
 

 

 University of Groningen

Tackling challenges to tuberculosis elimination
Gröschel, Matthias Ingo Paul

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2019

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Gröschel, M. I. P. (2019). Tackling challenges to tuberculosis elimination: Vaccines, drug-resistance,
comorbidities. [Thesis fully internal (DIV), University of Groningen]. University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/66c6e6b6-3ee3-4701-b293-2fafc112770a


Chapter 3. BCG::ESX-1 Mmar as Novel TB Vaccine Candidate 106

Chapter 4

Therapeutic Vaccines for
Tuberculosis - A Systematic
Review

Vaccine. Volume 32, Issue 26, Pages 3162-3168 (May 2014)
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Abstract

For eradication of tuberculosis (TB) by 2050, the declared aim of the Stop
TB Partnership, novel treatment strategies are indispensable. The emer-
ging epidemic of multi-drug resistant (MDR) TB has fuelled the debate
about TB vaccines, as increasing numbers of patients can no longer be cured
by pharmacotherapy. Of several proposed modalities, TB vaccines admin-
istered in therapeutic manner represents a promising alternative, despite
the controversial history due to the occurrence of an exacerbated immune
response. A modified concept of immunotherapy is required in order to
justify further exploration. In this paper we systematically reviewed the
most advanced therapeutic vaccines for TB. We address the rationale of im-
munotherapeutic vaccination combined with optimised pharmacotherapy
in active TB. We summarise preclinical and patient data regarding the five
most advanced therapeutic vaccines currently in the pipeline. Of the five
products that have been tested in animal models and in humans during act-
ive or latent TB, the quality of the published clinical reports of two of these
products justify further studies in patients with active TB. This systematic
review fuels further clinical evaluation eventually including head-to-head
comparative studies.
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4.1 Introduction

With 1.3 million deaths annually, tuberculosis (TB) has remained a tre-
mendous infectious threat around the world1. Following the identification
of Mycobacterium tuberculosis as a causative agent of TB in 1884, and the
development of a highly effective treatment with multi-drug short-course
therapy the battle seemed to be won until hopes were shattered with the
emergence of drug-resistant TB2. Currently, an estimated 630,000 TB cases
worldwide are multi-drug resistant (MDR), with 84 countries reporting
at least one case of extensively-drug resistant (XDR)-TB3. The paucity of
novel therapeutic agents is an important set-back to fight TB4.

Powdered sputum was used as a remedy for haemoptysis in China in
the 16th century5. Despite lack of a detailed description, this is the earli-
est record of immunotherapy in TB. Robert Koch was the first to inoculate
TB patients with semi-purified culture supernatants of M. tuberculosis – the
old tuberculin – as a therapeutic vaccination6. The exacerbated immune
response that subsequently occurred has continued to fuel the discussion
about the safety and efficacy of TB immunotherapy7. Although the ad-
verse events of the old tuberculin have been widely publicised, very little
published evidence is available to substantiate the secondary literature8,9.
Over 50 years ago, South African researchers used anti-TB drugs in com-
bination with tuberculin10. Although their study had low sample size and
many drop-outs and was underpowered to detect a difference in survival,
sputum culture conversion at six months tended to be better in the immun-
otherapy group compared to the group receiving standard care alone, with
no major adverse events detected.

Current TB immunotherapy modulates immunity, tipping the balance
between T-helper (Th)-2 and Th-1 to a Th-1 response, or targeting dormant,
persister, slowly replicating M. tuberculosis bacilli11. TB disease results in
a pathological immune response, and reversing this provides an import-
ant asset and might be regarded as a novel approach12,13. Decreasing in-
flammation by inhibiting LPS biosynthesis leads to an increased survival
in Acinetobacter baumannii infected mice, suggesting a survival benefit from
immune-intervention14. A similar notion was also observed in Koch’s tenth
experiment, when rats were fed with TB-infected meat, protecting the an-
imals against subsequent M. tuberculosis challenge12. These data together
provide experimental evidence of a potential benefit of immune therapy in
TB.

Several novel promising TB immunotherapeutic vaccine candidates are
in the pipeline. RUTI R© vaccine is composed of detoxified M. tuberculosis
cellular fragments expressing a wide range of latency antigens with proven
safety and immunogenicity15. Heat-killed Mycobacterium vaccae is an in-
activated environmental mycobacterium with completed phase III trials16.
Two other non-tuberculous mycobacteria (NTM) – Mycobacterium smegmatis
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and Mycobacterium indicus pranii – and V5 have been studied in animal and
human models. The immunotherapeutic potential of several TB vaccines,
such as DNA vaccines, has been demonstrated although these compounds
were initially designed for prevention of primary infection17-20. In contrast,
attempts using a viral-vectored TB vaccine for therapeutic purpose failed in
a mouse model due to toxicity, probably reflecting an exacerbated immune
response19. Here, we discuss the most advanced TB vaccines specifically
designed for therapeutic application and we systematically analyse the rel-
evant studies of the available candidate therapeutic vaccine products.

4.2 Methods

Search strategy and selection criteria

We searched PubMed and EMBASE databases in September 2013 to identify
relevant non-clinical as well as clinical studies for TB vaccines intended for
therapeutic use. We identified five candidates, namely RUTI R©, M. vaccae,
V5, M. smegmatis, and M. indicus pranii. Additionally, we searched the na-
tional database of CNKI (Chinese National Knowledge Infrastructure) to
detect relevant studies on M. smegmatis. We consulted the World Health
Organization International Clinical Trials Registry Platform (ICTRP) for ad-
ditional clinical studies. Key words for database search included “Tuber-
culosis” OR “TB” OR “Mycobacterium tuberculosis”. We used the vaccine
product name and “immunotherapy” OR “therapeutic vaccine”. The search
strategy was supplemented by hand searching reference lists of all relevant
articles. Other vaccine candidates with potential therapeutic use, not ori-
ginally designed for therapeutic applications, were considered beyond the
scope of this review.

Data acquisition

Two investigators (MIG and SAP) independently reviewed the title and ab-
stract of all publications identified by the search strategy. The full text of
the relevant papers was reviewed using predetermined criteria for further
quality assessment of all clinical studies with reported randomised, con-
trolled trials in which subjects received immunotherapy and/or chemo-
therapy. The study subjects were defined as TB patients, irrespective of
drug susceptibility of the M. tuberculosis isolates, with or without co-infection.
With no language restrictions, we included all clinical trials in humans and
excluded open-label and self-reporting studies.
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Quality assessment

For quality assessment we used the Jadad scoring system21. Points were
awarded as follows: study described as randomised, 1 point; additional
point for mentioning the appropriate method, 1 point; inappropriate ran-
domisation method, deduct 1 point; study described as double-blind, 1
point; appropriate method of blinding, 1 point; inappropriate method of
blinding, deduct 1 point, and description of withdrawals and dropouts, 1
point; maximum score, 5 points; 3–5 scores reflecting high quality.

4.3 Results and discussion

The RUTI R© vaccine

The RUTI R© candidate vaccine has been designed at the Hospital Universit-
ari Germans Trias i Pujol in Catalonia, Spain22. It is composed of detoxified
and liposomal cellular fragments of M. tuberculosis bacilli from the com-
pany Archivel Farma in Badalona, Catalonia, Spain. It is cultured under
stress conditions (intra-granulomatous conditions) to induce latency anti-
gens which would normally be hidden from the immune system23,24. It
is detoxified to decrease the risk of the exacerbated immune response and
fragmented to facilitate processing and presentation of cell wall antigens.
The cell wall antigen preparation has an average size of 0.1 µm and ex-
erts adjuvant properties23. RUTI R© contains very low lipoarabinomannan
(LAM), an endotoxin-like molecule, which has been implicated in intra-
granulomatous necrosis. RUTI R© is delivered in liposomes to warrant the
homogeneity of the preparation, and probably promoting access to the in-
tracellular compartment, resulting in Major Histocompatibility Complex
(MHC) class I presentation to CD8+ T cells24. RUTI R© vaccine expresses a
wide range of latency antigens. As RUTI R© does not decrease the bacterial
load directly, it needs to be given subsequent to previous chemotherapy22,23.
The immune response to RUTI R© has been studied in mice, guinea pigs
and healthy volunteers and is characterised by a poly-antigenic, mixed
Th1/Th2/Th3 response22. Its main immunotherapeutic effect however is
induction of Th1 response not only against growth-related antigens but
also structural antigens as shown in a murine model24. The role of the
Th3 induction has been less obvious but it might be involved in the disease
chronicity as shown in murine model of TB22.

In the experimental animals immunised with RUTI R©, no elevated Im-
munoglobulin (Ig)E levels were observed and histology revealed no eos-
inophilia, necrosis, or granulomatous infiltration, and allergic or hyper-
sensitivity reactions have not been observed22. In murine models, RUTI R©

triggered a Th1/Th2 response as well as IgG1, IgG2a and IgG3 antibodies
against some 13 M. tuberculosis antigens, reflecting its broad immunogenicity22.
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The Th1 response was enhanced as shown by increased interferon (IFN)-
γ expression compared to controls under chemotherapy alone. Further,
RUTI R© increased lung CD8+ T cells, considered relevant to control latent
TB infection (LTBI)23. In guinea pigs, RUTI R© elicited a 10-fold increase in
IFN-γ production by CD8+ T cells25. When LTBI was induced, RUTI R© re-
duced relapses and induced splenic T-cells26. RUTI R©-treated mice showed
less pulmonary granulomatous infiltration than mice with BCG treatment24.
Also, RUTI R© stimulates stronger IFN-γ secretion by CD4+ cells compared
to BCG against early secretory antigen target (ESAT)-6, Ag85B, and puri-
fied protein derivatives (PPD) and it induces an immune response against
structural antigens Ag16 kDa and Ag38 kDa. The mRNA expression of
Tumor Necrosis Factor (TNF)-α, Interleukin (IL)-12, inducible Nitric Ox-
ide (NO) synthase, and ‘regulated upon activation, normal T-cell expressed
and secreted’ (RANTES; or Chemokine Ligand 5: CCL5) in lung tissue were
all increased24. RUTI R© was at least as potent as BCG in reducing bacillary
load. Combining BCG prime and RUTI R© boost enhanced this effect27.

In goats infected with M. caprae, an experimental animal model for TB
vaccine trials28, RUTI R© was combined with isoniazid therapy and com-
pared to an untreated control group and a group that received only iso-
niazid. Only the RUTI R© plus isoniazid-treated animals showed signific-
antly increased IFN-γ release29. Safety issues were negligible; a mild tran-
sient increase in body temperature as well as local swelling at the site of
injection were observed29. A similar study was conducted with specific
pathogen-free minipigs experimentally infected with M. tuberculosis. The
RUTI R© treated animals showed peaks of specific IFN-γ production in peri-
pheral blood once stimulated with specific M. tuberculosis antigens and
leading to reduced numbers of new TB lesions. This favoured the mat-
uration of M. tuberculosis induced granulomas to walling off and to calci-
fication, hereby reducing the flux of dormant bacilli from the lesions with
constant endogenous re-infection, reflecting LTBI30.

Clinical studies of RUTI R©

Literature search after removing duplicates revealed 38 articles (Table 4.1) -
12 in Pubmed and 32 in Embase. Eight relevant papers15,22-24,27,29,31,32 were
analysed for full text. Only one study met our inclusion criteria for Jadad
score assessment15 while five studies represented animal models22,24,27,29,32

and two were reviews23,31.
In the first clinical trial (Table 4.1), four increasing doses of RUTI R© (5,

25, 100 and 200 µg) were administered subcutaneously to determine safety
and immunogenicity. RUTI R© was injected twice, 28 days apart. T-SPOT TB
was used to assess numbers of IFN-γ-secreting cells among total peripheral
blood mononuclear cells and Quantiferon-TB-Gold to measure the amount
of IFN-γ secreted. RUTI R© induced a poly-antigenic response against M.
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Ref. Jadad
Score

Study
type

Participants Intervention Outcome

[15] 5 Phase I healthy
volunteers
(n =24)

Four groups (doses
of 5, 25, 100, 200
µg) administered
s.c.

no serious adverse events;
increased IFN-γ release
against M. tuberculosis
antigens

Table 4.1: Clinical studies with the RUTI R© vaccine candidate

tuberculosis antigens, expressed by dormant bacteria15. Mild to moderate
but dose dependent transient adverse effects were observed in RUTI R©-
challenged study participants. Local itch - a problem that has since been
addressed by the manufacturer, and swelling with sterile granulomatous
panniculitis in two of the 24 volunteers were reported. Adverse events
were highest with the 200-µg dose suggesting a slight exacerbated immune
response7. The authors assume that this reaction might be higher in lat-
ently infected or BCG-immunised individuals, possibly also even at lower
doses; dosage seems crucial for safety.

In a phase II clinical trial (personal communication with the author),
two vaccinations one month apart with three doses of RUTI R© were admin-
istered (5, 25 and 50 µg) subcutaneously in LTBI patients (HIV negative and
HIV positive) in a double-blinded clinical trial (total of 96 subjects). Overall
there was a good safety profile, with virtually no systemic adverse events,
and few local side effects consisting of minor pain, and a relatively high
proportion of (usually, self-limiting) nodules, especially after the second
vaccination. The 25 µg dose showed the best poly-antigenic profile. Thus
the aim is to start a Phase III trial analyzing the protective effect of one vac-
cination of 25 µg of RUTI R© in LTBI HIV positive subjects after the standard
treatment of LTBI (6 months of isoniazid).

Heat-killed Mycobacterium vaccae

M. vaccae is a rapidly growing saprophytic NTM33 selected and initially ap-
plied to TB patients in London34. It is considered to be non-pathogenic; hu-
man infection has only rarely been reported35 and in these case reports the
identification of the causative organism was not convincing. A rough vari-
ant of the original isolate from the Ugandan environment36 (NCTC 11,659)
has been used to prepare a reagent (SRL 172, Stanford-Rook, London), con-
taining 109 heat-killed organisms/dose, and administered by intradermal
injection over the deltoid muscle37. Whole-cell, killed M. vaccae with a
vast array of antigenic epitopes presented to circulating T-lymphocytes in-
duced a broad reaction cellular immune response towards M. tuberculosis37,
by presenting shared mycobacterial antigens. These shared mycobacterial
antigens include Heat shock proteins (Hsp) such as Hsp71, Hsp65, LAM,

115 4.3. Results and discussion

Ref. Jadad
Score

Study
type

Participants Intervention Outcome

[64]
[71]

3 Phase II 22 Smear+,
pulmonary
TB patients

3 x 0.1 ml i.d. infection of
SLR172 (SR Pharma PLC,
London) at day 1, 30, and 60
upon start of therapy

Bacteriological,
radiological, clinical,
immunological
Improvement

[65] 1 Phase II 10 Smear+,
HIV-,
pulmonary
TB patients

10 x 1 mg i.o. SLR172
(NCTC 11659 strain)
powder on days 1, 7, 14, 21,
28 and monthly to 6 months

Bacteriological,
clinical, radiological,
immunological
improvement

[74] 3 Phase II 43 Smear+

pulmonary
TB patients

Daily doses of tableted
M. vaccae (Vaccae) (Anhui
Longcom), administered for
30 days along therapy

Bacteriological (not
significant) and
clinical improvement

[75] 3 Phase II 41 Smear+

pulmonary
TB patients

Daily doses of tableted M.
vaccae (V7) of NTCT11659
strain (Immudolon
Therapeutics), administered
for 30 days along therapy

Bacteriological,
biochemical, and
clinical improvement

Table 4.2: Clinical studies of M. vaccae

some low molecular weight (smaller than 40 kDa) secreted antigens37. In
animals previously sensitised by soluble antigens of M. tuberculosis and M.
vaccae, very similar delayed-type hypersensitivity (DTH) responses were
evoked by judging the swelling profile38.

M. vaccae immunotherapy enhances host defence against M. tubercu-
losis by promoting Th1 and suppressing Th2 response39. Most of the evid-
ence that M. vaccae is able to induce a favourable immune response comes
from mouse models. M. vaccae immunotherapy generates CD8+ cytotoxic
T lymphocytes which kill macrophages infected with M. tuberculosis, with
increased production of IFN-g. Macrophages in turn, produce more IL-12
in response to stimulation by these CD8+ T cells40. Immunohistochemical
analysis revealed highly expressed IFN-g cells in inflammatory infiltrates
and granulomas in M. tuberculosis infected mice vaccinated with M. vac-
cae41. These various studies suggest that M. vaccae can induce a protective
immune response towards M. tuberculosis.

Many earlier clinical trials of M. vaccae immunotherapy in TB have been
reviewed extensively in 200416. For the purpose of this review we summar-
ise the major findings (see also Table 4.2. In the first trials of efficacy of M.
vaccae immunotherapy conducted in Kuwait and Gambia, a single injection
of irradiation-killed M. vaccae given after start of chemotherapy was associ-
ated with better clinical outcome and enhanced immune response against
mycobacterial antigens42,43. A heat-killed preparation of M. vaccae was later
proven to be more effective44. Two trials in Romania demonstrated the be-
nefit of M. vaccae immunotherapy in MDR-TB patients45,46. Other studies
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Ref. Jadad
Score

Study
type

Participants Intervention Outcome

[64]
[71]

3 Phase II 22 Smear+,
pulmonary
TB patients

3 x 0.1 ml i.d. infection of
SLR172 (SR Pharma PLC,
London) at day 1, 30, and 60
upon start of therapy

Bacteriological,
radiological, clinical,
immunological
Improvement

[65] 1 Phase II 10 Smear+,
HIV-,
pulmonary
TB patients

10 x 1 mg i.o. SLR172
(NCTC 11659 strain)
powder on days 1, 7, 14, 21,
28 and monthly to 6 months

Bacteriological,
clinical, radiological,
immunological
improvement

[74] 3 Phase II 43 Smear+

pulmonary
TB patients

Daily doses of tableted
M. vaccae (Vaccae) (Anhui
Longcom), administered for
30 days along therapy

Bacteriological (not
significant) and
clinical improvement

[75] 3 Phase II 41 Smear+

pulmonary
TB patients

Daily doses of tableted M.
vaccae (V7) of NTCT11659
strain (Immudolon
Therapeutics), administered
for 30 days along therapy

Bacteriological,
biochemical, and
clinical improvement

Table 4.2: Clinical studies of M. vaccae

some low molecular weight (smaller than 40 kDa) secreted antigens37. In
animals previously sensitised by soluble antigens of M. tuberculosis and M.
vaccae, very similar delayed-type hypersensitivity (DTH) responses were
evoked by judging the swelling profile38.

M. vaccae immunotherapy enhances host defence against M. tubercu-
losis by promoting Th1 and suppressing Th2 response39. Most of the evid-
ence that M. vaccae is able to induce a favourable immune response comes
from mouse models. M. vaccae immunotherapy generates CD8+ cytotoxic
T lymphocytes which kill macrophages infected with M. tuberculosis, with
increased production of IFN-g. Macrophages in turn, produce more IL-12
in response to stimulation by these CD8+ T cells40. Immunohistochemical
analysis revealed highly expressed IFN-g cells in inflammatory infiltrates
and granulomas in M. tuberculosis infected mice vaccinated with M. vac-
cae41. These various studies suggest that M. vaccae can induce a protective
immune response towards M. tuberculosis.

Many earlier clinical trials of M. vaccae immunotherapy in TB have been
reviewed extensively in 200416. For the purpose of this review we summar-
ise the major findings (see also Table 4.2. In the first trials of efficacy of M.
vaccae immunotherapy conducted in Kuwait and Gambia, a single injection
of irradiation-killed M. vaccae given after start of chemotherapy was associ-
ated with better clinical outcome and enhanced immune response against
mycobacterial antigens42,43. A heat-killed preparation of M. vaccae was later
proven to be more effective44. Two trials in Romania demonstrated the be-
nefit of M. vaccae immunotherapy in MDR-TB patients45,46. Other studies
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Name Producer Admin. Immune response Safety Remark
M. vaccae Immudolon,

London &
Anhui
Longcom,
China

i.d.,
i.m.,
i.o.

Promotes Th1
response,
suppresses Th2
response

Mild local
reactions
observed

multiple doses
required

RUTI R© Archivel Farma,
Barcelona

s.c. Mixed Th1/2/3
polyantigenic
response

no hyper-
sensitivity
observed

Further safety
studies
warranted

M. smeg-
matis

Wuhan Institute
of Biological
Products, China

s.c. Two-way immune
modulation

Only mild
local
reactions
observed

Large,
randomized,
efficacy studies
required

M. indicus-
pranii

Immuvac,
Cadila Pharma-
ceuticals,
India

s.c.,
Aero-
sol

Promotes Th1
response

no human
infection
ever
reported

Aerosol
administration
likely to
increase patient
compliance

V5 Immunitor,
Canada

i.o. Improved clinical
parameters,
attenuates
TB-associated
inflammation

No exacer-
bated
immune
response
reported

The exact
content
remains to be
determined

Table 4.3: Profile of selected therapeutic vaccine candidates for TB

showed enhanced cell-mediated immune response, better sputum conver-
sion rate, radiological improvement, and improved cure rates in MDR-TB
patients receiving M. vaccae immunotherapy47,48. The M. vaccae immuno-
therapy is potentially inexpensive and could therefore easily be implemen-
ted in TB control programs in developing countries and indeed, it has been
alluded to as a potential breakthrough in TB management49-51.

Safety has been demonstrated following intradermal injection of heat-
killed M. vaccae. A minor local response has been observed, similar to BCG
vaccination, spontaneously resolving in most cases within 72 h52. A minor-
ity of patients experienced generalised side effects not exceeding mild head-
ache and fever, during the night following injection43. Generally, M. vaccae
immunotherapy was well tolerated with no exacerbated immune response
ever reported. Such reactions have only been reported with skin test anti-
gens derived from M. tuberculosis itself, or with soluble skin test prepara-
tions of some other slow-growing mycobacteria37,53. Studies in which the
soluble antigen of M. vaccae was added to tuberculin and injected into per-
sons making an exacerbated immune response to tuberculin alone, showed
the response could be ablated54. M. vaccae probably possesses attenuat-
ing components55. For TB patients co-infected with HIV, live attenuated
vaccines like BCG are inappropriate; indeed, progression to BCG disease
may ensue56,57. M. vaccae immunotherapy was safe and well tolerated in
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HIV-co-infected adults with pulmonary TB58. A three-dose and five-dose
intradermal heat-killed M. vaccae was also well tolerated in HIV-infected
subjects59.

A study conducted in South Africa, the first large randomised double-
blind controlled trial, revealed no benefit of M. vaccae immunotherapy60

but a different M. vaccae immunotherapeutic product was used. Several
other trials also failed to show benefit of M. vaccae immunotherapy52,61. In
these trials, only one dose of M. vaccae was given. In a meta-analysis of sev-
eral trials, no benefit was found of single-dose M. vaccae immunotherapy
mainly due to the large size of the Durban study62. Such dosing was shown
to be effective in trials conducted in Argentina, The Gambia, Kuwait, Ni-
geria, Romania, and Uganda63. Several explanations for the observed dif-
ferences in efficacy of single-dose therapy have been brought forward; co-
morbid conditions leading to dominant Th2-responses, such as helminthic
infection, could impair cellular immunity essential for fighting M. tubercu-
losis. In these conditions, repeated doses of M. vaccae may be required to
induce a change towards Th1 cytokine response16,63. M. vaccae immuno-
therapy comprising as many as 12 doses given at two-month intervals has
been shown to be safe and beneficial in chronic MDR-TB patients48.

Clinical studies of M. vaccae

We limited our search to articles published after 2004. The literature search
on Pubmed (n = 22) and Embase (n = 31) identified 42 articles ignoring du-
plicates, with 12 considered relevant. Of these64-75, five met our inclusion
criteria64,65,71,74,75. Three pre-clinical studies using animal model68,69,72, as
well as two meta-analysis67,73, a review paper66, and a pilot study70 were
not further Jadad-assessed for quality.

All of the reviewed trials (Table 4.2) supported multiple doses of M. vac-
cae as a TB immunotherapy. An additional analysis on radiographic heal-
ing of three major trials failed to show benefit of single dose M. vaccae76 in
two. In newly diagnosed TB patients, three doses of intradermal injection
of M. vaccae with monthly intervals from start of chemotherapy resulted in
improved clinical outcome, including several immunological parameters
mirroring restoration of Th1/Th2 balance, and a marked fall in bacterial
numbers notably over the first month64,71. Taken together, the evidence
available strongly supports multiple administration of M. vaccae. The un-
derlying mechanism of M. vaccae immunotherapy might involve reduction
of Th2 response and enhancement of the innate arm of the immune system
as evidenced by recent animal studies68,72. The need for multiple dosing
has raised concerns as repeated intradermal injections of M. vaccae could be
less well tolerated. An oral preparation of M. vaccae would be advantage-
ous. Immunotherapeutic effects of an orally administered M. vaccae pre-
paration have been shown in a trial involving moderately ill TB patients
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vaccination, spontaneously resolving in most cases within 72 h52. A minor-
ity of patients experienced generalised side effects not exceeding mild head-
ache and fever, during the night following injection43. Generally, M. vaccae
immunotherapy was well tolerated with no exacerbated immune response
ever reported. Such reactions have only been reported with skin test anti-
gens derived from M. tuberculosis itself, or with soluble skin test prepara-
tions of some other slow-growing mycobacteria37,53. Studies in which the
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induce a change towards Th1 cytokine response16,63. M. vaccae immuno-
therapy comprising as many as 12 doses given at two-month intervals has
been shown to be safe and beneficial in chronic MDR-TB patients48.
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We limited our search to articles published after 2004. The literature search
on Pubmed (n = 22) and Embase (n = 31) identified 42 articles ignoring du-
plicates, with 12 considered relevant. Of these64-75, five met our inclusion
criteria64,65,71,74,75. Three pre-clinical studies using animal model68,69,72, as
well as two meta-analysis67,73, a review paper66, and a pilot study70 were
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All of the reviewed trials (Table 4.2) supported multiple doses of M. vac-
cae as a TB immunotherapy. An additional analysis on radiographic heal-
ing of three major trials failed to show benefit of single dose M. vaccae76 in
two. In newly diagnosed TB patients, three doses of intradermal injection
of M. vaccae with monthly intervals from start of chemotherapy resulted in
improved clinical outcome, including several immunological parameters
mirroring restoration of Th1/Th2 balance, and a marked fall in bacterial
numbers notably over the first month64,71. Taken together, the evidence
available strongly supports multiple administration of M. vaccae. The un-
derlying mechanism of M. vaccae immunotherapy might involve reduction
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as evidenced by recent animal studies68,72. The need for multiple dosing
has raised concerns as repeated intradermal injections of M. vaccae could be
less well tolerated. An oral preparation of M. vaccae would be advantage-
ous. Immunotherapeutic effects of an orally administered M. vaccae pre-
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with advanced disease. Compared to the injected preparation, the oral
preparation only failed to induce increased TNF-α production65. This pre-
liminary result has led to the development of a tableted M. vaccae product
(V7) derived from two different strains of M. vaccae, the Immodulon batch
and Anhui Longcom batch. In two separate Phase 2 studies aimed to in-
vestigate their safety and efficacy, both V7 products managed to produce
better sputum mycobacterial clearance when administered in TB patients,
although the improvement in one of these studies did not reach statistical
significance74,75.

The cell wall of M. vaccae appears to be responsible for immunostimu-
latory effects - at least in part. The immunogenic effects of the cell wall skel-
eton fraction were higher than those induced by whole heat-killed myco-
bacteria69,70. Whole M. vaccae components present in the bacteria could
obscure the strong effects elicited by the cell wall skeleton. This could ex-
plain variable results of M. vaccae immunotherapy across studies and study
sites and therefore warrant further exploration. M. vaccae immunotherapy
has also been reported to improve liver damage73. Drug-induced liver in-
jury (DILI) is a major adverse effect in TB treatment and probably the most
important cause of interruption of TB therapy. Several contributing factors
associated with the development of DILI have been identified77-80, DILI has
a considerable impact in treatment outcome81. Therefore, if M. vaccae could
reduce DILI this would be highly beneficial.

In summary, the data discussed here further support the use of mul-
tiple doses of M. vaccae immunotherapy when added to chemotherapy in
TB. There are now many cancer patients who have received 30 or 40 in-
jections without adverse events82,83. The results were consistent with two
recent meta-analyses that also support M. vaccae immunotherapy both in
treatment-naive and retreated TB patients67,73. In the recent meta-analysis73

studies with both single and multiple doses were included, while most of
these studies were conducted in China using an in-house preparation of M.
vaccae administered by intramuscular injection (Anhui Longcom, China).
Whether or not differences in M. vaccae preparation and route of adminis-
tration can explain differences in outcome across studies needs to be fur-
ther elucidated; a head-to-head comparison of different preparations of M.
vaccae is perhaps needed.

V-5 Immunitor (V5)

V5 is an oral therapeutic vaccine initially developed and approved for man-
agement of chronic hepatitis. V5 is derived from pooled blood of hepatitis
B and C positive patients upon chemical and heat inactivation. V5 efficacy
in attenuating immune-induced inflammation has been shown when ad-
ministered to chronic hepatitis patients84-86. During these investigations, it
appeared that V5 could be beneficial to TB patients as well. Of 17 TB pa-
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tients enrolled in a hepatitis C trial treated with V5, 16 had sputum clear-
ance within one month87. To date the exact content of V5 is unknown. As
an estimated 1/3 of these positive donors are latent TB carriers, it is sug-
gested that it contains latency-associated M. tuberculosis antigen, thereby
resembling RUTI R©.

Clinical studies of V5

The database search was performed on Pubmed (n= 26) and EMBASE (n=27)
(Table 4.4). Duplicates were removed and after reading the title and ab-
stract a total of eight articles considered relevant were discussed84-91. Of
these eight relevant articles, three met our inclusion criteria81-83 and subject
to further quality assessment by Jadad scoring system. Three articles were
not suitable for further quality assessment85-87 due to the non-randomised
study design (open label), although in these studies a subset of TB patients
co-infected with hepatitis were recruited as participants, while two articles
were review papers84,91. Two articles were considered high quality while
one article was low quality (the author did not mention blinding proced-
ures and the reasons for patients withdrawal and dropout for each treat-
ment group). In these three separate clinical trials (Table 4.4), V5 has been
shown beneficial and safe when administered to TB patients. Liver bio-
chemistry, erythrocyte sedimentation rate, percentage of lymphocytes in
the differential count, as well as body weight improved significantly in the
V5 arm of these phase IIb placebo controlled studies88-90. TB associated
inflammation improved, as shown by decreased leukocyte counts. In the
two trials, sputum conversion occurred in 78.3% and 88.7% of TB patients
after a month89,90. In the first trial, none of the placebo treated patients con-
verted, while 14.8% of controls did in the later89,90. The other trial repor-
ted equally positive results, 96.3% became sputum smear negative within
a month when treated with V588. While results were similar for newly TB
treated patients, relapsed, or MDR-TB cases, conversion rates in MDR-TB
appeared to be higher than in first-diagnosed TB, though without signi-
ficant difference. In general there was no difference between newly dia-
gnosed TB, relapsed, or retreated TB5. No adverse effects relating to V5 use
were observed during follow up in all studies. In contrary V5 ameliorate
DILI caused by TB chemotherapy as reduction in liver enzymes, baseline
bilirubin, and abnormal liver size could be observed in V5-receiving TB
patients88-90.

4.3.1 Mycobacterium smegmatis

M. smegmatis is a saprophytic non-tuberculous mycobacterium (NTM) that
shares similar antigens with M. tuberculosis. Similarity between M. smeg-
matis and M. tuberculosis has been shown in genomic and functional levels,
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Ref. Jadad
Score

Study
type

Participants Intervention Outcome

[90] 3 Phase
IIb

34 Smear+,
pulmonary MDR-TB
patients

Once daily V5 tablet
along chemotherapy

Bacteriological,
clinical, biochemical
Improvement

[88] 2 Phase
IIb

55 Smear+, HIV+,
retreated pulmonary
MDR-TB patients

Once daily V5 tablet
along chemotherapy

Bacteriological,
clinical, biochemical
improvement

[89] 3 Phase
IIb

123 Smear+, HIV+,
relapsed pulmonary
MDR-TB patients

Once daily V5 tablet
along chemotherapy

Bacteriological,
biochemical, clinical
improvement

Table 4.4: Clinical studies of V5 vaccine candidate

in which M. smegmatis expresses 13 identified target-proteins of M. tubercu-
losis that are highly expressed and have crucial role to adapt different host
conditions during different stages of infection92. A whole-cell extract of
M. smegmatis was developed by the Wuhan Institute of Biological Products
in China and has completed a phase I trial93. Animal study showed that
M. smegmatis immunotherapy promotes Th1 response and inhibit Th2 re-
sponse, thus resembling M. vaccae94. Further, M. smegmatis immunother-
apy also promoted NO production by peritoneal macrophages in a mouse
study95,96. While given to animal with different immune status, the immun-
otherapy promoted a recovery towards normal immune function in the
hypo-function model, it inhibited the excessive DTH in the hyper-function
model, suggesting a two-way immune modulation function of the immuno-
therapy97. No long term toxicity of the immunotherapy has ever been ob-
served in animal model98. The a-cellular preparation of the vaccine has also
been tested in guinea pigs with promising results99.

Clinical studies of M. smegmatis

The database search was performed on CNKI (n= 75) and after reading the
title and abstract a total of seven considered relevant articles were discuss-
ed94-100. The search on Pubmed and EMBASE did not result in relevant
articles. Further quality assessment was not performed due to the unavail-
ability of the full text article. Six articles were pre-clinical studies94-99, while
one article was a phase I study100. All articles were in Chinese language.
In the phase I clinical study, M. smegmatis was injected subcutaneously as
a single dose in healthy individuals up to six doses in weekly basis100. All
volunteers tolerated M. smegmatis immunotherapy well, only mild adverse
events such as local pain, lymph swelling, fever, and rash were reported.
It is of interest that in a subset of study participants with strong-positive
tuberculin reaction, a reduction of the positive degree of the tuberculin re-
action was observed following the immunotherapy100. In another study
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trying to assess its preventive effect, M. smegmatis was given to individuals
with positive tuberculin reaction at doses of 8.7 µg, 17.5 µg, and 35.0 µg
respectively every two weeks101. In this study reduction of tuberculin skin
test diameter before and after immunotherapy was seen in all doses, de-
noting M. smegmatis capability in preventing the occurrence active disease
in LTBI.

Mycobacterium indicus pranii (MIP)

MIP is a cultivable, soil, non-pathogenic NTM which was first developed
and approved as leprosy vaccine102. It shares several antigens not only
with M. leprae, but also M. tuberculosis. It has been suggested to refer to
MIP instead of M. w in order to bypass confusion with M. tuberculosis-W
(Beijing strain)103. An in vitro study has shown MIP capability to enhance
macrophages activation through toll-like receptors-2 and nucleotide oligo-
merisation domain-like receptors-2104. Moreover, MIP also hampers the re-
cruitment of non-infected macrophages to the site of infection which might
also attenuate the progression of TB disease105. Use of MIP for TB immun-
otherapy has also been demonstrated in mouse and guinea pig models. In
all models, MIP induces a strong Th1 response106-108. MIP is self-limiting,
as no viable MIP bacterial could be detected in lungs (upon CFU counting
on Löwenstein-Jensen slopes) 6-7 weeks following immunisation107. This
is an important safety factor, as well as favourable for inducing a memory
response. In mice infected with M. tuberculosis H37Rv strains MIP alone,
MIP as adjunct to chemotherapy and chemotherapy alone was compared.
CFU in lungs and spleen as well as number of M. tuberculosis organisms
decreased significantly in the MIP immunotherapy group, immunised at
week four and six upon initiation of chemotherapy, compared to MIP or
chemotherapy alone102. MIP administered by aerosol route caused 80% re-
duction of living bacilli in alveolar macrophages compared to control, also
significantly higher than the BCG treated group107. IFN-γ secretion was in-
creased suggesting a Th1 response. Aerosolised MIP (with either alive, or
killed MIP) was superior to subcutaneous immunisation and life MIP was
more immunogenic than killed MIP107.

In guinea pigs infected with the M. tuberculosis H37Rv strain, MIP as
adjunct to chemotherapy accelerated bacterial killing and improved organ
pathology (measured four weeks post immunisation). More activated an-
tigen presenting cells and lymphocytes were found in infected lungs with
increased numbers of Th1 cells106. In this study, bacterial killing between
day 30-60 took place only in the immunotherapy group suggesting an im-
portant role for MIP. Hence, MIP does not reduce treatment duration but
eradicates persistent bacteria106. The strong early Th1 response, potenti-
ated by increased IL-12 and TNF-α, is thought to be a key factor in bacterial
killing107. Also in guinea pigs, MIP proved to be significantly more immun-
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Ref. Jadad
Score

Study
type

Participants Intervention Outcome

[90] 3 Phase
IIb

34 Smear+,
pulmonary MDR-TB
patients

Once daily V5 tablet
along chemotherapy

Bacteriological,
clinical, biochemical
Improvement

[88] 2 Phase
IIb

55 Smear+, HIV+,
retreated pulmonary
MDR-TB patients

Once daily V5 tablet
along chemotherapy

Bacteriological,
clinical, biochemical
improvement

[89] 3 Phase
IIb

123 Smear+, HIV+,
relapsed pulmonary
MDR-TB patients

Once daily V5 tablet
along chemotherapy

Bacteriological,
biochemical, clinical
improvement

Table 4.4: Clinical studies of V5 vaccine candidate
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CFU in lungs and spleen as well as number of M. tuberculosis organisms
decreased significantly in the MIP immunotherapy group, immunised at
week four and six upon initiation of chemotherapy, compared to MIP or
chemotherapy alone102. MIP administered by aerosol route caused 80% re-
duction of living bacilli in alveolar macrophages compared to control, also
significantly higher than the BCG treated group107. IFN-γ secretion was in-
creased suggesting a Th1 response. Aerosolised MIP (with either alive, or
killed MIP) was superior to subcutaneous immunisation and life MIP was
more immunogenic than killed MIP107.

In guinea pigs infected with the M. tuberculosis H37Rv strain, MIP as
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pathology (measured four weeks post immunisation). More activated an-
tigen presenting cells and lymphocytes were found in infected lungs with
increased numbers of Th1 cells106. In this study, bacterial killing between
day 30-60 took place only in the immunotherapy group suggesting an im-
portant role for MIP. Hence, MIP does not reduce treatment duration but
eradicates persistent bacteria106. The strong early Th1 response, potenti-
ated by increased IL-12 and TNF-α, is thought to be a key factor in bacterial
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Ref. Study
type

Participants Intervention Outcome

[110] Full text
N/A

134 Smear+,
pulmonary TB patients

Immunomodulator
containing MIP fortnightly

Bacteriological
improvement

Table 4.5: Clinical studies of the M. indicus-pranii vaccine candidate

ogenic than BCG, and long-term survival was 20% higher than BCG107.

Clinical studies of MIP

Literature search identified 27 studies (Pubmed n=11 and Embase n=16)
(Table 4.5. After removal of duplicates and exclusion of studies that were
not relevant we obtained six articles102,107-111. Of these studies four were
excluded as they represented animal studies102,107,108,111 and one in vitro
study109. We were not able to access the full text of this study (Table 4.5).
In this study patients with pulmonary TB treated with an immunomod-
ulator containing MIP every 15 days along with chemotherapy showed
earlier sputum clearance (30 days compared to 60 days with chemother-
apy alone)110. No difference was detected between new TB and retreated
cases.

4.4 Conclusions - The way ahead

Several therapeutic vaccine products discussed hold promise - immune
modulation, as demonstrated by M. vaccae and targeting the persister M.
tuberculosis, as exemplified by RUTI R©, represent the two major approaches
in TB immunotherapy. M vaccae has passed Phase III clinical trials, includ-
ing MDR-TB and HIV co-infected individuals, while the RUTI R© candidate
vaccine has only been tested in individuals with LTBI with and without
HIV co-infection. MDR-TB represents an important subset of patients as
therapeutic vaccination could provide added benefit with fewer pharmaco-
therapeutic options. Further safety and immunogenicity data of the RUTI R©

vaccine candidate in humans treated for MDR-TB are required before a
Phase III randomised controlled trial can be considered. The dosing sched-
ule for the RUTI R© vaccine should be carefully assessed in order to prevent
exacerbated immune responses. RUTI R© well after the start of standard-
ised treatment might be a secure initial step. Only in the absence of serious
adverse events it could be given earlier on. With more evidence on safety
and immunogenicity of RUTI R© vaccine in patients with active MDR-TB, a
head-to-head comparison of these two products would be an aspiring fu-
ture step. Considering that both products trigger different components of
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the immune system, combined interventions should be considered (Table
4.3).

Apart from these two candidates, the therapeutic efficacy of the two
NTMs – M. smegmatis and MIP – should also be further investigated. M.
smegmatis possesses the capability to induce two-way immune modulation
response, while MIP might be applied in aerosol route, which would be ad-
vantageous in the context of TB immunotherapy. As the case of V5, the au-
thors suggest that it has led to the induction of immune tolerance, thereby
ameliorating the patients’ condition. Oral administration of antigens may
suppress immune stimulation by rather inducing immune tolerance and
ultimately preventing an exacerbated immune response. The induction of
immune tolerance is also an important aspect as it would overcome the
pathological immune response in TB disease and might be regarded as a
novel approach in TB immunotherapy. Other possible mechanisms of ac-
tion of V5 might involve the presence of substances that directly influence
immune response against M. tuberculosis, thus the exact content of V5 still
remains to be further elucidated.
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Matthias I Gröschel, Satria A Prabowo, and Tjip S van der Werf declare
no conflict of interest. Pere-Joan Cardona holds an advisory position with
Archivel, producer of RUTI R©. John L Stanford acts an advisory role with
Immodulon, producer of the inactivated M. vaccae product; he owns stocks
in that company.

4.5 References

1. Zumla A, Raviglione M, Hafner R, von Reyn CF. Tuberculosis. N Engl J Med 2013;368:745–55.

2. Marais BJ, Raviglione MC, Donald PR, Harries AD, Kritski AL, Graham SM, et al. Scale-up of
services and research priorities for diagnosis, management, and control of tuberculosis: a call
to action. Lancet 2010;375:2179–91.

3. ZumlaA, KimP, MaeurerM, Schito M. Zero deaths from tuberculosis: progress, reality, and
hope. Lancet Infect Dis 2013;13:285–7.



Chapter 4. Therapeutic Vaccines for Tuberculosis 124

4. Schon T, Lerm M, Stendahl O. Shortening the ‘short-course’ therapy - insights into host im-
munity may contribute to new treatment strategies for tuberculosis. J Intern Med 2013;273:368–82.

5. Li S, Luo X. Compendium of materia medica (Bencao gangmu). Changchun City, Jilin Province,
China: Foreign Languages Press; 2003.

6. Kaufmann SH, Winau F. From bacteriology to immunology: the dualism of specificity. Nat
Immunol 2005;6:1063–6.

7. Vilaplana C, Cardona PJ. Tuberculin immunotherapy: its history and lessons to be learned.
Microbes Infect 2010;12:99–105.

8. Gradmann C. Robert Koch and the white death: from tuberculosis to tuberculin. Microbes
Infect 2006;8:294–301.

9. Kaufmann SH. Immune response to tuberculosis: experimental animal models. Tuberculosis
2003;83:107–11.

10. Howells CH, Swithinbank J. A trial of tuberculin with chemotherapy in the treatment of pul-
monary tuberculosis. Tubercle 1957;38:1–15.

11. Prabowo SA, Groschel MI, Schmidt ED, Skrahina A, Mihaescu T, Hasturk S, et al. Targeting
multidrug-resistant tuberculosis (MDR-TB) by therapeutic vaccines. Med Microbiol Immunol
2013;202:95–104.

12. Bourinbaiar AS, Mezentseva MV, Butov DA, Nyasulu PS, Efremenko YV, Jirathitikal V, et al.
Immune approaches in tuberculosis therapy: a brief overview. Expert Rev Anti-Infect Ther
2012;10:381–9.

13. Guo S, Zhao J.Immunotherapy for tuberculosis: what’s the better choice. Front Biosci 2012;17:2684–90.

14. Lin L, Tan B, Pantapalangkoor P, Ho T, Baquir B, Tomaras A, et al. Inhibition of LpxC pro-
tects mice from resistant Acinetobacter baumannii by modulating inflammation and enhancing
phagocytosis. mBio 2012;3(5), pii:e00312-12.

15. Vilaplana C, Montane E, Pinto S, Barriocanal AM, Domenech G, Torres F, et al. Double-blind,
randomized, placebo-controlled Phase I Clinical Trial of the therapeutical antituberculous vac-
cine RUTI R©. Vaccine 2010;28:1106–16.

16. Stanford J, Stanford C, Grange J. Immunotherapy with Mycobacterium vaccae in the treatment of
tuberculosis. Front Biosci: J Virtual Lib 2004;9:1701–19.

17. Changhong S, Hai Z, Limei W, Jiaze A, Li X, Tingfen Z, et al. Therapeutic efficacy of a tubercu-
losis DNA vaccine encoding heat shock protein 65 of Mycobacterium tuberculosis and the human
interleukin 2 fusion gene. Tuberculosis 2009;89:54–61.

18. Lowrie DB, Tascon RE, Bonato VL, Lima VM, Faccioli LH, Stavropoulos E, et al. Therapy of
tuberculosis in mice by DNA vaccination. Nature 1999;400:269–71.

19. You Q, Jiang C, Kong W, Wu Y. Attempted immunotherapy for Mycobacterium tuberculosis with
viral and protein vaccines based on Ag85B-ESAT6 in a mouse model. Acta Microbiol Immunol
Hung 2012;59:63–75.

20. Yu DH, Hu XD, Cai H. Efficient tuberculosis treatment in mice using chemotherapy and im-
munotherapy with the combined DNA vaccine encoding Ag85B, MPT-64 and MPT-83. Gene
Ther 2008;15:652–9.

21. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ, et al.Assessing the
quality of reports of randomized clinical trials: is blinding necessary. Controlled Clin Trials
1996;17:1–12.

22. Cardona PJ, Amat I, Gordillo S, Arcos V, Guirado E, Diaz J, et al. Immunotherapy with frag-
mented Mycobacterium tuberculosis cells increases the effectiveness of chemotherapy against a
chronical infection in a murine model of tuberculosis. Vaccine 2005;23:1393–8.

125 4.5. References

23. Cardona PJ. RUTI R©: a new chance to shorten the treatment of latent tuberculosis infection.
Tuberculosis 2006;86:273–89.

24. Guirado E, Gil O, Caceres N, Singh M, Vilaplana C, Cardona PJ. Induction of a specific strong
polyantigenic cellular immune response after short-term chemotherapy controls bacillary re-
activation in murine and guinea pig experimental models of tuberculosis. Clin Vaccine Im-
munol: CVI 2008;15:1229–37.

25. van Pinxteren LA, Cassidy JP, Smedegaard BH, Agger EM, Andersen P. Control of latent Myco-
bacterium tuberculosis infection is dependent on CD8 T cells. Eur J Immunol 2000;30:3689–98.

26. Gil O, Guirado E, Gordillo S, Diaz J, Tapia G, Vilaplana C, et al. Intragranulomatous necrosis
in lungs of mice infected by aerosol with Mycobacterium tuberculosis is related to bacterial load
rather than to any one cytokine or T cell type. Microbes Infect 2006;8:628–36.

27. Vilaplana C, Gil O, Caceres N, Pinto S, Diaz J, Cardona PJ. Prophylacticeffectofa therapeutic
vaccine against TB based on fragments of Mycobacterium tuberculosis. PLoS One 2011;6:e20404.

28. de Val Perez B, Lopez-Soria S, Nofrarias M, Martin M, Vordermeier HM, Villarreal-Ramos B, et
al. Experimental model of tuberculosis in the domesticgoat after endobronchial infection with
Mycobacterium caprae. Clin Vaccine Immunol: CVI 2011;18:1872–81.

29. Domingo M, Gil O, Serrano E, Guirado E, Nofrarias M, Grassa M, et al. Effectiveness and
safety of a treatment regimen based on isoniazid plus vaccination with Mycobacterium tubercu-
losis cells’ fragments: field-study with naturally Mycobacterium caprae-infected goats. Scand J
Immunol 2009;69:500–7.

30. Gil O, Diaz I, Vilaplana C, Tapia G, Diaz J, Fort M, et al. Granuloma encapsulation is a key
factor for containing tuberculosis infection in minipigs. PLoS One 2010;5:e10030.

31. Cardona PJ, Amat I. Origin and development of RUTI R©, a new therapeutic vaccine against
Mycobacterium tuberculosis infection. Arch Bronconeumol 2006;42:25–32.

32. Gil O, Vilaplana C, Guirado E, Diaz J, Caceres N, Singh M, et al. Enhancedgamma interferon re-
sponses of mouse spleen cells following immunotherapy for tuberculosis relapse. Clin Vaccine
Immunol: CVI 2008;15:1742–4.

33. Boenickse R, Juhasz E. [Description of the New Species Mycobacterium Vaccae N. Sp]. Zentral-
blatt fur Bakteriologie, Parasitenkunde, Infektionskrankheiten und Hygiene 1 Abt Medizinisch-
hygienische Bakteriologie, Virusforschung und Parasitologie Originale. Zentralbl Bakteriol
Orig 1964;192:133–5.

34. Pozniak A, Stanford JL, Rook GA. Preliminary studies of immunotherapy of tuberculosis in
man. In: Proceedings of the International Tuberculosis Congress, Singapore (1986). Bulletin of
the International Union Against Tuberculosis; 1987. p. 39–40, 62.

35. Hachem R, Raad I, Rolston KV, Whimbey E, Katz R, Tarrand J, et al. Cutaneous and pulmon-
ary infections caused by Mycobacterium vaccae. Clin Infect Dis: Off Publ Infect Dis Soc Am
1996;23:173–5.

36. Stanford JL, Paul RC. A preliminary report on some studies of environmental mycobacteria.
Ann Soc Belge Med Trop 1973;53:389–93.

37. Stanford JL, Rook GA, Bahr GM, Dowlati Y, Ganapati R, Ghazi Saidi K, et al. Mycobacterium vac-
cae in immunoprophylaxis and immunotherapy of leprosy and tuberculosis. Vaccine 1990;8:525–30.

38. Collins FM. Kinetics of the delayed-type hypersensitivity response in tuberculous guinea pigs
and mice tested with several mycobacterial antigen preparations. Am Rev Respir Dis 1983;127:599–604.

39. Stanford JL, Grange JM. The promise of immunotherapy for tuberculosis. Respir Med 1994;88:3–7.

40. Skinner MA, Yuan S, Prestidge R, Chuk D, Watson JD, Tan PL. Immunization with heat-killed
Mycobacterium vaccae stimulates CD8+ cytotoxic T cells specific for macrophages infected with
Mycobacterium tuberculosis. Infect Immun 1997;65:4525–30.



Chapter 4. Therapeutic Vaccines for Tuberculosis 124

4. Schon T, Lerm M, Stendahl O. Shortening the ‘short-course’ therapy - insights into host im-
munity may contribute to new treatment strategies for tuberculosis. J Intern Med 2013;273:368–82.

5. Li S, Luo X. Compendium of materia medica (Bencao gangmu). Changchun City, Jilin Province,
China: Foreign Languages Press; 2003.

6. Kaufmann SH, Winau F. From bacteriology to immunology: the dualism of specificity. Nat
Immunol 2005;6:1063–6.

7. Vilaplana C, Cardona PJ. Tuberculin immunotherapy: its history and lessons to be learned.
Microbes Infect 2010;12:99–105.

8. Gradmann C. Robert Koch and the white death: from tuberculosis to tuberculin. Microbes
Infect 2006;8:294–301.

9. Kaufmann SH. Immune response to tuberculosis: experimental animal models. Tuberculosis
2003;83:107–11.

10. Howells CH, Swithinbank J. A trial of tuberculin with chemotherapy in the treatment of pul-
monary tuberculosis. Tubercle 1957;38:1–15.

11. Prabowo SA, Groschel MI, Schmidt ED, Skrahina A, Mihaescu T, Hasturk S, et al. Targeting
multidrug-resistant tuberculosis (MDR-TB) by therapeutic vaccines. Med Microbiol Immunol
2013;202:95–104.

12. Bourinbaiar AS, Mezentseva MV, Butov DA, Nyasulu PS, Efremenko YV, Jirathitikal V, et al.
Immune approaches in tuberculosis therapy: a brief overview. Expert Rev Anti-Infect Ther
2012;10:381–9.

13. Guo S, Zhao J.Immunotherapy for tuberculosis: what’s the better choice. Front Biosci 2012;17:2684–90.

14. Lin L, Tan B, Pantapalangkoor P, Ho T, Baquir B, Tomaras A, et al. Inhibition of LpxC pro-
tects mice from resistant Acinetobacter baumannii by modulating inflammation and enhancing
phagocytosis. mBio 2012;3(5), pii:e00312-12.

15. Vilaplana C, Montane E, Pinto S, Barriocanal AM, Domenech G, Torres F, et al. Double-blind,
randomized, placebo-controlled Phase I Clinical Trial of the therapeutical antituberculous vac-
cine RUTI R©. Vaccine 2010;28:1106–16.

16. Stanford J, Stanford C, Grange J. Immunotherapy with Mycobacterium vaccae in the treatment of
tuberculosis. Front Biosci: J Virtual Lib 2004;9:1701–19.

17. Changhong S, Hai Z, Limei W, Jiaze A, Li X, Tingfen Z, et al. Therapeutic efficacy of a tubercu-
losis DNA vaccine encoding heat shock protein 65 of Mycobacterium tuberculosis and the human
interleukin 2 fusion gene. Tuberculosis 2009;89:54–61.

18. Lowrie DB, Tascon RE, Bonato VL, Lima VM, Faccioli LH, Stavropoulos E, et al. Therapy of
tuberculosis in mice by DNA vaccination. Nature 1999;400:269–71.

19. You Q, Jiang C, Kong W, Wu Y. Attempted immunotherapy for Mycobacterium tuberculosis with
viral and protein vaccines based on Ag85B-ESAT6 in a mouse model. Acta Microbiol Immunol
Hung 2012;59:63–75.

20. Yu DH, Hu XD, Cai H. Efficient tuberculosis treatment in mice using chemotherapy and im-
munotherapy with the combined DNA vaccine encoding Ag85B, MPT-64 and MPT-83. Gene
Ther 2008;15:652–9.

21. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ, et al.Assessing the
quality of reports of randomized clinical trials: is blinding necessary. Controlled Clin Trials
1996;17:1–12.

22. Cardona PJ, Amat I, Gordillo S, Arcos V, Guirado E, Diaz J, et al. Immunotherapy with frag-
mented Mycobacterium tuberculosis cells increases the effectiveness of chemotherapy against a
chronical infection in a murine model of tuberculosis. Vaccine 2005;23:1393–8.

125 4.5. References

23. Cardona PJ. RUTI R©: a new chance to shorten the treatment of latent tuberculosis infection.
Tuberculosis 2006;86:273–89.

24. Guirado E, Gil O, Caceres N, Singh M, Vilaplana C, Cardona PJ. Induction of a specific strong
polyantigenic cellular immune response after short-term chemotherapy controls bacillary re-
activation in murine and guinea pig experimental models of tuberculosis. Clin Vaccine Im-
munol: CVI 2008;15:1229–37.

25. van Pinxteren LA, Cassidy JP, Smedegaard BH, Agger EM, Andersen P. Control of latent Myco-
bacterium tuberculosis infection is dependent on CD8 T cells. Eur J Immunol 2000;30:3689–98.

26. Gil O, Guirado E, Gordillo S, Diaz J, Tapia G, Vilaplana C, et al. Intragranulomatous necrosis
in lungs of mice infected by aerosol with Mycobacterium tuberculosis is related to bacterial load
rather than to any one cytokine or T cell type. Microbes Infect 2006;8:628–36.

27. Vilaplana C, Gil O, Caceres N, Pinto S, Diaz J, Cardona PJ. Prophylacticeffectofa therapeutic
vaccine against TB based on fragments of Mycobacterium tuberculosis. PLoS One 2011;6:e20404.

28. de Val Perez B, Lopez-Soria S, Nofrarias M, Martin M, Vordermeier HM, Villarreal-Ramos B, et
al. Experimental model of tuberculosis in the domesticgoat after endobronchial infection with
Mycobacterium caprae. Clin Vaccine Immunol: CVI 2011;18:1872–81.

29. Domingo M, Gil O, Serrano E, Guirado E, Nofrarias M, Grassa M, et al. Effectiveness and
safety of a treatment regimen based on isoniazid plus vaccination with Mycobacterium tubercu-
losis cells’ fragments: field-study with naturally Mycobacterium caprae-infected goats. Scand J
Immunol 2009;69:500–7.

30. Gil O, Diaz I, Vilaplana C, Tapia G, Diaz J, Fort M, et al. Granuloma encapsulation is a key
factor for containing tuberculosis infection in minipigs. PLoS One 2010;5:e10030.

31. Cardona PJ, Amat I. Origin and development of RUTI R©, a new therapeutic vaccine against
Mycobacterium tuberculosis infection. Arch Bronconeumol 2006;42:25–32.

32. Gil O, Vilaplana C, Guirado E, Diaz J, Caceres N, Singh M, et al. Enhancedgamma interferon re-
sponses of mouse spleen cells following immunotherapy for tuberculosis relapse. Clin Vaccine
Immunol: CVI 2008;15:1742–4.

33. Boenickse R, Juhasz E. [Description of the New Species Mycobacterium Vaccae N. Sp]. Zentral-
blatt fur Bakteriologie, Parasitenkunde, Infektionskrankheiten und Hygiene 1 Abt Medizinisch-
hygienische Bakteriologie, Virusforschung und Parasitologie Originale. Zentralbl Bakteriol
Orig 1964;192:133–5.

34. Pozniak A, Stanford JL, Rook GA. Preliminary studies of immunotherapy of tuberculosis in
man. In: Proceedings of the International Tuberculosis Congress, Singapore (1986). Bulletin of
the International Union Against Tuberculosis; 1987. p. 39–40, 62.

35. Hachem R, Raad I, Rolston KV, Whimbey E, Katz R, Tarrand J, et al. Cutaneous and pulmon-
ary infections caused by Mycobacterium vaccae. Clin Infect Dis: Off Publ Infect Dis Soc Am
1996;23:173–5.

36. Stanford JL, Paul RC. A preliminary report on some studies of environmental mycobacteria.
Ann Soc Belge Med Trop 1973;53:389–93.

37. Stanford JL, Rook GA, Bahr GM, Dowlati Y, Ganapati R, Ghazi Saidi K, et al. Mycobacterium vac-
cae in immunoprophylaxis and immunotherapy of leprosy and tuberculosis. Vaccine 1990;8:525–30.

38. Collins FM. Kinetics of the delayed-type hypersensitivity response in tuberculous guinea pigs
and mice tested with several mycobacterial antigen preparations. Am Rev Respir Dis 1983;127:599–604.

39. Stanford JL, Grange JM. The promise of immunotherapy for tuberculosis. Respir Med 1994;88:3–7.

40. Skinner MA, Yuan S, Prestidge R, Chuk D, Watson JD, Tan PL. Immunization with heat-killed
Mycobacterium vaccae stimulates CD8+ cytotoxic T cells specific for macrophages infected with
Mycobacterium tuberculosis. Infect Immun 1997;65:4525–30.



Chapter 4. Therapeutic Vaccines for Tuberculosis 126

41. Zhang L, Ma W, Da J. Mycobacterium vaccae influences the kinetics of Th1/Th2 cells and ex-
pression of iNOS in a marine model of experimental tuberculosis. Chin J Tuberc Respir Dis
2000;23:43–6.

42. Pozniak A, Stanford JL, Grange JM. Mycobacterium vaccae immunotherapy. Lancet 1991;338:1533–4.

43. Stanford JL, Bahr GM, Rook GA, Shaaban MA, Chugh TD, Gabriel M, et al. Immunotherapy
with Mycobacterium vaccae as an adjunct to chemotherapy in the treatment of pulmonary tuber-
culosis. Tubercle 1990;71:87–93.

44. Bahr GM, Shaaban MA, Gabriel M, al-Shimali B, Siddiqui Z, Chugh TD, et al. Improved im-
munotherapy for pulmonary tuberculosis with Mycobacterium vaccae. Tubercle 1990;71:259–66.

45. Corlan E, Marica C, Macavei C, Stanford JL, Stanford CA. Immunotherapy with Mycobacterium
vaccae in the treatment of tuberculosis in Romania. 1. Newly diagnosed pulmonary disease.
Respir Med 1997;91:13–9.

46. Corlan E, Marica C, Macavei C, Stanford JL, Stanford CA. Immunotherapy with Mycobacterium
vaccae in the treatment of tuberculosis in Romania. 2. Chronic or relapsed disease. Respir Med
1997;91:21–9.

47. Luo Y, Lu S, Guo S. Immunotherapeutic effect of Mycobacterium vaccae on multi-drug resistant
pulmonary tuberculosis. Chin J Tuberc Respir Dis 2000;23:85–8.

48. Stanford JL, Stanford CA, Grange JM, Lan NN, Etemadi A. Does immunotherapy with heat-
killed Mycobacterium vaccae offer hope for the treatment of multi-drug-resistant pulmonary
tuberculosis. Respir Med 2001;95:444–7.

49. Johnson JL, Kamya RM, Okwera A, Loughlin AM, Nyole S, Hom DL, et al. Randomized con-
trolled trial of Mycobacterium vaccae immunotherapy in non-human immunodeficiency virus-
infected ugandan adults with newly diagnosed pulmonary tuberculosis. The Uganda-Case
Western Reserve University Research Collaboration. J Infect Dis 2000;181:1304–12.

50. Stanford JL, Grange JM. New concepts for the control of tuberculosis in the twenty first century.
J R Coll Physician London 1993;27:218–23.

51. van der Werf TS. Tuberculosis in Africa — any news. Trop Geogr Med 1994;46:271–4.

52. Kon OM, Goyal M, Filley E, Gleissberg G, Cunningham D, Rook GA, et al. Mycobacterium
vaccae: a study of safety and outcome measures. Respir Med 1998;92:597–8.

53. Shield MJ, Stanford JL, Garbajosa G, Draper P, Rees RJ. The epidemiological evaluation, in
Burma, of the skin test reagent LRA6; a cell-free extract from armadillo-derived Mycobacterium
leprae Part 1: Leprosy patients. Int J Lepr Other Mycobact Dis: Off Organ Int Lep Assoc
1982;50:436–45.

54. Nye PM, Price JE, Revankar CR, Rook GA, Stanford JL. The demonstration of two types of
suppressor mechanism in leprosy patients and their contacts by quadruple skin-testing with
mycobacterial reagent mixtures. Lep Rev 1983;54:9–18.

55. Stanford JL. Improving on BCG. APMIS: Acta Pathologica, Microbiologica, et Immunologica
Scandinavica 1991;99:103–13.

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

57. Weltman AC, Rose DN. The safety of Bacille Calmette-Guérin vaccination in HIV infection and
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