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Instructions

• We are recording this session 
and will share the presentation 
via the email list and our 
website after the call

1

2

3• All participants are muted

• There will be time for 
questions and discussion 
at the end of the 
presentation

• Feel free to use the chat 
box to ask questions as well
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Introductions

Presentation. Cyclospora cayetanensis in Produce: What We Know, 
What We Don’t, and... Where We Might Go Next

Q&A session

PSA updates and upcoming events

Agenda
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Welcome Back!

• We are very excited to be able to continue these 
webinars in both English and Spanish!

• Funding for this series of Educators Calls is 
provided through the PSA Cooperative 
Agreement

• We really appreciate all your engagement AND 
the participation of content experts so we can 
discuss topics important to you
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Today’s Presentation

• A request to return to the topic of Cyclospora

o Thank you. We always love suggestions!

• Anticipate grower meetings this winter will be have discussions about Cyclospora 
and the outbreak this past summer

o Important for both understanding and application of food safety practices

• Asked Dr. Kali Kneil to return to expand the discussion

o She presented an earlier webinar; it is recorded if you did not see it!

• You might have heard some of this before but important for us to have common 
information to facilitate discussion at the end of the presentation 



6Produce Safety Educators’ Call #79  •  November 5, 2026

Kali Kniel, PhD
• Professor, Microbial Food Safety

o Dept. Animal and Food Sciences, University of Delaware

• Research

o  Survival and transmission of pathogens in different food systems

o Assessing risks in RAC through water and soil amendments at pre-harvest

o Correlations between microorganisms and environmental conditions including viral surrogates

o Transmission mechanisms of viruses and parasites through fresh and frozen berries or lettuce

o Food safety education through a "One Health" approach

• Education

o B.S. in Biology, Virginia Tech

o M.S. in Molecular Cell Biology, Virginia Tech

o Ph.D. in Food Science and Technology, Food Microbiology and Parasitology, Virginia Tech

o Postdoctoral Microbiologist. U.S. ARS, Laboratory of Animal Parasitic Diseases



Kali Kniel, Ph.D.
Unidel S. Hallock du Pont Chair, Microbial Food Safety

Interim Chair and Professor, Department of Animal and Food Sciences
College of Agriculture and Natural Resources

Cyclospora cayetanensis in Produce: 
What We Know, What We Don’t, 
and... Where We Might Go Next



Today…

• Brief background on Cyclospora
• What we know and What we don’t…from the past
• Summer 2026 outbreaks and Where we might go next





Cyclospora is not a bacterium

• It is a protozoan parasite
• Unlike bacteria, protozoa can not grow outside a host
• Transmitted by ingestion of a  mature oocysts (sporulated)

There are still numerous remaining questions, challenges, and work needed to 
better understand and manage this pathogen.

Difficult to study without an animal or cell-culture laboratory model.

(8-10 µm)





Cyclospora cayetanensis oocyst 
(8-10 µm)

Cyclosporiasis
• Cyclospora cayetanensis infects the human intestine
• Spread by people ingesting contaminated produce or water
• Cyclospora needs time (typically at least 10-14 days) after 

being passed in feces to become infectious for another 
person
– Sporulated oocysts are infectious
– So it is unlikely that Cyclospora is passed directly from 

one person to another
• Time from ingestion to illness ranges ~2-14 days



Apicomplexa Parasites
• Large and diverse group of single-celled 

obligate intracellular protozoa
• Possess a unique structure called the apical 

complex, which enables them to actively 
invade host cells

• Cause major diseases with public health and 
economic impact



Ortega and Sanchez, 2010 ASM Clinical Microbiol Reviews



Symptoms of cyclosporiasis
May last 5-10 days or up to 6 weeks or more

Watery diarrhea (most common)
Loss of appetite
Weight loss
Cramping
Bloating
Increased gas
Nausea
Fatigue
May include vomiting, low-grade fever

• Treatment with Trimethoprim/sulfamethoxazole (TMP/SMX)
• Sold under the trade names Bactrim, Septra, and Cotrim cdc.gov

• Both immunocompetent and 
immunocompromised 
individuals can become sick

• Some people who are 
infected will be asymptomatic





10

From Clinical Infectious Diseases 31(4):1040–1057.
© 2000 by the Infectious Diseases Society of America.

Epidemiologically, infections were associated 
with drinking tap water (in a resident's 
dormitory) possibly contaminated with stagnant 
water from a rooftop storage reservoir.



Testing for Cyclospora?   Detection and Genotyping?
Testing methods are primarily restricted to research purposes and for clinical typing in 
epidemiology of outbreak investigations. 

Methodology continues to evolve, including the validation of different food and environmental                                
matrices, reagent variability, and inclusion of appropriate positive and negative controls.

From Clinical 
Infectious Diseases 
31(4):1040–1057.
© 2000 by the 
Infectious Diseases 
Society of America.



Clinical Detection – Syndromic Testing



Detection in produce, soil, water
3 published methods summarized in the 

FDA’s Bacteriological Analytical Manual (BAM)

(2004) BAM Chapter 19a: Detection of Cyclospora and 
Cryptosporidium from Fresh Produce: Isolation and Identification by 

Polymerase Chain Reaction (PCR) and Microscopic analysis

(2017, 2019, 2020, 2022, 2024, May 2026) Chapter 19b: Detection 
of Cyclospora cayetanensis in Fresh Produce using real-time PCR

(2020) BAM 19c: Dead-end Ultrafiltration for the Detection of 
Cyclospora cayetanensis from Agricultural Water



Detection of Cyclospora DNA…needs other 
information to be meaningful

• Epidemiological information
• Geographical information
• Seasonality



Outbreak investigation



Outbreaks in the 
1990s - early 2000s

• Imported produce
• Berries, snow peas, herbs, lettuce 
• Sometimes “stealth” ingredients

– Raspberry coulis
– Basil in the vinaigrette dressing

• Traceback was often difficult
• Molecular diagnostics varied



2026: Historically relevant information misunderstood



2013- Present



• A total of 631 persons infected 
with cyclosporiasis were reported 
from 25 states. 

• Most persons became ill between 
mid-June and mid-July.

• Eight percent (8%) of ill persons were 
hospitalized, and no deaths reported.

• 2 outbreaks identified: IA and NE 
linked to salad mix and TX linked to 
cilantro; both grown in Mexico

2013







2014-2017
*Laboratory-confirmed cases of cyclosporiasis reported by CDC

• 2014: 304 cases, 64% cases in Texas, associated with cilantro
• 2015: 646 cases across 31 states, association with cilantro
• 2016: 384 across 25 states, no reported connection or outbreak
• 2017: 1,065 cases across 40 states, no specific vehicle of interest or 

potential source



2018
• 250 laboratory-confirmed cases form 4 states linked to consumption of pre-packaged 

Del Monte Fresh Produce vegetable trays (broccoli, cauliflower, carrots, dill dip).
• 511 laboratory-confirmed cases from 15 states reported consuming salads from 

McDonald’s restaurants in the Midwest 
• All illnesses reported May-August

• 2, 299 laboratory-confirmed cases by 33 states (no history of international travel)
• All illnesses reported May-August Domestically

Acquired



2019-2025
• ~1000-2000 cases each year
• Domestically acquired cases
• No history of international 

travel
• Hospitalization rates 

generally increased over 
time

• No deaths





Numbers?







FDA environmental investigation of the Cyclospora Iceberg lettuce outbreak 
found two positive samples in a lettuce-growing environment

Sample Description

Cyclospora cayetanensis – 
positive sample # 1

“was from a tank that held 
outgoing wastewater from 
the Taylor Farms de Mexico 
processing facility.”

Cyclospora cayetanensis – 
positive sample # 2

“was collected from a 
drainage ditch of an iceberg 
lettuce grower identified in 
the FDA’s traceback 
investigation.”

“…the positive samples show that Cyclospora was present in the environment where lettuce was grown and 
processed. This adds to the strong epidemiological data and traceback convergence supporting the link 
between this outbreak and recalled shredded iceberg lettuce from Taylor Farms de Mexico.”





Research

Applied Research!

And Outreach & Education!



Surrogate 
of choice

• The genus Eimeria are apicomplexan parasites which affect domestic mammals 
and birds. All Eimeria are species-specific. In chickens, infection with one or 
more species of Eimeria can cause the enteric disease, coccidiosis.

• Sporulated Eimeria oocysts are resistant to adverse environmental conditions and 
can survive as long as one year in moist, protected environments if they are not 
exposed to freezing or extremely high temperatures.

• Critical to poultry welfare and food security costs poultry industry billions





Filtration
• Sand filtration (and sand with zero-valent iron) technology may offer advantages to small 

and mid-sized growers including adaption to existing filtration systems, feasibility, effective 
filtration and broad neutralization of numerous biological and chemical hazards with 
minimal environmental impacts. 

2-3 log removal of 
Eimeria  and 
Cyclospora 
oocysts, variability 
with filter size and 
water flow rate
(Rosenthal, Sharma, 
Jenkins, Kniel, et al)

With University of Florida



Sanitizer Concentration
0 ppm 3ppm 10ppm 50ppm 100ppm 200ppm

3

2

1

0 Sanitizer

Chlorine

PAA

Untreated

Chlorine

PAA

Cryptosporidium parvum
• Regardless of concentration, PAA was 

significantly (p<0.05) more effective 
than Chlorine

• Neither sanitizer was able to effectively 
inactivate all C. parvum oocysts

Data are the combined averages from experiments conducted in W1 and W2, and at 12 and 32°C after 10 minutes of 
treatment (n=24 per treatment). Error bars are constructed using one standard deviation from the mean

Untreated
Chlorine
PAA

Irrigation water treatment



Irrigation water treatment

Sanitizer Concentration
0 ppm 3ppm 10ppm 50ppm 100ppm 200ppm

3

2

1

0 Sanitizer

Chlorine

PAA

Untreated

Chlorine

PAA

Untreated
Chlorine
PAA

Eimeria tenella
• Regardless of concentration, PAA was significantly 

(p<0.05) more effective than Chlorine

• Neither sanitizer was able to effectively inactivate 
all E. tenella oocysts

• Oocysts of E. tenella were more resistant to 
sanitizer treatment than those of C. parvum

Data are the combined averages from experiments conducted in W1 and W2, and at 12 and 32°C after 10 minutes of 
treatment (n=24 per treatment). Error bars are constructed using one standard deviation from the mean



Soil persistence?

E. coli Eimeria tenella
Detected by Culture Detected by Cell Culture Infectivity

Circle 12℃
Triangle 32℃

Circle 12℃
Triangle 32℃

hsp70 mRNA detection



Where will we go next?

• What can we learn from this unique opportunity? 
Studying clusters of cases?
– lettuce distribution of specific lots? 
– conditions of those?
– other products?

• Opportunities for amplification and movement? 
– Think Water

• Wastewater treatment systems



Is there Potential (or unique opportunities)
 for Water Transmission

39



Sporulation

• Must consider sporulation in the 
timeline of infectivity

• Should reevaluate the potential for 
water contamination given when 
there is time for sporulation



Seasonality (warmer temps, moisture, humidity)
Cyclospora Season (May –September/ April-October)



Seasonality (warmer temps, moisture, humidity)
• In Guatemala, infection more frequently observed during the early rainy season (21–22°C)
• In Peru during the summer (16–19°C) in the coastal desert areas where precipitation is low.
• In Haiti, prevalence is highest during January–April, which are the coolest (27–29°C) and 

driest months of the year.
• In Katmandu, Nepal, the high infection season occurs during the summer and the 

beginning of the rainy season during months of June and July (19–29°C)
• Rainy season in Honduras

Are these connections to poor 
sanitation or sporulation





Key Industry Controls
• Attention to handwashing, sanitation of restrooms and portable toilets, avoiding use of 

sewage sludge, managing sewage spills etc. 
• Knowledge of water, watershed, the sewer shed, and sewage leaks
• It is important that controls against human fecal contamination are implemented across 

the supply chain, since oocysts can be introduced by people at any stage.  
• The persistence of Cyclospora in the environment is uncertain
• The triggers for sporulation are not well understood (temperature, acidity, oxygen, etc.)
• Focus on preventive measures



Surveillance studies suggest that Cyclospora oocysts may be present in surface 
waters at varying degrees  and oocyst presence could be associated with ineffective 
sewage treatment or contamination, and the role and placement of portable toilets 
can be explored



kniel@udel.edu
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Questions?
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PSA Updates

• Secured next year’s funding and on track 
with all key deliverables

•We are planning more sessions in 
English and Spanish, likely after the 
holidays

•Please share your ideas and suggestions!

Join our 
Produce Safety 

Educators’ group!

English

Spanish
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Input welcome on future Educators’ Call topics

Is there a topic that you 
would like to see 
presented? Please email:

• Mariana Villarreal Silva

• mv378@cornell.edu 
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New  PSA Trainer Resource

• PSA Grower Training Course Worksheet

oEnglish:

• https://resources.producesafetyalliance.corn
ell.edu/documents/PSA-Grower-Training-
Worksheet.pdf 

oSpanish: 

• https://resources.producesafetyalliance.corn
ell.edu/documents/PSA-Grower-Training-
Worksheet-Spanish.pdf 

https://resources.producesafetyalliance.cornell.edu/documents/PSA-Grower-Training-Worksheet.pdf
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Thank you!

• To Dr. Kali Kniel, for sharing her 
valuable time and expertise to enrich 
today's session

• To you, for your engagement and 
ongoing commitment to produce 
safety education
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PSA on the Web

• English: http://producesafetyalliance.cornell.edu/ 

• En español: http://es.producesafetyalliance.cornell.edu 

Follow along 
@producesafetyalliance
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