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Drinking water is a source of opportunistic bacteria
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Drinking water is a source of opportunistic bacteria
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Opportunistic Pathogens

Pose a threat to the
immunocompromised

2R R

Very  Sufferer of chronic  Very
young disease old




Cystic fibrosis predisposes individuals to
opportunistic bacterial infections
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Cystic fibrosis predisposes individuals to
opportunistic bacterial infections

Genetic disease

Susceptible to chronic respiratory infections — antibiotic resistant

1. Achromobacter

2. Burkholderia

3. Nontuberculous mycobacteria
4. Pseudomonas aeruginosa

5. Stenotrophomonas maltophilia

Unclear where opportunists come from - environment



Opportunistic pathogens are found throughout the
drinking water transect in non Cystic Fibrosis homes

Linear effect models indicate that distribution system & home specific
factors influence opportunists’ abundance

Achromobacter | PP material® + Iron ¢+ S. maltophilia® + Orthophosphate® + Water age®

Explains 73%
I Burkholderia Iron® + Water age? + P. aeruginosa® — Nitrite?
Explains 90%
Mycobacterium Iron® — Water age® + Pressure zone® + Water type?® + Total 16S¢
Explains 95%
CTY + Iron® + Burkholderia® + \Water age® - pH®
Explains 74%
S. maltophilia Iron® — Home age® + Achromobacter® + Burkholderia® + Copper®
Explains 64%

CT = Disinfectant concentration (C) x residence time (T)

Haig, SJ. et al., under review
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Current links between drinking water & cystic fibrosis
opportunistic pathogens rely on culture based methods

These opportunistic pathogens have been found throughout the
drinking water transect

Few studies have matched strains in cystic fibrosis to strains in

drinking water "x

Culture-based methods are:

time consuming

unable to detect opportunistic pathogens: | j
inside amoeba = 258
in the viable but non-culturable state ‘\ ;

Recently developed a high-throughput molecular approach allowing
species & strain level identification of Mycobacterium in drinking water

Haig et al., (2018) mBio 9(1) 4



RESEARCH QUESTION

Is there a link between strains of

opportunistic pathogens in drinking water and
strains causing infection in persons with cystic fibrosis?




Approach to assess the link between strains causing
infection in cystic fibrosis & strains in drinking water

PA RTI CI PANTS 44.0 ‘ il ' VL - . ;:' bj:c:;;:,::::;:sitive Bacteria

<18 years old it IELLAY Ree=
Living in Michigan S et R
Infection for the first time o E R 0 - ooy
Achromobacter o - :
Burkholderia S0
Nontuberculous mycobacteria | %
Pseudomonas aeruginosa
Stenotrophomonas maltophilia| , &
Get culture of subject’s infection v S e A NG
from hospital = SUBJECT’S STRAIN " : my g

Longitude

Sample subject’s home drinking water



Approach to assess the link between strains causing
infection in cystic fibrosis & strains in drinking water

44.0 AN e a8 Sbslt Positive Bacteria
PA RTICI PANTS ‘ : B % ’: : O Achromobacter

u 8 y d pil a8 1| @ Burkholderia
<18 years ol = » IE C . e
= Living in Michigan ot A
A h L g_f,-gj Q S. maltophilia
435 R Sl O . maltophilia & NTM
= O s maltophilia & P. aeruginosa

= |Infection for the first time
» Achromobacter
~ Burkholderia
» Nontuberculous mycobacteria

~ Pseudomonas aeruginosa
~ Stenotrophomonas maltophilia

SN
w
o

Latitude

42 5 LI SO

42,0 SEEE.

= Get culture of subject’s infection
from hospital = SUBJECT’S STRAIN

-85 -84 -83
Longitude

= Sample subject’s home drinking water



In home sampling after 26 hours of water stagnation
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In home sampling — additional sampling locations
determined by “Water Use Survey”

Survey helps identify additional locations:

faucet patient interacts with the most — typically bathroom
Shower or bath

Swab aerator 1 L cold water

4L Hot water




Samples are processed using culture based
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Drinking water is a source of closely related strains

which are causing infection in cystic fibrosis patients

Size
Closely related
(bp) m

subject

Percentage of matches between
Opportunistic pathogen infecting drinking water and Clinical strain

Pseudomonas aeruginosa 13% 70% 855 MARP
Achromobacter spp. 50% 0% 954 nrdA
Burkholderia spp. 67% 0% 1043 recA
Mycobacterium spp. 0% 50% 957 rpoB
Stenotrophomonas maltophilia 4% 26% 904 GyrB

20% of subject’s clinical isolates were found in their drinking water

90% of subjects’ water had at least one strain <3 SNPs different to
their subject’s clinical isolate

Haig et al., (2018) Pediatric Pulmonology 53
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Drinking water is a source of closely related strains
which are causing infection in cystic fibrosis patients

Percentage of matches between
- - . . : Target
Opportunistic pathogen infecting dl‘lnklng water and Cllnlcal strain
subject

Size
Closely related
“ (bp) m

Pseudomonas aeruginosa 13% 70% 855 MARP
Achromobacter spp. 50% 0% 954 nrdA
Burkholderia spp. 67% 0% 1043 recA
Mycobacterium spp. 0% 50% 957 rpoB
Stenotrophomonas maltophilia 4% 26% 904 GyrB

20% of subject’s clinical isolates were found in their drinking water

90% of subjects’ water had at least one strain <3 SNPs different to
their subject’s clinical isolate

Potential reasons for few exact match:
a) Sampling at one point in time

b) Bias introduced by clinical laboratory

Haig et al., (2018) Pediatric Pulmonology 53 C) H ypermu tation 10



Odds ratio (95% confidence interval)

Subject specific & drinking water related factors impact
odds of finding a subject’s clinical strain in their water

Sex AF508 Source Bai No. target Age of Source
(Male)  homozygous water (Bathroom) OP strains |  subject water
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No single household location was the sole source of
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74% of exact matches were found in bathrooms

Concentration
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No single household location was the sole source of
strains linked to clinical infection

74% of exact matches were found in bathrooms

¢ - [~ .
FUTURE WORK SHOULD FOCUS ON DETERMINING:

* Risk of exposure

* Route(s) of exposure

- Mitigation strategies
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FINDING

There is a link between strains of

opportunistic pathogens in drinking water and
strains causing infection in persons with cystic fibrosis
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Conclusions & Next steps
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Current Research Projects in the Haig Group
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