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The 72nd Annual Meeting Educational Lecture
BCG VACCINES FOR THE PREVENTION OF TUBERCULOSIS IN THE WORLD
Tatsuichiro HASHIMOTO™

The BCG vaccines will celebrate the 100th anniversary of their discovery in a decade at
the beginning of the next century since Albert Calmette and Camille Guérin had presented
1t before the Academie des Sciences in 1908. At present tuberculosis kills more people
than any other infectious disease about 3 million people a year, including almost 300,000
children under 15, and is producing over 7,000 deaths and over 24,000 new cases every
day. Therefore, WHO declared a global health emergency in 1993. More worse, recently
multi-drug resistant tubercle bacilli are emerging rapidly making TB patients incurable.

Under these situations we need a potent anti-tuberculosis vaccine. So first of all, we
must check the century-old BCG before proceeding further.

At moment, the BCG vaccines are being used worldwide in the largest quantities in the
world, but still most controvercial vaccines anywhere.

I would like to describe here their success and failure in the combat against the white
plague.

1. The Expanded Programme on Immunization (EPI).
In 1974, when the EPI was launched by WHO, less than 5% of the world children were
immunized against six infectious deseases including tuberculosis. In 1995 statistics,
BCG gave the highest vaccination coverage, 87% higher than any other 5 vaccines of
EPI for children. The BCG in EPI must have saved a lot of infants as the vaccine, has
been proved to be most effective against the blood-born tuberculosis of child type.

2. The efficacy of BCG vaccination against tuberculosis.
Results of each 10 of randomized controlled trials (RCT) and Case-control studies
(CCS) showed the protective efficacy against tuberculosis as uncertain, unpredictable,
as protective efficacy varied from 80% to 0%.
More recently, a Meta-analysis of selected papers on BCG field trials which were so
far collected. They recalculated vaccine protective effect separately for pulmonary TB
and for meningeal/miliary TB in the trials.
As the result, it was found that protective effect against pulmonary TB could not be
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calculated, but protective effect against meningeal and miliary TB was calculated as
86%, 75% respectively, in RCT and CCS, being higher than against pulmonary TB.
3. The duration of BCG efficacy against tuberculosis was confirmed to continue for 15
years after vaccination. The incidence of every form of tuberculosis decreased steeply
during the 15 years following vaccination.
4. BCG revaccination.
A WHO statement was issued in 1995 mentioning that there is no definitive evidence
that repeated BCG vaccination confers additional protection against tuberculosis.
Therefore WHO has not recommended to repeat BCG vaccination because of no scien-
tific evidence to support this practice. Multiple BCG revaccinations are not indicated
in any persons.
5. Complications with BCG
Second IUATLD study (1988) on complications induced by BCG was reviewed, espe-
cially following two points :
1-2) Regional suppurative lymphadenitis
3)  Generalized lesions : fatal cases
1-2 Several Afirican regions had experienced that the risk of outbreak of suppurative
BCG lymphadenitis was low for vaccines with Glaxo and Japanese strains, but
much higher for vaccines with Pasteur. This experience in nineteen eighties has
led EPI to replace the Pasteur BCG vaccine with less reactogenic BCG, Japanese
or Glaxo BCG to solve the outbreak of suppurative adenitis complication.
3 At moment, the only contra-indication of EPI BCG vaccination is symptomatic
HIV infection (AIDS), but in the future asymptomatic HIV infection should be
placed on alert, because fatal BCG generalized disseminations have already been
experienced by HIV positive vaccinees although in a few cases in USA.
6. BCG seed lots for use of vaccination in the world.
Nearly 10 seed lots (BCG) are being used in the world at present. However, they are
more or less different each other in various characteristics : morphological, biochemi-
cal, biophysical, immunological, vaccinological and so on. None of them is the same.
In the worldwide, at moment the following strains (seed lots) are being used exten-
sively. Tokyo 172 (Japanese strain), London 1077 (Glaxo or Pasteur-Merieux strain),
Copenhagen 1331 (Danish strain), are in most extensive use.
The Paris 1173P2 seed lot has been used extensively until recently, however due to its
strong reactogenicity, this was replaced with Pasteur-Merieux strain (Graxo 1077) of
Inst. Pasteur Merieux, France. In some developing countries, Paris 1173P2 seed lot is
still being used for vaccine production.
In the future, both Tokyo 172 and Glaxo 1077 will be used for vaccine production most
extensively, but the efficacy of both vaccines has never been compared at the same
time, in the same field.
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HWSNBET I F U EhoTWAY, —HZDOMELE
ERIZOWT, ZRIEEEIRFOMERA LTI F VD
v, RO T AZARRIE, BEEFROKREZRY)
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BEEEDNEZL O EL I FHEELZITFIFETL T
2o FNDHESHETONERT, BEEINLIHIE
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Fig. 2 Efficacy of BCG against Tuberculosis
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Table 1

meningeal and miliary
(1958~1976)

Protective effect of BCG (95% confidence intervals) against pulmonary,

tuberculosis from RANDOMIZED COTROL TRIALS

No. Study Pulmonary Meningitis Miliary al\r/llgnriélﬁii;ify
1 England 9% 100% 100%
1963 (70, 85) (8, 100) (30, 100)
2 Native American 6% 2% 93%
USA 1958 (35, 93) (—=38,92) (52, 100)
3 Hait 67%
1973 (42, 81)
4  Mandanap 19%
India 1973 (—28, 50)
5  Chingleput —2%
India 1976 (—23, 15)
6 Georgia 8% negative
USA 1976 (—58, 45) infinity
7  Illinois, —88% 100%
USA 1964 (=515, 35) (—1533, 100)
8 Chicago, 72%
USA 1961 (36, 88)
9  Puerto Rico, 31% 46%
USA 1974 (11, 46) (—433, 95)
10 Georgia, —25%
USA 1969 (=601, 76)

Based on two cases only
Test for heterogeneity : pulmonary p<0.0001 : miliary and meningeal p>0.20 excluding No.6, p=0.013 in-
cluding No. 6. Summary protective effect against miliary and meningeal :86% (95% Cl:65,95) excluding
No.6, 81% (95% Cl:62,91) including No.6

Table 2 Protective effect of BCG (95% confidence intervals) against pulmonary,
meningeal and miliary tuberculosis from CASE-CONTROL STUDIES (1980~1991)

No. Study Pulmonary Meningitis Miliary alil/[gnrlr?i%ilgfy
1 Buenos Aires, 63% 100% 8%
Argentina 1986 (13, 85) (64, 100) (—35, 100)
2  Sao Paulo, 84%
Brazil 1990 (67, 93)
3 Sao Paulo, 80%
Brazil 1990 (41, 93)
4 England, 76% 70%
1991 (28, 99) (—67,98)
5 Cali, 16%
Colombia 1985 (—62, 57)
6 Belo Horizonte 66%
Brazil 1988 (11, 87)
7  Belo Horizonte 80%
Brazil 1988 (46, 93)
8 Yaounde, 66%
Cameroon 1986 (53, 75)
9 Papua New 25% 58% 70% 65%
Guinea 1980 (—60, 65) (—15, 88) (=5,91) (8, 86)
10 Djakarta, 27% 5%
Indonesia 1983 (—22, 56) (5,94)

Test for heterogeneity : pulmonary p<0.02:miliary and meningeal p>0.15;
Summary protective effect against miliary and meningeal tuberculosis:75% (95% Cl:61,84)

633
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Table 3 Incidence of tuberculosis in trial participants according to interval
between entry and earliest radiographic or clinical manifestation

Trial group (No. of No. of cases of tubgrculosis

participants) | Total |y _ 95 ~ 5 ~ 75 o 0 ~ 128 ~ 15 ~ 175 ~ 20
unvaccinated (12867) 248 68 92 41 26 11 5 2 3
BCG vaccinated (13598) 62 14 13 13 9 2 5 3 3
av. age of trial cohort (at beginning | 14.7 | 17.2 19.7 | 22.2 | 24.7 | 27.2 | 29.7 | 32.2
av. calendar date of interval)| ’51-9 | '54—4 | ’'56-9 | '59-4 | '61-9 | '64-4 | '66-9 | '69-4

MEHENE, FoHFEIZE L, 5% (95% CI: 61,
84) TH-72,
DEDISERIZE 7205 5% < ©® RCT B L U CCS
OBFEREE, BCG 72 T > OB %) o H W (2
BUVIRIEEEZ T MB LD TH L, TTHE—I12 WHO
/UNICEF @ EPI O4/MNEEOB#E, Zhicdo
THRWTHSHREIC SN —T, EFEROEERRA
ikt (eMits) OB L Tid, BCG O%hE
BAMETH S 2 EBHLNIZENT,

3. BCG OFERBh#E%hF OF#t

BCG #M#12 & > TH 2 b NN D%, Bk
EDL LVORIMERT A0 L) HEOEETH LA,
EWEEHCEEEHTEXLF— 73BTl iRv, &
ZIZEA K AOFEH O G A& 204EH, BEHRAE L
MRC O#$Y 277321275, Table 31k, BCG
BHD H20E%FE TOBMKETH S, BCG DL
R, BERERIGEM IR L 2w ERO LN
Bo SO EIIHAMILHED BCG BHEZ LEL T 5
DTH?) D%

4. BCG 77+ OFEME

o e, BEH#HROREETIE, EPIIZL-
TKRERSD BCG AL FTHINTH Y, HAEBEHED S
1R ETOHEHS BCG iz %I Tnwb, LT, &
3 ETix BCG HHEEAZRAFR 2 LICEBS LTV
Do HrZHI—my 0Lz, TEHRAL, BEME
HEEISTbRWTWwaEIAEHb, Fia—a v 8B
CILk D% O THEETIX, BCG AR L T2
P, FEECHEELTLE>TWwAEDH L, HE
EPI 2 & » T BCG BN THN TV 51704 0% LH
EBRVTIE, FETFHICBITS BCG OfERIZDOWT,
HROE LT FNFNEL - EBNEL &> T,
Z U CHEMEA R IRRERIC X 5 BCG FHEEOMEH R D
LNV, WHO BAEATF L TV 5RHEERFEH
12DV TC, BCG H#MEICHY 2701 % 19954F 8 A1
#%FL, KDL % recommendation #ff L7727,

1. BHOBEHDE L, BEEBRBOBFVETI,

1977 MRC/UK

BCG FHiEmEZR, HAEBRTELZZ TR ERT
RETHY, Pl EOEZRIBRINICHEETRETS
%,

2. BCC EBERBOREIZYNVZ ) Y EIEEH VS
LRI RETH D,

3. DRI BCGEMEE =T AL 1Txt L, &L
BCG #5352 &1d, TNE2HT R FMBRIA
TWOTHE LR\, K< BCG #7225 A
LMETR N,

5. BCG BHOREIEH B & U HIV EH i

BCG #HEORIEMICE T 2 HANAEICIE, $KO
B L BAZ 2 CTIT o 72 ITUAT (BT B ES)
DFERATNIB0E TR ENTzAS, S8EICTHUES 2 MO
FRERDFEEENY (Table 4), WHIZIZEALH
BTHBH, XD 2HT (Table 4 Ho—H), Bib
LIANRONG, 1131 OREMHENBETD 1.2
B v SEHi O LR RIE DR TH 5, EPI Dk
TR Vi ROFRIRIT 1 BE XTI R 6%,
L& LI9SOERDPITEL Y, L2777 A DOYNT
ST, ZOREL T 210%I2ET L RESEORE,
HWIRATHI L7z, ZOME L THRRFEH SN
ISEMEOFH BCG Btk (H A, Glaxo#tk) o772
F b o T, 75V ADNAY — kR HWTRE
L7=BCQ U F OB LI L LB
BB EDPHHL, NSAY =T 7 F O EE
522 ETRRL:, ZOFEME, WA RIS
LEMERICE T, 59 { & EPI O FBi#HEIE K%
HERZITELETALIATHoY,

% 2 ORIESL, Table 4 ®IEH 3. Generalized le-
sions : fatal cases B35 Z L TH D, TNid Lotte
5OFETIIWD THi%, BREORERTEICHT A
YEFT, REBEOB I L WEEKICEF S LR
BCG #%, A CHEL CZOREAEDETEB I T D
DTHb, ZDEIBRERNEEIIBO TR0
(10005 Ni22 & 2 A=), 4 1 BMOFHATIE3B OM
HBhH o8, RO BCG BEIET S Lidhho
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Table 4 BCG complications classification system

Categories of complications (simple side-effects are excluded)

1. Abnormal BCG

1.1 Ulcer, abscess, Koch phenomenon

primary complex — 1.2 Regional suppurative lymphadenitis

2,3. Disseminated BCG infection
2. Generalized

2.1 Otitis

2.2 Retro-pharyngeal abscesses

or localized

Specific tuberculous-like
cutaneous lesions

2.3 Lupus
2.4 Others

lesions : 2.5 Metastatic subcutaneous or intra muscular abscesses
non fatal 2.6 Lesions of bones and joints including synovial lesions
cases 2.7 Renal and urogenital lesions

2.8 Pulmonary or hilar lesions

2.9 Mesenteric adenitis

2.10 Multiple adenitis and/or hepatosplenomegaly and
other localizations

— 3. Generalized lesions : fatal cases

4. Post-BCG syndromes
or diseases clinically
associated with

4.1 Local chronic cutaneous lesions (keloids, histiocytoma)
4.2 Acute cutaneous eruptions (erythema nodosum, rashes)
4.3 Ocular lesions
vaccination Other
syndromes

4.4 Non-fatal cases
4.5 Fatal cases

2o LAL, HIV BEOMRMILRITESHEE T F 3
Ky@EEICH Y, Zitlo THIV BREE ICHEE S
7AW BCG »&FOBEMIHEBIL, SHIZ5E
TE2BITHENEL R EVTFRING,

BET A B D K. M. Edwards 8 & ' D. S. Ker-
nodle ¥ (Vanderbilt KA 74 AVt ¥ —) 118
Bl HIV &g = &bz, &Y% BCG R B & 72
BlEHELTWb, BIE, EPIDZ &b D BCG HEIZ
g HHE—DERIT AIDS BHRE TH o> TEERD
HIV BRgeF B ST 578, 9 HIV BHeE~D
BCG #EIZZ 5 DEEFLETHS ),

6. HROBEMTFRICHEHESNS BCG T2 F v

19214E Calmette 1Z, H 513 U®HTBCG O Afk#EfE
IV, AT A REd 2%, BCG BkD
SEANDF 5% B L7z,

19254F, BCG i Pasteur fFFEFT 2 b HARIZAGE S,
19284 F TORMIZ, &bIuY 7, Avz—7v, b—
RZTB LTI VNANBCG WL EN, AEEED
7F Y OREDIET 572, 7T ¥ AD Pasteur BFFEHT
55587z BCG 1, FETI960EM D b oG 1k
I oTERZBEEL, WHO OfEIZLY, £hZh
12 Seed-lot #ll% & 2 = L2 o721, Seed-lot i,
SHOBFREGLET v TV LY, KR (-30C) T
L, 70FVEEDRUTEIIVEOT Y TVERDY
HLTEELYZF v OBEICHCS, 77 F 8EIC

IUATLD, 1988

7T BEY) ML RS2 T 2T
ISR L, FRU BB TICHETSE, 0
I L THEBMRICLIEOERETEL72F4 %L
LT, BIZ—Z0WE% b2 BCG [ERV 7 F V] %
DU BZLEAMETZIDTHD, ZOT 7 FVHERE
IZB1F 5 Seed-lot FIDIRAT, MHROEE BCG 77
F L, HOERIZL-TETLIRERRILOHDbN
72D Tdhb, Table 51, HEMFTHASIN TV
b FER AFED Seed-lot 77 F Y DWROLETDH
5o

¢ Tokyo 172 (HA#k) &, London 1077 (Gra-
xo k) DML ELMEHEN, RWTT Y — 7 KD
Copenhagen 1831 287~ —=23bbAHA, 1V F,
AFTaATIrF VAERBIMEHINTYS, Paris 1173
P2 (Pasteur ¥k) 1375 » A D&% IE#H % Seed-lot
ThoHH, BWEAOZETHRZ L)1, ALBICERL
ALBREATR ) VS ROBVEEDOIZ, 7TV A
%L, Table 6 ICRTEHICTTIVADT
7 F v #l% 4 tt Pasteur-Merieux &, Glaxo #
(London 1077) % Pasteur-Merieux ¥k ® &% THEH
LTvw5%, Table 5 ®fLhE: Lymphadenitis DIHH
TR X912, Glaxo # (London 1077) &, Tokyo-
172 LB AT, ZORERORODLRVEKRIE,HTH
5o &5, HAR®D Tokyo 172 & 75 ¥ 2D London
1077 DT, BEREEEDHN EOEROAHTH S,
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Table 5 Comparison of Seed-lot
Mantoux* | Lympha-
Viabilit induration denitis
Seed-lot  |Colony |Proteins***|; . .. s ] ey Heat- | (school suppur.
morpho. | secreted Lipids™| x 10 % survival Stak(’)lhty children)| (newborns)
/mg | at F.D. (% (mm) (%)
T‘il;zy © S + + 63.4 68 60 18.6 0
London
1077 NS + 8.8 54 33 16.7 0
Copenhagen _ _
1331 S 7.7 35 26 15.0 0.3
Paris
1173P2 S 6.3 33 36 15.3 5.5
% CIE, Paris RT23, 2TU
* * Mycolates, Mycoside-B
* % * MPB 70,46 KD-dimer
Table 6 BCG Seed-lots (Strains) & Vaccine-producers (1997)
SEED-LOT VAC-PRODUCERS
TOKYO-172 - JAPAN BCG (JAPAN)
2 LONDON 1077 ———————- PASTEUR-MERIEUX (FRANCE)
GLAXO
PASTEUR-MERIEUX
3 COPENHAGEN 1331 ———————- STATENS SERUM INSTITUT (DENMARK)
BEHRING WERKE (GERMANY)
4 PARIS 1173P2  ————me—- PASTEUR INST (FRANCE)
BIO-FARMA (INDONESIA)
IVAC (VIET NAM)
5 MOSCOW (BCG-1) —=——————- INTERVAX (BULGARIA)
6 MONTREAL  ——=——m—- CONNAUGHT (CANADA)

FMEEY 7 F i OB OEEE (A ER
WIERE 28 L RS IR I A B ) o, U T VAR
(A7 TIVEREFTIANATLVO TLER) &
DERDDY, 77 FVOENOEELRFTOE D S
THH)o T2 F VEEBMIFRTITITHESIEZ
Sh, WEDBCG 727 F Y OREZTIRT B8 L\ ik
B F o nBlETERAALEATVES, WTIIZE X
SHETETHEIC R 2B T AZAOKMERATICL
T, ~HHEBARMICEL 72 F  ORBARFEL
DOEEBLIEILT S,
COEHIZL2HFHRHEOBELELONEE - K
THELICRE L 2B EHEL R L2,

X R
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