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Abstract. Before 1995, only one outbreak of cyclosporiasis had been reported in the United States. To identify
risk factors for Cyclospora infection acquired in Florida in 1995, we conducted a matched case-control study (24
sporadic cases and 69 controls) and retrospective cohort studies of clusters of cases associated with two May social
events (attack rates 5 15.4% [8 of 52] and 54.5% [6 of 11]). In univariate analysis of data from the case-control
study, consumption of fresh raspberries (odds ratio [OR] 5 6.0, 95% confidence interval [CI] 5 1.1–31.7) and bare-
handed contact with soil (OR 5 5.4, 95% CI 5 1.4–20.7) were associated with infection; soil contact was also
implicated in multivariate analysis. For the events, mixed-fruit items that had only fresh raspberries and strawberries
in common had elevated relative risks (3.7 and 4.2), but the confidence intervals overlapped 1.0. The raspberries
eaten at the events and by sporadic case-patients were imported. Given the cumulative evidence of the three studies
and the occurrence in 1996 and 1997 of outbreaks in North America associated with consumption of Guatemalan
raspberries, food-borne transmission of Cyclospora was likely in 1995 in Florida as well.

On June 12, 1995, a community hospital laboratory in
Boca Raton, Palm Beach County, Florida, reported to the
Florida Department of Health that it had identified six cases
of infection with Cyclospora species during the previous two
weeks. The cases were in adults who had no obvious com-
mon exposure and had not recently traveled out of the coun-
ty. Since the spring of 1992, the laboratory had been ex-
amining all stool specimens submitted for testing for ova and
parasites for Cyclospora cayetanensis, a recently character-
ized coccidian parasite.1, 2 Before June 12, the laboratory had
identified only two other Cyclospora cases, both in persons
who had traveled overseas.

The first recognized human cases of infection with Cy-
clospora, which is acquired by ingestion of oocysts and
causes gastroenteritis, were diagnosed in 1977 and 1978 in
Papua New Guinea.3 Most of the subsequently reported
cases were in persons living or traveling in developing coun-
tries. In Nepal, where many of the reported cases have oc-
curred, most cases have been diagnosed during the months
of May through August;4, 5 the seasonality of cyclosporiasis
in Nepal and elsewhere remains unexplained. By the spring
of 1995, only two outbreaks in the United States were known
to have occurred (one in 1990 and another one in 1995), at
least one of which was apparently water-borne6 (Carter R,
New York City Department of Health, unpublished data).
Direct person-to-person transmission is unlikely because ex-
creted oocysts are thought to require from days to weeks in
a suitable environment to become infectious (i.e., to sporu-
late).1

Cyclospora infection, which responds to treatment with
trimethoprim-sulfamethoxazole,7 is identified in stool by
such methods as demonstration of blue or green autofluo-
rescence with ultraviolet epifluorescence microscopy, ex-
amination of a wet mount under phase-contrast microscopy,
or use of modified acid-fast8 or other stains (the oocyst is 8–
10 mm in diameter and variably acid-fast);9, 10 these proce-
dures are not routine in most microbiology laboratories.
Demonstration of sporulation of oocysts provides definitive
evidence for the diagnosis.1

METHODS

The policies of the Centers for Disease Control and Pre-
vention (CDC) with regard to human subjects were adhered
to in this investigation.

Surveillance. Public health officials in Palm Beach Coun-
ty urged persons with diarrhea to consult a health care pro-
vider and sent information about the parasite via facsimile
to county practitioners. After training at the community hos-
pital that had diagnosed the original cases, laboratorians at
other hospitals in the county and at branch state laboratory
A (serves the following counties: Palm Beach [1995 popu-
lation 5 960,268], Martin [1995 population 5 115,220],
Hendry, Okeechobee, and St. Lucie) were requested to ex-
amine all stool specimens that were submitted for parasito-
logic testing for Cyclospora as well. The branch laboratory
began such testing on June 22. The other four state labora-
tories were trained thereafter and followed suit during the
period of July 1 through September 1. On July 25, the state
of Florida made Cyclospora infection reportable.

Laboratory methods. All stool specimens that reportedly
were positive for Cyclospora were sent to the Parasitic Dis-
eases Laboratory at CDC for confirmation. Most were sent
as acid fast-stained slides (one as a trichrome-stained slide)
prepared from either 10% formalin-fixed or fresh stool spec-
imens. When a formalin-ethyl acetate concentrate was pro-
vided, slides were stained at CDC with the Kinyoun carbol-
fuchsin modified acid-fast procedure.8 All slides were ex-
amined for Cyclospora9 and Cryptosporidium parvum by
viewing $ 300 oil-immersion fields. Cyclospora oocysts
from one stool specimen placed in 2.5% potassium dichro-
mate were monitored for sporulation.1 Results were request-
ed for the stool specimens that had been submitted to various
laboratories for testing for Salmonella, Shigella, and Cam-
pylobacter species.

Matched case-control study. Case-patients were resi-
dents of Palm Beach or Martin Counties (neighboring coun-
ties) who had laboratory-confirmed Cyclospora infection re-
ported to the respective county health department by August
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TABLE 1
Distribution of age, sex, residence, and symptoms among participants in the case-control study and in the cohort studies for events A and B

No. (%, unless otherwise stated)

Case-control study

Case-patients
(n 5 24)*

Controls
(n 5 69)*

Social event A

Case-patients
(n 5 8)

Well persons
(n 5 44)

Social event B

Case-patients
(n 5 6)

Well persons
(n 5 5)

Age (years)
Median (range)
0–10

11–20
21–30
31–40
41–50
51–60
61–70
71–80

41 (1–76)
7 (29.2)
0
1 (4.2)
4 (16.7)
4 (16.7)
2 (8.3)
2 (8.3)
4 (16.7)

45 (1–79)
17 (24.6)

0
3 (4.4)
7 (10.2)

16 (23.2)
5 (7.3)

14 (20.3)
7 (10.2)

60 (43–78)
0
0
0
0
3 (37.5)
1 (12.5)
3 (37.5)
1 (12.5)

43 (6–83)
4 (9.1)
6 (13.6)
4 (9.1)
2 (4.5)

17 (38.6)
1 (2.3)
4 (9.1)
6 (13.6)

55 (44–56)†
0
0
0
0
1 (16.7)
4 (66.7)
0
0

52 (46–75)
0
0
0
0
2 (40.0)
2 (40.0)
0
1 (20.0)

Sex (female) 13 (54.2) 43 (62.3) 2 (25.0) 23 (52.3) 3 (50.0) 3 (60.0)

Residence
Palm Beach County
Martin County
Other county

21 (87.5)
3 (12.5)
0

60 (87.0)
9 (13.0)
0

6 (75.0)
0
2 (25.0)

21 (47.7)
0

23 (52.3)

5 (83.3)
0
1 (16.6)

2 (40.0)
0
3 (60.0)

Symptoms‡
Loose or watery stools
Diarrhea
Anorexia
Cramps
Fatigue
Gas
Weight loss§
Nausea
Headache
Fever¶
Bloating
Chills
Vomiting
Muscle aches
Joint pain
Constipation

22 (91.7)
17 (70.8)
20 (83.3)
20 (83.3)
16 (66.7)
16 (66.7)
15 (62.5)
14 (58.3)
10 (41.7)

9 (37.5)
8 (33.3)
8 (33.3)
7 (29.2)
5 (20.8)
5 (20.8)
5 (20.8)

3 (4.4)
0
0
0
7 (10.1)
5 (7.3)
1 (1.5)
1 (1.5)
8 (11.6)
1 (1.5)
0
1 (1.5)
0
6 (8.7)
9 (13.0)
2 (2.9)

8 (100)
8 (100)
8 (100)
7 (87.5)
8 (100)
6 (75.0)
7 (87.5)
5 (62.5)
4 (50.0)
6 (75.0)
7 (87.5)
4 (50.0)
1 (12.5)
4 (50.0)
2 (25.0)
3 (37.5)

8 (18.2)
4 (9.1)
5 (11.4)
7 (15.9)
6 (13.6)
7 (15.9)
3 (6.8)
3 (6.8)
3 (6.8)
3 (6.8)
6 (13.6)
1 (2.3)
1 (2.3)
2 (4.6)
1 (2.3)
4 (9.1)

6 (100)
6 (100)
6 (100)
5 (83.3)
6 (100)
5 (83.3)
6 (100)
4 (66.7)
4 (66.7)
6 (100)
5 (83.3)
5 (83.3)
3 (50.0)
3 (50.0)
2 (33.3)
1 (16.7)

2 (40.0)
0
1 (20.0)
1 (20.0)
1 (20.0)
1 (20.0)
2 (40.0)
1 (20.0)
1 (20.0)
1 (20.0)
1 (20.0)
0
1 (20.0)
1 (20.0)
1 (20.0)
0

* Case-patients ,2 years of age were matched to controls within one month of age, case-patients 2–6 years of age to controls within one year of age and also $2 years of age, case-patients
7–17 years of age to controls within two years of age, and adult case-patients ($18 years of age) to controls within 20 years of age and also $16 years of age. Adults were also matched by
sex.

† One case-patient from social event B did not provide her age or date of birth.
‡ Seven case-patients (29.2%) in the case-control study became ill (with nausea, cramps, or fever) a median of two days (range 5 1–10 days) before they noted diarrhea. Two children for

whom cramps and loss of appetite were the first symptoms did not develop loose or watery stools. One of these children, four years of age, lost 1 kg of weight.
§ The 15 case-patients in the case-control study, the seven case-patients from event A, and the six case-patients from event B who lost weight and provided information about weight loss

noted median losses of 3.6 kg (range 5 0.9–6.8 kg), 5.9 kg (range 5 2.3–7.3 kg), and 2.7 kg (range 5 1.8–3.6 kg), respectively.
¶ Four of the nine case-patients in the case-control study who had fever and four of the six case-patients from event A who had fever had taken their temperatures (none of the participants

from event B had done so), which ranged from 37.28C to 38.98C and from 37.88C to 38.98C for the two studies, respectively.

22, 1995, and reconfirmed by CDC. Potential case-patients
were excluded if they had not had at least one gastrointes-
tinal (GI) symptom, were infected with another pathogen
that could cause GI symptoms, were immunocompromised
because of acquired immunodeficiency syndrome (AIDS) or
cancer, had participated in either social event (see below),
had traveled outside the United States within the month be-
fore they became ill, or had traveled outside the county for
$ seven days during the period of interest (the two weeks
before onset of illness).

Case-patients suggested specific friends or acquaintances
as their potential matched controls. Some controls were se-
lected from a simple random sample of a Southeast regional
telephone CD-ROM-generated list of neighbors who lived
within a three-block radius of the referent case-patient’s res-
idence. Potential controls were excluded if they had had an
acute GI illness during the period of interest for the referent
case-patient until the date of the interview, had traveled
overnight outside the county during the period of interest,

or had traveled outside the United States in the previous six
months. Because identifying eligible controls was difficult,
two controls who had traveled within the United States were
included. Case-patients were matched by age range (Table
1), and adults were also matched by sex.

Telephone interviews using a structured questionnaire
took place from July 17 through August 29; we interviewed
the parents of children # 10 years of age. We asked about
symptoms; coexisting medical conditions; use of medica-
tions; travel; and exposures to drinking and recreational wa-
ter, food (e.g., consumption of fresh fruits and vegetables),
animals (i.e., birds, dogs, cats, cows, and sheep) or areas
where animal feces may be present (e.g., pet stores, farms,
zoos), the environment (e.g., contact with soil), and miscel-
laneous factors (e.g., exposure to children in diapers). We
asked adults two questions about gardening and soil: 1) ‘‘In
the two weeks of interest, did you do any gardening?’’ 2)
‘‘Did you have contact with your bare hands with any soil
or manure?’’ If the response to the second question was in
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FIGURE 1. Total number of cases of Cyclospora infection confirmed at the Centers for Disease Control and Prevention, by study group and
symptom onset date (n 5 57). AIDS 5 acquired immunodeficiency syndrome.

the affirmative, we asked about the origins of the soil/ma-
nure (e.g., from the ground or from a purchased bag of soil).
We asked the parents of children who were case-patients: 1)
‘‘Did your child play outside?’’ 2) ‘‘Did your child play in
an area outside where she or he touched soil?’’

Cohort studies. We conducted retrospective cohort stud-
ies among two groups of persons who may have been ex-
posed to Cyclospora during two separate social events that
occurred May 19–21 or May 27. To be classified as a lab-
oratory-confirmed case-patient, the diagnosis had to be re-
confirmed at CDC. Probable case-patients met the clinical
case definition (i.e., diarrhea [three or more loose or watery
stools in a 24-hr period] that lasted for seven or more days),
with onset of diarrhea by two weeks after the event. Tele-
phone interviews took place from July 2 through July 27.
We asked similar questions to those in the case-control study
(but no questions about soil exposure because that risk factor
had not yet been identified when the cohort studies were
conducted) and included questions about ingestion of foods
and beverages served at the respective social events. For
exposures not related to the events per se, the period of
interest was the two weeks before the event of interest.

Statistical methods. In the case-control study, we con-
ducted matched univariate and multivariate analyses with
conditional logistic regression (SAS version 6.10 for Win-
dows [Proc Phreg; SAS Institute, Cary, NC]) and calculated
95% confidence intervals (CIs) and etiologic fractions.11 We
used forward stepwise selection of variables in the multi-
variate analysis. For variables in the cohort studies, we cal-
culated univariate relative risks (RRs), Taylor series 95%
CIs, and the corresponding P values.12

RESULTS

Surveillance and laboratory results. A total of 87 cases
in persons with at least one stool specimen positive for Cy-
clospora had been reported by August 22, 1995, to the Palm
Beach or Martin County health department. At CDC, spec-
imens from 45 (51.7%, Figure 1) of the 87 cases were re-
confirmed as positive, 36 (41.4%) were not confirmed, and
6 (6.9%) were not examined. By August 22, the community
hospital laboratory that had identified the index cases and
branch state laboratory A had identified a total of 13 (12
reconfirmed by CDC; one unavailable for testing) and 71
(30 reconfirmed; 42.3%) Cyclospora cases, respectively.
One other laboratory in Palm Beach County, one in Martin
County, and one in another state had each identified one
case, all three of which were reconfirmed by CDC. Sporu-
lation was demonstrated for oocysts from a specimen from
a case-patient in the case-control study.

Matched case-control study. We identified 24 labora-
tory-confirmed case-patients (11 [45.8%] diagnosed by the
community hospital laboratory) and selected 69 controls for
the case-control study (Figure 1); 34 (49.3%) of the controls
were friends/acquaintances of case-patients, and the median
case:control ratio was 1:3 (range 5 1:1–1:4). The earliest
and latest dates of onset of GI symptoms for the case-pa-
tients were May 7 and August 13, respectively (Figure 2).

The only case-patients who knew each other were a
mother and her seven-year-old son; she became ill 30 days
later than he did and two days after she submitted her spec-
imen. The three case-patients who lived in Martin County
(Figure 3 and Table 1) had not visited Palm Beach County
during the period of interest. One case-patient was hospital-
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FIGURE 2. Cases of Cyclospora infection (excluding overseas and domestic travelers), confirmed at the Centers for Disease Control and
Prevention, with onset before August 22, 1995, by week of onset of gastrointestinal illness (n 5 44); including four persons identified after
August 22, seven coinfected persons (Giardia [4], Salmonella [2], and Cryptosporidium [1]), one person who had acquired immunodeficiency
syndrome, and one person who had cancer, all of whom were excluded from the studies.

FIGURE 3. Map of locations of residences in Palm Beach and Martin Counties (southeastern Florida) of the 24 case-patients in the case-
control study; - 5 roads; m 5 residence of one case-patient; 5 residence of two case-patients.▪M
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TABLE 2
Exposures of participants in the case-control study (n 5 93) and cohort studies (social event A, n 5 52; social event B, n 5 11)*

Case-control study

Case-patients
(n 5 24)
No. (%)

Controls
(n 5 69)
No. (%) OR (CI) P

Etiologic
fraction

Exposure†
Univariate

Soil‡
Gardening
Raspberries
Cantaloupe

12 (50.0)
14 (58.3)

5 (20.8)
8 (33.3)

16 (23.2)
23 (33.3)

3 (4.4)
48 (69.8)

5.4 (1.4–20.7)
3.5 (1.1–11.6)
6.0 (1.1–31.7)
0.2 (0.06–0.6)

0.02
0.04
0.04
0.005

40.7%§
41.7%§
17.4%§

Multivariate¶

Soil
Cantaloupe

7.2 (1.5–33.8)
0.2 (0.05–0.6)

0.01
0.004

43.1%

Cohort studies
Case-patients

No. (%)
Well persons

No. (%) RR (CI) P

Exposure
Social event A

Fruit cup#
Tap water

(n 5 8)
7 (87.5)
6 (75.0)

(n 5 44)
27 (61.4)
29 (65.9)

3.7 (0.5–27.8)
1.5 (0.3–6.5)

0.24
1.0

Social event B
Cake**
Tap water

(n 5 6)
5 (83.3)
2 (33.3)

(n 5 5)
2 (33.3)
1 (16.7)

4.2 (0.7–24.9)
1.5 (0.5–4.4)

0.08
1.0

* OR 5 odds ratio; CI 5 95% confidence interval; RR 5 relative risk.
† Consumption of strawberries was not associated with illness (OR 5 0.6, CI 5 0.2–1.7). Consumption of cantaloupe (OR 5 0.2, CI 5 0.06–0.6), honeydew melon (OR 5 0.2, CI 5 0.05–

1.0), and watermelon (OR 5 0.3, CI 5 0.10–0.9), all of which were purchased whole (not precut), appeared to be protective. Contact with animals or visits to areas where animals were
present were not associated with illness.

‡ Soil from the ground.
§ Etiologic fractions were calculated using univariate ORs (not independent) to assess the possible contribution of consumption of raspberries and contact with soil.
¶ Consumption of cantaloupe was highly correlated with consumption of watermelon and honeydew melon. If melon consumption (purchased whole or precut) is combined, the OR for soil

remains the same, but watermelon consumption becomes protective.
# The fruit cup consisted of a hollowed-out cantaloupe filled with fresh raspberries, strawberries, honeydew melon, watermelon, blackberries, and red grapes.
** The cake was covered with fresh strawberries and blueberries and was served with an optional fresh raspberry/strawberry/blueberry sauce.

ized because of dehydration. Ten case-patients (41.7%)
could not continue their usual activities (e.g., work) and
could not do so for a median of five days (range 5 1–21
days). The median time from the onset of GI symptoms to
laboratory diagnosis was 16 days (range 5 2–65 days). The
specimens from all 17 case-patients who submitted stool for
bacterial culture were negative.

Univariate analysis. The only food exposure significantly
associated with increased risk for illness was ingestion of
fresh raspberries (odds ratio [OR]5 6.0, CI 5 1.1–31.7) (Ta-
ble 2). Five adult case-patients (20.8%) and three controls
(4.4%) had eaten raspberries. Four of the five case-patients
had onset of diarrhea in the first half of June: two on June
5, one on June 7, and one on June 15; the fifth became ill
in July. One other case-patient, who was uncertain about
whether he had eaten raspberries and was considered for the
purposes of the analysis not to have eaten them, became ill
on June 1.

The only nonfood exposure significantly associated with
infection was contact with soil or manure (OR 5 10.7, CI
5 2.3–50.3). The relationship remained significant after re-
analysis of the data using only exposure to soil from the
ground as the exposure of interest (i.e., reclassifying those
with exposure to manure [n 5 1], soil from a bag [n 5 1],
or both [n 5 1] as not having exposure to soil from the
ground) (OR 5 5.4, CI 5 1.4–20.7). The association with
gardening, irrespective of whether the person had had bare-
handed contact with soil, was weaker (OR 5 3.5, CI 5 1.1–
11.6).

The OR associated with drinking unheated, unfiltered (at
the faucet) tap water versus exclusively drinking bottled wa-

ter was 0.9 (CI 5 0.3–2.7). The case-patients and controls
drank similar amounts of water; the median total number of
glasses of water consumed per day by the case-patients was
six (range 5 0–10) and by the controls was five (range 5
0–32; P 5 1.0, by matched univariate analysis). Because
controls were selected from friends and neighbors of the
case-patients, only 11 (15.9%) of the 69 controls were not
matched to case-patients by residential water supply. The
residences of the case-patients were served by nine different
public water systems in Palm Beach and Martin Counties.
One utility obtained water from a lake, and the other utilities
obtained water from wells; all the utilities filtered their water.

Multivariate analysis. In multivariate analysis, which
was limited by the relatively small size of the study, only
bare-handed contact with soil was independently associated
with illness (OR 5 7.2, CI 5 1.5–33.8; etiologic fraction 5
43.1%) (Table 2). We could not assess whether consumption
of fresh raspberries was an independent risk factor because
four of the five case-patients who had eaten raspberries had
also had contact with soil. It was not possible to conduct a
complete evaluation for interaction between age and soil ex-
posure. For adults, six (35.3%) of 17 case-patients versus
eight (15.4%) of 52 controls had had contact with soil (P 5
0.10, by matched univariate analysis). For children, six
(85.7%) of the seven case-patients versus eight (47.1%) of
17 controls had had contact with soil (P 5 1.0, by matched
univariate analysis). The only child reported not to have had
contact with soil was a three-year-old girl receiving medical
care for elevated blood lead levels. The youngest case-pa-
tient, a boy 20 months of age whose infection was diagnosed
after many weeks of GI symptoms, consumed only prepack-
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aged food, drank four glasses of tap water daily, and played
outside where his hands had touched soil. If the soil expo-
sure of two case-patients who had repotted outdoor plants is
reclassified to constitute bare-handed contact with ground
soil, the multivariate OR increases (OR 5 12.4, CI 5 2.3–
67.6). In addition, it then becomes possible to evaluate the
importance of soil contact for adults (OR 5 9.0, CI 5 1.4–
56.5).

Cohort studies. A complete line listing of those who at-
tended social event A, which occurred May 19–21 in Boca
Raton (Palm Beach County), was never obtained; reportedly,
about 120 persons attended. We interviewed 52 persons
(43.3% of 120); none had AIDS or was being treated for
cancer. Interviews were conducted a median of 50 days
(range 5 43–68 days) after the catered meal that was held
on May 20. The median age of the 52 interviewees was 43
years (range 5 10–83 years). A total of 20 interviewed per-
sons (38.5%) had at least one GI symptom. We identified
four laboratory-confirmed cases and four probable cases, for
an attack rate of 15.4% among the interviewees (Table 1);
two of the eight case-patients were married to each other.
The median incubation period was seven days (range 5 2–
10 days) (Figure 2). One case-patient received intravenous
rehydration. Of the four laboratory-confirmed case-patients,
two submitted stool specimens for bacterial cultures, which
were negative.

No event-related exposure was significantly associated
with illness. Eating the fruit cup at the catered meal was
associated with illness, but not significantly (RR 5 3.7, CI
5 0.5–27.8) (Table 2); the fruit cup consisted of a hollowed-
out cantaloupe, filled with fresh raspberries, strawberries,
honeydew melon, watermelon, blackberries, and red grapes.
No information is available about whether the fruit had been
rinsed.

Social event B, a noncatered dinner party, occurred one
week later, on May 27, in an apartment in Palm Beach (Palm
Beach County), 20 miles from the location of event A.
Twelve adults attended, none of whom had attended the first
event or were immunocompromised. Eleven persons were
interviewed; the other person, not included in the analyses
below, had GI symptoms within two weeks of the event.
Interviews were conducted a median of 41 days (range 5
41–47 days) after the event. The median age of those inter-
viewed was 54 years (range 5 45–75 years) (Table 1). A
total of nine (81.8%) of the 11 interviewees had at least one
GI symptom; we identified three laboratory-confirmed cases
and three probable cases, for an attack rate of 54.5% (Table
1). The median incubation period was six days (range 5 2–
7 days) (Figure 2). One case-patient submitted stool for bac-
terial culture, which was negative.

No event-related exposure was significantly associated
with illness. The dessert, a home-baked angel-food cake
topped with fresh strawberries and blueberries, whipped
cream, and an optional fresh raspberry/strawberry/blueberry
sauce, was associated with illness, but not significantly (RR
5 4.2, CI 5 0.7–24.9) (Table 2). Three of the five partici-
pants who had eaten the cake remembered eating the sauce;
the other two did not remember whether they had eaten it.
All fruit had been rinsed in tap water.

Traceback investigation. The only foods common to
both events were fresh raspberries and strawberries; only

raspberries were also implicated in univariate analysis for
the case-control study. The raspberries for event A had been
purchased from a wholesaler; the distributor who supplied
this wholesaler provided raspberries that were from either
Guatemala or Chile. Raspberries for event B were purchased
at a store belonging to a chain of stores when the chain’s
distribution center had raspberries available from both Gua-
temala and Chile. Based on the typical turnover period for
produce and the shelf-life of raspberries, Guatemala was
considered the more likely source for the raspberries (Low-
dermilk M, Palm Beach County Health Department, unpub-
lished data). In the two weeks before they became ill, all
case-patients in the case-control study who had eaten rasp-
berries (including the one who was uncertain whether he had
eaten them) had also bought their produce, including all
fresh fruit, at stores belonging to the chain. Therefore, at
least some of the case-patients might have purchased their
raspberries during the same period in late May when the host
for event B did. Raspberries reportedly were not shipped
from Guatemala to this region of Florida after the end of
May.

DISCUSSION

Two lines of evidence support the conclusion that one or
more outbreaks of cyclosporiasis occurred in Palm Beach
and Martin Counties in the spring and summer of 1995.
First, the microbiology laboratory at the community hospital
that for several years had been examining stool specimens
for Cyclospora but had not been identifying cases in non-
travelers identified 13 cases in May, June, and July (seven
before the investigation had received media attention). This
finding is noteworthy even though the background preva-
lence of Cyclospora infection in Florida is unknown because
no formal surveillance existed before July 1995. Second, in
addition to the sporadic cases, clusters of cases were noted
that were related to two social events. The case-patients be-
came ill a median of 6–7 days after the events, an incubation
period that is consistent with that for cyclosporiasis.13

The cases in our studies were initially diagnosed by five
different laboratories, all five of which had at least one case
reconfirmed by CDC. Although branch state laboratory A
had diagnosed the most cases, only 42.3% of its cases were
reconfirmed by CDC. The high percentage of false-positive
results apparently was attributable to misidentification of
acid fast-staining debris as Cyclospora. However, misiden-
tification of acid fast-staining C. parvum oocysts (about half
as big as Cyclospora oocysts), yeast, or pollen grains as
Cyclospora can occur; a direct immunofluorescent-monoclo-
nal antibody stain for C. parvum can be used to distinguish
Cryptosporidium and Cyclospora.14 Polymerase chain reac-
tion methodology for detection of Cyclospora in stool15–17

may be useful in future outbreak investigations. The possi-
bilities of both false-negative and false-positive results when
using techniques that rely on light microscopy highlight the
importance of laboratory training, quality-control proce-
dures, and proficiency testing.

Ours is the first investigation to suggest that contact with
soil may be a risk factor for Cyclospora infection. We in-
cluded questions about contact with soil in the case-control
study because such contact can result in transmission of an-



241OUTBREAK OF CYCLOSPORIASIS

other coccidian parasite, Toxoplasma gondii.18, 19 Soil contact
is also important for transmission of the so-called soil-trans-
mitted helminths (e.g., Ascaris lumbricoides and Trichuris
trichiura),20 which, like Cyclospora, are not immediately in-
fectious after excretion (i.e., require an extrinsic develop-
mental period). Whereas the definitive animal host for Toxo-
plasma is the cat (and a relevant exposure is contact with
soil contaminated with cat feces), the animal reservoir(s) for
Cyclospora cayetanensis, if any, has not yet been identified.
Although soil contact is a plausible mode of transmission for
Cyclospora, further research is needed to test the hypothesis
that this contact is an important mode of transmission, to
determine how soil could become contaminated, and to iden-
tify other risk factors for infection (contact with soil could
account for 43.1% of the cases in the case-control study).

In the case-control study, we could not assess whether
consumption of fresh raspberries was independently associ-
ated with infection because only one case-patient who had
eaten raspberries had not also had contact with soil; we do
not have an explanation for the apparent protective effect of
consumption of cantaloupe. Although no item served at the
social events was significantly associated with illness, both
the fruit cup (event A) and the dessert (event B) included
raspberries in mixtures of fruits that were associated with
increased RRs. Consumption of these fruit items (versus of
other items) accounted for the greatest proportion of case-
patients from these events (seven [87.5%] of eight case-pa-
tients from event A and five [83.3%] of six from event B
ate these items). The raspberries served at both events and
those eaten by four of the five case-patients in the case-
control study who ate raspberries may have been purchased
during the same period (the last two weeks of May) and may
have been grown in the same country (Guatemala). Although
consumption of raspberries may have accounted for event-
related illness, only five case-patients (20.8%) in the case-
control study (none of the seven children) recalled having
eaten raspberries. Possible explanations include poor recall
and other vehicles or modes of transmission for some cases.

The cumulative evidence from the case-control study and
two cohort studies and the possible commonality of the
source of the raspberries suggest that Cyclospora may have
been food-borne. This conclusion is all the more likely, giv-
en that consumption of Guatemalan raspberries was impli-
cated as the cause of large outbreaks of cyclosporiasis that
occurred in the United States and Canada in the spring
months of 1996 and 1997.13, 21 Viewed with the benefit of
hindsight, the cases of cyclosporiasis in Florida in 1995 like-
ly were a harbinger of these multistate outbreaks in 1996
and 1997. The cases that were recognized during all three
outbreaks probably represented only a small fraction of all
that occurred. Increased awareness of and testing for Cy-
clospora may lead to identification of additional cases and
outbreaks and to a better understanding of the risk factors
for transmission. The experience gained by laboratorians and
medical and public health staff in Florida in 1995 prepared
this state to play a key role in the detection and investigation
of the multistate outbreak associated with consumption of
raspberries that occurred in 1996,13 as well as of outbreaks
of cyclosporiasis in Florida in 1997 that were associated with
consumption of other fresh produce (i.e., mesclun lettuce21).
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