
The results of this review aim to direct future research by highlighting gaps in understanding of the 

relationship between climate change and NTM prevalence in natural water ecosystems. Topics not covered here 

but deserving attention include exploring the relationship between increasing humidity and the potential 

dispersion of NTM in aerosols.
11

Another lingering question given that rising surface temperature can change the 

selection for microbes such as NTM
3,4,5

is how many historically cooler natural and engineered systems will now 

be suitable environments for NTM proliferation? A better grasp of NTM transport and conditions that select for 

the bacteria given evidence that they are found in geographical clusters, could help scientists to predict future 

hotspots and public health officials to monitor them. A critical next step is understanding how environmental 

occurrence of NTM will affect its presence in treated drinking water. These findings would provide avenues for 

recommendations to public health officials seeking to prevent future outbreaks of NTM lung disease as our 

climate changes. 
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The intensifying effects of anthropogenic climate change are ongoing and impact life on earth at every level.

Anticipated impacts of climate change in the eastern US include sea level rise, precipitation intensity increase,

and temperature rise. Researchers have considered how climate change will likely impact the prevalence and

persistence of various waterborne pathogens such as Legionella, Salmonella, and Nontuberculous Mycobacteria

(NTM). NTM, a group of microbes which includes several opportunistic pathogens, is an emerging public health

concern as instances of NTM lung infections have appeared in geospatial clusters at increasing rates in New

Jersey and around the world. A comprehensive study on the expected behavior of NTM under climate stressors

has yet to be completed.

The objective of this work is to understand the potential effects of climate change on NTM concentrations in NJ’s

natural water ecosystems by synthesizing climate change and NTM literature, along with GIS mapping data.

Climate change stressors explored here include temperature rise, sea level rise and increased precipitation

intensity. This work builds upon current work being conducted by members of our group, which found NTM in

biofilms from several drinking water systems served by private groundwater wells across the state (Figure1).

1. NTM can be resistant to treatment by 
disinfectants and antibiotics

2. NTM can be opportunistic pathogens, 
infecting immunocompromised individuals

3. People encounter NTM through their 
environment, including drinking water

4. NTM can cause NTM Lung Disease (hard to 
treat, symptoms are similar to Covid-19)

5. Cases of NTM Lung Disease appear in 
geospatial clusters (some even in New Jersey!)
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Climate Change 

Indicator

Direct or Indirect Environmental 

Impact
Impact to Water Quality Relevant NTM behavior

Expected 

changes to NTM 

Prevalence

Confidence 

level
Studied in...

Temperature rise19 Biological change in surface and 
groundwater, direct1

Increased plant & algal growth & decay 
leading to eutrophication and hypoxia2

Form pellicles in eutrophic 
environments, enabling 
survival in hypoxic conditions, 
field & bench studies3, 4, 5

increase moderate
Natural and 
Engineered 
systems21,22

Temperature rise19 Biological change in surface and 
groundwater, direct1

Death of some microbes, and preferred 
selection of others.12

Grow rarely, if at all, in cold 
natural waters (T <15.5 C), 
bench study6, 11

increase moderate
Natural 
systems

Sea level rise15, 19, 

23, 24 
Saltwater intrusion inland & into the 
water table, direct13, 23 Increased salinity & conductivity13

Found in lower amounts in 
high salinity waters, field 
study and bench study5, 11

decrease
moderately 
high

Natural 
systems

Sea level rise15, 19, 

23, 24

Increase in sunny day floods & storm 
surge make the coastal zone 
inhospitable, forcing human inland 
migration, increasing population 
density, indirect14, 15, 16, 24

Increased nutrient loads from increased 
volume of wastewater discharge and 
leakage, leading to eutrophication and 
hypoxia8, 9

Form pellicles in eutrophic 
environments, enabling 
survival in hypoxic conditions, 
field & bench studies3, 4, 5, 10

increase
moderately 
high

Natural and 
Engineered 
Systems8

Precipitation 
intensity 
increase18, 19

Increased runoff volume to streams and 
lakes, direct17

Increased turbidity & nutrient load, 
leading to eutrophication and hypoxia9, 17

Attach to suspended particles 
to survive, & survive well in 
hypoxic waters, field and 
bench studies3, 4, 5, 10

increase moderate
Natural 
systems

1. "Brian Moss, Sarian Kosten, Mariana Meerhoff, Richard W. Battarbee, ErikJeppesen, Néstor Mazzeo, Karl Havens, Gissell Lacerot, Zhengwen Liu, Luc De Meester, HansPaerl & Marten Scheffer (2011) Allied attack: climate change and eutrophication, Inland Waters,1:2, 101-105"

2. NOAA. What is eutrophication? National Ocean Service website, https://oceanservice.noaa.gov/facts/eutrophication.html, 10/05/17.

3. Totani, T., Nishiuchi, Y., Tateishi, Y. et al. Effects of nutritional and ambient oxygen condition on biofilm formation in Mycobacterium avium subsp. hominissuis via altered glycolipid expression. Sci Rep 7, 41775 (2017). https://doi.org/10.1038/srep41775

4. Kirschner, R. A., Parker, B. C., & Falkinham, J. O. (1992). Epidemiology of Infection by Nontuberculous Mycobacteria: Mycobacterium avium, Mycobacterium intracellulare, and Mycobacterium scrofulaceumin Acid, Brown-Water Swamps of the Southeastern United States and Their Association with Environmental Variables. American Review of Respiratory Disease, 145(2_pt_1), 271-275. doi:10.1164/ajrccm/145.2_pt_1.2

5. Jacobs, J., Rhodes, M., Sturgis, B., & Wood, B. (2009). Influence of Environmental Gradients on the Abundance and Distribution of Mycobacterium spp. in a Coastal Lagoon Estuary. Applied and Environmental Microbiology, 75(23), 7378-7384. doi:10.1128/aem.01900-09

6. George, K., Parker, B., Gruft, H., & Falkinham, J. (1980). Epidemiology of Infection by Nontuberculous Mycobacteria II. Growth and Survival in Natural Waters. American Review of Respiratory Disease, 122(1). 

8. Jung, H.B. (2020).Geochemical and hydrological study of coastal groundwater discharging to an urban estuary in northern New Jersey. Environmental Earth and Science, 79, 158. https://doi-org.proxy.libraries.rutgers.edu/10.1007/s12665-020-8888-6

9. USGS citation

10. Falkinham, J.O., Norton, C.D., LeChevallier, M.W. (2001). Factors Influencing Numbers of Mycobacterium avium, Mycobacterium intracellulare, and Other Mycobacteria in Drinking Water Distribution Systems. Applied and Environmental Microbiology. 67 (3) 1225-1231; DOI: 10.1128/AEM.67.3.1225-1231.2001

11. Falkinham, J. O. (2010). Impact of human activities on the ecology of nontuberculous mycobacteria. Future Microbiology, 5(6), 951-60. doi:http://dx.doi.org.proxy.libraries.rutgers.edu/10.2217/fmb.10.53

12. Upton, A.C. Nedwell, D.B.,Wynn-Williams, D.D. (1990) The selection of microbial communities by constant or fluctuating temperatures, FEMS Microbiology Letters, 74(4) 243–252. https://doi.org/10.1111/j.1574-6968.1990.tb04070.x

13. Bhattachan, A., Emanuel, R.E., Ardon, M., Bernhardt, E.S., et. al. (2018). Evaluating the effects of land-use change and future climate change on vulnerability of coastal landscapes to saltwater intrusion. Elem Sci Anth, 6(1), p.62. DOI: http://doi.org/10.1525/elementa.316

14. Knoblauch, Matthew. (2015) "You Probably Shouldn't Build There: Watershed-Based Land Use Strategies for Mitigating Global Climate Change in New Jersey's Freshwater Systems." Sustainable Development Law & Policy, 16(1), p. 4-15. HeinOnline.

15. Cooper M, Beevers M, Oppenheimer M. (2008). The potential impacts of sea level rise on the coastal region of New Jersey, USA. Climatic Change. 90(4):475-492. doi:10.1007/s10584-008-9422-0

16. Walker, J. (2018). The influence of climate change on waterborne disease and Legionella: a review. Perspectives in Public Health, 138(5), 282–286. https://doi.org/10.1177/1757913918791198

17. Wu, L., Long, T., Guo, J. (2012). Impacts of climate and land-use changes on the migration of non-point source nitrogen and phosphorous during rainfall-runoff in the Jialing River Watershed, China. Journal of Hydrology, 475, 26-41. https://doi.org/10.1016/j.jhydrol.2012.08.022.

18. Hoerling, M., J. Eischeid, J. Perlwitz, X. Quan, K. Wolter, and L. Cheng. (2016). Characterizing Recent Trends in U.S. Heavy Precipitation. J. Climate, 29, 2313–2332, https://doi.org/10.1175/JCLI-D-15-0441.1.

19. Dupigny-Giroux, L.A., E.L. Mecray, M.D. Lemcke-Stampone, et al. (2018) Northeast. In Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment, Volume II [Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. Maycock, and B.C. Stewart (eds.)]. U.S. Global Change Research Program, Washington, DC, USA, pp. 669–742. doi: 10.7930/NCA4.2018.CH18

20. Blanc et al., in prep 

21. Ichijo T, Izumi Y, Nakamoto S, Yamaguchi N, Nasu M (2014) Distribution and Respiratory Activity of Mycobacteria in Household Water System of Healthy Volunteers in Japan. PLoS ONE 9(10): e110554. https://doi.org/10.1371/journal.pone.0110554

22. M Dailloux, C Laurain, M Weber, Ph Hartemann, Water and nontuberculous mycobacteria, Water Research, Volume 33, Issue 10, 1999, Pages 2219-2228, ISSN 0043-1354, https://doi.org/10.1016/S0043-1354(98)00466-7. (http://www.sciencedirect.com/science/article/pii/S0043135498004667)

23. Passeri D, Hagen S, Medeiros S, Bilskie M, Alizad K, Wang D. The dynamic effects of sea level rise on low‐gradient coastal landscapes: A review. Earth’s Future. 2015;3(6):159-181. doi:10.1002/2015EF000298

24. Kirshen P, Watson C, Douglas E, Gontz A, Lee J, Tian Y. Coastal flooding in the Northeastern United States due to climate change. Mitigation and Adaptation Strategies for Global Change. 2008;13(5):437-451. doi:10.1007/s11027-007-9130-5

RISE at Rutgers, GSEF, McNair, St. Olaf College CURI including Dr. Porterfield,

Rutgers Coastal Climate Risk & Resiliency Program, supported by US. NSF grant

DGE-163357

NTM: What you need to know

Figure 3. Mental Model of interactions between climate change, NTM, and humans. This model describes the interrelationships uncovered throughout this 

literature review. Anticipated causal increases are represented by a “+” whereas a negative relationship is represented by a “-”.Table 1 below expands upon these ideas. 

This model can be used to identify opportunities within the system to make changes, which could, for example reduce NTM exposure.

Figure 2. Nutrient pollution (Phosphorous and 

Nitrogen) distribution in NJ waterways (left) 

and inundation zones with 1-foot sea level rise 

(right). Most pollution currently exists in the 

metropolitan corridor between Philadelphia and 

New York City. With pressures for humans to 

migrate inland, pollution may extend as population 

density increases in currently less populated and 

less polluted areas. These data have implications 

for water quality, and NTM, as described in the 

table below.
Figure 1. NTM prevalence in biofilms from private 

groundwater systems, measured via mycobacterium 

16S rRNA marker gene, confirmed by 16S rRNA                                                                       

gene amplicon sequencing done in ongoing research.
20

Table 1. Detailed interactions between indicators of climate change and NTM (connects to the interactions visualized in Figure 3, above)
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Methods 

We reviewed the literature using the following search terms in Google Scholar: “Nontuberculous Mycobacteria” 

AND “climate change”, NTM, “nutrient pollution”, “sea level rise”, “New Jersey land use”, and  “precipitation” 

AND NTM.  Research published in peer reviewed journals, both new studies and reviews, were included.

Supplemental modeling included the use of SPARROW from USGS for thorough details on nutrient loading and 

ArcGIS for the most recent data on sea level rise and water pollution. Figure 2. above shows two of the models.
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