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Executive summary
TB infection of humans has been recognised for many thousands of years.  The disease exists in all countries 
in the world and is endemic in most of the poorer countries. TB is estimated to currently infect around one 
third of the current world population. Most of those infected carry the organism with no symptoms, called 
latent tuberculosis infection (LTBI). Of the LTBI approximately 5-10% will reactivate and develop clinical 
disease sometime over their life course.  Most new cases occur in the developing countries and infection is 
usually acquired in childhood.  The Bacille Calmette-Guérin (BCG) vaccines have been in use for over 80 years, 
routinely since the 1960s, in almost all countries except the United States (US) and the Netherlands, and have 
been given to over four billion people.

Epidemiology
Worldwide the incidence rate of TB now appears to be stable or falling, but as the global population grows the 
number of new cases is still increasing, predominantly in developing countries in Africa and Asia, and amongst 
immunocompromised, particularly with human immunodeficiency virus (HIV) infection. The World Health 
Organization (WHO) estimates that there continue to be more than eight million new cases a year and over 1.8 
million deaths.

The peak age for TB infection in most Western countries is adults over 50 years. However, among ethnic and 
racial minorities rates are higher and often in young adults and children. Certain environments tend to make 
TB incidence much higher: poverty, poor nutrition, poor access to healthcare and crowded conditions

Cases of TB in New Zealand (NZ) has declined substantially between 1980 and 2007, but has remained 
relatively stable since then.  Most cases in 2011 were associated with people born in Asia, Africa and the 
Pacific Islands. The most common age of diagnosis was aged 20 – 29 years. There is significant regional 
variation in rates with the highest incidence occurring in the Auckland region. Risk factors for being diagnosed 
with TB included being born overseas in a high prevalence country, recent immigrant, prior or recent contact 
with TB, and identified as living in an area of higher deprivation.

Safety
The safety profiles of BCG vaccines are well established. Complications are rare, but depend on vaccinator 
skill, method of administration used, type, strength and dose of vaccine, and age and immune status of the 
vaccinee. Local reactions are more common in women and older people, and vaccines are better tolerated in 
young infants less than six months of age.

BCG vaccination early in life does not appear to offer protection against allergy sensitisation, but may have a 
protective effect against asthma. It is unknown if BCG can offer protection against cancers. There is no effect 
on the incidence of multiple sclerosis. 

Severe local reactions occur in less than 1% in immunocompetent persons and serious systemic reactions 
are rare.  Case reports highlight some rare reactions to be aware of: BCG bacteraemia, BCG osteomyelitis, 
necrotising fasciitis, local tumours at the scar site, lichen striatus, late onset suppurative lymphadenopathy and 
disseminated lupus vulgaris.  

The incidence of vaccine reactions vary with different BCG strains.

Immunocompromised individuals are at higher risk of BCG adverse events, both for increased incidence 
of local reactions and disseminated BCG-TB, which occasionally leads to death. Newborn infants of 
immunocompromised mothers, such as those with HIV-infection or taking immunosuppressive therapeutics in 
pregnancy, may be at risk of severe reactions to BCG given in early infancy.  HIV-infected children are likely to 
be at higher risk of severe adverse events, but not HIV-exposed children.



iv Antigen Review–2012: Tuberculosis

Immunogenicity, efficacy, effectiveness
The exact immune response elicited by BCG vaccination and the mechanism of action in the host are still 
not well understood. There is no reliable established laboratory correlate for immunity to Mycobacteria 
tuberculosis. While it is unlikely that any single, simple measure of cellular immune function will be useful as 
a direct correlate of protection, new breakthroughs in technology are on the horizon that could improve the 
diagnostic tools available.  

Efficacy for BCG vaccines varies from zero - 80%. The vaccines have documented protective effect against 
meningitis and disseminated TB in children, particularly in newborn and young infants. However, BCG vaccines 
do not prevent primary infection, are only partially effective against severe infection in children, are unreliable 
against adult pulmonary TB, and not effective against reactivation of latent pulmonary infection.  In persons 
infected with TB, subsequent vaccination with BCG does not augment the level of immune response.    

BCG vaccines do not appear to prevent infection with M. tuberculosis, but can prevent disease in the host, 
associated with dissemination of the organism, in particular. Therefore, the vaccines offer a higher level of 
protection against the most serious forms of TB, such as meningitis and disseminated disease, than against 
the more moderate forms of disease, usually pulmonary.  

There are significant differences in efficacy across populations and geographical areas. Maternal factors, 
genetic factors, nutritional factors and environmental factors all appear to influence efficacy.  Efficacy and 
immune responses vary considerably across strains, but the data to date does not differentiate which strains 
are more effective overall. 

HIV-exposed infants show a blunting of the immune response to early infancy BCG. Efficacy in HIV-infected 
infants is unknown.

In developing countries, a birth dose of BCG significantly reduces overall infant mortality. One possible aspect 
of this effect may be that BCG appears to enhance the production of vitamin D. 

BCG offers no impact on disease transmission and there are no herd immunity effects. Duration of protection 
is unknown, possibly 10 to 15 years or longer in some populations. 

Vaccine options
As of early 2013, there are seven sites throughout the world that produce BCG vaccine. The vaccines are 
known by the location where they are produced. Although there are many different strains in use, four main 
strains account for more than 90% of the vaccine in use worldwide. BCG vaccine strains have and continue to 
evolve from the original BCG first used in 1921, and from each other.  There is no worldwide consensus about 
which strain of BCG is optimal for general use.  The use of a more attenuated strain gives fewer side effects, 
however it may also have lower efficacy.

There is large international effort behind looking for new options. By 2011, there were 12 TB vaccine 
candidates that had entered clinical trials. The first new TB vaccine could become available in 2018 at the 
earliest.

Options for scheduling
BCG vaccines have not, and cannot, lead to the elimination of the disease from the human population, and 
are not considered a reliable tool for TB control.  TB can only be eliminated if new, more effective vaccines 
are developed. Vaccination of children with BCG vaccine prevents severe forms of TB in children, such as TB 
meningitis, but is less effective in preventing pulmonary TB in adults.

The WHO recommends a single dose of BCG vaccine to newborn infants in developing countries with a high 
prevalence of infectious TB.  Countries with lower rates of TB have already discontinued or are considering 
discontinuing BCG vaccination.  However, in countries where there are childhood cases from high-risk 
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immigrant communities, BCG vaccination selectively targeted programmes continue. The current NZ strategy 
of offering vaccination to newborn infants from immigrant families coming from countries with endemic TB 
rates ≥ 40 per 100 000 is consistent with this approach.

In many developed countries the strategy for adults has moved to protecting high-risk adults, such as those 
who work with patients who have multidrug resistant TB. Some commentators now recommend, in low 
prevalence settings, to consider BCG vaccination for adolescents who are at risk of exposure such as high 
risk occupations and are tuberculin skin test negative. However, this is not a consistent recommendation and 
opinion remains divided. 

Implementation Issues
Intradermal administration in the deltoid using a syringe and needle is now the internationally accepted route 
for all current BCG vaccines, because the dosage can be measured precisely and the administration can be 
controlled. Percutaneous multipuncture devices may offer advantages with lower rates of adverse events and 
are currently offered in Japan and South Africa. 

The recommend dosage differs by vaccine strain and the age of the recipient. Most manufacturers recommend 
a 0.05ml dose for infants and a 0.1ml dose for children and adults. 

The use of tuberculin tests prior to BCG vaccination is not recommended for newborns and remains 
controversial for older ages.  

The WHO currently recommends not giving BCG vaccination to HIV-infected infants, although this is challenged 
by some authors. Some commentary now recommends that neonatal BCG vaccine should be delayed for a 
few months in families with a history of recurrent infection, or any history of primary immunodeficiency as this 
could suggest a genetic underlying immunodeficiency in the child. 

Repeat vaccination with BCG is not recommended. International advice on post-exposure vaccination is 
inconsistent.  

International Policy
Most countries that continue national policies use neonatal or early infant BCG.  Very few countries use 
repeated doses. Most developed countries now have moved to targeted policies with vaccination of high risk 
infants and/or high risk people of other ages, such as healthcare workers.

As TB rates continue to decline in developed countries, it is expected that trends will continue to limit BCG 
vaccination to even more selective use and to discontinue universal immunisation programmes.

This report summarises new research on TB vaccines and vaccination published between 2009 and 2012. 
During an edit of this review in 2014, reference updates were inserted where the data referenced had been 
published since 2013. A full review of publications and vaccination schedules was not conducted.



vi Antigen Review–2012: Tuberculosis

2012 Antigen Review 

for the 

New Zealand National

Immunisation Schedule:  

Tuberculosis

Prepared as part of a Ministry of Health contract

by

Dr Helen Petousis-Harris, Immunisation Advisory Centre (PI )

Dr Nikki Turner, Immunisation Advisory Centre (Lead Author) 

Tracey Poole, Immunisation Advisory Centre

Dr Mary Nowlan, Immunisation Advisory Centre (Editor)

This review is one of a series of 18 antigen reviews presented in 15 individual reports.

February 2013 (edited September 2014)



viiAntigen Review–2012: Tuberculosis

Contents
Executive summary......................................................................................................... iii

Contents........................................................................................................................... vii

	 Figures ............................................................................................................................................................ ix

	 Tables	.............................................................................................................................................................. ix

	 Abbreviations.................................................................................................................................................x

1. Background – tuberculosis and vaccination	 1

	 1.1 Introduction..............................................................................................................................................1

2. Methodology for review............................................................................................. 2

	 2.1 Objectives.................................................................................................................................................2

	 2.2 New Zealand epidemiology...................................................................................................................2

	 2.3 Literature search strategy.....................................................................................................................2

	 2.3.1 Medline search terms and strategy..................................................................................................2

	 2.3.2 Cochrane Library search terms and strategy.................................................................................3

	 2.3.3 Scopus search terms and strategy....................................................................................................3

	 2.3.4 Grey literature......................................................................................................................................3

	 2.3.5 Additional searches.............................................................................................................................3

	 2.3.6 Final library ..........................................................................................................................................3

	 2.4 Participants/populations.......................................................................................................................3

	 2.5 The interventions included are:.............................................................................................................3

		  2.5.1 BCG OncoTICE..........................................................................................................................3

		  2.5.2 BCG Vaccine SSI......................................................................................................................4

	 2.6 Study designs...........................................................................................................................................4

3.0 Recent epidemiology ............................................................................................... 5

	 3.1 Vulnerable populations...........................................................................................................................5

	 3.2 Recent NZ epidemiology........................................................................................................................5

		  3.2.1 Age specific:..............................................................................................................................5

		  3.2.2 Ethnic –specific.........................................................................................................................6

		  3.2.3 Risk factors...............................................................................................................................7

	 3.3 Summary of epidemiology.....................................................................................................................7

4. Safety........................................................................................................................... 8

	 4.1 Objective...................................................................................................................................................8

	 4.2 Outcomes.................................................................................................................................................8

	 4.3 Review.......................................................................................................................................................8

		  4.3.1 Allergy and BCG vaccination.................................................................................................8

		  4.3.2 Asthma......................................................................................................................................9

		  4.3.3 Serious adverse events ..........................................................................................................9

		  4.3.4 Vaccin e strains........................................................................................................................11

	 4.4 Summary vaccine safety........................................................................................................................11



viii Antigen Review–2012: Tuberculosis

5. Immunogenicity, efficacy, effectiveness and vaccine impact................................. 12

	 5.1 Objective...................................................................................................................................................12

	 5.2 Outcomes.................................................................................................................................................12

	 5.3 Review.......................................................................................................................................................12

		  5.3.1 Immunogenicity .......................................................................................................................12

		  5.3.2 Efficacy and effectiveness.......................................................................................................13

		  5.3.3 All-cause mortality...................................................................................................................17

		  5.3.4 Herd immunity.........................................................................................................................17

		  5.3.5 Duration of protection............................................................................................................17

		  5.3.6 BCG and leprosy......................................................................................................................17

	 5.4 Summary of immunogenicity, efficacy and effectiveness ................................................................18

6. Age-specific issues...................................................................................................... 19

	 6.1 Objective...................................................................................................................................................19

	 6.2 Review.......................................................................................................................................................19

		  6.2.1 Vaccine issues for different age groups...............................................................................19

7. Vaccine options .......................................................................................................... 20

	 7.1 Objective...................................................................................................................................................20

	 7.2 Review.......................................................................................................................................................20

		  7.2.1 BCG vaccines............................................................................................................................20

		  7.2.2 Alternative vaccine options....................................................................................................20

	 7.3 Summary for vaccine options................................................................................................................21

8. Options for scheduling .............................................................................................. 22

	 8.1 Objective...................................................................................................................................................22

	 8.2 Review.......................................................................................................................................................22

9. Implementation issues............................................................................................... 23

	 9.1 Objective...................................................................................................................................................23

	 9.2 Review.......................................................................................................................................................23

		  9.2.1 Route of delivery.......................................................................................................................23

		  9.2.2 Dosage......................................................................................................................................23

		  9.2.3 Use of Tuberculin skin test......................................................................................................23

		  9.2.4 HIV Infection.............................................................................................................................23

		  9.2.5 Immunodeficiency....................................................................................................................23

		  9.2.6 Risk of spread to contacts......................................................................................................23

		  9.2.7 Concomitant administration at birth with hepatitis B vaccination.................................23

		  9.2.8 Repeat vaccination..................................................................................................................24

		  9.2.9 Post-exposure vaccination......................................................................................................24

		  9.2.10 Vitamin A and BCG...............................................................................................................24

	 9.3 Summary for implementation issues....................................................................................................24



ixAntigen Review–2012: Tuberculosis

10. International policy and practice............................................................................ 25

	 10.1 Objective.................................................................................................................................................25

	 10.2 Review.....................................................................................................................................................25

		  10.2.1 United States..........................................................................................................................25

		  10.2.2 United Kingdom.....................................................................................................................25

		  10.2.3 Australia.................................................................................................................................26

	 10.3 Summary of international policy and practice.................................................................................26

References........................................................................................................................ 27

Figures 
Figure 1. 	 Flow of selection of articles for review.............................................................................................   3

Figure 2. 	 Estimates of Bacille Calmette-Guérin (BCG) vaccine efficacy against different forms 
	 of tuberculosis (TB) and leprosy from clinical trials (CT), case-control (CC), 
	 cohort (COH) and household (HH) studies.  
	 Adapted by (3) from Fine et al for WHO (50)................................................................................. 14

Tables
Table 1. 	 Age-sex distribution of tuberculosis disease cases, 2011.............................................................   5

Table 2. 	 Tuberculosis disease cases by birth country, 2011........................................................................   6

Table 3. 	 New Zealand-born and overseas-born tuberculosis disease cases by ethnicity, 2011.............   7



x Antigen Review–2012: Tuberculosis

Abbreviations
ACIP Advisory Committee on Immunisation Practices (US)

AEFI Adverse Event Following Immunisation

BCG Bacille Calmette-Guérin Vaccine against TB

ELISA Enzyme-Linked Immunosorbent Assay

IgE Immunoglobulin E

HIV Human Immunodeficiency Virus

IFN-γ Interferon gamma, a cytokine produced by CD4 T cells 

IL Interleukin: cytokines produced by CD4 T cells 

IUATLD International Union against Tuberculosis and Lung Disease

LTBI Latent Tuberculosis infection

MSMD Mycobacterial diseases

Mycobacterium bovis A bovine mycobacterium strain in BCG vaccines

NZ New Zealand

SAE Serious Adverse Event

TB Tuberculosis

TNF-α Tumour necrosis factor- alpha 

UK United Kingdom

US United States

WHO World Health Organization

IVR WHO Initiative for Vaccine Research

UNICEF United Nations Children’s Fund

Acknowledgements
The Immunisation Advisory Centre (IMAC) and the University of Auckland appreciates the opportunity to 
undertake literature reviews of the specific vaccines under consideration for, or currently in use for the NZ national 
immunisation programme. This work was commissioned by the Ministry of Health, to inform decision-making for 
changes to the schedule and to enable up-to-date clinical guidelines to be incorporated into the NZ Immunisation 
Handbook 2014. These documents were prepared by IMAC, in collaboration with Environmental Science and 
Research (ESR), under contract to the Ministry of Health, and were reviewed by members of the Prescription and 
Therapeutics Advisory Committee (PTAC) immunisation subcommittee 2013 to Pharmac. The authors would also like 
to acknowledge Val Grey, Graphic Designer, Faculty of Medical and Health Sciences, The University of Auckland, for 
her assistance with design and layout of these documents.



1Antigen Review–2012: Tuberculosis

1. Background – tuberculosis and 
vaccination
This report summarises new research on Tuberculosis (TB) vaccines and vaccination published during the past four 
years (2009-2012). During an edit of this review in 2014, reference updates were inserted where the data referenced 
had been published since 2013. A full review of data and vaccination schedules was not conducted.

New Zealand (NZ) has excellent recent national resources covering advice around the control and management of 
TB:

•	The NZ Communicable Diseases Control Manual 2012  (1). This manual describes the standard practice that 
public health services should follow in NZ for the prevention and control of notifiable diseases including TB.

•	The Guidelines for Tuberculosis Control in New Zealand 2010 (2). These guidelines produced in August 2010 
contain detailed NZ information based on latest international evidence and covers epidemiology, treatment and 
management of patients, infection control and best practice. 

1.1 Introduction
TB infection of humans has been recognised for many thousands of years.  The disease exists in all countries in the 
world and is endemic in most of the poorer countries. It is estimated to infect around one third of the current world 
population. Many carry the organism with no symptoms, known as latent tuberculosis infection (LTBI).  Of the LTBI 
cases, approximately 5-10% will reactivate and develop clinical disease sometime over their life course.  Most new 
cases occur in the developing countries and infection is usually acquired in childhood.  Much of the increase in global 
TB infection during 1980 to 2005 was attributable to the spread of Human Immunodeficiency Virus (HIV) in Africa 
and Asia (3). The World Health Organization (WHO) estimates there are more than eight million new cases a year 
and over 1.8 million deaths (4).

The Bacille Calmette-Guérin (BCG) vaccines  have been in use for over 80 years, routinely since the 1960s in almost 
all countries except the United States (US) and the Netherlands, and have been given to over four billion people (3). 
The WHO estimates that BCG is given currently to more than 80% of neonates and infants in low income countries, 
where it is a routine part of their national childhood immunisation schedule (4).
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2. Methodology for review
2.1 Objectives
The objectives for this review have been informed by 
the general specifications for the 2012 NZ antigen 
review and the specific specifications for tuberculosis 
vaccines. These are listed below. The dates for 
publication are between 2009 and 2012 as per the 
brief. This is not a systematic review or a critique of 
the literature. The choice of articles reviewed is based 
on the purposeful selection of recent reviews and 
studies that may best inform policy discussions around 
tuberculosis vaccines for New Zealand.

•	General specifications

•	 Safety

•	 Effectiveness

•	 Implementation issues (practicality and possible 
impact on uptake)

•	 The differences that need to be considered for 
each age group such as the variable severity of 
diseases and issues for vaccination

•	 Different options of placement on the schedule, 
based on international findings and best practice

•	 Different vaccine options and comparisons 
between the options

2.2 New Zealand 
epidemiology
In NZ, TB disease is notifiable to Medical Officers 
of Health under the Tuberculosis Act 1948. The NZ 
epidemiological information presented is based on 
national notification and laboratory-based surveillance 
summarised in the Tuberculosis in New Zealand 
Annual Report 2011 (5).

2.3 Literature search strategy
The points below have formed the focus of the 
literature search:

1.	 Safety

2.	 Effectiveness in disease control 

		  a. Effect on 

	  		   i. Indirect effects/herd immunity

			   ii. Duration of protection

		  b. Immunogenicity

3.	 Implementation issues (practicality of and possible 
impact on uptake)

4.	 Differences that need to be considered for each 
age group, and groups with particular needs

	 a. Age

	 b. High-risk groups – definition of which 		
	     groups most likely to benefit and which 		
	     vaccines/s

5.	 Different option for placement on the schedule, 
based on international findings and best practice

6.	 Different vaccine options and comparison 
between the options

7.	 Current international  research and evidence 
around use of vaccines

2.3.1 Medline search terms and strategy

MeSH term: Tuberculosis vaccin*

14956

Limit to Humans, English, 2009 – current

932

NOT Costs and Cost analysis

887

NOT qualitative, interview, parent, physician, survey, 
attitudes

873 (keep and view)
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2.3.2 Cochrane Library search terms and 
strategy

Search term Tuberculosis vaccin*

Limit to Cochrane Reviews, Other Reviews, and Trials 
2009-present

2 results (keep and view)

2.3.3 Scopus search terms and strategy

Tuberculosis vaccin* Published 2011 – present

1881

Limit to: Medicine, Humans, English

1225

Exclude Letter, short survey, editorial and erratum

1087 

Reject Veterinary, Agricultural and Biological, Arts and 
Humanities, Social science articles. 

814 (keep and view) 

Delete duplicates

Final Endnote Library 1432 Articles 

2.3.4 Grey literature

Conference abstracts were sought to include data that 
has not yet been published, particularly from the key 
infectious diseases conferences for 2011 and 2012 – 
there were no abstracts or posters accessed.

2.3.5 Additional searches

Where questions arose additional searches were 
undertaken to ensure there was no further available 
data. Where articles were missing they were accessed 
and added to the library. A further 5 articles were 
accessed.

2.3.6 Final library 

The final library includes 1437 references. Where 
systematic reviews and/or meta-analysis were 
available the preceding literature has been excluded 
from the review. 

Figure 1. Flow of selection of articles for review

2.4 Participants/populations
The population for a universal programme are Infants 
and targeted vaccination all ages, children and adults.

2.5 The interventions included 
are:
•	BCG OncoTICE

•	BCG Vaccine SSI

2.5.1 BCG OncoTICE

OncoTICE vaccine contains live, attenuated bacilli 
of Mycobacterium bovis, prepared from a culture of 
Bacillus of Calmette-Guérin (BCG, strain Tice) and 
distributed by Merck Sharp & Dohme (NZ) Ltd.

The composition includes lactose, asparagine, 
citric acid (E330), potassium phosphate (dibasic), 
magnesium sulphate, iron ammonium citrate, glycerin 
(E422), ammonium hydroxide (E527), zinc formate.

The freeze-dried BCG preparation each dose contains 
approximately 2-8 x 108 colony forming units (CFU) 
of Tice BCG. After reconstitution in 50ml saline the 
suspension contains 0.4-1.6x107 CFU/ml.

No preservatives have been added.  
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2.5.2 BCG Vaccine SSI

The licensed BCG vaccine SSI (CSL Biotherapies) is a 
live attenuated vaccine containing Mycobacterium 
bovis BCG, Danish strain 1331. 

•	For adults and children aged 12 months and over 
1 dose (0.1 ml) contains Mycobacterium bovis BCG 
(Bacillus Calmette-Guérin), Danish strain 1331, live 
attenuated, 2 - 8 x 105 CFU.

•	For infants under 12 months of age, 1 dose 
(0.05 ml) contains Mycobacterium bovis BCG 
(Bacillus Calmette-Guérin), Danish strain 1331, live 
attenuated, 1 - 4 x 105 CFU.

The formulation includes magnesium sulphate 
heptahydrate, dipotassium phosphate, citric acid, 
monohydrate, L-asparagine monohydrate, ferric 
ammonium citrate, glycerol 85% and water for 
injection.

2.6 Study designs
The studies included in this update are meta-analysis, 
systematic reviews, reviews, randomised controlled 
trials, and observational studies using database 
matching.  
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3.0 Recent epidemiology
3.2 Recent NZ epidemiology
Previous epidemiological data is well described in the 
NZ publication The Guidelines for Tuberculosis Control 
in New Zealand 2010. 

Data below is accessed from the ESR report 
Tuberculosis in New Zealand Annual Report 2011 (5). 
Data from 2012 was yet not available in early 2013.

In 2011, there were 626 cases of TB reported:

•	308 case of TB disease, both new and relapse/ 
reactivation

•	318 cases of TB infection; treatment of latent and 
old disease on preventive treatment.

The 2011 disease rate was 7.0 cases per 100,000, 
which was unchanged from the rate reported in 2010. 
Overall annual TB disease rates have more than halved 
from 1980, when there were rates of 15.1/100,000.

3.2.1 Age specific:

The highest rates are in those aged 20 – 29 years (13.1/100,000).  Age and sex-specific rates are listed below in 
Table 1.

  Table 1. Age-sex distribution of tuberculosis disease cases, 2011

Worldwide the incidence of TB infection now appears 
to be stable or falling, but as the global population 
grows, the number of new cases is still increasing, 
predominantly, in developing countries in Africa 
and Asia and amongst the immunocompromised, 
particularly, those infected with HIV infection (6). 
Global TB incidence has been decreasing by 1.3% per 
year since 2002, and the absolute numbers of incident 
cases has fallen since 2006.  Deaths from TB have 
fallen by 40% globally since 1990, and achievement of 
the WHO 50% reduction target by 2015 is likely (7).

3.1 Vulnerable populations
The peak age of TB incidence in most Western 
countries occurs in adults over 50 years. However, 
among ethnic and racial minorities rates are higher, 
often occurring in children and young adults. 
Environments of poverty, poor nutrition, limited access 
to healthcare and crowded conditions are associated 
with a higher incidence of TB.  Prisons, nursing homes, 
homeless populations and migrant camps have all 
been identified as higher risk environments. However, 
independent of socioeconomic conditions, ethnicity is 
the strongest risk factor for TB (3
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3.2.2 Ethnic specific

•	Middle Eastern/Latin American/African ethnic group: 42.5/100,000

•	Asian ethnic group: 40.6/100,000

•	Pacific peoples: 18.0/100,000

•	Maori: 6.2/100,000

•	European/Other: 1/100,000

3.2.2.1 Country of Origin

Of the 308 TB disease cases in 2011, birth country was recorded for 301 cases (97.7%). Seventy four cases (24.6%) 
were born in NZ, and 227 cases (75.4%) were born overseas. The highest disease rate was among those born in 
Asia: 61.7/100,000, followed by those born in Sub-Saharan Africa: 38.9/100,000 and thirdly, in the Pacific Islands 
27.2/100,000 (see Table 2).

Table 2. Tuberculosis disease cases by birth country, 2011

Table 3 illustrates TB cases NZ born or overseas born by ethnicity.  Cases for NZ born showed the proportion of 
Māori (50.0%) was the highest, followed by European or Other (24.3%) and Pacific Peoples (17.6%) ethnicities. For 
overseas born cases, the largest proportion were classified as Asian ethnicity (70.5%), followed by those of Pacific 
Peoples ethnicity (14.5%). 
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Table 3. New Zealand-born and overseas-born tuberculosis disease cases by ethnicity, 2011

3.2.2.2 Region-specific

More than half of all the cases were reported in the 
three DHB in the Auckland region.

•	Auckland DHB: 17.7/ 100,000

•	Capital and Coast DHB: 11.9/100,000

•	Hawkes Bay DHB: 10.90/100,000

•	Counties Manukau 10.2/100,000

•	MidCentral  7.1/100,000

•	Waitemata 6.4/100,000

3.2.3 Risk factors

•	The most common risk factor was being born 
overseas with 75.4% of cases and current or recent 
residence with a person born outside of NZ in 74% 
of cases.

•	More than half of the cases born overseas (52.5%) 
reported TB less than five years after arriving in NZ.

•	Prior contact with a confirmed case of TB was 
recorded in 28% of cases.

•	People from the four most deprived deciles by the 
NZDep rating (decile 7-10) comprised 58.5% of 
cases.

3.3 Summary of epidemiology
Worldwide the incidence rate of TB now appears to be 
stable or falling, but as the global population grows 
the number of new cases is still increasing, particularly 
in developing countries in Africa and Asia and 
amongst the immunocompromised, predominantly, by 
HIV infection.

The peak age of TB incidence in most Western 
countries occurs in adults over 50 years. However, 
among ethnic and racial minorities rates are higher 
and often in young adults and children. Certain 
environments tend to make TB incidence much higher: 
poverty, poor nutrition, poor access to healthcare and 
crowded conditions

The rate of TB in NZ declined substantially between 
1980 and 2007, but has remained relatively stable 
since then.  Most cases in 2011 were associated with 
people born in Asia, Africa and in the Pacific Islands. 
The most common age of diagnosis was aged 20 – 29 
years. There is significant regional variation in rates 
with the highest incidence occurring in the Auckland 
region.  Risk factors for being diagnosed with TB, 
included being born overseas in a high prevalence 
country, recent immigrant, prior or recent contact 
with TB, and identified as living in an area of higher 
deprivation.
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4. Safety
4.1 Objective
The objective of this section is to review any recent 
safety data for currently licenced BCG vaccines. 

4.2 Outcomes
Outcomes are general vaccine safety including 
adverse events following immunisation (AEFI) and 
serious adverse events (SAE).

4.3 Review
BCG vaccine was first used in 1921, and a range of 
BCG vaccines have been extensively used since that 
time. It is estimated that more than four billion people 
have received BCG vaccines. 

The rate of complications, which are rare, vary 
depending on the skill of the vaccinator; the 
administration method used; the vaccine type, dose 
and strength; and the age and immune status of the 
recipient.  Infants less than six months of age is better 
tolerate vaccination than older infants. Development of 
local reactions and abscesses is, in general, more likely 
in women and older people (3). 

Local reactions are common:  90-95% of BCG 
recipients develop a local reaction followed by 
healing and scar formation within three months. An 
accelerated response to the vaccine is often observed 
in those with LTBI, as characterised by having 
induration within one-two days and scab formation 
and healing within 10-15 days. 

After local skin reactions, the most common 
complications are local ulceration and regional, 
which occur in less than 1% of immunocompetent 
recipients with good intradermal administration. These 
reactions can appear from a few weeks to months 
after vaccination, symptoms can be delayed for 
months in immunocompetent persons and for years 
in some immunocompromised patients. Suppurative 
lymphadenitis is more common among newborns than 
older infants and children, especially when a full dose 
of vaccine is given; hence, the WHO recommends a 
reduced dose of 0.05ml in children younger than 30 
days.

Although resolution may take several month, 
nonsuppurative lymph nodes usually improve 
spontaneously. A meta-analysis of the treatment of 

adenitis found the literature lacking for consensus, 
but that based on currently available studies, oral 
antibiotics or antituberculosis drugs did not reduce the 
frequency of suppuration (3).  

A recent study from Saudi Arabia reported on 145 
patients presenting with BCG lymphadenitis between 
January 2005 and December 2010 (8).  In the majority 
of cases (n=103), the lymphadenitis involved the 
left axillary nodes. Eight (27%) of the patients had 
positive cultures for Mycobacterium bovis (the BCG 
mycobacterium).  The authors recommended that 
in the context of Saudi Arabia, a time later than at 
birth may be preferable for BCG as this reaction is 
more common in newborns. Another Saudi Arabian 
study followed the records of 26,000 newborns given 
BCG vaccination from 2008 - 2011 and found 81 
complications (3.12 complications/1000 newborns). 
There were 64 cases of axillary lymphadenitis, 
nine supraclavicular lymphadenitis, six collections 
at the immunisation site and one each of cervical 
lymphadenitis, left arm abscess. In total, two 
of the children were immunocompromised. The 
simple lymphadenitis were treated expectantly, the 
suppurative lymphadenitis were excised, or incised 
and drained.  The authors recommend conservative 
treatment of non-suppurative lymphadenitis and 
excision of suppurative to avoid rupture and shorten 
the recovery period, without using antituberculosis 
treatment (9).  

There is no evidence that children who experience local 
complications are more likely to have immune deficits (3).

4.3.1 Allergy and BCG vaccination

A systematic review and meta-analysis was published 
in 2011, which reviewed the relationship between BCG 
vaccination and the risk of sensitisation, eczema/
atopic dermatitis, allergic rhinoconjunctivitis, asthma 
and other allergic conditions, including food allergy 
and anaphylaxis.  The review identified 767 articles, of 
which 17 satisfied the inclusion criterion.  The results 
did not show any protective effect of BCG vaccination 
against the risk of sensitisation, as measured by 
specific Immunoglobulin E (IgE) tests (OR 1.33, 
95% CI 1.07-1.60), skin prick testing (OR 0.87, 95% 
CI 0.67-1.13), the risk of atopic eczema/dermatitis 
(OR 0.84, 95% CI 0.64-1.09), or the risk of allergic 
rhinoconjunctivitis (OR 1.07, 95% CI 0.89-1.28). 
BCG was associated with a protective effect against 
asthma (OR 0.73, 95% CI 0.56-0.95), although, this 
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might be explained by publication bias.  The reviewers 
concluded that BCG is unlikely to be associated with 
protection against the risk of allergic sensitisation (10).  

An international cross-sectional study investigated 
whether TB infection and BCG may have a protective 
effect on allergic disease risk.  Data and physical 
examinations were undertaken on a randomly selected 
subset of 23,901 school children, aged 8–12 year old, 
in 20 centres in developed and developing countries. 
No protective association was found for early BCG 
vaccination on asthma, rhinitis or eczema (11). 

4.3.2 Asthma

A 2010 systemic review appraised 23 studies to review 
the effect of BCG on asthma outcomes.  Three studies 
were excluded due to poor quality. Results show that 
the epidemiological evidence was in support of the 
hypothesis that exposure to BCG vaccine in early life 
prevents asthma and the authors speculated that this 
was possibly through a modulation of the immune 
maturation process (12).

A retrospective cohort study involving 2,311 individuals 
who had received BCG vaccine classified them 
according to the number of BCG vaccines they had 
received: one, two or three doses.  Overall, 1,317 had 
received one, 644 received two, and 350 had received 
three or more.  There were no significant differences 
in the prevalence of asthma between the three groups 
(13).  Multiple doses of BCG do not appear to be 
associated with further reductions in the incidence of 
asthma.

4.3.3 Serious adverse events 

The major serious vaccine safety concern for BCG 
vaccine is the possibility of the vaccine associated 
infection in immunocompromised people, both if an 
immunocompromised person receives BCG themselves, 
or from shedding of the attenuated organism from 
other people (4). Generalised BCG disease is extremely 
rare in immunocompetent patients, although there 
have been occasional case reports (3). 

Use of BCG vaccination in persons already infected 
with TB may actually promote reactivation of the TB  –  
this is called the Koch reaction (3).

Some experts have raised questions about a possibly 
increased or decreased risk of certain types of cancer, 
particularly, lymphomas among vaccinated compared 
to unvaccinated persons: to date, this has not been 
definitively shown. Other studies have suggested that 
BCG in newborns may reduce certain childhood cancers, 
but the data to date is insufficient to answer this. 

A meta-analysis  of published data from 1956 – 2011 
showed no change in the risk of developing multiple 
sclerosis after vaccination with BCG (OR 0.96, 95% CI 
0.69-1.34) (14).

4.3.3.1 Case reports

A Thai study reported four cases of immunocompetent 
newborns vaccinated with BCG and all hospitalised 
with high fever and/or jaundice within 72 hours of 
vaccination.  One isolate was identified as the BCG 
bacterium, Mycobacterium bovis.  The similar clinical 
presentation and temporal association suggested to 
the authors that all four infants probably had BCG 
bacteraemia shortly following vaccination (15).  This 
has not been previously described.

Cases of BCG osteomyelitis have been reported: in a 
nine month old girl in South Korea, presenting with 
BCG osteomyelitis following vaccination with BCG –
Tokyo strain at birth;  in the femur of an infant in Hong 
Kong; and in the tibia of a ten month old in China 
(16-18). A Saudi study reports three immunocompetent 
children who developed osteomyelitis after BCG 
vaccination. With surgical intervention and 
chemotherapy the prognosis was good (19).  A case 
study of an infant with osteomyelitis of the proximal 
tibia undertook a review of BCG osteomyelitis in 
infants.  The authors found seven studies reporting 
14 cases of BCG osteomyelitis extending to the grown 
plate and epiphysis.  There was a high recurrence 
rate with just over a half requiring reoperation, but 
there were no significant risk factors associated with 
recurrence. The authors recommend early curettage of 
the entire lesion to eradicate it and avoid recurrence (20).

A newborn in India was reported with necrotizing 
fasciitis after BCG vaccination that required extensive 
debridement and intravenous antibiotics (21).

Another case report published in 2012 was of a 59 
year old man  in Finland who developed a superficial 
basal cell carcinoma on a prior BCG site (22).  A 
lipoma was reported on the BCG scar of a 14 month 
old girl that had been rapidly growing for four months 
and was restricting movement and causing pain: it 
was fully resected (23).

Severe local reactions with large cutaneous necrotic 
ulcers are very occasionally reported following BCG 
vaccination and considered to be extremely rare (24).

A child was reported with a 7mm erythematous nodule 
at a distance of 4cm from the BCG injection site which 
histologically defined as a necrotizing granulomatous 
reaction. This specific complication is called BCG-itis in 
the literature (25).
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A seven month old Indian girl given BCG at two ½ 
months of age presented with a hypopigmented lesion 
linearly arranged along the lateral aspect of her left 
upper limb which was diagnosed as lichen striatus. 
This was expected to resolve in seven to nine months (26). 

A healthy young Japanese boy presented at two years 
and five months of age with late onset suppurative 
lymphadenopathy more than two years after having 
a BCG at three months of age.  Mycobacterium bovis 
was identified. The lesion was fully excised with no 
complications. While late complications have been 
associated with impairment of cell mediated immunity, 
this has not been previously identified in children with 
normal cell-mediated immunity (27).

An otherwise healthy seven year old Indian boy 
presented with skin lesions over the left upper limb, 
forehead and back for six years and a large fleshy 
mass over the left arm for two years.  He had been 
given BCG at six weeks of age. This was diagnosed 
as BCG-disseminated lupus vulgaris complicated by a 
squamous cell carcinoma. It was treated with excision 
and antitubercular medication (28). BCG-disseminated 
lupus vulgaris is estimated to occur in five per 1 
million vaccinations, but increases after multiple BCG 
vaccinations. 

4.3.3.2 Immunocompromised

HIV-infected children and any others with severe 
defects in cell-mediated immunity including  
chronic granulomatous disease, severe combined 
immunodeficiency, malnutrition, cancers, complete 
Di George syndrome, interferon gamma (IFN-γ) 
production or receptor deficiency have a higher chance 
of disseminated BCG disease that can, rarely, be fatal 
(3, 29).  

A case study reported on severe axillary lymphadenitis 
following BCG vaccination given to newborns in three 
infants with primary immunodeficiencies: one with 
a partial recessive interferon-receptor 1 deficiency 
who developed BCG dissemination and two relatives 
with ZAP70 deficiency, which is a severe combined 
immunodeficiency, who presented with regional 
and distant BCG disease. This case study highlights 
the importance of considering the diagnosis of 
immunodeficiency in a child with severe axillary 
lymphadenitis after BCG vaccination and of the risks 
of disseminated BCG disease in an immunodeficiency 
child. The authors recommended that BCG vaccination 
should be delayed in every newborn with a family 
history of primary immunodeficiency until the 
condition has been ruled out (30).  

A fatal case was reported of disseminated BCG 
disease given to an infant that was exposed in utero 
to infliximab. The infliximab, an anti-tumour necrosis 
factor alpha (anti-TNF-α) agent, was given to the 
mother for Crohn’s disease throughout pregnancy. The 
infant was healthy when he received a BCG at three 
months of age and died of disseminated BCG TB at 
4.5 months of age.  This case highlights that infants 
born to mothers who have received anti-TNFα drugs 
in the third trimester may be unable to develop an 
appropriate immune response to live vaccines and the 
authors recommend postponing all live vaccines in 
these infants until at least seven months of age (31).  

A Turkish case study reports on a five month old 
infant with severe combined immunodeficiency who 
was given BCG at birth and presented with recurrent 
diarrhoea, respiratory infection and lymphadenopathy 
(32). 

A case report of an infant with the rare condition of 
Mendelian susceptibility to mycobacterial diseases 
(MSMD) was identified by the symptoms of recurrent 
mucocutaneous candidiasis and BCG lymphadenitis (33).

4.3.3.2.1 HIV infection and exposure

Studies from South Africa and Argentina reported a 
much higher risk of disseminated BCG disease among 
HIV-infected children, with rates approaching 1%.  The 
median age of onset was 98 months with a range of 3 
– 35 months, and in the reports that included outcome 
data, 81% died; survival was improved with the use of 
antiretroviral treatment. There is no apparent increase 
in risk for infants of mothers who are HIV-infected, 
although long term follow-up studies are not yet 
available (3). 

In contrast, data from Brazil looking at both HIV-
infected children and HIV-exposed children concluded 
that BCG was safe to recommend universal 
vaccination with BCG of newborns regardless of HIV 
infection or exposure (34).  A seven year prospective 
study, which followed 141 HIV-exposed and 66 
HIV-infected children given BCG at birth, found no 
localised disease in the HIV-exposed group, 3/66 
(4.5%) of adverse local events in the HIV–infected 
group and no disseminated BCG disease in either 
group.  Further data from the Brazilian National 
Programme of Immunizations supported the overall 
safety by estimating a rate of 0.387/1000 adverse 
events, such as ulcers, abscesses and suppurative 
regional lymphadenopathy, among BCG vaccinated 
group with no disseminated BCG disease.
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4.3.3.3 Undernourished

An animal model using dietary restricted mice was 
used to test whether the BCG vaccine is safe for 
undernourished children. A much higher proportion of 
undernourished mice exhibited bacterial dissemination 
to lymph nodes, spleen and liver following being 
immunised with BCG, and they had lower production 
of cytokines. These animal study results suggest that 
disseminated BCG disease may be more likely in 
malnourished children (31). 

4.3.4 Vaccine strains

BCG types vary widely with different strains. Refer to 
Section 5.3.1

The incidence of adverse events with BCG vaccination 
differs between strains that are considered ‘strong’ 
i.e. those that elicit stronger immune responses in 
animal models, and strains that are considered 
‘weak’. The strong strains have been associated with 
a higher rate of lymphadenitis and osteitis, especially 
among neonates. Reducing the vaccination dosage 
for the strong strains also reduces the incidence of 
lymphadenitis (3).

The Danish BCG strain is the most common strain 
reported in immunocompromised patients with 
disseminated disease, but the Pasteur strain has also 
been associated. Disseminated disease has not been 
reported with the Moreau and Japanese strains (3). 

Certain BCG strains, particularly the Tokyo and 
Moreau strains in Brazil, appear to be very rarely 
associated with lymphadenitis - whereas the French 
(Pasteur) strain appears to have a higher incidence of 
lymphadenitis (3). Outbreaks of lymphadenitis have 
been noted following the introduction of a new BCG 
strain. A study reported from Saudi Arabia undertook 
a retrospective chart review and prospective follow-
up of 19,402 infants who had received four different 
strains of BCG vaccine during 2002 – 2007.  Over 
the study period, eight infants developed BCG 
lymphadenitis and all were associated with the BCG 
SSI vaccine.  The authors concluded that caution is 
needed to be exercised in switching from one BCG 
vaccine to another (35). 

A large cohort study in Uganda of 1,341 infants 
given BCG-Russia, BCG-Bulgaria or BCG-Denmark at 
birth found that the BCG-Denmark has the highest 
incidence of adverse events (p=0.025) and the highest 
rate of scar with 92.6% of infants having BCG scars 
compared to 52.2% of the BCG-Russia and 64.1% of 
the BCG-Bulgaria groups (36).

4.4 Summary vaccine safety
More than four billion people have received BCG 
vaccines. The safety profile is well established; 
complications are rare, but depend on vaccinator skill, 
method of administration used, type, strength and 
dose of vaccine and age and immune status of the 
vaccine. Local reactions are more common in women 
and older people, and vaccines are better tolerated in 
young infants less than six months of age.

BCG vaccination early in life does not appear to offer 
protection against allergy sensitisation, but may have 
a protective effect against asthma. It is unknown if 
BCG may offer protection against cancers. There is no 
effect on the incidence of multiple sclerosis. 

Severe local reactions occur in less than 1% in 
immunocompetent recipients and serious adverse 
systemic reactions are rare.  Case reports highlight 
some rare reactions to be aware of: BCG bacteraemia, 
BCG osteomyelitis, necrotising fasciitis, local tumours 
at the scar site, lichen striatus, late onset suppurative 
lymphadenopathy and disseminated lupus vulgaris.  

The incidence of vaccine reactions vary with different 
BCG strains.

Immunocompromised are at higher risk of BCG 
adverse events, both an increased incidence 
of local reactions and disseminated BCG-TB, 
which occasionally leads to death. Newborns of 
immunocompromised mothers, such as HIV-infected 
mothers or mothers taking immunosuppressives in 
pregnancy, may be at risk of severe reactions to BCG 
given in early infancy. HIV-infected children are likely 
to be at higher risk of severe adverse events, but not 
HIV-exposed children.
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5. Immunogenicity, efficacy, 
effectiveness and vaccine impact
5.1 Objective
The objective of this section is to review the most 
recent performance data for currently licenced 
BCG vaccines. Consideration is given to relevant 
immunogenicity data, efficacy and effectiveness 
studies that contribute to the current understanding of 
the effectiveness of BCG vaccines and evidence of their 
impact in populations.  

5.2 Outcomes
The outcomes considered for this review are:

•	Immunogenicity markers

•	Pulmonary TB

•	Latent TB

•	Disseminated  TB 

Note that there is still no consensus on single primary 
end-point definitions for standard case definitions for 
tuberculosis for clinical trials (37).

5.3 Review

5.3.1 Immunogenicity 

5.3.1.1 Immunogenicity measures

There is no reliable, established laboratory correlate 
for immunity to Mycobacteria tuberculosis. The exact 
immune response elicited by BCG vaccination and 
the mechanism of action in the host are still not well 
understood, and there is a lack of studies about the 
immunologic events that occur in the human host after 
BCG vaccination (3).

Tuberculin skin test conversion has for a long time 
been used as evidence of TB infection or as a sign of 
adequate response to BCG vaccine.  However, the 
relationship between protective immunity and the 
tuberculin response is controversial, with no clear 
relationship established.  Neither the presence, nor 
the size of the post vaccination tuberculin skin test 
reaction reliably predicts the degree of protection 
given by BCG.  A recent study of 376 first year school 
children in Madagascar, all given tuberculin skin tests, 

showed that TB infection either latent or active is 
associated with a positive tuberculin result, but there 
was no association with past BCG vaccination (38).

Some studies have suggested that IFN-γ, a cytokine 
produced by CD4 T cells, may be a better marker 
for vaccine-induced immunity (39).  Several hundred 
new proteins, antigens and cell-mediated mechanism 
have recently been identified with particular interest 
in T-helper cell cytokine responses, the production 
of IFN-γ and its relationship to protective immunity 
against TB. A number of new antigens in the 
Mycobacterium tuberculosis organism have been 
identified, including AG85, MPT64, ESAT-6 and CFP-10, 
and studies are ongoing as to their possible use as 
tools for diagnostic tests in the future (40). Some of 
these have cross-reactivity with other environmental 
mycobacteria making it difficult to interpret. The whole-
blood assay Quanti-FERON-TB test measures IFN-γ 
and tests for latent TB infection.  The T-SPOT.TB test is 
also based on measuring the IFN-γ released by T cells 
stimulated with ESAT-6 and CFP-10 using an ELISPOT 
assay.  Neither of these tests can differentiate latent 
TB from active disease. 

Smith, Orme & Starke consider that new breakthroughs 
in technology are on the horizon, which should improve 
the diagnostic tools available and will be important in 
future vaccine trials (3, 41, 42). It is unlikely that any 
single, simple measure of cellular immune function 
will be useful as a direct correlate of protection. An 
immune correlate may need to be vaccine-specific and 
also disease-stage specific, for example a correlate in 
naïve infants may be very different to one in infected 
adults (43).

5.3.1.2 Immune responses children versus 
adults

Earlier studies have suggested that the protective 
efficacy of BCG vaccines is better for children than 
adults, with a potential explanation that BCG induces 
a better protective immune response in children.  A 
small study measured Th1 cytokines in 26 children and 
adults immunised with BCG, before and 10 weeks after 
vaccination. It showed that both children and adults 
had comparable proportions of CD4 T cells; although 
concentrations of secreted cytokines were comparable, 
the proportion of polyfunctional cells was greater 
in children. The authors concluded that the specific 
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cell-mediated immune response induced by BCG 
immunisation is similar in children and adults, and the 
implication of a shift to a more polyfunctional immune 
response in children is unclear (31).  

5.3.1.3 HIV exposed infants

A cross sectional study compared three groups of HIV-
1-exposed infants given BCG at birth with age-matched 
(to youngest group) unexposed infants: infants exposed 
to, but not infected by HIV, were placed into three 
age groups: from 6.1 – 8.8 months, 9.1 - 17.1 months 
and 18.1 - 26.3 months. Overall, results showed that 
BCG-specific T cell proliferation was reduced in HIV-
exposed infants and the IFN-γ levels were lower in the 
younger exposed infants. The authors concluded that 
this showed a delay in the immune system maturation 
of HIV-exposed infants (44). 

Similar findings were see in a study of 31 HIV-negative 
infants, born to 21 HIV-negative and 16 HIV-positive 
mothers in Malawi, which measured their response to 
BCG given at birth.  At two weeks of age, maternal HIV 
status did not influence the CD4 T cell responses, but 
by 10 weeks of age, the CD4 counts in infants born to 
HIV-positive mothers fell to a level seen in HIV-positive 
infants. The authors concluded that the reduced CD4 
counts and other cytokine effects measured indicated 
a deficiency in their ability to develop immunological 
memory (45). 

5.3.1.4 The elderly

A small study in Indonesia tested efficacy and immune 
markers in 34 elderly participants, aged 60 – 75 years, 
following BCG vaccination given monthly for three 
consecutive months. They measured prevention of 
acute upper respiratory tract infections, IFN-γ levels 
and interleukin (IL)-10 levels. There was a significant 
reduction in the prevalence of acute upper respiratory 
tract infections and increase in IFN-γ levels in the 
vaccinated group compared to placebo (46).

5.3.1.5 Immune responses and BCG strain 
types

A study of the immune response of 164 infants, 
immunised at birth with either BCG-Denmark (n=54), 
BCG-Japan (n=54) and BCG-Russia (n=57), measured 
CD4 T cells ten weeks after immunisation. The study 
showed that the proportion of polyfunctional CD4 
T cells was significantly higher in infants immunised 
with BCG-Denmark vaccine (0.013%) or BCG-Japan 
(0.016%) than with BCG-Russia (0.007%; p=0.018 

and p=0.003, respectively). Those vaccinated with 
BCG-Japan had higher concentrations of secreted Th1 
cytokines, those immunised with BCG-Denmark had 
higher proportion of CD107-expressing cytotoxic CD4 
cells. This study highlights that there is significant 
variation in immunological responses induced by 
different BCG strains (31). 

A large cohort of 1341 infants in Uganda, from the 
Entebbe Mother and Baby Study who were given BCG-
Russia, BCG-Bulgaria or BCG-Denmark at birth, were 
analysed by BCG strain.  At one year of age, IFN-γ, IL-5, 
IL-3 and IL-10 responses to mycobacterium-specific 
antigens and non-mycobacterial stimuli (tetanus toxoid 
and phytohaemagglutinin) were measured using 
enzyme-linked immunosorbent assay (ELISA) testing. 
Result showed that BCG-Denmark vaccinated infants 
had the highest cytokine responses. Infants with more 
scarring had higher cytokine responses. The BCG-
Denmark group had the highest frequency of adverse 
events (p=0.025).  There were no significant mortality 
differences. The authors concluded that both specific 
and non-specific immune responses to the BCG vaccine 
differ by strain (47). 

5.3.2 Efficacy and effectiveness

5.3.2.1 Protection against disease 
outcomes

The true effectiveness of BCG vaccines has been 
debated for years. The original efficacy studies gave 
estimates ranging from 0% – 80% (3).  There are 
marked differences in efficacy between age groups on 
the basis of previous mycobacterium priming. A recent 
commentary article summarising a 2002 re-analysis of 
four prospective trials of BCG given to mycobacterium-
naïve newborns indicated that immunisation was 73% 
effective against disease and 87% effective against 
death in the era prior to antibiotics being available (48).

The recent analysis from a large substudy of the BCG 
REVAC trial, in 20,622 school-age children in Brazil 
(aged seven -14 years), who did not have a BCG scar, 
and therefore, were considered to be BCG-naïve. 
Following their first BCG immunisation, they showed 
an efficacy against subsequent TB development in 
the next nine years of 25% (95% CI 3-43%). However, 
it was estimated that about 30% of the population 
were tuberculin reactive (although not tested), and 
hence, previously exposed to a mycobacterium. The 
large group in this trial and other trials may lower the 
estimate of efficacy of BCG for mycobacterial naïve 
persons (49). 
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Possible explanations for low efficacy in trials in adults and children beyond infancy include differences in vaccine 
strain, latitude, method of administration, and the rate of previous infection with Mycobacterium tuberculosis or non-
tuberculosis mycobacteria. Previous infection appears to reduce observed efficacy (48).

Most of the major trials and meta-analyses of BCG vaccines have demonstrated that they offer a higher level of 
protection against the most serious forms of TB, particularly meningitis and disseminated disease, than against the 
more moderate forms of disease usually pulmonary disease (3). This is probably because the protective effect of BCG 
derives from its interference with the blood borne spread of the organism from the primary focus i.e. the vaccination 
does not prevent infection, but helps the host to retard the growth of organisms at the primary site of infection in the 
lungs and lymph nodes and to prevent massive dissemination.

The overall question of efficacy remains unanswered despite a range of on-going studies; case-control, cohort, 
household contact and meta-analysis (3).

Figure 2. Estimates of Bacille Calmette-Guérin (BCG) vaccine efficacy against different forms of tuberculosis 
(TB) and leprosy from clinical trials (CT), case-control (CC), cohort (COH) and household (HH) studies. 
Adapted by (3) from Fine et al for WHO (50)

Figure 2 displays the estimates of efficacy from the major BCG field trials. At least six different vaccines were used 
in these trials. Some vaccines have given inconsistent results between trials. Strains have changed over time, yet the 
trends in efficacy of BCG vaccination have not increased or decreased over time, so definitive conclusions cannot be 
drawn about the protective effect of the different BCG strains (3, 50). 
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In summarising the literature, BCG vaccines do not 
prevent infection with Mycobacterium tuberculosis, 
but can prevent disease in the host associated with 
dissemination of the organism. The vaccines have a 
documented protective effect against meningitis and 
disseminated TB in children, particularly, in newborns 
and young infants. However, BCG vaccines do not 
prevent primary infection, are only partially effective 
against severe infection in children, are unreliable 
against adult pulmonary TB and are not effective 
against reactivation of latent pulmonary infection. 
In persons infected with TB, subsequent vaccination 
with BCG does not augment the immune response 
(49).  However, there is still no consensus as to the 
mechanism of how this works. The original belief was 
that BCG simply establishes immune memory, and this 
is all that is needed to protect the individual over the 
long term, but BCG immunity clearly wanes in some, 
but not all populations, so this belief is now challenged 
(43).

Despite the recognised effectiveness against severe 
disease, TB is still reported in BCG vaccinated children.  
A recent study reported on the outcomes for 16 
Tunisian children, aged two – 168 months, all of whom 
presented with tuberculosis meningitis despite being 
given BCG vaccination at birth. Three died and nine of 
the remaining 13 developed permanent sequelae (51). 

Due to limitations in controlling infection, BCG 
vaccines do not have impact on transmission of the 
organism (4).

5.3.2.1.1 Revaccination

There is little evidence that BCG revaccination confers 
any additional protection.  A randomised control 
trial in Guinea-Bissau followed 2871 children for up 
to five years, who had been given an infant dose 
of BCG and revaccinated at 19 months. Over that 
time, 250 were admitted to hospital for the first time 
between enrolment and the end of the study, with an 
incidence rate ratio for BCG-revaccinated children 
versus controls of 1.04 (95% CI 0.81-1.33).  The trial 
was stopped prematurely due to a cluster of deaths 
in the revaccinated arm of the study.  The hazard 
ratio for BCG-revaccinated children compared with 
controls was 2.69 (95% CI 1.05-6.88).  Throughout 
the trial, the effect of BCG revaccination on mortality 
was significantly higher in children who had received 
diphtheria-tetanus-pertussis booster vaccination before 

enrolment than for children who had not receive the 
booster before enrolment (p=0.006). The authors 
concluded that there was no overall beneficial effect 
of being revaccinated with BCG and the effect of BCG 
revaccination on mortality might depend on other 
health interventions (52).

An extension study of the BCG-REVAC trial in Brazil 
followed up over 200,000 children, aged seven-14 
years, to evaluate the efficacy of BCG revaccination 
in children who had received neonatal vaccination 
and were revaccinated at school age. With a nine 
year follow-up, overall vaccine efficacy on prevention 
of diagnosed TB was 12% (95% CI -2 to 24%) 
compared to 9% (95% CI -16 to 29%) at five years.  
With revaccination, vaccine efficacy was 19% (95% 
CI 3-33%), 1% (95% CI -27 to 27%) and 33% (95% 
CI 3-54%) in three different cities. Efficacy was only 
significant in Salvador, the city furthest from the 
Equator and confined to a small subgroup of children 
less than 11 years at vaccination. The authors 
suggested that revaccination can offer weak protection 
in selected subgroups (53). 

5.3.2.1.2 Population differences

A small study comparing 40 Malawian infants with 
28 UK infants given the same BCG strain vaccine, 
between three and 13 weeks of age, demonstrated 
differences in 27 cytokine responses for infants 
between the two countries. The authors proposed that 
the pattern of cytokines produced by Malawian infants 
following vaccination, and after contact with infectious 
diseases, is already predetermined in utero, at birth or 
within the first few months of life and may be due to 
maternal factors, genetic factors, epigenetic factors, 
nutritional factors and environmental factors (54). 

5.3.2.1.3 Low birth weight

A small study reported on mortality outcomes for 105 
low-birth weight infants (< 2.5 Kg) in The Gambia. 
BCG vaccine was randomised to give at birth with 51 
infants or at more than a month of age in 54 infants. 
Overall, lower mortality was seen in the group given 
the birth dose.  At two months follow-up, the group 
given BCG at birth had significantly lower mortality 
(mortality relative risk [MRR] 0.27, 95% CI 0.07-0.98), 
and the effect was stronger in boys (MRR 0.21, 95% 
CI 0.04-1.03) than with girls (MRR 0.81, 95% CI 0.19-
3.36) (55).
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5.3.2.2 BCG strains and effectiveness

The original BCG strain was maintained at the Pasteur 
Institute and then distributed to dozens of laboratories 
in many countries. Each laboratory produced its own 
BCG line and maintained it by serial passage. This 
has resulted in many daughter BCG strains that differ 
widely. In an attempt to standardise production and 
vaccine characteristics the production laboratories 
adopted a seed lot system in the mid-1950s, and in 
the 1960s the WHO recommended standards for 
the stabilisation of the biologic characteristics of the 
daughter strains. Despite this, strains in use still vary 
widely in many characteristics (3).

A recent study in a guinea-pig model, on the genetic 
stability of Japanese BCG vaccine, showed that there 
were no significant differences between seed lot, the 
product manufactured by normal procedures and the 
20th passage product indicating the maximum number 
of passages, currently required by WHO for BCG 
vaccines (12 passages), is adequate for the Japanese 
BCG vaccine (56).

A retrospective cohort study followed four years of 
birth cohorts for infants born in Kazakhstan, where 
birth BCG coverage is over 95 % and BCG are used 
from three different sources. The infants were followed 
for three years and outcomes were notifications of 
clinical TB, culture-confirmed TB and TB meningitis. 
Effectiveness was measured based on vaccinated 
versus non-vaccinated cohorts.  All three BCG 
vaccines showed effectiveness for TB notifications: the 
Japanese-BCG was 69% effective, the Serbian vaccine 
43% effective and the Russian vaccine 22% effective.  
For culture confirmed TB, the Japanese BCG was 92% 
effective, Serbian 82% and Russian 51% effective. 
All three were >70% effective against TB meningitis. 
While there was a range of limitations in this study, it 
does highlight the considerable differences between 
different vaccine strains (57).

Most recent expert opinion is that based on the 
evidence to date the loss of genes in different BCG 
strains does not confer any difference in protective 
efficacy (43).

5.3.2.3 Birth dose

Smith et al. summarised the data for the effectiveness 
of a birth dose and comment that there are only three 
prospective community trials evaluating the efficacy of 
BCG vaccine given at birth (3). The limited data shows 
that there are much higher rates of immunogenic 
sensitisation in children if BCG vaccination is delayed 
from the first week to nine months of life.  One clinical 

trial has demonstrated good T cell responses in 
infants vaccinated at 10 weeks compared with being 
vaccinated at birth. Infants, even preterm infants 
vaccinated at 34 to 35 weeks, develop lymphocyte 
proliferation and interleukin IL-2 production in 
response to a BCG vaccine (58).  A small trial of BCG 
in Guinea Bissau with 105 low birth weight infants 
(<2.5kg) randomised to BCG at birth (n=1182) or later, 
at a medium of 7.7 weeks (n=1161), showed a 45% 
(95% CI 11%-66%) lower mortality for those given the 
BCG at birth versus being delayed to after two months 
of age. While the methodology was challenged with 
questions around inadvertent bias, the authors are 
clear that the suggested possible biases were unlikely 
to produce these results (59).

A widely accepted hypothesis is that natural 
immunity to nontuberculous mycobacteria in the 
environment renders BCG vaccine less effective or 
masks its protective effect.  Enhanced immunogenicity 
in neonates vaccinated prior to nontuberuclous 
mycobacteria has been observed. It is thought that the 
reduced efficiency of BCG vaccine may be explained 
by over attenuation of the vaccine due to negative 
regulatory immune mechanisms, suppressor responses 
can be induced by BCG vaccine, and regulatory 
T-cells and IL-10 have been shown to play a role in 
this suppression. A Gambian study assessed whether 
exposure to nontuberculous mycobacteria attenuated 
BCG immunogenicity by the induction of specific 
regulatory T-cells. One hundred and three infants were 
randomised to receive BCG at birth or at 4.5 months 
and immune responses were assessed at both 4.5 and 
nine months of age.  Vaccination at birth significantly 
enhanced Th1, Th2, IL-6, IL-17 and regulatory T cell 
responses measured at 4.5 months compared with the 
BCG naïve group (no birth dose).  Responses waned 
by nine months, leading to comparable immunity 
in both groups at nine months of age.  The authors 
commented that vaccination at birth induces a broad 
cellular response, which was reduced when delaying 
the vaccination, and that at nine months outcomes are 
similar (60).

5.3.2.4 HIV-infected

Efficacy of the BCG vaccines in HIV-infected children is 
unknown (3).  
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5.3.3 All-cause mortality

There is good evidence from six randomised controlled 
trials that the BCG vaccine reduced mortality from 
infections, other than TB, in developed countries in the 
1940s and 1950s, and more recently, in developing 
countries (59, 61).  Other studies have shown possible 
protective effects against leukaemia in childhood (62). 
The protective effect of BCG varies greatly from region 
to region, and generally, appears more protective 
when given earlier in life (62). 

A recent study in Guinea-Bissau showed potent 
non-specific effects on mortality in low birth weight 
neonates, who were randomized to receive BCG at 
birth or at an older age (median 7.7 weeks). BCG 
administered at birth reduced mortality (mortality risk 
ratio [MRR] 0.43; 95% CI 0.21–0.85) with fewer deaths 
from fever, sepsis and acute respiratory tract infections 
in the first month of life (59). Combining data from the 
two neonatal studies in Africa shows that neonatal 
mortality rate ratio was just over 50% (MRR 0.52, 95% 
CI 0.33-0.82) (63). 

Commentators have suggested possible reasons, 
including that vaccination may generate cross-
reactive T cells that recognise epitopes, such as 
those presented on cancer cells, or the vaccine 
could substitute for microorganisms that lead to the 
development of immune regulatory pathway (62). 

5.3.3.1 Vitamin D

An observational study collected blood samples from  
47 infants in the UK, at three months post BCG birth 
vaccination, and 37 infants at 12 months post  BCG 
birth vaccination, which were compared with age-
matched unvaccinated infants as a control group 
(n=60). Overall, 58% of all infants have low vitamin 
D levels (<30ng/ml).  BCG vaccinated infants were 
almost six times more likely to have sufficient vitamin 
D levels than the matched controls (95% CI 1.8-18.6).  
The authors suggested these effects may be due to 
TB antigens in BCG activating toll-like receptors on 
macrophages, resulting in increased production of 
enzymes that lead to increased production of 25(OH)D 
(Vitamin D). Vitamin D has been shown to play a role 
in immune-regulation and is thought to be involved in 
many autoimmune and inflammatory diseases. It is 
possible that part of the non-specific effects attributed 
to BCG vaccination may be due to increased vitamin D 
levels (64).

5.3.4 Herd immunity

Since BCG vaccines do not have impact on 
transmission of the organism, they do not offer any 
herd immunity protection.

5.3.5 Duration of protection

The duration of immunity after BCG vaccination is 
unknown.  A systematic review found no evidence 
of substantial protection against TB after 10 
years, although the authors also report a UK study 
suggesting around 59% protection at 10-15 years 
after vaccination in school-age children (65). Most of 
the data to date, as of early 2013, suggests that there 
is decreasing protection with increasing age, and 
waning immunity is seen 15-20 years after vaccination. 
Although, protection in just over 50% of patients, aged 
50-60 years after a single dose of BCG vaccination, 
has also been reported (3).  BCG clearly wanes in 
some populations, but not others, and there is no data 
on the stability or longevity of the induced memory T 
cells, or what happens to them beyond the point on 
initial exposure to mycobacteria.  Memory T cells may 
be subject to different rates of attrition in different 
geographical areas e.g. different TB prevalence, low 
population density, levels of exposure of environmental 
mycobacteria (43).

Recent data suggest that there are two broad subsets 
of memory CD4 and CD8 T cells – effector memory 
T cells generated by the BCG in large numbers in the 
lung, and central memory T cells that BCG induces 
in only relatively low numbers.  Whether the failure 
of BCG to generate any appreciable levels of central 
memory has any relevance to protection is still unclear 
(43).

5.3.6 BCG and leprosy

BCG is now well recognised as inducing protection 
against leprosy, although, with considerable 
heterogeneity in results. This meta-analysis by Merle et 
al. summarises the efficacy data to date (66).
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5.4 Summary of 
immunogenicity, efficacy and 
effectiveness 
The exact immune response elicited by BCG 
vaccination and the mechanism of action in the host 
are still not well understood. There is no reliable 
established laboratory correlate for immunity to 
Mycobacteria tuberculosis. While it is unlikely that any 
single, simple measure of cellular immune function 
will be useful as a direct correlate of protection, new 
breakthroughs in technology are on the horizon that 
could improve the diagnostic tools available.  

Efficacy for BCG vaccines varies from 0 - 80%.  The 
vaccines provide protection against meningitis and 
disseminated TB in children, particularly in newborns 
and young infants. However, BCG vaccines do not 
prevent primary infection, are only partially effective 
against severe infection in children, are unreliable 
against adult pulmonary TB, and not effective against 
reactivation of latent pulmonary infection.  In persons 
infected with TB subsequent vaccination with BCG 
does not augment the immune response.    

BCG vaccines do not appear to prevent infection with 
Mycobacterium tuberculosis, but can prevent disease 
in the host, particularly associated with dissemination 
of the organism. Therefore, the vaccines offer a higher 
level of protection against the most serious forms of 
TB, particularly meningitis and disseminated disease, 
than against the more moderate forms of disease, 
usually pulmonary.

There are significant differences in efficacy across 
populations and geographical areas. Maternal factors, 
genetic factors, nutritional factors and environmental 
factors all appear to influence efficacy.  Efficacy and 
immunogenicity responses vary considerably across 
strains, but the data to date cannot differentiate which 
strains are more effective, overall. 

HIV-exposed infants show a blunting of the immune 
response to early infancy BCG. Efficacy in HIV-infected 
infants is unknown.

In developing countries, a birth dose of BCG 
significantly reduces overall infant mortality. One 
possible aspect of this effect may be that BCG appears 
to enhance the production of vitamin D. 

BCG offers no impact on disease transmission and 
hence, there are no herd immunity effects. Duration of 
protection is unknown, possibly 10 to 15 years; it may 
be much longer in some populations. 
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6. Age-specific issues
6.1 Objective
The objective of this section is to consider the evidence 
for offering the vaccine to different age groups.  

6.2 Review

6.2.1 Vaccine issues for different age 
groups

BCC vaccines are more effective if given to 
mycobacterium naïve persons.  Efficacy and 
effectiveness data shows that the vaccine works 
most effectively in young infants, but is less effective 
and more variable in older children and adults. 
Lower efficacy in older children and adults is due to 
a large range of factors, but particularly that they 
may have already been exposed to environmental 
mycobacterium. 

In developing countries, where there is a high burden 
of disease in young infants, vaccination programmes 
are recommended to be directed at newborns or very 
young infants. Vaccination of newborns appears to 
reduce all-cause mortality and neonatal vaccination is 
more effective than with delayed vaccination in these 
developing countries.  Vaccination of the newborn with 
BCG may also act as an adjuvant for other vaccines 
given during the newborn period (3).  

Revaccination appears in the majority of cases not to 
be effective, so BCG has little role in the management 
of older child and adult vaccination in developing 
countries. 

The epidemiology of the disease is very different 
in more affluent countries, compared with poorer 
countries, where disease is more likely to occur in 
adults, particularly in high risk groups – immigrants 
from TB endemic areas and those in close living 
proximity to them and is associated with  other factors 
such as poverty, overcrowding and poor nutrition. 
The efficacy of BCG is not well established in older 
children and adults, and does not prevent severe or 
disseminated TB disease, or the spread of disease.

The most common age of diagnosis in NZ is aged 
20–29 years, with most cases in this age group or 
older, and the majority of cases in immigrants from 
TB endemic-areas where they were likely to have been 
infected younger and arrived in NZ with LTBI that 
reactivated.  Strategies therefore need to be targeted 
at high risk groups and there appears little gain for 
universal strategies in the NZ context.
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7. Vaccine options 
7.1 Objective
The objectives for this section are to consider the 
different vaccine options available to NZ in terms of 
available vaccines and schedules. 

7.2 Review

7.2.1 BCG vaccines

As of early 2013, there are seven sites throughout the 
world that produce BCG vaccine.  Since the mid-1970s 
to 1997, an international system for the production 
and quality control of BCG vaccines was centred at 
the WHO.  Quality control of BCG vaccines is now the 
responsibility of individual manufacturers, overseen by 
the independent National Regulatory Authorities in the 
country of manufacture. 

The vaccines are known by the location where they are 
produced. Although there are many different strains in 
use, four main strains account for more than 90% of 
the vaccine in use worldwide (3):

•	The French (Pasteur) strain 1173 P2

•	The Danish strain 1331

•	The Glaxo strain 1077, derived from the Danish 
strain 1331 but different from it substantially  (The 
English Evans vaccine and French Merieux vaccine 
are the Glaxo strain)

•	The Tokyo strain 172

These vaccines are not identical, there are known 
differences in molecular and genetic characteristics.  
It is not known to what extent that creates any 
differences in efficacy or safety (4).

Comparative genomic studies have documented that 
BCG vaccine strains have and continue to evolve from 
the original BCG, first used in 1921, and from each 
other.  Because these genetic differences affect the 
antigenic proteins, changes are likely to translate into 
differences in efficacy and effect. 

While differences between BCG strains have been 
noted, data has been limited and with small numbers, 
so far. The largest study, published in 2012, is an 
observational study based in Uganda following 
1341 infants and comparing by BCG-strain group.  
There were three groups who received BCG-Russia 
(n=1124), BCG-Bulgaria (n= 788) or BCG-Denmark 

(n=169) at birth. At one year, all infants were tested 
for IFN-γ, IL-5, IL-13 and IL-10 responses to Tb-specific 
antigens and non-TB stimuli (tetanus toxoid and 
phytohaemagglutinin) measured using ELISA. Cytokine 
responses, scar frequency, BCG associated adverse 
event frequency and mortality rates were compared 
across groups, and adjusted for potential confounders. 
The results show that both specific and nonspecific 
immune responses varied between strains, including 
responses to stimulation with tetanus toxoid. BCG-
Denmark immunised infants had the highest cytokine 
responses. Scarring differed significantly with BCG 
scars occurring at one year of age in 52.2% of BCG-
Russia vaccinated, 64.1% BCG-Bulgaria and 92.6% 
of infants vaccinated with BCG-Denmark (p < 0.001). 
Scarred infants had higher IFN-γ and IL-13 responses to 
TB antigens than infants without a scar. It is possible, 
but not proven, that the  greater immunogenicity of 
BCG-Denmark may lead to better protection against 
TB; however, the authors noted that  IFN-γ alone is an 
insufficient protective marker and it is feasible that 
higher regulatory IL-10 noted in the same group may 
counteract its effects (47). 

7.2.1.1 Choice of BCG strain

There is no worldwide consensus about which strain of 
BCG is optimal for general use.  The use of a weaker 
strain gives less side effects, particularly adenitis, 
however they may also have lower efficacy (3). 

7.2.2 Alternative vaccine options

The widespread challenge of TB and the limitations 
of the BCG vaccines have made the development of 
new vaccine options a very high international priority.  
There is large effort behind looking for new options, 
including the WHO Initiative for Vaccine Research 
(IVR) which acts as a facilitator (41).  There has been 
recent renewed interest in developing novel vaccines 
for TB. According to the Global Plan to Stop TB, 
2006–2015, “effective TB vaccines will be an essential 
component of any strategy to eliminate tuberculosis 
(TB) by 2050” (67). Novel vaccine candidates include 
both live and sub-unit vaccines. Many use a “prime-
boost” strategy that is intended to complement the 
existing immune response to BCG. Either the existing 
BCG or a new recombinant BCG is administered first, 
and then the new vaccine serves as a “booster”.
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There has been more than US$600 million invested 
between 2005 and 2012 which has allowed more than 
15 vaccines to be tested in more than 50 human trials 
and joint international priorities (61, 68).

The options for new TB vaccines include (4):

•	Priming vaccines intended for newborns to replace 
BCG and to prevent TB in people who have not been 
infected with the organism.

•	‘Early’ booster TB vaccines that can be delivered 
with other childhood vaccines in early infancy 
to amplify the immune response induced by the 
priming vaccine.

•	‘Late’ booster TB vaccines that are administered 
after infancy, typically to school-aged children, 
adolescents or adults who are potentially infected, 
but show no sign of disease. These vaccines are 
intended to reduce progression from latent to active 
disease.

•	Therapeutic vaccines given to people with active 
TB alongside drug therapy and aim to shorten the 
duration of the therapy or reduce relapses after 
completion of treatment.

The  WHO reports that, by 2011, there were 12 TB 
vaccine candidates had entered clinical trials (69). 

There are currently two adjuvanted protein subunit 
vaccines, called fusion proteins, in phase  
IIa trials. 

There are two virus vectored vaccines that express one 
or more TB antigens in phase IIb trials:

•	MVA-85A, based on the ‘modified vaccinia Ankara’ 
vector and expresses TB antigen 85A (61, 70-75).

•	Aeras 402 based on the adenovirus 35 virus vector 
and expresses several TB antigens (76).

There are five vaccines in pre-clinical development and 
an additional 33 novel candidates in early pre-clinical 
development (61). There is early animal data on DNA 
vaccines and recombinant virus-based vaccines (77-80). 

The WHO predicts that, assuming one of the most 
advanced vaccine candidates shows sufficient efficacy, 
the first new TB vaccine could become available at the 
earliest around 2018.

7.3 Summary for vaccine 
options
Currently, there are seven sites throughout the world 
that produce BCG vaccine. The vaccines are known 
by the location where they are produced. Although 
there are many different strains in use, four main 
strains account for more than 90% of the vaccine in 
use worldwide. BCG vaccine strains have and continue 
to evolve from the original BCG first used in 1921 and 
from each other. There is no worldwide consensus 
about which strain of BCG is optimal for general use.  
The use of a weaker strains give fewer side effects, 
however, they may also have lower efficacy.

There is large international effort behind looking for 
new options. The options include:

•	Priming vaccines intended for newborns to replace 
BCG, and to prevent TB in people who have not 
been infected.

•	‘Early’ booster TB vaccines that can be delivered 
with other childhood vaccines in early infancy 
to amplify the immune response induced by the 
priming vaccine.

•	‘Late’ booster TB vaccines that can be administered 
after infancy to, school-aged children, adolescents 
or adults who are potentially infected, but show 
no sign of disease. These vaccines are intended to 
reduce progression from latent to active disease.

•	Therapeutic vaccines given to people with active 
TB alongside drug therapy and aim to shorten the 
duration of the therapy or reduce relapses after 
completion of treatment.

By 2011, there were 12 TB vaccine candidates that had 
entered clinical trials. The first new TB vaccine could 
become available at the earliest around 2018.
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8. Options for scheduling 
8.1 Objective
This section will review the evidence for different 
options for placement of TB vaccine on the national 
immunisation schedule and/or for special groups.

8.2 Review
BCG vaccines have not, and cannot, lead to the 
elimination of the disease from the human population 
and are not considered a reliable tool for TB control 
(81). Despite the use in over four billion people, there 
has been almost no effect on the worldwide prevalence 
of TB. TB can only be eliminated if new, more effective 
vaccines are developed. However, despite that, it is 
likely that millions of cases of severe TB, meningeal 
and disseminated, have been prevented by its 
widespread use, particularly in children. Of note, it has 
also reduced rates of leprosy, especially in Africa. 

The BCG vaccine prevents severe forms of TB in 
children, such as TB meningitis; it is less effective 
in preventing pulmonary TB in adults, because the 
protection appears to be limited.  In developed 
countries, the strategy for adults has moved to 
protecting high-risk adults such as those who work 
with patients who have multidrug resistant TB.  
However, there is no data on the effectiveness of using 
BCG vaccines in adults (3).

The WHO recommends a single dose of BCG vaccine 
to newborns in developing countries with a high 
prevalence rate of infectious TB. Countries with 
lower rates of TB have already discontinued or are 
considering to discontinue BCG vaccination. However, 
in countries where there are cases from high-risk 
immigrant communities, BCG vaccination selectively 
targeted programmes continue. The current NZ 
strategy of offering vaccination to newborn infants 
from immigrant families coming from countries with 
endemic TB rates ≥ 40 per 100 000 is consistent with 
this approach.

The worldwide epidemic of HIV infection has had a 
significant effect on the epidemiology of TB. However, 
the risk of disseminated BCG disease prevents its use 
in HIV-infected children, currently.

Many studies have noted markedly different cytokine 
responses following BCG vaccine across countries. 
It is possible that different settings and populations 
will require variation in vaccines, vaccine doses or 
immunisation schedules. It is anticipated that the new 
generation of vaccines will improve upon the variability 
in effectiveness seen in BCG across populations, but 
time will tell (82).

In many developed countries, exposure to TB is now 
unlikely in infancy or childhood. A recent study of 
non-vaccinated Swedish healthcare students showed 
that nearly all of them were tuberculin skin test non-
reactive, indicating low exposure to TB. Hence, some 
commentators now recommend, in low prevalence 
settings, to consider BCG vaccination for adolescents 
who are at risk of exposure such as high risk 
occupations and are tuberculin skin test negative (83). 
However, this is not a consistent recommendation and 
opinion remains divided. 
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9. Implementation issues
9.1 Objective
The objective of this section is to consider the issues 
around implementation. 

9.2 Review

9.2.1 Route of delivery

While traditionally a range of delivery routes have 
been used, including oral administration which has 
not been used since the 1970s, intradermal injection 
in the deltoid using a syringe and needle is now 
the internationally accepted route for all current 
BCG vaccines; this is because the dosage can be 
measured precisely and the administration can be 
controlled (3, 84).  Despite there being higher rates 
of local reactions, including ulcers and lymphadenitis 
with the intradermal route, this remains the method 
recommended by the WHO and the United Nations 
Children’s Fund (UNICEF) (3). 

Japan and South Africa use a percutaneous 
administration with a multipuncture device, 
apparently, with a low rate of adverse events. No 
conclusive trial has been reported that compares 
the various techniques, although opinion is that 
local complication rates are generally lowest with 
multipuncture devices (3).

9.2.2 Dosage

The recommend dosage differs by vaccine strain 
and the age of the recipient. Most manufacturers 
recommend a 0.05ml dose for infants and a 0.1 ml 
dose for children and adults (3). 

9.2.3 Use of Tuberculin skin test

A 2012 review article reviewed and discussed current 
international guidelines and recommendations on 
the need to screen children for LTBI prior to BCG 
vaccination.  The authors concluded that there was 
lack of evidence on which to base recommendations 
for the undertaking of tuberculin tests, and suggested 
that an alternative strategy, using a risk assessment 
questionnaire, to identify children more likely to have 
LTBI and who could then have a tuberculin skin test; 
this would reduce the number of unnecessary screens 
on children (85). 

9.2.4 HIV Infection

People with untreated HIV infection previously infected 
with TB, develop TB disease at a rate of 5-10% per 
year, compared with the lifetime risk of 5-10% in 
immunocompetent adults (3). The efficacy of BCG 
in adults and children with HIV infection is not well 
established, and there are strong safety concerns 
about the use of the vaccine in infants with HIV 
infection. 

In 2007, the WHO revised its policy on BCG 
vaccination of children with HIV, making HIV infection 
in infants a full contraindication for BCG vaccination, 
even in settings highly endemic for TB (86). They 
recommend delaying immunisation in HIV-exposed 
infants until HIV infection has been ruled out. However, 
this has been challenged by some authors (34).

9.2.5 Immunodeficiency

Vaccination of immunocompromised individuals 
can lead to severe disseminated disease. Some 
commentary authors recommend that BCG vaccine 
should be delayed for a few months in families with a 
history of recurrent infection, or any history of primary 
immunodeficiency,  as this could suggest a genetic 
underlying immunodeficiency in the child (6, 30).  

9.2.6 Risk of spread to contacts

Ulceration and drainage at the vaccination site can 
culture viable mycobacteria for up to two months 
after vaccination, raising the potential for spread to 
contacts, particularly immunocompromised. There are 
no reported cases of organisms becoming airborne 
from BCG ulcerated sites.

9.2.7 Concomitant administration at birth 
with hepatitis B vaccination

A blinded randomised controlled trial of 76 healthy 
infants in India compared neonatal pain during 
injection and showed that pain was reduced when the 
BCG was administered before the hepatitis B vaccine 
in neonates undergoing routine vaccination (87). 
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9.2.8 Repeat vaccination

Repeat BCG vaccination is not recommended, even 
when travelling to countries with a high TB burden, as 
revaccination of individuals after initial vaccination 
does not seem to offer substantial additional 
protection (65). The UK recommendations are to be 
aware that, the best estimate of duration of protection 
by BCG is currently about 10 years and the level of 
protection seems to fall with time. People vaccinated 
10 years or more before coming into close contact with 
infectious tuberculosis might have no BCG derived 
protection against active disease. BCG does not 
protect when given to people who are already infected 
(65).

9.2.9 Post-exposure vaccination

The international advice on post-exposure vaccination 
is not consistent (3). The UK recommends BCG 
vaccination for unvaccinated contacts with negative 
tuberculin skin tests.  The US recommends BCG 
vaccination for young children who are continually 
exposed to TB and cannot be removed from the 
exposure, or cannot be treated with prophylaxis.

9.2.10 Vitamin A and BCG

A trial in 1717 low birth weight infants (<2.5Kg)  in 
Guinea Bissau showed that there was no interaction 
observed between the use of vitamin A and birth and 
the delivery of BCG at birth versus giving BCG later 
(88).

9.3 Summary for 
implementation issues
Intradermal administration in the deltoid using a 
syringe and needle is now the internationally accepted 
route for all current BCG vaccines because the dosage 
can be measured precisely and the administration can 
be controlled. Percutaneous multipuncture devices may 
offer advantages with lower rates of adverse events 
and are currently offered in Japan and South Africa. 

The recommend dosage differs by vaccine strain 
and the age of the recipient. Most manufacturers 
recommend a 0.05ml dose for infants and a 0.1 ml 
dose for children and adults. 

The use of tuberculin tests prior to BCG vaccination 
is not recommended for newborns and remains 
controversial for older ages.  A risk assessment 
questionnaire to identify those likely to have latent TB 
may be more useful. 

The WHO currently recommends not giving BCG 
vaccination to HIV-infected infants, although this 
is challenged by some authors. Some commentary 
authors now recommend that neonatal BCG vaccine 
should be delayed for a few months in families with a 
history of recurrent infection, or any history of primary 
immunodeficiency as this could suggest a genetic 
underlying immunodeficiency in the child. 

Repeat vaccination with BCG is not recommended. 

International advice on post-exposure vaccination is 
inconsistent. In light of this, the current NZ advice 
as listed in the Guidelines for Tuberculosis Control in 
New Zealand 2010 advising BCG vaccination only for 
unvaccinated Mantoux-negative contacts under five 
years of age seems currently sensible advice.
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10. International policy and practice
10.1 Objective
The objective to this section is to summarise 
international practice with regard to the use of BCG 
vaccines.

10.2 Review
There is wide disparity among countries concerning 
vaccine schedules. The official recommendation of the 
WHO is a single dose given in infancy. 

The International Union against Tuberculosis and Lung 
Disease (IUATLD) has suggested criteria for countries 
to consider when shifting from routine universal BCG 
vaccination to selective vaccination of high-risk groups. 
They  recommend that BCG be discontinued only if, 1) 
an efficient notification system is in place, and 2) either 
the average annual notification rate of smear-positive 
pulmonary tuberculosis is less than five per 100,000, 
the average annual notification rate of tuberculous 
meningitis in children under five years of age is less 
than one in 10 million population over the previous 
five years, or the average annual risk of tuberculosis 
infection is less than 0.1% (3). 

A website has been created, which is sponsored by 
the public health agency of Canada, because TB 
vaccination policies and practices vary markedly 
across time and countries. This “BCG World Atlas” is 
a searchable, online, open-access database of global 
BCG vaccination policy and practices (http://www.
bcgatlas.org/). It contains detailed information on 
current and past BCG policies and practices for over 
180 countries, covering 86% of all countries (89).  

Among the 180 countries with available data, 
as of early 2013, 157 recommend universal BCG 
vaccination, while the remaining 23 countries have 
either stopped BCG vaccination, due to a reduction 
in TB incidence, or never recommended mass 
BCG immunisation and instead focus on  selective 
vaccination of more ‘at risk’  groups.  Nine countries 
have ceased universal BCG vaccination programs; 
Spain in 1981, then Denmark in 1986, Austria in 1990 
and Germany in 1998. The Isle of Man, Slovenia, UK, 

Finland and France all ceased their BCG vaccination 
campaigns between 2005 and 2007. Most of these 
countries do continue to provide BCG vaccination 
selectively to high-risk individuals, including those 
involved in high TB risk occupations and/or travel, and 
infants born into high TB risk environments. In the past, 
33 countries had multiple vaccination programmes, 
but have since ceased revaccination and now use a 
single BCG vaccination schedule, usually for newborns. 
In 16 countries, an additional BCG vaccination after 
the initial BCG vaccination continues. Four countries, 
Kazakhstan, Belarus, Uzbekistan and Turkmenistan, 
continue to recommend three BCG vaccinations, 
with the third given between the ages of 12 and 15. 
Of the 19 countries that do not recommend universal 
BCG vaccination, vaccine is offered to certain at-risk 
groups, most frequently healthcare workers and 
infants living in high-risk TB settings.

10.2.1 United States

The US has never had a universal TB vaccination 
strategy. BCG vaccination is only used for selected 
persons who meet specific criteria:

•	Infants and children who reside in settings in which 
the likelihood of TB transmission and subsequent 
infection is high, provided no other measures can 
be implemented.

•	Healthcare workers (HCW) who are employed in 
settings in which the likelihood of transmission and 
subsequent infection with TB strains resistant to 
isoniazid and rifampicin is high. 

BCG vaccination is not recommended for children and 
adults who are infected with HIV. 

10.2.2 United Kingdom

The UK initiated a single dose BCG for 10 – 14 year 
olds in 1957, as well as to certain groups at higher risk 
of exposure to TB.  In 2005, this was discontinued and 
vaccination is now recommended for infants living in 
high-risk areas or with high-risk persons. 

http://www.bcgatlas.org/
http://www.bcgatlas.org/
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10.2.3 Australia

BCG is recommended in Australia for (90): 

•	Aboriginal neonates in areas of high incidence 
of TB, such as the Northern Territory, Far North 
Queensland, northern areas of Western Australia 
and South Australia; 

•	Neonates and children five years and under who 
will be travelling or living in countries or areas with 
a high prevalence of TB for extended periods; 

•	Neonates born to parents with leprosy or a family 
history of leprosy; 

In addition to these recommendations BCG may be 
considered in the following: 

•	children over five years who will be travelling or 
living in countries or areas with a high prevalence 
of TB for extended periods;

•	Healthcare workers who may be at high risk of 
exposure to drug resistant cases. 

10.3 Summary of international 
policy and practice
Most countries that continue national policies use 
neonatal or early infant BCG.  Very few countries use 
repeated doses. 

Most developed countries now have moved to targeted 
policies with vaccination of high risk infants and/
or high risk people of other ages, such as healthcare 
workers.

As TB rates continue to decline in developed countries, 
it is expected that trends will continue to limit 
BCG vaccination to even more selective use and to 
discontinue universal immunisation programmes. 



27Antigen Review–2012: Tuberculosis

References
1.	 Ministry of Health. 2012. Communicable Disease Control Manual 2012. Wellington: Ministry of Health.

2.	 Ministry of Health. 2010. Guidelines for Tuberculosis Control in New Zealand 2010. Wellington: Ministry of 
Health.

3.	 Connelly Smith K, Orme IM, Starke JR. Tuberculosis vaccines. In: Plotkin SA, Orenstein W, Offit PA, editors. 
Vaccines. 6th ed.: Elsevier Health Sciences; 2012.

4.	 World Health Organization. Vaccines: BCG  2012 [15 Jan 2013]. Available from: www.who.int/biologicals/
areas/vaccines/bcg/en/

5.	 Bissielo A, Lim E, Heffernan H. Tuberculosis in New Zealand, 2011. Wellington, New Zealand: Institute of 
Environmental Science and Research Ltd (ESR); 2012.

6.	 Rezaei N, Aghamohammadi A, Mansouri D, Parvaneh N, Casanova JL. Tuberculosis: a new look at an old 
disease. Expert Rev Clin Immunol. 2011;7(2):129-31.

7.	 Raviglione M, Marais B, Floyd K, Lonnroth K, Getahun H, Migliori GB, et al. Scaling up interventions to achieve 
global tuberculosis control: progress and new developments. Lancet. 2012;379(9829):1902-13.

8.	 Bukhari E, Alzahrani M, Alsubaie S, Alrabiaah A, Alzamil F. Bacillus Calmette-Guerin lymphadenitis: a 6-year 
experience in two Saudi hospitals. Indian J Pathol Microbiol. 2012;55(2):202-5.

9.	 Al-Salem AH, Kothari MR, AlHani HM, Oquaish MM, Khogeer SS, Desouky MS. Safety of intradermal Bacillus 
Calmette-Guerin vaccine for neonates in Eastern Saudi Arabia. Saudi Med J. 2012;33(2):172-6.

10.	 Arnoldussen DL, Linehan M, Sheikh A. BCG vaccination and allergy: a systematic review and meta-analysis. J 
Allergy Clin Immunol. 2011;127(1):246-53, 53 e1-21.

11.	 Flohr C, Nagel G, Weinmayr G, Kleiner A, Williams HC, Ait-Khaled N, et al. Tuberculosis, bacillus Calmette-
Guerin vaccination, and allergic disease: findings from the International Study of Asthma and Allergies in 
Childhood Phase Two. Pediatr Allergy Immunol. 2012;23(4):324-31.

12.	 El-Zein M, Parent ME, Benedetti A, Rousseau MC. Does BCG vaccination protect against the development 
of childhood asthma? A systematic review and meta-analysis of epidemiological studies. Int J Epidemiol. 
2010;39(2):469-86.

13.	 Sarinho E, Kunz FC, Bellesi N, Maia PF, Rizzo JA, Silva AR. Can multiple doses of BCG vaccine protect against 
asthma? J Bras Pneumol. 2010;36(3):281-5.

14.	 Farez MF, Correale J. Immunizations and risk of multiple sclerosis: systematic review and meta-analysis. J 
Neurol. 2011;258(7):1197-206.

15.	 Thamthitiwat S, Marin N, Baggett HC, Peruski LF, Kiatkulwiwat W, Panumatrasmee V, et al. Mycobacterium 
bovis (Bacille Calmette-Guerin) bacteremia in immunocompetent neonates following vaccination. Vaccine. 
2011;29(9):1727-30.

16.	 Chan PK, Ng BK, Wong CY. Bacille Calmette-Guerin osteomyelitis of the proximal femur. Hong Kong medical 
journal = Xianggang yi xue za zhi / Hong Kong Academy of Medicine. 2010;16(3):223-6.

17.	 Chang CK, Chang WC, Lee HS, Wu CC, Huang GS. Subcutaneous abscess in the lower leg caused by BCG-
related osteomyelitis. South Med J. 2010;103(7):686-9.

18.	 Kwon HJ, Chung BH, Choi BM, Park KU, Kim YK. Severe osteomyelitis as a complication of Tokyo-172 BCG 
vaccination. J Korean Med Sci. 2012;27(2):221-4.

19.	 Al-Jassir FF, Aldeeri RA, Alsiddiky AM, Zamzam MM. Osteomyelitis following Bacille Calmette-Guerin 
vaccination. Saudi Med J. 2012;33(1):87-90.

20.	 Ishimaru D, Ogawa H, Ito Y, Shimizu K. Surgical treatment of an infant with Bacille Calmette-Guerin 
osteomyelitis extending across the growth plate. Orthopedics. 2011;34(1):55.

21.	 Thapa R, Mallick D, Biswas B. Necrotizing fasciitis following BCG vaccination. Indian Pediatr. 2011;48(3):235-7.

22.	 Kluger N, Monthieu JY, Guillot B. Basal cell carcinoma arising in a bacille Calmette-Guerin vaccination scar. 
Cutis. 2012;89(3):137-9.

23.	 Bilgili SG, Karadag AS, Ceylan MF, Calka O, Turktas U, Bulut G. The development of giant lipoma on the BCG 
vaccine caused scar. Cutaneous and ocular toxicology. 2012;31(1):70-3.

http://www.who.int/biologicals/areas/vaccines/bcg/en/
http://www.who.int/biologicals/areas/vaccines/bcg/en/


28 Antigen Review–2012: Tuberculosis

24.	 Gyldenlove M, Andersen AB, Halkjaer LB. Cutaneous necrotic ulceration due to BCG re-vaccination. Hum 
Vaccin Immunother. 2012;8(4):423-4.

25.	 Keijsers RR, Bovenschen HJ, Seyger MM. Cutaneous complication after BCG vaccination: case report and 
review of the literature. The Journal of dermatological treatment. 2011;22(6):315-8.

26.	 Zaki SA, Sanjeev S. Lichen striatus following BCG vaccination in an infant. Indian Pediatr. 2011;48(2):163-4.

27.	 Yoshimura E, Kido M, Takahara M, Urabe K, Uchi H, Moroi Y, et al. Late onset suppurative lymphadenopathy 
induced by bacillus Calmette-Gue rin (BCG) vaccination. J Dermatol. 2011;38(9):933-5.

28.	 Thakur BK, Verma S. BCG-induced lupus vulgaris complicated by squamous cell carcinoma in a 7-year-old child. 
Int J Dermatol. 2011;50(5):542-5.

29.	 Norouzi S, Aghamohammadi A, Mamishi S, Rosenzweig SD, Rezaei N. Bacillus Calmette-Guerin (BCG) 
complications associated with primary immunodeficiency diseases. The Journal of infection. 2012;64(6):543-
54.

30.	 Santos A, Dias A, Cordeiro A, Cordinha C, Lemos S, Rocha G, et al. Severe axillary lymphadenitis after BCG 
vaccination: alert for primary immunodeficiencies. J Microbiol Immunol Infect. 2010;43(6):530-7.

31.	 Bunin N, Small T, Szabolcs P, Baker KS, Pulsipher MA, Torgerson T. NCI, NHLBI/PBMTC first international 
conference on late effects after pediatric hematopoietic cell transplantation: persistent immune deficiency in 
pediatric transplant survivors. Biology of blood and marrow transplantation : journal of the American Society 
for Blood and Marrow Transplantation. 2012;18(1):6-15.

32.	 Norouzi S, Movahedi Z, Mamishi S, Monajemzadeh M, Rezaei N. Disseminated BCG as a unique feature of an 
infant with severe combined immunodeficiency. Turkish Journal of Pediatrics. 2011;53(3):328-32.

33.	 Aytekin C, Dogu F, Tuygun N, Tanir G, Guloglu D, Boisson-Dupuis S, et al. Bacille Calmette-Guerin 
lymphadenitis and recurrent oral candidiasis in an infant with a new mutation leading to interleukin-12 
receptor beta-1 deficiency. J Investig Allergol Clin Immunol. 2011;21(5):401-4.

34.	 de Souza Campos Fernandes RC, Medina-Acosta E. Contraindication of BCG vaccination in children exposed 
and/or infected by HIV. J Trop Pediatr. 2011;57(1):72-3.

35.	 Alrabiaah AA, Alsubaie SS, Bukhari EI, Gad A, Alzamel FA. Outbreak of Bacille Calmette-Guerin-related 
lymphadenitis in Saudi children at a university hospital after a change in the strain of vaccine. Ann Saudi Med. 
2012;32(1):4-8.

36.	 Akmatov MK, Mikolajczyk RT. Timeliness of childhood vaccinations in 31 low and middle-income countries. 
Journal of epidemiology and community health. 2012;66(7):e14.

37.	 Hatherill M, Verver S, Mahomed H, Taskforce on Clinical Research Issues STBPWGoTBV. Consensus statement 
on diagnostic end points for infant tuberculosis vaccine trials. Clin Infect Dis. 2012;54(4):493-501.

38.	 Raharimanga V, Ratovoson R, Ratsitorahina M, Ramarokoto H, Rasolofo V, Talarmin A, et al. Tuberculin 
reactivity in first-year schoolchildren in Madagascar. Tropical medicine & international health : TM & IH. 
2012;17(7):871-6.

39.	 Abebe F. Is interferon-gamma the right marker for bacille Calmette-Guerin-induced immune protection? The 
missing link in our understanding of tuberculosis immunology. Clin Exp Immunol. 2012;169(3):213-9.

40.	 Zuiverloon TC, Nieuweboer AJ, Vekony H, Kirkels WJ, Bangma CH, Zwarthoff EC. Markers predicting response 
to bacillus Calmette-Guerin immunotherapy in high-risk bladder cancer patients: a systematic review. Eur Urol. 
2012;61(1):128-45.

41.	 Ottenhoff TH, Kaufmann SH. Vaccines against tuberculosis: where are we and where do we need to go? PLoS 
Pathog. 2012;8(5):e1002607.

42.	 Ottenhoff TH, Ellner JJ, Kaufmann SH. Ten challenges for TB biomarkers. Tuberculosis (Edinb). 2012;92 Suppl 
1:S17-20.

43.	 McShane H, Jacobs WR, Fine PE, Reed SG, McMurray DN, Behr M, et al. BCG: myths, realities, and the need 
for alternative vaccine strategies. Tuberculosis (Edinb). 2012;92(3):283-8.

44.	 Mazzola TN, da Silva MT, Abramczuk BM, Moreno YM, Lima SC, Zorzeto TQ, et al. Impaired Bacillus Calmette-
Guerin cellular immune response in HIV-exposed, uninfected infants. Aids. 2011;25(17):2079-87.



29Antigen Review–2012: Tuberculosis

45.	 Miles DJ, Gadama L, Gumbi A, Nyalo F, Makanani B, Heyderman RS. Human immunodeficiency virus (HIV) 
infection during pregnancy induces CD4 T-cell differentiation and modulates responses to Bacille Calmette-
Guerin (BCG) vaccine in HIV-uninfected infants. Immunology. 2010;129(3):446-54.

46.	 Wardhana, Datau EA, Sultana A, Mandang VV, Jim E. The efficacy of Bacillus Calmette-Guerin vaccinations for 
the prevention of acute upper respiratory tract infection in the elderly. Acta Med Indones. 2011;43(3):185-90.

47.	 Anderson EJ, Webb EL, Mawa PA, Kizza M, Lyadda N, Nampijja M, et al. The influence of BCG vaccine strain 
on mycobacteria-specific and non-specific immune responses in a prospective cohort of infants in Uganda. 
Vaccine. 2012;30(12):2083-9.

48.	 von Reyn CF. New studies of BCG: implications for tuberculosis vaccines. Lancet Infect Dis. 2012;12(4):259-60.

49.	 Pereira SM, Barreto ML, Pilger D, Cruz AA, Sant’Anna C, Hijjar MA, et al. Effectiveness and cost-effectiveness 
of first BCG vaccination against tuberculosis in school-age children without previous tuberculin test (BCG-
REVAC trial): a cluster-randomised trial. Lancet Infect Dis. 2012;12(4):300-6.

50.	 Fine PE, Carneiro IAM, Milstien JB, Clements CJ, World Health Organization Dept of Vaccines and Biologicals. 
Issues relating to the use of BCG in immunization programmes : a discussion document [Internet]. Geneva: 
WHO IRIS; 1999. Available from: http://www.who.int/iris/handle/10665/66120 

51.	 Khemiri M, Bagais A, Becher SB, Bousnina S, Bayoudh F, Mehrezi A, et al. Tuberculous meningitis in Bacille 
Calmette-Guerin-vaccinated children: clinical spectrum and outcome. J Child Neurol. 2012;27(6):741-6.

52.	 Roth AE, Benn CS, Ravn H, Rodrigues A, Lisse IM, Yazdanbakhsh M, et al. Effect of revaccination with BCG in 
early childhood on mortality: randomised trial in Guinea-Bissau. Bmj. 2010;340:c671.

53.	 Barreto ML, Pereira SM, Pilger D, Cruz AA, Cunha SS, Sant’Anna C, et al. Evidence of an effect of BCG 
revaccination on incidence of tuberculosis in school-aged children in Brazil: second report of the BCG-REVAC 
cluster-randomised trial. Vaccine. 2011;29(31):4875-7.

54.	 Lalor MK, Floyd S, Gorak-Stolinska P, Ben-Smith A, Weir RE, Smith SG, et al. BCG vaccination induces different 
cytokine profiles following infant BCG vaccination in the UK and Malawi. The Journal of infectious diseases. 
2011;204(7):1075-85.

55.	 Biering-Sorensen S, Aaby P, Napirna BM, Roth A, Ravn H, Rodrigues A, et al. Small randomized trial among 
low-birth-weight children receiving bacillus Calmette-Guerin vaccination at first health center contact. Pediatr 
Infect Dis J. 2012;31(3):306-8.

56.	 Seki M, Udagawa T, Sugawara I, Iwama K, Honda I, Fujita I, et al. The effect of passages during Japanese BCG 
vaccine production on genetic stability and protective efficacy. Vaccine. 2012;30(8):1460-4.

57.	 Favorov M, Ali M, Tursunbayeva A, Aitmagambetova I, Kilgore P, Ismailov S, et al. Comparative tuberculosis 
(TB) prevention effectiveness in children of Bacillus Calmette-Guerin (BCG) vaccines from different sources, 
Kazakhstan. PLoS ONE. 2012;7(3):e32567.

58.	 Kagina BM, Abel B, Bowmaker M, Scriba TJ, Gelderbloem S, Smit E, et al. Delaying BCG vaccination from birth 
to 10 weeks of age may result in an enhanced memory CD4 T cell response. Vaccine. 2009;27(40):5488-95.

59.	 Aaby P, Roth A, Ravn H, Napirna BM, Rodrigues A, Lisse IM, et al. Randomized trial of BCG vaccination 
at birth to low-birth-weight children: beneficial nonspecific effects in the neonatal period? The Journal of 
infectious diseases. 2011;204(2):245-52.

60.	 Burl S, Adetifa UJ, Cox M, Touray E, Ota MO, Marchant A, et al. Delaying bacillus Calmette-Guerin vaccination 
from birth to 4 1/2 months of age reduces postvaccination Th1 and IL-17 responses but leads to comparable 
mycobacterial responses at 9 months of age. J Immunol. 2010;185(4):2620-8.

61.	 Aaby P, Benn C, Nielsen J, Lisse IM, Rodrigues A, Ravn H. Testing the hypothesis that diphtheria-tetanus-
pertussis vaccine has negative non-specific and sex-differential effects on child survival in high-mortality 
countries. BMJ open. 2012;2(3).

62.	 Grange JM, Krone B. Prophylactic intervention for childhood leukaemia. Int J Epidemiol. 2011;40(1):258-9.

63.	 Shann F. Commentary: BCG vaccination halves neonatal mortality. Pediatr Infect Dis J. 2012;31(3):308-9.

64.	 Lalor MK, Floyd S, Gorak-Stolinska P, Weir RE, Blitz R, Branson K, et al. BCG vaccination: a role for vitamin D? 
PLoS ONE. 2011;6(1):e16709.

http://www.who.int/iris/handle/10665/66120


30 Antigen Review–2012: Tuberculosis

65.	 Rodrigues LC, Mangtani P, Abubakar I. How does the level of BCG vaccine protection against tuberculosis fall 
over time? Bmj. 2011;343(7826):d5974.

66.	 Merle CS, Cunha SS, Rodrigues LC. BCG vaccination and leprosy protection: review of current evidence and 
status of BCG in leprosy control. Expert Rev Vaccines. 2010;9(2):209-22.

67.	 Mwaba P, McNerney R, Grobusch MP, O’Grady J, Bates M, Kapata N, et al. Achieving STOP TB Partnership 
goals: perspectives on development of new diagnostics, drugs and vaccines for tuberculosis. Tropical medicine 
& international health : TM & IH. 2011;16(7):819-27.

68.	 Brennan MJ, Thole J. Tuberculosis vaccines: a strategic blueprint for the next decade. Tuberculosis (Edinb). 
2012;92 Suppl 1:S6-13.

69.	 Watts G. Tuberculosis experts pin hopes of controlling disease on 12 vaccines in development. Bmj. 
2012;345:e6981.

70.	 Odutola AA, Owolabi OA, Owiafe PK, McShane H, Ota MO. A new TB vaccine, MVA85A, induces durable 
antigen-specific responses 14 months after vaccination in African infants. Vaccine. 2012;30(38):5591-4.

71.	 Pathan AA, Minassian AM, Sander CR, Rowland R, Porter DW, Poulton ID, et al. Effect of vaccine dose on 
the safety and immunogenicity of a candidate TB vaccine, MVA85A, in BCG vaccinated UK adults. Vaccine. 
2012;30(38):5616-24.

72.	 Scriba TJ, Tameris M, Mansoor N, Smit E, van der Merwe L, Isaacs F, et al. Modified vaccinia Ankara-expressing 
Ag85A, a novel tuberculosis vaccine, is safe in adolescents and children, and induces polyfunctional CD4+ T 
cells. Eur J Immunol. 2010;40(1):279-90.

73.	 Scriba TJ, Tameris M, Mansoor N, Smit E, van der Merwe L, Mauff K, et al. Dose-finding study of the novel 
tuberculosis vaccine, MVA85A, in healthy BCG-vaccinated infants. The Journal of infectious diseases. 
2011;203(12):1832-43.

74.	 Scriba TJ, Tameris M, Smit E, van der Merwe L, Hughes EJ, Kadira B, et al. A phase IIa trial of the new 
tuberculosis vaccine, MVA85A, in HIV- and/or Mycobacterium tuberculosis-infected adults. Am J Respir Crit 
Care Med. 2012;185(7):769-78.

75.	 Dockrell HM. Another step down the development pipeline for the novel tuberculosis vaccine MVA-85A. The 
Journal of infectious diseases. 2011;203(12):1708-9.

76.	 Dolgin E. Trial designs for vaccines adapt to the times. Nat Med. 2012;18(3):327.

77.	 Dey B, Jain R, Gupta UD, Katoch VM, Ramanathan VD, Tyagi AK. A booster vaccine expressing a latency-
associated antigen augments BCG induced immunity and confers enhanced protection against tuberculosis. 
PLoS ONE. 2011;6(8):e23360.

78.	 Frahm N, DeCamp AC, Friedrich DP, Carter DK, Defawe OD, Kublin JG, et al. Human adenovirus-specific T cells 
modulate HIV-specific T cell responses to an Ad5-vectored HIV-1 vaccine. The Journal of clinical investigation. 
2012;122(1):359-67.

79.	 Li X, Xu W, Xiong S. A novel tuberculosis DNA vaccine in an HIV-1 p24 protein backbone confers protection 
against Mycobacterium tuberculosis and simultaneously elicits robust humoral and cellular responses to HIV-
1. Clin Vaccine Immunol. 2012;19(5):723-30.

80.	 You Q, Jiang C, Wu Y, Yu X, Chen Y, Zhang X, et al. Subcutaneous administration of modified vaccinia virus 
Ankara expressing an Ag85B-ESAT6 fusion protein, but not an adenovirus-based vaccine, protects mice against 
intravenous challenge with Mycobacterium tuberculosis. Scand J Immunol. 2012;75(1):77-84.

81.	 Kasprowicz VO, Churchyard G, Lawn SD, Squire SB, Lalvani A. Diagnosing latent tuberculosis in high-risk 
individuals: rising to the challenge in high-burden areas. The Journal of infectious diseases. 2011;204 Suppl 
4(SUPPL. 4):S1168-78.

82.	 Dockrell HM, Smith SG, Lalor MK. Variability between countries in cytokine responses to BCG vaccination: 
what impact might this have on protection? Expert Rev Vaccines. 2012;11(2):121-4.

83.	 Larsson LO, Fjallbrant H, Widstrom O, Ridell M. BCG vaccination of young adults at risk of tuberculosis: a 
meaningful precaution in low-prevalence settings? Int J Tuberc Lung Dis. 2011;15(5):709.

84.	 Zwerling A, Behr MA, Verma A, Brewer TF, Menzies D, Pai M. The BCG World Atlas: a database of global BCG 
vaccination policies and practices. PLoS Med. 2011;8(3):e1001012.



31Antigen Review–2012: Tuberculosis

85.	 Amanatidou V, Syridou G, Mavrikou M, Tsolia MN. Latent tuberculosis infection in children: diagnostic 
approaches. European journal of clinical microbiology & infectious diseases : official publication of the 
European Society of Clinical Microbiology. 2012;31(7):1285-94.

86.	 World Health Organization. Revised BCG vaccination guidelines for infants at risk for HIV infection. . Weekly 
Epidemiological Record. 2007;82(193).

87.	 Ravikiran SR, Kumar PM, Meundi AD. Pain response in newborns to the order of injecting BCG and Hepatitis-B 
vaccines: a randomized trial. Indian J Pediatr. 2011;78(6):693-7.

88.	 Benn CS, Fisker AB, Napirna BM, Roth A, Diness BR, Lausch KR, et al. Vitamin A supplementation and BCG 
vaccination at birth in low birthweight neonates: two by two factorial randomised controlled trial. Bmj. 
2010;340:c1101.

89.	 Eurosurveillance editorial t. Launch of free online database of international TB vaccination policies: the BCG 
World Atlas. Euro Surveill. 2011;16(12).

90.	 The National Tuberculosis Advisory Committee. The BCG vaccine: information and recommendations for use in 
Australia. Communicable Diseases Intelligence. 2006;30(1).



32 Antigen Review–2012: Tuberculosis



33Antigen Review–2012: Tuberculosis




