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We have developed a novel tuberculosis (TB) vaccine; a
combination of the DNA vaccines expressing mycobacterial
heat shock protein 65 (HSP 65) and interleukin 12 (IL-12)
delivered by the hemagglutinating virus of Japan (HVJ)-
envelope and -liposome (HSP 65+IL-12/HVJ). This vaccine
provided remarkable protective efficacy in mouse and guinea
pig models compared to the BCG vaccine on the basis of
CF.U of number of TB, survival, an induction of the
CD8 positive CTL activity and improvement of the
histopathological tuberculosis lesions. This vaccine provided
therapeutic efficacy against multi-drug resistant TB (MDR-
TB) and extensively drug resistant TB (XDR-TB) (prolonga-
tion of survival time and the decrease in the number of TB
in the lung) as well as protective efficacy in murine models.
Furthermore, we extended our studies to a cynomolgus
monkey model, which is currently the best animal model of
human tuberculosis. This novel vaccine provided a higher
level of the protective efficacy than BCG based upon the
assessment of mortality, the ESR, body weight, chest X-ray
findings and immune responses (IFN-y, IL-2, IL-6 produc-



Mini-symposium/Novel Vaccines against TB

tion, and lymphocyte proliferation of cynomolgus monkey).
All monkeys in the control group (saline) died within 8
months, while 50% of monkeys in the HSP65+IL-12/
HVJ group survived more than 14 months post-infection
(the termination period of the experiment). Furthermore,
the combination of HSP 65-+IL-12/HVJ and BCG by the
priming-booster method showed a synergistic effect in the
TB-infected cynomolgus monkey (100% survival). In contrast,
33% of monkeys from BCG Tokyo alone group were alive
(33% survival). Furthermore, this vaccine exerted therapeutic
efficacy in the TB-infected monkeys. These data indicate that
our novel DNA vaccine might be useful against Mycobac-
terium tuberculosis for human clinical trials.
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2. BCG vaccine trials in South Africa

South African Tuberculosis Vaccine Initiative, University of Cape Town Gregory HUSSEY

The South African Tuberculosis Vaccine Initiative, located
within the University of Cape Town, has been involved in a
number of BCG vaccine trials over the last few years and in
this presentation I will highlight results from some of our
studies.

A randomized trial comparing the efficacy of percutane-
ous versus intradermal BCG in the prevention of tubercu-
losis disease in infants and young children

Intradermal BCG vaccine is currently recommended by the
World Health Organization (WHO). Prior to this study, no
randomized trial comparing the relative incidence of tubercu-
losis following intradermal as opposed to percutaneous BCG
vaccination had been conducted. 11680 South African new-
borns were randomized to receive Tokyo 172 BCG vaccine
via either the percutaneous (n=>5775) or the intradermal (n=
5905) route within 24 hours of birth and then followed up
for 2 years to document and investigate adverse events and
suspected tuberculosis (TB) disease. The cumulative incidence
of tuberculosis over two years of follow up was 6.13% [95.5
%CI : 5.52-6.79%] in the intradermal group and 6.49%
[5.86-7.18%] in the percutaneous group. No significant
differences were found between the routes in the cumulative
incidence of adverse events. Our results suggest that the WHO
should consider revising its policy of preferential intradermal
vaccination to allow national immunization programs to

choose percutaneous vaccination if that is more practical.

Determining BCG-induced immune correlates of protec-
tion against childhood tuberculosis disease

This study aims to determine what we can measure in the
blood of a BCG-vaccinated baby to tell us whether that infant
has either been protected, or not protected, against future
tuberculosis disease. Defining these “immune correlates” is
critical for studies of new tuberculosis vaccines. 5675 infants,
routinely vaccinated with BCG at birth were enrolled. Blood
was collected, processed and cryopreserved at 10 weeks of
age, and the infants were followed for at least 2 years. 45
infants developed culture-positive lung tuberculosis over this
period (i.e., not protected by BCG). 91 infants did not develop
tuberculosis disease despite exposure to adults with tubercu-
losis in the households (i.e., protected by BCG). We are now
in the process of retrieving blood products stored at 10 weeks
of age, to compare BCG-induced immunity in the 2 groups.
Our comprehensive approach to analysis includes: determin-
ing cytokine levels in plasma, evaluating cytokine expression
and the memory phenotype of specific T cells, determining
specific T cell proliferative and cytokine-producing capacity,
assessing the pattern of mRNA expression, and determining
whether BCG-induced antibody production patterns may
correlate with protection. Results will be presented.
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The effect of BCG strain and route of administration on
the immune responses caused by the vaccine in infants

At present, we do not know whether BCG strain or route
of administration determine efficacy. We evaluated antigen-
specific immunity after percutaneous or intradermal adminis-
tration of Japanese BCG or intradermal administration of
Danish BCG. Ten weeks after vaccination of neonates, percu-
taneous Japanese BCG had induced significantly higher fre-
quencies of BCG-specific IFN-gamma (-producing CD4+
and CD8+ T cells in BCG-stimulated whole blood; signifi-
cantly greater secretion of the T helper l-type cytokines
IFN-y, tumor necrosis factor (TNF)-alpha and interleukin
(IL) 2; and significantly lower secretion of the T helper 2-type
cytokine IL-4; and greater CD4+ and CD8+ T cell prolifer-
ation than did intradermal Danish BCG. Thus, BCG strain and
route of vaccination confer different levels of immune activa-
tion, which may affect the efficacy of the vaccine.

Immune response to BCG vaccination in HIV-infected
newborns

We have evaluated the risks and benefits of BCG vacci-
nation in HIV-infected infants. However, we do not know
whether BCG does protect HIV-infected children against the
disease ; rather BCG may itself cause disease in this popula-
tion. Sequential BCG-induced immune responses were deter-
mined in 22 HIV-positive infants compared with that in 25
healthy infants born to mothers not infected with HIV and in
25 HIV-negative infants born to HIV-positive mothers. Results
will be presented in the near future.

References

1) Hawkridge T, Scriba TJ, Gelderbloem S, et al.: Safety and

Wik W3k 9o B 20084 9 A

immunogenicity of a new tuberculosis vaccine, MVASSA,
in healthy adults in South Africa, J Infect Dis. 2008 ; 198 :
544-52,

2) Soares AP, Scriba TJ, Joseph S, et al.: Bacillus Calmette-
Guérin vaccination of human newbomns induces T cells
with complex cytokine and phenotypic profiles. J Immunol.
2008 ; 180 : 3569-77.

3) Hussey G, Hawkridge T, Hanekom W: Childhood tuber-
culosis: old and new vaccines. Paediatr Respir Rev. 2007 ;
8: 148-54.

4) Moyo S, Hawkridge T, Mahomed H, et al.: Determining
causes of mortality in children enrolled in a vaccine field
trial in a rural area in the Western Cape Province of South
Africa. J Paediatr Child Health. 2007 ; 43 : 178-83.

5) Hatherill M, Hawkridge T, Whitelaw A, et al.: Isolation of
non-tuberculous mycobacteria in children investigated for
pulmonary tuberculosis. PLoS ONE. 2006 ; 1 :e2l.

6) Mahomed H, Kibel M, Hawkridge T, et al.: The impact
of a change in bacille Calmette-Guérin vaccine policy on
tuberculosis incidence in children in Cape Town, South
Africa. Pediatr Infect Dis J. 2006 ; 25 : 1167-72.

7) Murray RA, Mansoor N, Harbacheuski R, et al.: Bacillus
Calmette Guérin vaccination of human newbomns induces
a specific, functional CD8+ T cell response. J Immunol.
2006 ; 177 : 5647-51.

8) Davids V, Hanekom WA, Mansoor N, et al.: The effect
of bacille Calmette-Guérin vaccine strain and route of
administration on induced immune responses in vaccinated
infants. J Infect Dis. 2006 ; 193 : 531-6.

3. Present and future of TB vaccine development research

Department of Infectious Disease Immunology and the SSI Centre for
Vaccine Research, Statens Serum Institute, Copenhagen, Denmark

Tuberculosis (TB) kills 2—3 million people every year.
The current tuberculosis (TB) vaccine Mycobacterium bovis
bacillus Calmette-Guérin (BCG) is the most widely used
vaccine worldwide, but it does not prevent the establishment
of latent TB or reactivation of pulmonary disease in adults.
The development of subunit vaccines has now reached the
point where single antigens as well as poly-protein fusion
molecules have been evaluated in animal models and found
to provide efficient protection against tuberculosis. The
most advanced of these vaccines such as the fusion between
ESAT6/TB 10.4 and Ag85B are now in clinical trials. Cur-
rently the focus is on evaluating the influence of different
adjuvants, live delivery systems, routes and prime-boost

Peter ANDERSEN

regimes for optimal expression of immunity in the lung,
boosting of BCG and maintenance of immunological memory.
Subunit vaccines can be used to boost BCG immunity either
administered together (Tandem administration), shortly after
BCG (early boost) or in adolescence when BCG immunity
starts to wane (Late boost). A late BCG boost would frequently
be administrated post-exposure to latently infected individuals
and ongoing efforts are focused on understanding the impact
this would have on existing vaccines and for the design of
efficient booster vaccines.
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4. Comments and directions in research and development of TB vaccines

Aeras Global TB Vaccine Foundation, Bethesda, Maryland, USA  Jerald C. SADOFF
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Mycobacterium tuberculosis is one of the most successful
bacterial parasites of humans, infecting over one-third of the
population of the world as latent infection without clinical
manifestations. Over 9.2 million new cases and nearly 1.7
million deaths by tuberculosis (TB) occur annually (http://
www.who.int/tb/en/). TB poses a significant health threat to
the world population. Global tuberculosis control is facing
major challenges today. In general, much effort is still required

to make quality care accessible without barriers of gender,
age, type of disease, social setting, and ability to pay. Coinfec-
tion with M. tuberculosis and human immunodeficiency virus
(TB/HIV), and multidrug-resistant (MDR) and extensively
drug-resistant (XDR)-TB in all regions, make control activities
more complex and demanding. Treating and preventing TB
is challenging, even in developed countries where there
is a modern health care system and infrastructure. Current
treatment regimens last six to nine months, and erratic or
inconsistent treatment breeds MDR (490,000 new cases/year)
and even XDR-TB (40,000 new cases/year), which means that
this pandemic could become even more difficult to control
throughout the world. TB is a leading cause of death among
people who are also infected with HIV, according to the
World Health Organization. One-third of the 33.2 million
people living with HIV also suffer from TB. The coinfection
causes 230,000 deaths annually worldwide. Without proper
treatment, approximately 90 percent of people living with HIV
die within two to three months of contracting TB (http://www.
stoptb.org/wg/tb_hiv/default.asp). The goal of this symposium
is to understand the current situation of research and develop-
ment of novel TB vaccines and the future perspective.
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To win the fight against TB, a comprehensive approach is
needed that includes new and more effective vaccines as well
as improved diagnostics and treatment, The bacillus Calmette-
Guérin (BCG) vaccine, created in 1921, is the only existing
vaccine against TB. Unfortunately, it is only partially effective.
It provides some protection against severe forms of pediatric
TB, namely disseminated and meningeal tuberculosis occurr-
ing in the first year of life, but is unreliable against adult
pulmonary TB, which accounts for most of the disease burden
worldwide. Although BCG is the most widely administered
vaccine in the world, there have never been as many cases
of TB on the planet. There is therefore an urgent need for
a modern, safe and effective vaccine that would prevent all
forms of TB, including the drug-resistant strains, in all age
groups and among people with human immunodeficiency
virus (HIV).

Strategies for the research and development (R&D) are
included 1) pre-exposure (prophylactic) and 2) post-exposure
(therapeutic) vaccines. Based on the preparation, there are 4
types, such as 1) improved BCG, 2) attenuated M. tubercu-
losis, 3) subunit/component vaccines, and 4) DNA vaccines.
Speakers have presented and discussed “R&D of novel
vaccines against TB" better than current BCG.

To control TB and overcome the issues, such as drug-
resistant TB and HIV-TB coinfection, we hope the presen-
tation in the Mini-symposium promotes a more adventurous
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approach to develop a novel, effective and safe TB vaccine.
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1. Interferon-Gamma Release Assays (IGRA) and antigens
for detection of latent infection and prediction of disease

Peter ANDERSEN (Department of Infectious Disease
Immunology and the SSI Centre for Vaccine Research,
Statens Serum Institut, Denmark)
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3. BEBREREBNHENET L5V 22OMEL
BO—E (RETFHRBEEHARAREL 77 L ¥
Aty ¥ —RERER)

W, A ECHBEOY ) LERSER LS
B ORERES ([ ry—7x0r—yEEHE 2ERET
LB RPUR ESAT-6 L CFP- 10 B R s h, B
BAENROZHVW-EEREZSHENARZ E N
ESAT-6 & CFP-1013 BCGR K57 NIRRT E I
BRELELZWHET A0, MEZHV-SHER
IRNLZ ) URIGE R ) BCGERE R KEB D IEFE %
MHBHERREOEEZZT v, ThHDBHEIE,
Interferon-Gamma Release Assays (IGRAs) & FEiXh, B
EHREN TV B H DIXELISAE % v 5 Quanti
FERON®-TB Gold (A& IZBI}ABmEB 7+ T4 7 =
T *TB-2G, LT QFT-2G) &, ELISPOTEZE&ICL
7z T-SPOT®. TB 4% 5. HA Tl QFT-2G D AN B W
ELTARENRTVEH, —BWICQFT2GL D & T-
SPOT. TBDIE) ABEETH A LBEShTHEY, &
BOEKBHRFI-Nb,

LA L—A T, IGRASBRENERIZR/20, §&
B REMES, BEALEREET . ThonR

BE LR LRXOMEERRESNTEY, BEIIES
THsrH"%
CDEIRBRIIBVWTAI=ZY YR I T AT,
ESAT-6, CFP-10% & 4% { DEBETNBEOMEIZHSE
LIGRASDEHADRL LR E 7 ¥~ — 7 EILMiF
FF9ERT @ Andersen 64406, EHERFRRBEORE D
5 IGRASREZERRBICEL#EM L, BED IGRASKRE
ETIRETE 2V fE R L EBSHE 1T 5
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FoaO—ExE LD, /NG, HIVEREESORERS
HIZBIT D QFT2GRED IS, HEEHA QFT-2G R
EICRIZTEE, QFT2CREICI2EHBHR TR, X
D QFTHRE, BITHO QFT-2GREIZBIT A #HME
RHREAICT L OLBIEICD B NED THEETEV .
HTE, IGRAsIZEEIZIET o TWaH, Btk - FES
FELSZBITAILEHFBELEETHD, KI=V
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WCIRDBZLIIHFSTHI L2 HFFT 5,
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1. Interferon-Gamma Release Assays (IGRA) and antigens for detection of
latent infection and prediction of disease

Department of Infectious Disease Immunology and the SSI Centre for Vaccine Research, Statens Serum Institut, Denmark

Peter ANDERSEN
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0.1 1

Background ESAT-6/CFP-10* Background ESAT-6/CFP-10*

ATBS non-TBE

Fig.1 IFN-y production in response to stimulation with
Mycobacterium tuberculosis-specific antigen.

Cavity fluid cells obtained from patients with active tubercu-
lous serositis (ATBS) or nontuberculous effusion (non-TBE)
were harvested and suspended in the individual supernatant of
the effusion at 1-5 million cells/m/, stimulated with saline or
M. tuberculosis-specific antigens, and incubated for 18 h, after
which IFN-y concentrations in the culture supernatant were
measured by ELISA. IFN-y concentrations in each patient,
which were expressed as background control IFN- y concen-
trations and concentrations after stimulation with specific
antigens (early secretory antigenic target 6 [ESAT-6] and
culture filtrate protein 10 [CFP-10]), are shown as closed
circles connected with lines. Student's ¢ test was used for
differences between the ATBS and non-TBE groups. IFN- y
values after antigen stimulation are the measured values, not
values subtracted from the corresponding background control
values.

*The higher IFN-y concentrations after stimulation with either
antigenic peptides ESAT-6 or CFP-10 are represented.
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Table Diagnostic criteria of cavity fluid interferon-gamma release assay

1. Active tuberculous serositis, active tuberculous meningitis
Nil = 0.9 IU/m/ and [ESAT-6 —Nil and/or CFP-10—Nil = 1 IU/m/]

2. non-tuberculous effusion

any Nil and [ESAT-6—Nil and CFP-10—Nil < 0.5 IU/m/]

3. non-tuberculous effusion with history of tuberculosis or latent tuberculous infection
Nil < 0.5 IU/m/ and [ESAT-6—Nil and/or CFP-10—Nil = 0.4 IU/ml)]
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gated on
IFN-y*CD4*  IFN-y~CD4*

Nil

CD45RA

ESAT-6
CFP-10

CD27

Fig.2A PBMC:s obtained from patient with active pulmonary
tuberculosis before antituberculous chemotherapy were har-
vested and stimulated with saline (Nil) or M. tuberculosis-
specific antigens (ESAT-6 and CFP-10), and incubated for 18
h, after which cells were stained for CD4, CD27, CD45RA
and fixed, permeabilized and stained for cytoplasmic IFN-y.
The cells stained were gated on CD4 positive, IFN-y positive
(middle) or CD4 positive, IFN-y negative (right) and ana-
lyzed on fluorescence-activated cell sorting.
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tuberculous serositis by antigen-specific interferon-gamma
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Fig. 2B  PBMCs obtained from the patient with old pulmonary
tuberculosis that antituberculous chemotherapy ended three
years ago were harvested and stimulated with saline (Nil) or
M. tuberculosis-specific antigens (ESAT-6 and CFP-10), and
incubated for 18 h, after which cells were stained for CD4,
CD27, CD45RA and fixed, permeabilized and stained for
cytoplasmic IFN-y. The cells stained were gated on CD4
positive, IFN-y positive (middle) or CD4 positive, IFN-y
negative (right) and analyzed on fluorescence-activated cell
sorting.
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Fig.1 IFN-y responses before and after chemotherapy.
IFN- y levels measured before and immediately after chemo-
therapy by QFT-G for ESAT-6 (left panel) and CFP-10 (right
panel) are plotted for each individual. IFN-y responses to
ESAT-6 and CFP-10 were significantly decreased after chemo-
therapy with the geometric mean for ESAT-6 decreasing from
1.398 to 0.362 (p<<0.001) and the geometric mean for CFP-10
decreasing from 0.312 to 0.120 (p<0.001).
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Fig. 2 Distribution of IFN-y production levels. The
geometric mean (as shown by a bar) and the higher IFN- y
production level in response either to ESAT-6 or CFP-10
of each individual in two groups are shown. Geometric
mean£SD for active TB was 3.65+3.23 (n=35), and
for LTBI was 2.0242.80 (n=76). P value of t-test for
comparison of means=0.013.
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Abstract: The progress of genomic analysis in mycobacte-
rium including M. tuberculosis (Mtb) allowed us to find Mtb-
specific antigens, ESAT-6 and CFP-10, which induce strong
interferon-gamma (IFN-y) from sensitized T cells. Shortly
after discovery of these antigens, diagnostic tests for tubercu-
losis (TB) infection were developed using these antigens.
Since ESAT-6 and CFP-10 are absent from all BCG substrains
and most of non-tuberculous mycobacterium, these diagnostic
tests are not confounded with BCG vaccination and infection
of most of non-tuberculosis mycobacterium. These diagnostic
tests are called as Interferon-Gamma Release Assays (IGRAs),
and currently there are two commercially available tests. One
of them, QuantiFERON®-TB Gold (it is called QuantiFERON®
TB-2G in Japan, QFT-2G) based on ELISA method has been
approved in Japan, and the other is T-SPOT®. 7B which is
based on ELISPOT method and has not been approved in
Japan yet. As in general T-SPOT®. 7B has been shown to be
more sensitive than QFT-2G, approval of T-SPOT®. 7B in
Japan would be expected.

However, there are many questions to be solved in IGRAs,
since we have just started to use these tests. A paper which
integrated these questions was published last year, and it
would be helpful"

In this mini-symposium, Dr. Peter Andersen reported the
progress of development of diagnostic tests for tuberculosis
infection, the possibility to distinguish between active TB and
latent TB infection (LTBI) which the current IGRAs do not,
and the prognostic use of IGRAs (The Japanese content was
reported by Chairpersons). Dr. Ariga reported the application
of QFT-2G for specimens other than blood. He also reported
the interesting data on which T cells responded in QFT-
2G. Dr. Higuchi comprehensively reported data on several
questions in the QFT-2G test.

Currently the use of IGRAs is expanding rapidly. Under
this circumstance, it would be very important to properly
understand the characteristics of IGRAs. We hope that this
mini-symposium may help for understanding these issues.

1. Interferon-Gamma Release Assays (IGRA) and antigens for
detection of latent infection and prediction of disease : Peter
ANDERSEN (Department of Infectious Disease Immunology
and the SSI Centre for Vaccine Research, Statens Serum
Institut, Denmark)

One of the most important challenges in global tuberculosis
control is the diagnosis and treatment of latent tuberculosis
infection. The currently used method for detection of latent
tuberculosis “infection, the tuberculin skin test, has low
specificity. The identification of antigens specific for Myco-

bacterium tuberculosis to replace purified protein derivative
has therefore been a major international research priority.
We have performed a rigorous assessment of the diagnostic
potential of antigens that are lacking from the M. bovis bacille
Calmette-Guérin vaccine strains, as well as from most non-
tuberculous mycobacteria. We have identified three antigens
with a major diagnostic potential: ESAT-6, CFP-10 and TB
7.7. These antigens are currently used in IGRA tests such as
the QuantiFERON® that measure the production of interferon-
y from sensitized T lymphocytes, thereby signalling ongoing
infection. In the EU, US and Japan, where these tests have
entered the market, the value of this approach in contact
tracing has rapidly become apparent. I will suggest that such
tests can be modified to identify the individuals among the
latently-infected, at most risk of developing active contagious
TB. Targeted treatment of this part of the population offers
the possibility of preventing TB before it becomes infectious,
which would greatly contribute to the eventual control of this
global epidemic.

2. Immune responses specific for M. tuberculosis antigen—
peripheral blood and sites of inflammation: Haruyuki ARIGA
(National Hospital Organization Tokyo National Hospital)

To develop a more accurate method for diagnosing active
tuberculous pleuritis, as well as peritonitis, meningitis and
pericarditis of tuberculous origin, we established an antigen-
specific interferon-y (IFN-y) release assay using cavity
fluid specimens. Study subjects were 30 patients with bacte-
riologically confirmed active tuberculous serositis and 49
patients with definitive nontuberculous etiology. Culture was
performed for 18 h with fluid mononuclear cells in the super-
natant of the effusion together with saline or Mycobacterium
tuberculosis-specific antigenic peptides, early secretory anti-
genic target 6 and culture filtrate protein 10. IFN- y concentra-
tions in the culture supernatants were measured by ELISA. In
patients with active tuberculous serositis, antigen-specific
IFN-y responses of cavity fluid samples were significantly
higher than those of nontuberculous effusion samples. Area
under the receiver operating characteristic curve was signifi-
cantly greater for cavity fluid IFN-y response than for cavity
fluid adenosine deaminase and whole-blood IFN-y release
assay. The cavity fluid IFN-y release assay could be a non-
invasive method for accurately and promptly diagnosing tuber-
culous serositis in patients in whom active tuberculosis in the
cavity space is clinically suspected but for which no bacterio-
logical evidence can be obtained.

3. Several questions in IGRAs: Kazue HIGUCHI (Research
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Although it has been recommended to use QFT-2G for
contact investigations in the revised guideline for contact
investigation last year, there are several questions in QFT-2G.
In this mini-symposium, data on several questions in the QFT-
2G test were presented. These included the application of
QFT-2G to vulnerable individuals in immune system such as
infants and HIV-positives, the effects of chemotheraphy on
the QFT-2G test, the prognosis of development of active TB
by QFT-2G, the next generation of QFT-2G, quality assurance
of the QFT-2G test, and some problems of the current QFT-
2G test. It should be important to research these questions and
improve IGRAs based on the basic immunology.
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