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ABSTRACT
Cyclospora cayetanensis is a protozoan parasite 

of the human small intestine that may cause diar-
rheal illness. In Canada and the U.S., foodborne 
outbreaks of cyclosporiasis have been identified an-
nually since 1995 and have been associated largely 
with the consumption of imported fresh produce. 
Epidemiological and traceback studies implicated 
imported fresh raspberries and blackberries as the 
sources of the early outbreaks in North America. 
While many other commodities have been asso-
ciated with outbreaks of cyclosporiasis in recent 
years, imported fresh berries continue to be a 
concern. This qualitative risk assessment discuss-
es the biology and epidemiology of C. cayetanen-
sis, potential exposure to the parasite in Canada 
through the consumption of imported fresh rasp-
berries and blackberries, the severity of symptoms 
and available diagnostic methods and treatments, 
methods for food testing, and control methods for 
minimizing contamination of fresh produce and the 

potential for foodborne transmission to humans. 
This risk assessment, and the information gaps 
with respect to contamination of these berries and 
the risk to consumers in Canada, may be used in 
the development of future policies and risk manage-
ment decisions, as well as in project planning.

 INTRODUCTION
 Cyclospora cayetanensis is a protozoan parasite of the 

human small intestine that was first described in 1993 (79). 
While C. cayetanensis is thought to be primarily a waterborne 
parasite, foodborne outbreaks associated with it have been 
reported in the U.S. and Canada since the mid-1990s. 
Epidemiological and traceback studies have clearly implicated 
imported fresh raspberries as the source of some of the 
early outbreaks in Canada (44). Also, some epidemiological 
evidence has linked illnesses in Canada to imported fresh 
blackberries (42, 44, 64).

 This paper follows Codex principles and guidelines 
for the conduct of microbiological risk assessments. The 
primary purpose and scope of this paper is to qualitatively 
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assess the health risks associated with C. cayetanensis 
to consumers in Canada, as related to consumption of 
imported fresh raspberries and blackberries. This includes 
the determination of information gaps with respect to 
contamination of these berries in exporting countries and 
of the risk to consumers in Canada.

 HAZARD IDENTIFICATION
 Biology of Cyclospora cayetanensis

 The organism responsible for cyclosporiasis was first 
recognized as a cause of human illness in New Guinea in 
the late 1970s. This unidentified human pathogen was later 
described in travelers to Haiti and Mexico and, in a number 
of subsequent reports, in travelers and inhabitants in endemic 
regions around the world in the 1980s and early 1990s (76). 
The causative agent was finally identified as a coccidian 
protozoan parasite and was named Cyclospora cayetanensis 
in 1993 (79). While humans appear to be the only host for 
C. cayetanensis, other Cyclospora species exist in a variety
of mammals, reptiles and myriapods (76). Molecular
taxonomy has placed Cyclospora within the same family
as Eimeria (84, 92).

The life cycle of C. cayetanensis is similar to that of other 
coccidians and has been described in detail elsewhere (63, 
76). The transmission stage of C. cayetanensis, known as an 
oocyst, is spherical and 8–10 μm in diameter. Unsporulated 
(immature) oocysts are shed into the environment with 
the feces of infected individuals. While the oocysts do not 
multiply outside the host, they do undergo sporulation, 
depending upon conditions such as temperature and 
humidity, becoming mature and viable within 7 to 15 
days (76). Unsporulated oocysts in fresh feces have simply a 
granular (amorphous) cytoplasm and are not infective, while 
sporulated (infective) oocysts, which have been outside the 
host for a week or longer, contain two oval shaped sporocysts, 
each containing two sporozoites (77, 79, 108).

After being ingested, oocysts pass through the stomach 
and into the small intestine, where they excyst, and the 
individual sporozoites are released and enter cells lining 
the gut. Sporozoites then undergo asexual multiplication 
through several generations, resulting in very large numbers 
of merozoites, which leave the cell and invade other host cells. 
Some merozoites develop into male and female gametes that 
undergo sexual reproduction, producing unsporulated oocysts.

Modes of transmission
While the modes of transmission of cyclosporiasis are 

not yet fully understood, many of the earlier outbreaks 
were thought to have resulted from the consumption of 
fecally-contaminated drinking water. Sturbaum et al. (107) 
demonstrated the potential for transmission as a result 
of contamination of drinking water or irrigation water 
with wastewater. The waterborne route continues to be 
an important mode of transmission, even in chlorinated 

sources, in endemic countries such as Peru and Nepal (90). 
Person-to-person transmission (the fecal-oral route) is 
considered unlikely because of the relatively long sporulation 
period required before oocysts become infective. Zoonotic 
transmission has also been suggested, and Cyclospora-like 
organisms, and/or organisms with positive polymerase chain 
reactions (PCR) for Cyclospora, have been observed in the 
feces of chickens, ducks, dogs, monkeys, chimpanzees and 
baboons (18, 61, 76). However, to date, there is little more 
than anecdotal evidence for this method of transmission to 
humans. Eberhard et al. (34) reported that none of the 327 
domestic animals tested (including pigs, cattle, horses, goats, 
dogs, cats, guinea pigs, chickens, ducks, turkeys and pigeons) 
in Haiti had Cyclospora-positive stools, despite living near 
infected humans. This study suggested that domestic animals 
do not act as reservoir hosts for Cyclospora. Lopez et al. (61) 
reported that baboon-associated Cyclospora-like organisms 
are distinct from, but very closely related to human Cyclospo-
ra, on the basis of molecular characterization. Eberhard et al. 
(33) reported that Cyclospora in baboons, green monkeys and 
colobus monkeys are all distinct species.

 Before 1996, most infections with Cyclospora in North 
America occurred in travelers, and only three small out-
breaks had occurred in the U.S. (43). Since then, numerous 
foodborne outbreaks and cases of cyclosporiasis have been 
reported in Canada and the U.S. (9, 22, 25, 26, 28, 38, 42, 43, 
44, 76, 86). An estimated 90–99% of cyclosporiasis cases in 
the U.S. are foodborne (66, 97).

Epidemiology
C. cayetanensis has been identified as a cause of diarrheal 

illness in natives of and travelers to North, Central, and South 
America, the Caribbean, Southeast Asia, Eastern Europe, 
U.K., India, and Africa (76). Most of the prevalence data, 
however, comes from studies done in the endemic regions 
of Nepal, Haiti, Peru and Guatemala (11, 76). In endemic 
countries, susceptibility is restricted to the very young and 
the very old, suggesting that acquired immunity may play 
a role (76). While most people in developed countries are 
susceptible to infection, those at greatest risk of infection 
with C. cayetanensis include travelers to endemic regions and 
immunocompromised individuals.

 Bern et al. (4) reported that 2.3% of 5,552 surveillance 
specimens taken from farm workers and family members 
in Guatemala over a one-year period tested positive for 
Cyclospora. The highest prevalence (6.7%) was observed in 
June. Among 182 raspberry farm workers and family members 
examined during April and May, 1997, 3.3% had Cyclospora 
infection. Based on the same sample set, Bern et al. (5) 
confirmed that the prevalence of Cyclospora among outpatients 
in Guatemala was highest in the warmer months, peaking 
in June, and that cyclosporiasis affected more children than 
adults. Another study on the prevalence of infection with  
C. cayetanensis among three populations at risk in Guatemala
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failed to detect oocysts in the stools of raspberry farm workers 
(85). In Haiti, one study reported that 34% of patients 
with chronic diarrhea who sought care at an AIDS clinic in 
Port-au-Prince were infected with C. cayetanensis (91). In 
another study of HIV-positive adults with chronic diarrhea, 
11% had cyclosporiasis (81). Lopez et al. (59) reported 
peak prevalences of infection in both adults and children in a 
community in Haiti during the month of February.

 Two prospective cohort studies were done in Peru (Lima) 
during 1988–1991. The first study involved children from 
1 to 2.5 years of age and reported an 18% prevalence of 
Cyclospora infection, while in the second study, on children 
from 1 month to 1.5 years of age, the prevalence was 6% (79). 
A cross-sectional study done in Lima demonstrated that the 
highest prevalence (2%) was in children 2 to 4 years of age 
(62) and that the prevalence peaked at 3 to 4% in children 
during the summer months. None of the adults tested in this 
study were infected with Cyclospora.

 Several epidemiological studies have been performed in 
Nepal, where Cyclospora is considered endemic (76). In a 
large study, Cyclospora infections were reported in 11% of 
travelers and expatriates having gastrointestinal symptoms 
(47). A well documented waterborne outbreak of diarrheal 
illness associated with Cyclospora occurred among British 
soldiers and dependents in Pokhara, Nepal in 1994 (90).

 In a number of surveys of stool samples submitted to 
clinical laboratories in the U.S. and the U.K., Cyclospora 
was identified in 0.1–0.5% of samples (108). From 1993 
to 1998, only 44–66 laboratory reports of C. cayetanensis 
were made in England and Wales each year, with most 
cases occurring in June and July (13). In the U.S., from 
1997 to 2009, a total of 370 laboratory-confirmed cases of 
cyclosporiasis were reported (41). Approximately 70% of 
these cases were in residents of Connecticut and Georgia. 
Positive stool specimens were collected in all months of the 
year, with a peak in June and July. Approximately half of 
the cases reported during 2004–2009 were associated with 
international travel, known outbreaks, or both.

 In Canada, Brennan et al. (6) reported an estimated 
prevalence of 0.5 cases per 1,000 stool examinations, based 
on a survey of 80,000 stool samples submitted to three 
parasitology laboratories in Ontario between June 1993 
and June 1995. In an analysis of reported cases in Ontario, 
the provincial public health laboratory found an average 
range of 0 to 10 cases per quarter (three-month period) 
each year starting in 1994, with the exception of known 
outbreak periods (58). In 1996, 1997 and 1998 where 
there were documented outbreaks, the number of cases in 
the second quarter, April to June, was as high as 110 cases. 
Cyclosporiasis became a notifiable disease in Canada in 
2000. The annual number of cases of cyclosporiasis, and the 
rates per 100,000, reported in Canada from 2000 to 2012 are 
shown in Table 1 (12). In a recent publication on the burden 
of foodborne illness in Canada, Thomas et al. (109) reported 

that, while 71% of cyclosporiasis cases are travel related, an 
estimated 2,450 cases per year are domestically acquired 
foodborne illnesses.

 The first outbreak known to originate in North America 
occurred at a hospital in Chicago in 1990. The outbreak was 
linked to a contaminated roof top water tank that supplied 
drinking water to staff (48, 114). Two more outbreaks 
occurred in the U.S. during the spring and summer of 1995 
(50, 108). One occurred in New York and was originally 
thought to be waterborne, although it is now apparent that 
berries may have been involved. The second outbreak was 
associated with the consumption of fresh produce in Florida.

 As summarized by Herwaldt et al. (43), a total of 1,465 
cases of diarrheal illness due to Cyclospora infection were 
reported in the U.S. and Canada during May and June of 
1996. Cases were distributed across 20 states, the District 
of Columbia and two Canadian provinces (Ontario and 
Quebec, representing 13% of the total number of cases). The 
only exposure that was consistently epidemiologically linked 
to Cyclospora infection was fresh raspberry consumption. 
Traceback studies of 29 events for which adequate informa-
tion was available, found the country of origin in every case 
was Guatemala. The only event in which raspberries were 
definitely not served was an event in Ontario where Guate-
malan blackberries were part of a mixed fruit dish (43, 64). 
In response to the 1996 outbreak, the Guatemalan Berry 
Commission stipulated that only farms classified as “low risk” 
could export fresh raspberries to North America, starting 
on April 22, 1997. These farms implemented more stringent 
control measures for improving sanitation, water quality and 
employee hygiene. Specifically, these measures included the 
use of microbiologically filtered water for pesticide applica-
tion and for washing of hands and equipment; monitoring 
programs for intestinal infections in farm workers; man-
datory use of toilets and handwashing stations on farms; 
improved identification of shipments for easier traceback, etc. 
(26). Despite these efforts, 1,012 cases of diarrheal illness 
due to cyclosporiasis were again reported in the spring of 
1997 in the U.S. and Canada (44). Fresh raspberries were the 
only food common to all events and epidemiologically linked 
to cyclosporiasis. Traceback investigations of 31 of 33 events, 
for which there was good traceback information available, 
demonstrated that the raspberries definitely (eight events) or 
possibly (23 events) came from Guatemala. For two events, 
the raspberries were traced back to one Chilean and one Cal-
ifornian source. The one Canadian cluster, which occurred in 
Ontario, did not show a link to raspberries, but suggested a 
link to blackberries.

 Early in March, 1997, clusters were linked to meals at 
restaurants in Florida, and on a cruise ship in which there 
were 220 cases, including eight Canadians. The suspect food 
in all cases was mesclun (mixed greens) traced to Peru and 
Arizona. A separate outbreak during June and July, 1997, 
comprised of at least 25 clusters and approximately 185 cases, 



       January/February    Food Protection Trends 21

occurred in the Washington, D.C. area and was associated 
with eating basil products sold by a gourmet food store (86). 
It was subsequently determined that a local food handler was 
infected and may have been responsible for contamination of 
the basil.

 In the spring of 1998, Canada allowed the importation 
of fresh Guatemalan raspberries from “low risk” farms after 
a team was sent to Guatemala to observe the farm practices. 
On June 2, the Toronto Public Health Department was noti-
fied of a confirmed case of cyclosporiasis linked to an event 
at a hotel in early May (110). By the end of the subsequent 
investigation, a total of 192 cases of cyclosporiasis were 
identified in southern Ontario, primarily in the Toronto area. 
Fresh raspberries were the only food item common to all 13 
events and were epidemiologically linked to cyclosporiasis. 
Traceback investigations linked the raspberries to exporters 
in Guatemala. In June, 1998, Guatemala voluntarily stopped 
shipping fresh raspberries to Canada, and in September, 
1998, the Canadian Food Inspection Agency (CFIA) im-
posed an import restriction on these berries. This restriction 
remained in effect until December 1999, when the CFIA 
lifted the import restriction for the fall crop only.

 In the spring of 1998, the U.S. restricted the importation 
of fresh raspberries but allowed the importation of fresh 
Guatemalan blackberries. These two types of berries are often 
grown under the same conditions on the same farms. Despite 
this, no outbreaks of cyclosporiasis were reported that year, 
suggesting that blackberries were not as likely to be contami-
nated, or possibly do not stay contaminated, with Cyclospora 
parasites. The U.S. allowed fresh raspberries to be imported 
in the fall of 1998 and, as in past years, no outbreaks linked to 
the fall harvest were reported.

In May of 1999, outbreaks were reported in Ontario and in 
Florida. The implicated vehicle for the outbreak in Ontario 
was a dessert that included fresh Guatemalan blackberries, 
frozen Chilean raspberries and fresh U.S. strawberries (42). 
Guatemalan blackberries were accepted without restriction 
in Canada and the U.S. at the time. Fresh raspberries from 
Guatemala were not accepted for importation into Canada 
during that time, while the U.S. permitted importation 
only from Guatemalan farms meeting strict standards. The 
evidence that the blackberries caused illness was suggestive 
but not conclusive, given that the dessert included multiple 
types of berries (42). The Florida outbreak was associated 

Table 1. Annual number of cases of cyclosporiasis, and rates per 100,000, reported in 
Canada from 2000 to 2012 (12)

Yeara Reported casesb Rate (per 100,000)c 

2000 28 0.12

2001 71 0.30

2002 81 0.34

2003 78 0.32

2004 137 0.43

2005 208 0.65

2006 157 0.48

2007 175 0.53

2008 151 0.45

2009 222 0.68

2010 214 0.65

2011 141 0.42

2012 109 0.32

Total 1,772 –

aCyclosporiasis was added to the Canadian notifiable disease list in 2000.
bSome provinces/territories did not report cases during certain years.
cWhenever provinces/territories did not report cases, the population of those provinces/territories were removed for rate calculations.
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with consumption of fruit, probably berries, from an 
undefined source.

In 2000, outbreaks of cyclosporiasis associated with the 
consumption of fresh berries were reported in Atlanta, 
GA (May) and Philadelphia, PA ( June). Following the 
outbreak in Philadelphia, the presence of C. cayetanensis was 
demonstrated by PCR in cake filling containing imported 
raspberries (45).

Since 2000, foodborne outbreaks of cyclosporiasis 
have continued to be reported annually in North America 
and have been associated with a variety of fresh produce, 
including Thai basil from the U.S., cilantro from Mexico, 
snow peas from Guatemala, and basil from Peru and Mexico 

(28, 29). In August 2012, the CFIA decided to revise its 
import policy by lifting the import restriction on Guatemalan 
cultivated fresh blackberries for the period corresponding to 
March 15 to August 14 of each year.

 The distinct seasonality in foodborne outbreaks of 
cyclosporiasis is only partially explained by environmental 
factors such as temperature and rainfall (42). In North 
America, most foodborne outbreaks have been reported in 
the spring to early summer and have been associated with the 
consumption of raw imported fruits and vegetables. A list of 
foodborne outbreaks of cyclosporiasis in North America is 
shown in Table 2.

Table 2. Foodborne outbreaks of cyclosporiasis in North America

Date Location No. cases Implicated food (Origin) References

May, 1995 Florida 38 raspberries (possibly Guatemala) (55)
May–June, 1995 New York 32 fruit suspected (42)

May, 1996 Boston, MA 57 berries (38)
May, 1996 Charleston, SC 38 raspberries (Guatemala) (9)

May–June, 1996 U.S. (multi-state)/ Ontario, 
Quebec 1,465 raspberries (Guatemala) (43, 64, 65)

Mar. –Apr., 1997 Florida 220 mesclun (Peru) (42)
Apr. –May, 1997 U.S. (multi-state)/ Ontario 1,012 raspberries (Guatemala) (25, 44)
June–July, 1997 Washington, D.C. 185 basil (86)

Sept., 1997 Virginia 21 fruit plate (42)
Dec., 1997 Florida 12 mesclun (Peru) (42)
May, 1998 Ontario 192 raspberries (Guatemala) (110)
May, 1999 Ontario 104 blackberries suspected (42)
May, 1999 Florida 94 berries (42)
July, 1999 Missouri 62 basil (Mexico or U.S.) (60)
July, 1999 Vancouver, BC 15 unknown (7)
May, 2000 Atlanta, GA 19 raspberries and/or blackberries suspected (16, 40)
June, 2000 Philadelphia, PA 54 raspberries (16, 45)
Jan., 2001 New York, NY 3 unknown (16)

Jan.–Feb., 2001 Florida 39 unknown (16)
May, 2001 Vancouver, BC 17 Thai basil (U.S.) (46)

Dec., 2001–Jan., 2002 Vermont 22 raspberries likely (16, 40)
Apr.–May, 2002 Massachusetts 8 unknown (16)

June, 2002 New York 14 unknown (16)
June–July, 2003 Vancouver, BC 10 cilantro suspected (8)

Feb. 2004 Texas 38 unknown (16, 76)
May, 2004 Tennessee 12 unknown (16)
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 EXPOSURE ASSESSMENT
 Potential sources of Cyclospora contamination

 Cyclosporiasis outbreak investigations have not identified 
a single point of contamination, although a number of links 
in the food chain have been put forward as possible sources. 
The evidence available suggests that raspberry or black-
berry contamination may occur during pre-harvest and/or 
post-harvest activities such as growing, irrigation, fumigation, 

harvesting, packaging or transporting. Cyclospora is not found 
naturally in or on fruits or any other foods. Rather, produce 
is contaminated with the oocysts shed in human feces. Farm 
activities involving contact of berries with fecally-contami-
nated water, and non-hygienic handling, are the most proba-
ble sources of contamination. Irrigation or fumigation using 
contaminated water, and contact with fecally-contaminated 
hands or equipment during harvest, packaging, transport, 

Table 2. Foodborne outbreaks of cyclosporiasis in North America (cont.)

Date Location No. cases Implicated food (Origin) References

May–June, 2004 Pennsylvania 96 snow peas (Guatemala) (16, 24)  
June, 2004 British Columbia 9 cantaloupe or basil suspected (88)

Mar.–May, 2005 Florida 582 basil (Peru) (16, 75)
Apr., 2005 Massachusetts 58 unknown (16)
Apr., 2005 Ontario 40 basil (Peru) (87)
May, 2005 South Carolina 6 unknown (16)
May, 2005 Massachusetts 16 unknown (16)
June, 2005 Quebec 148 basil (Mexico) (68)
June, 2005 Connecticut 30 basil suspected (16)
June, 2006 Minnesota 14 unknown (16)
June, 2006 New York 20 unknown (16)
July, 2006 Georgia 3 unknown (16)

May–July, 2007 British Columbia 29 organic basil (Mexico) (98)
Mar., 2008 Wisconsin 4 sugar snap peas likely (16)
July, 2008 California 45 raspberries and/or blackberries likely (16)

Oct.–Dec., 2008 British Columbia, Ontario 11 unknown (88)
June, 2009 District of Columbia 34 unknown (16)
May, 2010 Sarnia, ON 210 pesto (23)
June, 2011 Florida 12 unknown (16)
July, 2011 Georgia 100 unknown (16)

June–July, 2012 Texas 16 unknown (16)
June, 2013 Iowa, Nebraska 161 bagged salad mix (Mexico) (15, 16)

June–July, 2013 Texas 38 cilantro (Mexico) (15, 16)

June–Sept., 2013 British Columbia, Ontario, 
Nova Scotia 25 leafy greens suspected (88)

July, 2013 Wisconsin 8 berry salad suspected (15, 16)

Apr.–Aug., 2014 British Columbia, Ontario, 
Quebec 85 blackberries, cilantro (89)

June, 2014 Michigan 14 unknown (16, 17)
June–July, 2014 Texas 26 cilantro (Mexico) (16, 17)

July, 2014 South Carolina 13 unknown (16)
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and food preparation, are the specific activities of concern. 
One of the most likely sources of contamination identified 
is the water used to mix insecticides and fungicides that are 
then sprayed directly on the raspberry plants (67). Irrigation 
is not likely to be a vehicle of transmission when the water 
does not come into direct contact with the raspberries, such 
as with drip irrigation.

 The intensity and uniformity of contamination on rasp-
berries is largely dependent on the mode of contamination. 
Because of the high attack rates among persons who ate rasp-
berries, Osterholm (80) suggested that the dose response for 
cyclosporiasis may be very low and that implicated raspberry 
lots may be uniformly contaminated. This author concluded 
that this type of contamination may indicate an environ-
mental reservoir such as water or animal vectors, rather than 
direct contact with infected workers. Contamination by 
means of water (e.g., application of pesticides) may result in 
more raspberries being contaminated with fewer oocysts per 
berry. However, direct contamination of raspberries from 
the hands of food handlers must not be ruled out, and may 
result in smaller numbers of heavily-contaminated berries. If 
the latter non-uniform contamination pattern predominates, 
sampling plans involving small numbers of raspberry samples 
will be ineffective.

Prevalence on foods
 A number of surveillance studies world-wide have 

reported the presence of Cyclospora on a variety of fruits 
and vegetables. Cyclospora-like organisms have been found 
on green leafy vegetables and other fresh produce items in 
Nepal (39, 100, 101). In a survey of vegetables collected 
from markets in Peru, Ortega et al. (75) reported the 
presence of Cyclospora on lettuce and two types of herbs. 
Tram et al. (111) found Cyclospora spp. oocysts on all 
seven types of herbs tested, including lettuce, collected 
from farms and markets in Vietnam. These authors 
also detected oocysts in irrigation water on farms and 
in “sprinkling water” used to keep produce fresh in the 
markets. Cyclospora spp. was also reported on lettuce and 
other fresh produce items in Egypt (1, 36) and Costa Rica 
(10). Anh et al. (2) reported Cyclospora spp. on water 
spinach collected in Cambodia.

 Although a variety of fruits and vegetables, including 
raspberries, blackberries, mesclun and basil, have been 
epidemiologically implicated in outbreaks in North 
America, until recently, no large-scale surveillance 
studies have been done for Cyclospora or other foodborne 
protozoan parasites on fresh produce in Canada or the 
U.S. (30). Raspberries, in particular, are difficult to test, 
as their surface is covered in tiny hairs (94) that may 
trap the oocysts and make them difficult to wash off 
without damaging the fruit. This difficulty in washing off 
the oocysts also increases the probability of infection in 
consumers. In contrast, blackberries are more washable 

than raspberries and therefore less likely to remain 
contaminated with oocysts, because of their considerably 
smoother, hairless surface.

 In a collaborative study with FoodNet Canada (Public 
Health Agency of Canada), Dixon et al. (30) tested 544 sam-
ples of ready-to-eat packaged leafy greens obtained at retail in 
Ontario for the presence of Cyclospora, Cryptosporidium and 
Giardia. These authors reported a PCR-prevalence of 1.7% 
for Cyclospora, and Cyclospora-like oocysts were identified by 
microscopy in five of the nine PCR-positive samples. More 
recently, these authors tested samples of retail fresh berries 
and found a small number of Cyclospora PCR-positives on 
imported raspberries, blackberries, and strawberries (14). 
However, none of these positive samples were associated 
with any illness outbreaks or cases.

Food testing methodology
 As with other foodborne protozoan parasites, no stan-

dard methods are available for detection of C. cayetanensis in 
foods. Many of the same methods used in clinical diagnoses, 
however, are now being evaluated and adapted to testing of 
foods. Detection is very much dependent on the methods 
used for elution and concentration of the oocysts. Most pub-
lished methods involve agitation of the fruits or vegetables in 
water (2, 10, 75, 101, 111) or in buffer, for elution, often in 
combination with detergents. The subsequent concentration 
of oocysts generally involves centrifugation and/or flotation.

Most surveillance studies have involved the use of micro- 
scopy (e.g., bright-field, differential interference contrast, 
epifluorescence, and acid-fast staining) for the detection of 
Cyclospora spp. oocysts on foods (2, 10, 75, 95, 101, 111). 
PCR methods have also been useful in detecting the presence 
of C. cayetanensis on foods (52, 56, 71, 106).

The viability of oocysts is also an important consideration 
in the risk management of foodborne cyclosporiasis. In the 
absence of animal models or in vitro cultivation for C. caye-
tanensis, it is very difficult to determine the true infectivity of 
oocysts; however, their viability may be determined by use of 
a sporulation assay followed by excystation of the oocysts, or 
by electrorotation (76).

Importation of fresh raspberries and blackberries 
into Canada

 The total quantities of fresh raspberries and blackberries 
imported into Canada from all countries for each of the years 
2011 to 2013 are shown in Table 3. The quantities of fresh 
raspberries and blackberries imported into Canada in 2013 
by country of origin are shown in Table 4.

Control measures
 Control measures to reduce the risk of foodborne 

cyclosporiasis include farm-level controls, post-harvest 
disinfection, and consumer-level controls (26). Worker 
hygiene and water quality on farms, particularly in endemic 
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regions, are important factors in the risk of contamination 
of produce with C. cayetanensis oocysts. Following the large 
foodborne outbreaks of cyclosporiasis in North America 
in the late 1990s, the U.S. and Canada worked together 
with Guatemala to investigate production, packaging 
and exporting practices in that country with respect to 
fresh raspberries, in an effort to identify the source(s) of 
contamination. A so-called Model Plan of Excellence (MPE) 
was developed in an attempt to minimize the likelihood of 
contamination of raspberries with C. cayetanensis oocysts 
(26). In this HACCP-based approach, stringent control 
measures were enforced on raspberry farms and packing 
plants exporting fresh berries to North America. Despite 
these control measures, further outbreaks associated with 
Guatemalan berries were reported, suggesting that there may 
have been compliance problems, or that the control measures 
were ineffective or not directed against the actual sources 
of contamination (42). The MPE system, as such, has since 
been discontinued in Guatemala.

In response to the outbreaks that occurred in the 1990s, 
Health Canada drafted an import policy entitled “Policy 
on Fresh Raspberries and Blackberries Imported from 
Guatemala” in April, 2000. This policy allowed importation 
of fresh Guatemalan raspberries and blackberries from MPE 
farms having their own on-farm exporters, or from MPE 
farms using an off-farm exporter, provided the exporter had 

procedures in place that adequately addressed the potential 
for co-mingling between non-MPE and MPE berries. Fresh 
Guatemalan raspberries and blackberries from medium-
risk farms (as a minimum standard) were allowed during 
the fall season only. Following the drafting of this policy, 
Health Canada requested that the CFIA also implement 
an import alert on fresh Guatemalan blackberries such that 
they were also restricted until the policy was implemented. 
This import policy was revised in February, 2009, by which 
time the MPE system was no longer in place in Guatemala. 
In 2012, following discussions between Health Canada and 
CFIA, the import restriction on Guatemalan cultivated 
fresh blackberries was lifted for the period corresponding to 
March 15 to August 14 of each year. This decision was based 
on a number of factors, including the information that the 
current USFDA import alert stipulated an import restriction 
only for fresh raspberries from Guatemala, and that the 
continuous importation of fresh blackberries from Guatemala 
into the U.S. had not resulted in outbreaks or illnesses of 
cyclosporiasis linked to their consumption. The Canadian 
import restriction on Guatemalan fresh raspberries remained 
in effect for the period of March 15 to August 14 of each year.

Little information is available regarding environmen-
tal resistance of C. cayetanensis oocysts, although they are 
considered to be more susceptible to adverse environmental 
conditions than Cryptosporidium spp. For example, sporula-

 Table 3. Importation of fresh raspberries and blackberries into Canada from all countries 
for the years 2011 to 2013

Berry type 2011 2012 2013 

Fresh raspberries 22,592,542 kg 43,489,086 kg 29,331,774 kg

Fresh blackberries 11,852,525 kg 11,751,929 kg 11,370,160 kg

 Table 4. Importation of fresh raspberries and blackberries into Canada in 2013 by 
country of origin 

Country of origin Raspberries Blackberries

United States 20,500,315 kg 3,045,360 kg

Mexico 8,779,647 kg 8,240,188 kg

Guatemala 5,553 kg 74,282 kg

Chile 29,853 kg 7,591 kg

Other countries 16,406 kg 2,739 kg
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tion may be delayed in oocysts stored at either 4°C or 37°C 
for 14 days (104). These findings could have important im-
plications regarding risk control during production, storage 
and transportation.

 While extreme hot and cold temperatures are effective 
at killing Cryptosporidium, their effect on Cyclospora is not 
yet well known. It is suspected that commercial freezing 
kills Cyclospora (50), which is supported by the fact that 
no outbreaks have been associated with frozen raspberries. 
However, the amount of frozen Guatemalan raspberries 
shipped to North America is relatively small compared to 
peak shipments of fresh raspberries and may not provide 
absolute evidence that the product is safe. Sathyanarayanan 
and Ortega (96) evaluated the effects of temperature on the 
sporulation of C. cayetanensis in dairy products and basil. The 
percentage sporulation was used as an indicator of viability. 
Sporulation occurred after oocysts were resuspended in 
dairy substrates (i.e., milk, diluted milk, and whipped cream) 
and stored for up to 24 h at -15°C. On basil, or in water, 
sporulation still occurred after incubation for up to 2 days 
at -20°C, and up to 4 days at 37°C. However, few oocysts 
sporulated after they were incubated for just 1 h at 50°C, and 
no sporulation was observed after oocysts were incubated 
at -70°C, 70°C or 100°C. Sporulation was not affected when 
oocysts were incubated at 4°C and 23°C for up to 1 week.

 Gamma irradiation of oocysts has been suggested as a 
possible way of decontaminating fresh fruits and vegetables. 
Appropriate irradiation doses to eliminate the infectivity 
of oocysts of Toxoplasma gondii have been published, and 
it was suggested that similar irradiation procedures would 
kill Cyclospora oocysts attached to fresh raspberries or other 
fruits and vegetables (31). However, another coccidian, 
Eimeria bovis, was found to be resistant to gamma irradiation 
(37). Irradiation of raspberries is not currently approved by 
Health Canada.

 The use of ozone has gained approval for use in the 
U.S. food processing industry as a control measure against 
bacteria, parasites, viruses and fungi (3). Processors of 
fresh fruit, vegetables, poultry, and red meat are currently 
evaluating ozone as a potential disinfectant. The reported 
effectiveness of ozone in inactivating Cryptosporidium in 
water indicates that the process may also be a useful control 
measure for Cyclospora on raspberries.

 While most of the work done on chemical and physical 
disinfection of protozoans in foods has involved Cryptospo-
ridium spp., some studies have demonstrated the effectiveness 
of commercial freezing, irradiation, UV light, and high-hy-
drostatic pressure processing (HPP) against C. cayetanensis, 
or Eimeria acervulina as a surrogate organism (54, 76). Young 
broiler chickens inoculated with E. acervulina oocysts from 
UV-treated raspberries had reduced infection rates, while 
birds inoculated with oocysts from HPP-treated raspberries 
and basil were asymptomatic and did not shed oocysts (54). 
As with other protozoan parasites, C. cayetanensis oocysts 

are thought to be very resistant to the chemical disinfectants 
commonly used in the food industry, as well as in water 
treatment. Routine chlorination of water is ineffective against 
coccidian oocysts in general, and some water purification 
plants relying on chlorination have experienced problems 
with Cryptosporidium. With respect to Cyclospora, there is 
currently only indirect evidence that chlorination is ineffec-
tive (50, 108). Ortega et al. (73) reported that Cyclospora 
oocyst sporulation was not affected by treatment of inoculat-
ed basil and lettuce leaves with gaseous chlorine dioxide.

There are also some important control points at the 
food-preparer or consumer level. As with all enteric patho-
gens, good personal hygiene, particularly hand washing, is of 
considerable importance in reducing the risk of transmission. 
However, as discussed, person-to-person transmission of cy-
closporiasis is unlikely, and oocysts contaminating foods are 
not immediately infective. While rinsing of fresh fruits and 
vegetables with water is recommended for reducing the risk 
of transmission of pathogens, it is unlikely that this practice 
will remove all C. cayetanensis oocysts from the foods. Fur-
thermore, delicate fruits such as raspberries will not tolerate 
anything more than a gentle rinse. Other treatments, such 
as cooking and freezing, may be used as final barriers against 
transmission, although most of the produce items implicated 
in outbreaks of cyclosporiasis are typically consumed raw. 
Furthermore, few data are available regarding the suscep-
tibility of C. cayetanensis to cooking and freezing tempera-
tures. Recent studies suggest that C. cayetanensis oocysts are 
relatively resistant to short exposures to household freezing 
and to high temperatures (76). Cyclospora oocyst sporulation 
was still observed after up to 45 sec of microwave cooking at 
100% power (72).

 HAZARD CHARACTERIZATION
 Symptoms and pathogenicity

 The dose response for cyclosporiasis is generally thought 
to be relatively low (32). The infectious dose may be similar 
to that of the closely related animal parasite Eimeria spp., for 
which single oocysts or even individual sporozoites have been 
found to be sufficient to establish infections in naive hosts.

 Cyclosporiasis may result in profuse and prolonged diarrhea 
and a variety of other symptoms, including abdominal pain, 
nausea, vomiting, fatigue, fever, and loss of appetite (63, 76). 
Onset of symptoms has been reported as abrupt in the majority 
of adult patients (78). These symptoms may be more severe 
and long-lasting in very young or old people or in immunosup-
pressed individuals (76). Symptoms will generally appear about 
a week after becoming infected and, if left untreated, may last 
anywhere from a few days to several weeks. Relapses have also 
been reported (20). Infections are often short-lived or asymp-
tomatic in individuals native to endemic areas (74). In the U.S., 
the hospitalization rate for cyclosporiasis has been reported as 
6.5%, and the death rate as zero (97). Mortality associated with 
Cyclospora infections is generally considered to be very rare (76).
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 The main site of infection is thought to be the small 
intestine, although infections have been reported in the 
biliary tract of AIDS patients (103). Altered mucosal 
architecture with villous atrophy, crypt hyperplasia, 
inflammatory changes, and other abnormalities have been 
reported (21, 67, 74, 77, 108).

Susceptibility factors
 There is currently insufficient data available regarding 

susceptibility to Cyclospora infection and the likelihood 
of symptoms. The majority of cluster-related cases in 
North America associated with the consumption of fresh 
berries, were adults of relatively high socioeconomic status, 
which may reflect only food preferences and type of social 
functions attended. The relatively high cost of imported fresh 
raspberries and blackberries at the time of the outbreaks 
could also have been a factor. This population generally has 
a lower probability of enteric illness because of favorable 
determinants of health.

 Cyclosporiasis has traditionally been considered a trav-
eler’s illness, since naive hosts, including travelers and ex-
patriates, generally have a greater probability of developing 
the illness than the native population. There is also some  
evidence that young children in endemic regions may 
be less susceptible to symptomatic infection than older 
children (105). However, it is not clear whether these 
differences are due to protective immunity or different 
exposures. Pape et al. (81) reported a higher prevalence of 
cyclosporiasis in HIV-infected adults with diarrhea than in 
non-HIV-infected patients with diarrhea.

 Symptoms of cyclosporiasis are generally more severe in 
immunocompromised individuals than in otherwise healthy 
people. For example, Sifuentes-Osornio et al. (103) reported 
that symptoms were more severe and long-lasting in AIDS 
patients. Nevertheless, neither Clarke and McIntyre (19) nor 
Petry et al. (82) could find any serological evidence for the 
development of an immune response in individuals infected 
with C. cayetanensis.

Diagnosis and treatment
 Diagnosis usually involves a microscopic examination 

of stool samples for the presence of oocysts. Concentration 
of oocysts by use of methods such as flotation or sedimen-
tation may improve detection by microscopy (35, 53, 76, 
93). Modified acid-fast methods have been widely used 
in diagnosis; however, C. cayetanensis oocysts are variably 
staining with acid-fast methods, which has led to the use 
of other, more reliable stains, particularly safranin (113). 
Although anti-Cyclospora antibodies are not commercially 
available, epifluorescence microscopy can still be used, as 
C. cayetanensis is an autofluorescent organism. Oocysts appear 
as bright-blue circles when wet mounts are examined under 
UV-light, using an excitation filter within the range 330–380 
nm. Flow cytometry has also been used successfully to detect 

C. cayetanensis in human stool and was reported to be more 
sensitive than microscopy (27).

PCR-based methods have also been very useful in 
detecting C. cayetanensis and differentiating it from other 
related parasites. A nested-PCR method, based on the 
amplification of a portion of the 18S rRNA gene, was 
developed by Relman et al. (92) and has been widely used 
in the diagnosis of cyclosporiasis and in the detection of 
Cyclospora in environmental samples. Because of cross-
amplification, a subsequent Restriction Fragment Length 
Polymorphism (RFLP) analysis (51, 52, 102) may be used 
to differentiate Cyclospora spp. from the closely related 
Eimeria spp. However, because Eimeria has not been 
reported to cause disease in humans, this is of concern 
only in environmental samples, and possibly in fresh fruits 
and vegetables. The highly conserved nature of the 18S 
rRNA gene, however, limits its usefulness in differentiating 
among isolates of C. cayetanensis or other Cyclospora species 
(76). A multiplex PCR assay was subsequently developed 
to differentiate Cyclospora spp. from Eimeria spp. without 
the need for RFLP (70). The ITS region is highly variable 
and has been used successfully to demonstrate sequence 
variability among C. cayetanensis isolates (69). Unfortunately, 
the ITS-1 sequence variability was not found to correlate 
with the geographic origin of the isolates. Piche et al. 
(83) concluded that because of the high degree of ITS-1 
sequence variation within samples, and the lack of geographic 
association among isolates, ITS-1 may be of little use in 
molecular epidemiology. Real-time quantitative PCR assays 
have also been used in the detection of C. cayetanensis (49,
112). Lalonde and Gajadhar (57) have recently developed a 
real-time PCR and melting curve analysis for the detection 
and differentiation of coccidian oocysts.

For most people, an infection with C. cayetanensis is 
treatable and does not result in life-threatening illness. 
Cyclosporiasis may be effectively treated with the antibiotic 
trimethoprim-sulfamethoxazole (63, 76).

 RISK CHARACTERIZATION
 Introduction

 Cyclospora oocysts are shed into the environment with 
the feces of infected individuals. The transmission route is 
indirect vehicle-borne (foodborne and waterborne). It is very 
unlikely that the infection would be transmitted person-to-
person, or through insects, mammals or birds. Infection with 
Cyclospora often results in profuse and prolonged diarrhea, 
but is usually self-limiting. Immunocompromised individuals 
may develop more severe and chronic symptoms.

 Imported fresh raspberries, and possibly blackberries, 
were implicated in a number of outbreaks of cyclosporiasis in 
North America between 1995 and 2000. The spring harvest 
appears to present the highest probability for transmission 
of this parasite. It has been suggested that this could be 
related to an accumulation of water during the rainy season 
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in the exporting countries, causing potential flooding of 
crops and wells with fecally-contaminated water. However, 
this relationship does not always hold, as exemplified by the 
unusually dry spring seasons in Guatemala in 1997 and 1998, 
with initial outbreaks in North America preceding any heavy 
rains. The significance of rainfall alone on the seasonality of 
infection is also questionable based on prevalence data from 
both Peru and Haiti.

 Contamination of berries by direct contact with fe-
cally-contaminated hands or surfaces is also of concern. 
The proportion of contaminating Cyclospora oocysts 
that are viable (able to sporulate and cause infection) 
is unknown. There is insufficient information to deter-
mine whether the time frame and the physical condi-
tions imposed on raspberries and blackberries during 
production, harvest, sorting, storage and transportation 
would support viability of Cyclospora oocysts. Coccidian 
oocysts, however, are known to be extremely durable and 
are quite resistant to environmental extremes and chemi-
cal control measures.

 Control measures that can be monitored at all levels 
(i.e., production, harvesting, and transportation) are 
essential to ensure that the risk to consumers is mini-
mized (99). Since most raspberries and blackberries are 
consumed fresh, there is little that can be done at the 
consumer level to reduce the probability of infection. 
Assuming a low dose response, washing of the berries will 
not remove sufficient oocysts to prevent transmission. 
Based on current knowledge regarding the susceptibility 
of related coccidian parasites to freezing and cooking, 
Cyclospora-contaminated raspberries or blackberries that 
are frozen or cooked (e.g., pie filling, jams) would likely 
present a lower risk to consumers.

Epidemiology
 Cyclosporiasis was originally thought to be 

largely a travel-associated illness, but from 1995 
to 2000 it was associated with the consumption in 
North America of imported Guatemalan raspberries. 
Associations with blackberries imported from 
Guatemala were also apparent following Canadian 
outbreaks in 1996, 1997, and 1999.

 In the mid-to-late 1990s, the greatest risk to Canadian 
consumers appeared to be associated with the consump-
tion of fresh Guatemalan raspberries during the months 
of April to June. It is not clear how infectivity patterns 
may have been biased by the demographics of raspberry 
consumers. It is also unclear why Canadian illness clus-
ters associated with fresh Guatemalan raspberries and 
blackberries were primarily reported in Ontario, even 
though these berries were shipped to several provinces 
and further distributed inter-provincially. It is possible, 
however, that there may have been some bias related to 
physician awareness and/or clinical expertise.

Product identification
 Large-scale control measures should also include 

procedures for the identification of shipments potentially 
involved in outbreaks, to ensure an effective traceback to 
the implicated farms. At the time of these outbreaks, the 
identification system made it very difficult to link illnesses 
or outbreaks to specific lots of produce. More precise 
information on implicated farms would have helped define 
more accurately the potential vehicles of transmission.

CONCLUSIONS
 Considerable epidemiological evidence from the mid-

to-late 1990s showed that the probability of exposure to 
infectious doses of Cyclospora in imported fresh raspberries 
during the spring and early summer was unacceptably 
high. This was supported by the observation of numerous 
outbreaks in Canada and the U.S. between 1995 and 
2000, most of which were strongly associated with the 
consumption of imported fresh raspberries. The evidence 
supporting the implication of imported fresh blackberries 
in illness outbreaks in Canada in the late 1990s was 
considerably weaker than that for raspberries. While 
fresh berries have only rarely been implicated in cases of 
cyclosporiasis in Canada in recent years, a study done at 
Health Canada, in collaboration with FoodNet Canada 
(Public Health Agency of Canada) (14), demonstrated three 
Cyclospora PCR-positive samples of imported raspberries, 
and a single Cyclospora PCR-positive sample of imported 
blackberries, out of a total of 599 fresh berry samples tested. 
It was not determined if any of the oocysts detected were 
actually viable and/or infectious.

As the dose response for Cyclospora may be very low, an 
assumption could be made that the consumption of any 
amount of oocyst-contaminated raspberries or blackberries 
could result in infection. Berries implicated in outbreaks are 
usually consumed without any further treatment, i.e., not heat 
treated, and it is not possible to remove all oocysts from foods 
by washing; therefore, little can be done at the consumer level 
to reduce the probability of infection. The risk of transmission 
can be reduced only by using import restrictions during 
specific times of the year, or rigorously enforced controls in the 
country of origin with respect to the production, harvesting, 
packaging and transporting of berries.

 Without fully understanding the modes of contamina-
tion of berries, and without knowing precisely the preva-
lence of cyclosporiasis among farm workers and exporters, 
the seasonal trends of infection, or the levels of contami-
nation in water sources, it is difficult to conclude what the 
level of risk is to Canadians from the consumption of im-
ported fresh raspberries or blackberries. Risk management 
decisions for Cyclospora oocysts on these berries must be 
made with a clear understanding of the many gaps that still 
exist in our knowledge of the biology and control of this 
organism. It is also important to note that recommenda-
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tions and decisions made regarding the importation of fresh 
raspberries and blackberries will not eliminate the risk of 
infection with Cyclospora to Canadian consumers, because 
other sources are likely to exist. In recent years, numerous 
other fresh produce items from a variety of countries have 
been implicated in outbreaks of cyclosporiasis in North 
America. These other routes will also need to be assessed to 
determine what, if any, specific risk management practices 
may need to be implemented.

RESEARCH NEEDS/DATA GAPS
 Many gaps still exist in our knowledge of Cyclospora as 

an important foodborne pathogen. Since C. cayetanensis is 
found only in humans, and effective cell culture methods 
are not yet available, oocysts and other life stages are not 
readily available to researchers, and this has resulted in a lag of 
research behind that of other important foodborne protozoan 
parasites such as Cryptosporidium and Giardia. Specifically, 
work is required in development of improved methods for the 
detection of Cyclospora oocysts on berries and other foods 
in surveillance studies and outbreak investigations, in order 
to better understand the risks to consumers and to monitor 
the effectiveness of control methods. Effective methods for 

the molecular characterization of C. cayetanensis, down to 
the genotype or subgenotype level, are also urgently needed. 
Combined with epidemiological investigations and traceback 
studies, the molecular characterization of C. cayetanensis 
isolates will also be of great value in identifying the possible 
origin of contaminated foods and the potential sources of food 
contamination (e.g., water used in irrigation or processing, 
food handlers, etc.). Furthermore, laboratory research is also 
needed on the effectiveness of various chemical and physical 
disinfectants and on-farm control measures, and the sensitivity 
of oocysts to cooking and freezing.
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