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Abstract
Macrophages related with pathogen was involved the ability of Mycobacterium tuberculosis (Mtb) to 
developing mechanisms to prevent macrophage attacks and the aim of this study was to find the relationship 
between specific role of macrophages in natural immune system in tuberculosis (TB) disease. The research 
design of this study used literature reviews from various journals and it was accessed in Google Scholar 
and various medical science websites who bublessed less than 10 years. Localization of mycobacteria in 
granulomas form and activation of macrophages ability to kill and eliminate pathogens also the movement of 
M1 to M2 polarization as an important part for the host to prevent widespread tissue damage. However, the 
loss of the immune system suppression by M1 and Th1 molecules will give benefit to fertility development 
of Mtb in the environment of immunity M2 / Th2. The results of this study showed that the dynamics of 
macrophages in tuberculosis disease is a balance of Mtb’s ability to escape from the immune system. The 
effectiveness of anti-TB treatment repair the immune system and eliminate Mtb.
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Introduction 

The host’s of natural immune system that initiates 
the TB pathogenesis was occured through receptor 
interactions on macrophage pattern recognition 
receptors (PRR) including toll like receptors (TLRs), 
cytosolic receptors such as RIG-I-like receptors (RLR), 
NOD-like receptors (NLR) and C-type lectin receptor 
(CLR). The identification of microbial components such 
as pathogenic associated molecular patterns (PAMP), so 
PRR induces intracellular signaling networks to activate 
transcription factors that regulate the gen involvement 
in inflammatory responses and antipathogen immunity. 
IFN type-1 in macrophages was associated with Serine 
/ Threonin kinase, TANK-binding kinase 1 (TBK1) 
facilitated the phosphorylation of interferon regulatory 
factor (IRF). The role of TLR2, TLR4 and TLR9 are 
important as a natural immune response against Mtb, 
especially TLR4 in macrophages associated with 
Myeloid differentiation factor 88 (MyD88) adapter. It 
was associated with IRAK-4 and IRAK-1 by interactions 

in the death domain. IRAK4 have phosphorylation 
and immediately activate IRAK1 to collaborate with 
TRAF6 than lead to oligomerization and activation to 
be large form complex and lead      to the activation of 
transcription factors NF-kB and AP-1 (1).

The success live of Mtb in macrophages is due to the 
ability Mtb to convert antimicrobial cells into recipient 
cells. Mtb hacks the host defense mechanism by 
manipulating the host’s cellular pathways, innate immune 
response, and cell death pathways to take the advantages 
(2). Inhibition of phagosome fusion in lysosomes is an 
important mechanism of Mtb, because it is to inhibit 
macrophage phagosome / lysosome maturation. 
Transcription of proinflammatory factor NF-κB (nuclear 
factor kappa B) regulates phagolysosome fusion during 
infection (3). Phosphatidylinositol 3- phosphate (PI3P) is 
an important component in macrophage cell membrane 
which is it on the surface of endosome and phagosomes. 
After the invasion of Mtb biosynthesis becomes low and 
by the pathway, lipoarabinomannan toxin (LAM) with 
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calmodulin-dependent of PI3P suppresses the lysosome 
phagosome fusion process (4). Toll-like receptors 
(TLRs) is not as phagocytic receptors but it as detectors 
of different particles. However TLR collaborates with 
other non-opsonic receptors to stimulate the ingestion 
process (5).

The intervention of an anti-inflammatory suppressive 
effect by suppressing nuclear factor-kappa B (NF-kB). 
Pyrazinamide treatment influences the host immune 
response by decreasing pro-inflammatory cytokine 
production in Mtb infection. The administration of first-
line anti-TB therapy to pleural TB patients will induces 
polarization of pleural macrophages towards M2, so this 
study showed that anti-TB treatment was modulated 
the host immune response (6). The interaction between 
host, Mtb and treatment are influence each other and it 
are able to mediate immunomodulation and bring the 
successful of treatment, so it will be main discussion in 
this study review.

Immunology response to tuberculosis

Mtb is an intracellular pathogen that lives and 
develops in macrophages, where the stages of the 
immune response to this bacterial infection are complex. 
The observations among humans and mice showed 
that the role of interleukin-12 (IL-12) and interferon 
gamma (IFN-γ) were mediated the T cells function to 
control the Mtb infection. nflammatory cytokines such 
as tumor necrosis factor alpha (TNF-α) and IL-1 were 
played a major role in immune defense toward TB 
mycobacteria (7). The interaction of MTB and cells in 
innate immune systems and adaptive were given the 
secretion of chemokines and cytokines, namely tumor 
necrosis factor-α (TNF-α), interleukin-1 family (IL-1β, 
IL-18), IL-12, and IFNγ. TNF-α plays an important role 
in granuloma formation, an important mechanism in 
isolation and in limitation of mycobacterial replication. 
IL-1β production is important, as a signaling mediator 
toward essential components of host defense toward 
mycobacteria, defects in IL-1 receptors caused weak of 
granuloma formation and low in body defense system. 
The role of IFNγ is to activate macrophages, as a killers 
and eliminate mycobacteria, increasing the expression of 
MHC II molecules, so there is an improvement antigen 
presentation to T cells. IFN  produced by natural killer 
(NK), CD4 +, and CD8 + cells through the delivery 

of endogenous IL-12 and IL-18 by macrophages and 
dendrite cells (3).

Mtb infection induces IFN type-1 expression in 
human and mice macrophages as well as in dendritic 
myeloid cells. Serine / Threonin kinase, TANK-binding 
kinase 1 (TBK1) is the central directive for IFN type-
1 expression in Mtb that infects host cells. TBK1 
facilitates the phosphorylation of interferon regulatory 
factor (IRF). IRF3 and IRF5 have been known as a 
facilitator of IFN type-1 in Mtb infecting host cells. 
Pattern recognition receptor (PRR) was associated with 
TBK1 phosphorylation and IFN type-1 expression in 
mycobacterial infections response, including Nod like 
receptor NOD2. It is an interferon gene stimulator 
(STING) either directly or through cyclic activation 
of GMP-AMP synthase (cGAS), such as the toll on 
receptor-4 (TLR4) (8). The pattern recognition receptor 
(PRR) coded by the germline, as an important part in 
microbial components and initiates the activation of innate 
immunity and inflammation for pathogen elimination. 
PRR expressed on innate immunity cells and other cells 
like epithelial cells, including surface and endosome 
receptors such as toll like receptors (TLR), cytosolic 
receptors like RIG-I-like receptors (RLR), NOD-like 
receptors (NLR) and C -type lectin receptor (CLR). 
Microbial components such as pathogenic associated 
molecular patterns (PAMP), PRR induces intracellular 
signaling networks to activate transcription factors that 
regulate gene involvement in inflammatory responses 
and antipathogen immunity. The innate immunity signal 
also stimulates dynamic changes in micondria, lead to 
specific gene expression and pathogen elimination so 
that adaptation can change the environment (9).

As known that TLR2, TLR4 and TLR9 are 
plays an important role in innate response against 
TB. TLR2 forms dimers with TLR1 or TLR6, they 
was known as diacylated or triacylated lipoproteins. 
Lipoarabinomannan (LAM), lipomannan (LM), and 
phosphatidylinositol mannoside (PIM) from Mtb are 
also recognized via TLR2. Although, it has been showed 
in vitro that TLR2 played an important role in several 
aspects control of antigen presenting cell effector 
function, TLR2 deficiency models study was not affected 
in secondary immune response to Mtb. In other study who 
used mice as intervention group, it showed that TLR4 
played an important role in development of the host’s 



2726    Indian Journal of Forensic Medicine & Toxicology, July-September 2021, Vol. 15, No. 3

natural immune system to Mtb responding. Stimulation 
via TLR9 invitro induces IL-12 production in dendritic 
cells (1). Myeloid differentiation factor 88 (MyD88) was 
gave important role to establishing a protective response 
against Mtb. This adapter binds with TLR cytoplasm 
and connects to IRAK-4 and IRAK-1 via death domain 
interactions. IRAK4 into phosphorylation activating 
IRAK1 and immediately associated with TRAF6 and 
leading to oligomerization and activation. The posterior 
binding of Ubc13 and Uev1A promotes TRAF6, TAB2 
recruitment and TAK1 activation to large form complex 
and leads to the activation of transcription factors NF-kB 
and AP-1 (1).

The MyD88 adapter is a central component in TLR 
signaling, specify in downstream signaling cascade that 
leads to NF-kB activation and transcription of factor AP-1 
in inflammatory cytokines production. TRIF Signaling 
adapter will activate IRF-3 transcription factor to induce 
IFN-β secretion (1). The two main signaling pathways of 
innate immunity as first defense against Mtb pathogens 
infection, including NF-κB as a pro-inflammatory signal 
and mitogen activated protein kinase (MAPK) or called 
extracellular signal regulated (ERK) as an intermediate 
signal chain protein between surface receptors cells and 
DNA in cell nucleus (10). Multiple signaling pathways 
such as NF-κB pathway, MAPK cascade including ERK 
signaling, jun N-terminal kinase (JNK), and p38 MAPK 
were affected essential cellular processes in innate 
immune system and cell differentiation proliferation 
(11). Innate immunity plays an important role as a host 
defense against Mtb, in the begin recognizing innate 
immunity cells process toward pathogen associated 
with molecular pattern (PAMP) by pattern recognition 
receptor (PRR) (3).

The macrophages role in Mycobacterium 
tuberculosis infection

Macrophages as phagocytic components in immune 
system, it are fundamental cell to understanding the 
basic principles of natural immune response and host 
defense functions such as microorganisms phagocytosis, 
engulfing dead cells, and inflammatory cytokines 
production (12). An estimated that humans have 
approximately 0.2 trillion macrophage cells in their body 
and it can identify in almost all parts of the body.  The 
development of concept was gived the understanding 

to macrophage cells that they are capable to renewing 
cells independently in tissue, but if the macrophage 
cells in suppress condition, then monocyte will recruit 
monocyte in the blood circulation so it moves into tissue 
macrophages by adopting the local tissue macrophage 
phenotype (13).

The tissue macrophages develops continuously 
throughout the life and every time the macrophages 
pressured the environmental, so the population quickly 
filled with monocytes from blood circulation (14). This 
monocyte was the first to be strongly involved in pro-
inflammatory response against microorganisms and 
increasing the ability of macrophages to carry out 
scavenging (15). Monocytes are components of immunity 
cells that play an important role, especially in natural 
immune responses, it are naturally heterogeneous and 
have the ability to differentiate into monocyte-derived 
macrophages or monocyte dendrite-derivate cells and 
act as an intermediary bridge for natural and acquired 
immunity responses (16).

The successful of Mtb to live in macrophages is 
due to the ability to convert antimicrobial cells into 
recipient cells. Mtb hacks the host defense mechanism 
by manipulating the host’s cellular pathways, innate 
immune response, and cell death pathways to take the 
advantage (17). Macrophages play an important role in 
tuberculosis, being a center of infection, macrophages 
are able to induce and respond to inflammation and as 
part of the natural and acquired immune system, and 
macrophages are an intermediary for tissue damage 
and repairing system (18). Macrophages are not only 
professional phagocytic cells but also very active 
secretory cells. Macrophages produce various types of 
proteins in relatively small amounts such as components 
in complement cascade (19). Active macrophages 
produces neutral proteinases such as urokinase, 
elastase, collagenase, various metalloproteinases and 
all are involve in fibrinolysis, tissue degradation and 
remodeling (20).

Phagocytosis in macrophages is a complex process in 
digesting and elimination pathogens process, removing 
cells undergoing apoptosis, and the basic process of tissue 
homeostasis. Phagocytosis is divided into four stages, 
namely the introduction of target particles, activating the 
signal for internalization process, phagosome formation 
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and phagosome maturation (21). The receptors located 
on plasma membrane of phagocytic cells and it can be 
divided into non-opsonic and opsonic receptors. Non-
opsonic receptors are able to recognize the present of 
molecular groups on target cell surface in phagocytes, 
where the opsonin receptors recognize host opsonins 
that bind and take outside particles to swallowed 
and digested. Opsonins can be in antibodies form, 
complement, fibronectin, mannose binding lectin, and 
milk fat globulin (lacthaderin) (22)(23).

Phagocytosis and autophagy process occurs in 
lysosome degradation. Phagocytosed bacteria will face 
reactive oxygen species and nitrogen species so the 
production of proinflammatory cytokines will increases 
the strength of the host response. In tuberculosis, Mtb 
takes thr advantages by using host defense mechanisms, 
manipulating host cellular, natural immune responses and 
cell death pathways (17). The ingestion process of bacteria 
by phagocytosis mechanism causes the rapid maturation 
of phagosomes in antimicrobial phagolysosomes (24). 
Phagosome acidification requires lysosomal hydrolase 
and antimicrobial peptides and essential nutrients such 
as iron when a toxic burst of zinc (Zn) is formed (25). PRR 
activation by microorganisms increases the antimicrobial 
ability of phagosomes by promoting the recruitment of 
NADPH oxidase (26). NADPH oxidase produces reactive 
oxygen species (ROS) to kill microorganisms and 
promotes the phagosome maturation pathway, namely 
LC3 phagocytosis (27).

Inhibition of phagosome fusion in lysosomes 
is an important mechanism to inhibit macrophage 
phagosome / lysosome maturation. The transcription of 
pro-inflammatory factor NF-κB (nuclear factor kappa 
B) regulates phagolysosome fusion during infection 
(3). Phosphatidylinositol 3- phosphate (PI3P) is an 
important component of macrophage cell membranes in 
endosome and phagosome surface. After the invasion of 
Mtb biosynthesis becomes low and through the pathway, 
so lipoarabinomannan toxin (LAM) with calmodulin-
dependent of PI3P are suppresses the lysosome 
phagosome fusion process(4). Toll-like receptors 
(TLRs) didn’t give function as phagocytic receptors 
but as detectors toward outside particles. However, 
TLR collaborates with other non-opsonic receptors to 
stimulate ingestion process (5).

	 The first stage of phagocytosis is the detection 
of particles by phagocytic cells which are support with 
special receptors in cell membrane. Outside particles 
such as pathogenic microbials can directly recognized 
molecular-binding receptors and indirectly through 
opsonins. Some receptors binds PAMP but not directly 
initiate phagocytosis. TLR and several G-protein couple 
receptors prepared cells to phagocytosis process by 
inducing phagocytosis integrin activation (28). The 
outside particles are recognize phagocytic cells by using 
disolving bind molecules, then they are ingested and 
digested. This molecule called an opsonin which use 
as a bridge between phagocytic cells and the particles 
to digest process. Antibody molecules (IgG) and 
complement components are important opsonins that 
can effectively induce phagocytosis (29). The Fcg (FcgR)  
receptor is a family of glycoproteins which expressed 
in cell membrane of leukocytes and it capable to bind 
Fc area from IgG molecule (28). Complement receptors1 
(CR1), CR2, CR3, CR4 and CRIg are complement 
receptors that recognize components of the complement 
cascade and deposit on phagocytes surface target (30). 
The interaction of particles and phagocytic cell receptors 
are series signals that trigger phagocytosis activation. 
he changes of membrane shape and the role of actin 
cytoskeleton are to forming pseudopods that will cover 
all particles being a “phagocytic cup” at contact area 
center between particles and phagocytic cell receptors 
(28). Macrophages has differentces in phenotype, where 
alveolar macrophages are the first macrophages to 
encounter Mtb tobe an adaptation form and minimizes 
tissue damage. This causes alveolar macrophages have 
weak control Mtb (31).

Mycobacterium tuberculosis and oxidation stress

The elimination of mycobacteria by macrophages 
can be done by the oxygen reactive form and nitrogen 
species, phagosome acidification, and lysosome 
phagosome fusion. This activity leads to being phagosome 
maturation, increases phagosome acidification and 
mycobacterial killing in macrophages (3).

The formation of ROS takes place through catalyzed 
reactions by oxidase enzyme or the cytochrome p 
450 enzyme, but the cells balanced the antioxidants 
production such as SOD, CAT and GPx (32).  The 
binding of Mtb component and Toll-like receptor 
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(TLR) are an important pathway in host immune 
response. The initial interaction of Mtb with monocytes 
/ macrophages induces mitogen-activated protein kinase 
(MAPK) which plays an important role in promoting 
antimicrobial activity and the production of immune 
effector molecules such as tumor necrosis factor-a 
(TNF-a)) (33). MAPK is one of the key transducers and it 
also the results of Mtb stimulation which can affect the 
signaling pathway to proinflammatory immune response 
(34). The differences of proinflammatory response in Mtb 
infection depends on the MAPK signaling setting so the 
determination of Mtb pathogen state and outcome of 
infection comes from MAPK activation and modulation 
(35). ROS produced cells can act as signaling molecules 
so they can respond to various cell surface receptors, for 
example ROS involved intracellular signaling pathways 
like MAPK and nuclear factor -kB pathway (36).

Polarization of macrophages

The simple goal of immune system is to prevent or 
treat the disease based on the immune system operates. 
The immune system, especially in the involvement of 
macrophages (M), includes a fairly complex process. 
Type 1 (M1) and type (M2) macrophages are represent 
the main opposite activities of macrophages. M1 activity 
is to inhibit cell proliferation and cause tissue damage, 
while M2 promotes cell activity and repairing tissue. 
This activity illustrates that innate immunity controls 
adaptive immunity and not vice versa (37). Macrophages 
are heterogeneous and the function is depend on the 
exposure of cytokines environmental and inflammatory 
molecules. The balance of factors in environment can 
influence the different polarizations of macrophages. 
Macrophage polarization is an important determinant 
in natural immune response to intracellular bacterial 
infection.

M1 macrophages promotes powerful 
proinflammatory and antimicrobial activity by producing 
the efficiency of ROS and NO more efficient against 
intracellular pathogens, matrix degradation and tissue 
damage. The M2 phenotype has an immunity regulatory 
role that functions to limit tissue damage. The production 
of anti-inflammatory cytokines such as IL-10 and TGF-b 
promotes fibrosis and wound healing (38). M1 or known as 
classic macrophages showed an inflammatory phenotype 
activity where M2 or alternative macrophages showed 

an anti-inflammatory phenotype activity. The interaction 
between macrophages and active T cells triggers are lead 
adaptive immunity system to release of cytokines and 
then they are modulates back to each other (39).

M1 stimulation is classify based on the ability 
prototypes response and inflammatory markers, roles, 
receptors, and signaling pathways in differ substantially. 
The stimulation of IFNγ is the main cytokine and 
associated with M1 activation also the main product 
of Th1 cells, NK cells and macrophage cells and their 
produce of cytokine. The IFNGR-1 and IFNGR-2 form 
IFNγ receptor. These receptors recruit janus kinase 
(Jak) 1 and Jak2 adapters to activate signal transducer, 
activator of transcription 1 (STAT1) and interferon 
regulatory factors (IRF) such as IRF-1 and IRF-8. In 
humans, gene mutations can caused by low expression 
of these receptors and worsening immunodeficiency (40).

M1-M2 polarization is strictly controlled by signaling 
paths set and transcription and post-transcription 
network settings. The M1 phenotype stimulated 
microbial products or pro-inflammatory cytokines 
(IFNγ, TNF-α or TLR ligand), and characteristics of M1 
macrophages include high levels of antigen, abundant 
production of IL-12, IL-23, nitric oxide (NO) and 
reactive oxygen intermediate (ROI). Conversely, an 
M2 was observed in a non-infectious environment and 
leaded to an improvement of conditions. Furthermore 
the M2 responses amplification of IL-4, IL-10 or IL-
13. Characteristics of M2 are upregulation of Dectin-1, 
DC-SIGN, manose receptors, scavenger a receptors, 
scavenger receptors B-1, CD163, CCR2, CXCR1 and 
CXCR2. M2 not produce NO or ROI but produces 
ornithine and polyamine in arginase pathway (41).

M1 and M2 macrophage communication pathways 
lead tobe polarization, mainly based on the balance 
of STAT1 and STAT3 / STAT6 activities, strictly 
regulate the polarization and activity of macrophages. 
The main activities of NF-κB and STAT1 are promotes 
polarization of M1 and resulting in cytotoxic and pro-
inflammatory functions in tissue destruction form. 
In contrast, the main activity of STAT3 / STAT6 is 
dominate IL-4, IL-13 induction and IL-10 increases the 
polarization of M2 macrophages. This situation is related 
with immune tolerance and tissue repair. Peroxisome 
proliferator activated receptor (PPAR δ and PPARγ) are 
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controls certain aspects of M2 macrophage activation 
and oxidative metabolism. Kruppel like factor 4 (KLF-
4) is a downstream STAT6 participates in promotion of 
M2 function by suppressing NF-κB / HIF-1α dependent 
transcription (41).

Macrophages are immune effector cells and antigen 
in cells, it plays an important role in the development 
of tuberculous granulomas, and also an histological 
features with complex structures found in tuberculosis. 
Mtb infection can affect the polarization of monocyte 
derivate macrophages by transforming macrophages 
from M1 to M2 in Mtb infection (42). Granuloma TB 
is an organized structure with the main components of 
macrophages, epitheloid cells, multinucleated giant cells 
and lymphocyte cells (43). The function of granulomas is 
to localize mycobacteria and prevent infection spread so 
the development of granulomas can determine in depth 
of infection by Mtb (44).

The terms of M1 and M2 are follows Th1 / Th2 
classification system. It can determine the main state 
of macrophage polarization activation, which is M1 
polarization induced by lipopolysaccharide (LPS) or 
interferon gamma (IFN-g), it called classical activation 
and lead to proinflammatory response, increasing 
microbicidal function and anti-tumor capacity. 
However, M2 polarization occured in predominance 
of interleukin-4 (IL-4) or IL-13, it called alternative 
activation which acts as an intermediary for the 
development of tissue repair and tumor growth 9-12 (45).

M1 macrophages induced by IFN-g and LPS produce 
inducible nitric oxide synthase (iNOS), reactive oxygen 
species (ROS) and cytokines IFN-g, IL-1b, and tumor 
necrosis factor a  (TNF-a) give suppressive effect on 
pro-inflammatory and cytotoxic, where M2 macrophages 
are stimulated by IL-4, IL-10, IL-13 and secrete IL-
10, transforming growth factor-b (TGF-b), involved 
as an immune-regulator and tissue remodeling process 
damaged (46). Recent studies said that mycobacterium 
tuberculosis has modulator potential in macrophage 
polarization (47). In Mtb infection, M1 phenotype 
increased the regulation of early phase of the disease, 
but in further direction M2 occurs in intermediate and 
late stages of the disease (44).

Multidrug resistant TB (MDR-TB) is TB with 
resistance to isoniazid and rifampicin while extensively 

drug resistant TB (XDR-TB) is MDR-TB that resistance 
to fluoroquinolone treatment and second-line injection 
drugs (48). The ability of pathogens to get out from the host 
immune system is an important factor in treatment failure 
or MDR-TB / XDR-TB incidence. The consumtion of 
anti-TB drugs in long term is a concern, and it able to 
eradicate Mtb. In this situation can affect the immune 
defense system in host and the effects of drugs has direct 
complications (49). The effects of anti-TB drugs such 
as Rifampicin exerts in suppressive anti-inflammatory 
effect by suppressing nuclear factor-kappa B (NF-kB) 
in neurodegenerative diseases. Pyrazinamide treatment 
influences the host immune response by decreasing pro-
inflammatory cytokine production in Mtb infection. 
First-line intervention of anti-TB therapy to pleural TB 
patients is induces polarization of pleural macrophages 
to M2, so from this study showed that anti-TB treatment 
was able modulated the host immune response (6).

The movement of M1 to M2 polarization is an 
important mechanism for host to prevent the spread of 
tissue damage, but the loss of suppression in immune 
system by M1 and Th1 will activate molecules and 
develop  Mtb fertility in M2 / Th2 immunity environment 
(50). The role of IRAK-M is as an intermediary for 
monocytes polarization, macrophages and pulmonary 
epithelial cells in host signaling pathway and it modulates 
macrophage polarization to Mtb. IRAK-M has positive 
correlation with Mtb number in macrophages infection 
process. The lung tissue showed direct polarization 
towards M2 during TB infection so there is little tissue 
damage, but provide good development facilities for 
Mtb. In other condition is IRAK-M knockdown inducing 
polarization towards M1 (51).

The successful of TB treatment depends on the 
interactions between the host, Mtb and treatments that 
influence each other. Mtb’s defense against macrophage 
attack is a key factor in tuberculosis development. An 
important defense mechanism for Mtb is the ability to act 
as an immunomodulator from M1 polarization towards 
suppressing M2 polarization. However, the existence of 
anti-TB treatment with long time is expect to be able to 
mediate immunomodulation and it quite extensive, lead 
tobe treatment success (52).

Conclusion

The pathogen mechanism of TB is able to influence 
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the polarization of macrophages derivete monocytes via 
the transformation of M1 tobe M2. The movement of 
polarization of M1 tobe M2 is an important mechanism 
for host, because it will prevent widespread tissue 
damage. However, the loss of suppression immune 
system by M1 and Th1 will activate molecules and it also 
will give benefit to development of Mtb fertility in M2 / 
Th2 immunity. Long-term use of anti-tuberculosis drugs 
is essential to eliminate Mtb host’s immune defense 
system and drug effects have direct complications.
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