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The 75th Annual Meeting Special Lecture
WHERE DO WE STAND WITH BCG VACCINATION PROGRAMME IN JAPAN ?

*Toru MORI

* Tuberculosis Research Institute, Japan Anti-Tuberculosis Association

The current BCG vaccination program of Japan is critically discussed based on recent
knowledge, especially with regard to its epidemiological aspects, in order to put the problem
into perspective for Japan’s future tuberculosis control program.

1. Efficacy and Overall Effectiveness : Various indicators of BCG efficacy have been
proposed, and the meticulous analysis on the variability and the quality of these indicators
seems to have formed a consensus on the efficacy, as seen in the recent meta-analysis
studies. However, much has been left unanswered concerning the conditions under which

the efficacy is guaranteed. The impact of the vaccination program on the population
should also be considered in order to make decisions on the program. Comparing the age—
specific tuberculosis notification rate between Japan and the USA, where there has been
no BCG vaccination program, shows that the rate for 0 to 4 year olds is clearly lower
in Japan than in the USA, while it is more than five times higher for all ages in Japan
than in the USA. The statistics for Japanese children are superior to those of US children
with respect to the speed of decline in notification rate as well. These observations support
the overall effectiveness of BCG vaccination in Japan.

2. Mechanisms of BCG Vaccination Efficacy and Its Duration: Two possible mecha-
nisms of how BCG works to prevent tuberculosis were proposed. Epidemiological models
based on each mechanism were subsequently tested by simulating 20 years’ development
of cases in the BCG vaccination trial by BMRC. In mechanism 1, the BCG-induced immunity
is assumed to boost TB immunity in inhibiting the clinical breakdown of tuberculosis
during the 10 to 15 years after the vaccination. In mechanism 2, the immunity makes the
infection process abort (presumably, at 90%, during the seven years after infection, for
example), leading to a smaller risk of future clinical development. So far, most epidemi-
ological models implicitly assume mechanism 1 above. In animal experimental models,
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however, it has been difficult to simulate the mechanisms differentially, which has been
one of the drawbacks to this argument.
3. Effectiveness of Revaccination : Revaccination with BCG vaccine aims to restore or

to endow immunological resistance through repeating vaccination to those who have par-
tially or totally lost the immunity acquired from the primary vaccination. Although
some animal experiments support the efficacy of revaccination with BCG, studies in
humans have been rare and the results are variable. The observation of Polish infants
and schoolchildren is suggestive of the efficacy, but it is not randomized and of question-
able value. The recent study of Malawi is a randomized trial. It demonstrated that BCG
revaccination protects against leprosy, but does not protect significantly against tubercu-
losis. It is possible, however, that it does protect against tuberculous lymphadenitis.

The two above-mentioned possible mechanisms of BCG immunity were applied to a
model analysis of BCG revaccination. It was known that revaccination effectiveness is
very limited under any assumption, given the current Japanese epidemiological situation
of tuberculosis, so that the demerits due to revaccination, such as strong local reactions,
must not be neglected but should be carefully considered. At the same time, we should
remember that this model analysis assumes that the primary vaccination is given to new
borns with advanced and uniform techniques, which is not always true, and revaccination
may supplement the technical failure of the primary vaccination.

4. Deciding on the Total Discontinuation of BCG Vaccination Programme, Japan : The
recommendations of WHO or IUATLD on the discontinuation of the BCG vaccination
program are just conventional ones and the theoretical reasonings is difficult to accept.
After all, the decision making should depend on the lay decision makers’ subjective judg-
ment balancing benefit and loss in terms of costs and health incurred by the policy, as
shown by Waaler and Rouillon. The current Japanese BCG vaccination program is very
expensive, but brings about some, though very small, benefit. This balance was compared
with that of Sweden around 1975, when the program was discontinued. The comparison
clearly showed that the cost—effectiveness of the program in Japan today in superior to
that of Sweden in 1975.
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Table1 Estimated Protective Effect of BCG Vaccination

(Colditz et al® )

Protection against

TB cases (Trials)

TB cases (Case-control
studies)

TB deaths
Lab-confirmed cases
TB meningitis

Disseminated TB

. 95% CI of
Combined PE Combined PE
742 (.616, .826)
.524 (.879, .635)
.648 (.118, .966)
.826 (.582, .928)
.644 (.300, .820)
.780 (.581, .883)

PE : Protective effect (=1-RR, or 1-OR), RR: Relative risk,
OR : 0dds ratio, CI:Confidence interval.
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Fig.1 Age-Specific Case Rates, Japan vs USA (All forms, 1996)
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Fig.2 Simulation of British BCG Trial Results

(Cohort vaccinated at 14 years, observed until 30 years of age)

Note: Boxes and circles indicate the observed values.
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BCG/Scar— BCG/Scar+

Fig.3 Incidence rates of pulmonary TB with/without
Primary or Re-vaccination (Kubit S et al.?))

Note: Scar+is assumed to be a subject with primary vaccination,
thus, BCG/Scar+ a subject revaccinated, BCG/Scar— primary—

vaccinated.
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[ONo BCG @ No Revacc. B Revaccination
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100 [

Cases unitil 30 yrs (per million)

Constant, Constant,
Age— Age+

Downward, Downward,
Age— Age+

Trend and age-dependence of risk of infection

Fig.4-1 Simulation of Effectiveness of revaccination at

6 years (Model 1)

Age— means that risk of infection is assumed to be independent
of age, while Age+ dependent on age.
“Constant”, “Downward” refer to the trend of risk of infection.

[@No BCG M No Revacc.

evaccination

Cases until 30 yrs (per million)

Constant, Constant,
Age— Age+

Downward, Downward,
Age— Age+

Trend and age-dependence of risk of infection

Fig.4-2 Simulation of Effectiveness of revaccination at

6 years (Model 2)
See footnote to Fig. 4-1.
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Table2 Estimated Effectiveness of
Revaccination with BCG (A model
analysis, Japan)

Coverage of Revaccination

100 % 60 % 30 %

Number of cases, relative to that under no
revaccination (%

63~92 78 ~95 89~99

Number of new cases in the cohort born in 1995 until
30 years of age. They are assumed to be vaccinated at
birth, revaccinated at 6 years of age. It is also assumed
that the BCG efficacy lasts for 10 to 15 years, and
the annual risk of infection is constant or slightly
downward. The maximal revaccination effectiveness
is seen under the assumed efficacy duration of 15
years with no decline of risk of infection.

%<, BIZAARTCRIEEOARBABESTORRD I
D& LD TICHERERM 2 R L Th o BB
HOREOHBELLY, EWVWHTLIZhoTWA, L
PLEEEZOLOOHEARE LTIE, FIEERM B
TOMEME, BEEORRLEMIRE LTUTHIRETHY,
ZOHEIIRTELHRIIFZATH COBEICES
na, LEZ2ITNER 5%,

TAYFY FTERETIL~13BD20% L SV DN
BIfTo T HEEL2EIL L, 20K THEEREST
LIDHEEHEIR— MIEEOMME EXR SNk h o
29, LaL, ThiddED LBHROENEIVNE o
72DT, BEIELTHZEDA) v MPHETESIZETR
Mo mEENLH S,

LEIZHIOMEEEE LT, AEEOKRFSR, 2%
BifIsessE & 1R 2O REFEIEIED, BEEICL S
PifsE 2 BBNICHET 20 b i e vwbhizZ
BB, MERICH LT, BT 2 BREPIIBE R
HTFETHEN) &) 2w (L 2R 0) 72
2, VTSI AEHEOMEY 22 RbE, &
D EERIZH > THZNIFED DD TIRRZ VDT %R
wip, LBbhs,

—7%, BEENEORME LToay xHEREHLL
L7z [BEEORIRIG] &) AR/ NT ¥ R
ANTERBIREBETHS, FL LTRFDBET S
BEEraf FAORIEICR 555, HATIZ1994ED Y
N o ) v RIRHEREOSE (FhE To [GERHEE]
COEBELTAZ LI o) ICX o CTHEENSRH
W20, IROSORISOHEED 25 E
ChoTWwBIEEEZLNS (EH), HEEOE

WM OETEE 45

& LTHRDZSVCOFEFOEIS (BET 51E5),
KERRE, 704 FERTH S, SHEERLERDIA
AR 272D N OO DOEEIZNT L BHEICHEX
N, BEEAFHBEEZRIKGHRE ® 2Lh
&, TR 6 4 ~ 9 SRR S NABIRUSEB 176
INFEEROD DL 15 (REALERC), HB11HF
TORFOEIZ DL D TH o7, FABREFAETR
HB 2R, BEZREHOBET [RFOEHME] 4
Ron-&, SBEEERILYE 1.5% I8 L T/hE
1438%LHoTV5, —HEEEMITE L [HRVE
& PTbNTWAERATII/IFEETH20%, sk
TH#30%I2 BCG $HEDBAVRETH L W) W, 4
O N EOREVBEBBERLETHLPICR LI L
BEVDT, TNHOBBIZbEbALETA TV RN
A, ZORED I ZIZAZBHOMWRIG L BT 5 L
ATEVTHA,

¥ 72, BORREDIDBICTTIE, ARME0#R L 135
12, BIRPHoTHIORETH D% 61F, Kik - Bl
BENIBOMAL R ERBEOEAIC X o CTHEMERIER L
Lo TR 22D HNLWAFFIEL L DV E DT
BIENTED, LWHIEZHIH D,

CCCHEBEEOFRELMETL LTERINLIREE
HWE LTEDOETIVICRY ARLER, R AN dho
TERED ) —EYEL THR/z (Tabled),

%8, BRBEBO LD RNV R 705 5%E, &<
WA LCHEEZ &9 750, PRECRLZE
BHb, VAZOKEZIEZRICANG L, ZOMEIX
ZENOBEHELYVEL TRETRETHSH, 208
BONR*ROLIEELERO 1 2% I - LRI
BRI X AREREDRIC L 2O 20T H, IhiEwE
R72h, =594 ORI SRBENL ) ITERLD
%51, KEDEMN X CEREHEDEL T E
D12k LT BCG B (MEHE) 2R LREKOD
BRTHEINTOVVDOTIEIRWES D 2 WTFHIZE
X, EEPRIBEEEATHN 2 o THRAELENIZHT > T
SR &R (RCT) ORI EAADT L, BE
BIZATbNTW B ZHTOBBICET 2BEMA, KX
R EARETEO L &2 THEICRE LT, EREED
TV ZEHRETH D,

4. BAICHT3 BCG EBLEENBRRE

RIZEPSTHEEL 2D, HAVIIEI RBLILDE
TNBEDIE, BEEENFEHIELRY, WEEL SO
7-BCGHEAERNEO TN LFRIFBRINDIIETH
BoINFTICHENRTWS WHO ® IUATLD @ BCG
BEOS S ARIEORESD IR ) EENLZLOT
Hy, FENLLOLIEISVEW (fl. I[UATLD 0



200144 A

393

Table3 Factors relevant to decision making on discontinuation

of revaccination

e Factors directly related to possible benefit of revaccination
— Duration of vaccine efficacy
— Interaction between residual immunity and revaccination
— Mechanism of protective immunity
— Vaccination quality (vaccine, vaccination technique)

e Tuberculosis prevalence and its trend

— Annual risk of infection

— Age—dependence of risk of infection
e Way of selecting eligibles for revaccination
e Adverse reaction of revaccination
¢ Alternative measure of revaccination
— Primary vaccination technique and coverage

— Contact examination

— Other early case detection
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Table4 Estimated effectiveness and costs of BCG vaccination given to one million babies,
Sweden and Japan (for Sweden, largely based on Romanus3® & Sjogren )

Effectiveness and Costs Sweden (1975) Japan (1995)

. . Meningitis, Miliary 1~2 6~17
Plg)smvet <;ffect1venefs§, Other TB 12~33 105~117
revented cases of ;oo L 0.29~0.6 2.0~2.3

. . Lymphadenitis, simple 50,000 7,000

Negative effectiveness, .- .
Adverse reactions of Lymphadenitis, suppurative 1,000 100
v oot Osteitis 10 (250)* 1
Generalized BCGitis <1 < 0.1

Cost balance (vaccination cost, medical costs for TB

(saved), and adverse reactions)

US$21 million US$16 million

Annual risk of Infection (%) 0.03 0.03
TB epidemiology Notification rate (/100,000) 10.5 34.3
Mortality rate (/100,000) 4.3 2.6

*Figures in parentheses indicates the rate of incidence that was unusually elevated around 1975.
For epidemiology, risk of infection is in %, and notification and mortality rates are per 100,000 population

of all ages.
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