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Review article

BCG vaccine in Korea

The anti-tuberculosis Bacille de Calmette et Guérin (BCG) vaccine was developed between
1905 and 1921 at Pasteur Institutes of Lille in France, and was adopted by many countries. BCG
strains comprise natural mutants of major virulence factors of Mycobacterium tuberculosis
and that BCG sub-strains differ markedly in virulence levels. The tuberculosis became ende-
mic in Korea after the Korean War (1950s). The BCG strain, which was donated by Pasteur
Institutes, was brought to Korea in 1955, and the first domestic BCG vaccine was produced
by the National Defense Research Institute (NDRI), current Korea Centers for Disease Control
and Prevention (KCDC), in 1960. Since 1987, BCG manufacture work was handed over to the
Korean Institute of Tuberculosis (KIT), the freeze-dried BCG vaccine was manufactured at a
scale required to meet the whole amount of domestic consumption. However, since 2006, the
manufacture of BCG vaccine suspended and the whole amount of BCG was imported at this
point of time. Now KIT is planning to re-produce the BCG vaccine in Korea under the supervi-
sion of KCDC, this will be render great role to National Tuberculosis Control Program (NTP) and
provide initiating step for developing new tuberculosis vaccines in Korea.
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The typical features of spinal tuberculosis (TB) had been identified in Egyptian mum-
mies dated between 3000 and 2400 BC. The first evidence of the infection in humans
was found in a cemetery near Heidelberg, in the Neolithic bone remains and some
scholars call TB the first disease known to mankind [1,2].

In 1882, Robert Koch discovered the disease-causing agent, known as Mycobacteri-
um tuberculosis.

In 1908, Albert Calmette and Camille Guérin, at the Institute Pasteur in Lille, isolat-
ed a virulent mycobacterium from a cow with tuberculous mastitis and attenuated the
purified strain by serial passage over thirteen years on a glycerol-potato-bile medium
[3]. The Bacille de Calmette et Guérin (BCG) vaccine was first used to immunize hu-
mans in 1921. BCG became widespread after its introduction into World Health Orga-
nization (WHO) Expended Program on Immunization (EPI) in 1974. At present, about
100 million children receive BCG vaccine each year in the world [4,5].
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A key aspect of BCG vaccine nativity may concern the nature
of BCG attenuation; the mechanisms of BCG attenuation re-
main largely unknown. This is further complicated by the fact
that BCG is not a single strain, but instead comprises a num-
ber of sub-strains that exhibit phenotypic and biochemical
differences. BCG strains also exhibit differences in residual
virulence level [6-8].

The initial phase (1908-1921) comprises the 230 times in
vitro passages conducted by Calmette and Guérin to produce
the original vaccine. The second phase starts circa 1924 with
widespread use and distribution of BCG. It ends several de-
cades, and hundreds of passages, later (in 1966 for BCG Pas-
teur 1173P-, but different years for different sub-strains) with
the establishment of frozen seed lots.

The loss of genomic regions during in vitro passaging is be-
lieved to delete not only the virulence factors but also some
certain key protective antigens, hence resulting in impotency
of BCG. Therefore, some researchers insist supplementing
BCG with the missing immune-dominant region of difference
(RD) antigens appears to be a promising strategy to restore its

The original strain of BCG, maintained at the Pasteur Institute
in Lille, France, produced hundreds of “daughter” strains and
became the progenitor of the most commonly used vaccines,
the Danish strain, originating in 1931 as the 423rd transfer;
the Tokyo strain, sent from France as a seed culture in 1925;
and the Glaxo strain, derived from the 1077th transfer of the
Danish strain.

As early as 1924, cultures of BCG were distributed by the
Institute Pasteur to laboratories around the world. By 1926, at
least 34 countries had received cultures from the Pasteur In-
stitute. In 1927, another 26 countries received cultures of BCG
(Fig. 1) [9].

With the lyophilization techniques, “seed-lot system” was
introducedas part of the ‘Requirements for Dried BCG Vac-
cine’ initiated by WHO (WHO Expert Committee on Biologi-
cal Standardization, 1966), and the process of in vitro evolu-
tion was discontinued.

prophylactic potential. Region of difference 1 (RD1)
Using subtraction hybridization, DNA microarrays and bac-
Virulent
M. bovis
Attenuation
1908-1921 ARD1
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Original upstream ARD2
BCG it 1927 1931 1934
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1924 1925 1925 phoR_432-ko 1946 PRVISIO 193 1937 58
ARD16 Atreft phoP 154ko  PhoR91o ARDTS
ARv3698 AfadD26-ppsA ARv3405c 1926 1927 - 1961 §I_CG- 1948 BCG- 1961
ARv3887¢ ice i
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Fig. 1. Refined genealogy of BCG vaccines, modified from Liu et al. [10]. M. bovis, Mycobacterium bovis, BCG, Bacillus de Calmette et Guérin;

RD, region of difference.
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terial artificial chromosome arrays have provided informa-
tion about 16 regions of the genome of M. tuberculosis that
are lacking in BCG strain [11-13].

RD1 was absent from all BCG sub-strains but conserved in
all virulent laboratory and clinical isolates of M. bovis and M.
tuberculosis. The deletion of RD1 occurred before 1921 dur-
ing the development of original BCG. Gene disruption and
reintroduction studies had been conducted and then estab-
lished that RD1-encoded genes were required for the full vir-
ulence of M. tuberculosis [14-16]. BCG complemented with
RD1 initiate recruitment and activation of immune cells is
comparable with that of fully virulent M. tuberculosis H37Rv
[17]. RD1 is a 9.5 kb DNA segment deletion which includes
Rv3871-3879C encodes 14 open reading frames (ORFs) with
codon usage patterns consistent with those of expressed genes
of M. tuberculosis [18]. The genes encoding ESX-1 which is
required for release of a culture filtrate protein 10 kDa (CFP-
10) and early secreted antigenic target 6 kDa (ESAT-6), two
immune-dominant proteins useful in the immune-diagnosis
in TB [19,20]. RD1 contains three main T-cell antigens, Rv3873a,
ESAT-6, and CFP-10. ESAT-6 and CFP-10 induce strong anti-
gen-induced interferon (IFN)-y responses and T-cell prolifer-
ation in TB patients but weak in BCG-vaccinated healthy ones
[21]. Another important T-cell antigen, encoded by the RD1
region, is Rv3873a PPE protein (PPE68). Rv3873a stimulated
high levels of IFN-y secretion in peripheral blood mononu-
clear cells isolated from TB patients [22].

Liu et al. [23] investigated another gene products encoded
by RD1 (Rv3873, Rv3878, and Rv3879c). Peptides from each
protein were designed to evaluate human T-cell response,
and 45% and 53% of TB patients responded to Rv3879c¢ and
Rv3873[23].

Rv3615¢ (=ESX-1 substrate protein C, EspC), encoded out-
side RD1, is a highly immune-dominant RD1-dependent se-
creted antigen. Rv3615c was secreted in an ESX-1 dependent
fashion and immune-dominant as ESAT-6 and CFP-10 in TB
infection. The high immune-dominance makes it a profound
candidate for another TB vaccine development and immune-
diagnosis marker screening [24].

RD2

This 10.7 kb DNA segment is conserved in all virulent labora-
tory M. tuberculosis and clinical tubercle bacilli. But it is de-
leted from sub-strains of BCG Pasteur. These sub-strains are-
derived from the original BCG Pasteur strain between 1927
and 1931 [11]. The M. bovis RD2 region contains 11 ORFs with
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GC-rich codon usage.

Among them, Rv1980c encodes the immunogenic protein
Mpt-64, which was investigated as an M. fuberculosis-specific
secreted antigen was not expressed in the late BCG strains.
Mpt-64 a 23-kDa secreted protein was reported as diagnostic
candidate recognized by human T-cells. On stimulation with
Mpt-64, the specific T-cell lines secreted IFN-y but not inter-
leukin-4. A minority of TB patients mounted an antibody re-
sponse to Mpt-64 [25,26]. Mustafa et al. [27] suggests that Mpt-
64 also have a role in inhibition of apoptosis of the M. tuber-
culosis infected cells and allowing mycobacteria to survive in
macrophages [27]. CFP-21 protein is encoded in the RD2 re-
gion, and the diagnostic potential of this antigen was already
evaluated. CFP-21 induced delayed-type hypersensitivity
(DTH) in guinea pigs, which evaluated both in animals vacci-
nated with BCG and infected with M. tuberculosis. However,
CFP-21 induced significantly high level of DTH response in
the H37Rv-infected animals than the BCG-vaccinated ones
(28].

Rv1989c, Rv1978, Rv1981c, and Rv1985c¢ also encoded by
RD2, were investigated for T-cell-based diagnosis of TB [23,
29,30]. The loss of RD2 has an important influence on the
protective efficacy of different BCG sub-strains. Previous
study demonstrated that CFP-21 and MPT-64 fusion protein
could stimulate higher level of IFN-y secretion in tuberculin
skin test-positive population. In immunogenicity studies, dif-
ferent combinations of antigens ESAT-6/CFP-10/CFP-21/
MPT-64 with BCG supplementation resulted in significantly
greater protection against experimental murine TB than BCG
alone. The combination of RD2 antigen only was found to re-
lease cytokines as much as substantial levels [31,32].

Tandem duplications (DU1 and DU2)

Using comparative genomics (BAC array), Brosch et al. [33],
identified two large tandem duplications of 29 and 36 kb (DU1
and DU2) in BCG Pasteur 1173P,. DUI is restricted to BCG
Pasteur and containing the region RNA polymerase sigma
factor M (sigM)-para-aminobenzoate synthase component II
(pabA)(Rv3911-Rv0013). DU1 represents a tandem genetic
duplication because it results in a strain with two copies of
oriC, the site of chromosomal origin of replication, and genes
encoding key components of the chromosomal replication
and cell division machinery [34]. The dnaA-dnaN region in
DUL is regarded as the functional origin of replication for my-
cobacteria. BCG Pasteur has two copies of dnaA-dnaN region
and both copies of oriC should be functional [19,33]. In addi-

http://dx.doi.org/10.7774/cevr.2013.2.2.83 85



VACCINE

Sun Myung Joung et al ¢« BCG vaccine in Korea

tion, to those involved in the replication initiation and cell di-
vision, DU is a coding sequence for DNA gyrase, two tRNAs,
SigM, and a thioredoxin-thioredoxin reductase system [19].

DU2, the second large genomic rearrangement has been
detected in all BCG sub-strains with different sizes (DU2-I-
DU2-1V). DU2-T has been detected in the early strains; BCG
Moreau, Russia, and Japan. BCG Birkhaug and Sweden dis-
played DU2-II, and DU2-III existed in the genome of BCG
Prague, Glaxo, and Danish. In BCG Pasteur, DU2-1V, several
regulatory genes including sigH and whiB1 occurs that might
affect replication gene expression levels.

SigH, a notable genes among the DU2 expressed, increase
the expression of anti-oxidants during oxidative stress and
induces enzymes that synthesize precursors of mycothiol [35,
36).

About these “duplication units,” some BCG cells are partial
triploid. BCG genome of Pasteur strain, a subpopulation of
cells is triploid for Rv3213c-Rv3230c and Rv3290c-Rv3302c.
BCG-Russia and Japan have predominantly three copies of
DU2-I, whereas BCG-Moreau has two [19,37,38].

RD14

RD14 is a 9.1 kb region that containing 10 genes (RvI765-
Rv1773) had been deleted in BCG Pasteur while present in all
other BCG sub-strains. The limited distribution of this dele-
tion occurred in between 1938 and 1961. The biological im-
pact of RD14 is nearly unknown, but the genes include a num-
ber of the Rv1768 (PE-PGRS family), Rv1771 (gulonolactone
dehydrogenase) and several uncharacterized ORFs [12,39]. A
previous study revealed Rv1773, a transcriptional repressor
regulates expression of two genes, Rv1774 and Rv1775 [40].

RD16

RD16 s a 7.6 kb region that containing 6 ORFs (Rv3400-Rv3405¢)
is totally absent from only BCG-Moreau. Honda et al. [41]
suggested an association between colony morphology and
RD16 genotype of BCG-Tokyo strains. There were two colony
types which showed differences in the presence or absence
of 22 bp deletion in Rv3405c of the RD16. It was suggested
that Rv3405c might be influencing on colony morphology
through some changes in surface molecules of the bacilli [41,
42]. Previous study showed that the phenolic glycolipid and
phthiocerol dimycocerosate are involved with RD16 in the
expression. However, Recent study revealed that their bio-
synthesis is caused by phenolpthiocerol synthesis type-I
polyketide synthase (ppsA) gene mutation. Their biosynthesis

is not regulated by the RD16 [43,44].

n-RD18

n-RD18is a 1.5 kb DNA segment deletion only deleted in BCG
sub-strains (BCG Pasteur, Phipps, Frappier, Connaught, Tice)
obtained after 1933 [45]. n-RD18 is containing the genes en-
coding Sigl, an alternative RNA polymerase sigma factor. Sigl
is present in M. tuberculosis and M. bovis but is absent in M.
avium, M. paratuberculosis, M. marium, and M. smegmasis
[46]. However, the role of Sigl in virulence of BCG strains re-
mains unknown.

The first systematical study for efficacy of BCG was conduct-
ed by Olaf Scheel and Johannes Heimbeck at Ulleval Hospital
in Oslo. About half of the students were tuberculin skin test
(TST) negative at the time of entry, but nearly all of them be-
came infected with TB during their 3-year training. At that
time BCG vaccination had recently introduced by Calmette.
Heimbeck [47] offered BCG vaccination to TST negative indi-
viduals and it makes them to maintain a similar low risk of TB
as those with positive TSTs. Early in 1943, an epidemic of TB
was occurred. The 368 pupils have been followed up for a pe-
riod of 12 years, and the protection against TB was 87-96% [48].

Extensive trials to assess the protective efficacy of BCG
against pulmonary TB were provided. The observed vaccine
efficacy ranged from 0% to 80%. To quantify the efficacy of
BCG vaccine against TB, a meta-analysis was undertook in-
cluding 14 prospective trials and 12 case-control studies. In
these trials, the average protection against TB was 51% and in
the case-control studies was 50%. The protective effect against
TB-related death was 71% [49].

There is no conclusive evidence available to show which
BCG strain offers better protection from TB in human. All dif-
ferent BCG strains differ in terms of their immunogenicity,
efficacy and side effects. A number of studies have measured
the ability of different vaccines. Gaisford and Griffiths [50],
used two forms of vaccines, BCG Copenhagen and Pasteur,
and another study has evaluated the efficacy of BCG Glaxo
and Tokyo vaccines in South Africa [51]. In a previous study
by Vallishayee et al. [52], 11 different BCG vaccines were
compared by means of vaccinating children in India and
Denmark. Only the BCG Prague strain induced delayed hy-
persensitivity strikingly weaker than that induced by any of
the others (BCG Danish 1331, Tokyo 172, Pasteur 1173P,,

86 http://dx.doi.org/10.7774/cevr.2013.2.2.83



VACCINE

Sun Myung Joung et al « BCG vaccine in Korea

Table 1. Summary of the results of some studies on the protective efficacy of BCG vaccine, adapted from Milstien et al. [53]

FlEOEEISLY Stu_dy Vaccine used DG Diagnostic criteria Ascerta_mm_ent o Efficacy (%)
and date population (yr) study vaccination
South Africa (1972-1976) 04 Japan TBcohort  Hospital and clinic records/538 cases Hospital records >60
Myanmar (1982) 0-4 Japan (half dose) Case-control WHO scoring system/311 cases Scarm documents, and 38
parental recall
Israel (1956-1979) 0-12 Glaxo TBcohort  Notification by maternal and child Maternal and child health 24 (pulmonary TB), 64
health clinic/299 cases clinic or hospital card  (extra-pulmonary TB)
Bangkok (1981-1984) 0-4 Merieux Contact WHO scoring system/218 cases Scar, documents 53
Canada (1979-1983) 0-14 Connaught Case-control Clinic or laboratory evaluation/71 Records >60
cases
Togo (1983-1985) 0-6 Glaxo Contact WHO scoring system Records, scars 615
Korea (1984-1986) <5 Pasteur 1173P,  Contact \WHO scoring system Scars, vaccination 74
certificates

BCG, Bacille de Calmette et Guérin; TB, tuberculosis; WHO, World Health Organization.

etc.) [52]. Several studies reported the protective efficacy of
BCG vaccines. The study conducted in Myanmar in 1982
showed 38% and 60% in South Africa in 1972-1976 against all
forms of disease where the BCG-Tokyo vaccine used, and
74% against TB in Korea where Pasteur 1173P; strain was
used (Table 1)[51,53-59].

Commonly used and internationally distributed BCG vac-
cine strains were BCG Japan (Tokyo172), BCG Danish (Copen-
hagen 1331), BCG Pasteur 1173P;, etc., and these were cate-
gorized in Table 2 [60].

BCG Tokyo

In 1924, Dr. Kiyoshi Shiga introduced a BCG strain to Japan
from the Pasteur Institute in France. The strain has been pro-
pagated for research purposes, and large-scale production
was instituted in 1946-1947. At the National Institute of Health,
the 172nd passage of BCG was freeze-dried in 1961, named
BCG-Tokyo 172 strain. In 1965, the Tokyo strain was regis-
tered as an International reference preparation of BCG vac-
cine by the WHO. In 1967, a multiple puncture method using
a plastic cylinder was introduced to Japan, thereafter; the
multiple puncture vaccination method replaced intradermal
injections in Japan [61]. The present countries using Tokyo
172 strain are Japan, Bangladesh, Pakistan, Saudi Arabia, Tai-
wan, and Thailand, etc.

BCG Danish

BCG vaccination were carried out in Denmark in 1927 by K.
A. Jansen, however new strain, known as BCG Danish, was
obtained from Pasteur Institute in 1931 [62]. BCG Danish is a
synonym for BCG Denmark. BCG Prague (=Czechoslovaki-

Table 2. Commonly used and internationally distributed BCG vaccine
strains, adapted from Ritz and Curtis [60]

BCG vaccine strain Synonyms Selected manufacturers
BCG Brazil Moreau, Rio Instituto Butantan, S&o Paulo,
Brazil

BCG Bulgaria Sophia Bulbio-NCIPD, Sofia, Bulgaria

BCG Connaught Toronto Sanofi Pasteur, Toronto, Canada

BCG Danish Denmark, Statens Serum Institute,
Copenhagen Copenhagen, Denmark

BCG Tokyo Japan BCG Laboratory, Tokyo, Japan

BCG Pasteur French, Paris Several local producers?

BCG Russia Russian, Moscow  Allergen, Stavropol, Russia

Gamaleya Institute, Moscow,
Russia

Microgen, Russia

MPBP, Russia

Serum Institute India

BCG, Bacille de Calmette et Guérin.

9See Table 3.

an) and BCG Glaxo 1077 were obtained from Danish in 1947
and 1954. In 1960, Danish 1331 were freeze-dried, and this
batch was adopted as the primary seed-lot in 1966 [9,63]. More
than 35 countries including Austria, Belgium, and Korea us-
ing BCG Danish manufactured from Statens Serum Institute
(SSI), in Copenhagen.

BCG Pasteur

The BCG Pasteur vaccine was first developed between 1905
and 1921 at Pasteur Institutes in France. Once safety had been
confirmed, BCG was disseminated between 1921 and Cal-
mette’s death in 1933. Different laboratories maintained their
own daughter strains by passaging, until the introduction of
archival seed lots in the 1960s. Present Pasteur strain was ly-
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Table 3. Countries that uses BCG Pasteur strain

Country Manufacturer Comments

Argentina National Institute of Biological Production AnlisMalbran (obtained from Pasteur 1173P,)

Bosnia No information available Pasteur 1173P,

China Chengdu biomanufacture Estimated use D2PD302
Shanghai biomanufacture

Colombia No information available Pasteur 1173P;

Guyana No information available Estimated

Herzegovina No information available Pasteur 1173P,

Indonesia PT. Bio Farma Pasteur 1173

[ran Razi Institute Estimated

Tunisia Institute Pasteur Tunisia BCG Pasteur 1173P,

Romania Romanian National Institute for Research and Development in Microbiology and Pasteur-192 obtained in 1925

Immunology “lon Cantacuzino”

Serbia Torlak Institute Pasteur 1173P,

Uruguay No information available Pasteur 1173P,

Uzbekistan Uzbiopharma Estimated

Vietnam IVAC Institute Pasteur HCM City Pasteur 1173P;

BCG, Bacille de Calmette et Guérin.

ophilized in 1961, thus M. bovis BCG Pasteur 1173P; corre-
sponds to the archive established after 1,173 passages. Ge-
nomic comparisons indicate that BCG Pasteur has under-
gone two duplications, one SNP, and four deletions between
Pasteur 1921 and 1961 [33]. The entire genome sequences of
BCG Pasteur 1173P; has been published in 2007. The Pasteur
strain contains two copies of DU1 which is restricted to BCG
Pasteur only. There are several Countries and Institutes where
they using BCG-Pasteur 1173P; strains for vaccine produc-
tion (Table 3).

BCG vaccine in Korea

In 1920s, BCG vaccination was initiated and daughter strains
were distributed from Pasteur Institute when Korea was un-
der Japanese imperialism. During this time, only little num-
ber of children in Korea was BCG vaccinated even though Ja-
pan had already produced liquid BCG vaccine. Japan suc-
ceeded in freeze-dried BCG vaccine production in 1943 and
the actual mass production of dried BCG vaccine initiated in
1947.

During the Korean War, Korean government began the na-
tional BCG vaccination project in 1952, where the vaccine
was provided by Japan Anti-Tuberculosis Association (JATA).
In 1953, Korean National Tuberculosis Association (KNTA)
was established and BCG vaccination project expanded sig-
nificantly in a more systematical way.

In 1954, Korean government dispatched Mr. Hyun-gyu Kim,

88

the bacteriologist of National Institution of Prevention & Epi-
demiology (NIPE, now changed to National Institute of Heal-
th), to SSIin Copenhagen under the support of United Nations
Korean Reconstruction Agency (UNKRA). After Mr. Hyun-gyu
Kim'’s visit, he stopped off at Pasteur Institution his wayover
he brought BCG-Pasteur strain to Korea.

In 1956, research on a liquid BCG vaccine production had
begun in NIPE, and the mass production of liquid BCG vac-
cine (20,000 mL) was initiated in 1960. Finally, BCG vaccine
produced by NIPE was approved to be publicly used by the
WHO in 1963.

In 1972, Korean Natioanl Institutes of Health (KNIH) de-
cided to transfer the main role in BCG Production to KNTA
and Minister of Health and Social Affairs (MHSA); now chan-
ged as Ministry of Health and Welfare (MHW); promoted re-
searches on freeze-dried BCG vaccine with KNTA.

Actual production of freeze-dried BCG vaccine was started
and the potency was proved by WHO in 1977. From 1978, fre-
eze-dried BCG vaccine for 50 persons (5 mL/ampoule), 20
persons (2 mL/ampoule) was regularly produced.

In 1987, responsibility for BCG vaccine production was
handed over from NIH to KNTA and the following year, KNTA
produced sufficient nationwide consumable amount of BCG
vaccines.

In 1988, Japan BCG vaccine import stopped which had
50% of market shares in Korea.

BCG vaccine which had been used for National Tuberculo-
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sis Program was produced from 1960 and halted temporally
in 2006. At least for the upcoming five years, the domestic
need for BCG vaccination of Korea depends entirely on im-
ports from SSI and Japan-BCG.

In 2008, KNTA has contracted BCG production to Pharma-
ceutical Company, which had well established modernized
good manufacturing practice (GMP) facilities funded by KNTA
last year. Korean Institute of Tuberculosis (KIT), KNTA's affili-
ated research institute, has developed BCG-Korea strain and
its whole genome sequencing is finished recently (nucleotide
sequence accession number; the complete genome sequence
of M. bovis BCG Korea 1168P has been assigned GenBank ac-
cession number CP003900). Additional characterization is
undergoing with proteome analysis of the mother strain and
standardizing the production process. After accomplishing
non-clinical and clinical trials, high quality BCG vaccine will
be distributed before 2017.
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