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Review Article

Mpycobacterium bovis Bacillus Calmette-Guerin (BCG) and
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Tuberculosis (TB) is the second leading infectious cause of mortality worldwide with about two million deaths per

year. The only licensed TB vaccine, Mycobacterium bovis bacillus Calmette-Guerin (BCG) shows limited protection

efficacy suggesting an improved vaccination strategy is required. Recently, several TB vaccine candidates have entered

clinical trials. These vaccine candidates are live mycobacterial vaccines designed to replace BCG or subunit vaccines

designed to boost immunity induced by BCG. Vaccines with different strategy such as therapeutic vaccines, which can

also be used in combination with drug therapy, are in the early stages of development to resolve latent TB or reactivation

from the latent state. In this review, we discuss about development of BCG and BCG-based vaccines and further studies

necessary for novel TB vaccine development to sterilize tuberculosis.
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Table 1. Live mycobacterial vaccines designed to replace a BCG prime

Agent Description Status References
rBCG strain expressing listeriolysin and carries a urease deletion mutation to promote Phase Ila _
VPM1002 : . . 3 12~14
phagosome lysis for better antigen presentation ongoing
MTBVAC Live attenuated MTB by deletion of global regulator phoP and phthiocerol Phase | 15~18
dimycocerosates (DIMs) -biosynthetic gene fadD26 without antibiotic resistance markers ongoing
rBCG30 rBCG Tice strain overexpressing 30 kDa MTB antigen 85B for enhanced immunogenicity 5(})112111851&1: ted 19, 20
Acrasd2? Recombinant BCG expressing mutated PfoA and overexpressing antigens 85A, 85B, and Phase I 2
Rv3407 to promote phagosome lysis for better antigen presentation terminated
BCG zmpl BCG zmp 1 deletion mutant to promote phagosome maturation for better antigen Preclinical 23
presentation
HG856-BCG rBCG overexpressing chimeric ESAT-6/Ag85A DNA fusion protein Preclinical 24
BCG with reduced activity of anti-apoptotic microbial enzymes including SodA, GInAl, —
paBCG thioredoxin, and thioredoxin reductase Fieeel el 25
rBCG Tice strain overexpressing the 38kDa protein, a phosphate transporter belonging to ..
rBCG38 the super family of ABC transporters Preclinical 26
IKEPLUS Live M. smegmatis with deletion of ESX-3 encoding locus and complementation with Preclinical 27
MTB locus reclinica
mc26435 lee attenuate;d MTB by de!etlop qf genes critical fgr rephgatlon (panCD apd leuCD). and Preclinical 28
immune evasion (secA2), with simian immunodeficiency virus Gag expression plasmid
= AEAE B 13RS FEl BCGREUF g A B o] A & E L A et (20, 21).
orAA T WMALAS A=3lg A YA} 24FA 8 o] Aecras 422 Ag85B 2]o|l:= Ag85A, Rv3407 39S 1}
718 Folt} (12~14). e Al o F7FE perfringolysin (pfo)E HAA|Z] 9

MTBVAC BCG7} obd 7ol #el€ MTB o5
5§07 AZHE Fa) FEsAA wE WA Fug
olt}, o] WAl TRF= k=S 95 MTBY A|EEHS
T3 trehalose -2l A 2 (lipid)2] AEA 2 HAA
Q1211 ESAT62] BH|E ZA3sl= FARS] phoP -4}
5 AEAIAL (15, 16), STAER] APS FAAIH
phagosome 9] acidifications A5l SFA|3E Yol Al 2]
Aol Tojsl= MTBQ] 8 W94 1A phthiocerol
dimycocerosates (DIM)S &&= fadD26 - 41}3 a4

AR (17). AA3AA 7&# o] BCGEU 1 -
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BCG302 7]& BCGAAE A2 4=t st 9l
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S| Hetels) 714l
4o Blgelel
= SigHe} SodAE ZAEAA b3l
paBCG (25), -5 )
PstS1S ARAAIZL WAl 1591 rBCG38 (26), B o]
$1+ mycobacterium®! M. smegmatisS 7]HFO. 2 ESAT-6

A S-S FH| S dron uptakeol] 3= ]SS
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Table 2. Subunit vaccines designed to boost immune response induced by a BCG prime
Agent Type Description Status References
MVAS8S5A/ - : — : : Phase IIb
AERAS-485 Viral vector Modified vaccinia vector expressing MTB antigen 85A ongoing 30
Crucell Ad35/ Viral vector Replication-deficient adenovirus 35 vector expressing MTB Phase IIb 31
AFERAS-402 antigens 85A, 85B, TB10.4 ongoing
AdSAg8SA Viral vector Replication-deficient adenovirus 5 vector expressing MTB antigen Phase | 31
85A completed
Adjuvanted Recombinant protein composed of a fusion of MTB antigens
M72+ ASOTE subunit Rv1196 and Rv0125 & adjuvant ASO1 Phase ITb 32
Hybrid 1 +1C31 AdJu\{anted Adjuvanted recombinant protein composed of MTB antigens 85B Phase Ila 33
subunit and ESAT-6
Hybrid 1 + CAFO1 Adjuvgnted Adjuvanted recombinant protein composed of MTB antigens 85B Phase I 34
subunit and ESAT-6
9 Adjuvanted Adjuvanted recombinant protein composed of MTB antigens 85B,
Hybrid 6 1C31 g it ESAT-6 and Rv2660 Phasella 35
Hybrid 4 + Adjuvanted Adjuvanted recombinant protein composed of a fusion of MTB Phase Ila 35
IC31/AERAS-404  subunit antigens 85B and TB10.4
Adiuvanted Subunit fusion protein composed of 4 MTB antigens, Mtb proteins
ID93 + GLA-SE subJunjt associated with virulence (Rv2608, Rv3619, and Rv3620) or Phase I 37

latency (Rv1813)

IKEPLUS (27) 5°| &%
7} 5ol ¥Rl
Aoz MTBY T4 2
DA FAARR] leuCD, panCD, secA2E A HS}AL simian
immunodeficiency virus (SIV)2] gag -FAAE HAAIZ A
FHFE SIvel
7 ko]l YSEHIAL A WS FRlEr] A

Z3 MTB 24l

A7F A& Foll ATk (28).

do] A BCGHY © Y& &
. TSk HIV-TBO gk tprluial o]

N FE

ZFA)E 9] immune evasion®]]

HaE ATl =

2 Lg% AT AR 9

g ZFoll A3 FHFoll= lymphocytic choriomeningitis virus
(LCMV)E 7 Foll et (29). 19574 Al(adjuvant) =
= IDRI (Infectious Disease Research Institute)ol] A] 7]2H%
toll-like receptor (TLR)-4°ll 2+-83}= GLA-SEE H|%3}o],
TLR-9°] 283} 1C-31, TLR4°| 2H8-31= ASOIE, ~12]

3L gle] S X AA7]E liposome Ad5-2] CAF01 5

MVAS5A/AERAS-485+ Modified Vaccinia Ankara (MVA)

2) Subunit boosting B4Al

AAMA = S 23S of2] vt Al BCGE 2
EEF R AAste] Aol o HEFEkaL d7]
of Mol FHoldh @ 39l (subunit) Ble]
vector, %57 Al (adjuvant)©] F3HS ©]-&-8+ boosting
%3] BCGE priming¥l WAWH-S 7HA] 71312} 3}
AT7F wol = k. dA FF<L subunit
boosting #WAloll & A4+ th33 ZThTable 2). ©
Wz o= 7 Ap85A, Ag85B, ESAT-6, TB10.4,
Rv1196, RV0125 & /3ol = MTBOlA Edlsh=
Gl S o ® ARG (21), HFolE 2~ vector= =

vaccinia virus, adenovirusE ©]-&3F WAl S 1 7} QA

o do 1> Az

virus vectorll MTBL] -2 3191 Ag8SAE A7l o)
A FRFE AMA 0 = BCG oF HEE 20090
BAES AR o] Al WAl SRS tigh
I G55 Bk 9 23AIE oo BCG
WO 4~671EH 2] dols o R AAESe
A} bl = A7 SIAIRE 71 sl A
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Ad5Ag85A%} Crucell Ad35/AERAS-402= 52450 2
oJ% Adenovirus verctor®l Z}Z} Ag85A 12|31 Ag85A,
Ag85B, TB10.4Z A7 WAl S 1 o]t} Ad5SAgSSA
= Adenovirus type 5 (Ad5)E vectorZ AFE-3I oL} AdS
© AbgE Atolell A o] sgobA olol tigk S3HaHA
7} oln] A s o] A7) wiEoll Ad5 vectorol] ©gh a3}
" Fx A (31). o] Bekslr] Yall Ads tiAl v
WA FHE] W2 Adenovirus type 35 (Ad3S)E A5}
3 FYUE Ag8SB, TB104E F7I= EAIZ] Wil $x5
7} Crucell Ad35/AERAS-402 ©]™ A A4 24413
TR M72 + ASOIEE=
MTB32A (Rv0125)$} MTB39A (Rv1196)=
%%%}04 THE 39 M72E ASOIE adjuvant®} Z3}5}0]
, AR A A e T Al 1Y
&—O——E— HO% AAl P 27FAIF ol W8 Tl vt (32).

Hybrid 1 (H1), Hybrid 4 (H4), Hybrid 56 (H56) &3 &<
2 217 TLR-9°| 283} adjuvant?] 1C313} 23y o
A A4 2247 E Foll At} HIS Ag85BS} ESAT-6S
Agtet ol o 10319 FFste] AMEE AH$-
ARl ARk BYlom (33), F7FE HIS o
adjuvantq! CAF019} %338l TEAES B8 2 a3}
= i“’l%}"ﬂﬂ A A 173AI-AE A8 Foltt (34).
H4+= HIS 7%= & & sl ESAT-6°] IGRA
(Interferon gamma release assay)9} 2 A3 Fhol] ALE-
7] wo] wARE-E Ao ¢ Qv Aol Ajbet
o] °]& TB104 Ao = tjxst T do|r}. H4%E
AL IC313 Z=jbste] @Al S dAlfol x18) Foltt (21,
35). H56-> Hlol| 5712 &< vbd e F37)(dormancy) 2]
MTBOl A el vl 2] Rv2660S 712
ol gkolow Z=RAHS Ei gyl o o X%
= skl on (36), dA A Foll Atk D93
MTB] B/l #oddk= Rv2608, Rv3619, Rv36203}
Fah= TSl Rvig13, & 470 FS
457421 GLA-SES} i?ﬂ%}c’% A 0““1 i
?_]
o]

ol

AgA7)

o] W= BCGoAH Az oz wE S methylated)s

heparin-binding hemagglutinin (HBHA)S- 3 o= o]8-3}
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o] prime B boosting BRI 02 Jhk FQ1 HlAl SRS
(38), L3l MTBZ €93k =A

ol A 2]
WAl RS0 RUTIE 22T 2 555 23}

BCG ‘iﬂ/‘\lﬁ Hlw A Qb skar Abgholl Al ARS8 Al F-2F
A= A YollA MTBE] life cycle

= Ei‘%s]'oi o] AenkeS frieshs AMalelth
BCG7} SXx A M| ¥l 72 SAA A M X (Antigen Pre-
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o= & lysosome®} FHAA EaEo] P FEfo|=
(peptide)E WA ®th BCGE] &9 HElo] =+ MIIC
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MHC class 112} Z3tshH CD4 T Aol &d& AA517]
flste] AlxEto R o]FshH, g AEAR WUt

BCGOlA #n]¥E wuld 3952 MHC class 1S 53
AN E o] CD8 T AES 843} AlFloax %] WY
S A ©rh (@0). o1A 7, BCG WA HES T
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of 7 22A18S vl MVASSAS] Ao A Yelx
ol ATt interferon-y (IFN-y), tumor
necrosis factor-o. (TNF-a), interleukin-2 (IL-2)Z 5 A]ol] 4]
3= Ag85A &9 E-°] multifunctional CD4 T M|AZE0] 4
SHAFN = E7rstar o5 AWl gk Wojaart
AT (30). 12| FA ML = A= A
o tigh o] APt AN FERE ole Ak
A4 dels 01*9“3}5’- A7] Wil WolE Fieshs

A& A F(biomarker)E TE3H] ¢
oF I Zosirta AlmEh v A 7H o] o2
oA, & Aol =F(exposure)ll A 7+ (infection), 7133
3 7+ (progressive infection)®} 75 7+S(latent infection),
3 A (active disease)S FrEaAl HAY HE 7t
|4 A& SKreactivation) ¥ ©] 2 Z‘%‘ 9 o]

Els

(protection) 5= THE = A=

g
AGLA =
oo i

_10"

)
=
il
=1
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S

o]
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257 Hrha SR
o dolrhe FuFo WIE 2 5 UL Aol
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rE
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e

9l o) T A mizld Wdukgol .
o} H x4 ol A Aol «ﬂﬁuﬂ}f e F38=
% 3Hcavitation) S ©]F7] wjHEo|t} (42). old] wa} H
%01]% 736“&0] j}xh A

°}%(necrotlc g;ranuloma) g Ao] 7
o & 7 ATk @4). Aol 2 Abgtel A
3 éﬂ—t‘ 8o} (granuloma)> *] 3] Al(caseous necrosis)
= Fkskes 54o] o, Agol e Xzt
o] gogjge] uwe}l Mg}y Al(liquefaction necrosis) 2
2
2}
o

O

3] 8l(calcification)’} F-9F5] a1, o] WW= 9ol u}
10'~10°71e] Agto] F2ska glo] Abghzte] s}
Ta3% S s, A A7E AQAHA = F
£ 1] ) (44, 45). L2} rh-zoll A Ade] 7}
ol wet T Al wiZld dukgS wolw o]
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eb Aol M ASAES] Hf(infiltration)o] L=
Folg moke] Wue fAwAN Ado] gy B
QA A=A} W2 e =5 vehu iRk A
I7E oA = ‘3%71 miel Aol duks Ash]
M= 2 FERE Ade] Fagh Aot} (44).

6“4 XUw x}%h WAL e ofele A F
2 s wﬁxﬂg} HaALE Bl FAYA
HL@M A AT

[

(sterilizing immunity)ol] #gH A5-7F B Qsithal s
AA7A Aol o] gk HARE-E-e] Ax= ] ARE AL
A [FNwyS BH|Sh= CD4 T Al EE 1 S5l A
o] Aol FEFS PIAAE YA o3 Wola
Fhoke] FavAlE WeAA Far o, w3 243
Bx}e] 2 H Nha A 3 (peripheral blood mononucleated
cell, PBMC)E MTB9] &9 o2 =&} IFN-y7} ofd
Interferon-y-inducible protein (IP-10 or CXCL10)¢] Z7}3stc}
= A7 Ad= QU @6). olol wel CD4 T A9} v
o] iNKT Al| > (invariant natural killer T cell), CD1 restricted
T A3, MAIT T A2 (mucosal-associated invariant T cell), y5
T AE 5 U8 259 T Al¥E3 TNE GM-CSFE, IL-1,
vitamin C, D 5 SEAAEE AL 5 A= A
Eo] Atgol|A] Aol Wojof ojd A Fofet= A E F
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