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Abstract
Bacille Calmette Guerin (BCG), which has been used since 1921 as the only vaccine against tuberculosis (TB), protects poorly, if at all, against pulmonary tuberculosis among adults in high incident developing countries. This failure has been attributed to the possible down modulating action of T regulatory cells (Tregs), which can be stimulated by environmental mycobacteria and
expanded by BCG vaccination. Tregs induced at the site of BCG vaccination may interfere with
protection against tuberculosis. This communication describes the contribution of Tregs towards
dampening the efficacy of BCG and plausible approaches to countering this down modulating effect of Tregs. Probably, antigen specific inhibition of the local recruitment of Tregs whilst avoiding
generalised disturbance of immune homeostasis could prove to be worthwhile. Alternatively,
drugs with short half life may achieve more acceptable transient inhibition of Tregs function than
the prolonged action of monoclonal antibodies. Evolving novel safe strategies is a challenge for
developing a better anti TB vaccine.
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1. Introduction about Tuberculosis
1.1. Tuberculosis Infection
Tuberculosis (TB) is an airborne chronic disease caused by inhalation of M. Tuberculosis (MTB), which is entangled in the respiratory tract fluid droplets and exhaled (through coughing, sneezing, talking, singing, etc.) in
the atmospheric air from the lungs by the pulmonary cavitary TB patients [1]. After reaching the alveoli of lungs,
the viable MTB bacilli are engulfed by macrophages, where they multiply. During this process of host-MTB inHow to cite this paper: Parkash, O. (2015) T Regulatory Cells and BCG as a Vaccine against Tuberculosis: An Overview.
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teraction, pro-inflammatory cytokines are produced, locally, inside the infected tissue, by these invaded macrophages. This further leads to formation of granuloma through recruitment of mononuclear cells (primarily
macrophages and lymphocytes) from blood vessels irrigating the invaded tissue. Granuloma is a local accumulation of cells surrounding the infected macrophages (in the centre) by foamy giant cells, macrophages and lymphocytes, where lymphocytes get positioned in the periphery demarcating the boundary of the raised structure.
In majority of the infected persons, the infection is contained at this stage of primary infection and such infected
individuals remain asymptomatic and non infectious which is called as latent tuberculosis infection (LTBI).
However, in immunosuppressive situations the containment due to granuloma becomes weak. As a result, the
kernel of the granuloma caseats followed by liquefaction and then by formation of cavity which may rupture in
the alveoli of the bronchi. This results in the development of productive cough and viable MTB bacilli are exhaled out from the airways. Depending upon the intensity and extension of inflammatory response, lung tissues
are destroyed resulting in impairment of lung function (i.e. problem in breathing due to decreased exchange of
gases during respiration) which eventually may cause death of the untreated patient.

1.2. Global Prevalence
TB is a major global health problem with a slow decline in its load. It is estimated that about one third of the
world’s population (a majority in the developing countries) is infected with MTB. According to the latest report
of WHO [2] in 2013: (a) about 9 million new active TB were reported of which about 50% were from SouthEast Asia and Western Pacific Regions. India alone accounted for about 24% of all the newly detected TB cases
followed by China which accounted for 11% of the total cases; (b) of the new TB cases, 1.1 million were estimated to be HIV positive and 480,000 were reported to be multidrug-resistant (resistant at least to rifampin and
isoniazid with and without resistant to other first line drugs); (c) about 1.5 million persons died due to TB of
which about 360,000 were HIV positive. Sub-Saharan Africa has the highest rates of active tuberculosis per capita, driven primarily by the HIV epidemic; (d) among the multi drug resistant TB (MDR-TB) cases about 9%
were extensively drug resistant (XDR-TB; which are MDR-TB cases who are resistant to fluoroquinolones as
well as to any one of the injectable anti-tuberculosis drugs like: kanamycin, amikacin, and capreomycin) TB
cases; (e) more than half of the drug resistant cases were reported from India, China and the Russian Federation
alone; (f) from 1990-2013, the reductions in global TB mortality and prevalence rates have occurred to the tune
of about 45% and 41% respectively. Report indicates that existence of drug resistance and HIV epidemic has
posed strong challenges towards global control of TB.

1.3. Clinical Manifestations
Primarily, tuberculosis is a disease of lungs; however, any organ may be affected by it. After infection with
MTB, only 5% - 10% of infected persons develop active TB whereas, remaining more than 90% of the subjects
succeeds in containing the pathogen and thereby resulting in asymptomatic LTBI. In case of TB, chronic cough
and sputum production are some of the leading clinical symptoms. However, depending upon the immunity (the
risk increases with extent of immunodeficiency and immune-suppression) of the host, 18% - 42% of people develop extra-pulmonary TB and about 2% of all TB cases and about 20% of extra pulmonary TB cases accounts
for a disseminated form of TB called milliary TB. In extra-pulmonary TB any organ (e.g. lymphoid tissues, central nervous system, bones, joints, pleura and genitourinary system, etc.) of body may be involved and the clinical manifestations may vary depending upon the affected organ. On the other hand, in case of milliary TB, dissemination of MTB infection may occur throughout the body and thus may involve multiple organs. Clinical
manifestations of the milliary TB are non-specific and hence, difficult to diagnose it. Nonetheless, the presence
(for more than six weeks) of any one or more of the classical clinical symptoms, viz: chronic cough, fever,
weight loss, anorexia and night sweats may point out the probable occurrence of TB which may further be confirmed through positive response to anti-tuberculosis treatment and laboratory based investigations [3] [4].

1.4. Predisposing Factors
Normally, 90% of the subjects do not develop TB after infection. However, the important factors [3] [5] [6] responsible for predisposition of an individual to develop this disease are: (i) co-infection with human immunodeficiency virus is the most notable cause for progression to active disease; (ii) underlying immunosupressive conditions like: presence of uncontrolled diabetes mellitus, organ transplantation, renal failure, sepsis, cancer and
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cancer chemotherapy, silicosis and usage of immunosuppressive drugs; (iii) age of the individuals: 65 years old
and above; and babies/children less than 5 years old; (iv) malnutrition; (v) genetics, race, and ethnic background
of an individual; (vi) virulence of the M. tuberculosis strain; (vii) behavioural factors like : alcoholism, tobacco
smoking and drug abuse, etc. Additionally, there are several factors which make an individual prone to contract
MTB infection: (i) close contacts with patients having infectious TB, especially with high bacillary load in sputum; (ii) working or residing with facilities like: homeless shelters, hospitals, nursing homes, residential homes
for TB and HIV infected persons; (iii) indoor air pollution; (iv) crowded places; (v) confined places like prison,
etc.

1.5. Treatment
Persons having latent tuberculosis infection are prone (due to down modulation of their immunity) to progression to active TB. Hence, to prevent this happening, persons with LTBI are treated with isoniazid for six to
preferably nine months. However, in case of HIV infected LTBI the treatment is for longer duration. On the
other hand, patients with drug sensitive active TB are treated with regimens consisting of first line drugs: isoniazid, rifampin, pyrazinamide, and ethambutol for 2 months followed by 4 months by rifampicin and isoniazid.
The efficacy rate is 90% - 95% if treated under supervision and maintained compliance during the treatment period. Regarding tuberculosis and HIV co-infected individuals anti-retroviral therapy is recommended after start
of anti TB treatment. MDR-TB is treated by formulating regimens based on the first line and second line antituberculosis drugs [e.g. second line drugs (i) ethionamide or prothionamide; (ii) cycloserine or para-aminosalicylic acid (in case cycloserine cannot be used); (iii) fluoroquinolone; and (iv) a parenteral agent. Additionally,
pyrazinamide from first line drugs.]. Initially, the regimens for individualized therapy are selected based on local
disease pattern, a known source case, prior exposure to anti-TB drugs, and thereafter on drug susceptibility test
result. Such therapy should be administered for at least 20 months in patients who have not received previous
treatment for multidrug-resistant tuberculosis and for up to 30 months in those who have received previous
treatment. It would be worth mentioning here that second-line drugs are more toxic and expensive when compared
with the first-line drugs for standard anti-TB regimen. Like MDR-TB the treatment regimen for XDR-TB is designed based on the suitable first and second lines drugs. Sometimes, it may need involving non established highly
toxic drugs as well. Nevertheless, designing treatment regimen for XDR-TB patients is a challenging task [3] [7].

2. Why Anti TB vaccine?
Worldwide, intensive efforts to combat tuberculosis are being made. As a part of this effort, the currently available anti TB drugs require minimum 6 - 9 months in treating the patients. Unfortunately, emergence of multiand extensively drug-resistant TB and HIV infection have hindered the progress and have raised future apprehension on TB control by using available drugs. Thus, TB is considered to be a great threat, especially for the
developing countries, through weakening the economic and productive resources for poor countries to escape
poverty. It is estimated that TB costs about €290 billion/year to the global economy [8]. Considering these facts
in view, an effective preventive vaccine can prove to be the most economic tool for mitigating TB epidemic.

3. BCG as a Vaccine against Tuberculosis
BCG (Bacille Calmette Guerin) is an attenuated strain of Mycobacterium bovis that was isolated nearly a century ago [9]. The use of BCG for human vaccination against tuberculosis was initiated in 1921 and is in use till
now, while alternative subunit vaccines are at different stages of intensive research. BCG induces T-cell helper
type-1 (Th1) immunity for protection of the host from M. tuberculosis infection. BCG has been found to be 60%
- 80% protective against severe forms (disseminating and meningeal) of TB in children; however, its efficacy
against pulmonary tuberculosis in adults is inconsistent and varies from 0% - 80% in different geographical regions [10] [11]. The poor performance of BCG in developing countries, where rates of TB are much higher, is
very discouraging. The reasons being considered are: strain differences in BCG, prevalence of environmental
mycobacteria, genetics of host, nutritional factors and presence of helminthic co-infections, etc. [12]. Of the
various factors for poor efficacy of BCG in immune-competent adult individuals, prior exposure to environmental mycobacteria is thought to be an important and widely accepted cause for the poor efficacy of BCG vaccine in developing countries [10] [13]-[18]. Nevertheless, there is a tendency to retain BCG vaccination and to
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improve its immunogenic potential as BCG has been found heat stable and involve low production cost [19][23]. Provided the immunisation is correct, BCG is considered to be, largely, safe and tolerable. Normally a
raised pimply blister develops at the site (upper right arm) of BCG injection as it is given intradermally. During
this phase for a few weeks, the lesion may become bruised and painful for the vaccinated individual. Eventually,
fluid accumulated at the surface of the pimple dries up giving rise to crusty surface. Thereafter within some
weeks the lesion heals up ending with a scar at the site of injection. The degree of severity of the lesion may
vary among the vaccinated individuals. Rarely, abscessed lesion at the site of injection may develop which may
or may not be accompanied by lymph gland enlargement in armpit or neck. Again, in rare cases, there may occur lymphadenopathy. All of these clinical situations may be managed after consultation with the nurse and
general physician. However, the major side effect of BCG vaccine is that it can cause local or disseminated infections in immuno-compromised individuals [24] [25].

4. T Regulatory Cells
T regulatory cells, predominately, are subtypes of CD4+ T helper cells that regulate the immune system by suppressing the proliferation of lymphocytes, production of cytokines and production of antibodies [26] [27]. These
cells are identified better by detecting constitutive expression of CD25 (a chain of the interleukin-2 receptor)
and the forkhead/winged helix transcription factor 3 (FoxP3). There are two subsets of Tregs: (i) natural Treg
cells are derived from thymus during the development of immune system and have already immune suppressing
capability; and (ii) adaptive/induced Tregs are generated in the periphery by stimulation of CD4 + FoxP3+ with
prevailing antigens at the sub-optimal levels. Induced Tregs are further of two types (i) Tr1 and (ii) Th3 cells
which have suppressive action, predominantly, through releasing immuno-suppressive cytokines IL-10 and
TGF-β respectively. Various markers of Treg cells are: CD25 (IL-2 α chain receptor), cytotoxic T lymphocyteassociated antigen 4 (CTLA-4), glucocorticoid-induced tumour necrosis factor receptor family-related gene
(GITR), lymphocyte activation gene-3 (LAG-3/CD223), CD127 (IL-7 receptor), forkhead/winged-helix transcription factor box P3 (Foxp3), IL-10, TGF-β, CD45 (leucocyte common antigen/protein tyrosine phosphatase),
CD39 (ectonucleoside triphosphate di-phosphohydrolase), CD73 (ecto-nucleosidase), CD26 (di-peptidyl peptidase) [27]. The target cells for suppression of immunity by Tregs are: CD4+, CD8+, B cells, dendritic cells,
macrophages, NK (natural killer) cells, NKT (natural killer T cells), mast cells and osteoblasts, etc. [28]. Widely
studied mechanisms [26] [29] of action of Tregs that have been reported are (Figure 1): (i) cell contact mediated
suppression by Treg surface molecules CTLA4 and LAG-3. Here, CTLA-2 causes down regulation of expression of CD80/CD86 molecules and induction of production of indoleamine 2, 3-dioxygenase (IDO) in dendritic
cell (DC). Also, it competitively inhibits interaction of co-stimulatory molecule CD28 on Con T cell with
CD80/CD86 on DC, and thus results in inhibition of T cell activation through APC and T cell interaction. Similarly, binding of Treg LAG3 to MHC-II on DC also inhibits T cell activation. On the other hand, IDO in DC inhibits T cell growth by degrading tryptophan an essential amino acid needed for T cell growth. Further, kynurenine, a degraded product of tryptophan causes apoptosis of T cells; (ii) dampening of the activation of antigen presenting cells by cytokines IL-10, TGF-β and IL-35 secreted by Tregs. These cytokines also inhibit T cell
proliferation. On the other hand, IL-10 and TGF-β support growth of Tregs as well; (iii) lytic/apoptotic deletion
of T cell by perforin and granzyme produced by Tregs; (iv) arrest of T cell proliferation by depletion of growth
factor IL-2 by its consumption by Tregs due to higher affinity as well as higher density of IL-2 receptors on
these cells and (v) adenosine, produced through degradation of ATP/ADP/AMP by ecto-enzymes (CD39/ CD73)
present on Tregs, interacts with T as well as dendritic cells and induces cAMP production in them. The cAMP
thus produced causes T cell cycle arrest.
Thus, there exist several subsets of Tregs and they have arsenal of mechanisms for causing immunosuppression. Further, understanding of when, where, in what situation, what antigen, what subset of Tregs and what
mechanism(s) would come into action for maintaining homeostasis during the immune response against mycobacteria is highly needed. Knowledge of these aspects of Tregs mediated immunosuppression might play a crucial role in developing immune-modulating strategies, including vaccine against tuberculosis.

5. T Regulatory Cells and Efficacy of BCG
There are reports [30]-[32] pointing out that Tregs could interfere with BCG mediated protection against TB.
Tregs are known to be induced by environmental mycobacteria [33] [34], BCG [35]-[39] and M. tuberculosis
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Figure 1. Effector mechanisms of T regulatory cell. ATP: adenosine triphosphatre; ADP: adenosine diphosphate; AMP: adenosine monophosphate;
cAMP: cyclic adenosine monophosphate; DC: dendritic cell; Tcov: conventional T cell; Teff: effector T cell; TGF-β: transforming growth factor; CTLA4: cytotoxic T lymphocyte-associated antigen 4; LAG3: lymphocyte activation gene-3 and IDO: indoleamine 2, 3-dioxygenase.

infection [40]-[47]. Pre-exposure of the host to environmental mycobacteria may induce Tregs against antigens,
common to environmental mycobacteria, BCG and M. tuberculosis. Such sensitized Tregs may further be stimulated by subsequent vaccination with BCG and by M. tuberculosis infection. Thus, Tregs induced first by environmental mycobacteria may initiate the process leading towards down modulation of the efficacy of BCG
vaccine. However, when there are no environmental mycobacteria, there may be scanty pre induced Tregs
available for stimulation by BCG vaccination. This in turn may cause, relatively, more stimulation of IFN-γ
producing effector T cells after BCG vaccination. Hence, after infection, M. tuberculosis may be eradicated or
contained by IFN-γ activated macrophages. On the other hand, macrophages and dendritic cells may produce
more IL-10 and TGF-β on interaction with environmental mycobacteria which in turn may cause induction of
Tregs. Subsequently, immunisation with BCG might activate naive as well as induced Tregs more when compared to IFN-γ producer effector T cells resulting in failure for containing the M. tuberculosis on infection

6. Remedies to Counter the Dampening Effect of Tregs on the Efficacy of BCG
To understand the down modulating influence of Tregs on the performance of BCG vaccine against tuberculosis,
a strategy to concomitantly attenuate Tregs with anti-CD25 antibodies during immunization of mice with BCG
was attempted by Jaron et al. [30]. Wherein, a limited positive impact on the protective efficacy of BCG was
noticed. This is thought to be due to insufficient elimination of Tregs with low CD25 surface expression or due
to transient nature of CD25 down modulation.
Several studies have indicated that boosting of BCG primed immune response by down modulation of CD4 +
Tregs could be a promising approach (Table 1; [31], [48]-[51]). However, a prime-boost vaccine candidate
(MVA85A; a recombinant Vaccinia virus (Ankara) expressing M. tuberculosis derived 85A antigen), involving
Tregs down regulating phenomenon along with boosting of T cell mediated immunity for its efficacy [48]-[50],
has recently failed towards providing protection against TB or MTB infection in human trials [52]. This failure
promotes to speculate that Tregs may not be the only immune component involved towards down modulating
the protective effect of BCG against tuberculosis; rather, regulatory components other than CD4+ Tregs could
also contribute to this phenomenon.
A recent immunotherapeutic approach [53] using D4476 (4-[4-(2,3-dihydro-1,4-benzodioxin-6-yl)-5-(2-pyridinyl)-1H-imiodazol-2-yl]benzamide), a small molecule, to inhibit differentiation of Tregs has demonstrated enhancement in BCG efficacy to protect against tuberculosis. A further synergistic effect with a Th2 inhibitor {suplatast tosylate ([3-[[4-(3-ethoxy-2-hydroxypropoxy) phenyl] amino]-3-oxopropyl] dimethylsulfonium 4-methylbenzenesulfonate)} was also observed. This appears to be a simple and cost-effective approach to promote efficacy of BCG vaccine. Since it is a first study of its kind, more investigations are warranted for its establishment.
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Table 1. Studies showing the effect of down modulation at the levels of CD4+ T regulatory cells on the efficacy of BCG as
an anti tuberculosis vaccine.
References

Observations

Animals

Remarks

[30]

Attenuation (by treating mice with anti CD25) of Treg cells
concomitant to BCG vaccination showed a positive, yet limited,
impact on the protective capacity of this vaccine against
M. Tuberculosis infection.

Mice

Tregs do not represent the major cause of the
limited efficacy of BCG as a vaccine against
tuberculosis.

[31]

BCG primed subjects showed better performance
(as measured by IFN-γ response) followed by boosting with
Vaccinia virus Ankara expressing the M.tuberculosis antigen 85A
(MVA85A).This appears to be through the limiting effect
(through reduced production of TGF-β) of MVA85A on
the number of circulating CD4+CD25hiFoxP3+ T cells.

Humans

This phenomenon indicates that Tregs affect
the performance of BCG and MVA85A
appears to be a potential adjuvant
for BCG efficacy

[48]

BCG vaccinees were found to be associated with higher
CD4+CD25hiCD39+ T-cell levels in the periphery and a reduced
capacity to produce IL-17A. However, on boosting with viral
vector vaccine, consisting of MVA85A, induction of
IL-17A-producing T cells were observed in the peripheral blood.

Humans

This phenomenon indicates that Tregs may
affect the composition of vaccine-induced
T-cells and that MVA85A appears to be a
potential adjuvant for BCG efficacy

[49]

Priming with BCG followed by boosting with Modified Vaccinia
virus Ankara expressing Antigen 85A (MVA85A) enhanced the
BCG induced response by post boosting dropping down of
CD25+CD39+ T regulatory cells along with reduction in
consumption of ATP and increase in percentages IFN-γ and IL-17
double producing CD4+ T cells (Th1).

Humans

In vaccinated subjects, a positive
relationship between extracellular ATP level
and IFNγ+Th17 number again indicated that
MVA85A appears to be a potential adjuvant
for BCG efficacy through down regulation
of CD39+ Tregs

[50]

Priming with BCG followed by boosting twice with AMM
[Ag85B-Mpt64 (190-198)-Mtb8.4] showed best protective effect,
against M.tuberculosis infection, among all groups (boosted once,
twice and thrice), through induction of antigen-specific IFN-γ and
IL-2 production and also down-regulation of CD4+ CD25+
FoxP3+ regulatory T cells.

Mice

AMM [Ag85B-Mpt64 (190-198)-Mtb8.4]
appears to be a potential adjuvant
for BCG efficacy

[51]

Heterologous immunization, using bacillus Calmette–Gue´rin
(BCG) to prime and DNA-hsp 65 to boost or BCG to prime and
culture filtrate proteins (CFP)-CpG to boost, was found to improve protection against M.tuberculosis infection. Improvement
was through induction of higher ratio of CD4+ conventional T
cells and CD4+T regulatory cells along with reduced lung
morbidity.

Mice

DNA-hsp 65 (BCG/DNA-hsp 65) or BCG to
prime and culture filtrate proteins
(CFP)-CpG to boost (BCG/CFP-CpG)
appears to be a potential adjuvant for BCG
efficacy

[53]

Inhibition of CD4+ Tregs response by D4476
(4-[4-(2, 3-dihydro-1,4-benzodioxin-6-yl)-5-(2-pyridinyl)1H-imiodazol-2-yl]benzamide), a small molecule, improves
efficacy of BCG against M. Tuberculosis infection. The efficacy is
further enhanced on simultaneous inhibition of Th2 response.

Mice

Inhibition of Tregs response by small
molecules could help in enhancing the efficacy of BCG

Apartly, some more strategies [18] that are worthwhile exploring are: (i) Tregs inducing BCG antigens, common among environmental mycobacteria, BCG and M.tuberculosis, need to be identified. This may open paths
towards bettering of BCG vaccines by knocking out genes responsible for Tregs inducing proteins from BCG;
(ii) recombinant BCG (rBCG) strains expressing Tregs down modulating proteins could help in improving protective immune response of BCG against M. tuberculosis infection.

7. Apprehensions Concerning the Immune-Modulation at the Levels of Tregs to
Improve BCG Efficacy
While formulating strategies to improve the performance of BCG at the levels of Tregs, harmful side effects of
such approaches need to be considered. Since dampening of Tregs may lead to suppression of Tregs functions in
the host which in turn may make the individuals susceptible to develop clinical immunological disorders in the
host, viz: induction of autoimmune diseases, allergy, asthma, failure of pregnancy, and aggravation of immunopathogenesis in already exsiting clinical conditions [54] leading to increased morbidity and mortality. There
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could also be severe side effects due to occurrence of “cytokine storm” due to elevated cytokine levels.
It is known that mycobacterial antigens have the potential to act as auto-antigens [55]-[57]. Since, Tregs are
known to control autoimmunity, suppressing such cells may make the vaccinated individuals further prone to
develop mycobacterial antigens induced autoimmune reactions.

8. Conclusions
Experimentally, modulations at the level of Tregs have been shown to be promising for bettering of BCG vaccine efficacy (Table 1). However, such strategies are also likely to impair immune homeostasis and hence, may
cause immunological abnormalities like: deleterious autoimmune and inflammatory disorders. Keeping these
possibilities in view, strategic studies to improve the performance of BCG through countering the down modulating effect of Tregs without causing the deleterious side effects are highly required
Since BCG is an inducer of Tregs, recruitment of Tregs at the site of immunization may occur as a result
thereof. It would be interesting to understand the molecular phenomenon involved in recruitment of Tregs at the
site of immunization as it may open paths to evolve some approach to inhibit local recruitment of Tregs without
affecting their functions. Eventually, this may help in avoiding generalised systemic disturbance of immune
homeostasis and thereby generation of clinical disorders.
Probably, a transient inhibition for Tregs functions could be worth adopting over Treg depleting approaches
for boosting the efficacy of a vaccine. Regarding this, searching small molecules capable of down modulating
functions of Tregs may be a better option because they have shorter half life for about a day when compared to
monoclonal antibodies (with a half life of 14 - 21 days) and hence, may be used for transient inhibition.
Lastly, whatever may be the strategy to improve the performance of BCG through reducing the Tregs population, the ratio of Th1 type of CD4 cells and Tregs needs to be maintained to a level where causation of clinical
immunological abnormalities must be minimal and the efficacy of BCG vaccine optimal. Evolving such a strategy appears to be a future challenge for developing anti TB vaccine.
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