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Facts about BCG

Currently_;the onIy licensed vaccine
against TB

Oldest vaccine stln n use
(1921) %

Developed by Albert Calmetlt, and
Camille Guerin

Attenuated Mycobacterium bovis

Live vaccine




Why BCG?

Commonr.rinciples and ideas of vaccination (from vacca:
cow): Smallpax (variola) and BCG

An English Doctaff{!\';_\dward Jenner) learned from a
milkmaid that she bel‘ikeveg herself protected from smallpox
because she had caught cewpox from a cow.
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He tested this idea

In (1796) and could show
that infection with cowpox
could protect a person
from smallpox.




Same principle for BCG

1882 Rob@rt Koch discovered the
“Koch bacillss”

Children with cervical
lymphadenitis after driis rlng milk
contaminated with W,

Mycobacterium bovis appearec..

protected against TB

Calmette and Guérin (at the
Institut Pasteur in Lille, France)
isolated M. bovis from a cow with
mastitis and cultured it on ox bile

Lineage 1:
The Philippines and Indian Ocean

Lineage 2:
g East Asia

Lineage 3:
~ India and East Africa

I

M. tuberculosis

Lineage 4:
Europe and Americas

i
-
4
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Lineage 5:
M. africanum 1 in West Africa

' Lineage 6:

Mo africanum 2 in West Africa

Galagam JB, Nat Genet 2014

MTBC



Developement of BCG

After the 39th passage the strain
was unable iv. k|II experimental
animals “

13 years (1909- 1921) 2’%1
passages

June 21 in 1921 first oral vacciné-..
on a newborn (mother died from
TB and to be transfered to
grandmother with TB)

1921-1924 vaccination of 300
children in France at high risk for
B

MINISTERE DE LA SANTE PUBLIQUE
'ET DE L’EDUCATION PHYSIQUE ‘

n CALME'I’TE SAUVEUR D!S TOUT PETITS &

AV AVAS AV AN AV AV AN AV AV AR AT AN AV AN

Achetez

e nouveau fimbre
antituberculeux
talmeﬁe sauveur des fout peiﬂs

......

Calmette A, 1927, La Vaccination Preventive contre la Tuberculose, Masson et Cie, Paris



History of BCG (Bacille-Calmette-Guérin)

1924 ..
- Efficacy-and safety established (motality among
vaccinated«!.9%)
- ,massproductior:® of BCG began
- vaccine also given ts adults

- samples of BCG distrib“afgg to 34 countries

1929 subcutaneous route more
popular (especially in
Scandinavian countries)

1956 lyophilisation

1974 BCG was introduced in WHO
Immunisation programme




BCG strains
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Family tree of BCG immunisations

M. bovis M. tuberculosis
V' virulent <€{RD11HRD10HRD9H RD8 |-| rD7 HRD6 H RD5 HRD4 |- E——
™ o). Attenuation

< 1908-1921

BCG Russia
BCG Moreau
BCG Japan

DU2
e W(47) Group |

loss of I$¢”10 P
upstream of g1 ‘s
—————————— A ,:;:’92 6

BCG Sweden
DU2
Group Il,Aint

phoR _91-ko

BCG Prague
BCG Glaxo

%
BCG Mérieux
m BCG Danish (passage 1077)
(passage 1331)
BCG Pasteur
(passage 1173 P2) .
DU2 Group IV, Aint DU2 Group lll, Aint

DU1

Brosch R, PNAS 2007



BCG vaccine strains in Europe (up to 2007)
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Ritz N, FEMS Microbiol Rev 2008



BCG vaccine strains globally (2003 — 2007)

M BCG Brazil
B BcG Russia/Bulgaria
[] BcGJapan

l [J BCG Denmark I}

[ BcG Connaught
[ BcG Pasteur

[ More than one BCG vaccine strain used ‘
[[] Locally produced BCG, strain unknown %f ; 7
] No BCG licensed or produced S g/
[C] No or insufficient data 3 S

Ritz N, Tuberculosis 2009



BCG in Europe today

Web-basgsd _survey including all members of the
paediatric- tubuculoss network-European-trials
group (pTBnet) an(4 tubercuIOS|s network (TBnet)

Anonymous survey betwfﬂen Oct 2012 — May 2013

27/31 (87%) countries have nc.t-,gnal BCG
immunisation policy/guidelines

BCG used: 77 % BCG Denmark, 19 %%t—her strains,
32 % did not know the strain used in their country

Dierig A, ESPID 2014



Protective efficacy of BCG according to TB form
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BCG va-::(\:}l“ri};:;gﬁcacy (%)
With 85% confidence: ntervals

Asterisks (") denote studies of pulmonary disease in children

p Study Vaccine Total
-100 —?D 0 7 ~ 1{?(] Study Location Ref  Type Strain Cases
- - - Mative Americana (Mil TB) 274 CT Phipps 10
S m ——- /i England (Both) 275 CT Copenhagen 10
E "g o | | M nntina (Both) 259 cC Mixed 18
28 e Sao Fav'n. Brazil (TBM) 222 CC Moreau 68
g E o Balo Horiz\7 >, Brazil (TBM) 260 CC Moreau 45
= —— Indonesia {Bdth}_ : 329 CC Japan / Pasteur 15
Nl
e England S ., 275 CT Copenhagen 203
e Native Americans, USA ), CT Phipps 249
—e— Puerto Rico 2770, CT Park 295
a | . | Mandanapalle, India 278  CT Madras 80
- I » I USA (Georgia & Alabama) 282 CT Tice 60
E H—eo— Chingleput, India 244 CT Copen/Pasteur 533
E . | USA (Muscogee Co, Georgia) 280 CT Tice 7
3 e Cameroon 327 CC Pasteur 213
H—e— Argentina® 259 CcC Mixed 131
I i Indonesia® 329 CC Japan/Pasteur 66
I = Kenya 268 CC Glaxo 126
} = | Colombia™ 331 CcC Copenhagen 178

Vaccines 6th edition 2013



Protective efficacy of BCG against disseminate

‘,\’: . Publication Efficacy Reference
7, | rlate (%, 95% CI)
Tuberculous meningitis \:\\:;\ -
Buenos Aires, Argentina 1988 ~ o8 (Foto100) 48
Bahia, Brazil 1991 S Btoe7) 49
530 Paulo, Brazil 1900/03 B?é;-\;"y 294) 5051
Sao Paulo, Brazil 1990/93 9% (65&5551 50,51
Belo Horizonte, Brazil 1988 B (47to93) ~les
Belo Horizonte, Brazil 1988 65% (17 to BG) 53 0S
Yangon, Burma 1987 52%(13to73) 53 A
Magpur, India 19496 87% (70to 94) 54
Chennai, India 1996 77% (63 to 86) 5§
Delhi, India 1936 654% (30 to 81) ch
Delhi, India 1989 B4% (69 to 97) 57
Lucknow, India 1999 47% (-6 to74) Lt
Papua New Guinea™ 1980 8% {-3bto 87) 5O
Delhi, India 1993 Co% (-49t0 B7) 60
| Summary efficacy 73% (67 to79)
Miliary tuberculosis
Buenos Aires, Argentina 1988 78% (2810 93) 48
Yangon, Burma 1987 80% (45 to 92) 3
Papua New Guinea® 1980 70% (0to 91) Lo
Djakarta, Indonesia 1983 75% (5 to 94) 51
l Summary efficacy 77% (58 to 87)

“Mot designed as a case-control study.

Table 3: Meta-analysis of BCG efficacy against tuberculous meningitis
and miliary tuberculosis from case-control studies

forms of TB

Trunz BB, Lancet 2006



Protective efficacy of BCG on pulmonary TB:
age at immunisation

BCG Unvaccinated
Trial A RR (85% Cl) cases/PY's cases/PY's
S '
Neonatal vaccination -~ - :
Saskatchewan Infants (Ferguson..”” 23 Canada —C—:- 0.20(0.06,0.69)  3/2162 14/2000
Chicago Infants CCH (Resenthal) 193727 —— 0.34(0.19,0.60) 16/15618 48(15822
"M /< ]
Turtle and Rosebud Infants (Aronson) 1938 USr ) ——rT 0.40(D.13, 1.25) 4/968 11/1080
WD |
Chicago Infants TB HH (Rosenthal) 1941 USA L —e—rt 0.28(0.08,1.02)  3/1374 11/1424.5
Bombay Infants (Mehta) 1976" India T —;ir 0.62(035 1.07) 2219625 27171625
Fixed effect Within stratum [Heterogeneity: P = .387) “A l:}‘ 0.40 (0.28, 0.56)

i/

Randam effects Within stratum (i = .0085) = 0.41 (0.29, 0.58)

School age vaccination - stringent tuberculin testing

Native American (Aronson) 1935 USA -+  026(020,0.33) 70/86716  267/58219
Ida B. Wells Housing Project (Rosenthal) 1942 USA € 2 T a95(001,287) 07770 3/8050
Georgia School (Shaw) 1847 USA —_— 1357 7. 558) 4120830 3/27066

MRC (MRC) 1950 UK

0.22(0.16, .y _ 40/210800 163/188800

Fixed effect Within stratum (Heterogeneity: P = .160) 0.25(021,031) .

Random effects Within stratum h.'ﬂ = .048B) 0.26 (D.18, 0.37)

Other age vaccination - stringent tuberculin testing

US Mental Health Patients (Rosenthal) 1944 USA -+ 026 (D.01,8.38)  0/8D 1/62
lllincis Mentally Handicapped (Bettag) 1947 USA 1.40 (0.57,3.42) 12/6300 8/5880
Madanapalle (Frimodt-Moller) 1950 India -%gj-,- 0.81(0.52, 1.26) 33/61167 47/70200
Fixed effect Within stratum (Heterogeneity: P = .420) h 0.88 (0.60, 1.30)

Random effects Within stratum {-|;2 =0) 0.88 (0.59, 1.31)

Mangtani P, CID 2014



7
e N
4"/

Protective efficacy of BCG on pulmonary TB:
latitude of the study

N
YA
Trial (i
attribute % ,l\ RR (85% ) d
A 1"/
ML

Latitude A -
400+ AR e 032022 046) 0117
200-<40 Y . 068048 085 0019
fo-<20a e - 0.76 (056 105 0060
y \,\\ \J‘
Age at vaccination fuberculin testing M s
Haonatal vaccinaion —— 041029 058) 0007
School age vaccinalion - stringent luberculin testing —— . 0264018, 027T) 0.048
Schodl age vaccinalion - non siingent luberculin lesting —t N/ 7 059035 101) 00985
Other age vaccinabon - stingent lubsculin testing —il— X TR GA8058 134) 0000
Other age vaccinabion - non stingent tuberculin esting —_— NOL, 081 055 122 0080
Diagnostic detection bise - S
Lower risk of bias —— 0a 755 084) 0517
Higher risk of bias —.— a7800d” 35 0000
BCG strain
DU-0UR-0r : .53 {015 192) 0834
ouz- —— 059031, 1.14) 0505
BN —_— 041 (036 086) 0316
Mol slaed & 078024 2.3T) 0505

| I I | 1 1

1 2 5 1 2 5 10

BOG reduces rsk of TH BOG increases risk of TE

Rate ratio

Mangtani P, CID 2014



Protective efficacy of BCG on pulmonary TB:
BCG vaccine stain used

Vaccine efficacy (%)

(X

BCG strain groups

& DU2-IV

m Du2-lil
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~0 ks # Frappier
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Abubakara |, Health Tech Assess 2013

Mangtani P, CID 2014




Protective efficacy of BCG on pulmonary TB:
BCG vaccine stain used
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Receved 11 Decemioer 2007, mvsed 18800 worsening trberculosis panden
20K05; accepted 18 Aprl 2008 of genetic differences hetween
intluence of the vaccine strain «
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BOG vaccine strains. Although
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Ritz N, FEMS Microbiol Rev 2008



5790 pregnant women screened in antenatal clinic

March 2008—April 2009

\ 4

4342 both parents from country with
intermediate or low TB incidence
919 attended when recruitment was
not possible
160 not willing to participate
13 infants not born before end of study

68 withdrew consent

A F o

SA%CG immunisation

1 immunised twice
78 randomised to immunisation with

»

“%.  BCG-Denmark at two months*

67 BCG-Denmark

)

69 BCG-Japan

73 BCG-Russia

55 completed follow-up
2 withdrew consent
10 lost to follow-up

57 completed follow-up
3 withdrew consent
9 lost to follow-up

64 completed follow-up
2 withdrew consent
7 lost to follow-up

v

54 data analysed
1 excluded for technical reasons *

v

v

54 data analysed

2 excluded for technical reasons *

1 failed venipucture

57 data analysed
7 excluded for technical reasons *

Ritz N, ADRCCM 2012



Immune response to different BCG vaccine
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In vivo reaction to different BCG vaccine strains
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Protective efficacy of BCG: 3 BCG vaccine strains
in Kazakhstan

b Introduction of
R “Torlak” vaccine  suspended "BCG Laboratory”
P suspended vaccine
U l
| |
Y‘\-‘ ~
Serbian Torlak" vacsine Japaness “BCG Laboralory” vaccing

| A7

Russian “Microgen” vaoting Russian

8 12 3 B g 12 3 6 A5}
2002 2003 2004 2005 O 2006
Cohort B Cohort C Cohort A Cohort D
92002 - 03/2003 9/2003 - 03/2004 9/2004 - 03/2005 /2005 - 03/2006

Figure 1. Cohorts of vaccinated and non-vaccinated children in Kazakhstan, 2002-2006.
doi10.1371/journal pone003 2567 .g001

Favorov M, PloS ONE 2012



Protective efficacy of BCG: 3 BCG vaccine strains
in Kazakhstan

Table 2. BCG vaccinefﬁ;\_‘v:miﬂn effectiveness fﬂr[clinically defined, radiclogically confirmed TB cases](azakhstanj 2002-2008.

Cohort (BCG . 3T/ .
prbductll BCG vﬂ{{lﬂ-ﬂt'E‘d & \ 5 N‘Dﬂ-\"ﬂ{{lﬂﬂt’E‘d [Cnhnrt .ﬂ:l RRT G50 E”. 'FDF RR PEf [q.h:l p-\ralue
4 Risk péi./ / a Risk per
# hirths cases  1000* /Y hirths cases  1000* —
B Russian 138,059 207 1.50 1&],9‘;51, 310 193 078 Q&5 093 22 0.005
C Serbian 150,938 165 1.09 160,970 ““:‘ ~ 310 193 0.57 047 0569 43 =0.001
[ Japanesa 168654 102 050 160,970 - (4 Y/ 1893 031 025 0349 a9 =20.001

*Risk calculated for the entire follow-up period (3 years).
tRR relative risk; Cl, confidence interval; PE, prevention effectiveness.
dioi:10.1371 joumnal pone 003 2567 1002

Table 3. BCG vaccine prevention effectiveness forf culture positive TB cases, azakhstan, . 302-2008.

J

Cohort (BCG

product) BCG Vaccinated Mon-vaccinated (Cohort A) RRY} 95% CIf for RR  PE} (%) p-value
4 births 2 cases Risk per 1000* % births # cases Risk per 1000*

B Russian 138059 5 004 160,970 12 0.07 049 a7 1.38 51 0165

C Serbian 150,938 2 001 160,970 12 a7 0.18 004 e B2 .01

D Japanese 168664 1 oo 160,970 12 0.7 0.08 om 061 a2 000z

*Risk caloulated for the entire follow-up period (3 years)
{RR relative risk; Cl confidence interval PE, prevention effectiveness.
doi:10.1 371 journal pone 003 2567 1003

Favorov M, PloS ONE 2012



Duration of protection by BCG
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Summary: Protection from

BCG against TB %51 !‘
Best protection for:disseminated Homing of the immune

forms of TB N, cells induced by BCG
(Better protection of younger. R

individuals (birth — school age)..  Prior exposure to TB or
~“NTM reduces protective

Better protection further away "y, efficacy
\_from the equator )
( . . . A

Better protection with certain BCG  Strain influences immune

vaccine strains response and protection)
‘Protection from BCG wanes over Loss of memory Ce”;

time Non immunised become protected
\_ J




BCG immunisation coverage worldwide

<50% (4 counvies or2%)
50-79% (14 counvies or 9%)

===
L1
: 80-89% (23 counvies or 1673
i =]
=]
1

>= 90% (117 countries or 73%)

Source: WHO/UNICEF coverage estimates 2012 revision, July 2013. 194 Not available or BCG atbirth not recommended by National Immunization Schedule (34counnies or

WHO Member States, Map production: ImmunizationVaccinesand ‘-‘%ﬁ[p / The beeaduwion 10 momes shows 3ad de deagmsan wxd m S map d2 nm imphy S oam
Biologicals, (IVB). World Health Organization Natpplicalis opies vimmerss n de gt o e Wk Mok, Orpmizmins e e by snte of v covne,
Date of slide: 16 July 2013 ?:‘:zn:‘q;rqn-;m—thrh Somes fur which there smy st et be fu agrremene. ©

WHO 2014



BCG immunisation in Europe

Routine &t blrth

Basque counry, F\)"’rugal Ireland,
Hungary, Croatia, Arqua Poland

At birth to high rlsk gmuos

Switzerland, France, UK, Sweden'~

Routine at later age: Greece,
Finnland, Greece, Malta

Never
Germany




BCG a travel immunisation?

Source Pre-travel BCC:j;rfljﬁlffljSEtan Age limit Definition of risk country Dwration of travel

Mational immunisation guidelines X

Australia [24] Recommended . \ <5 years =100/100,000 TB incidence =3 months

Canada [25] “Tio be considered” i & Mot specified “High" “Extended”

France [26] Recommended A Mot specified “High prevalence™ “Prolonged”

Germany [27] Mot recommended 2 S - -

Ireland [28] Recommended Mot specﬂi’ti;}} - “High incidence™ >1 month

Mew Zealand [29] Recommended MNeonatal - E_A.JJ but 25 named countries? >3 months during first
“\a 5 years of life

Sweden [30] Recommended for “travel involving close Mot specified [—hghp” walence™ Mot specified

contact with local population”
Swizerland [21] Mot recommended - - -
LInited Kingdom [15] Recommended for “those who are going to <35 years >400100,000 TR incidence >3 months

LInited States of America [32]

live and work with local people”

Mot recommended

Ritz N, Vaccine 2008



WHO BCG recommendations

I
BCG ShOu’“] be given to all 7 ? Y, World Health
infants as soor, as possible after & /Y Organlzatlon

=

birth in countrlesv'zih a high
burden of TB D

s

Contraindications: |nd|V|dua1q
with HIV or other
Immunosuppressive conditions
(in settings with adequate HIV
services, delay BCG until infant
IS tested)

BCG revaccination not
recommended



The debate about
revagcination

~)
J’

A number of cow@es
recommend revaccmatl n:
eg Bulgaria, Russia, e?

Ukraine ect

Table 2
BCG-VE from TB for school age (first and second dose) and neonatal vaccination, separately for Salvador :l\ﬁn_y! \:inaus

Vaccinated Casesin Crude incidence rate per Mot vaccinated (Cases in not ¢ ’\‘ncldenc\i: rate per VE (95% CI}) pvalue
vaccinated 100,000 person years in vaccinated 100, V/I"il]l'l in not
vaccinated (95% CI) vm:mateﬂ” years (95% CI)

First dose, neonatal

Salvador 46762 217 5.13(4.49-5.86) 9530 74 B.56(6.81-10.75) 40% (22-54%)  <0.001

Manaus 49938 170 377(3.24-438) 8856 a7 5.86(4.41-7.81) 36%(11-53% 0.008
First dose, school age

Salvador 12,015 62 571(4.44-7.31) 9530 74 8.56(6.81-10.75) 34%(7-53%) 0.017

Manaus 8505 40 5.21(3.81-7.09) 8856 47 5.86(4.41-7.81) B%(-39to40%) 0.686
Second doses, school age (first dose neonatal)

Salvador 60,820 236 429(3.78-4.88) 46,762 217 5.13 (4.49-5.86) 19%(3-33%) 0.022

Manaus 42,520 142 3.69(3.14-4.36) 49520 170 3.77(3.25-438) 1%(—27to239) 0932

Estimate of vaccine efficacy (VE) adjusted for age, sex, socio-economic status (in Salvador), incidence of leprosy and incidence of tuberculosis before the start of the trial in
Manaus.

Baretto |, Vaccine 2014 (in press)



Risks from BCG immunisation
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Nature of adverse event Description =&

Rate/doses

Mild Injection site papule [onset 2-4 weeks) &>

Mild ulceration [1-2 months) &
Scar [2-5months)
Local
Local abscess
Keloid
Lymphadenitis
Suppuration [onset 2-6 months) 1 per 1000-10000
Systemic [onset 1-12 months)
Cutaneous skin lesions

Almost all vaccinees
Severe

Case reports only
Osteitis 1 per 3333-10°

Disseminated BCG 1 per 230000-640000
Immune reconstitution syndrome 1 per 640000

Dara M, ERJ 2014



When to stop general BCG immunisation?

Balance" wtween risk of adverse
effects and pr o’rectlve efficacy

IUTLD recommend: 1o stop general
BCG immunisation whéess TB iIncidence

is<5/100 000
(based on expert opinion)

“It is noteworthy that even in low-
Incidence countries, there may be a
subset of the population with a higher
risk of TB»

IUTLD, Tuberc Lung Dis
Dara M, ERJ 2014



Summary

BCG is o.m of the oldest vaccine
In use x‘ﬂ%r

Protective efflcacy t@pends on

age at immunisation, foi of TB,
prior exposure to mycobac’te,:la

and BCG vaccine strain

BCG recommendations
considerable vary across Europe

BCG is a safe vaccine but
severe adverse effects can occur
IN Immunocompromised
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