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Vaccine Development Against Salmonella Typhi:
A Search is Stilt On
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Saf,nor‘eha serovar typhi still femains a serious probiem in Souln Asia, South-East Asia and sub-Saharan Alrica. The emﬂmﬂ‘

multidrug resistance, lack of proper diagnosis and chronic typhoid carrier are the main causes of such a high lsuel of e
miorlatity. Presently, three vaccines have baen licensed for typnola mieclion bui nons of them is optimum for comp[ete Hhﬂ:lilln
for want: of safety and long lasting immunity, Sevieral subunit and attenlated candidate vaccines are under !r;al mm

India Typbar TCV confugate vaccine has been licernsed However, this Jagcihe being subunit may nof jnduc y iitLne
response and it 1t carnot b St 1o inkanti. Vs read & miduiudlset At oy Wi can el Iﬂ#‘l ﬂ-l-lll:ﬁ* as well as
humoralmmmmmﬂm Livw miteriied aarcine could Be an stactve choice faking
care ofal{the.d:ml,plﬂmlﬂﬁhﬂﬂhhhﬂutunﬂiﬁnﬂﬂlﬁmlmdm:ﬂr il o Mol BR wid 58
Cl|-Mhetiba e AT rempenok: diffisan Rognsnd vacmnas wiih 1hew prog a9 cong. and aisg {hefarpets wibsth piready
et gnat e cEnina] il Ve hawe e e sHANGEON 0 e cloccites by snmsifeation of carimin mml.m-'dﬂldhml

genes especially iooking lor induction of CMI

Haywords

INTRODUCT!ION a2 agie drug [81 A gradus! aorease 1 mean Misimm inhinitor,

MRl fever s an acule gencraised nfeclion caused kv ronge  oOrRCernleaiion | I\/Ilu] al cefMiaxone has airsacy been repaited by our
eslicien Samonela enionca sUbspeces Snerca serovar Ty drep recently (3] Emeigence of resistance against the two second
Faranolr A and B, Wajonly 1904 of entenc Tever cases are causes TR JILYS) CIErafioAacin and cehinaxone has vecome a senous
oy e serlypes Enleno [sver g a veny imcortastt publis neghly  Solas rihe recent tine, Recenfly azitremyon is alsc showery

prephom m countties with poor sanllatsn ard inadegusie bygere ! nstance 55 20% of ine resent solares of 5 lyphi was showed
The 120871 globa! barden 3l lyphold =ver s estimaren °¢ £e rargre vraspatane [T Then wrart can be diene? Baclerophage tharapy
nefaeen 17 and 21 milbon This rardes 13 assaciaten wol 128000 S0 B0der prelmnary onase of SoTIRNT Or newer anbibionc

te 161000 deathe annually [1]. The rost affscled age aroen e ARGl Tases 1979 Time 1o reach clinical agalcationt may
aritenc fever s less than 14 years [2). The most distuming issuc iz os e allernativg 10 e existeg actbiolics immunotheraoy 13 nel
ceacticame at the conenuney level S0 ingicaly, a perfect ol near
SEHesT vaccing may Le zble o eradicate tis horman resmmcted
faciana gleoaliy

lat aboit 27% of the inlectons ocaur n the age croug =4 years o
whith 10%, gre ninfants <1 year of aus. Typhoia s a major Thre sl
121 the Indan subcarinent due @ f3 hioh grevelence SEVETTY
cevefopment o Muludrug Resistant IMCR) ane persistence of carrer 38 #TpOHanNt 10 wncersland the hosl iamune response againsl the
slaze N ow nopulation. Approximately, 2-5% of coses as woll as Destena bistore addrezzing the saue of vacsine development The
subsinicsl intactions develen casrier slale imespantive of ol aexsng suncliveal, chimzal ana chromic cartier states basicaly denend on
aull Diadden decsze 13) The carer state has Coun wmplicateg i DT D800 Releaen e wiulence o e invader and tie mmune
arhary stact sancer (4 Croonic carmars are g reservalr of mfection (o elOnsE Olthe nosl The immenily agarnst the bactenam i divoed
and are: esuensible for endemicity of the laver, Feﬁovnno ngeslon 1IWO parta

“he argatisirs aparl from resisheg e low pH of the stormzah, thoy
gel signals ‘ar induse mullichcaton befors reaching he leum i3
I 1he small inlesting, the baciera mulbply o the submucoss are
Poyer's palshes 18] Durng systemic mfechon baciera reasn e
phagesytes of splesn, Iver and bone marow. Later the infection
manilsels as baclermemia Dealh due s fypnaa [eeer onours vzl
ALz e sedoralios of Ing intasnie or aemar aye

Innale Immunity against Sa/monella
Cermporants of mnale imrrune syster iz, complemenl ana
apscr¥ging senem antibadies fzoinate the uplake of the bacterla by
anagonyies Imacronphags netrochils and dendnte cells) [1717 and
cprhelal cells and 2ain o iderhfang soecilic Patroger-Associates)
Moler nar Satieies (PAMP of tha cathogen In Salmanelnais TLR
€ TLRS ara TLR2 sianaling = siems are acbvater by bacienial DNA
Shlzrerwshenicol wes inimouced in 1944 and sher resslane: s fagella ard Liponoysa chancls LP‘S, Sabrgnela antsics specing

Lo dzvelon warin tae vears ol infrouuction of the Jra 2o ool & adapled omeEmmas incoding humacs ang has # aoinles
VW2 Ebasariy o ol el 5 Ul E==re 4 war St cross talk sygrert resulting il ‘L;s,- Homeslion sl hast remune

HitFesil o cheormampinenl mesenr Semoesis ooor=] nesponss. Tre tacteia nre seetes (Mo oiferant digans o7 the bod.
o NMoken india Victnam, Thalano Keda sng Fere o fateree iz it galbiadogs spises rons maros 60 o nng @ Rr e

fiality rate winoe: aclibinhs ti“er‘,m‘r WEE 1TRRER, Monswas vl bacierssinig A oysle Wesuon contimues gnd eaclers e
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muttated randomiy wielding highly attenualed slrain of Salmoneds
wphi. The galE gene encodes UDP galactose-4-epinerase and Vi
gens encodes slrface polysaccharide Dnce this gene 18 mutalsc,
the mutant produces rough LPS in place of smoow LFS Whern
galaclose 1s exogenously supplied the mutant was able o make
smooth LPS till it was the available, Ths smooth LPS can pretect
Ihe bacrerur frorm phagocylosis. This vaccine gives prolectior
via tnduction of anti-0 and anb-H antibody (mucosal and serant
and also up 1o zome exient of cellular immunidy. Collular insmunily
iz Induced in the form of T-cell activation and cylokine secretion
Currently this vaccine has besn licensed in 56 countres of Africa,
USA. Eurcpe and Asia [37] However. the wimunily induced by
th.s wvaccing dimirishes with increasing durabon after vaccinztion
The protection rate differs from region to region viz. in Egypt It has
givan 96% protection for three years whereas in Chile, only 7%
pretection for 1hree vears. Later the prolection rate decreasea to
£2 v tor 7 years The protection rale also vanes in different age
godps 1e 59% in 5-9 years, 67% in 10-14 years and 85% in
morae than 15 yaars of age. Inlerestingly this chemcaly mwated
vacene also gwes cross-protection aganst paratyphod fever
(FPaialyphi BY causing serolypes but ther protection level was arly
42-55 % Thia vacnine is also able to develop herd immurity in
endemic sehings

Typbar-TCV {Typhoid Conjugate Vaccine)

Itis developed by conugalion of tetanus toxoid proten with gurified
Wi polysacchande (Wi-TTy It was licensed for the first time in India
In 2013 It 1s given to chitdren more than 8 months of age. Typbar

e

Tnalsncs frge o k. Recent Undates on virsm fnvsmmest Agare: Setwesiais

TOV induges & high titre of ant-Wi antiboay as well as higher avidliy
wy cormpanison to Vi-unconugated vaccing. Protection persisted in
f44. infams (E-23-month-cldy for 5 years The eficacy In human
valkrlears after ane month hag been reported lo be 87 1% and
sero-eligacy 85% [38) [Table/Fig-1] shows the slalus af current
tvphoid vacoines [26,27 39-44)

Newer Vaccine Development
What should he the criteria for ideal Salmoneila vaccine?

For an ideal vaccine zgainst enteric fever the recommended
crtanon are

1. Vacche stran should nes be resistant 1o any antibigtics

2. H should be highly proteclive aganst inlestinal as well as
syslemic infection of Safmonelia typi and should alsc pratect
againsl other serotynes of Salmonella

3 |t should be atlenuated o protect humans

4, Live allenualed vacoine should not cause any harm or inhibut
tre growlh of the vaccing

5 Wacone slram should not inlerfere wiln Salmanella detection
methods

& Vacone shoulo nave a rnarker 1o differentiale il from wild type
ot strang

7o Itsnould easily be administered

8  Live atlenuated vacoine should inhibil the colonisation of other

Sarmonefla serovars i kne Intestine
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and their mulants in Safmonefa typhimurium g highly allenualed
and induce immune response In mice but hypersensitive to the
microbicidal defensins [61 62).The live attenuated vaccine of
S typhi 1s developed lor oral administration by mutating global
regulalor phoP-phot} gene, This vaccine 1s based on parent
Ty2 slrain and developed by Avant immunolherapeutics. This
candidale vaccine has good immunegenicity lo induce mucosal
and systemic anlibodies, The phoP/Q mutants are avirulent inside
macrophages. The phoP mutant or constitutive expression of
phoP gene was attenuated in mice because it is able to establsh
infection in Peyer's patches bul unable to infect or reaching
spleen. Thus, these mulants are highly suidable for induction of
CMI measured by DTH and may be used as an oral candidale
vaccing [60-62). The phoP/Q mulam of Saimonefla typhi 1s safe
and imimunogenic in humans [63]

cipPX

In Sakmonelta iLD/MhG is a transcnplional regulator of flageliar gene
synthesis This regulalor is degraded by cioPX gene which encodes
a protein digesting enzyme. If the cipfX gene 1s mutaled, flageliar
gene synthesis is enhanced as the inhibitory action of cipPX is lost
However, cfpPX mutated CVD strain of Salmonelfa is under vacaine
trial and outcome is awaitad [64}

htrA mutant

The hirA gene encodes heat stress prolein of E.cof, and their
mulanis are avirulenl in mice model. HirA 1s a senne prolease
which can cleave misfolded protein in response to heat shock, This
protease is induced N heat shock condition and mostly digests
periplasmic proteins which are migfoided during the heat stress The
AfrA mutant is not heal sensitive bul their susceplibility Lo oxidalive
stress s increased in macrophages as compared to wild type strain
il protects the mice from re-inffection [65] These geng mulant are
safe in narmal mice as well as immune-compromised mica such as
x-ray wradiated, ant TNFa Ireated (XD elc, bu! it showed some
virulence in T-cell deficient mice [66]

ssal/

Itis a part of type Il secretion system (T3SS) which are encoded by
8PI-2. ILis recuired by bolh the serovars of Typhi and Typhimurium
forvirulence in human and mice madels [87], SPI-2 encoded genes
playing major role in survival of the bactera inside macrophages
af Ihe host [68]. The SsaV protein makes a part of njeclosome
{T3585) which secretes various effector proteins outside as well as
inside of cell membrane of the hosl The ssaVv gene mutants are
thus made nol to secrete effectors prolein inside Lhe host cells to
cause the disease

Aromatic Amino Acid Biosynthetic Pathway

Aromatic ammo acid biosynthetic genes are nseded for bacterial
grewth, In general three genss are involved in aromalic amino
acid hiosynthesis viz., amA, arnC and aroD Aromatic amino

Kame Bummary | Bligi of development

Shailendra Sipgne e HI'I iarils m-—ﬂ“ﬁm

acid biosynthesis gene mutant is a type of auxotrophic mutant
which needs a specific melabolite lor their growth Human host
is deficient 1 such metaboliles Therefore, the slrain containing
thege mutations is attenuated in the absence of metabolite and
cannol grow in vivo The bacteria are easily killed but can induce
an immune response. If one or more genss were mutated in this
operan, il causes reversible loss of wirulence and it also transform
from prototroph Lo auxolroph for Dihydrobenzoate (BHB} and
Para-aminobenzow acd (PABA} [69] These mutanl strains were
able to induce an immune response and also protect from the
lelhal dose of bacleral challenge [70] These mulanls were able
1o induce both types of iImmunily viz , cellular as well as humoral
immunity [69]. More than one mulation in aro operan {Aromatic
amino acid biosynthesis) ensures lack of virulence reversion in
hacteria but it does not affect immune inducing potential A double
mulanl of aroC and arol were alsc used in human volunleers
and they showed good immune response bul reported causing
bacteraemia in some cases [71]

cya (Adenylate cyclase) and crp {cyclic AMP receptor protein)

The cya gene encodes adenylate cyclase enzyme which
synthesises cAMP from ATP for various celiular activities, Mostly
cAMP is needed for transport of various carbohydrates and amino
acids M also plays a role in the synthesis of flagella, fimbriae and
outer membrane protain of bacteria [71]. Oral or intraperitoneal
vaccination of single mulant cya or crp gene or double mutant
of ¢cya and crp were highly allenuated, Oral vaccine provides
protection from oral challenge with wild type strains. When given
orally, mutant bacteria invade the Pever's patchas and mesenteric
lymph nodes but unable Lo Invade and survive in spleen in mouse
models [72] In humans, it has been reported thal it induces
mnmune response but also gives soime side-effects such as lever
and bacteraemia,

DNA Vaccines

Injection of naked DNA induces both humoral immunity and CMI
In facl bacterial DNA ercodes such a gene which after exprassion
induces Th1 and Th2 responses, For DNA vaccing against typhoid,
hve peptides wera screensed Lhat showead high expression in vivo
Those genes ars migl4, icA, sseB, ssad, or sifB, Of these five,
sseB and mig 14 have been observed to be exceptionally efficacious
antigens providing specific immunity and protection as compared
o other antigens used Other than high expression level, here
are certain anligenic parameters which can influence proteclive
eficacy and show the difierent immune response for different
antigen [73] For intracellular pathogens, expression of a selacted
antigen durmng infection may be more important for the candidate
vaccines [Table/Frg-2] Other vaccine candidate against INTS (Non
Typheldal Safmonefia) and Salmonelfa Paratyphi A are explained in
[Tacle/Fig-2] [51,52,73-75]
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