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Cyclospora cayetanensis 

 Coccidian protozoan parasite 

 Humans are only known reservoir 



Life cycle 

 Unsporulated oocysts shed in stool 

– Require some time in favorable 
environmental conditions to 
sporulate (become infectious) 

 Sporulated oocysts contaminate 
produce and/or water sources  

 Oocysts do not multiply outside of 
human host 

 No direct person-to-person transmission 

 



Cyclosporiasis 

 Endemic in subtropical and tropical regions 

 U.S. infections typically are associated with either: 

– International travel to areas of endemicity 

– Consumption of imported fresh produce from areas of endemicity 

 Infections in persons with domestically-acquired illness (i.e. no history of 
international travel in the 2 weeks preceding illness onset) tend to be 
seasonal with peaks during May to August 

– It is unknown what environmental conditions drive this seasonality 

 



Clinical Illness 



Clinical illness – symptoms  

 Incubation period ~ 1 week (range:  2 to 14 days) 

 Symptoms 

– Watery diarrhea (most common) 

– Loss of appetite 

– Weight loss 

– Cramping 

– Bloating 

– Increased gas 

– Nausea 

– Fatigue 



Clinical illness 

 Often follows remitting-relapsing course 

 If untreated, symptoms can last for days to weeks to months 

 Substantial weight loss and fatigue can occur in prolonged illness 



Diagnosing cyclosporiasis 

 2 methods are available: 

– Ova and Parasite examination (O&P) 

– Multi-pathogen molecular testing panels 



Diagnostic methods:   
Ova & Parasite examination (O&P) 

 Stools examined by routine O&P do not 
usually include Cyclospora 

– Physician must specifically request 
Cyclospora testing 

 Requires special techniques and training 

– UV fluorescence microscopy 
(oocysts are autofluorescent) 

– Acid fast staining 

 

 
Oocysts blend in with the 
background on unstained 

slides 



Detection of Cyclospora oocysts by microscopy 

 

Acid fast staining of oocysts (note 
that not all oocysts retain the stain) 

UV fluorescence microscopy 



Diagnostic methods:   
Multi-pathogen molecular testing panels  

 A single stool specimen tested via polymerase chain reaction (PCR) for 
multiple pathogens simultaneously 

 Cyclospora included only in one commercially-available panel  

– Became available in 2014 

 



Diagnosis can be difficult… 

 Even persons with profuse diarrhea might not shed enough oocysts to be 
readily detectable 

– Requires use of sensitive recovery and detection methods 

 Parasite shed intermittently 

– May require multiple stool specimens from different days 

 If testing is done by O&P, the physician must specifically request testing for 
Cyclospora 



Diagnostic methods:   
What’s not available 

 Many common tools available for diagnosing other foodborne pathogens 
are not available for Cyclospora 

– Culture  

– Whole-genome sequencing (WGS) 

– Pulsed-field gel electrophoresis (PFGE) 

– Molecular tools for strain differentiation 

– Serologic assays 



Treatment of cyclosporiasis 

 Treatment of choice is trimethoprim-sulfamethoxazole (TMP/SMX)* 

 No highly effective alternatives have been identified for persons who are 
allergic or cannot tolerate TMP/SMX 

 TMP/SMX is different from medications commonly used for other enteric 
protozoan or bacterial infections 

– Highlights importance of diagnosing infection rather than treating 
empirically 

* Treatment of cyclosporiasis is not an FDA-approved indication, thus this is an “off label use” 
 



Surveillance –  
Outbreak Detection & Monitoring 



U.S. surveillance for cyclosporiasis 

 Nationally notifiable since 
1999 

 

 Currently reportable in 43 
states, the District of 
Columbia, and New York 
City 
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Previous outbreaks of cyclosporiasis 

 Foodborne outbreaks of cyclosporiasis have been reported in the U.S. 
since the mid-1990s 

 Linked to various types of imported fresh produce 

– E.g., basil, cilantro, raspberries, snow peas, mesclun lettuce 



Previous outbreaks of cyclosporiasis 

 During 2000-2015, 32 foodborne outbreaks identified in the U.S.  

– Total number of reported cases:  1,652 

– Median of 2 outbreaks per year, with a median of 21 cases per 
outbreak (range:  3 to 582 cases) 

– Food vehicle of infection identified for 14 of the 32 outbreaks (43%) 

 



2017 cyclosporiasis cases 

 A total of 1,151 laboratory-confirmed cases* 

– 624 (54%) occurred in persons who did not report international travel 
and became ill on or after May 1, 2017 

– Reported by 40 states and NYC 

– Hospitalizations:  61  

– Median onset date:  7/5/2017  

– 56% female  

– Median age:  47 years (range:  1–102 years) 

– No deaths 

*Data are preliminary and subject to change; current as of April 11, 2018 



Comparison of 2017 with previous years 
2017* 2016 2015 

Total number lab-
confirmed cases** 

1,151 522 604 

Number of domestically-
acquired cases with onset 
on/after May 1 (n, %) 

624 (54%) 174 (33%) 331 (55%) 

Reported by 40 states, DC, and NYC 38 states, DC, and NYC 34 states and NYC 

% Female 56% 62% 56% 

Median age (years) 
(Range) 

47 years 
Range:  1—102 years 

47 years 
Range:  1—99 years 

46.5 years 
Range:  1—95 years 

Median onset date July 5 July 8 June 23 

Hospitalized (n, %) 61 (5%) 23 (4%) 29 (5%) 

Deaths (n, %) 0 (0%) 0 (0%) 0 (0%) 

*Data are preliminary and subject to change; current as of April 11, 2018;  
**There were a few cases reported from these years that were reported by states where cyclosporiasis is not explicitly reportable, therefore the totals may differ slightly from what is published in a surveillance summary 
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2016 2017

1Case-patients with no international travel history were included. Case-patients with pending, unknown, or missing travel history were not included.  
2From completed case data received as of 4/11/18).  
3Week of stool collection was used if onset date was missing (2016, n=2; 2017, n=11). If both onset date and stool collection date were missing, the case-patient was excluded (2016, n=2; 
2017, n=9). If year of symptom onset was different than the year of report, the case-patient was excluded (2017, n=2).  
4CDC typically sees an increase in reported cases during the months of May–August (weeks 22–35); these are the months that surveillance is typically enhanced by using the CNHGQ. 

4See note 

Reported cases of laboratory-confirmed, non-travel-associated1 

cyclosporiasis, United States 2016 (n=200) and 2017 (n=659)2 



Laboratory-confirmed domestically acquired cases1 of cyclosporiasis with 

onset on/after 1 May 2017 to present2 (n=624) 

 Most cases were 
reported from TX, 
FL, NC, and 
NY/NYC 

 

 Majority of cases 
have not been 
epidemiologically 
linked 

1Case-patients indicated on map by state of residence. 
2Includes cases reported to CDC for 2017 as of 4/11/2018, for which illness onset date is available. 



2017 cluster investigations 

 A cluster of cases was defined as 2 or more cases in persons who shared a 
common food/produce exposure 

 Clusters were identified in 10 states 

 Case-control studies initiated for 4 clusters in different states 

– Only one identified a likely vehicle (green onions) 



Investigation Challenges 
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• Restaurant/event-
specific questionnaire 

• Case control study 



 

Identify 
cluster 

Investigate 
cluster 

Implicate 
food 

vehicle  

Conduct 
traceback 

investigation 

Identify 
source  

(e.g. farm) 

Regulatory 
action 

Anatomy of a cluster investigation 

• Strength of association – e.g. 
attack rates, odds ratios 

• Biological plausibility 
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Challenges in investigating cyclosporiasis clusters: 
Fresh produce vehicles 

 

 Typically consumed fresh and have 
a short shelf-life  

 

 

 Leftovers usually not available for 
testing by the time a vehicle of 
interest is identified 



Challenges in investigating cyclosporiasis clusters: 
Fresh produce vehicles 

 Fresh produce often served in mixtures and in inconspicuous ways (e.g. as 
garnishes) 



Challenges in investigating cyclosporiasis clusters: 
Case ascertainment 

 Making the diagnosis 

– Routine O&P examinations do not typically include testing for 
Cyclospora 

– Physician must specifically request testing 

– Multi-pathogen panel tests:  only one includes a target for Cyclospora, 
but others do not 

 Case reporting 

– Physicians and laboratories need to report cases to local or state 
health departments 



Challenges in investigating cyclosporiasis clusters: 
Linking cases in place and time 

 No molecular subtyping tools have been validated for linking cases of 
cyclosporiasis to each other or to a particular vehicle or source 

? 



Cyclospora is different from bacterial foodborne 
pathogens 

 Bacteria are haploid and reproduce asexually 



Cyclospora is different from bacterial foodborne 
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Haploid – having only one copy of a chromosome 



Cyclospora is different from bacterial foodborne 
pathogens 

 Bacteria are haploid and reproduce asexually 

Haploid – having only one copy of a chromosome 

Diploid – having two copies of each chromosome 
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Cyclospora is different from bacterial foodborne 
pathogens 

 Bacteria are haploid and reproduce asexually 



Cyclospora is different from bacterial foodborne 
pathogens 

 Bacteria are haploid and reproduce asexually  

 

Each new daughter cell is essentially a genetically identical clone 
of the parent cell 



Cyclospora is different from bacterial foodborne 
pathogens 

 Bacteria are haploid and reproduce asexually 

– Suitable for source-linkage analyses because the bacteria present in a 
case-patient would be genetically very similar to bacteria in source 
food 



Cyclospora is different from bacterial foodborne 
pathogens 

 Bacteria are haploid and reproduce asexually 

– Suitable for source-linkage analyses because the bacteria present in a 
case-patient would be genetically very similar to bacteria in source 
food 

 

 Cyclospora are diploid organisms and reproduce both sexually and 
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Cyclospora is different from bacterial foodborne 
pathogens 

 Bacteria are haploid and reproduce asexually 

– Suitable for source-linkage analyses because the bacteria present in a 
case-patient would be genetically very similar to bacteria in source 
food 

 

 Cyclospora are diploid organisms and reproduce both sexually and 
asexually 

– Daughter cells are a genetic blend of the parent cells 

– After multiple generations there can be significant genetic divergence  

 



Cyclospora is different from bacterial foodborne 
pathogens 

 Unable to grow it in the laboratory 

– No multiplication outside humans (only known amplifying hosts) 

– No culture system or animal model 

– Human volunteer studies have not been successful 

 

 No way to maintain isolates for study  



Challenges in investigating cyclosporiasis clusters: 
Linking cases in place and time 

 No molecular subtyping tools have been validated for linking cases of 
cyclosporiasis to each other or to a particular vehicle or source 

 Exposure histories are used to link cases epidemiologically 



Challenges in investigating cyclosporiasis clusters: 
Linking cases in place and time 

 No molecular subtyping tools have been validated for linking cases of 
cyclosporiasis to each other or to a particular vehicle or source 

 Exposure histories are used to link cases epidemiologically 

– Case-patients may report multiple common exposures 

– Identifying linkages among 500+ cases is difficult 



Challenges in investigating cyclosporiasis clusters: 
Linking cases in place and time 

 No molecular subtyping tools have been validated for linking cases of 
cyclosporiasis to each other or to a particular vehicle or source 

 Exposure histories are used to link cases epidemiologically 

 Interviewing case-patients can take a substantial amount of time 

– CDC requests that states administer a hypothesis generating 
questionnaire to all case-patients with illness onset during May-August 



Challenges in investigating cyclosporiasis clusters: 
Linking cases in place and time 

 No molecular subtyping tools have been validated for linking cases of 
cyclosporiasis to each other or to a particular vehicle or source 

 Exposure histories are used to link cases epidemiologically 

 Interviewing case-patients can take a substantial amount of time 

 Case-control investigations  

– Sub-optimal recall of food exposures 

– Extensive menus, overlapping ingredients make identifying actual food 
vehicle or ingredient difficult 



Why are we seeing more cases and/or more 
outbreaks? 

 



Why Are we seeing more cases and/or more 
outbreaks? 

 Case numbers vary from year to year – what is “baseline”? 

 Did 2017 represent a true increase in case count? 

– Each year, ~48 million people become ill from foodborne illness in U.S. 

– Only ~20% of these have a specific pathogen identified 

 Are we diagnosing more of the cases that already existed? 

– Increased provider awareness 

– Readily available testing methods (multiplex pathogen panel) 

– Improved testing methods 



Prevention & Control 



How does produce become contaminated? 
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Precise mechanism is not well understood 



Hypothetically, contamination may occur… 

 



Hypothetically, contamination may occur… 

On the farm, if contaminated water 
sources are used to irrigate crops, or 
to mix and apply chemicals like 
herbicides or pesticides 

 

 



Hypothetically, contamination may occur… 

On the farm, if contaminated water 
sources are used to irrigate crops, or 
to mix and apply chemicals like 
herbicides or pesticides 

 

 

During processing, if contaminated 
water sources are used to rinse and 
wash produce 



Prevention and Control 
Personal measures 

 No vaccine is available 

 When traveling to areas endemic for Cyclospora 

– Avoid food or water that may have been contaminated with feces 

– “If you can’t cook it, peel it, or wash it – then forget it” 

 Follow safe fruit and vegetable handling recommendations 

 



Prevention and Control 
Restaurant owners and food handlers 

 Cyclospora does not multiply outside the human host 

– No direct human-to-human transmission occurs 

– Not an “ill food handler” issue 

 Fresh produce contaminated prior to arrival at establishment 

– Not a restaurant sanitation issue 

 Time and temperature rules to prevent growth of bacterial pathogens not 
helpful in control of Cyclospora 

 Treatment with chlorine or iodine unlikely to kill oocysts at concentrations 
used for routine sanitization 

 



Prevention and Control 
Industry measures 

 FDA’s Center for Food Safety and Applied Nutrition publishes food safety 
recommendations for growers and suppliers 

– These guidelines describe good agricultural practices and good 
manufacturing practices for fresh fruits and vegetables 

– Following these guidelines can help reduce the overall risk for 
microbial contamination during growing, harvesting, sorting, 
packaging and storage 



What can be done about Cyclospora? 

 IF a food vehicle can be identified AND traced back to the source, then 
FDA can potentially take regulatory action 

 Examples   

– Import ban on cilantro from Puebla, Mexico 

– Import ban on fresh Guatemalan raspberries in late 1990s 



What is CDC doing? 

 Year-round surveillance with enhanced surveillance conducted during May 
through August/September 

 Educate healthcare providers about diagnosing Cyclospora 

 Provide timely epidemiological updates during cyclosporiasis season 

 Collaborate with state and local health departments to investigate cases 
and disseminate data 

 Provide outbreak/cluster investigation assistance when requested 

 Alert healthcare providers and health departments about 
outbreaks/clusters/increased cases when necessary 



What is CDC doing? 

 Develop molecular typing methods that can be used to link cases or 
implicate food vehicles and sources 

– Cyclospora Advanced Molecular Detection initiative 
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For more information, contact CDC 
1-800-CDC-INFO (232-4636) 
TTY:  1-888-232-6348    www.cdc.gov 
 
 
The findings and conclusions in this report are those of the authors and do not necessarily represent the 
official position of the Centers for Disease Control and Prevention. 

Thank you for your attention! 
Questions? 


