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Overall picture the interaction of mycobacteria with 

the host immune system  
 
The lack of modern vaccines, that effective in protecting 

people from bytuberculosis infection (TB) is currently the 

main problem for prevention tuberculosis. 
The current BCG vaccine is only effective in the 

prevention of disseminated tuberculosis and tuberculous 

encephalitis in infants and young children, but it can not 

protect the body from infection with tuberculosis [1,2]. 

Trying to use a booster dose BCG vaccine for 

revaccination has not led to success, and did not protect the 

body from infection with Mycobacterium tuberculosis 

(MBT) [3]. Recently, there were many attempts to create a 

very successful intranasal and aerosol vaccines based on 

BCG, which are currently in various stages of clinical trials 

[4,5]. 

As a result of years research of the many research 

groups around the world able to understand the reason why 

it will be impossible to create really effective vaccine for 

the prevention of tuberculosis infection in the near future. 

The main reason for the impossibility creating such vaccine 

is an intracellular nature of tuberculosis. In fact, TB is a 

pathology of the immune system [6]. 
The mechanism of interaction between MBT and 

immune system can be summarized as follows: MBT 

accumulate in the organs with the most developed 

microcirculation, namely -  lungs,  kidneys cortical layer, 

lymph nodes, epiphysis and metaphysis of long bones, the 

uveal tract of the eye, ampullyar-fimbrional sections of  

fallopian tubes. In the first stage of infestation MBT 

intensively multiply in the background immature specific 

immunity. At the same time in places where mycobacterias 

collection there is an intense phagocytosis. 
The first pathogens phagocytosed by polynuclear 

leukocytes, although almost all are dying, because its have 

weak bactericidal potential. Next to the phagocytosis of 

MBT connected macrophages [7]. However, mycobacteria 

synthesize many virulence factors including cord-factors, 

resulting in disrupted function lysosomes in the 

macrophages. Macrophage gradually dies, and the MBT 

once again fall into the extracellular space. Macrophages, 

that swallowed MBT, express on their surface 

mycobacteria antigens and begin to express interleukin-1 

(IL-1), in turn activates T-lymphocytes (CD4 +), T-helper 

cells (CD4 +), macrophages interact with and absorb 

information about the genetic structure of the pathogen [8]. 

The sensitized CD4 + and CD8 + secrete gamma-interferon 

and interleukin-2 (IL-2), that activating macrophages for 

migrate toward the MBT location [9]. 
 

 
 

 

Figure 1 - Interaction of infected macrophages to lymphocytes, participation and dynamics of lymphokines in the 

process [10] 
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A known fact [11], that the TNF-α concentration 

in the tuberculosis acute phase  abnormally increased, that 

associated with macrophages activation, producing a 

significant amount of TNF-α. Most manifestations of 

tuberculosis, such as anorexia, endarteritis, hyperthermia, 

granulomas associated with necrotic changes in tissues and 

result from activation of macrophages which produce 

significant amounts of TNF-α, which is the effector in 

these processes [12]. 
Mycobacterium tuberculosis persist within 

macrophages and thereby inhibit the process of 

phagocytosis completion and digesting the contents of 

phagosome [13,14]. The destruction of the lysosomal 

membrane inside macrophages is blocked by changing the 

pH in lysosomes. For the presence of lytic activity for most 

lysosomal enzymes require need acidic environment. 

Mycobacteria are also getting into the lysosomes of 

macrophages start to rapidly hydrolysis for urea by urease 

to form ammonia. Wherein pH in the medium changes to 

alkaline, this inactivates enzymes and stabilizes lysosomal 

membrane  [15]. Thus mycobacterium prevent lysosome 

collapse at inactivated lysosomal enzymes and do not allow 

them to complete macrophage digestion phase by transition 

lysosomal to phagosomal stage [16]. 

Stop phagocytolysis process leads to imbalance of 

the host immune system. Increasing the number of infected 

macrophages sensitized to Mycobacterium tuberculosis 

antigens, leading to constant hyperfunction of cellular 

immunity, particularly enhanced immune response to cell 

wall components of mycobacteria, induction high titers of 

interferon-gamma in response to a stimulus, a sharp jump 

IL-2 titers and TNF-α , IFN-γ specific activation  CD8 + 

CTL [17]. 
Need also focus attention on the main differences 

from the MBT and human BCG, that is well growth in the 

human body, persists along host life, but does not cause 

active TB (except in patients with HIV/AIDS). After MBT 

cell destruction   in the environment gets some additional 

high allergenic antigens, such as 85B, ESAT6, Rv2660c, 

HyVaC 4 (Ag85B and TB10.4.). These antigens to provide 

high adhesion and allergenicity of human M. tuberculosis 

strains  [18, 19]. Most allergens that cause obvious signs of 

active tuberculosis are the antigens ESAT6 and CFP10 

[20,21]. Such protein antigens can be called endotoxins. 

Also to pathogenicity factors include cord-factor, it main 

component is a polysaccharide-mycolic complex from cell 

wall (Figure 2) containing ftiolic and mycolic acid - to 

ensure the stability of mycobacteria to lysosomal enzymes. 

 
Figure 2. Location and structure of the Mycobacterium tuberculosis cord-factor 
 

 Currently available diagnostic tools tuberculin preferably 

contain the above components of the cell wall and 

differences (from BCG) allergens ESAT6 and CFP10 [22]. 

Currently well established that the virulence of M. 

tuberculosis, mainly responsible genes encoding antigens 

ESAT-6 and CFP10. When comparing the genomic 

sequence of M. tuberculosis with attenuated M. bovis BCG 

was detected genomic deletion of the three sites in the 

vaccine strain (RD1, RD2, RD3). 
 BCG vaccine strain genome stripped areas in the 

RD1, encoding mycobacterial antigens ESAT-6 and CFP-

10 present in virulent strains of M. tuberculosis. Many 

researchers believe that mutations in genomic regions 
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RD1, encoding mycobacterial antigens ESAT-6 and CFP-

10, occurred in the process of creating a BCG strain. It 

remains not examine the question of whether all strains of 

M. bovis other than BCG have antigens ESAT-6 and CFP-

10, and whether they depend on the degree of virulence of 

the mycobacteria strains [23, 24]. 
Thus, in the blood of an infected person is 

sufficient neutralizing immunoglobulin for MBT, 

including against ESAT-6 and CFP-10. The classical 

approach to the stimulation of humoral immunity for the 

prevention of tuberculosis infection in this case is not 

applicable in connection with the fact that the increase in 

tuberculosis antibodies in the blood leads to increased lysis 

macrophage phagocytosis incomplete. Massive loss of 

macrophages leads to increased local release of 

proinflammatory cytokines, particularly TNF-α. It is this 

lymphokine is considered responsible for the classic 

symptoms of tuberculosis, including necrosis / lysis of 

tissue containing white blood cells and macrophages with 

incomplete phagocytosis. Thus, increasing the amount of 

immunoglobulins specific for ESAT-6 and CFP-10 

contributes to the tuberculosis manifestation and 

dissemination, especially its active form. 
 

Need also focus on one of the main factors MTB 

survival providing incomplete phagocytosis, namely - 

urease [25]. The scientific literature is very little evidence 

to determine the role of this enzyme in the tuberculosis 

pathogenesis. However, most scientists agree that this 

enzyme is not mandatory factor for the tuberculosis process 

development and is exclusively expressed in certain 

circumstances - in contact with mycobacteria in conditions 

inside the lysosomes of macrophages [26]. Within the 

macrophage lysosome via Mycobacterium urease 

generates high concentrations of ammonium cations in the 

alkaline pH shift and inactivate medium most lysosomal 

acidic enzyme [27], providing a complete blockade of the 

phagocytosis process. It is this enzyme has been chosen as 

a target in the development of the most promising priming 

vaccine candidates VPM1002. 

 

The current state of priming vaccines development 
Priming vaccine candidate or a vaccine for the  

primary infection prevention - most prospectively group, 

which has not yet implemented any vaccines developed. Of 

the many candidates we will focus on the two that reached 

phase II clinical trials. 
VPM1002 - one of the most promising BCG 

vaccine strains in which the genome was introduced 

listeriolysin, that encoded by gene  hly. Listeriolysin has 

the unique ability to destabilize and destroy lysosomal 

membrane from inside lysosomes. Also, this strain consist  

defective gene of urease C . This strain was conditional 

coding (BCG ΔureC :: hly) [28]. Although this strain has 

infected macrophages, but due  deletion in the urease gene 

without basifying lysosomes environment and lysosomal 

membrane listeriolysin destroyed. Macrophages in this 

case did not die, and the phagocytosis process is completed 

by the classic way. As a result of the vaccine studies have 

shown significantly stronger stimulation IL-1 and IL-17  

synthesis than BCG [29]. Also for vaccine BCG ΔureC :: 

hly animal model shows a more active response to CD4 + 

and CD8 + T-cells on the infected macrophages than in 

response to macrophages infected with classical BCG [30]. 

In the study in healthy adults as a result of comparing the 

safety profile of BCG and BCG ΔureC :: hly it has been 

shown that they do not differ from each other. There were 

no serious adverse events or transmission the strain from 

person to person. The second phase of clinical trials 

VPM1002 compared with BCG in infants also showed no 

significant differences in the reactions and safety profile of 

[31]. Further studies have shown that the positive effect of 

vaccination through time was full reduced  due to the fact 

that the host immune system very well take away the 

vaccine strain, and over time the immune memory of the 

antigen disappeared completely, while the classic BCG 

strains remained in the host body along all life and 

provided at least some response to TB antigen. Also, this 

strain resulted in some cases of herpes Zoster reactivation 

in vaccinated adults, which also stopped the study on the 

2-nd phase clinical trials [32,33]. 
MTBVAC - the first live attenuated vaccine strain 

of human Mycobacterium tuberculosis, from January 2013 

has passed the first phase of clinical trials [34]. This strain 

defective in the virulence genes, particularly ESAT6. In 

animal models, was showed a high immunogenicity and 

protective properties [35, 36]. For safety criteria, with the 

threat  virulent reversion  this strain has not received 

permission to phase 2 clinical trials. Later, on the basis of 

this strain was developed more stable, not able to restore 

activity  phoP and fadD26 genes, responsible for the 

mycobacteria’s virulence. The products of these genes 

provide a synthesis ftiotserol dimikotserozat, making MTB 

resistant to the host immune system. This strain research is 

continues, the guinea pig MTBVAC was safe, 

immunogenic and showed sufficient protective properties. 
 
Perspective directions of tuberculosis immunotherapy  

 
About a third of the population is infected with the 

MBT. Tuberculosis statistics show that out of every 100 

man infected MTB, only 10 appear open clinical forms 

[37]. In the remaining patients, positive skin test and/or 

gamma-interferon test, clinical symptoms of tuberculosis 

never does  occur, and no signs of sensitization other than 

to MBT antigens and presence ESAT6 - antibodies in the 

blood [38]. Thus, if the focus is not on the infection, but on 

the prevention of tuberculosis reactivation, can 

significantly reduce the number of cases with clinical 

manifestations. There have been recent publication 

comparing the immunity of patients with open clinical 

forms tuberculosis and without clinical symptoms, but 

ESAT6 - test-positive [39]. 
It is shown that in patients with open clinical 

forms in the sputum is determined by a huge amount 

uncompleted phagocytosis macrophages and determined 

TNF high levels in the blood [40,41]. This lymphokine 

levels significantly higher than those in the control group. 

From the data obtained, it is necessary to "help" 

macrophages digest mycobacteria - complete the process 

of phagocytosis. Then the autoimmune aggression to TB 
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granulomas significantly reduced and tissue necrosis can 

be avoided, and the active form of the disease. 
One of the rational ways for helps to MTB - 

infected macrophages is the simultaneous use of urease 

inhibitors and simultaneously use selective activators of 

antibacterial complete phagocytosis. For the latter group, 

some authors include also histone deacetylase inhibitors 

(HDAi) [42]. The use of such inhibitors in the latter case 

will mass increase number reading frames in the 

macrophages genome and leads to stormy expression  

phagocytosis activators, that blocked by MBT. These 

inhibitors include valproic acid (I) and trichostatin (II) 

[43]. 

  
 

Figure 3. Chemical structure of valproic acid (I)                             and trichostatin (II) 

 
Research in this area only started, and the expectations are 

very high. Another activator phagocytosis with very 

similar action mechanisms is the vitamin D3 - 

cholecalciferol [44]. In a variety experiments shows that 

the soluble derivatives of vitamin D3 inoculation to the 

culture of MBT - infected macrophages leads to the 

completion phagocytosis and complete digestion of the 

MBT [45]. The disadvantage of this method is the need to 

maintain a concentration of vitamin D3, which is quite 

toxic to the human body as a whole. 
 

 
Figure 4. Chemical structure of vitamin D3 - Cholecalciferol 

Accordingly, a new form vitamin D3 is to be administered 

directly to the places where many infected macrophages, 

i.e. as an aerosol through the lungs. Also pay attention to 

the fact that, earlier for purpose combating tuberculosis the 
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urease inhibitors have not been used, although quite a lot 

of well-known non-toxic compounds anti -urease activity 

[46]. Thus, the most promising way to prevent tuberculosis 

reactivation in humans with positive test specimens and 

humans in remission following chemotherapy is to provide 

an aerosol preparation containing both urease inhibitor, 

activator phagocytosis vitamin D3 and histone deacetylase 

inhibitor. The use of such aerosol once a week will greatly 

reduce the number of macrophages with incomplete 

phagocytosis and prevent the background to tuberculosis 

with clinical open forms. This disease, like tuberculosis, 

prevention is better than cure, especially with the 

emergence of M. tuberculosis multiresistant strains. 
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As a result of years’ research of the many research groups 

around the world able to understand the reason why it will 

be impossible to create really effective vaccine for the 

prevention of tuberculosis infection in the near future. 

The main reason for the impossibility creating such 

vaccine is an intracellular nature of tuberculosis. In fact, 

TB is a pathology of the immune system. Mycobacterium 

tuberculosis persist within macrophages and thereby 

inhibit the process of phagocytosis completion and 

digesting the contents of phagosome. The destruction of 

the lysosomal membrane inside macrophages is blocked 

by changing the pH in lysosomes. For the presence of 

lytic activity for most lysosomal enzymes require need 

acidic environment. Mycobacteria are also getting into the 

lysosomes of macrophages start to rapidly hydrolysis for 

urea by urease to form ammonia. Wherein pH in the 

medium changes to alkaline, this inactivates enzymes and 

stabilizes lysosomal membrane. Thus mycobacterium 

prevent lysosome collapse at inactivated lysosomal 

enzymes and do not allow them to complete macrophage 

digestion phase by transition lysosomal to phagosomal 

stage. Stop phagocytolysis process leads to imbalance of 

the host immune system. Increasing the number of 

infected macrophages sensitized to Mycobacterium 

tuberculosis antigens, leading to constant hyperfunction 

of cellular immunity, particularly enhanced immune 

response to cell wall components of mycobacteria, 

induction high titers of interferon-gamma in response to a 

stimulus, a sharp jump IL-2 titers and TNF-α , IFN-γ 

specific activation  CD8 + CTL. Need also focus attention 

on the main differences from the MBT and human BCG, 

that is well growth in the human body, persists along host 

life, but does not cause active TB (except in patients with 

HIV/AIDS). After MBT cell destruction   in the 

environment gets some additional high allergenic 

antigens, such as 85B, ESAT6, Rv2660c, HyVaC 4 

(Ag85B and TB10.4.). These antigens to provide high 

adhesion and allergenicity of human strains  M. 

tuberculosis. Most allergens that cause obvious signs of 

active tuberculosis are the antigens ESAT6 and CFP10. 

Such protein antigens can be called endotoxins. Also to 

pathogenicity factors include cord-factor, it main 

component is a polysaccharide-mycolic complex from 

cell wall (Figure 2) containing ftiolic and mycolic acid - 

to ensure the stability of mycobacteria to lysosomal 

enzymes. Currently available diagnostic tools tuberculin 

preferably contain the above components of the cell wall 

and differences (from BCG) allergens ESAT6 and CFP10 

[]. Currently well established that the virulence of M. 

tuberculosis, mainly responsible genes encoding antigens 

ESAT-6 and CFP10. When comparing the genomic 

sequence of M. tuberculosis with attenuated M. bovis 

BCG was detected genomic deletion of the three sites in 

the vaccine strain (RD1, RD2, RD3). BCG vaccine strain 

genome stripped areas in the RD1, encoding 

mycobacterial antigens ESAT-6 and CFP-10 present in 

virulent strains of M. tuberculosis. Many researchers 

believe that mutations in genomic regions RD1, encoding 

mycobacterial antigens ESAT-6 and CFP-10, occurred in 

the process of creating a BCG strain. It remains not 

examine the question of whether all strains of M. bovis 

other than BCG have antigens ESAT-6 and CFP-10, and 

whether they depend on the degree of virulence of the 

mycobacteria strains. About a third of the population is 

infected with the MBT. Tuberculosis statistics show that 

out of every 100 man infected MTB, only 10 appear open 

clinical forms. In the remaining patients, positive skin test 

and/or gamma-interferon test, clinical symptoms of 

tuberculosis never does  occur, and no signs of 

sensitization other than to MBT antigens and presence 

ESAT6 - antibodies in the blood. Thus, if the focus is not 

on the infection, but on the prevention of tuberculosis 

reactivation, can significantly reduce the number of cases 

with clinical manifestations. There have been recent 

publication comparing the immunity of patients with open 

clinical forms tuberculosis and without clinical 

symptoms, but ESAT6 - test-positive. One of the rational 

ways for helps to MTB - infected macrophages is the 

simultaneous use of urease inhibitors and simultaneously 

use selective activators of antibacterial complete 

phagocytosis. For the latter group, some authors include 

also histone deacetylase inhibitors (HDAi). The use of 

such inhibitors in the latter case will mass increase 

number reading frames in the macrophages genome and 

leads to stormy expression  phagocytosis activators, that 

blocked by MBT. These inhibitors include valproic acid 

and trichostatin. Research in this area only started, and the 

expectations are very high. Another activator 

phagocytosis with very similar action mechanisms is the 

vitamin D3 - ergocalciferol. In a variety experiments 

shows that the soluble derivatives of vitamin D3 

inoculation to the culture of MBT - infected macrophages 

leads to the completion phagocytosis and complete 

digestion of the MBT. The disadvantage of this method is 

the need to maintain a concentration of vitamin D3, which 

is quite toxic to the human body as a whole. Accordingly, 

a new form vitamin D3 is to be administered directly to 

the places where many infected macrophages, i.e. as an 

aerosol through the lungs. Also pay attention to the fact 

that, earlier for purpose combating tuberculosis the urease 

inhibitors have not been used, although quite a lot of well-
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known non-toxic compounds anti -urease activity. Thus, 

the most promising way to prevent tuberculosis 

reactivation in humans with positive test specimens and 

humans in remission following chemotherapy is to 

provide an aerosol preparation containing both urease 

inhibitor, activator phagocytosis vitamin D3 and histone 

deacetylase inhibitor. The use of such aerosol once a 

week will greatly reduce the number of macrophages with 

incomplete phagocytosis and prevent the background to 
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