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1. Brief introduction to waterborne Cryptosporidium and Giardia

• 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”

• Future directions

• Factors to consider for developing a pathogen specific detection method

Topics to be Discussed
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USDA Agriculture Handbook No. 651; www.dpd.cdc.gov/dpdx

Cryptosporidium species

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

• Enteric protozoan parasite

• Chronic diarrhea and death in susceptible groups

• At least 20 species, with many more genotypes

• Waterborne transmission (Milwaukee Outbreak)
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Host Major Species Minor Species

Humans C. hominis and C. parvum 
(90% of all infections)

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

Cat C. felis

Cattle C. parvum, C. bovis, C. andersoni, deer-like 
genotype C. suis

Chickens C. baileyi C. meleagridis

Deer C. parvum, deer genotype

Dog C. canis

Turkey C. meleagridis, C. baileyi

Pig C. suis Pig genotype II

Sheep Cervine genotype 1-3, bovine genotypes

Modified from Fayer and Xiao. 2008.

Cryptosporidium Species Infecting 
Humans and Selected Animals

3



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

US EPA Drinking Water Regulations for 
Cryptosporidium and Giardia
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Surface Water Treatment Rule (1990)

Long Term 2 Enhanced Surface Water Treatment Rule (2006)

Interim Enhanced Surface Water 
Treatment Rule (1998)

Long Term 1 Enhanced Surface Water Treatment 
Rule (2002)
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Detection of Cryptosporidium and Giardia:  
“Then”
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Sample Collection
Elution

Concentration
Floataion

Immunofluorescence
Detection

Limitations:
• Poor recovery, reproducibility and sensitivity
• High limits of detection
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Method 1622/1623:
Detection of Cryptosporidium and Giardia

“Now”
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Sample Collection
Elution

Immunomagnetic
Separation

Immunofluorescence
Detection
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Method 1622/1623:
Detection of Cryptosporidium Oocysts

Images from  Ware, EPA and Xiao, CDC

Limitations:
• Does not differentiate human infectious 

vs. animal forms 
• No live vs. dead discrimination

DIC DNA staining Cryptosporidium staining

A microscopic based detection method
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1.  Fast and user friendly

2.  Sensitive and quantitative

3.  Species/genotype specific

4.  Live vs. dead

Challenges for the 21st Century
“Is there a Silver Bullet?!”

Protozoan Detection Systems:
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1. What are the total levels of Cryptosporidium/Giardia in the watershed? 

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

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

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

5. Other questions…

What are the Questions?
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Method
of the 

Future

Is there Room for Improvements?

Method 
Now

HV, FiltaMax
CFC MicroscopyIMS/Acid

• Improve filtration 
and concentration

• New technology to 
capture multiple 
pathogens

• New IMS reagents
• antibodies
• magnetic beads

• Improve recovery
• Dissociation

• New reagents 
• Antibodies

• Cell Culture

• Molecular-based assays 
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Advances in the Detection of 
Cryptosporidium Oocysts and 

Giardia cysts in Water 

Towards Developing a Complete
“Protozoan Detection Toolbox”

Advances in the Detection of 
Cryptosporidium Oocysts and 

Giardia cysts in Water

Towards Developing a Complete
“Protozoan Detection Toolbox”
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Current Molecular-Based Detection Approaches 
for Waterborne Cryptosporidium/Giardia

1.  Species Identification 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)

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

3.  Viability Assays
• Reverse Transcriptase-PCR (RT-PCR)
• Integrated Cell Culture/PCR
• Nucleic Acid-Based Sequence Amplification (NASBA)
• Fluorescence In Situ Hybridization (FISH)

4.  Microarray 
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Tools for Source Tracking,
Species Identification, and Genotyping

Tools for Source Tracking,
Species Identification, and Genotyping
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Goals

• Identify 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

Tracking Sources of Contamination 
in a Watershed

?
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Methodology

Collection of 20-L water samples (93 samples)

PCR, DNA sequencing

Immunomagnetic 
separation of 

oocysts

One filter to an LT2 
certified laboratory

One filter to CDC 
laboratory

Microscopy

Immunomagnetic 
separation of 

oocysts

Filtration of two 10-L 
samplesMethod 1623
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Cryptosporidium Species and Genotypes Found

Yang, et.al. 2008. Applied and Environmental Microbiology
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Summary

• 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

• 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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Modifying Method 1623: 
Off-the-Slide Molecular Genotyping
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• Representative genotypes detected:
• C. andersoni
• C. baileyi
• C. parvum
• Cryptosporidium muskrat genotype I/II
• cervine genotype
• Cryptosporidium fox genotype, 
• genotype W1 and W12

• Average Cryptosporidium oocyst levels 
detected: 

• 0.09-0.26 oocysts/L

Off-the-Slide Molecular Genotyping 

Reucker, N. et. al. 2007. AEM. 37:3945-3957
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Summary

• 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

20
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Tools for
Detecting Viable/Infectious 

Cryptosporidium and Giardia 

Tools for
Detecting Viable/Infectious 

Cryptosporidium and Giardia
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Alagappan, et..al. 2008. J Micro. Methods

Detecting Viable/Infectious 
Cryptosporidium and Giardia

Limitations:
• Labor intensive and expensive
• Limited performance evaluation data on environmental 

samples 
• Limited range of species/genotypes detected
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Detection of Live/Viable Cryptosporidium Oocysts 
Using Propidium Monoazide (PMA)

PCR

PMA

Viable Oocyst

Damaged, non-viable oocyst

Naked DNA
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Removal of Indigenous DNA (“Naked DNA”)
Using Propidium Monoazide (PMA) and DNase

24

C. parvum Salmon sperm DNA

1ng 0.1 ng

• 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?
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Detection of Live vs. Dead 
C. parvum Oocysts

A B C

D E F

Live

Heat 
killed

Crypt-a-Glo PMA Crypt-a-Glo + PMA
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Detecting Live Oocysts Using PMA
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Lindquist, US EPA
PMA +  Light Dead/damaged 

oocysts

PCR-Genotyping

Oocyst Ratio Experiment
Live oocysts 

detected
Dead oocysts 

detected

Live Heat-killed 1 2 3

C. parvum C. muris 0:100 - - - 0/3 0/3

C. parvum C. muris 1:99 - - - 0/3 0/3

C. parvum C. muris 10:90 Cp - Cp 2/3 0/3

C. parvum C. muris 50:50 Cp Cp Cp 3/3 0/3

C. parvum C. muris 100:0 Cp Cp Cp 3/3 0/3
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Dead/damaged 
oocysts

Is this Method Effective In Detecting Oocysts in 
Environmental Water Samples?

LIVE 

Raw surface water

SSU rRNA

- + + BM

1 2 3 4 5 6

-

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

27
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PCR-Genotyping
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• 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

Summary
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What Lies Ahead for the
Waterborne Protozoan Research 

Program? 

What Lies Ahead for the
Waterborne Protozoan Research 

Program?
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Multiple Pathogen Detection Systems
“Pathogen Sequence Fingerprinting”
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Molecular Detection Technologies:
A Perspective

1. Molecular-based detection of Cryptosporidium 
and Giardia are in its infancy

2. A better understanding of the differences 
between zoonotic and human-specific 
Cryptosporidium/Giardia is possible

3. Advances in the “Protozoan Detection 
Toolbox” will improve our understanding of 
these parasites and their relationship to public 
health

SpeciesGenotype

Viability
Infectivity

Quan
tita

tio
n

Occurrence
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Using the Protozoan Detection Toolbox
To Answer our Questions

Pathogen ecology and
source tracking32

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

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

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

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

5. Other questions…

Method 1623

Cell Culture, RT-PCR, PMA
PCR-RFLP, qPCR, 

Microarrays

Method 1623

Cell Culture, RT-PCR, PMA

PCR-RFLP, qPCR, 
Microarrays

Protozoan Detection

Toolbox
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Questions?
Eric N. Villegas 
(513) 569-7017

villegas.eric@epa.gov
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