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Abstract

As per World Health Organization (WHO), air pollution is the cause for more 
than two million deaths every year. Mostly, outdoor air pollution results in reduced 
lungs function and increased respiratory disease. Therefore, breathing polluted 
air is as dangerous as eating/drinking polluted food/water. TB (Tuberculosis) 
is a major public health threat globally and India is the country with the highest 
burden of both TB and MDR TB (multi drug resistant tuberculosis). TB is a highly 
contagious air born disease caused by Mycobacterium tuberculosis. People with 
compromised immune systems, malnutrition, diabetes, etc. are more prone to 
TB infection. According to WHO most of the TB deaths (95%) are reported from 
low and middle income countries where people are exposed to smoggy air for 
a long period of time. However no studies confirm that outdoor air pollution has 
impact on TB in these countries. Some studies have suggested that ambient air 
pollution might increase the risk of pulmonary TB. Few studies have indicated 
link between air pollution and incidence of TB. A study conducted in Chengdu, 
China reported positive association of air pollutants such as particulate matter 
<10 µm (PM10), NO2 and SO2 with the occurrence of TB. Another study in China 
reported that air pollution such as PM2.5, PM10, O3, and CO is associated with 
increased risk of DR-TB (drug resistant tuberculosis). A study conducted in 
Tehran, Iran reported that long term exposure to PM2.5 and CO has positive 
association with TB development. Various studies suggested that socially 
deprived, crowded and poor ventilated areas have higher TB prevalence.

These studies suggested that mitigating air pollutants might help in reduction 
of TB incidence.
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Introduction
Tuberculosis (TB) is the most deadliest disease ranked next to 

HIV as a leading cause of death globally accounting for 54 million 
deaths since 2000. According to WHO [1] report, TB burden is 
highest in Africa and Asia with India leading with highest number of 
TB as well as MDR TB [2] (Multidrug Resistant Tuberculosis) cases. 
About 24% of world’s MDR TB cases are reported from India. The 
“End TB” strategy aims to reduce TB incidence by 80% and death 
due it by 90% by 2030 (https://www.downtoearth.org.in/news/health/
india-leads-the-world-in-tb-burden-61677). As per World Health 
Organization [3] report environmental pollution is associated with 
80% of disease. Reports suggested that people living in air polluted 
areas suffer from chronic respiratory diseases mostly tuberculosis. 
The relationship between indoor air pollution with development 
of pulmonary TB is well established. Recently some studies have 
reported about the association between outdoor air pollution and 
incidence of active TB. Thus the reduction of air pollution level in the 
atmosphere may decrease TB incidence rate.

Tuberculosis (TB)
Tuberculosis is a highly contagious air born disease with a high 

mortality rate globally. It causes by the bacterium Mycobacterium 
tuberculosis and mostly affect the lungs (pulmonary TB) but it can 

affect other organs too (extra pulmonary). According to World Health 
Organization about one third of the world’s population has latent TB 
(WHO, 2012). The risk of progression of latent TB to active TB is 
higher in person with compromised immunity, HIV patients, diabetic 
patients, smokers and bibulous persons. As it is a contagious disease, 
it transmits from one person to other through air. Tuberculosis is 
transmitted when a person with active TB speaks, splits, coughs or 
sneezes. People with latent TB do not spread the disease. The active 
TB symptoms are fever, chronic cough with bloody sputum, loss of 
weight, appetite loss, fatigue and night sweat. People those in close, 
frequent and prolonged contact with TB patients are at high risk of 
being infected. However it is curable with early detection and proper 
treatment. If active TB patient is left untreated, it will cost patient’s 
life as well as transmit to more and more people. 

Mycobacterium tuberculosis
The causal organism of tuberculosis is Mycobacterium tuberculosis 

[4]. It is chemo-organotropic, non-spore forming, non-motile, 
aerobic, slow growing and acid fast bacteria [5].

Air Pollution a Risk Factor for Tuberculosis
India is a developing country where industrialization and 

urbanization is in progress. These two development process are the 
major contributor of air pollution. Recent studies have considered 
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air pollution as one of the factor affecting the incidence of TB [6-
10]. According to [11] occurrence of TB is reported majorly from 
localities with severe air pollution. Air pollution has detrimental 
impact on immune system which increases the susceptibility towards 
active TB. The rising air pollution affects lungs function by various 
means such as decreasing macrophage functioning, inflammation of 
airways, bronchial irritation, reduce mucociliary clearance, increased 
reactivity and enhanced vulnerability towards pathogens [12-14]. The 
expression of proinflamatory mediators during infection is suppressed 
by the particulate matters released due to diesel combustion leading 
to alteration of antimicrobial immunity [14,15]. Air pollution relating 
to TB may be classified into two type’s i.e. indoor air pollution and 
outdoor air pollution. Burning of biomass fuel (wood, agriculture 
residue, straw, cow dung cake) and coal for cooking purpose causes 
indoor air pollution where as outdoor air pollution is source from the 
fuel combustion of automobiles [16-18]. Few studies have identified 
the association between outdoor air pollution and respiratory diseases 
[9,19-20]. Many reports have suggested the link between indoor air 
pollution and TB however, a very little information is available about 
the effect of outdoor air pollution on TB [21].

A retrospective study conducted at metropolitan hospital, 
Los Angles reported that exposure to a higher level of particulate 
matter with an aerodynamic diameter of < 2.5µm (PM2.5) and O3 
is significantly associated with positive TB. This is the first paper 
reporting about the correlation between ambient air pollution and 
smear positive tuberculosis [22]. The incidence of TB is reported to 
be more in socially deprived [23,24], overcrowded [25-27] and poor 
ventilated areas [28,29]. Lai Pc [30] Explained that the high rise and 
high density dwelling in urban areas of Hong Kong results in poor 
ventilation, bad air quality and lowering of sunlight penetration. 
These conditions are related with the development and transmission 
of active TB.

Investigated the association of PM10, CO, O3, SO2 and NO2, 
with the incidence of TB in Seoul metropolitan area [8]. This study 
reported that the concentration of PM10, CO, O3 and NO2 were not 
associated with the development of TB in neither male nor female but 
the increased concentration of SO2 was linked with increased risk of 
TB development in male by 7%.

Evaluated the association of seasonal variation and short term 
exposure to environmental risk factor (air pollution and climate) with 
pulmonary TB development in HIV positive patients in Spain [14]. 
The data of this retrospective study suggested that seasonal variation 
is linked to pulmonary TB development in HIV positive patient 
and a significant association between short term exposure to higher 
concentration of SO2 and NO2 as well as temperature.

Investigated the relationship between diagnosis of new TB cases 
and regular exposure to PM10, SO2 and NO2 in Chengdu [31]. The result 
of this study concluded that exposure to increased concentration of 
PM10, SO2 and NO2 was linked with increase in development of new 
TB cases.

An epidemiological study conducted in Jinan city of China 
reported that exposure to air pollution i.e. PM10, PM2.5, CO, O3 are 
significantly associated with increased risk to develop first line drug 
resistant TB [32]. Conducted a study in a metropolitan city of Teheran 
to find the relation between outdoor air pollution and incidence of TB 

is associated with exposure of CO and PM2.5 for a long period of time 
[10]. A study conducted in China also reported about the positive 
association of air pollutants i.e. PM2.5, CO, O3 and SO2 with diagnosis 
of new TB cases [33].

Conclusion
In recent studies air pollution is identified as a risk factor for 

many respiratory disease mostly, Tuberculosis. Despite several 
government programmes to control TB is active in country, India is 
leading the world with highest TB burden. Therefore, to eradicate TB 
the identification of risk factor and its control is foremost necessary. 
Cessation of smoking and utilization of clean energy will help in 
reducing the indoor as well as outdoor air pollution. This might help 
to control TB in country to some extent. 

Acknowledgement 
The authors are grateful to Prof. (Dr.) Manojranjan Nayak, 

President, Siksha ‘O’ Anusandhan (Deemed to be University), for 
providing infrastructure and encouragement throughout.

References
1. World Health Organization 2012, Global Tuberculosis Report.

2. India leads the world in TB burden.

3. World Health Organization Preventing Disease through Healthy Environmental 
Burden of 2006.

4. Cambau E, Drancourt M. Steps towards the discovery of Mycobacterium 
tuberculosis by Robert Koch, 1882.Clin Microbiol Infect. 2014; 20: 196-201.

5. Gordon SV, Parish T. Microbe Profile: Mycobacterium tuberculosis: 
Humanity’s deadly microbial foe. Microbiology.2018; 164: 437-439.

6. Saiyed HN, Ghodasara NB, Sathwara NG, Patel GC, Parikh DJ, Kashyap SK. 
Dustiness, silicosis and tuberculosis in small scale pottery workers. Indian J 
Med Res. 1995; 102: 138-142.

7. Tremblay GA. Historical statistics support a hypothesis linking tuberculosis 
and air pollution caused by coal. Int J Tuberc Lung Dis. 2007; 11: 722-732.

8. Lin HH, Suk CW, Lo HL, Huang RY, Enarson DA, Chiang CY. Indoor air 
pollution from solid fuel and tuberculosis: A systematic review and meta-
analysis. Int J Tuberc Lung Dis. 2014; 18: 613-621.

9. Lai TC, Chiang CY, Wu CF, Yang SL, Liu DP, Chan CC. Ambient air pollution 
and risk of tuberculosis: A cohort study. Occup Environ Med. 2016; 73: 56-61.

10. Rajaei E, Hadadi M, Madadi M, Aghajani J, Ahmad MM, Farnia P. Outdoor air 
pollution affects tuberculosis development based on geographical information 
system modeling. Biomed Biotechnol Res J. 2018; 2: 39-45.

11. Sun J, Wang J, Wei Y, Li Y, Liu M. The haze nightmare following the 
economic boom in China: dilemma and tradeoffs. Int. J. Environ. Res. Public 
Health. 2016; 13: 402.

12. Laumbach RJ, Kipen HM. Respiratory health effects of air pollution: update 
on biomass smoke and traffic pollution. J Allergy Clin Immunol. 2012; 129: 
3-11.

13. Bauer RN, Diaz-Sanchez D, Jaspers I. Effects of air pollutants on innate 
immunity: the role of Toll-like receptors and nucleotide-binding oligomerization 
domain-like receptors. Journal of Allergy and Clinical Immunology. 2012; 129: 
14-24.

14. Alejandro A ´lvaro-Meca, Asuncion Dı ´az, Javier de Miguel Dı ´ez, Rosa 
Resino, Salvador Resino Environmental Factors Related to Pulmonary 
Tuberculosis in HIV-Infected Patients in the Combined Antiretroviral Therapy 
(cART) Era. Plos one .2016; 11.

15. Sarkar S, Song Y, Kipen HM, Laumbach RJ, Zhang J, Strickland PA, et al. 
Suppression of the NF-kappaB pathway by diesel exhaust particles impairs 

https://www.who.int/tb/publications/global_report/en/index.html.
https://www.downtoearth.org.in/news/health/india-leads-the-world-in-tb-burden-61677
file:///E:/JOURNALS/ASO/V4/4.1/I/Disease. https:/www.who.int/quantifying_ehimpacts/publications/preventingdisease.pdf
file:///E:/JOURNALS/ASO/V4/4.1/I/Disease. https:/www.who.int/quantifying_ehimpacts/publications/preventingdisease.pdf
https://www.ncbi.nlm.nih.gov/pubmed/24450600
https://www.ncbi.nlm.nih.gov/pubmed/24450600
https://www.ncbi.nlm.nih.gov/pubmed/29465344
https://www.ncbi.nlm.nih.gov/pubmed/29465344
https://www.ncbi.nlm.nih.gov/pubmed/8543354
https://www.ncbi.nlm.nih.gov/pubmed/8543354
https://www.ncbi.nlm.nih.gov/pubmed/8543354
https://www.ncbi.nlm.nih.gov/pubmed/17609046
https://www.ncbi.nlm.nih.gov/pubmed/17609046
https://europepmc.org/article/med/24903801
https://europepmc.org/article/med/24903801
https://europepmc.org/article/med/24903801
https://www.ncbi.nlm.nih.gov/pubmed/26514394
https://www.ncbi.nlm.nih.gov/pubmed/26514394
http://www.bmbtrj.org/article.asp?issn=2588-9834;year=2018;volume=2;issue=1;spage=39;epage=45;aulast=Rajaei
http://www.bmbtrj.org/article.asp?issn=2588-9834;year=2018;volume=2;issue=1;spage=39;epage=45;aulast=Rajaei
http://www.bmbtrj.org/article.asp?issn=2588-9834;year=2018;volume=2;issue=1;spage=39;epage=45;aulast=Rajaei
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4847064/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4847064/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4847064/
https://www.ncbi.nlm.nih.gov/pubmed/22196520
https://www.ncbi.nlm.nih.gov/pubmed/22196520
https://www.ncbi.nlm.nih.gov/pubmed/22196520
https://www.ncbi.nlm.nih.gov/pubmed/22196521
https://www.ncbi.nlm.nih.gov/pubmed/22196521
https://www.ncbi.nlm.nih.gov/pubmed/22196521
https://www.ncbi.nlm.nih.gov/pubmed/22196521
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0165944
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0165944
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0165944
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0165944


J Bacteriol Mycol 6(6): id1120 (2019)  - Page - 03

Sukla LB Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

human antimycobacterial immunity. Journal of Immunology. 2012; 188: 2778-
2793.

16. Liu S, Zhou Y, Liu S, Chen X, Zou W, Zhao D, et al. Association between 
exposure to ambient particulate matter and chronic obstructive pulmonary 
disease: Results from a cross-sectional study in China. Thorax. 2017; 72: 
788-795.

17. Farber HJ. Public policy, air quality, and protecting the most vulnerable. 
Chest. 2013; 144:1093-1094.

18. Kelly FJ, Fussell JC. Air pollution and public health: Emerging hazards and 
improved understanding of risk. Environ Geochem Health. 2015; 37: 631-
649.

19. Zhou Y, Levy JI. Factors influencing the spatial extent of mobile source air 
pollution impacts: a meta-analysis. BMC Public Health. 2007; 7: 89.

20. Kamp M, Castanas E. Human health effect of air pollution. Environ pollut. 
2008; 151: 362-367.

21. Hwang S, Kang S, Lee J, Ji Lee, Hee Jin Kim, Sung Koo Han, Jae-Joon Yim. 
Impact of outdoor air pollution on the incidence of tuberculosis in the Seoul 
metropolitan area, South Korea. Korean J Intern Med. 2014; 29:183-190.

22. Jassal MS, Bakman I, Jones B. Correlation of ambient pollution levels and 
heavily-trafficked roadway proximity on the prevalence of smear positive 
tuberculosis. Public Health. 2013; 127: 267-274.

23. Lonnarth K, Jaramill E, Williams BG, Dye C, Raviglions M. Drivers of 
tuberculosis epidemics: the role of risk factors and social determinants. Social 
Science & Medicine. 2009; 68: 2240-2246.

24. Pang PTT, Leung CC, Lee SS. Neighbor-hood risk factors for tuberculosis in 
Hong Kong. Int J Tuberc Lung Dis. 2010; 14: 585-592.

25. Lienhardt C. From exposure to disease: the role of environmental factors 
in susceptibility to and development of tuberculosis. Epidemiology and 
Community Health. 2001; 39: 15-19.

26. Beggs CB, Noakes CJ, Sleigh PA, Fletcher LA, Siddiqi K. The transmission 
of tuberculosis in confined spaces: an analytical review of alternative 
epidemiological models. Int J Tuberc Lung Dis. 2003; 7: 1015-1026.

27. Baker M, Das D, Venugopal K, Howden-Chapman P. Tuberculosis associated 
with household crowing in a developed country. J Epidemiol Community 
Health. 2008; 62:715-721.

28. Li Y, Leung GM, Tang JW, Yang X, Chao CY, Lin JZ, et al. Role of ventilation 
in airborne transmission of infectious agents in the built environment - a 
multidisciplinary systematic review. Indoor Air. 2007; 17: 2-18.

29. Hang J, Li Y, Sanberg M, Buccolieri R. The influence of building height 
variability on pollutant dispersion and pedestrian ventilation in idealized high-
rise urban areas. Building and Environment. 2012; 56: 346-360.

30. Lai P, Low C, Tse WC, Tsui C, Lee H, Hui P. Risk of tuberculosis in high-rise 
and high density dwellings: An exploratory spatial analysis. Environmental 
Pollution. 2013; 183: 40-45.

31. Zhu S, Xia L, Wu J Chen S, Chen F, Zeng F, Chen X, et al. Ambient air 
pollutants are associated with newly diagnosed tuberculosis: A time-series 
study in Chengdu, China. Science of The Total Environment. 2018; 631-632: 
47-55.

32. Yao L, Liang CL, Yuea LJ, Wan Meia S, Lilia S, Yi Fana L, Huai Chena 
L. Ambient air pollution exposures and risk of drug-resistant tuberculosis. 
Environment International. 2019; 124: 161-169.

33. Yao L, Liang Liang C, LuJian H, Chun Bao Y, Ning Ning T, Jin Yue L, et 
al. Ambient Air Pollution Exposures and Newly Diagnosed Pulmonary 
Tuberculosis in Jinan, China: A Time Series Study. Scientific Reports. 2018; 
8: 17411.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5738534/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5738534/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5738534/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5738534/
https://journal.chestnet.org/article/S0012-3692(13)60645-5/pdf
https://journal.chestnet.org/article/S0012-3692(13)60645-5/pdf
https://www.ncbi.nlm.nih.gov/pubmed/26040976
https://www.ncbi.nlm.nih.gov/pubmed/26040976
https://www.ncbi.nlm.nih.gov/pubmed/26040976
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-7-89
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-7-89
https://www.ncbi.nlm.nih.gov/pubmed/17646040
https://www.ncbi.nlm.nih.gov/pubmed/17646040
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3956988/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3956988/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3956988/
https://www.ncbi.nlm.nih.gov/pubmed/23453197
https://www.ncbi.nlm.nih.gov/pubmed/23453197
https://www.ncbi.nlm.nih.gov/pubmed/23453197
https://www.deepdyve.com/lp/elsevier/drivers-of-tuberculosis-epidemics-the-role-of-risk-factors-and-social-PpLkUE1uQK
https://www.deepdyve.com/lp/elsevier/drivers-of-tuberculosis-epidemics-the-role-of-risk-factors-and-social-PpLkUE1uQK
https://www.deepdyve.com/lp/elsevier/drivers-of-tuberculosis-epidemics-the-role-of-risk-factors-and-social-PpLkUE1uQK
https://www.ncbi.nlm.nih.gov/pubmed/20392351
https://www.ncbi.nlm.nih.gov/pubmed/20392351
https://www.ncbi.nlm.nih.gov/pubmed/12192738
https://www.ncbi.nlm.nih.gov/pubmed/12192738
https://www.ncbi.nlm.nih.gov/pubmed/12192738
https://www.ncbi.nlm.nih.gov/pubmed/14598959
https://www.ncbi.nlm.nih.gov/pubmed/14598959
https://www.ncbi.nlm.nih.gov/pubmed/14598959
https://www.ncbi.nlm.nih.gov/pubmed/18621957
https://www.ncbi.nlm.nih.gov/pubmed/18621957
https://www.ncbi.nlm.nih.gov/pubmed/18621957
file:///E:/JOURNALS/ASO/V4/4.1/I/ncbi.nlm.nih.gov/pubmed/17257148
file:///E:/JOURNALS/ASO/V4/4.1/I/ncbi.nlm.nih.gov/pubmed/17257148
file:///E:/JOURNALS/ASO/V4/4.1/I/ncbi.nlm.nih.gov/pubmed/17257148
https://www.sciencedirect.com/science/article/abs/pii/S0360132312001151
https://www.sciencedirect.com/science/article/abs/pii/S0360132312001151
https://www.sciencedirect.com/science/article/abs/pii/S0360132312001151
https://www.ncbi.nlm.nih.gov/pubmed/23453769
https://www.ncbi.nlm.nih.gov/pubmed/23453769
https://www.ncbi.nlm.nih.gov/pubmed/23453769
https://www.ncbi.nlm.nih.gov/pubmed/29524902
https://www.ncbi.nlm.nih.gov/pubmed/29524902
https://www.ncbi.nlm.nih.gov/pubmed/29524902
https://www.ncbi.nlm.nih.gov/pubmed/29524902
https://www.sciencedirect.com/science/article/pii/S0160412018317367
https://www.sciencedirect.com/science/article/pii/S0160412018317367
https://www.sciencedirect.com/science/article/pii/S0160412018317367
https://www.nature.com/articles/s41598-018-35411-6
https://www.nature.com/articles/s41598-018-35411-6
https://www.nature.com/articles/s41598-018-35411-6
https://www.nature.com/articles/s41598-018-35411-6

	Title
	Abstract
	Introduction
	Tuberculosis (TB)
	Mycobacterium tuberculosis

	Air Pollution a Risk Factor for Tuberculosis
	Conclusion
	Acknowledgement
	References

