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Abstract

:

An estimated 19 million people are infected with rifampicin-resistant/multidrug-resistant strains of tuberculosis worldwide. There is little done to prevent these individuals from becoming sick with RR/MDR-TB, a disease that is associated with high rates of morbidity, mortality, and suffering. There are multiple phase III trials currently being conducted to assess the effectiveness of treatment of infection (i.e., “preventive therapy”) for RR/MDR-TB, but their results are likely years away. In the meantime, there is sufficient evidence to support a more comprehensive management of people who have been exposed to RR/MDR-TB so that they can maintain their health. We present a patient scenario and share our experience in implementing a systematic post-exposure management program in South Africa with the goal of inspiring similar programs in other high-burden RR/MDR-TB settings.
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1. Introduction


Each year, more than a half million people become newly sick with rifampicin-resistant/multidrug-resistant forms of tuberculosis (RR/MDR-TB) [1]. The past decade has witnessed major advances in the way that RR/MDR-TB is diagnosed and treated. More needs to be done, however, to prevent morbidity, mortality, and suffering from this complicated infectious disease [2]. The public health approach to RR/MDR-TB has primarily focused on treating people after they become sick or conceptualizing prevention in a narrow frame aimed at preventing the selection of additional drug resistance among people who are on treatment for TB [3]. Within this review, we seek to reframe RR/MDR-TB prevention from a family-centered, equity-driven perspective. We emphasize actions that should be implemented without delay to address this ongoing crisis of antimicrobial resistance.




2. One Family’s Experience


RR/MDR-TB can have a major impact on a family. In our work in a peri-urban township located outside of Cape Town, we encountered many households struggling with the disease. As an example, the Makhanda (name changed to protect privacy and permission given to share this family experience. This family experience was typical of what was encountered by many families we worked with in South Africa) family struggled to meet the growing household’s most basic needs. With only one working household member, money was tight, and there was often not enough to eat. When the oldest adult brother died in a motor vehicle accident, the family matriarch, Busisiwe, had to make room for his three children—all under the age of ten years—to come and live in the already crowded shack where she was living with her daughter, her son, and four of her other grandchildren. Over the coming months, Busisiwe attributed her weight loss to the meagre food supply and the stress, but it was harder to explain away her cough. When she finally presented to the health center and was told she had RR/MDR-TB, she was devastated at the loss of her income that the daily visits to the health center for observed therapy would cause and she was worried about the family members living with her. Her son and two of the grandchildren were coughing as well, and although the nurse told her to bring all the household members to clinic for evaluation, they only had taxi fare to bring the sickest one. When she used that money to bring her grandson to clinic, she was grief-stricken to learn he was also sick and wept as they took him away to the hospital. She worried endlessly about the other children but was told there was nothing else they could do. “Just bring them to the clinic if they are sick” the nurse instructed her, as Busisiwe left the health center once again with a heavy heart, worried that she had brought this misfortune on them all.




3. Epidemiology of RR/MDR-TB Infection


Infection with Mycobacterium tuberculosis means that a person has the bacilli living in the lungs but is not yet sick with TB disease. In this paper, we will refer to this state as RR/MDR M.tb infection. The precise data on the number of people who are infected with RR/MDR-TB are not possible to calculate since current tests for TB infection cannot differentiate between drug-susceptible and drug-resistant strains. This is because drug susceptibility testing can only be done when M. tuberculosis or its DNA has been isolated, a condition that usually defines TB disease. Modelling studies suggest that there are more than 19 million people worldwide who harbor mycobacterial strains that are resistant to rifampicin and isoniazid [4] (the definition of multidrug-resistant TB) in their lungs. Given that about 500,000 people become sick with RR/MDR-TB each year and that the global average household size is four people, this means more than a million people are exposed to RR/MDR-TB annually [5]. While not all these individuals are infected with RR/MDR-TB and not all those who are infected will become sick, these numbers suggest that the growing reservoir of people with RR/MDR M.tb infection far outstrips treatment capacity. That fact alone is reason for concerted action, but until recently, the only measure recommended to prevent RR/MDR-TB among those who were exposed was frequent clinical monitoring [6].



Much of this stems from the fact that there are not yet randomized controlled trials supporting the use of a specific medication for the treatment of RR/MDR M.tb infection (or what is more commonly called preventive therapy). Some of this also stems from the historical debate about the transmissibility of RR/MDR M.tb strains, with some studies suggesting that the fitness costs associated with some mutations leading to resistance could reduce the transmissibility of these forms of TB [7]. Several epidemiologic studies have shown that household members of persons who are newly diagnosed with RR/MDR-TB have a markedly elevated risk of TB infection and disease, perhaps owing to the delays faced in many places in diagnosing and treating RR/MDR-TB [8,9].




4. Optimizing RR/MDR-TB Prevention through Systematic Post-Exposure Management


Rapid diagnosis and prompt initiation of effective therapy are among the most effective means for preventing RR/MDR-TB since primary transmission is driving most of the burden of RR/MDR-TB in many settings in the world [10,11]. Thus, the widespread use of WHO-recommended rapid molecular tests coupled with access to newer drugs and shorter regimens that can effectively treat many types of RR/MDR-TB in as little as six months and with as few as four drugs [12] is key to decreasing the reservoir of people infected with RR/MDR-TB mycobacterial strains. Offering such therapy in decentralized and supportive settings with counseling and socioeconomic support is also essential in RR/MDR-TB prevention. More needs to be done to make the treatment of people with all forms of TB person-centered [13].



When someone is newly diagnosed with RR/MDR-TB, working with them to compassionately disclose this diagnosis to other household members is key. If done in a supportive manner—as is the case with HIV and other infectious diseases [14]—and by avoiding blaming concepts and terms (see Text Box 1), then the entire household can be engaged in the next stages of care for all members [15]. This shift from the traditional concept of contact tracing to one of post-exposure management may also help spur reluctant health care services into more active modes of support [16]. Contact tracing could also be expanded beyond the household and into entire communities with high rates of RR/MDR-TB using the same strategies we describe here.





Box 1. Key Components of Disclosure Counseling.






Empathize with the person who was just diagnosed;



Assess any physical or mental risks that might result if disclosure happens;



Identify any individuals who might be able to support disclosure with other household members and share the news with that individual first;



Practice the disclosure and review what is the best way to say things for the newly diagnosed person;



Emphasize the concepts of “shared air” rather than contagion and blame;



Offer to assist the newly diagnosed person with the disclosure if s/he would like;



Stress that there are many actions that can be done to keep household members healthy;



Schedule a time to follow up and review how the disclosure went.







Most RR/MDR-TB transmission occurs prior to a diagnosis of RR/MDR-TB being made [17]. Many traditional infection prevention measures, however, are enacted after a person has been diagnosed with RR/MDR-TB. Thus, they reinforce stigma and shame [18]. These include separation from other family members, forced hospitalization, and isolation for work, school, or usual household and social activities. There is a role for infection control measures as part of the approach to RR/MDR-TB prevention, but they should not be the sole focus of TB programs and should be provided in a compassionate manner. Studies have shown that when a person is started on and able to take effective treatment for RR/MDR-TB, there is almost no ongoing transmission even after 48–72 h on medication [19]. Ironically, fear-based infection control strategies might be associated with alienation from the health care system [20], leading to drop out from treatment and an increased risk of TB transmission.



The principles of what has traditionally been called preventive therapy but what should more accurately be referred to as the treatment of infection for drug-susceptible TB and RR/MDR-TB are essentially the same [21]. The goal is identifying individuals when they are harboring only a small population of mycobacteria in the lungs—and thus are usually asymptomatic—so that they can be treated with fewer medications (often just one or two) and for shorter periods of time (ranging from one to six months) than are needed for people with active TB disease. This strategy has been shown to reduce morbidity and mortality for drug-susceptible TB across multiple populations and settings [22,23,24]. Older models of latent TB, which can be prevented from becoming active, are not in keeping with what is now understood about the spectrum of TB infection and disease [25]. In newer models based on improved understandings of pathophysiology, TB is no longer understood to be in binary active or latent states but rather to present in the lungs in insufficient numbers to cause symptoms/disease [26]. The older conceptions of latent or sleeping TB may have contributed to a lack of urgency and resources targeted toward prevention on the part of health systems, policy makers, providers, and programs.



For both drug-susceptible and RR/MDR M.tb infection treatment, the first step is ruling out active TB disease. This is usually conducted through a symptom assessment, weight monitoring, physical examination, bacteriologic testing, and chest radiography [27]. Tests for M.tb infection perform poorly as they require a functioning immune system and are, thus, more likely to yield false-negative results in the populations most at risk of becoming sick with TB, such as in young children or persons living with HIV [28]. In addition to better tests of infection, well-quantified exposure scales for TB can serve as proxy measures for TB infection [29]. RR/MDR M.tb infection can be presumed if the index individual is sick with a strain of RR/MDR-TB (either confirmed or possible).



What differs between the treatment of infection for drug-susceptible and RR/MDR-TB is the medications that can be used for therapy. By definition, RR/MDR-TB strains are resistant to the medications used to prevent drug-susceptible TB, including rifamycins and (for persons with MDR-TB) isoniazid. For this reason, fluoroquinolones have been the mainstay in the treatment of RR/MDR M.tb infection [30]. When the first observational studies of RR/MDR M.tb infection treatment were conducted several decades ago, access to drug susceptibility testing for fluoroquinolones was limited and took weeks to months to obtain. This led to the use of multidrug regimens for RR/MDR M.tb infection treatment, a strategy that increased both the pill burden and the likelihood of adverse events [31]. In spite of the challenges of multidrug regimens, preventive therapy regimens for RR/MDR-TB were shown to be effective in several small observational studies. Many of these studies were from Cape Town, South Africa, and utilized levofloxacin in combination with high-dose isoniazid and either ethambutol or ethionamide [32]. A large outbreak in the Federated States of Micronesia found fluoroquinolone-based preventive therapy to be both effective and cost-effective and contributed to the World Health Organization making a conditional recommendation for RR/MDR-TB preventive therapy in 2018 [33]. A combination therapy strategy for RR/MDR M.tb infection was used in a larger cohort of persons exposed to RR/MDR-TB in the household in Karachi, Pakistan and found the treatment of infection to be effective but that the use of ethionamide resulted in poor adherence, largely mitigated by adverse events [34,35]. Of note, although fluoroquinolones are a mainstay in RR/MDR-TB preventive therapy, other options have been reported in observational cohorts, including high-dose isoniazid [36] or bedaquiline or delamanid given for six months. Short courses (i.e., one month) of linezolid have also been reported on a patient-by-patient basis [37]. Of note, if there is clear evidence that a person has rifampicin mono-resistant M.tb infection, isoniaizid-based preventive therapy regimens lasting six months should be effective.



Very few of the persons who could benefit from RR/MDR M.tb infection treatment globally have access to it. Currently, RR/MDR M.tb infection treatment is usually only implemented in low-burden TB settings. Some of this may be due to a lack of randomized controlled trials leading to a rather lukewarm policy recommendation from the WHO on RR/MDR-TB preventive therapy. However, given the notable morbidity and mortality of RR/MDR-TB disease worldwide and existing programmatic data the balance of risk/benefit ratio would likely favor wider-scale implementation of RR/MDR M.tb treatment of infection even while randomized trial data are being collected. There are three ongoing trials of RR/MDR M.tb infection treatment, two of which are assessing the role of fluoroquinolones and one of which is testing the novel nitroimidazole medication delamanid [38]. The status of these trials is summarized in Table 1 below. In addition to these trials, there is a need for exploring other models of drug development for RR/MDR M. tb infection, including inhaled therapies, vitamin supplementation, and nutritional support.



Much of what is driving the global RR/MDR-TB crisis is poverty, hunger, lack of housing, and co-morbid conditions, such as HIV, substance use disorder, malnutrition, and diabetes [39]. Effective RR/MDR-TB post-exposure management must, therefore, take into account the broad range of issues faced by populations who are at increased risk of the disease and approach them in an integrated and person-centered fashion [40]. While these issues were not reviewed in detail in this paper, they are essential to RR/MDR-TB prevention efforts. Figure 1 summarizes key elements of RR/MDR-TB prevention.




5. Khayelitsha Model of Care


All too often, programs and providers report feeling too overwhelmed to take on TB prevention, and this may be even truer for the prevention of RR/MDR-TB. At the same time, RR/MDR-TB prevention activities are critical, since even with improved diagnostic and treatment strategies, outcomes for people living with RR/MDR-TB are far below those achieved for people with drug-susceptible form of TB. While many high-risk TB settings face unique issues and challenges, there are often cross-cutting themes of poverty, injustice, and inequity driving the transmission of RR/MDR-TB in communities. We were able to successfully implement a program aimed at RR/MDR-TB prevention in a peri-urban township outside of Cape Town, South Africa beginning in 2020. With the aim of sharing lessons learnt with policy makers and TB care providers, below is a description of the program as well as the key factors supporting its success [41].



The Khayelitsha post-exposure management program (referred to locally as the “PEP”) was implemented as a collaborative effort between Médecins Sans Frontières, the City of Cape Town, and the Western Cape Department of Health. Household contacts (particularly children and adolescents) of persons newly diagnosed with RR/MDR-TB, were assessed for signs or symptoms of TB, and provided TB counselling, either in their home or at their primary health care clinic. This was conducted by a PEP-dedicated TB nurse who worked across all 10 Khayelitsha clinics. Contacts with any suggestive signs or symptoms of TB were referred for further evaluation by a doctor and, where indicated, for chest radiograph and/or bacteriological testing. Following best practices in the South African setting, tests of infection were not routinely performed given that all these individuals were close contacts of persons newly diagnosed with TB. Contacts without clinical evidence of active TB disease would be offered 6 months of treatment of infection most commonly with a fluoroquinolone (high-dose isoniazid or delamanid was used where there was suspected or confirmed fluoroquinolone resistance in the index case).



Patient-centered and differentiated care was a key aspect of this program (this was particularly essential given that this program was rolled out at the same time as the COVID pandemic hit), with persons given the option to follow up for treatment of infection in their home, at the clinic, or telephonically. Follow-up consults focused on ongoing treatment literacy/counseling support, and eliciting if there were any emerging TB symptoms or adverse events. To minimize disruptions to people’s lives, follow-up visits were conducted every two to three months, with multi-month medication refills provided. Young children were offered child friendly formulations of medication to support treatment adherence, including dispersible tablets of levofloxacin provided by the Global Drug Facility. Where socio-economic concerns were noted in the household, persons could be referred to a TB counsellor or social worker and could be provided with food parcels. Transport allowance was provided where needed for travel to attend any clinic visits.



The outcomes of the initial phase of this program (112 children and adolescents on treatment of infection) are described in more detail in a recent publication. Notably, this program resulted in a high level of case detection (10% of those screened were started on treatment for TB disease), as well as high retention in care for those who received treatment for infection (80% completed treatment); therapy was well tolerated with minimal adverse events. None of those who started treatment for infection developed active TB disease (median 200-day follow-up). After the initial pilot success of this program, the work was integrated into the routine TB services offered at the clinic.




6. Conclusions


It is imperative that more work is conducted to prevent RR/MDR-TB in the coming years. RR/MDR-TB is one of the most serious aspects of the global crisis in antimicrobial resistance, but efforts to prevent RR/MDR-TB have narrowly focused on resistance amplification, while ignoring other important interventions. RR/MDR-TB preventative efforts require a fundamental shift in the thinking and actions of the TB community, to a focus on providing person and family-centered care along the whole continuum. Rapid diagnosis of all forms of TB and initiation of the shortest most effective regimen is key to RR/MDR-TB prevention. So too is compassionate post-exposure care for all close contacts and members of the family coupled with supportive counselling. In this review, we have outlined key preventative strategies along the spectrum of care and shared our experiences of a family centered RR/MDR-TB preventive care model. Implementation of these strategies by committed TB programs and care providers promises to dramatically improve RR/MDR-TB prevention efforts and could, with time, reduce the implementation burdens of treating RR/MDR-TB for countries and programs. Doing so will dramatically reduce the suffering of persons, such as Busisiwe and her family.







Author Contributions


A.R. and J.F. contributed equally to the conceptualization, writing of the original and revised drafts, and review of resources. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



World Health Organization. Global TB Report 2022. Available online: https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2022 (accessed on 28 February 2023).

	



Gunther, G.; Ruswa, N.; Keller, P. Drug-resistant tuberculosis: Advances in diagnosis and management. Curr. Opin. Pulm. Med. 2022, 28, 211–217. [Google Scholar] [CrossRef] [PubMed]

	



Farmer, P.; Bayona, J.; Becerra, M.; Furin, J.; Henry, C.; Hiatt, H.; Kim, J.Y.; Mitnick, C.; Nardell, E.; Shin, S. The dilemma of MDR-TB in the global era. Int. J. Tuberc. Lung Dis. 1998, 2, 869–876. [Google Scholar] [PubMed]

	



Knight, G.; McQuaid, C.; Dodd, P.; Houben, R. Global burden of latent multidrug-resistant tuberculosis: Trends and estimates based on mathematical modeling. Lancet Infect. Dis. 2019, 19, 903–912. [Google Scholar] [CrossRef] [PubMed]

	



Yuen, C.M.; Rodriguez, C.A.; Keshavjee, S.; Becerra, M.C. Map the gap: Missing children with drug-resistant tuberculosis. Public Health Action 2015, 5, 45–58. [Google Scholar] [CrossRef] [PubMed]

	



World Health Organization. Guidelines for the Programmatic Management of Drug-Resistant Tuberculosis: Emergency Update; World Health Organization: Geneva, Switzerland, 2008; ISBN 978-92-4-154758-1.

	



Gagneux, S.; Davis Long, C.; Small, P.; Van, T.; Schoolnik, G.K.; Bohannan, B.J. The competitive cost of antibiotic resistance in Mycobacterium tuberculosis. Science 2006, 312, 1944–1946. [Google Scholar] [CrossRef]

	



Martinez, L.; Cords, O.; Horsburgh, C.R.; Andrews, J.R.; Acuna-Villaorduna, C.; Ahuja, S.D.; Altet, N.; Augusto, O.; Baliashvili, D.; Basu, S.; et al. The risk of tuberculosis in children after close exposure: A systematic review and individual-participant meta-analysis. Lancet 2020, 395, 973–984. [Google Scholar] [CrossRef]

	



Denholm, J.T.; Leslie, D.E.; Jenkin, G.A.; Darby, J.; Johnson, P.D.R.; Graham, S.M.; Brown, G.V.; Sievers, A.; Globan, M.; Brown, L.K.; et al. Long-term follow-up of contacts exposed to multidrug-resistant tuberculosis in Victoria, Australia, 1995–2010. Int. J. Tuberc. Lung Dis. 2012, 16, 1320–1325. [Google Scholar] [CrossRef]

	



Van Custem, G.; Isaakidis, P.; Fraley, J.; Nardell, E.; Volchenkov, G.; Cox, H. Infection control for drug-resistant tuberculosis: Early diagnosis and treatment is key. Clin. Infect. Dis. 2016, 62, S238–S243. [Google Scholar]

	



Shah, N.; Auld, S.; Brust, J.; Mathema, B.; Ismail, N.; Moodley, P.; Mlisana, K.; Allana, S.; Campbell, A.; Mthiyane, T.; et al. Transmission of extensively drug-resistant tuberculosis in South Africa. N. Engl. J. Med. 2017, 376, 243–253. [Google Scholar] [CrossRef]

	



McKenna, L.; Frick, M.; Angami, K.; Dubula, V.; Furin, J.; Harrington, M.; Hausler, H.; Heitkamp, P.; Herrera, R.; Lynch, S.; et al. The 1/4/6x24 campaign to cure tuberculosis quickly. Nat. Med. 2023, 29, 16–17. [Google Scholar] [CrossRef]

	



Cox, H.; Hughes, J.; Daniels, J.; Azevedo, V.; McDermid, C.; Poolman, M.; Boulle, A.; Goemaere, E.; Van Cutsem, G. Community-based treatment of drug-resistant tuberculosis in Khayelitsha, South Africa. Int. J. Tuberc. Lung Dis. 2014, 18, 441–448. [Google Scholar] [CrossRef] [PubMed]

	



Yalew, M.; Adane, B.; Kefale, B.; Damtie, Y.; Tadesse, S.E.; Molla, A. The effect of counseling, antiretroviral therapy and relationship on disclosing HIV positive status to sexual partner among adult HIV patients in Ethiopia: A systematic review and meta-analysis. PLoS ONE 2021, 16, e0249887. [Google Scholar] [CrossRef] [PubMed]

	



Rakhmawati, W.; Nilmanat, K.; Hatthakit, U. moving from fear to realization: Family engagement in tuberculosis prevention in children living in Sudanese households in Indonesia. Int. J. Nurs. Sci. 2019, 6, 272–277. [Google Scholar] [CrossRef] [PubMed]

	



Mohr-Holland, E.; Douglas-Jones, B.; Apolisi, I.; Ngambu, N.; Mathee, S.; Cariem, R.; Mudaly, V.; Pfaff, C.; Isaakidis, P.; Furin, J.; et al. Tuberculosis preventive therapy for children and adolescents: An emergency response to the COVID-19 pandemic. Lancet Child Adolesc. Health 2021, 5, 159–161. [Google Scholar] [CrossRef]

	



Tierney, D.B.; Orvis, E.; Nathavitharana, R.R.; Hurwitz, S.; Tintaya, K.; Vargas, D.; Segura, P.; de la Gala, S.; Lecca, L.; Mitnick, C.D.; et al. FAST tuberculosis transmission control strategy speeds the start of tuberculosis treatment at a general hospital in Lima, Peru. Infect. Control Hosp. Epidemiol. 2022, 43, 1459–1465. [Google Scholar] [CrossRef]

	



Rapoport, V.; Altamirano, E.; Senador, L.; Wong, M.; Beckhorn, C.B.; Coit, J.; Roche, S.D.; Lecca, L.; Galea, J.T.; Chiang, S.S. Impact of prolonged isolation on adolescents with drug-susceptible tuberculosis in Lima, peru: A qualitative study. BMJ Open 2022, 12, e063287. [Google Scholar] [CrossRef]

	



Dharmadhikari, A.S.; Mphahlele, M.; Venter, K.; Stoltz, A.; Mathebula, R.; Masotla, T.; van der Walt, M.; Pagano, M.; Jensen, P.; Nardell, E. Rapid impact of effective treatment on transmission of multi-drug-resistant tuberculosis. Int. J. Tuberc. Lung Dis. 2014, 18, 1019–1025. [Google Scholar] [CrossRef]

	



Redwood, L.; Fox, G.J.; Nguyen, T.A.; Bernarys, S.; Mason, P.; Vu, V.A.; Nguyen, V.N.; Mitchell, E.M. Good citizens, perfect patients, and family reputation: Stigma and prolonged isolation in people with drug-resistant tuberculosis in Vietnam. PLoS Glob. Public Health 2022, 2, e0000681. [Google Scholar] [CrossRef]

	



Nguyen, B.; Fox, G.; Mason, P.; Denholm, J. Preventive therapy for multidrug-resistant latent tuberculosis infection: An ethical imperative with ethical barriers to implementation? In Ethics and Drug Resistance: Collective Responsibility for Global Public Health; Jamrozik, E., Selgelid, M., Eds.; Public Health Ethics Analysis; Springer: Cham, Switzerland, 2020; Volume 5. [Google Scholar] [CrossRef]

	



Uppal, A.; Rahman, S.; Campbell, J.R.; Oxlade, O.; Menzies, D. Economic and modeling evidence for tuberculosis preventive therapy among people living with HIV: A systematic review and meta-analysis. PLoS Med. 2021, 18, e1003712. [Google Scholar] [CrossRef]

	



Rangaka, M.X.; Wilkinson, R.J.; Boulle, A.; Glynn, J.R.; Fielding, K.; Van Cutsem, G.; Wilkinson, K.A.; Goliath, R.; Mathee, S.; Goemaere, E.; et al. Isoniazid plus antiretroviral therapy to prevent tuberculosis: A randomised double-blind, placebo-controlled trial. Lancet 2014, 384, 682–690. [Google Scholar] [CrossRef]

	



Sterling, T.R.; Villarino, M.E.; Borisov, A.S.; Shang, N.; Gordin, F.; Bliven-Sizemore, E.; Hackman, J.; Hamilton, C.D.; Menzies, D.; Kerrigan, A.; et al. Three months of rifapentine and isoniazid for latent tuberculosis infection. N. Engl. J. Med. 2011, 365, 2155–2166. [Google Scholar] [CrossRef]

	



Esmail, H.; Macpherson, L.; Coussens, A.; Houben, R.M. Mind the gap: Managing tuberculosis across the disease spectrum. EBiomedicine 2022, 78, 103928. [Google Scholar] [CrossRef]

	



Lin, P.; Flynn, J. The end of the binary era: Revisiting the spectrum of tuberculosis. J. Immunol. 2019, 201, 2541–2548. [Google Scholar] [CrossRef]

	



Brooks, M.B.; Dubois, M.M.; Malik, A.A.; Ahmed, J.F.; Siddiqui, S.; Khan, S.; Brohi, M.; Das Valecha, T.; Amanullah, F.; Becerra, M.C.; et al. Age-specific effectiveness of a tuberculosis screening intervention in children. PLoS ONE 2022, 17, e0264216. [Google Scholar] [CrossRef]

	



Sharma, S.K.; Vashishtha, R.; Chauhan, L.S.; Sreenivas, V.; Seth, D. Comparison of TST and IGRA in Diagnosis of Latent Tuberculosis Infection in a High TB-Burden Setting. PLoS ONE 2017, 12, e0169539. [Google Scholar] [CrossRef]

	



Coit, J.; Mendoza, M.; Pinedo, C.; Marin, H.; Chiang, S.S.; Lecca, L.; Franke, M. Performance of a household tuberculosis exposure survey among children in a Latin American setting. Int. J. Tuberc. Lung Dis. 2019, 23, 1223–1227. [Google Scholar] [CrossRef]

	



Center for Global Health Delivery-Dubai. Post-Exposure Management of Multidrug-Resistant Tuberculosis Contacts: Evidence-Based Recommendations. 2015. Available online: http://sentinel-project.org/wp-content/uploads/2015/11/Harvard-Policy-Brief_revised-10Nov2015.pdf (accessed on 16 May 2023).

	



Seddon, J.; Hesseling, A.; Finlayson, H.; Fielding, C.; Cox, H.; Hughes, J.; Godfrey-Faussett, P.; Schaaf, S. Preventive therapy of child contacts of multidrug-resistant tuberculosis: A prospective cohort study. Clin. Infect. Dis. 2013, 12, 1676–1684. [Google Scholar] [CrossRef]

	



Seddon, J.; Godfrey-Faussett, P.; Hesseling, A.; Gie, R.P.; Beyers, N.; Schaaf, H.S. To exposed children of Management of children exposed to multidrug-resistant Mycobacterium tuberculosis. Lancet Infect. Dis. 2012, 6, 469–479. [Google Scholar] [CrossRef]

	



Marks, S.M.; Mase, S.R.; Morris, S.B. Systematic Review, Meta-Analysis, and Cost-Effectiveness of Treatment of Latent Tuberculosis to Reduce Progression to Multidrug-Resistant Tuberculosis. Clin. Infect. Dis. 2017, 64, 1670–1677. [Google Scholar] [CrossRef]

	



Malik, A.A.; Gandhi, N.R.; Lash, T.L.; Cranmer, L.M.; Omer, S.B.; Ahmed, J.F.; Siddiqui, S.; Amanullah, F.; Khan, A.J.; Keshavjee, S.; et al. Effectiveness of Preventive Therapy for Persons Exposed at Home to Drug-Resistant Tuberculosis, Karachi, Pakistan. Emerg. Infect. Dis 2021, 27, 805–812. [Google Scholar] [CrossRef]

	



Mailk, A.; Becerra, M.; Lash, T.; Cranmer, L.M.; Omer, S.B.; Fuad, J.; Siddiqui, S.; Amanullah, F.; Jaswal, M.; Salahuddin, N.; et al. Risk factors for adverse events in household contacts prescribed preventive treatment for drug-resistant tuberculosis exposure. Clin. Infect. Dis. 2021, 72, 1709–1715. [Google Scholar] [CrossRef] [PubMed]

	



Huang, C.; Becerra, M.; Calderon, R.; Contreras, C.; Galea, J.; Grandjean, L.; Lecca, L.; Yataco, R.; Zhang, Z.; Murray, M. Isoniazid preventive therapy in contacts of multidrug-resistant tuberculosis. Am. J. Respir. Crit. Care Med. 2020, 202, 1159068. [Google Scholar] [CrossRef] [PubMed]

	



Harvard Center for Global Health Delivery. Global Consultation on Best Practices in MDR-TB Care. Dubai, United Arab Emirates. 8 July 2019. Available online: https://ghdcenter.hms.harvard.edu/event/global-consultation-best-practices-mdr-tb-care (accessed on 20 March 2023).

	



Treatment Action Group. Pipeline Report 2022: Tuberculosis Treatment. Available online: https://www.treatmentactiongroup.org/wp-content/uploads/2023/01/pipeline_TB_Treatment_2022_final.pdf (accessed on 28 February 2023).

	



Cannon, L.; Oladimeji, K.; Ter Goon, D. Socioeconomic drivers of drug-resistant tuberculosis in Africa: A scoping review. BMC Public Health 2021, 21, 488. Available online: https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-10267-0 (accessed on 21 March 2023). [CrossRef] [PubMed]

	



Odone, A.; Roberts, B.; Dara, M.; Van Den Boom, M.; Kluge, H.; McKee, M. People- and patient-centered care for tuberculosis: Models of care for tuberculosis. Int. J. Tuberc. Lung Dis. 2018, 22, 133–138. [Google Scholar] [CrossRef] [PubMed]

	



Apolisi, I.; Cox, H.; Tyeku, N.; Daniels, J.; Mathee, S.; Cariem, R.; Douglas-Jones, B.; Ngambu, N.; Mudaly, V.; Mohr-Holland, E.; et al. Tuberculosis diagnosis and preventive monotherapy among children and ado-lescents exposed to rifampicin-resistant tuberculosis in the household. In Open Forum in Infectious Diseases; Oxford University Press: Oxford, UK, 2023; Available online: https://academic.oup.com/ofid/advance-arti-cle/doi/10.1093/ofid/ofad087/7049594?utm_source=authortollfreelink&utm_campaign=ofid&utm_medium=email&guestAccessKey=3bd144dc-c0e5-49a3-84eb-a3ceaebafa47 (accessed on 28 February 2023).








[image: Pathogens 12 00728 g001 550] 





Figure 1. A summary of the key elements of RR/MDR-TB prevention. 
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Table 1. Ongoing randomized Controlled Trials for RR/MDR M.tb Treatment of Infection.
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	Study Name
	Registration Number
	Eligible Populations
	Regimens Being Assessed
	Comments





	V-QUIN
	ACTRN12616000215426
	Household contacts of all ages of persons diagnosed with RR/MDR-TB
	Levofloxacin versus placebo
	Enrollment is completed and results are likely to be analyzed as pooled data with TB-CHAMP, results expected in 2025



	TB-CHAMP
	ISRCTN92634082
	Household contacts ages 18 years and under of persons diagnosed with RR/MDR-TB in South Africa
	Levofloxacin versus placebo
	Enrollment is completed and results are likely to be analyzed in pooled data with V-QUIN, results expected in 2025



	PHOENIx MDRTB
	NCT03568383
	Household contacts of persons newly diagnosed with RR/MDR-TB, multicentered trial
	Delamanid versus isoniazid
	Enrollment is ongoing and results are likely expected in 2026
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