruéfdr an
actionable framework for vaccine development taitaigpry
and policy decision-making, availability and useA%
vaccines should be considered for global preventibthe
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range of clinical manifestations and associateibiatic use.
Impediments related to antigen diversity, safetyoeons,
and the difficulty to establish vaccine efficacy aagst
rheumatic heart disease are discussed. WHO deklape
vision for vaccine development, highlighting stgite

giving protection against wide spectrum of M sepety.

Vaccines Based on Cell Surface Proteins
There are several cell surface protein like M gmt€5a
peptidase (SCPA), C5a peptidase (SCPA), S. pyogegies

targets, product preferences and priority reseaactu envelope protein (SpyCEP), R28, Streptococcus gtivee

development activitie4! antigen (Spa), Streptococcal immunoglobulin bindingtein
(Sib35)1*%

Vaccine Development for RHD

Development of a vaccine for RHD started in théyeB®60s M protein

with crude cell wall to purified M proteins5. In myeral,

selection of vaccine candidates for any pathogdased on

few characteristics such as;

a. sub-cellular localization of the target protein,

b. ability to induce immune responses,

c. no molecular mimicry between target and host tissue
proteins,

d. conservation of target protein among all the awddéa
genomes of the species, and

e. possibility of cloning the target protein (e.g.ofmins
with no or one trans membrane helix) [Figuré®}!

Among the cell surface proteins, M protein of Sogsnes
has been studied extensively. Especially, the hypegable
amino terminal and the highly-conserved carboxyiors
have long been the target for vaccine developmgainat
RHD due to its immunogenicity and no cross-reaftivi
propertied!” However, the main limitation of using hyper
variable N-terminal of M protein is the strain-sifiec
immunity, thus multivalent vaccines have been dgvetl by
combining hyper variable N-terminal regions fronffetient
GAS serotypes.

Recently, Dale and colleagues18 constructed a flevalent
M protein-based vaccine. This vaccine constructsists of
N-terminal fragments (first 50 residues) of M piotérom
30 different M serotypes that are predominant inrthlo
America and Europe and further they have showmeo
immunogenic in rabbits. Interestingly, they havetHar
found that this multivalent vaccine is protectivgagnst
another 24 non-vaccine M serotypes, which are mduded
in the 30 valent vaccine constrlfé. The reason for this
cross-protection may be due to the amino acid semgue
similarity present in the N-terminl a or high sence
similarity across the whole M protein found witlthe same
emm-clustef*®!

Although some studies suggested that the level
bactericidal antibodies produced by C-terminal sagdf M
protein may not be adequate to give complete ptiotec
against GAS infection20, vaccine candidates such as
Streptincor and 3% peptide which are derived from the C-
terminal of M protein shown to be protective in raal
models against RHBY

Characteristics of
vaccine targets

Figure 1: Common characteristics of a potential vagine

candidate. of

To be a vaccine candidate, other than virulencéoffac
proteins with an essential role in the pathogenmssurvival
can also be used as a vaccine target. Vaccinetsafge
Streptococcus pyogenes can be classified into thrajer
typesH?

i) Vaccines based on cell surface proteins.

i) Vaccines based on secreted proteins.

iii) Vaccines based on carbohydrates.

Vaccine Pipeline
Only two candidate vaccines are actively underwatin in

human trials. A phase | clinical trial of the MJ8XAvaccine
candidate developed by the Queensland Institutdesfical
Research, Australia, were recently reported. Thecina
antigen is a 29-amino acid long peptide (J8) frame t
conserved carboxyl terminus region of the M prqt&in
conjugated with diphtheria toxoid and adsorbed onto
aluminium hydroxide. More investigations are plashne
further  optimise  immunogenicity. The  30-valent
StreptAnova, developed at the University of Tenaest/SA

Adhesion proteins which help in the pathogen caatibn
could be used for vaccine design, since the anitéisod
produced against this protein will prevent colotiza of
pathogen on the host and further progression oflisease in
the host tissu® In order to develop a vaccine, surface and
secreted proteins are considered to be the suitadeine
candidates in eliciting the antibody response, tiien
compared to the cytosolic proteins of S. pyogettesy fail

to meet some of the essential characteristicsatteatequired
for development of vaccine. For instance, limitexvarage
of some vaccine candidates (serum opacity factdr R28)
can provide protection against only a certain numbk
serotypes while other antigens (group A carbohgjrate

not effective in eliciting high concentrations of

antibodied!***®! which are required to be used as a vaccine
target!*'® Hence, it is necessary to identify a novel vaccine

candidate, which is highly immunogenic and alsoatég of

W  Academia Journal of Medicine | Volume 1 | Issug 2uly-December 2018

and Dalhousie University, Canada, is a M proteigeda
vaccine with 4 recombinant subunits, each contgisieven
or eight N-terminal fragments of 30 different emgpds
linked in tanden®® The N-terminal fragment of the Spa
antigen is also included in the constriigt.

The peptides were selected from acute and invasolates
most prevalent in North America and Europe. A phbase
clinical trial of the vaccine adjuvanted with alumas
recently completed. This program builds on favoleab
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safety and immunogenicity evaluation of previoutatesl
constructs including a lower number of emm-type
sequence$? In preclinical development, the Streptincor
vaccine candidate construct developed by the Usityeof
Sédo Paulo, Brazil, is based on the conserved regiche

M5 protein, which comprises a 55-amino acid polyjukp
containing conserved B- and T-cell epitopes. A phiida
clinical trial of the vaccine candidate antigemfiatated with
alum is expected to start in 2018/20%9.Investments in
GAS vaccine R&D by major vaccine manufacturers have
been limited. One candidate based on the consemigens
streptolysin O, SpyAD, SpyCEP and group A carbohiglr
conjugated with a carrier protein is being devetbpsy
GSK?®! The antigens selected are highly conserved and
prevalent, either surface exposed or secreted, esspd
during human infection, soluble and immunogenic
animals. Altogether, the scarcity of products ivelepment
as presented above underscore the need to expahd an
diversify the vaccine pipeline. 1.

in

Safety Considerations
Safety concerns have constituted an important innpertt to 2.

past vaccine development efforts. In 1969, the wetae of
ARF following streptococcal vaccination in 3 out 8f
volunteers vaccinated with a partially purified Mpy8otein 4.
was reporte@® This raised concerns about the safety of
GAS vaccines and a theoretical risk of autoimmunity
1979, the United States Food and Drug Administratio
(FDA) prohibited the use of GAS organisms and its
derivatives in any bacterial vaccif8.However, the validity .
of such concerns raised by this single study were
subsequently questioned. All three children hadudwented

GAS infection before the onset of ARF, and all weitdings

of ARF patients. They were exposed to very high and 8.
repeated dosing of a crude M-protein vaccine foatomh.
These factors may have influenced their risk ofedigping

ARF. The FDA resolution was revoked in 2006, whea t o
agency recognized the previous understanding agh “bo
obsolete and a perceived impediment to the devedopf a
GAS vaccine'”! There had not been a GAS vaccine trial ;.
reported during a period of 25 years. Vaccine mefea
resumed, with no similar adverse safety signal tifled.
Nonetheless, the field would benefit from consermiikling
on safety risk management strategies appropriaeipted
to vaccine development status. Studies have ofteed u
serum auto-immunity panel screening, tissue creastive
immunofluorescence antibody assays and echocaegibgr
to monitor for potential auto-immune events ocagrpost
vaccination®® While due diligence is needed, there is a 14.
strong perception that auto-antibody panels and
echocardiographic monitoring are poor screenindgstand

of limited value as adequate safety monitoring nexgu
sufficient endpoint sensitivity and specificity, pesially
when the number of trial participants is limited, ia early
vaccine development. In clinical practice thesetstegre
seldom used in isolation, as their contributiordi@gnosis is
strongly driven by pre-test probability determinbyg the
clinical context. Borderline results and non-sgediindings
make interpretation difficuf® Screening panels and
echocardiographic evaluation may best be resenmd f
screening out subjects at increased risk of abrldiesa
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3.

10.

12.

13.

15.

16.

17.

detected before entering into investigational vaeatudies.

Conclusion

Recent 30-valent vaccines based on M protein, whieh
shown to be protective against RHD in the US anfean
population18, are undergoing clinical trials. A lgdd vaccine
that covers other regions of the world, especially-income
countries, would be extremely helpful to eradic&EelD

completely. With the recent computational advanagsé

the field of vaccinology29, we hope that a protectraccine
against RHD is within reach, either through ideaéfion of
novel antigens or through structure-based desigknofvn

antigens of GAS.
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