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Background

Tuberculosis (TB) is a communicable disease caused by the infectious agent Mycobacterium tuberculosis (WHO, 2019a). Tuberculosis is considered one of the major causes of global deaths after COVID-19 (WHO, 2023). Globally, about one-quarter of the population has been infected with TB, however only 5-15% may develop tuberculosis during their lifetime with an increase in the incidence rate in immunosuppressed people, particularly HIV-positive patients. Yearly, among the total number of people developing TB, around 90% are adults with more cases among men than women (Emery et al., 2021). Moreover, the World Health Organization (WHO) declared that among 26 high burden countries2 the treatment success rate was slightly higher in 2021 among females than males to achieve 90% and 88% respectively (WHO, 2023).





Global tuberculosis burden

Worldwide, an estimated 10.6 million people (95% UI: 9.9–11.4 million) fell ill with TB worldwide in 2022, up from 10.3 million (95% UI: 9.6–11.0 million) in 2021 and 10.0 million (95% UI: 9.4–10.7 million) in 2020, Therefore, the scenario of downward trend in pre-pandemic may happen in 2024. On the other hand, African Region accounted for (68%) of global TB deaths among people with HIV (WHO, 2023). Studies have shown that adherence to an anti-TB drug regimen decreases the rate of death from 50% to 15%. Therefore, a regimen of 6 months was highly recommended by World Health Organization (WHO) guidelines (WHO, 2023). Although death is preventable by successful treatment, a great number of TB survivors experience post-tuberculosis conditions, with an increase of long-term disability evidence in this population (Nightingale et al., 2023). The burden of TB disease decreased in some countries to reach fewer than 1 death per 100,000 population and less than 10 cases per year (Global Burden Disease Compare (GBD), 2019; World Health Organization (WHO), 2019b). Accordingly, a reduction of TB incidence of 11% was recorded between 2015 and 2020 which is close to the 20% reduction planned by WHO as the end TB strategy milestone between 2015-2020 (WHO, 2021). Remarkably, the COVID-19 pandemic had an obvious impact on the TB burden, where it affected the number of newly reported cases of TB, besides the global drop between 2019 and 2020 in the percentage of TB patients receiving TB treatment, especially those covering the multi-drug resistant strains (WHO, 2023).





Tuberculosis risk factors and health impact

Undernourishment, HIV infection, Alcohol Use Disorders (AUD), smoking, and diabetes are the top five TB risk factors (WHO, 2023). In addition to these health-related risk factors, socio-economic conditions increase people’s susceptibility for developing TB infection during their lifetime. Worldwide in 2021, TB incidence cases of 2.2 million, 0.86 million, 0.74 million, 0.63 million, and 0.37 million were attributed to the previously listed health-related risk factors respectively (WHO, 2021). Accordingly, Human immunodeficiency virus (HIV) ranks in second place after TB as a leading cause of death from a single infectious agent. Moreover, HIV-positive patients are 30 times more susceptible to developing active TB than HIV-negative ones, if left untreated the mortality is close to 100% (van Woudenbergh et al., 2020). Insulin dependence represents an additional risk factor for developing TB among diabetic patients, where the risk increases by two-fold in high insulin treatment dependence (Silva et al., 2018). Remarkably, the major impact of smoking in terms of public health issues is increasing susceptibility to infection with Mycobacterium tuberculosis, since the majority of tobacco consumers live in developing countries under unhealthy conditions, when it comes to mortality, the rate is nine times greater for smokers than non-smokers (Altet et al., 2017). The association of TB-alcohol has long been known; studies have shown that alcohol use is responsible for around 10% of TB cases worldwide (Silva et al., 2018). Based on what we have discussed previously about the complex association between undernutrition and TB, undernourishment is the most important risk factor to know where and how to address. Therefore, a guidance document on undernutrition in TB patients was elaborated by WHO to prioritize areas that need close monitoring for undernutrition in TB, since decreasing TB risk in a community is tackled by improving its nutritional conditions (Carwile et al., 2022). Since addressing malnutrition in TB patients is challenging, Damji and his collogues proved that patients undergoing TB treatment demonstrated the difficulty in appropriately meeting nutritional needs, even when providing nutritional support (Damji et al., 2022).

Unfortunately, some countries with a high burden of TB have ignored undernutrition monitoring and treatment as TB control standards, thus addressing undernutrition in these areas should be prioritized to develop and implement actions toward, no poverty, zero hunger, good health, and well-being (UN, 2021).





The synergistic burden of undernourishment, tuberculosis and COVID-19 pandemic

Worldwide, undernutrition has been considered as the secondary immunodeficiency leading cause, it weakens the adaptive and innate immune system to TB (Morales et al., 2023). Studies have shown that undernutrition increases TB incidence and mortality among adults as well as children (Justine et al., 2020). Nowadays, among the leading risk factors for TB, undernutrition accounts for 15% of the population-attributable fraction (PAF), followed by 7.6 and 3.1% PAF for HIV and diabetes respectively (WHO, 2022b). The considerable limitation of studies of TB and undernutrition resides in the bidirectional interaction between these two conditions since losing weight is a major TB symptom. Therefore, undernutrition would be a TB consequence and not a leading cause of it. However, studies showed that an increase in Body Mass Index (BMI) of 1 kg/m2, contributed to a decrease of 13.8% in TB incidence. Similarly, TB incidence increases from 24.7 to 260.2 per 100,000 person-years by the decrease of BMI from normal to less than 18.5 kg/m2. Furthermore, when it comes to micronutrients, studies revealed a strong association between vitamin A, E, and D deficiencies and a 2 to 10 times greater increase in progression from latent to active TB (Carwile et al., 2022). Most importantly, COVID-19 pandemic have worsened food insecurity and malnutrition in many low- and middle-income countries (Al Khatib, 2024), the burden of malnutrition increased TB cases due to weaken immune system with sever COVID-19 outcomes and vice versa, which creates a vicious cycle in low resources setting with synergistic burden on healthcare systems.





Tuberculosis incidence and mortality during COVID-19 pandemic

The impact of tuberculosis (TB) on COVID-19 severity and mortality is unclear, unlike other comorbidities like COPD, cerebrovascular disease, hypertension, diabetes, and cardiovascular disease (WHO, 2022a). A meta-analysis of 6 Chinese studies found that TB was not associated with increased mortality in COVID-19 patients but with a 2.10-fold increase in severe disease progression (Zheng et al., 2020). An Italian observational retrospective study found no significant clinical deterioration in TB/COVID-19 cases (Tadolini et al., 2020). Another study found a high prevalence of TB-associated risk factors and low rates of severe or complicated TB presentation (Canetti et al., 2022).

Epidemiologically, the incidence rate of a disease is the number of new cases in a given interval of time over the total population at risk during the same period of time. Therefore, the incidence rate of a disease reflects how swiftly the disease occurs within a population. Regarding tuberculosis, the slow decline in the global TB incidence rate was reversed by an increase between 2020 and 2021 (Chakaya et al., 2022). Regionally, the impact of COVID-19 differs from one country to another, thus out of six WHO regions, five countries have shown an increase in TB incidence rate during 2020-2021 (Caren et al., 2022). Among all estimated global TB incidence cases, about 87% are shared by the 30 high TB burden countries where India, Indonesia, China, the Philippines, Pakistan, Nigeria, Bangladesh, and the Democratic Republic of the Congo are ranked as the top 8 countries (Figure 1) (WHO, 2022b). Accordingly, TB is more common in developing countries where people live in poverty, in overcrowded places, and work in unhealthy occupation conditions. Moreover, TB infectious agent is more likely to spread in urbanized cities with high levels of water, soil, and air pollution. The target of TB elimination is almost achieved in some WHO Region of the Americas and the European Region and a few countries in the WHO Eastern Mediterranean and Western Pacific regions, where the lowest TB incidence rate was recorded. For the high TB burden countries, the incidence rate of the disease increases remarkably to 150 400 cases per 100,000 population yearly. Similarly, the TB mortality trend has reversed in 2021 to achieve the level of 2017, where the number of TB deaths increased from 1.4 million in 2019 to 1.6 million deaths where HIV-negative people accounted for 1.4 million deaths (WHO, 2022a). Globally, as reported by WHO, the population aged between 25 and 54 besides the male gender bear more burden of the disease (Figure 2), where adult men, women, and children accounted for 56.5, 32.5, and 11% of cases respectively. The non-medical or lifestyle factors are among the risk factors that render men more susceptible for developing TB than women (Caren et al., 2022).




Figure 1 | Estimated TB incidence in 2021, for countries with at least 100 000 incident cases. The countries that rank first to eight in terms of number of cases, and that accounted for about two birds of global cases in 2021, are labelled. Source: (WHO, 2022a). Available from: https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2022.






Figure 2 | Global estimates of TB incidence (blank outline) and case notifications of people newly diagnosed with TB disaggregated by age and sex (female in purple; male in green), 2021. Source: (WHO, 2022b). Available from: https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2022.



During the COVID-19 pandemic, many diseases faced limited access to healthcare services due to limited resources. Tuberculosis (TB) has been one of the most penalized diseases, with significant delays in diagnosis and treatment, leading to increased morbidity and mortality. Both COVID-19 and TB share similar pathogenetic pathways, affecting the lungs (Sanduzzi Zamparelli et al., 2022). However, data on the impact of TB on COVID-19 severity and mortality is unclear, and literature reports are often conflicting. In recent decades, there have been significant shifts in the epidemiology of TB, characterized by a gradual decrease of approximately one-third in both the number of new cases and the death rate associated with the disease (WHO, 2021). However, the COVID-19 pandemic has abruptly reversed this trend, with long-lasting lockdowns, restrictions, and reduced access to healthcare resulting in a drop in access to tuberculosis health services. This reduction in tuberculosis testing is confirmed by the latest global tuberculosis report by the WHO, showing a decline of 18% in TB case notifications in 2020 compared to the previous year (WHO, 2021).





Mitigating the impact of the COVID-19 pandemic on TB services

In the study “The potential impact of the COVID-19 pandemic on the tuberculosis epidemic a modelling analysis” conducted by Cilloni and his colleagues, it was proved that any interference in TB care results on an long-term adverse impact by TB increasing incidence and mortality rates. Additionally, the lockdown during the pandemic have decreased up to 50% the transmission rate of TB but this decrease was temporary, since disruption of TB services for several months would result, by projection over the 5-6 coming years, in an increase in 119 million TB cases and 361,000 TB deaths in India, 24,700 TB cases and 12,500 deaths in Kenya, and 4,350 cases and 1,340 deaths in Ukraine. The accumulation of undetected TB cases during lockdown is the major driver of this adverse impact of the pandemic on TB incidence and mortality. However, this long-term change on TB could is reversible through intensive detection and treatment of TB cases (Cilloni et al., 2020). These findings were in accordance with those documented in the consolidation report issued by WHO in 2022 which included six case studies conducted between August 2021 and February 2022. The report focused on the implementation of bidirectional screening for TB and COVID-19, supporting real-time surveillance to improve detection of TB, COVID-19 vaccination programs, digital technologies to support treatment adherence and reduce health facility visits, and some case studies addressed socioeconomic determinants or the consequences of TB. In this context of care cycle around 50% of the case studies declared that TB patients showed an improvement in treatment initiation and compliance. The dual screening of TB and SARS-CoV-2 resulted in a surprising decrease in new cases of TB during the pandemic (WHO, 2022a). Therefore, the implementation of successful and feasible action plans such as early detection, initiation and adherence to treatment and reporting new TB cases using digital technologies is crucial to reverse the adverse effect during the pandemic and any waves in the future.





System approach to control tuberculosis

Countries with a high burden of TB require a complex approach of multisectoral collaboration for disease control and prevention. At the national level, the approach should ensure that guidelines for infection prevention and control of TB are elaborated and updated by the policymakers and public health officials and that the government is providing centralized TB healthcare services. Health facilities and clinics could be the source of the spread of TB within this population (Kuyinu et al., 2016), thus the suggested system approach will address the infrastructure and resources to insist that all TB measures are implemented at the meso level. On the other hand, human behaviors are a great issue that should be tackled at the meso level, since population awareness (screening and adherence to TB treatment) and behavior (personal hygiene, cough etiquette, good housing) greatly affect the disease trend within and across the population (Madebo et al., 2023).





Challenges to the global control of TB

Unidentified TB cases, financial support, and TB stigma are the greatest challenges that may affect the implementation of this approach. Therefore, targeted screening should be performed for individuals at high risk of developing TB infection, increasing funds to ensure accessibility to treatment and good health services, and increasing awareness within the population toward the disease. All these measures should be prioritized to overcome inequalities and disparities to fight the TB epidemic. Accordingly, the effectiveness of this approach resides in the control of TB through the epidemiological triad (Guo et al., 2019), where the control and prevention of communicable diseases, require a good understanding of its chain of infection and how the infectious agent, host, and environment are interacting to implement the appropriate action at the right point.





Conclusion

The reduction of the burden of TB at the regional level is a national mission to prioritize and address factors that relatively contribute to the spread of the disease. Accordingly, the decline in the number of TB cases and deaths in some parts of the world was strongly correlated with the improvement of nutrition and housing, income increase, development of health care services, health coverage, and anti-TB drug availability as well as population adherence to treatment regimen (WHO, 2023). Moreover, one of many lessons taught during the pandemic is that any increase in the burden of TB due to lockdown-associated healthcare interference can be addressed when restrictions are lifted, when TB services are restored and targeted interventions are implemented such as the use of digital technologies and dual screening of TB and SARS-CoV-2.





Author contributions

AA: Conceptualization, Formal analysis, Investigation, Project administration, Supervision, Writing – original draft, Writing – review & editing. SH: Conceptualization, Investigation, Visualization, Writing – review & editing. MA: Investigation, Writing – review & editing. MK: Writing – review & editing. SF: Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

 Al Khatib, A. (2024). COVID-19, economic crisis, and food insecurity worsen the double burden of malnutrition in Lebanon. Front. Public Health 12, 1333565. doi: 10.3389/fpubh.2024.1333565

 Altet, N., Latorre, I., Jiménez-Fuentes, M., Maldonado, J., Molina, I., González-Díaz, Y., et al. (2017). Assessment of the influence of direct tobacco smoke on infection and active TB management. PloS One 12, e0182998. doi: 10.1371/journal.pone.0182998

 Canetti, D., Antonello, R. M., Saderi, L., Giro, M., Goletti, D., Sarmati, L., et al. (2022). Impact of SARS-CoV-2 infection on tuberculosis outcome and follow-up in Italy during the first COVID-19 pandemic wave: A nationwide online survey. Le Infezioni Medicina 30, 418–426. doi: 10.53854/liim-3003-10

 Caren, G. J., Iskandar, D., Pitaloka, D. A., Abdulah, R., and Suwantika, A. A. (2022). COVID-19 pandemic disruption on the management of tuberculosis treatment in Indonesia. J. Multidiscip. healthcare 15, 175. doi: 10.2147/JMDH.S341130

 Carwile, M. E., Hochberg, N. S., and Sinha, P. (2022). Undernutrition is feeding the tuberculosis pandemic: a perspective. J. Clin. Tuberculosis Other Mycobacterial Dis. 27, 100311. doi: 10.1016/j.jctube.2022.100311

 Chakaya, J., Petersen, E., Nantanda, R., Mungai, B. N., Migliori, G. B., Amanullah, F., et al. (2022). The WHO Global Tuberculosis 2021 Report–not so good news and turning the tide back to End TB. Int. J. Infect. Dis. 124, S26–S29. doi: 10.1016/j.ijid.2022.03.011

 Cilloni, L., Fu, H., Vesga, J. F., Dowdy, D., Pretorius, C., Ahmedov, S., et al. (2020). The potential impact of the COVID-19 pandemic on the tuberculosis epidemic a modelling analysis. EClinicalMedicine 28, 100603. doi: 10.1016/j.eclinm.2020.100603

 Damji, K., Hashmi, A. H., Kyi, L. L., Vincenti-Delmas, M., Htun, W. P. P., Aung, H. K. K., et al. (2022). Cross-sectional study of nutritional intake among patients undergoing tuberculosis treatment along the Myanmar–Thailand border. BMJ Open 12, e052981. doi: 10.1136/bmjopen-2021-052981

 Emery, J. C., Richards, A. S., Dale, K. D., McQuaid, C. F., White, R. G., Denholm, J. T., et al. (2021). Self-clearance of Mycobacterium tuberculosis infection: implications for lifetime risk and population at-risk of tuberculosis disease. Proc. R. Soc. B 288, 20201635. doi: 10.1098/rspb.2020.1635

 Global Burden Disease Compare (GBD) (2019). Available online at: https://vizhub.com/ (Accessed 5 January 2024).

 Guo, Z., Xiao, D., Wang, X., Wang, Y., and Yan, T. (2019). Epidemiological characteristics of pulmonary tuberculosis in mainland China from 2004 to 2015: a model-based analysis. BMC Public Health 19, 1–11. doi: 10.1186/s12889-019-6544-4

 Justine, M., Yeconia, A., Nicodemu, I., Augustino, D., Gratz, J., Mduma, E., et al. (2020). Pharmacokinetics of first-line drugs among children with tuberculosis in rural Tanzania. J. Pediatr. Infect. Dis. Soc. 9, 14–20. doi: 10.1093/jpids/piy106

 Kuyinu, Y. A., Mohammed, A. S., Adeyeye, O. O., Odugbemi, B. A., Goodman, O. O., and Odusanya, O. O. (2016). Tuberculosis infection control measures in health care facilities offering tb services in Ikeja local government area, Lagos, South West, Nigeria. BMC Infect. Dis. 16, 1–7. doi: 10.1186/s12879-016-1453-y

 Madebo, M., Balta, B., and Daka, D. (2023). Knowledge, attitude and practice on prevention and control of pulmonary tuberculosis index cases family in Shebedino District, Sidama Region, Ethiopia. Heliyon 9. doi: 10.1016/j.heliyon.2023.e20565

 Morales, F., Montserrat-de la Paz, S., Leon, M. J., and Rivero-Pino, F. (2023). Effects of malnutrition on the immune system and infection and the role of nutritional strategies regarding improvements in children’s health status: A literature review. Nutrients 16, 1. doi: 10.3390/nu16010001

 Nightingale, R., Carlin, F., Meghji, J., McMullen, K., Evans, D., van der Zalm, M. M., et al. (2023). Post-TB health and wellbeing. Int. J. Tuberculosis Lung Dis. 27, 248–283. doi: 10.5588/ijtld.22.0514

 Sanduzzi Zamparelli, S., Mormile, M., Sanduzzi Zamparelli, A., Guarino, A., Parrella, R., and Bocchino, M. (2022). Clinical impact of COVID-19 on tuberculosis. Le Infezioni Medicina 30, 495–500. doi: 10.53854%2Fliim-3004-3


 Silva, D. R., Muñoz-Torrico, M., Duarte, R., Galvão, T., Bonini, E. H., Arbex, F. F., et al. (2018). Risk factors for tuberculosis: diabetes, smoking, alcohol use, and the use of other drugs. Jornal Brasileiro Pneumologia 44, 145–152. doi: 10.1590/s1806-37562017000000443

 Tadolini, M., Codecasa, L. R., García-García, J.-M., Blanc, F.-X., Borisov, S., Alffenaar, J.-W., et al. (2020). Active tuberculosis, sequelae and COVID-19 co-infection: First cohort of 49 cases. Eur. Respir. J. 56, 2001398. doi: 10.1183/13993003.01398-2020

 United Nations (UN) (2021). The sustainable development goals report 2O21. Available online at: https://unstats.un.org/sdgs/report/2021/The-Sustainable-Development-Goals-Report-2021.pdf (Accessed 23 December 2023).

 van Woudenbergh, E., Irvine, E. B., Davies, L., de Kock, M., Hanekom, W. A., Day, C. L., et al. (2020). HIV is associated with modified humoral immune responses in the setting of HIV/TB coinfection. Msphere 5, pp.e00104–20. doi: 10.1128/mSphere.00104-20

 World Health Organization (WHO) (2019a).Coronavirus (COVID-19) dashboard. In: WHO coronavirus (COVID-19) dashboard with vaccination data. Available online at: https://covid19.who.int/ (Accessed 24 December 2023).

 World Health Organization (WHO) (2019b). WHO consolidated guidelines on drug-resistant tuberculosis treatment (No. WHO/CDS/TB/2019.7). Available online at: https://apps.who.int/iris/handle/10665/311389 (Accessed 24 December 2023).

 World Health Organization (WHO) (2021). Strategic and Technical Advisory Group for Tuberculosis (STAG-TB): report of the 21st meeting. Available online at: https://apps.who.int/iris/handle/10665/351132 (Accessed 10 January 2024).

 World Health Organization (WHO) (2022a). Consolidated report of country success stories in mitigating the impact of the COVID-19 pandemic on TB services.

 World Health Organization (WHO) (2022b). Global tuberculosis report 2022. Available online at: https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2022 (Accessed 7 January 2024).

 World Health Organization (WHO) (2023). Global tuberculosis report 2023. Available online at: https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2023 (Accessed 10 January 2024).

 Zheng, Z., Peng, F., Xu, B., Zhao, J., Liu, H., Peng, J., et al. (2020). Risk factors of critical & mortal COVID-19 cases: A systematic literature review and meta-analysis. J. Infection 81, e16–e25. doi: 10.1016/j.jinf.2020.04.021




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Al Khatib, Hassanein, Almari, Koubar and Fakhreddine. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fcimb-14-1423081-g002.jpg
Age group (years)

>65

55-64

45-54

35-44

25-34

15-24

5-14

0-4

500 000

H
BN
HE BN
H N
| |
I
i Bn
o N

0 500000

Number of TB cases

1000000





OEBPS/Images/fcimb-14-1423081-g001.jpg
China
- ‘Bangladesh
Number of Philippines
incident cases : R
© 100000 .





OEBPS/Images/logo.jpg
’ frontiers ’ Frontiers in Cellular and Infection Microbiology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Tuberculosis morbidity and mortality during the COVID-19 pandemic: a life-threatening complex challenge

      

        		

          Background

        



        		

          Global tuberculosis burden

        



        		

          Tuberculosis risk factors and health impact

        



        		

          The synergistic burden of undernourishment, tuberculosis and COVID-19 pandemic

        



        		

          Tuberculosis incidence and mortality during COVID-19 pandemic

        



        		

          Mitigating the impact of the COVID-19 pandemic on TB services

        



        		

          System approach to control tuberculosis

        



        		

          Challenges to the global control of TB

        



        		

          Conclusion

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fcimb.2024.1423081_cover.jpg
’frontiers | Frontiers in Cellular and Infection Microbiology

Tuberculosis morbidity and mortality during
the COVID-19 pandemic: a life-threatening
complex challenge





OEBPS/Images/crossmark.jpg
©

2

i

|





