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<EPA Topics to be Discussed

United States
Environmental Protection
Agency

1. Briefintroduction to waterborne Cryptosporidium and Giardia
e Historical perspective on detecting Cryptosporidium and Giardia

* Current detection methodologies

2. US EPA’s waterborne protozoan research program

* Building a “Protozoan Detection Toolbox”

3. Perspectives on the future of the “Protozoan Detection Toolbox”
e Future directions

* Factors to consider for developing a pathogen specific detection method
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EPA Cryptosporidium species

Agency

C. wrairi 517 (5)
Pe

Skunk genotype (10)

Opossum genotype I 1041 (8)
Marsupial genotype 1428 (9)
Horse genotype 6481 (1)
Rabbit genotype 2244 (2)

Enteric protozoan parasite

Chronic diarrhea and death in susceptible groups

. meleagridis 295
Pig genotype I 427 (8)
Marsupial genotype IT 6475 (2)
Cervine genotype 6482 (3)
Fox genotype 2041 (1)
Muskrat genotype II 3657 (6)
Deer mice genotype 1457 (2)
Opossum genotype IT 1040 (12)
Squirrel genotype 7406 (15)
Muskrat genotype I 5490 (30)
Bear genotype 961 (1)
gj C. canis coyote genttype 2011 (2)
C. canis dog genotype 244 (11)
92% C. canis fox genotype 5035 (11)
C. felis 288 (10)
C. saurophilum 340 (15)
Goose genotype I 886 (33)
Goose genotype IT 1182 (9)
Duck genotype 6876 (2)
Pig genotype II 6734 (2)
Bovine genotype B 2622 (19)

At least 20 species, with many more genotypes

Waterborne transmission (Milwaukee Outbreak)

Deer-like genotype 6293 (7)
Snake genotype 938 (1)
C. baileyi 39 (6)
Tortoise genotype 750 (5) N
C. serpentis 63 (65)
93] 55 Lizard genotype 1665 (1)
C. andersoni 20 (14)

C. muris 34 (15)

Woodcock genotype 5391 (1)
1002 . galli finch genotype 1436 (2)
C. galli 4300 (7)

100}

96

Xiao, L. et. al. 2004. Clin. Microbiol. Rev. 17:72.

351 (4) \
Mouse genotype 411 (20)

Deer genotype 2040 (4) J
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SEPA Cryptosporidium Species Infecting

United States

Envronmantal rotaction Humans and Selected Animals

Major Species Minor Species

C. meleagridis, C. felis, C. canis,
C. suis, cervine genotype

Cat C. felis

, C. bovis, C. andersoni, deer-like

Cattle C. suis

genotype
Chickens C. baileyi C. meleagridis
Deer , deer genotype
Dog C. canis
Turkey C. meleagridis, C. baileyi
Pig C. suis Pig genotype Il

Sheep Cervine genotype 1-3, bovine genotypes

Modified from Fayer and Xiao. 2008.
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SEPA US EPA Drinking Water Regulations for
e aromasi! rotecton Cryptosporidium and Giardia

Agency

Long Term 1 Enhanced Surface Water Treatment
Rule (2002) —
[DEPE]L The LT1ESWTR applies to

sUMMARY: I this document, EPA is public water systems that wse surface
fimalizing the Long Term 1 Enhanced water or ground water under the direct

Surfece Water Treatment Rule influence of surface water and sarve
[LT1ESWTR). The purposes of the fewer than 10,000 PErsons. The
LTIESWTH are to improve contrel of LT1ESWTR builds upon the framewar
microbial pathogens, specifically the exztablished for systems serving a

[ E T |'.'.'.'.'.r:.'r.u-'r.u.lrl'-'.l'.:.:.'rl.l in c|r|'|k|'.|}_l| |HZI[ZIE]]-SI1i.I2H1 of 10,000 or more in the
water and address risk trade-offs with Interim Enhanced Surface Water
disinfection byproducts. The rule will Treatment Bule (IESWTR). This rale

Surface Water Treatment Rule (1990)

The SWTR, which became effective
on December 31, 1990, requires all
systems using surface water, or ground
water under the direct influence of
surface water, to disinfect. It also
requires all such systems to filter their
water unless they can demonstrate that
they have an effective watershed
protection program and can meet other
EPA-specified requirements. The
elso specifies that systems using surface
water must treat water to remove/
inactivate at least 99.9% (3 logso) of the
Giardia lamblia cysts (a protozoan) and
at least 89.99% (4 logso) of the viruses.
The SWTR does not require a system to
monitor its source water or drinking
water for these pathogens.

Long Term 2 Enhanced Surface Water Treatment Rule (2006)

Thursday,
January 5, 2006

Pare I1

Environmental
Protection Agency

40 CFR Parts 9, 141, and 142

National Primary Drinking Water
Regulations: Long Term 2 Enhanced
Surface Water Treatment Rule; Final Rule

Interim Enhanced Surface Water
Treatment Rule (1998)

SUMMARY: In this document, EPA is
finalizing the Interim Enhanced Surface
Water Treatment Rule (IESWTR). The
purposes of the [ESWTR are to: Improve
control of microbial pathogens,
including specifically the protozoan
Cryptosporidium, in drinking water; and
address risk trade-offs with disinfection
byproducts. Key provisions established

Disinfection Prafiling and Eenchmarking

Afer complibng i inlial round o ssurce waler rondonineg ey sysbanm (hat plad on rakisg a sigailizant
changs fo their dininfechon practizes must:

b Crails dhisfection profiec for Glercks fembde and viuses;

¥ Cakculaie n disicfection benchmark; and,
b Sonsull with tha sisba prior b making a sigailkent chenge in disinfecion praction.

Binm Classification For Filtered Systems

Additlonal Snppfosponidfum Treatment
Crpplospovidiam Ein Hequired
LConcentration
{oooysts/L)

Altermative

. . Slow Sand or | Fltration
Comventional | Direet | n o

Filtration | Filtration | e o i ation

Classification
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SEPA Detection of Cryptosporidium and Giardia:

United States

Environmental Protection
Agency

nrpd Stabes Orthea of Grownd Wabar ard EF&'E14.8.85003
Efreltonrmat ol Protection Drinvking Wi Juna 19496

Agency

ICR Protozoan Method for i 9" gl N Sample Collection
Detecting Giardia Cysts and ' " AL Sliel
Cryptosporidium Qocysts in
Water by a Fluorescent
Antibody Procedure

_' P P
.+ " Immunofluorescence
- T rl c - 4 o
e -ﬂ-“;‘"";- Detection
W e 2

Poor recovery, reproducibility and sensitivity
« High limits of detection
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SEPA Method 1622/1623:

United States
Environmental Protection

Detection of Cryptosporidium and Giardia
111 NOWH

SEPL Method 1622: Cryptosporidium in
Water by Filtration/IMS/FA

=l Sample Collection

Elution

Agancy

Method 1623: Cryptosporidium and
Giardia in Water by Filtration/IMS/F A

December 2005

Immunomagnetic
Separation

Immunofluorescence
Detection
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wEPA Method 1622/1623:

United States

e Detection of Cryptosporidium Oocysts
A microscopic based detection method

DNA staining Cryptosporidium staining

4 B

* Does not differentiate human infectious
vs. animal forms

e No live vs. dead discrimination

\ / Images from Ware, EPA and Xiao, CDC
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SEPA Challenges for the 21st Century

United States

“Is there a Silver Bullet?!”

Protozoan Detection Systems:

Fast and user friendly

Sensitive and quantitative
Species/genotype specific

Live vs. dead
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YEPA What are the Questions?

Environmental Protection
Agency

What are the total levels of Cryptosporidium/Giardia in the watershed?

What are the total levels of pathogenic Cryptosporidium/Giardia in the watershed?

How complex is the Cryptosporidium/Giardia species diversity in the watershed?

Are the Cryptosporidium/Giardia oocysts in the watershed viable/infectious?

Other questions...
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wEPA Is there Room for Improvements?

United States
Environmental Protection
Agency

HV, E'llzthaX IMS/Acid | v‘al\/licros:copy: Milt(:]v(\)/d

» Improve filtration * New IMS reagents * New reagents
and concentration e antibodies » Antibodies

 magnetic beads Method

of the

* New technology to * Cell Culture
capture multiple * Improve recovery Future

pathogens » Dissociation * Molecular-based assays
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Advances in the Detection of
Cryptosporidium Oocysts and
Glardia cysts in Water

Towards Developing a Complete
“Protozoan Detection Toolbox”




S EPA Current Molecular-Based Detection Approaches
Y = .. : .
edsaes o 1O Waterborne Cryptosporidium/Giardia

Agency

1. Species ldentification and Genotyping
Restriction Fragment Length Polymorphism (RFLP)-DNA Sequence Analysis
Single Strand Conformational Polymorphism (SSCP)

Randomly Amplified Polymorphic DNA (RAPD)
Multi-Locus Sequence Typing (MLST)

. Quantitative PCR

. Real-Time PCR (qPCR)
. Loop-Mediated Isothermal Amplification PCR (LAMP)

. Viability Assays

Reverse Transcriptase-PCR (RT-PCR)

Integrated Cell Culture/PCR

Nucleic Acid-Based Sequence Amplification (NASBA)
Fluorescence In Situ Hybridization (FISH)

. Microarray
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<EPA

United States
Environmental Protection
Agency

Tools for Source Tracking,

Species ldentification, and Genotyping
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SEPA Tracking Sources of Contamination

United States

Eg\éir:ggmental Protection i n a Waters h ed

APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Nav. 2008, p. 6495-6504 Vol. 74, No. 21
0099-2240/08/$08.00+0  doi:10.1128/AEM.01345-08
Copyright © 2008, American Society for Microbiology. All Rights Reserved.

Cryptosporidium Source Tracking in the Potomac River Watershed”

Wenli Yang,' Plato Chen,? Eric N. Villegas,® Ronald B. Landy,* Charles Kanetsky,* Vitaliano Cama,’
Theresa Dearen,' Cherie L. Schultz,” Kenneth G. Orndorff,® Gregory J. Prelewicz,
Miranda H. Brown,® Kim Roy Young,* and Lihua Xiao'*

Centers for Disease Control and Prevention, Atlanta, Georgia 30341"; Washington Suburban Sanitary Commission, Laurel,
Maryland 207053; National Exposure Research Laboratory, U.S. Environmental Protection Agency, Cincinnati,
Ohio 452683%; EPA Region III, Fort Meade, Marvland 20755% Interstate Commmission for the Potomac River Basin,
Rockville, Maryland 2085(°: Frederick C ounty Division of Utilities and Solid Waste Management, Frederick,
Maryiand 21704 Fairfax Water, Fairfax, Virginia 22031°; and Washington Agqueduct, Washington, DC 20016%

Received 16 June 2008/Accepted 22 August 2008

Goals

* ldentify types of Cryptosporidium oocysts
present

* Use PCR-RFLP and Method 1623

* Identify potential sources of Cryptosporidium
oocysts in the Potomac River

Potential Sources:
Storm water runoffs
Wastewater treatment discharges
Wild animals
Agricultural/animal operations
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<EPA Methodology

United States
Environmental Protection

Collection of 20-L water samples (93 samples)

Filtration of two 10-L
samples

Method 1623

One filter to an LT2 One filter to CDC
certified laboratory laboratory

Immunomagnetic Immunomagnetic
separation of separation of
oocysts 0oCysts

Microscopy PCR, DNA sequencing
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<EPA

United States

Environmental Protection

Agency

Cryptosporidium Species and Genotypes Found

TABLE 5. Cnptosporidium genotypes found in water samples in the Potomac watershed

Species or genotype

Major known host(s)

Minor known host(s)

MNo. of samples

No. of detections?®

Detection site(s)

positive
C. andersoni Cattle Sheep, humans (7) 41 167 (151 type A, 14 All except Great Seneca
type B, and 2 type  Creek”
C sequences)
P C. felis Cats Cattle, humans 2 3 Great Seneca Creek
wP C. meleagridis Birds Humans, dogs, deer 1 1 Great Seneca Creek
mice, brown rats
C. serpentis Snakes, lizards 1 1 Potomac WFP
Deer mouse genotype Il Deer mice Squirrels 3 5 Great Seneca Creek, Potomac
(W1) WEFP, Corbalis WTP
Deer mouse genotype IV Deer mice 1 1 Great Seneca Creek
(W3)
== Cervine genotype (W4) Sheep, zoo and wild Deer mice, beavers, 3 5 Great Seneca Creek
ruminants, squirrels, raccoons, lemurs,
chipmunks, humans
woodchucks
Muskrat genotype 1 (W7) Muskrats, voles 3 4 Corbalis WTP, North Fork
Shenandoah River,
Monocacy River
Snake genotype (W11) Snakes 1 1 Potomac WFP
W12 1 1 Great Seneca Creek
== Skunk genotype (W13) Skunks Raccoons, otters, 4 5 Great Seneca Creek, Potomac
OpOsSsums, WFP, Corbalis WTP
squirrels, humans
Vole genotype (W15) Voles 1 1 North Fork Shenandoah River
Tortoise genotype Tortoises 1 1 Great Seneca Creek
C. bovis-like genotype 1 1 Potomac WFP
Mouse genotype Il-like Mice 1 3 North Fork Shenandoah River

“ Total number of positive samples for five PCR replicates of all samples.
® Detected in one PCR replicate of one storm flow water sample from the Great Seneca Creek.
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<EPA Summary

United States
Environmental Protection
Agenc

C. andersoni, a cattle specific species, was the predominant oocyst detected at all
sites tested

Pathogenic C. hominis and C. parvum were not detected in all 93 samples analyzed

Only minor species/genotypes infecting humans were detected (10 samples)

Giardia data: 12 samples positive for Giardia cysts (1-50 cysts/10L). No molecular
data available yet

Molecular-based detection technique used in this project proves to be effective
and sensitive to detect and genotype oocysts in source waters

Study required 2 split samples; 1) Method 1623 and 2) Molecular
genotyping...Expensive!

Other source tracking studies done in other regions revealed similar results
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SEPA Modifying Method 1623:
wemarcon Qff-the-Slide Molecular Genotyping

Agency

TR AFT E TP aeeTAL Hiemoe
I b

Molecular Forensic F'II-":IIE':'l‘:: wif lf'.l1||r\.'rl-l.'»-."r||":.-.ll| H|'le'i|."- anil
ti;_-11.|r_-,||\-~. m Bow Water

Moinwi A, Kuecker,'

Vol. 44, No. §

Crmicar MICROBIOLOGY, Sept. 2006, p. 3285-3201
5 06/$08.00+0  doi:10.1128/J CM.00541-06
Copyright © 2006, American Society for Microbiology. All Rights Reserved

0
Fpee

Rapid and Sensitive Detection of Single Cryptosporidium Oocysts from
Archived Glass Slides

O. Sunnotel," W. I. Snelling,’ L. Xiao,” K. Moule,” I. E. Moore,* B, Cherie Millar,*
1.S. G. Dooley," and C. I. Lowery'*

Cenire for Molecular Biosciences, School of Biomedical Sciences, Faculty of Life and Health Scierces, University of Ulster,
Cromare Road, Coleraine, Northern Ireland BTS2 1SA'; Division of Parasitic Diseases, National Centers for
Infeciious Diseases, Centers for Disease Control and Prevention, 4770 Buford Highway, Chambiee,

Georgia 30341°; Warer Service Northem Ireland, Altnagelvin Laboratory, 1A Belr Road, Altnagelvin,
Londonderry, Norihern Ireland BT47 2LL* and Norther: Ireland Public Health Laborarory,

Depariment of Bacteriology, Belfast City Hospital, Belfast, Northem Ireland BT9 74D

Received 13 March 2006/Returned for modification 4 May 2006/Accepted 5 July 2006
Val. 72, No. 8

OBIOLOGY, Aug. 2006, p. 5428-5435
AEM.02906-05
for Microbiology. All Rights Reserved

APPLIED AND ENVIRONMENTAL Mic
0009-2240/06/508.00+0  doi:10.1
L—{ Copyright © 2006, American Sox

Molecular Fingerprinting of Cryprosporidium Oocysts
Isolated during Water Monitoring
Rosely A. B. Nichols, Brian M. Campbell,# and Huw V. Smith*
Scorrish Parasite Diagnostic Laboraiory, Stobhill Hospital, Glasgow G21 3UW, United Kingdom

Received 9 December 2005/ Accepred 30 May 2006

Vol. 73, No. 12

57

APPLIED AND ENVIRONMENTAL MICROBIOLOGY, June 2007, p. 3945
- 08.00+0  doi:10.1128/ AEM.02788-06
Copyright © 2007, American Socicty for Microbiology. All Rights Reserved
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Tracking Host Sources of Cryptosporidium spp. in Raw Water for
Improved Health Risk Assessment”

Norma J. Ruecker,"? Shannon L. Braithwaite,” Edward Topp,® Thomas Edge.*
David R. Lapen,” Graham Wilkes,” Will Robertson,” Diane Medeiros,’
Christoph W. Sensen,” and Norman F. Neumann'2*

Alberta Provincial Laboratory for Public Health (Microbiclogy), Caﬁgary. Alberta, Canada'; Department of Microbiology and
Infectious Diseases, University of Calgary, Calgary, Alberta, Canada®; Southem Crop Protection and Food Research Centre,
Agriculture and Agri-Food Canada, London, Ontario, Canada® National Water Research Institure, Burlington, Ontario,
Canada*; Eastern Cereal arnd Oilseed Research Cenire, Agriculture and Agri-Food Canada, Onawa, Ontario,
Canada®; Warer Quality and Health Bureau, Health Canada, Onawa, Omiario, Canada®; and
Department of Biachemisiry and Molecular Biology, Sun Center of Excellence for
Visual Genomics, University of Calgary, Calgary, Alberta, Canada’

Received 20 November 2006/Accepted 23 April 2007
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‘e’EPA Off-the-Slide Molecular Genotyping

Environmental Protection
Agency

 Representative genotypes detected:
« C.andersoni
C. baileyi
C. parvum
Cryptosporidium muskrat genotype I/l
cervine genotype

Cryptosporidium fox genotype,
genotype W1 and W12

« Average Cryptosporidium oocyst levels
detected:

 0.09-0.26 oocysts/L
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"EPA Summary

Environmental Protection
Agency

Genotyping approaches suggest Method 1623 can overestimate levels
of pathogenic species of Cryptosporidium detected in the watershed

Off-the-slide genotyping offers post-microscopic genotyping

Molecular-based detection assays are useful for tracking sources of
Cryptosporidium/Giardia contamination

Potential application for round 2 of LT2 in 2015

Off-the-slide genotyping is still labor intensive and requires extensive
technical experience
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' {

Tools for

Detecting Viable/Infectious
Cryptosporidium and Giardia

Office of Research and Development
National Exposure Research Laboratory | Microbiological and Chemical Exposure Assessment Research Division |
Biohazard Assessment Research Branch



SEPA Detecting Viable/Infectious
e e Protection Cryptosporidium and Giardia

Agency

APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Sept. 1999, p. 3936-3041 Vol. 65, No. 9

0099-2240/99/$04.00+0
Copyright © 1999, American Society for Microbiology. All Rights Reserved
A Most-Probable-Number Assay for Enumeration of Infectious
Cryptosporidium parvum Oocysts

THERESA R. SLIFKO,* DEBRA E. HUFFMAN, anp JOAN B. ROSE
Deparmment of Marine Science, University of South Florida, Si. Petersburg, Florida

Received 5 October 1998/Accepted 9 June 1999

APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Sept. 1997, p. 3669-3675 Vol. 63, No. 9
0099-2240/97/$04.00+0
Copyright © 1997, American Society for Microbiology

An In Vitro Method for Detecting Infectious Cryptosporidium
Oocysts with Cell Culture

Limitations:
« Labor intensive and expensive
Limited performance evaluation data on environmental
= samples
Limited range of species/genotypes detected

The use of g
for fluoresc|
parvum oog

DOI 10.1007 /50043

ORIGINAL

M. Jenkins - JM. Trout - ). Higgins - M. Dorsch
D. Veal - R. Fayer

B-Tubulin mRMNA as a Marker of Crypiosporidinm

Comparison of tests for viable and infectious parvum Oocyst Viability
c’yptospm-’d’”m parmm oocySts GO ANNI WIDMER." ELIZARE I|.I A DRBACE, anp SALUL TZIFOR]

Dlaswoni af Begvvaams

pand, Ty sy Solay’ of Fawmmasy Hadioy
11

APPLIED AND ENVIRONMENTAL MICROBIOLO 2005, p. 1495-1500 Roh L o, Mamachuuretr
0099-2240/05/308.00+0  doiz 10,1128/ AEM. 5-1500.2005 Bopurprd 2 e—
Copyright © 2005, American Society for Microbiology. All Rights Reserved
Quantitative-PCR Assessment of Cryptosporidium parvum Cell
Culture Infection
. . " N . . Fig. 1. FISH of C. parvum oocysts with Cy3-labelled 26-mer S5U rDNA dligonucleotide
George D. Di Giovanni'* and Mark W. LeChevallier probe, CparG77. Positive hybridisation was revealed by bright red fluorescence within
American Water Works Service Co., Inc., Belleville, Illinois,* and American Warter oocysts. Oocysts were counterstained by immunolabelling {green) with CRY104-FITC.
Works Service Co., Inc., Voorhees, New Jersey” (Forinterpretation of the references to colour in this figure legend, the reader is referred
Received 25 May 2004/Accepted 12 October 2004 to the web version of this artide.)
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S EPA Detection of Live/Viable Cryptosporidium Oocysts

United States

Using Propidium Monoazide (PMA)

Agency

Are I At Erxvmoreaerrar MicnonoLooy, Aug. 3607, p 21115117 Wol. 75 Mo 16
(U AT K141 WL L2 AEM O T
0 |1":\I-||_J|Il: o 2008, Amerian '1|-l\.||.l:r 1w Microhiclogy. AR Rights Reserved.

Use of Propidium Monoazide for Live/Dead / @ \
Lo L v Naked DNA ..

PMA

Distinction in Microbial Ecology”
! . 3 |
Andreas Mocker'™ Priscilla Sossa-Fernandez.” Mark T3, Bure,' and Anne K. € amper’
. |

Monmng 58

Reerter Ll

o Univerichived
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Available online at www.sciencedirect.com _— @ Dam ag ed n O n -VI ab | e 0 o Cyst

- . Journal
*2” ScienceDirect “"Microbiological

Methods

www.elsevier.comylocate/jmicmeth

Comparison of propidium monoazide with ethidium monoazide for Viable O ‘
differentiation of live vs. dead bacteria by selective Qa € OCySt I

ELSEVIER Jousnal of Microbiological Methods 67 (2006) 310320

removal of DNA from dead cells

Andreas Nocker ™*, Ching-Ying Cheung ®, Anne K. Camper “*

* Center for Biofilm Engineering. Montana State University 366 EPS Bru}dm& F
Biol United States

© Department of Civil Engin sman, Montana 59717, United States

PC

Bax 173980, Bozeman, MT 597 17-3980, United Sttes [

Received 4 April 2006; received in revised form 11 April 2006; accepted 11 April 2006
Available online 5 June 2006
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wEPA Removal of Indigenous DNA (“Naked DNA")

United States

e roesion JSING Propidium Monoazide (PMA) and DNase

Agency

* Presence of indigenous DNA and dead oocysts in complex matrices

» Can affect outcome of PCR-based detection assays (overestimate)

» Detection of DNA vs. oocysts, how do we interpret results?

» Can we specifically detect and genotype “viable” pathogens in the water?

O Untreated

O Inactivated Dnase
@ PMA (100ul]

E Imase (1010)

B PLA + Dmase

1ng 0.1 ng

C. parvum Salmon sperm DNA
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SEPA Detection of Live vs. Dead

United States

C. parvum Oocysts

Crypt-a-Glo Crypt-a-Glo + PMA

A C

Heat
IE
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wEPA Detecting Live Oocysts Using PMA

United States
Environmental Protection
Agency

PCR-Genotyping

Dead/damaged
oocysts

Live oocysts Dead oocysts
Oocyst Experiment detected detected

Live Heat-killed 2

C. parvum C. muris -
C. parvum C. muris
C. parvum C. muris
C. parvum C. muris

C. parvum C. muris
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wEPA Is this Method Effective In Detecting Oocysts in

United States

Environmental Protector Environmental Water Samples?

Raw surface water
LIVE A
M - + - + B

Dead/damaged
oocysts

S

1 2 3 4 5 6

1

M, Marker; B, Blank; -, No PMA; +, with PMA

PCR-Genotyping
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"EPA Summary

Environmental Protection
Agency

Heat inactivated oocysts treated with PMA were not detected, whereas live
oocysts were detected by conventional PCR

This method was effective for genotyping and allowed for the identification of
only live oocysts

Results suggest that this method may be applied to environmental water
matrices (in certain situations)

Use of PMA is also effective on more complex eukaryotic protozoa...in addition
to bacteria and fungi
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What Lies Ahead for the

Waterborne Protozoan Research
Program?
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Multiple Pathogen Detection Systems
“Pathogen Sequence Fingerprinting”

Using DNA microarrays to detect multiple pathogen
threats in water
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SEPA Molecular Detection Technologies:

United States
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Molecular-based detection of Cryptosporidium
and Giardia are in its infancy

A better understanding of the differences
between zoonotic and human-specific

Cryptosporidium/Giardia is possible

Advances in the “Protozoan Detection
Toolbox” will improve our understanding of
these parasites and their relationship to public
health
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SEPA Using the Protozoan Detection Toolbox
e e Protsction To Answer our Questions

Agency

What are the total levels of Cryptosporidium/Giardia in the watershed?

What are the total levels of pathogenic Cryptosporidium/Giardia in the watershed?
How complex is the Cryptosporidium/Giardia species diversity in the watershed?
Are the Cryptosporidium/Giardia oocysts in the watershed viable/infectious?

Other questions...

[ Method 1623

PCR-RFLP, gPCR,
Microarrays

[ Cell Culture, RT-PCR, PMA

¢ NOILYLNIWIO3E

Wi i A FSTRE

Pathogen ecology and
source tracking
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