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Why is Legionella important to U.S. EPA

The mission of EPA is to protect human
health and the environment.

‘Q’EP Usited States

Envitonrmsatsl Peotection Agency

Office of Water

Legionella pneumophila is on the Office of
Water’s Contaminant Candidate List (CCL)

Legionella pneumophila is a microorganism of the natural
environment found in soil and water. However, it also causes

Legionellosis / Legionnaire's Disease, a disease that affects the
respiratory system.

laimer: The views expressed in this presentation are those of the author and do not necessarily reflect the views or policies of the U.S. Environmental Protection
ncy.
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CDC Notifiable Disease Report 2000-2011
Reporting ONLY Confirmed Cases

IS.
y year — United States, 1996-2011

2005 National Notifiable Diseases
Surveillance Systems (NNDSS) Case
Definition for Legionellosis.

Laboratory Criteria for Diagnosis
Confirmed:

1. Culture isolation of any Legionella
i Y Cams T am organism from the respiratory specimen.
2. Detection of L. pneumophila Sg1 antigen
in urine.
3. Seroconversion: fourfold or greater rise in
specific serum antibody titer.

ns of the Surveillance Data:

reporting of the disease burden
are reflective of Urine Antigen Test
5 (only detects L. pneumophila Sgl).

Year

2007
2008

Number
Cases

1127
1168
1321
2232
2093
2301
2834
2716
3181
3522
3346
4202
3688
4548

* Provisional cases

Legionellosis : Climbing Incidence of Disease in U.S.

0.40
0.41
0.45
0.74
0.70
0.75
0.91
0.86
0.99
1.08
1.01
1.10
1.06
1.18



onellosis Hospitalization: Financial Burden

t al 2012:
care costs of selected disease primarily or partially transmitted by water.
y Infection, 140, p2003-2013

Total cost (avg) S33,366

@ # of Hospitalization/year: 8,000-18,000 m:
avg(13,000)

| Hospitalization Cost: S433,758,C
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= Molecular Detection of L. pneumophila Sg 1 in Cold
Water Taps across the U.S.: Study Design

2 Year Study: 2009-2010

Monitoring Sum
aographically Diverse Locality

1 Tap/Site 2009-2010
™
s 12 Sites
N
o Y 2 Taps/Site * 40 Sites
iﬂ iﬂ * 68 Taps were m¢
* 4 Sampling even
40 Sites 28 Sites e 272 Samples ger



= Molecular Detection of L. pneumophila Sg 1 in Cold
Water Taps across the U.S.: Sample Collection Proc

Volunteers

Willing to participate in four sampling events
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=
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Collect over three liters from the cold tap after a 15 sec

Package bottles with provided ice packs

| »
e Return within 24hr of collection Qj



:_ Method: Sample Analysis Process and Detection of

- pneumophila Sgl

(1.

Step 1 Step 2 Step 3
4
w o
Water 3L Membrane Filtration Bead Beating
Polycarbonate 0.4 um
Step 6 Step 5 Step 4
I
qgPCR Results/ Criteria DNA Extraction

[
. . Controls:

C1: Method Blank 100 mL of DNase/RNase Free Water
Non Template Control (TNC) (gqPCR chemistry comp:




= Detection of L. pneumophila Sgl
Method: Step 5 DNA Targets for Identity/qPCR

eumophila Cell

= Components in a gPCR Reaction
T —
. A G —
_C 04
DNA DNA @
Free Base Pairs DNA Buffer .
Extracted from Water dNTPs Polvmerase w MeCl Primers &
(DNA Template) y g

DNA Target: 2 PCR Reaction Products

Forward Primer Probe

c—o

T

A"r | ~
arget: 1

Serogroup-Level
LPS gene
~ 1 copies/cell e —
Merault, 2011 Reverse Primer DNA Product

Fluorophore




Detection of L. pneumophila Sgl
Method gPCR: Step 5/Standard Curve

] <
DNA Extracted & 7 N\
From e
ATCC 33152 &L |
A A Am A
ion Series \ \ q .. ], \ \
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Amplification Curves

0.2

2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 35 38 40 42 44 46 43 50
Cycles

L. pneumophila ATCC 33152 Standard Curve for the Lp16¢
and LpLPS assays

R?=0.9950

0 - R? = 0.99987

Mean Cp Value

1 10 100 1.00E+03  1.00E+04  1.00E+05 1.0C
Target gene copy #/5ul rxn



—. Step 6/Reporting Criteria

Assay 1: Lp 16S Assay

 Three gPCR Reactions were done per sample
(Each reaction equates to 100 mL of the Original Volume collected)

A Sample was considered L. pneumophila (+) POSITIVE if:

* Cq of <40 was observed for 2 out of the 3 qPCR reactions.

Assay 2: LpLPS Assay
* Two gPCR Reactions were done per sample

(Each reaction equates to 100 mL of the Original Volume collected)

A Sample was considered L. pneumophila Sg1 (+) POSITIVE if:

* Cq of <40 was observed for both qPCR reactions.

Method: Detection of L. pneumophila Sg1.:

Not Reported

(-)

(-)

assays need to be posit

to be reported




- Performance Measures:

Parshionikar, S. (2008) Method Validation of U.S. Environmental Protection Agency
Microbiological Methods of Analysis. FEM Document Number 2009-01.

Reporting Crite
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Method

QPCR

- 2 PCR Products (Intact DNA)
- NTC Blank
- Three PCR hybridization need to take place
v'Increasing Fluorophor Detection
(Logarithmic Curve)
v DNA Products
100 basepairs (Lp 16S Assay)
75 basepairs (Lp LPS Assay)
Inhibition Control (s false negatives)

Limit of Detection (LD): 1 genomic target/reaction

Limit of Quantification (LQ): 10 genomic targets/reaction
] EE E E E EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEETRN

= Both Assays mus
gPCR positive.

= Method Blank

= 400 mL of the 50
mL of the origina
water tested mus
meet all of the
performance
measures.

Sensitivity of Method at 100 CFU/L (spiked)
Lp16 S Assay 91% samples
Lp LPS Assay 83% samples

Sensitivity of Method at 1,000 CFU/L (spiked)
Lp 16S Assay 100% samples
Lp LPS Assay 100% samples




Molecular Detection of L. pneumophila Sg 1 in Cold
Water Taps across the U.S.: Culture

1 Step 2

@;Q

er 100 mL Membrane Filtration
at for 15 min 0.4 um
4 Step 3
S
<« - - '
1ALDI-MS CVCC media

entification)




= Molecular Detection of L. pneumophila Sg 1 in Colc
Water Taps across the U.S.: Results

Monitoring Summary Results of Lp16S & LpLPS Assays

H 272 Samples
| - 3 Samples Lost *
269 Samples
* 40 Sites
* The qPCR Reaction was Completely inhi
e 68 Taps products of the PCR were detected nor pr
* 4 Sampling events/tap Lp16S / LpLPS Lp16S / LpLPS

(+/+) (+-/-)

Positive Negative Total

e 272 Samples generated

Samples 53 (20%) 216 (80%) 269
Taps 32 (47%) 36 (53%) 68




Persistence Results

Persistence of L. pneumophila Sgl at Tap

4 Sampling Events

1% (21/68) of the detections were positive for only
ne of the four sampling events/tap

6% (11/68) of the taps were positive for more than
ne sampling event.

'% (5/68) of the taps were consistently positive.

Number of Taps



~ Geographic Results

Geographic Occurrence and Persistence of L. pneumophila Sg]

Occurrence Persistence
Any site that had a positive sampling Sites positive for L. pneumophila S
event for L. pneumophila Sgl at more than one sampling event

[otal of 40 sites in study 24 Sites 7 Sites
68 Taps 32 Taps 11 Taps



. Concentration Results

)istribution of Concentrations of Genomic

Target/L Detected at Tap Important Concentration Values
Minimum: 40 genomic targets/L
10,000+
01-10,000 Median: 62 genomic targets/L
1014000 18 Maximum: 365,000 genomic targets/L
il LpLPS Assay b Lp168 Assay Values based on Lp LPS assay
11-100

Number of Taps




. Concentration: What is Being Measured?

Physiological States of Legionella

Amoeba Viable but not
Culturable (VBNC)

Viable

L ] Amoeba co-culture
| ] qPCR

Detection, Quantitative (genomic target/mL)

 Due to the extraction technique developed, gPCR will detect L.
pneumophila Sg1 in these physiological states.



-,,- Disinfectant Results

43 Taps chlorinated water
23 Taps monochloroaminated water

» 43% (19/43) of the taps that received
chlorinated water were positive for L.
pneumophila Sg1.

» 52% (12/23) of the taps that received
monochloramine treated water were
positive for L. pneumophila Sg1.

100000 1

The Role of the Water Disinfectant (chlorine & monochloramine)

10000

1000

100

LDy, 100,0

Berendt et.

Sensitivity of th

I method 1,000

! l IDg, >129

Berendt et. al

=
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Genomic Target of L. pneumophila Sg1 / L

-

Chlorine : Chloramine
(n=19) (n=12)

Legend 0

Max

75th percentile
Median

25th percentile
Min

Disinfectant




= Molecular Detection of L. pneumophila Sg 1 in Cold
= \Water Taps across the U.S: Health Risk (One approach)

Percentage of taps posit

Infection Dose ID,, Lethal Dose LD, L. pneumophila Sg

Guinea pigs exposed to L pneumophila by aerosol route.

ID values determined by the on set of a fever Lp LPS Data Avg concentration at
)’000 CFU LD values determined by death
5 o, .
000 CEU <€ |p - 1.1 X 1d?19§(ZJFU 3% of positive taps were a
LG 105 CFU in 1L of water.
5 "
900 CFU & 10°CFU 9% of positive taps were a
LD 5o (Baskerville, 1984) 10* CFU in 1L of water.
)00 CFU
ID <129 CFU 88% of positive taps were
0 CFU >0 (Berendt, 1980) 129 CFU in 1L of water.
0 CFU ID ., <20 cells 100% of positive taps wer:
(Huebner et al, 1984) above 20 CFU in 1L of wat

) CFU



Conclusion

L. pneumophila Sg1 was detected in samples from the cold water line at facilities
and/or households.

* Exposures can be episodic or more chronic based on the persistence results.

* No significant difference between monochloramine and chlorinated disinfected
water, in either the frequency of detection or average concentration of L.
pneumophila Sg1l.

* Assuming that guinea pigs data are applicable to humans,
= All positive taps monitored in this study had the potential to cause infection.
= One to three taps had concentrations that could pose a significant risk to

' Thank )



