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ABSTRACT

Mycobacteria are ubiquitous and commonly found in water and soil. Non-tuberculosis Mycobacteria (NTM) can cause lung 
disease, specifically in immunocompromised individuals. Recent studies have shown evidence of person-to-person trans-
mission of NTM lung disease. Surface waterways, such as rivers and creeks, are commonly used for recreational activities 
and drinking water. Identifying the presence of Mycobacterium in water systems furthers our understanding of environ-
mental exposure to NTM. Water samples were collected from the Illinois River, Dry Run Creek, and tap water from various 
Peoria buildings. Samples were centrifuged, plated, and acid-fast stained. The presence of Mycobacterium was found in the 
Illinois River and Dry Run Creek. None were detected from the tap water. This would support that Peoria, IL water treat-
ment plants are removing Mycobacterium from the Illinois River, therefore decreasing the risk of NTM disease for immuno-
compromised people. The potential presence of combined sewage outfalls and clusters of NTM outbreaks is discussed in 
urban areas near major rivers.
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INTRODUCTION

Non-tuberculosis Mycobacteria (NTM), 
or environmental Mycobacteria, are 
present in water, soil, and food. While 
most non-tuberculosis mycobacteria 
(NTM) are not pathogenic, some can 
be pathogenic. It is estimated that 25 
of 150 species in the Mycobacterial ge-
nus can elicit human disease (Saxena, 
Spaink, and Forn-Cuní 2021). Immu-
nosuppressed patients are at a higher 
risk for NTM disease, pulmonary and 
extrapulmonary disease, otherwise 
known as NTM lung disease (NTM-
LD). Roughly 180,000 people in the 
United States have NTM-LD (Covert 
et al. 1999). HIV patients infected with 
NTM have a 10% mortality rate (Del-
ghandi et al. 2020). Some of the NTM 
species that can lead to this disease are 
M. abscessus, M. chelonae, M. fortuitum, 
and M. haemophilum (Honda et al. 2018). 
The most commonly isolated group of 
Mycobacteria is the Mycobacterium avi-
um complex (MAC). Roughly 80% of 
NTM-LD in the United States is caused 
by MAC. MAC consists of slow-grow-
ing species such as M. avium, M. intra-
cellulare, M. chimaera, M. colombiense, 
M. marseillense, M. arosiense, M. timon-
ense, M. bouchedurhonense, M. kansasii, 
and M. ituriense. Subspecies of M. avi-
um include silvaticum, hominissuis, and 
paratuberculosis. The M. avium complex 

is non-spore-forming, gram-positive, 
takes 10-20 days to grow, and grows 
best at 28-38°C. Some species within 
MAC have been hypothesized to cause 
Crohn’s disease, type 1 diabetes melli-
tus, and multiple sclerosis. Aerosolized 
particles and ingestion of the bacteria 
are thought to be the mechanism of in-
fection; however, the ecological niche 
has not been identified (Akram and 
Attia 2024). Infection by NTM is most 
commonly associated with host sus-
ceptibility (pre-existing lung patholo-
gy) and constant, prolonged exposure 
to the bacterium (Saxena, Spaink, and 
Forn-Cuní 2021).

A substantial increase in reports of 
NTM-LD has occurred in recent years, 
especially due to strains of M. avium 
complex, M. kansasii, and M. abscessus. 
This is especially alarming due to the 
strains’ propensity for antibiotic resis-
tance by both intrinsic (i.e. thick cell 
walls and biofilms) and acquired resis-
tance (Saxena, Spaink, and Forn-Cuní 
2021). Furthermore, nearly all NTM-LD 
infections are treated with a relative-
ly narrow range of macrolide-based 
antibiotics, emphasizing the need for 
more treatment modalities (Saxena, 
Spaink, and Forn-Cuní 2021). NTM 
infections were initially thought to be 
restricted to environmental exposure, 
however, more recent literature has de-

scribed person-to-person transmission 
of pathogenic NTM strains (Ratnatun-
ga et al. 2020). Climate change also has 
a link with the NTM problem. NTM 
infections are associated with tropical 
environments; 40% of the world pop-
ulation lives in the tropics, and climate 
change is known to affect the expansion 
of the tropics (Ratnatunga et al. 2020). 
More treatment modalities, more effec-
tive measures to control environmental 
exposure, and a better representation 
of the highest-risk groups are needed 
to control NTM infection rates. 

Mycobacteria are resistant to pH chang-
es, disinfectants, high temperatures, 
and low oxygen and are difficult to 
keep out of the water supply (Hon-
da et al. 2017). Non-pathogenic and 
potentially pathogenic NTM have 
been found in household plumbing, 
especially shower heads and faucets, 
as well as major institutions, such as 
hospital systems (Honda et al. 2017). 
Most NTMs are susceptible to UV 
light. Though some of the pathogenic 
NTMs are resistant to UV, UV is a pos-
sible means to keep these microbes out 
of drinking water (Covert et al., 1999). 
As NTMs are common in surface wa-
ter such as lakes and rivers, they can 
be aerosolized, especially in humid en-
vironments, and then inhaled, causing 
disease (Norton et al. 2020). A study 



in Paris found that 72% of water sam-
ples from distribution centers in Paris 
were positive for Mycobacteria (Gebert 
et al. 2018). Many of the species isolat-
ed were consistent with the ones that 
may cause NTM disease. Shower heads 
are also a means of transmission. Since 
NTMs are chlorine-resistant, accumu-
lation in the shower heads can occur, 
and Mycobacteria can become aerosol-
ized and inhaled, which can result in 
disease. NTM disease is challenging to 
treat, and treatment includes a combi-
nation of antibiotics (Delghandi et al., 
2020). 

UV radiation is a novel way of treating 
drinking water sources that is currently 
being implemented in water treatment 
centers such as Peoria, Il. UV-C treat-
ment induces damage to DNA and 
RNA that significantly slows or stops 
replication in bacterial and non-bac-
terial organisms (Maslowska et al. 
2019). Recent experimental evidence 
highlighting the effectiveness of UV-C 
water treatment suggests as high as a 
57% reduction in river water bacterial 
load and a 50% reduction in well water 
bacterial load. Additionally, E. coli, an 
indicator of fecal contamination, was 
reduced by 83.3% in well water after 
UV-C treatment (Adeniyi & Jimoh, 
2024). 

The Illinois American Water Compa-
ny, located in Peoria, Illinois, services 
Peoria’s drinking water supply. This 
company uses a three-step UV system 
along with other basic sedimentation 
removal. UV-C treatment was found to 
be effective in eliminating M. abscessus, 
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M. avium, and M. chimaera (Covert et al. 
1999). Determining whether Mycobac-
teria are present in Peoria waterways 
may promote awareness of NTM dis-
ease and the safety of public water. It 
can also show if water treatment is ef-
fective at removing these bacteria. This 
paper looks at the presence of Mycobac-
teria in surface water and treated water. 
We predict that Mycobacterium will be 
present in the surface water.

METHODS

Water samples were collected from the 
Illinois River (Figure 1), Dry Run Creek 
(Figure 1), and the Bradley University 
campus buildings in September 2022. 
Samples were collected on days with 
similar weather conditions. Samples 
were not collected on days when it was 
raining. Water collected from the Brad-
ley University campus was at a similar 
temperature as that from the Illinois 
River and Dry Run Creek (~21°C). 
Faucets were run at Bradley Univer-
sity campus buildings for 30 seconds 
before collection, preventing bacterial 
contamination from previous usage 
of the faucets. While collecting water 
from Illinois River and Dry Run Creek, 
water was collected from approximate-
ly 0.5 m away from the water’s edge, 
which is where people would most 
likely come into contact with the water. 
The water samples were collected us-
ing 15 ml sterile centrifuge tubes. 

The water samples were centrifuged 
for 5 min at 5000 x g, to concentrate the 
infranatant, decanted, and then vor-
texed to be re-suspended in approxi-

mately 100 ul of the remaining super-
natant. Each sample suspension was 
plated onto five different plates with 
Lowenstein-Jensen media (MacFarlane 
and Samaranayake 1989). The Lowen-
stein-Jensen media plates were then in-
cubated at 30°C. After seven days of in-
cubation, samples were Ziehl-Neelsen 
stained. The Ziehl-Neelson stained 
plates were examined under a light 
microscope using 1000x. Ziehl-Neelson 
staining is specific to Mycobacterium 
due to the unique mycolic acids found 
in Mycobacterium cell walls (Vilchèze 
and Kremer 2017). The microscopic 
view of the stained slides, as seen in 
Figures 2 and 3, shows the Mycobacte-
rium cell walls stained red. The plates 
that had growth were then further sub-
cultured onto the new Lowenstein Jen-
sen media. Subculturing preserves the 
Mycobacterium cell lines and prevents 
other bacteria from colonizing the me-
dia (Metcalfe et al. 2017). The sub-cul-
tured samples were incubated at 40°C 
with 5% CO2 for seven days. The 5% 
CO2 has been shown to result in earlier 
and increased growth of Mycobacterium 
(Realini et al. 1998). After seven days, 
the sub-cultured samples were Zie-
hl-Neelson stained and examined for 
Mycobacterium growth. 

To see if our results correlate with oth-
er papers, we referred to other studies 
that were conducted looking at rates of 
infection of Mycobacteria, particularly 
in the neighboring state of Missouri. 
We then cross-referenced these survey 
results with data from the EPA to see 
where CSOs are prevalent in major 
waterways. Similar correlation com-
parisons have been done with E. coli 
and different types of water sources 
compared against infection rates (Cole-
man et al. 2013). Infection rates can be 
classified into different levels of cluster 
rates ranging from 1 (highest rate of 
infection) to 5 (lowest rate of infection) 
(Mejia-Chew et. al. 2023).

RESULTS

After initial incubation at 30°C, My-
cobacterium was present in the water 
samples collected from the Illinois Riv-
er and Dry Run Creek (Figure 2 and 
Figure 3). After staining, Mycobacteria 

Figure 1. USGS map of Peoria, IL. Sample sites are highlighted in yellow with red arrows (Source: 
United States Geological Survey 2024 with additions of arrows and highlights from author).
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were observed, however, the species 
were unable to be determined. There 
was an increase in the growth of these 
bacteria when the samples were placed 
at 40°C in 5% CO2.

Samples taken from the Peoria build-
ings did not show any bacterial growth.

When comparing presence-absence of 
CSOs and NTM infection rates, results 
from Mejia-Chew et. al, 2023 found 
14,203 mycobacterial cultures reported 
to MDHSS over 11 years resulting in a 
median rate of NTM infection as 68.04 
(IQR 59.65–81.12)/100,000 persons for 
the study period, and compared with 
the 2008 baseline, yearly rate of infec-
tions had increased 5.7% by 2010 and 
12.2% by 2019 (Table 1). When this is 
compared to the current listing of the 
EPA map of CSOs in Missouri, it is a 
positive relationship between areas of 
infection and the presence of CSOs (Ta-
ble 2). Of the identified counties with 
infections, McDonald County was the 
only one without CSOs but also had 
the lowest infection rate of the coun-
ties, supporting the trend (Table 1 & 2). 
Cluster ratings were also not available 
for McDonald and Sullivan counties 
(Table 1).

DISCUSSION

Our study offers insight to the current 
diIn this study, we found the presence 
of Mycobacterium in the two Peoria sur-
face waterways, but we failed to find 
any evidence of their presence in the 
water samples collected from Peoria 
city buildings. This indicated that the 
water treatment plants are effectively 
removing Mycobacteria from the wa-
ter supplied to the city. Since Peoria’s 
water treatment plants are utilizing a 
3-stage UV system, it could be the rea-
son why no Mycobacterium grew. Sur-
face water has been shown to have an 
increased presence of Mycobacterium 
when compared to treated water. Wa-
ter samples collected from water treat-
ment plants around the United States 
were 36% positive for Mycobacterium 
(Le Dantec et al. 2002). 

One consideration for the increased 
prevalence of Mycobacterium in surface 
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Figure 2. Colonies of Mycobacterium grown on Lowenstein–Jensen medium in the Illinois River; 
Ziehl–Neelsen positive staining of a suspected colony. Magnification 1000x (Source: Author-gen-
erated). 

Figure 3. Colonies of Mycobacterium grown on Lowenstein–Jensen medium in the Bradley Creek; 
Ziehl–Neelsen positive staining of a suspected colony. Magnification 1000x (Source: Author-gen-
erated). 



waters is contaminated wastewater. 
Mycobacterium Tuberculosis Complex 
(MTBC) has been isolated from waste-
water (Mtetwa et al. 2022). Interesting-
ly, a CDC epidemiological spatial anal-
ysis of Missouri indicated increased 
NTM infection rates in locations that 
experienced flooding (Mejia-Chew et 
al. 2023). Combined sewer overflows 
(CSO), such as the one found in Peo-
ria, IL, are sewer systems that combine 
wastewater and rainwater and dis-
charge it into rivers, lakes, and other 
surface waters. With our finding of the 
presence of Mycobacterium in Peoria’s 
surface water, it could be that CSOs 
contributed to this presence. Missouri, 
as well as many states throughout the 
Midwest, have CSOs similar to Peoria, 
IL.

Looking at other locations, Missouri 
surveys have indicated a correlation 
between clustered cases of NTM and 
Missouri cities having CSOs (Me-
jia-Chew et al. 2023 and US EPA 2023). 
The cases in Missouri that showed 
high clusters of NTM infections are in 
St. Louis, Kansas City, Cape Girardeau, 
and St. Joseph (Mejia-Chew et al. 2023), 
which all are highly urbanized areas 
and located on rivers that receive CSO 
discharges. More evidence that links 
wastewater to these infection clusters 
is the lack of infection clusters in oth-
er cities such as Columbia, Jefferson 
City, and Springfield. Although the 
cities have significant human popula-
tions, are highly urbanized, and have 
much human activity, they lack river 
flow and, therefore, potential water 
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contamination from CSOs. Our results 
showed NTM growth in Peoria’s sur-
face waters, including the Illinois Riv-
er. Potentially linking these sources of 
contamination to infection rates is im-
portant for human health and should 
be further investigated. Flooding and 
human activity near sites having CSOs 
may increase the cases of NTM-LD 
from untreated water. 

NTM-LD increased from 3.13 to 4.73 
per 100,000 people between 2008 and 
2015 in the United States (Le Dantec et 
al. 2002). CSOs may not only increase 
the cases of NTM-LD but also con-
tribute to antibiotic-resistant bacteria 
(Turns 2024). Antibiotics can enter sur-
face waters through fecal content from 
CSO discharge (Turns 2024). These sur-
face waters can then be sites of envi-
ronmental exposure to humans. Many 
species of bacteria, including Myco-
bacterium, can gain antibiotic resis-
tance from these antibiotic-containing 
waterways. With NTM-LD requiring 
a narrow range of antibiotics, it could 
become increasingly difficult to treat 
(Saxena, Spaink, and Forn-Cuní 2021). 
The Illinois American Water Company 
provides treated water to Peoria as well 
as 700 communities and 14 states (Illi-
nois American Water Company 2022). 
In 2019, UV water treatment upgrades 
were started in Illinois (Winthrop et al. 
2020). The lack of Mycobacterium pres-
ence in the Bradley University treated 
water could be due to the implemen-
tation of the UV water upgrades. We 
found Mycobacteria in Peoria surface 
waters but did not link that with NTM-

LD incidence or prevalence in humans. 
Future studies could investigate that, 
as well as how NTM exposure is most 
affected.

CONCLUSION

While we acknowledge that this study 
did not seek to identify particular My-
cobacterium species or pathogenic My-
cobacterium, our study is relevant as 
it highlights that the surface water in 
Peoria contains Mycobacteria and could 
expose the public to pathogenic Myco-
bacterium species. Future studies could 
attempt to identify particular Mycobac-
terium species.
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