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    Dr. Laniado Laborín has accumulated vast experience in various fields of Pulmonology and Public Health, specialties that he has practiced for 40 years, standing out, especially in tuberculosis and drug-resistant tuberculosis.




    He has numerous publications on this topic, but, more than what is written, I would have to ponder his experience accumulated over the years treating patients with this ancient disease that science has not yet managed to control, much less eradicate. Many difficult patients have passed through the Tuberculosis Clinic of the General Hospital of Tijuana, especially those who suffer from drug-resistant forms of the disease, aggravated by the vulnerable conditions that are unfortunately so frequently associated, and to whom he has always devoted a full attention in terms of humanity and knowledge.




    His teaching performance as a professor at the Autonomous University of Tijuana is nationally and internationally recognized for his knowledge and human qualities. Countless young doctors have rotated through his service, taking a clear perception of tuberculosis's reality, both from a scientific, social and human point of view.




    He has published several books throughout his career, including Drug-resistant Tuberculosis, A Practical Guide, and La Tuberculosis en México.




    The work to which we have been granted the honor of writing the prologue, Tuberculosis: A Clinical Practice Guide, displays throughout its 16 chapters a detailed and well-founded overview of the disease, from epidemiology, clinical aspects, diagnosis, and prevention, in addition to delving into particular aspects such as special situations and, of course, devotes several chapters to the medical treatment of sensitive and drug-resistant TB, surgical aspects and a difficult subject such as adverse reactions to anti-tuberculosis drugs. The 15 images of outstanding quality included in the chapter of radiologic diagnosis of tuberculosis are paradigmatic of various pulmonary, extrapulmonary, and disseminated TB situations. In the 24 tables of the work, various aspects are clearly and precisely summarized, such as first and second-line drugs, treatment, and retreatment schemes.




    The author, showing off his proverbial modesty, directs his work to students and health personnel who are not experts in tuberculosis. After reading, which is enjoyable and shows the extensive experience of Dr. Laniado Laborín on the subject, I have concluded that the book goes beyond these objectives, as it provides throughout its 150 pages (expandable through of the excellent bibliography that proposes) a synthesis of the current state of the art on the disease, which will provide to those who assimilate them with the knowledge of an expert in tuberculosis.




    So let us welcome this work for its quality and ease of reading, which will undoubtedly occupy a prominent place in the tuberculosis literature.




    

      Domingo Palmero


      Professor of Pneumology, University of Buenos Aires


      Argentina
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      “Of all the forms of inequality, injustice in health care


      is the most shocking and inhumane”


      Martin Luther King Jr. (1929-1968)

    




    




    Tuberculosis has accompanied human beings since time immemorial, and without a doubt, it is the disease of infectious origin that has caused the highest number of deaths in the history of humankind.




    However, despite the extraordinary technological advances achieved in the last decade, tuberculosis continues to cause more than 10 million cases and 1.3 million deaths annually.




    The reasons that explain this pandemic are multiple, mainly poverty and poor medical care (95% of cases and deaths occur in low-income countries); other contributing factors include infection by the human immunodeficiency virus, substance abuse and the emergence of drug-resistant tuberculosis.




    An additional contributing factor is the little attention that has been paid to the disease in the training of health personnel, where maybe a couple of hours are dedicated to the subject in the curriculum of universities. This lack of attention results in insufficient knowledge of tuberculosis, with the consequent delay in diagnosis and the prescription of inadequate treatment.




    This book aims to be a reference manual for the student and health personnel who are not an expert in tuberculosis, since it contains information on all topics related to the disease, including epidemiological, microbiological, clinical, diagnostic and treatment aspects, BCG vaccination and the control of tuberculosis infection in health facilities.




    I hope this work is useful for my colleagues during their everyday practice and benefits our patients that suffer from tuberculosis.
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      Abstract




      Globally, tuberculosis is one of the top 10 overall causes of death, the leading cause of death from a single infectious agent, and the principal cause of death among subjects living with human immunodeficiency virus infection.




      The United Nations and the World Health Organization (WHO) have set very ambitious goals for the period 2020-2035 that include a 95% reduction in the number of deaths and a 90% reduction in TB incidence by 2035 compared with 2015.




      The WHO reported in 2018, an estimated 10 million incident cases of TB (global incidence rate: 133 cases per 105 population), and 1.2 million TB deaths, for a case fatality rate of 15.7%. Incidence rates vary widely among regions of the world; geographically, most TB cases in 2018 were in the WHO regions of South-East Asia (44%), Africa (24%) and the Western Pacific (18%).




      Rifampin-resistant (RR-TB) or multidrug-resistant TB (MDR-TB) in 2018 occurred in an estimated half a million cases, and accounted for 3.4% of all new cases and 18% of previously treated cases; an estimated 230,000 persons died of either RR or MDR-TB (case fatality rate: 41%).




      Almost a quarter of the world population (1.7 billion people or 23%) are estimated to have latent TB infection and therefore are at risk of developing active TB during their lifetime.




      Progress toward global TB elimination during 2018 was very modest, as it has occurred in recent years, and if kept at this current pace, the global targets for the period 2020-2035 will not be accomplished.
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      INTRODUCTION




      Tuberculosis (TB) has affected humans for most of its history and continues to do so even though we have had an effective pharmacological treatment for more than 70 years [1]. TB is a leading cause of death among adults in the most productive age groups, and even those that have been cured can be left with significant irreversible sequelae that will substantially affect their quality of life [2].




      Globally, tuberculosis is one of the top 10 overall causes of death, the leading cause of death from a single infectious agent, and the principal cause of death among subjects living with human immunodeficiency virus infection, causing approximately 40% of deaths in this population group [3].




      The United Nations (UN) and the World Health Organization (WHO) have set very ambitious goals for the period 2020-2035 (Table 1) that include a 95% reduction in the number of deaths and a 90% reduction in TB incidence by 2035 compared with 2015 [4, 5].




      

        Table 1 The End TB Strategy. A world free of TB: zero deaths, disease and suffering due to tuberculosis*.




        

          

            

              	Indicators



              	2020



              	2025



              	2030



              	2035

            


          



          

            

              	Percentage reduction in the absolute number of TB deaths


              (compared with 2015 baseline)



              	35%



              	75%



              	90%



              	95%

            




            

              	Percentage reduction in the TB incidence rate


              (compared with 2015 baseline)



              	20%



              	50%



              	80%



              	90%

            




            

              	Percentage of TB-affected households experiencing


              catastrophic costs due to TB



              	0%



              	0%



              	0%



              	0%

            


          

        




        

          *modified from WHO Global Tuberculosis Report 2018 [9].

        




      




      A Stop TB Partnership target is that by the year 2050, the global incidence of active TB will be less than one case per million population per year. The components of the Stop TB Strategy are:





      

        	Pursue high-quality DOTS expansion and enhancement.




        	Address TB-HIV, MDR-TB, and the needs of poor and vulnerable populations.




        	Contribute to health system strengthening based on primary health care.




        	Engage all care providers.




        	Empower people with TB, and communities through partnership.




        	Enable and promote research.


      


    




    

      Tuberculosis Statistics




      TB incidence has never been measured at a country level, since this would require long term prospective studies, including large population cohorts (hundreds of thousands) with very high costs and challenging logistics. As a proxy of real incidence, TB incidence is estimated from case reports included in routine surveillance systems. Unfortunately, in many countries, surveillance systems cannot provide an adequate measure of TB incidence because of underreporting or underdiagnosis of cases [6].




      Incidence rates vary widely among regions of the world (Table 2). The lowest rates (<10 per 105) are reported from high-income countries including most countries from Western Europe, Canada, the United States, Australia, and New Zealand; most countries in the Americas (the WHO region with the lowest TB burden) have rates <50 per 105, although some countries like Haiti (181 per 105), Bolivia (111 per 105), and Peru (116 per 105) still have very high rates [7]. The countries with the highest rates are mostly located in Africa.




      

        Table 2 Estimated number of incident tuberculosis (TB) cases, incidence, and percentage of deaths among all TB cases*.




        

          

            

              	WHO Region



              	No. Cases (×1000)



              	Incidence (Per 105)



              	Fatality Rate (%)

            


          



          

            

              	Global (all regions)



              	10,000



              	133



              	15.7

            




            

              	African



              	2,480



              	237



              	26.8

            




            

              	Americas



              	282



              	28



              	8.5

            




            

              	Eastern Mediterranean



              	771



              	113



              	11.9

            




            

              	European



              	273



              	30



              	10.6

            




            

              	South-East Asia



              	4,440



              	226



              	15.0

            




            

              	Western Pacific



              	1,800



              	94



              	5.4

            


          

        




        

          *modified from WHO Global Tuberculosis Report, 2018 [9].

        




      




      Geographically, most TB cases in 2018 were in the WHO regions of South-East Asia (44%), Africa (24%), and the Western Pacific (18%) [8]. Eight countries account for two-thirds of the world cases: India (27%), China (9%), Indonesia (8%), the Philippines (6%), Pakistan (5%), Nigeria (4%), Bangladesh (4%) and South Africa (3%). On the other hand, only 3% of the global cases are reported by the WHO European Region and 3% by the WHO Americas region [7, 9].




      The WHO reported for the year 2018, an estimated 10 million (range 9.0-11.1 million) incident cases of TB (global rate: 133 cases per 105population), and 1.2 million TB deaths (range 1.1 to 1.3 million [8]. This represents a reduction of 1.8% and 3.9% in incident TB cases and TB deaths, respectively, in comparison with the year 2016; 920,000 (9%) of the incident cases and an estimated 300,000 deaths (case fatality rate 32.6%) occurred among persons living with HIV. Of the estimated 10 million cases, there were 5.8 million men, 3.2 million women, and 1 million children. Ninety percent of the cases are reported in adults (≥15 years), and, as mentioned, 9% occurred in people living with HIV, 72% of those living in Africa [9].




      Rifampin-resistant (RR-TB) or multidrug-resistant TB (MDR-TB) occurred in an estimated half a million cases (range 417,000-556,000) in 2018, which constitutes 5.6% of all cases. RR/MDR-TB accounted for 3.4% and 18% of new and previously treated cases, respectively, in 2018; an estimated 230,000 persons died of either RR or MDR-TB (case fatality rate: 41%) [9]. Among the RR-TB cases, 78% were MDR [8]; of the MDR-TB cases, 8.5% (CI95% 6.2-11%) were estimated to have extensively drug-resistant TB, also known as XDR-TB. Three countries accounted for almost half of the world cases of RR/MDR-TB: India (24%), China (13%), and the Russian Federation (10%). Although the overall incidence of TB in the WHO European region was only 30 per 105, the proportion of TB cases with RR or MDR-TB in this region (40%) was much higher than that in all the other five regions (range: 3.6%–6.3%) [9].




      Almost a quarter of the world population (1.7 billion people or 23%) are estimated to have latent TB infection (LTBI) and therefore are at risk of developing active TB during their lifetime, become infectious, and transmit the disease [10].




      Achieving the targets of the End TB strategy (Table 1) for a reduction in TB cases and deaths set for 2020 and 2025 will require to accelerate the current annual decline from 1.5% per year in 2015 to 4-5% per year by 2020, and by 10% per year by 2025. The global proportion of people who die from TB (case fatality ratio) needs to be reduced from 15.7% in 2017 to 10% by 2020 and 6.5% by 2025. This reduction in rates will only be possible if all those with TB can access high-quality health services for early diagnosis and effective treatment.




      Reaching the 2030 and 2035 targets will require an average acceleration of the decline rate of 17% per year. Such acceleration will depend on technological developments that could substantially reduce the risk of progression to an active disease of 1.7 billion people with LTBI through an effective post-exposure vaccine [11] or a concise, effective, and safe treatment for LTBI [1, 6].




      Despite advances in treatment and prevention, tuberculosis is one of the leading causes of morbidity and mortality and the leading cause of death from an infectious disease globally.




      Tuberculosis ceased to be an essential public health issue in economically developed countries as the main determinants of disease -extreme poverty, severe malnutrition, and overcrowding- gradually disappeared. Some public health experts declared that “virtual elimination of tuberculosis was in sight” [12].




      Although the development of antibiotic resistance due to M. tuberculosis was reported almost immediately after the introduction of the first effective regimen in the treatment of tuberculosis in 1944 with streptomycin, the effectiveness of regimens consisting of a combination of several antimicrobials in the treatment of tuberculosis during the decades of the 50’s and 60’s, brought as a consequence, the lack of interest in the development of new anti-tuberculosis drugs; 40 years had to pass between the introduction of rifampicin in the 1960s and the development of two new drugs, bedaquiline and delamanid in the 2010s [13].




      However, drug resistance is only one of the factors that favor the persistence of tuberculosis as a serious public health problem. Extreme poverty and co-infection with HIV in economically underdeveloped regions are a very significant contributing factor. Globalization has improved the mobility of the population but also the transmission of tuberculosis.




      The control of tuberculosis will require a comprehensive approach to tackle the disease’s socio-cultural determinants in combination with scientific advances in diagnosis [14] and treatment [15] if the disease is to be eradicated one day.
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      Abstract




      Mycobacterium tuberculosis (MTB) is the primary etiological agent of tuberculosis in humans (since the disease may be due to other mycobacteria of the MTB complex such as M. bovis). It belongs to the order of the Actinomycetales and the Mycobacteriaceae family. It is a bacillus that lacks capsule or flagella and does not produce spores or toxins; it measures 0.5 by four microns. Its generation time is prolonged (up to 24 hours). It is an aerobic bacillus that, if necessary, can persist under anaerobic conditions.




      It has a cell wall of extremely complex composition, with great strength and thickness, constituted up to 60% by lipids, generally known as mycolic acids that form complexes with polysaccharides such as arabinogalactan and peptidoglycan; these lipids determine their resistance to discoloration by alcohol-acid after they have been stained with carbol fuchsin (hence the term acid-fast bacilli acid or AFB). A distinctive feature of the MTB cell wall is its content of N-glycolimuranic acid instead of N-acetylmuramic acid found in most bacteria.




      The unusual cell wall of MTB also allows it to survive initially in the macrophage. The cell wall also constitutes a robust and highly impermeable barrier to harmful compounds and drugs. MTB can sense when the local tissue conditions are inadequate for survival (low oxygen tension and nutrient depletion), as in the macrophages and granulomas, responding by the activation of a dormant state, in which the bacilli stop multiplying, down-regulates its metabolism and activates anaerobic metabolism.
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      INTRODUCTION




      

        The Mycobacterium Tuberculosis Complex (MTC)




        Members of the MTC are bacteria that share a genetically identical 16SrRNA sequence and a greater 99.9% nucleotide identity. The four original species of the MTC are M. tuberculosis (affects humans, known as M. tuberculosis sensu stricto), M. africanum (affects humans), M. microti (affects voles) and M. bovis (affects cattle and other bovines). Newer species of the MTC include M. pinnipedii




        (affects pinnipeds: seals and sea lions), M. canettii (affects humans? it is the most ancestral recognized MTC member, although rarely isolated), the dassie bacillus (affects the rock hyraxes, [Procavia capensis]), M. caprae (affects goats), Myco bacterium orygis, (associated with various species), Mycobacterium mungi (which infects banded mongooses [Mungos mungo]), Mycobacterium suricattae (which affects meerkats [Suricata suricattae]), and M. bovis-BCG [1, 2]. The most accurate method to distinguish members of the MTC from one another are through genetic markers, single nucleotide polymorphisms (SNPs) in the 16S rDNA and gyrB genes and elsewhere in the genome, as well as extensive sequence polymorphisms referred to as regions of difference [2].




        The deciphering of the Mycobacterium tuberculosis (MTB) genome that contains 4,411,529 base-pairs with high guanine-cytosine content [3] has allowed the reconstruction of the evolutionary history of MTB as an infectious agent at a global level. MTB emerged from Africa 70,000 years ago and followed human migrations and was forced to genetically evolve to be able to persist in these low-density migrant populations. The increase in human population density associated with the introduction of agriculture and overall civilization led to the selection and transmission of more virulent MTB strains, which are now known as modern MTB strains [4].




        No human remains older than 11,000 years have shown the presence of tuberculosis disease, while the earliest tuberculosis case in animals has been reported in the 17,000-year-old remains of a bison [5].




        Human disease by M. bovis strains is a frequent clinical finding, with transmission to the human host occurring via aerosol (in people in contact with livestock) or the consumption of infected milk. There has always been speculation that human TB originally was acquired as a zoonotic disease from cattle; the fact that animal tuberculosis preceded human tuberculosis suggests some causality with the increase in domestication of livestock. It has been hypothesized that contact of animal stocks and humans favored transmission from cattle to humans (in the past, humans shared their home with domesticated animals to protect them from the weather and predators). However, this hypothesis proved to be false when mycobacterial interspersed repetitive unit genotyping and whole-genome sequencing (WGS) provided strong evidence against such a linear explanation [5]; the accumulation of genomic deletions makes it improbable that M. bovis is the precursor of M. tuberculosis and that human TB was associated with the domestication of cattle [1].




        Paleopathological studies had proven that mycobacterial disease was present in America in the pre-Columbian era [6] when Mycobacterium tuberculosis DNA was identified in a pre-Columbian Peruvian mummy [7]. It has been suggested that seals were the source of human tuberculosis in South America, predating the entrance of Mycobacterium tuberculosis L4 strains carried by the European Conquistadores. However, M. pinnipedii has been entirely replaced by the L4 lineage in the present day [8].




        M. tuberculosis belongs to the order of the Actinomycetales and the Myco bacteriaceae family. It lacks capsule or flagella and does not produce spores or toxins; it stains very weakly as Gram-positive; it measures 0.5 by 4 μ. It is a preferably aerobic bacillus that, if necessary, can persist under anaerobic conditions. A distinctive feature of the M. tuberculosis cell wall is its content of N-glycolimuranic acid instead of N-acetylmuramic acid found in most bacteria. The unusual cell wall of M. tuberculosis allows it to survive inside the alveolar macrophage, a cell that usually destroys the bacteria that phagocytes.




        Transmission of tuberculosis usually occurs through aerosols from one diseased host to a contact. Mycobacteria virulence will adapt to the host immunity. However, greater virulence would facilitate transmission, and it would also produce disseminated disease and some forms of TB that are nontransmissible (e.g., TB meningitis), types of disease that would rapidly kill the host stopping the chain of transmission; therefore, excessive virulence could be detrimental to mycobacteria survival. Optimal transmissibility requires enough virulence to produce a disease with a high rate of transmission (e.g., pulmonary disease through aerosols) before killing the host [1].




        Mycobacterium tuberculosis is characterized by its slow growth rate (generation time in synthetic media is about 24 hours), dormancy (known clinically as latent TB infection), a sophisticated cell wall, and genetic homogeneity. The state of dormancy reflects metabolic shut down as a response to the cell-mediated immune response of the host, a response that will contain, but not sterilize the lesion. When immunity wanes (e.g., old age) or the host immune response is inadequate (e.g., due to immunosuppressive treatment or HIV co-infection), latent bacteria can reactivate, even decades after the primary infection [9].




        One of the host responses to M. tuberculosis infection is the formation of a cluster of macrophages, creating a granuloma surrounding the mycobacteria. Host immune containment by granuloma formation creates a physical micro environment with nutrient limitations, a low pH, the presence of hydrolytic enzymes, and reduced oxygen tension. These granulomas are initially solid or caseous during latent infection, but when the immune pressure wanes (aging, immunosuppression by HIV infection, among others), the granuloma liquefies, allowing rapid bacterial replication and tissue damage. M. tuberculosis cultures with low oxygen tension (or anaerobic conditions) develop a thicker cell wall as an adaptation to low-oxygen conditions [10].




        MTB cell wall (which stains weakly as a Gram-negative) constitutes a robust and highly impermeable barrier to harmful compounds and drugs. It includes an asymmetrical lipid bilayer made of mycolic acids on the inside and glycolipids and waxy components on the external layer. On the inside of the cell wall, there is a thin layer of peptidoglycan covalently linked to arabinogalactan and lipoarabinomannan, which in turn are bound to the mycolic acids. The mycolic acids retain the stain with carbol fuchsin or auramine when decolorized by acid alcohol, hence the term acid-fast bacilli. Two of the first-line antituberculosis drugs, isoniazid (mycolic acids), and ethambutol (arabinogalactan), target components of the cell wall.




        MTB has several secretion systems, which are required for its full virulence. One of the secretion systems (ESX1) secretes among other antigens, ESAT-6 and CFP-10, antigens that are now used for the immunologic diagnosis of MTB infection in the interferon-gamma release assays (known as IGRA tests). M. bovis-BCG (an attenuated strain of wild M. bovis) has lost the ESX1 secretion system, and does not express ESAT-6 or CFP-10; therefore, IGRAs can be utilized to distinguish between M. tuberculosis infection and the immune reaction caused by BCG vaccination (unlike the tuberculin skin test).




        MTB can sense when the local tissue conditions are inadequate for survival (low oxygen tension and nutrient depletion), as in the macrophages and granulomas, responding by the activation of a dormant state, in which the bacilli stop multiplying, down-regulates their metabolism and activate anaerobic metabolism. These dormant mycobacteria can persist in the host for years and revert to an active state when the conditions allow it (e.g., immunosuppression) [4].




        M. tuberculosis can synthesize all the essential amino acids, vitamins, and enzyme co-factors. It can also metabolize carbohydrates, hydrocarbons, alcohols, ketones, and carboxylic acids. Under aerobic conditions, adenosine triphosphate (ATP) will be generated by oxidative phosphorylation, but mycobacteria must adapt its metabolism to the microaerophilic and anaerobic environment present at the center of a granuloma.




        M. tuberculosis is naturally resistant to many antibiotics. An essential factor in this resistance capacity is due mainly to its highly hydrophobic cell wall acting as a permeable physical barrier, but many resistance determinants are encoded in its genome, including hydrolases, β-lactamases and drug-efflux systems [9].
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      Abstract




      Tuberculosis infection occurs when a subject inhales the Mycobacterium tuberculosis bacilli (MTB). An active case of pulmonary or laryngeal tuberculosis generates infectious particles called droplet nuclei of <5 microns in diameter, when coughing, sneezing or through any other forceful expiratory maneuver. The infectiousness of a patient with TB is directly related to the form of the disease (laryngeal, pulmonary), the presence of cough, cavitary lung disease and the positivity of the sputum smear/culture.




      The prevalence of M. tuberculosis infection among household contacts is higher than 50%. Contacts who are <5 years of age or HIV infected have the most significant risk of developing tuberculosis once they acquire the infection.




      In latent tuberculous infection, most bacilli are metabolically inactive, and only a few are replicating. In immunocompetent individuals, these bacilli are destroyed by the immune defenses of the host and the development of active disease aborts. When the immunity of the subject fails, the bacilli multiply, and eventually, active tuberculosis ensues. If latent infection tuberculosis is not treated, approximately 5% of infected individuals will develop the active disease within the first two years after infection, and another 5% will develop TB sometime later in life.




      HIV infection is the most significant risk factor for the progression of LTBI to active TB disease, with an annual risk of 7-10% for subjects who are not receiving highly active antiretroviral treatment.
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      INTRODUCTION




      Tuberculosis infection occurs when a subject inhales the Mycobacterium tuberculosis bacilli (MTB). Although there are other ways to acquire tuberculosis (ingestion of contaminated milk products, transdermal inoculation or transplacental) by far, the most common route is by inhalation.




      An active case of pulmonary or laryngeal tuberculosis generates infectious particles called droplet nuclei of <5 microns in diameter when coughing, sneezing, shouting (or singing), or any other forceful expiratory maneuver;




      depending on the environmental conditions, these particles can remain suspended in the air for several hours, and are inhaled by a susceptible individual who may become infected and develop active tuberculosis [1].




      Four factors determine the probability of transmission of M. tuberculosis:





      

        	The susceptibility of the exposed individual that is directly related to the host immune status.




        	The infectiousness of the source case: the higher the number of bacilli expelled by the source case, the higher the degree of infectiousness.




        	The environmental conditions that affect the concentration of microorganisms.




        	The degree of exposure to the source case.


      




      The infectivity of a patient with TB is directly related to the form of the disease (laryngeal, pulmonary), the presence of cough, cavitary lung disease, and the positivity of the sputum smear/culture.




      Regarding the environmental conditions, the higher the concentration of M. tuber-culosis in the air, the higher is the risk of transmission. Smaller, enclosed spaces with inadequate ventilation facilitate a higher concentration of droplet nuclei in the atmosphere, increasing the risk of infection.




      Finally, the longer the duration and frequency of the exposure, and the closer the proximity to the source case, the higher the risk of transmission.




      The highest probability of infection at home is when the index case is smear-positive, and the contact is less than 15 years old [2]. According to a recent systematic review and meta-analysis, the prevalence of M. tuberculosis infection among household contacts is higher than 50% [3]. Contacts who are <5 years of age or HIV infected have the most significant risk of developing active tuberculosis once they acquire the infection.




      Due to its size (<5 microns), MTB traverse the mouth or nasal passages, upper respiratory tract, and bronchi to reach the alveoli, where it is then rapidly phagocytosed by the alveolar macrophages and contained in phagosomes. Other bacteria are usually destroyed when exposed to lysosome enzymes, but MTB has developed biological resistance mechanisms such as inhibition of phagosome-lysosome fusion and evading the lethal acid pH by staying within the phagolysosomes. In a tuberculosis-naïve individual that lacks specific immunity against tuberculosis, the macrophage is not able to kill MTB, and the bacilli actively replicate within it, protected from other immune cells. Therefore, alveolar macrophages initially constitute a niche for mycobacterial replication and serve as a reservoir for latent mycobacteria within pulmonary granulomas during latent tuberculosis infection (LTBI) [4].
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