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Introduction
Despite the curious advancement in medical science 

and therapeutics, tuberculosis (TB) persist the primary 
factor of mortality than any other infectious disease and 
socioeconomic disaster for millions of people around the 
world [1]. According to the World Health Organization 
(WHO), World’s One-third of the population is infected 
with this disease and of these, 8 to 10 million people 
develop active disease and 2 million people die each year 
and the rest of the infected people remain asymptomatic. 
After HIV/AIDS, it is serving as world’s second cause of 
death [2]. Presence of immunosuppressive condition 
like, alcoholism, malnutrition, chronic lung disease, 
diabetes & HIV/AIDS may increase the chances of TB 
infection. The situation is exacerbated by the emergence 

of multidrug-resistant TB and the catastrophic nexus 
between AIDS and TB [3]. Mtb which possesses inherent 
ability to remain dormant for several years or cause active 
diseases upon infections trigged the pathogenesis of TB. 
Macrophages in the lungs are the most important cell 
type supporting replication of Mtb in humans [4]. Mtb is 
heralded by its ease of transmission; prolong diagnosis, 
communicability, therapeutic adherence, and resistance 
[5]. The evolution of active TB differs with factors such as 
gender, age, geographical locations, immunity level and 
period of infection. For example, men are more prone 
to the infection of TB than women. Apart from gender, 
young children are also at risk to TB infection, as their 
lifetime risk of TB was approximately 10%. Principally, 
this bacterium attacks the lungs, but it can attack any part 
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of the body, like the kidney, lymphatic system, circulatory 
system (military tuberculosis), central nervous system 
(meningitis), genitourinary system, bones, and joints. 
The mortality rate of untreated active tuberculosis is 
approximately 50%. The success and failure rate to treat 
TB depends on various factors like patient compliance to 
the treatment taken, malnutrition, smoking, coexisting 
diseases like HIV, and skimpy supervision by health 
care staffs [2]. The serious problem with the current 
tuberculosis chemotherapy is that when the drug is taken 
either intravenously or administered orally, it is assigned 
throughout the body via dissemination of blood in which 
majority of molecules, stay in the body causing adverse 
side effects, because they do not influence their targets. 
Drugs have rapid clearance and a short plasma-life, which 
limits their effectiveness [1]. The clinical management 
of TB still remains a problematic task. Patients who are 
infected with TB strains, resistant to some drugs such as 
isoniazid, pyrazinamide and rifampicin is called as Multi 
drug resistant (MDR) TB, which is practically incurable 
by first-line treatment. MDR-TB strains that are resistant 
to the drugs like fluoroquinolones such as ciprofloxacin, 
levofloxacin, and moxifloxacin, and thioamides such 
as ethionamide, prothionamide, and cycloserine, and 
second-line injectable drugs are called as extensively 
drug-resistant (XDR) TB (Table 1) [2,6]. MDR-TB and 
XDR-TB are increasing in developing countries that cause 
a challenge to the medical sciences and became matter of 
great concern. The alarm of spread of the MDR and XDR 
strains and the inadequacy of successful treatment options 
strengthen the need to develop new and effective anti-TB 
drugs to affect the problem of drug resistance, shorten the 
treatment course, and better compliance [7]. Although 
current anti-TB drugs are adequate, urgent strategies 
must be developed in order to accomplish delivery of these 
drugs.

Some drugs (rifampicin, isoniazid, pyrazinamide, and 
ethambutol), taken during the first two months of the 
treatment following a period of four months where only 
rifampicin and isoniazid are taken. Although the success 
rate of these regimes has been estimated to be over 85% 
[8], the full length of treatment is crucial for the effective 
and complete eradication of the pathogen.

In this context, nanotechnology is one of the most 
encouraging passages for diagnosis, treatment and 
prevention of TB and the development of more decisive 
and more effective drug delivery systems for treatment of 
TB.

Drug delivery system based on nanotechnology has ability 
to increase the tolerability of noxious chemotherapies 
sustained and controlled drug release, and ultimately 

enhanced bioavailability [9]. The desired particle size of 
drug required for the localization upon administration by 
inhalation is between 50 and 200 nm [1]. This technology 
has provided advancement in the field of pharmacology 
through the designing of drug delivery systems which 
is able to target mycobacterial (intracellular pathogen) 
infected phagocytic cells [10]. NPs can help to improve the 
diagnosis of mycobacterial strains as well as the delivery 
of anti-TB drugs (ATD’s) at their targeted tissues. In this 
paper, we are describing various nanotechnology-based 
approaches used for the diagnosis of tuberculosis bacilli 
and several ATDs have been suggested, to arrest the 
growth of tuberculin bacteria [11].

Nanotechnology in the Diagnosis of 
Tuberculosis

Tuberculosis case detection remains difficult, partly 
because of inaccurate diagnostic methods [12]. Diagnosis 
of TB infection (active or latent) is essential not only for 
treatment of the infected individual, but also for controlling 
its spread among various populations [13]. Over the past 
half-century, many improvements in the diagnosis of 
infectious diseases have been accomplished [14].

Polymerase chain reaction which is a nucleic acid 
diagnostic test plays an important role in the detection 
of TB bacilli at an early stage of TB disease progression 
[13]. TB epidemic is at its highest peak in our country 
and this epidemic is a result of many social and economic 
factors. One of the Nanotechnology-based TB diagnostic 
kit designed by the Central Scientific Instruments 
Organization of India is currently in the clinical trials 
phase. By functionalizing the surface of the particles with 
targeting ligand, higher bioavailability could be generated 
at the site of infection and therefore the dose and side 
effects of the drug are reduced [15,16].

Nanoparticles
Many NPs like metallic NPs (gold and silver NPs), and 

fluorescent NPs can be utilized for the diagnosis of many 
infectious diseases including tuberculosis. The gold NPs 
are the first nonmaterial’s used as nano-diagnostics for the 
diagnosis of TB in 1996. Many different molecules, such 
as antibodies, antigens and enzymes, could be conjugated 
with gold NPs as electrochemical labels, optical probes, 
and signal transfer amplifiers in the diagnosis of many 
infectious diseases [11]. Gold NPs attached with small 
segment of Mtb genome designs the basis of easy-to-
read test for the presence of TB-bacilli genetic sequences. 
The NPs have a matrix type structure in which the 
active ingredient is dispersed throughout, whereas the 
nanocapsules have an active ingredient and core polymeric 
membrane [7]. 
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Quantum Dots
Nanotechnology used semiconductor-based fluorescent 

nanostructures size ranges around 1–10 nm, have many 
novel properties, such as photo stability, high quantum 
yield, and bright. These nanostructures can be made to 
fluoresce in different colors depending on their size to 
overcome the low specificity of fluorescence or electronic 
microscope to detect TB bacilli that can be significant 
more light emissions and more cycles of excitations in 
comparison to typical organic molecules [11].

Imaging Nanotechnology
The molecule of targeted TB bacilli labeled with quantum 

dots or synthetic chromophores such as fluorescent 
proteins that will expedite direct examination of 
intracellular signaling complex by optical techniques, for 
example: confocal fluorescence microscopy or correlation 
imaging [7].

Protein Chips
Proteins play significant role in establishing the biological 

phenotype and pathogenesis of organisms in healthy 
and diseased states. Proteomics play a significant role 
in the diagnosis of tuberculosis and its respective drug 
development through protein chips. Protein chips can 
be preserved with specific protein components and with 
different chemical groups that can particularly bind to 
the protein of TB bacilli containing a certain structural or 
sequential motif [14].

Nuclear Magnetic Resonance (NMR) with 
Micro Fluidic System

Magnetic properties of NPs depend on their molecular 
structure and composition. Super paramagnetic NPs 
made of different magnetic materials such as nickel, 
iron, cobalt etc. are made of magnetic materials (e.g. 
iron, nickel, cobalt, or alloys of magnetic metals) are 
promoted for biomedical applications, because they 
behave non-magnetically when they are not in influence 
of an external magnetic field, thus avoid undesired self-
magnetic agglomeration [17]. Magnetic NPs have highly 
sensitive detection of bacillus, for example: Iron based 
NPs attached with specific antibodies are used for binding 
the Mtb bacilli although micro fluidic system transports 
the Mtb and buffer solutions. Assimilation with quantum 
dots can diagnose not only Mtb but also the subspecies of 
Mycobacterium avium [18,19].

Sparse Cell Detection
Sparse cells are significant in the diagnosis of various 

genetic and infectious diseases. These cells are different 
from their surrounding cells in normal physiological 

conditions. It is a challenging task to identify and 
subsequently isolate these sparse cells. With the help 
of nanotechnology, scientists developed nano-systems 
capable of effectively sorting sparse cells from blood and 
other tissues [20].

Nanotechnology in the Treatment of 
Tuberculosis

Despite the availability of effective antibiotics, serious 
toxic side effects to the sites other than the infected 
site limit the doses that can be used clinically [21]. In 
the field of therapeutics, nanotechnology is very fast 
emerging technology as drug delivery systems [22]. Over 
the past years, rising use of therapy, which is based on 
nanotechnology, has been researched for replacing the 
administration of antibiotics or other drugs in the free form 
with an access using drugs that are encapsulated with NPs. 
Nanotechnology based NPs are very much versatile and 
distinct in their properties and structural configuration 
which facilitate them to be used for clinical diagnosis and 
delivery of drugs in a unique and more decisive manner 
[11]. NPs can cross the intestinal permeability barrier 
through the transcellular or paracellular pathways into 
the circulation [23]. Once NPs enter inside the living 
system, various proteins adsorb to the surface giving rise 
to ‘corona’ and even if they are not small enough to enter 
inside living cell, they still could form bonding with the cell 
membrane due to surface defects [24]. The nanostructures 
engaged as drug delivery systems have multiple advantages 
which make them superior to conventional delivery 
systems. Some nanosized carriers such as liposome’s, 
polymeric NPs, nano suspensions, nano emulsions and 
many other excellent multifunctional nanosystems, are 
available for drug delivery purpose leading to better 
pharmacokinetics, bioavailability and biodistribution [25]. 
These nanocarriers exhibit the important technological 
advantages such as higher stabilization (long shelf life) 
and drug-carrier capacity, feasibility of incorporation 
of both hydrophobic and hydrophilic substances and 
feasibility of administration routes not only intravenous 
but also oral and inhalation routes [26]. These carriers can 
also be designed to facilitate controlled drug release from 
the matrix [10] and are able to target cellular reservoirs of 
Mtb [27]. Early success of NPs -based drug delivery has 
led to the investigation and development of many different 
compositions of polymeric NPs, including polymeric 
micelles, dendrimers and drug conjugates etc. (Figure 1) 
[28].

Nanocarriers
Liposomes

Liposomes are tiny spherical vesicles composed of 
amphiphilic lipid bilayer membranes with an aqueous 
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core and can also help to achieve targeted therapy [26]. 
Liposomes are commonly prepared by hydration of a 
dry phospholipids film above the main phase transition 
temperature of the lipid [29]. These serve as carrier 
systems for some hydrophilic drugs such as gentamicin, 
streptomycin and many other drugs, depending on their 
biological compatibility. The drug encapsulated liposomes 
significantly decrease the bacterial count in liver and spleen 
in comparison to free drug [20]. Liposomes are made 
up of the mixture of phosphatidylcholine, cholesterol, 
dicetylphosphate, o-stearoyl amylopectin, distearoyl 
phosphatidylethanolamine and polyethylene glycol (PEG). 
Phosphatidylcholine is the most commonly used lipid 
in liposomal preparation besides using cholesterol (for 
maintaining rigidity and stability) [11]. The circulatory 
lifespan of PEG encapsulated liposome enhances in the 
blood stream [30]. Drug-loaded nanocarriers showed 
a significantly reduced toxic effects when assessed for 
cytotoxicity in peritoneal macrophages compared to free 
drugs [31].

Polymeric NPs

Polymeric NPs are used as carriers for drug delivery that 
possess very good biocompatibility and biodegradable 
features in which the drug is attached, entrapped or 
encapsulated in polymeric core and depending upon 
the method of preparation, they are classified as NPs, 

nanospheres or nanocapsules [32]. The smaller size of 
these particles facilitates them to permeate capillaries and 
to be taken up by cells, thereby increasing the accumulation 
of drugs at their target sites [33]. Polymeric NPs serve 
as an attractive alternative to liposome [34]. These NPs 
are physically much more stable and can be synthesized 
with various properties such as drug release profile and 
zeta potential etc. by selecting different polymer lengths, 
monomer dimensions, surfactants and choice of organic 
solvents. Polymeric NPs possess typical functional groups 
that can be transformed according to either structural 
moiety of drugs or targeted ligand [35]. NPs are exciting 
systems for brain drug delivery because they can be 
modulated in terms of shape, size, hydrophobicity, coating, 
chemistry and surface charge [36]. NPs which release 
drugs in response to an internal or external stimulus such 
as pH, temperature, redox, magnetic and light have been 
actively pursued [37].

These NPs can increase the solubility of constituents, 
reduce the therapeutic dose and improve the absorption 
of the active components. Furthermore, they are beneficial 
when used in blood because they are non-toxic, non 
thrombogenic, non-immunogenic, non-inflammatory, 
and avoid the reticulo-endothelial system. NPs increase 
immunization by avoidance of degradation of the vaccine 
and increased uptake by immune cells. These all properties 
of NPs make them very useful to target TB bacilli [38].
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Figure 1: Different nano - technological based approaches to target Mtb.
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Dendrimers

Dendrimers are very large chained, repeated three 
dimensional arrangements of group of atoms. The 
diameter of this synthetic nanomaterial is 5-10 nm 
[39,40]. These are very accomplished molecules with 
respect to their multifunctional and geometrical nature. A 
range of different molecules can be coupled to these three 
regions of dendrimers, which is the reason for their high 
functionality. Each of these regions possesses different 
functionalities and therefore the properties such as 
solubility, thermal stability can be easily manipulated for a 
range of applications [41].

Dendrimers are very useful in the drug delivery of 
tuberculosis because these have hydrophilic materials on 
the outer core and a hydrophobic inside core. The cell wall 
composition of Mycobacterium (a rich layer of mycolic 
acid) renders the potential anti-TB medicinal preparations 
difficult to enter the infected cells [41,42]. With the help 
of dendrimers, the arrangement of the carried medicinal 
formulation is biochemically altered in a way which favors 
its entry into the target cells [43]. Moreover, dendrimers 
prevent the disease in its latent period itself. After entering 
into the cell, the polymeric drug complex is readily cleaved 
by the cell’s lysosomal compartments, which results in the 
release of drug into the cell at a high concentration [44].

Niosomes

Niosomes are nanosized and nonionic surfactant vesicles 
and examined as novel drug delivery systems, can improve 
the solubility and stability of natural pharmaceutical 
molecules [45]. Their particle size ranges from 10 nm to 
100 nm. These are the structural analogue of liposome, 
but they have some additional advantages over liposome. 
These molecules are amphipathic molecules that can be 
stabilized using surfactants [32]. Niosomes are immensely 
useful in ensuring some critical parameters for optimum 
drug biodistribution in the living systems [41].

Till date TB treatment using niosomes has been performed 
using the conventional ATDs isoniazid, rifampicin, and 
pyrazinamide. Niosomes are particularly used for the site-
specific delivery of the drug and significantly reduced the 
systemic toxicity of the drug delivered, TB, by reducing the 
side-effects to almost nil, also making the treatment more 
accessible [45].

Carbon nanotubes

They are the tubes having the length of several 
micrometers and cross-sectional diameter in the ranges 
of 1–100 nm. These can be functionalized with several 
different chemical moieties attached to their surface and 

possess wide applications. They are mainly of two types: 
single-walled and multi-walled. These nanotubes can 
behave in both metallic and nonmetallic manner, thereby 
increasing their biochemical utility manifold. Many groups 
such as bioactive peptides, nucleic acids and proteins can 
be coupled to their surface to make their carriers more 
easily available to cells and organs [46].

Micro emulsions

They serve as a stable thermodynamic mixture of two 
immiscible liquids such as oil and water, which are 
combined with the help of surfactant molecules to behave 
as one phase. The dispersed phase typically constitutes 
small droplets, with a range of 5 nm-200 nm size, has very 
low oil/water interfacial tension and hence these systems 
are also termed as nano-emulsions. They have droplet size, 
viscosity, density, refractive index, phase separation and 
pH measurements shall be executed to characterize these 
micro emulsions. They aid in the improvement of drug 
bioavailability, resistance against enzymatic hydrolysis, 
and reduced toxicity. It has been fruitfully used for killing 
the germs of TB at low dosage [46].

Aerosolic NPs

These NPs are a suspension of NPs in the form of aerosol 
dry powder. They are used to develop the NPs as potential 
drug delivery molecules that can be inhaled and treat 
the subsequent pulmonary infections. Tuberculosis is 
being one of the respiratory infections having multidrug 
resistance characteristic that can be therefore immensely 
powerful when dealt with the use of NPs. With the help 
of these NPs efficient diagnosis and treatment of the TB 
is almost sure to be achieved with much less systemic 
toxicity [18].

Ceramic NPs

These NPs are the particles fabricated from some 
inorganic compounds with porous characteristics such as 
alumina, silica, and titania [47,48]. These particles can be 
prepared according to the desired size, shape and porosity. 
The size of these NPs is less than 100 nm and can avoid 
uptake by the reticule-endothelial system as foreign bodies. 
At physiological pH and temperature entrapped molecules 
such as drugs, proteins and enzymes are protected from 
denaturation. These particles are not biodegradable and 
so there is concern that they may acquire in the body and 
cause harmful effects, so these are not much useful in the 
treatment of tuberculosis and other infectious diseases. 
They have a wide range of applications because of their 
favorable properties, such as chemical inertness and high 
heat resistance (Figure 2) [49].
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Nanotechnology in the Prevention of 
Tuberculosis

The aerosol vaccine made by nanotechnology could 
administer a needle-free and low-cost, TB treatment that 
is highly stable at room temperature. Although, most 
new TB vaccines continue to call for needle injection, but 
this new vaccine could provide safer, more consistent 
protection by excluding these injections and the need for 
refrigerated storage. Several drugs including MDR, XDR 
and TDR drugs (ethambutanol, kanamycin, capreomycin 
etc.) merged with nanotechnological strategies to cure and 
prevent a person from this deadly disease (Table 1) [50-53].

A successful result of these nanotechnology based aerosol 
delivery offers a potential new platform for prevention. 
In the aerosol vaccine, particles form at micrometer and 
nanometer scales and in spherical and elongated shapes, 
a combination that appears to enhance dispersal in the 
mouth. While commonly used with cosmetics, food and 
pharmaceuticals, this spray drying of small and large 
molecules is seldom used for drying cellular material. 

Conclusion and Future Outlook

In this review, we have provided an overview regarding 

tuberculosis diagnosis, treatment and prevention with 
the help of some nanotechnology-based approaches. 
Because tuberculosis turned to be a major issue for 
population, and therefore we require a suitable way to cure 
people from this infectious disease as soon as possible. 
Nanotechnology is globally developing technology for 
targeted drug delivery and disease diagnosis. The obvious 
advantages of nanotechnology based diagnostic schemes 
are their ability to provide results within hours, with 
increased sensitivities and specificities at a fraction of 
a cost in comparison to conventional microbiological 
and molecular biology methodologies. The increasing 
awareness and R&D in the area of nanotechnology-based 
drug delivery would continue to change the whole concept 
of medicines including aspects such as characteristics of 
product, pharmacokinetics, bioavailability, stability, drug 
use, and toxicity in many infectious diseases including TB. 
In an area of many infectious diseases such as tuberculosis, 
nanotechnology has the potential to entitle a local response 
to many challenges for example the diagnosis, treatment 
and prevention of this deadly disease and we can see a 
better approach to sort out the problems. Nano diagnostics 
future trends will provide capability of non-specialized 
health personnel to use them through miniaturization of 
biochip technology to the nano-scale range for point-of-
care diagnostics with a specimen-in answer-out approach.

53

 

Figure 2: Advancement in pulmonary drug delivery systems for treatment of tuberculosis by using 
different NPs: [A] Liposome [B] Polymeric NPs [C] Dendrimer [D] Niosome [E] Carbon nano-tube [F] Micro 
emulsion [G] Ceramic NPs.
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