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Abstract

Tuberculosis (TB) is an infectious disease and one of the ten leading
causes of death, globally. It ranks above HIV/AIDS in the number of
deaths caused by a single infectious agent. According to WHO, about
1.4 million people died from TB in 2019. It is mainly an airborne
disease caused by the bacterium Mycobacterium tuberculosis which
spreads when the infected people exhale it into the air. The typical site
of infection in TB is lungs (pulmonary TB), although it can also spread
to the other parts of the body (extrapulmonary TB) such as the spinal
cord, brain and kidneys. Pulmonary TB is the most common type of this
disease. Despite its high prevalence, it is preventable and treatable. A
wide range of treatment regimens are available. About 85% of patients
recover from TB following a 6-month treatment programme. In recent
years, the development of multidrug-resistant TB (MDR-TB) and
extremely drug-resistant TB (XDR-TB) has presented new challenges
for the treatment and management of this disease. The transmission
mechanism of MDR-TB is the same as drug-susceptible TB. Drug
resistance is a challenging obstacle in its prevention and care. It makes
the treatment difficult and it takes a longer span of time to treat the
disease. There is a need to develop fast diagnostic tests and an effective
treatment against MDR-TB and XDR-TB.

Keywords: extremely drug-resistant (XDR), extrapulmonary
tuberculosis, multidrug-resistant (MDR), Mycobacterium tuberculosis
complex, pulmonary tuberculosis

Introduction

Tuberculosis (TB) is a lethal and infectious disease that has affected
humankind over the past 5000 years. It is a major health burden,
worldwide. About 9 million cases are reported every year and about
one fourth of the infected patients die. The mortality rate is higher in
adults. An increase of 2% is reported in the cases of TB every year and
the number of the reported cases of drug-resistant TB is also escalating
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at an alarming rate [1]. Also, many of the infected people are unaware
of the fact that they are infected with it [2]. In 2010, the estimated
incidence of TB was about 8 million. Deaths from TB among HIV-
negative patients were 1 million, while deaths among HIV-positive TB
patients were about 0.40 million [3]. The higher incidence rate
(231/100,000 population) and the elevation of MDR cases in the
country demands focus on various TB control strategies [4]. As per the
recent report of the World Health Organization (WHO), the elevated
rate of TB throughout the world was 9 million among the 7.1 billion
people in 2013, which shows an occurrence rate (number of new cases
reported in the population) of 126 cases in a population of 100,000
inhabitants. In Pakistan, approximately 297,000 TB cases are
diagnosed each year and the country ranks fourth among high TB
burden countries [5].

Common symptoms of TB are coughing with blood for 3 weeks or
more and the presence of sputum in the lungs which causes pain in the
chest. Only activated TB will conform to all the symptoms such as a
reduced appetite, fever, weakness or fatigue, sweating at night and
weight loss. Extrapulmonary TB includes TB meningitis, tuberculosis,
lymphadenitis, pericardial TB, pleural TB and miliary TB besides
pulmonary TB. Newborn babies and children with HIV appear to have
a higher possibility of contracting extrapulmonary TB. The
containment of TB is achieved through treatment as recommended by
WHO and through a directly observed treatment short-course (DOTYS)
strategy. MDR-TB cases benefit from the DOTS strategy, MDR-TB is
resistant to either one of the following drugs: isoniazid and rifampicin.
[6]. In Pakistan, keeping in view the number of cases per 100,000
/inhabitants, the extent of TB weight is 231 [4]. WHO ranks Pakistan
as fourth among high TB troubled nations [5]. This situation is
disturbing for developing nations like Pakistan, as the majority of the
casualties of TB were observed to be in their economically effective
years of life. Pakistan is rated 6 among the most populated countries
in the world with an area of 796,095 km? and a population of around
186 million. Tuberculosis remains a prevalent health issue in Pakistan.
It is located in the Asian region that singularly produces 60% of TB
cases. Out of 22 countries, Pakistan is ranked 5 among countries with
high burden of TB [7].
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2. Types of Tuberculosis

Tuberculosis can be comprehensively grouped into two main types.
One is pulmonary TB and the other is extrapulmonary TB. Pulmonary
TB affects lungs and remains more prevalent. When the disease is
transmitted from the lungs to different parts of the body, which happens
in around 15-20% of the instances of active TB, then it is referred to as
extrapulmonary tuberculosis (EPTB) [8]. In this case, central nervous
system, lymphatic system, kidneys, bone, and genitourinary framework
are the frequently infected regions. EPTB can exist with PTB at the
same time [9].

3. Route of Infection

In 1679, Franciscus Sylvius reported the lung knobs as “tubercula”
(little bunches); however, it was considered to be a type of tumor or an
irregular organ for quite some time. Benjamin Maten in 1722 made an
initial hypothesis about the virulent nature of the disease. He suggested
that TB is caused by the “animaliculae”. The infection is transmitted
from the affected individuals to healthy individuals. The infection
begins by the inhalation of droplet nuclei. In 1865, Jean-Antonine
Villemin explained the virulent nature of tuberculosis [10]. He
effectively transmitted liquid from human and cow-like injuries to a
rabbit that caused tuberculosis. His counterparts disregarded his
discoveries until 1882, that is, when the activity of Robert Koch was
reported. Koch effectively extracted and cultured mycobacterium from
pulverized tubercles [11]. In 1890, he reported that the filtrates obtained
by culturing may heal the infection. However, this statement was firmly
disparaged at that time. [12]. Later on, Koch’s filtrates were purified.
Purified filtrates were utilized to develop the infection and this process
is known as the tuberculin skin test.

4. Pathogenesis of Tuberculosis

The pathogenesis of TB can be explained in five phases. The principal
phase is the ingestion phase which begins once a person breathes
droplet nuclei having bacilli that reach the alveoli of the lung, the
primary site for infection. Alveolar monocytes / macrophages ingest
the bacilli and most of the bacilli are destroyed because of the immune
response. The level of the eradication of bacilli depends upon the
response of macrophages, the hereditary qualities and the virulence
factor of the pathogen [13]. The majority of the alveolar macrophages
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are activated non-specifically and destroy the breathed-in bacilli. On
the other hand, if the macrophages in alveoli are unable to uproot the
bacilli, the bacilli build up inside them and destroy them [14]. The
second phase is the symbiotic phase. In this phase, macrophages keep
on increasing without destroying tubercle bacilli. This increases the
survival rate of the pathogen inside them. A limited quantity of tubercle
bacilli enters into the circulatory system and is transmitted to every part
of the body. The tubercle bacilli might reach anywhere in the body,
where TB will probably grow (such as the brain, larynx, lymph node,
lung, spine, bone, or kidney) [14]. Unfortunately, the majority of the
macrophages / monocytes in the circulatory system are immature and
are unable to process the tubercle bacilli after engulfing [14]. During
this phase, macrophages and tubercle bacilli can’t harm each other, they
come together and make a lesion of tubercle.

The next phase is the caseous necrosis developing phase. As the
number of tubercle bacilli increases to a point that is sufficient to
initiate the tissue-harming DTH framework, the tubercle bacilli-loaded
macrophages are destroyed. The passing macrophages make a strong
caseous granulomas focus which is primarily covered by non-enacted
or immature macrophages [13].

The fourth phase, an essential phase, is to figure out that the patient
must have a clinically clear indication. It relies on the cell-mediated
immunity (CMI) of the host. In case of a poor CMI, fringe macrophages
can’t ingest the remaining tubercle bacilli from the center of caseous
necrosis, thus bringing on the broadening of the caseous center and the
development of the disease. On the other hand, in case of a powerful
CMl, the highly stimulated macrophages ingest and kill the leaving
tubercle bacilli from the caseous necrosis lesion, after which the lesion
stays in a subclinical phase [13]. In the last phase, which is the
liquefaction phase, the tubercle bacilli grow extracellularly and
multiply to numbers that can’t be defended even in the case of a
powerful CMI. The tubercle bacilli then kill the wall of the bronchi
which allows them to infect the lungs or other parts of the body [14].

A major limitation of the TB control programs is the difficulty in
the early and reliable detection of the bacteria in the samples. The
microbiological and chemical tests currently in use are tedious and
require many days and even weeks to detect the pathogen in clinical
samples. The morphology of colony, nitrate reduction, resistance and
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sensitivity to pyrazinamide and niacin tests are used to differentiate
between Mycobacterium tuberculosis from M. bovis and M. africanum

[15, 16, 17, 18].
5. Comparison of Active Disease and Latent TB Infection

Regardless of the infected region of the host body by M. tuberculosis,
there are no infectious indications because of an effective host immune
system [19]. Herein, M. tuberculosis does not show replication in vivo
and is known as “latent tuberculosis infection” (LTBI). In the presence
of the signs and symptoms of the disease and damage to the lungs, the
condition is regarded as highly contagious [20]. Despite some
similarities, there is a large extent of dissimilarities between an active
TB infection and M. tuberculosis infection (Table 1). Figures 1(A) and
1(B) show the x-rays of the two types of tuberculosis. It is significant
to distinguish between these two types for an accurate clinical
assessment and case analysis.

Figure 1(A). Chest radiograph showing pulmonary TB [21]

Figure 1(B). Chest radiograph showing active TB [21]
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Table 1. Pulmonary TB and Mycobacterium tuberculosis Infection

Active Tuberculosis disease

Mycobacterium tuberculosis
infection

Presence of MTB

Sign and symptoms of TB are
present

Sputum smear positive for Zn
stain

Highly contagious

Sputum culture test is positive
for MTB growth

Positive for tuberculin skin test
Chest X-ray indicates lesions
and causes lung damage
Chemotherapy for drug
susceptible TB

Presence of MTB
Absence of clinical symptoms

Sputum smear test negative for
Zn stain

Not contagious

Sputum culture test is negative
for M. tuberculosis growth
Positive for tuberculin skin test
Normal Chest X-Ray

Nine-month isoniazid
monotherapy

Table 2. Active Disease and Mycobacterium tuberculosis

Infection [21]

Active TB disease

M. Tuberculosis infection

Presence of MTB

Signs and symptoms are present
for TB

Sputum smear positive for Zn

stain
Tuberculin skin test is positive

Highly contagious

Sputum culture test is positive
for MTB growth
Chemotherapy for drug-
susceptible TB

Chest X-ray indicates lesions and
causes lung damage

Presence of MTB
Absence of clinical symptoms

Sputum smear test is negative
for Zn stain

Tuberculin skin test is
negative

Not contagious

Sputum culture test is negative
for MTB growth

Nine-month isoniazid
monotherapy

Normal chest X-ray
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6. Mycobacterium tuberculosis Complex

Different mycobacterial species which show close resemblance with
each other are part of the M. tuberculosis complex (MTBC). Most
important types of M. tuberculosis complex include M. tuberculosis,
M. bovis and M. africanum. Apart from a few differences in their host
series, morphology and destructiveness, they show a high hereditary
resemblance with each other [22].

6.1. Mycobacterium tuberculosis

TB in human beings is caused by a mycobacteria, namely
Mycobacterium tuberculosis. People who have pulmonary or laryngeal
TB produce infectious airborne droplets while coughing, wheezing,
and talking. Infectious droplets breathed in by individuals stay in the
alveoli and there the bacilli are taken up by the macrophages, beginning
a progression of stages that result in either the control of the disease or
the movement to the next stage which is the active stage [23]. The
distinguishing feature of all Mycobacterium species that separates them
from other bacteria is their thick cell wall. It consists of extraordinary
glycolipids that may give protection and resistance against anti-
infection agents [24]. It shows extremely slow growth as compared to
other bacterial species. M. tuberculosis stays alive and multiplies inside
the host macrophage cells. Despite broad research, little information is
available about the pathogenicity of M. tuberculosis. Indeed, M.
tuberculosis produced artificially is different from M. tuberculosis
extracted in vivo in various manners [25]. To spread the disease and to
set up their pathogenicity, microorganisms should leave their hosts.
Similarly, the mechanism of the escape of M. tuberculosis from the
macrophage cells is a unique process [26]. It has developed approaches
to leave behind the host immune framework, permitting it to survive
inside the macrophages. It opposes the activity of receptive oxidative
radicals inside these cells, which exhibits its survival strategy and also
its ability to cause disease inside the host [27]. It is known for causing
cell death of infected human macrophages and uses exceptional (M.
tuberculosis particular) signals for the transportation of protein inside
the host [28]. It is crucial to be familiar with the procedure included in
M. tuberculosis determination and existence inside macrophages and
how it spreads the disease to different hosts [29]. Figure 2 shows the
stages of M. tuberculosis infection.

Scientific Inquiry and Review
Volume 4 Issue 4, 2020

70 —

g
=)
[



Salim

1 J

Initial uptake of M. rubercudosis infection through air-borne droplets

2 3
Latent M. ruberculosis Infection 3-10% cases | Active Infection causing disease
Asymptomatic - not contagious [ > Highly contagious

5 4

Relapse can occur e Drug-sensitive Th is curable

Lenghty treatment tme 6-12 months

Ny &

6
Drug resistant Tb

A

Death
\\- - - - ./J
Figure 2. Steps of M. tuberculosis infection

(1) Inhalation of M. tuberculosis cells through airborne droplets
builds up the disease in the host.

(2) Contingent upon the number of cells inhaled and the ability of
the immune response of the host (section 1.2), active state
infection can’t happen for quite a long while.

(3) It may be converted into an active infection causing disease.

(4) Drug-sensitive TB is curable but requires a lengthy treatment.

(5) Relapse can occur.
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(6) Due to the absence of perfect treatment, drug-resistant TB can
build up.

(7) M. tuberculosis doesn’t respond to the existing chemotherapy
in various drug-resistant cases, causing death [30].

6.1.1. Morphology of M. tuberculosis. Mycobacteria are non-
motile, aerobic, slightly bent or straight rods with a width of 0.2-0.6um
and they usually do not form spores [31]. Generally, bacteria can be
classified into gram-positive and gram-negative types based on the
staining process. This process doesn’t apply to mycobacterium. The
unique characteristic of the cell wall of mycobacterium is that it
provides resistance against the Gram stain. Mycobacterium will appear
as a gram-negative, fast growing clear area within the bacterial
population or it may appear as gram-positive rods or beads [32].

6.1.2. Classification. Mycobacterium can be categorized on the
basis of their growth rate into two groups. If it takes it seven days to
grow, then it is considered as a fast grower and if it takes a longer time
period to grow, then it is considered as a slow grower. On the basis of
photo-reactivity, mycobacterium can be divided into three groups
which include photochromogens, scotochromogens, and non-
photochromogens. Photochromogens produce colored colonies only
when light is available. If they produce pigmented colonies themselves
in the absence of light, they are considered as scotochromogens. Non-
photochromogens are the ones which do not produce any pigmented
colonies with or without light [32].

6.1.3. Cell Wall.The cell wall of mycobacterium is made up of
peptidoglycans and lipids. It consists of glutamic acid, arabinose,
opimelic acid, glucosamine, muramic acid, alaine, meso-diamin and
galactose [33]. Additionally, it consists of a hydrophobic mycolate
layer and other free lipids such as trehalose-6, 6’-demycolate that
provide hydrophobic permeability barrier to its cell wall and lower the
permeability of many compounds [32]. This hydrophobic permeability
barrier provides resistance against many antimicrobial agents and also
prevents engulfing by macrophages. At room temperature, through the
use of a 2% aqueous glutaraldehyde solution suitable bactericidal
efficiency can be attained [34]. A main factor behind M. tuberculosis
cell wall related pathogenicity is its high impermeability and a thick
waxy layer [35]. It acquires some exceptional lipids such as
lipoarabinomannan (LAM) which are connected to the cell membrane
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and are thought to be linked with its virulence and resistance [36, 37].
LAM is associated with the pathogenicity of M. tuberculosis in various
ways. For example, LAM serves as a ligand in M. tuberculosis virulent
strains including H37Rv and Erdman strains to bind mannose receptors
used for virulence-associated intracellular trafficking [38].
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Figure 3. Structure of the mycobacterium cell wall [33]
6.2. Mycobacterium Bovis

Bovine tuberculosis was initially reported in 1929 in kudu and regular
duiker in South Africa. In the 1940s, the infection was observed to be
contagious in kudu. M. Bovis is a zoonotic life form and in order to
avoid infection in humans, it ought to be dealt with as a risk group IlI
organism with proper precaution. Bovine tuberculosis is an infection
that affects domesticated animals such as cattle, buffalo and pig and
certain free or captive wildlife species. It is generally portrayed by the
development of nodular granulomas known as tubercles. Lesions are
most often seen in the lymph hubs (especially of the thorax and head),
lungs, digestive system, peritoneum, liver, pleura and spleen, although
tissue can also be affected [39].

6.3. Mycobacterium africanum

Among the most important members of the M. tuberculosis complex
causing human pulmonary TB is M. africanum [40, 41]. It may cause
infection in different parts of the body such as mucosa and skin [42,
43]. It also shares a high hereditary similarity with M. tuberculosis [40,
41]. Castets et al. in 1968 initially recognized M. africanum between
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West-African strains. Phenotypic variations are responsible for its
further subdivision into M. africanum subtype | (West-African) and
subtype Il (East-African) [44, 45].

6.4. Mycobacterium leprae

Mycobacterium leprae has a close resemblance with M. tuberculosis
and causes leprosy [46]. It has a long history of affecting human beings
[47]. Leprosy principally influences skin and peripheral nerves [48].
The transmission of the disease is primarily due to the nasal droplets
and its DNA may be present in healthy people [49, 50]. Outside of the
host’s body, M. leprae shows resistance to a wide variety of natural
stresses [51]. Understanding the basic knowledge of M. leprae
infection, its transmittance and spread is imperative for the better
control of infection and disease elimination [52].

7. Tuberculosis Strains and Drug Resistance

TB strains are grouped into two types based on their resistance against
available drugs. These include multidrug-resistant (MDR) and
extensively drug-resistant (XDR) strains. MDR strains demonstrate
resistance against anti-TB drugs of the first-line, that is, INH and RIF.
XDR strains show resistance against any fluoroquinolone or
capreomycin, kanamycin, and amikacin and also show resistance
against INH and RIF just like MDR-TB [53, 54]. Gene loci involved in
conferring drug resistance in M. tuberculosis are given in Table 3.

Table 3. Gene Loci Involved in Conferring Drug Resistance in M.
tuberculosis [55]

Drug Gene Product Reported
frequency
in resistant
strains (%)

Rifampicin rpoB B-subunit of RNA  >95

polymerase

Isoniazid katG Catalase-peroxidase 60-70

OxyR- Alky hydro- ~20
ahpC reductase

INH-ethinoamide  inhA Enoyl-ACP <10

reductase
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Drug Gene Product Reported
frequency
in resistant
strains (%)

Streptomycin rpsL Ribosomal protein 60

S12
Rrs 16s rRNA <10

Fluoroquinolones  gyrA DNA gyrase >90

Pyrazinamide pncA Amidase 70-100

Ethambutanol embCAB EmbCAB 69

8. Multidrug-resistant Tuberculosis

Multidrug-resistant TB (MDR-TB) encompasses a relatively brief time
(4 to 16 weeks) from diagnosis to death and is connected with a high
mortality ratio of about 50% to 80% [56]. Poor treatment and late
recognition of drug resistance are the central reasons adding to MDR-
TB outbreaks, particularly in health care facilities [57, 58]. In
individuals receiving inefficient drug treatment of TB, some bacteria
survive the treatment. These bacteria give rise to strains resistant to a
particular drug due to spontaneous mutation. These mutated bacteria
serve as a source for the drug resistant population. In case of poor
treatment, this population can further develop resistance to other drugs,
consequently leading to XDR. MDR-TB cases in this manner might
emerge due to insufficient recovery of a person who was at first
infected by a completely sensitive strain or a single drug-resistant strain

[59].
9. Treatment of MDR-TB

The strains of M. tuberculosis resistant to both RIF and INH are termed
as multi drug-resistant TB (MDR-TB). For the initial 6 months, MDR-
TB is treated with 5 to 6 drugs and afterwards, 3 to 4 drugs are used for
long-termtreatment. A total duration of 18 months is required for the
treatment, yet the optimal duration has not been identified. The first-
line anti-TB drugs such as pyrazinamide (PZA) and ethambutol (EMB)
are used to treat MDR-TB

9.1. Rifampicin

Rifampicin interferes with mRNA synthesis by binding with RNA
polymerase [60]. Mycobacrteria develops resistance if there is mutation
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in a particular region for the RNA polymerase subunit. The gene rpoB
if mutated is responsible for most of the resistance in mycobacteria

[61].

9.2. Pyrazinamide

Pyrazinamide (PZA) was discovered in 1952 and remains a standard
TB treatment drug. It is similar to nicotinamide. PZA actively takes
part in sterilizing and kills most of the rod shaped bacterium in the
intensive phase of the treatment [62]. The duration of TB treatment is
shortened from 12 months to 6 months because of its addition in the
treatment therapy [63]. It is biologically inactive and needs to be
changed into its operating type, that is, pyrazinoic acid through the
catalysis of the enzyme pyrazinamidase. pncA gene is known to encode
PZase. PZA needs an acidic medium for activation. Once activated, it
agglomerates in the cytoplasm bringing down the intracellular pH to
the level which shows the inactivation of the fatty acid synthase [64].
Mutations providing resistance to PZA activity are dispersed
completely on the pncA gene [65, 66, 40].

9.2.1. Mode of Action of PZA. PZA is proposed to be a prodrug
like INH on the basis of PZA studies. It shows no activity against M.
tuberculosis unless activated. A specific enzyme is required to activate
it and convert it into an active form. Isoniazid (INH) is another prodrug
used in the treatment of M. tuberculosis. It is a well-known prodrug.
Through the action of the enzyme (mycobacterial catalase peroxidase),
which is encoded by KatG gene, INH is converted into its active type.
The active form of INH damages M. tuberculosis by changing the
biogenesis of mycolic acid within the cell wall of the mycobacterium
[67]. In the same way, PZA moves into cytoplasm through passive
diffusion. Here, PZA is converted into its active type, that is, pyrazinoic
acid (POA) with the help of an enzyme pyrazinamidase. This enzyme
is produced by M. tuberculosis. POA then becomes inactive and
diffuses out of the cytoplasm. If the pH of the extracellular environment
is around 5.5, then POA is protonated. Afterwards, HPOA simply
moves through the membrane of M. tuberculosis. It again moves into
the cytoplasm causing cytoplasmic acidification. This acidification
stops the trans-interpretation of targeting on non-replicating persisters
ribosomal protein S1 [68, 69] and destroys the activity of the membrane
of MTB (Table3) [70].
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10. Extremely Drug-resistant Tuberculosis

In 2005, extremely drug-resistant tuberculosis (XDR-TB) was initially
reported around the world [71, 72]. XDR-TB is connected with poor
treatment results [73]. XDR-TB strains are made when MDR-TB is
poorly treated, which amplifies second-line drug resistance. Lack of
treatment for XDR-TB may bring about extra resistance, seriously
restricting the choices available for viable treatment. The reasons
behind XDR-TB are complex and incorporate improper treatment
regimens, violations of disease treatment, late determination of the
disease, and reduced disease mechanism [74, 75].

11. Treatment of Tuberculosis

WHO proposed applying a stringent directly observed therapy short-
course (DOTS) strategy to manage the developing burden of TB after
declaring it as a health crisis in 1993 [76]. A series of synergistic
antibiotics are given to the drug-sensitive TB patient (Table 1.2). These
antibiotics are used for an ideal treatment to cure the infection and to
avoid relapse [77]. Both types of infection namely active TB and latent
tuberculosis infection (LTBI) are curable; though, patient adherence to
the given treatment is essential for complete cure. Disease burden can
be reduced considerably by treating LTBI [78]. First line and second
line anti-TB remedies are useful in treating MTB diseases. Before and
during the treatment, the testing of the bacterial culture and its
susceptibility are necessary to identify the selective design of M.
tuberculosis with a specific end goal in order to properly adjust the
course and dosage of antibiotics [79]. Proper combinations of typical
frontline and reserved anti tuberculosis remedies are given on the basis
of the kind and phase of infection.

11.1. Standard TB Drugs

The available TB treatment consists of isoniazid (INH), rifampicin
(RIF), streptomycin (STP), ethambutol (ETH), and pyrazinamide [80].
Most of the first-line and second-line anti tuberculosis drugs listed in
Table 3 and shown in Figure 3 perform bactericidal action. They act
against MTB. Second-line drugs are not used because of the concerns
about their safety; however, when combined with the first-line drugs,
they show better results particularly for curing drug-resistant TB [81].
Reserve classes of these drugs are developed from different antibiotic
classes, for example cycloserine, p-aminosalicylic acid, thioamides,
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aminoglycosides, and fluoroguinolones. Chemical assemblies of the
first-line drugs are shown in Figure 4.

Table 4. Standard Anti-tuberculosis Drugs, Target, Year of Discovery
and Activity [70]

First-line drugs

Drug Target Discovery Activity
Year
Ethambutol Cell wall 1962 Bacteriostatic
Pyrazinamide Ribosomes 1952 Bactericidal
Isoniazid Cell wall 1952 Bactericidal
rifsmpicin RNA 1963 Bactericidal
polymerase
Second-line drugs

Ciproflaoxin DNA gyrase 1987 Bactericidal
Ethionamide Cell wall 1956 Bacteriostatic
Amikacin rRNA 1970 Bactericidal
Aminosalicyclic acid thy A gene 1949 Bacteriostatic
D-cycloserine Cell wall 1955 Bacteriostatic
Streptomycin Ribosomes 1944 Bacteriostatic
Capreomycin Ribosomes 1960 Bactericidal

Figure 4. Recent groups of the drugs of TB responsible for front-
line defense (A) Pyrazinamide: molecular formula C5H5N30 and
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molecular weight 123.11 g/mol (B) Ethambutol: molecular
formula C10H24N202 and molecular weight 204.30 g/mol (C)
Isoniazid: molecular formula C6H7N30 and molecular weight
137.13 g/mol and (D) Rifampicin: molecular formula
C43H58N4012 and molecular weight 822.94 g/mol (chemical
structures of drugs recovered from the PubChem database).

12. Immune System and Tuberculosis

The response of the immune system to TB infection is complicated.
The elements of the immune system involved are T cells (CD** and
CD"*®), macrophages and cytokines (TNF-a, IFN-y, IL- 6 and IL-12)
[82]. Immune response is different in the case of a persistent and severe
infection. There are four stages of pulmonary TB. The first stage is the
ingestion of tubercle bacillus by macrophages. It destroys the bacilli
placed in an incubator for a period of 4 to 12 weeks after the
microphages ingest the alveolar bacilli. The process depends on the
inherent microbial capability of the host phagocytosis and the virulence
factors of the engulfing mycobacterium. Mycobacteria which eject out
of the initial step go through the second stage where three scenarios can
arise. The first scenario is based on the host pathogen-relationship,
where the host contains the pathogen and the pathogen dies. In the
second scenario, mycobacterium spreads in the whole body when the
host immune response is low (usually in immuno-suppressed patients)
which leads to active infection. The third scenario is when the host
immune response and the virulence factors of MTB are equalized and
within the macrophages, intracellular bacteria are suppressed.
Disruption of the macrophages attract blood monocytes and other
inflammation cells to the alveoli. At this stage of the infection, a lower
rate of tissue damage occurs. After 2 to 3 weeks of infection, the rise in
the antibodies particularly T lymphocytes within the premature
infection occurs. Isolation is achieved at the main site of infection by
granula formation in the host immune system. The granula contains T-
cells such as CD™ and CD™® cells in addition to the Beta cells.
Moreover, fibrousblasts and additional cells are present within the
granula [46]. The granula helps to limit the growth of the disease by
isolating the bacteria from the rest of the lung, thus limiting and
facilitating the activity of the immune system. The early bacilli cease
to grow at beginning of the third step of pulmonary infection [83]. Solid
necrosis is the most important infection and it inhibits the extracellular
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development of mycobacterium and its lesions for many months and
years. In the last stage, any disruption in the host and pathogen
relationship results in the weakening of the cellular immune system,
thus causing endogenous exacerbation leading to active TB. Engulfing
may lead to the breakdown of the nearest bronchi causing the bacilli to
grow to the other parts of the lungs or to the host’s other organs.

13. Conclusion

TB is a high burden disease which is common in developing countries.
Many factors contribute to its spread in these regions such as
malnutrition, poor ventilation, overcrowding and the existence of
immunocompromised patients. All these factors are linked to poverty.
Poor treatment and lack of proper diagnosis has led to the emergence
of drug-resistant tuberculosis. Advanced diagnostic tests, new
preventive chemotherapies and the proper application of the available
therapy is imperative to control and reduce the burden of TB.
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