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ABSTRACT

Background Cyclospora cayetanensis is a para-
site that causes gastroenteritis. Until last year most
of the documented cases of cyclosporiasis in North
America were in overseas travelers. In 1996, a large
outbreak of cyclosporiasis occurred in North Ameri-
ca. We investigated this outbreak.

Methods Health departments solicited information
from clinicians and laboratories on cases of cyclospo-
riasis, which were then reported to the Centers for
Disease Control and Prevention and to Health Cana-
da. We conducted retrospective cohort studies for
the cases associated with events (e.g., luncheons)
and attempted to identify the sources of the impli-
cated food.

Results A total of 1465 cases of cyclosporiasis were
reported by 20 states, the District of Columbia, and
2 provinces. Of these cases, 978 (66.8 percent) were
laboratory confirmed and 725 (49.5 percent) were as-
sociated with 55 events that were held from May 3
through June 14. Raspberries were definitely served
at 50 events and may have been served at 4 events.
For 27 of the 41 events for which adequate data were
available (65.8 percent), the associations between
the consumption of berries (raspberries with or with-
out other berries) and cyclosporiasis were statistically
significant (P<<0.05). For all 29 events for which there
were good data, the raspberries definitely came from
Guatemala (21 events, 72.4 percent) or may have
come from Guatemala (8 events, 27.6 percent). As few
as five Guatemalan farms could have accounted for
the 25 events for which the raspberries could be traced
to a single exporter per event. The mode of contam-
ination of the raspberries remains unclear.

Conclusions This large outbreak of cyclosporiasis
in North America in 1996 was associated with the
consumption of Guatemalan raspberries. The out-
break illustrates the need to consider that a local clus-
ter of foodborne illness may be part of a widespread
outbreak and to pursue investigations of the source
of the implicated vehicle. (N Engl J Med 1997;336:
1548-56.)
©1997, Massachusetts Medical Society.

YCLOSPORA cayetanensis, previously called
cyanobacterium-like body, was recently es-
tablished to be a coccidian parasite.2 Cy-
clospora oocysts do not multiply outside
the host. After fecal excretion they do not sporulate
and become infectious for days to weeks.! The par-
asite’s natural ecology, infective dose, and host range
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are unknown. It is also not known whether all hu-
man isolates belong to the same species (i.e., C. cay-
etanensis), or why in some countries most cases of
cyclosporiasis occur from April through August.!3

Cyclosporiasis has a median incubation period
of one week, is associated with invasion of entero-
cytes of the small intestine,*? is manifested by pro-
tracted and relapsing gastroenteritis, and is treatable
with trimethoprim—sulfamethoxazole.® The oocysts
of C. cayetanensis are 8 to 10 um in diameter, about
twice the size of Cryptosporidium parvum oocysts,
and are identified in stool specimens by the use of
modified acid-fast and other stains, the examina-
tion of wet mounts under phase-contrast microsco-
py, and the demonstration of autofluorescence.-278
Sporulation of oocysts (i.e., the development of two
internal sporocysts, each with two internal sporozo-
ites) definitively establishes the diagnosis,! and tech-
niques based on the polymerase chain reaction®!0
may also prove useful.

Before 1996, most documented cases of cyclospo-
riasis in North America were in overseas travelers,
and only three small U.S. outbreaks (with a maxi-
mum of 45 laboratory-confirmed cases) had been
reported.!13 In May 1996, several health depart-
ments reported cases of cyclosporiasis to the Centers
for Disease Control and Prevention (CDC). Ulti-
mately, 978 laboratory-confirmed cases occurring in
the spring and summer of 1996 were reported to
the CDC and to Health Canada.l420

Although early in the investigation various ber-
ries, including strawberries, were considered as pos-
sible vehicles of infection, Guatemalan raspberries
were ultimately implicated. Raspberries were intro-
duced in Guatemala in 1987 and first exported in
1988. In the past few years, exports have markedly
increased, with the United States being the primary
market for fresh raspberries; exports peak in May
and June (during the rainy season) and October
through December (the dry season). The possibility
of foodborne transmission of cyclospora has been
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considered in previous cases and outbreaks,?!25 in-
cluding an outbreak that occurred in Florida in 1995,
which may also have been associated with Guatema-
lan raspberries!? (and Koumans E: personal commu-
nication). Our investigation of the large 1996 out-
break of cyclosporiasis definitively established that
cyclospora can be a foodborne pathogen.

METHODS

Epidemiologic Investigation

In the spring of 1996, after an increase in the numbers of cases
of cyclosporiasis was recognized, health departments solicited cli-
nicians and laboratories for reports of cases, which were then re-
ported to the CDC and to Health Canada. The CDC encouraged
health departments to have reference laboratories (e.g., the CDC)
reexamine stool specimens to reconfirm the diagnosis and to sub-
mit stool specimens in 2.5 percent potassium dichromate to the
CDC for the demonstration of oocyst sporulation.!

A cluster of cases of cyclosporiasis was defined as a group of
two or more cases among persons who, during May 1 through
August 31, 1996, shared at least one meal or food item at an
event (e.g., a luncheon or conference) and began to have at least
one gastrointestinal symptom 12 hours to 14 days later. At least
one case per cluster had to be laboratory confirmed; clinical case
definitions for probable cases varied (Table 1). Health depart-
ments investigated clusters by conducting retrospective cohort
studies or, for the cluster in Maryland, a case—control study (Ta-
ble 2). Persons who attended the events associated with cases of
cyclosporiasis were interviewed about symptoms and their con-
sumption of food and beverages at the event. Univariate relative
risks and odds ratios (for the Maryland cluster) were calculated
for exposure variables, and two-tailed P values were computed
with the chi-square test or, if appropriate, Fisher’s exact test.

Sporadic cases were not associated with identified clusters, were
laboratory confirmed, were characterized by the development of
gastrointestinal symptoms during May 1 through August 31, and
occurred in persons who had not traveled outside the United
States or Canada during the two weeks before the onset of symp-
toms (the exposure period of interest).

TABLE 1. NUMBER OF LABORATORY-CONFIRMED AND PROBABLE CASES
OF CYCLOSPORIASIS IN THE UNITED STATES AND CANADA IN 1996, ACCORDING TO
THE MOST LIKELY SITE OF THE ACQUISITION OF INFECTION.*

LABORATORY-
CONFIRMED
SPORADIC
LocaTioN CLUSTER-ASSOCIATED CASES CAsEs TotAL
LABORATORY-
LABORATORY- LABORATORY-  CONFIRMED
CONFIRMED ~ PROBABLET TOTAL CONFIRMED ~ + PROBABLE
United States
Colorado 4 10 14 0 4 14
Connecticut 0 0 0 38 38 38
District of Columbia 11 8 19 2 13 21
Florida 18 42 60 160 178 220
Georgia 0 0 0 5 5 5
Tllinois 15 39 54 6 21 60
Iowa 0 0 0 1 1 1
Maine 0 0 0 2 2 2
Maryland 2 29 31 6 8 37
Massachusetts 21 67 88 82 103 170
New Hampshire 1 8 9 1 2 10
New Jersey 20 21 41 62 82 103
New York 29 87 116 191 220 307
Ohio 35 34 69 9 44 78
Pennsylvania 5 16 21 8 13 29
Rhode Island 0 0 0 9 9 9
South Carolina 11 25 36 7 18 43
Texas 22 27 49 48 70 97
Vermont 4 4 8 0 4 8
Virginia 1 15 16 1 2 17
Wisconsin 0 0 0 1 1 1
Subtotal 199 432 631 639 838 1270
Canada
Ontario 36 55 91 98 134 189
Quebec 3 0 3 3 6 6
Subtotal 39 55 94 101 140 195
Total 238 487 725 740 978 1465

*Cases are categorized according to the most likely site of acquisition of infection rather than ac-

cording to the place of residence.

1The number of cluster-associated probable cases equals the total number of cluster-associated cas-
es minus the number of laboratory-confirmed cases. For 21 of the 52 clusters with probable cases
(40.4 percent), the definition of infection was strict (minimal criteria, three or more loose or watery
stools for three or more days); for the other clusters, less strict definitions were used.
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TABLE 2. EVENTS ASSOCIATED WITH CLUSTERS OF CASES OF CYCLOSPORIASIS IN 1996, ACCORDING TO THE STATE OR PROVINCE
IN THE UNITED STATES AND CANADA.*

MosTt
STRONGLY No
IMPLICATED  BERRIES
BERRY ITEM  BESIDES
CONTAINED Rasp-

ONLY BERRIES P VALUE FOR ASSOCIATION
LocATION EVENnTS Mepian ATTACK RATET ~ RAsPBERRIES} SERVEDT  OF BERRY ITEM wiTH CYCLOSPORIASISS
NO. WITH
WELL- AMONG
DOCU- TOTAL NO. AMONG THOSE WHO
TOTAL MENTED OF ATTENDEES ALL ATE BERRY-
NO. OF SOURCE (MEDIAN % ATTENDEES ~ CONTAINING UN- NOT DE-
EVENTS  DATA DATESY INTERVIEWED)||  INTERVIEWED ITEM <0.05 DEFINED TERMINED =0.05
percent number of events
United States
Colorado 1 1 5/25 80 (42.5) 41.2 80.0 1 1 1 0 0 0
District of 2 1 5/28-6/1 64 (44.6) 76.2 93.3 0 0 1 0 1 0
Columbia
Florida 9 6 5/5-6/14 108 (100) 66.7 100 4 2 3 1 0 5
Tllinois 3 1 5/10-6/8 95 (100) 78.6 95.7 1 0 3 0 0 0
Maryland 1 0 5/18-6/1 200 (28.0) 55.4 81.0 1 0 1 0 0 0
Massachusetts 4 2 5/11-6/13 165 (87.4) 76.4 100 2 2 2 1 0 1
New 1 0 6/1 40 (22.5) 100 ND** 0 0 0 0 1 0
Hampshire
New Jersey 2 1 5/25-6/1 122 (61.6) 42.7 53.2 0 0 1 0 1 0
New York 7 3 5/4-6/14 1292 (77.1) 58.9 85.0 3 2 5 0 1 1
Ohio 6 3 5/18-6/1 259 (74.4) 66.0 91.3 4 1 2 1 0 3
Pennsylvania 2 2 5/10 39 (98.4) 61.5 77.1 2 2 1 0 0 1
South 1 1 5/23 64 (100) 56.3 88.6 1 0 1 0 0 0
Carolina
Texas 5 5 5/9-5/30 105 (100) 52.6 100 1 0 4 1 0 0
Vermont 2 1 5/20-5/23 14 (100) 75.0 80.0 11t 11t 0 1 0 1
Virginia 1 0 5/3 72 (93.1) 239 31.3 0 0 0 0 0 1
Canada
Ontario 7 2 5/11-6/9 313 (80.0) 54.5 70.01% 0 01t 2 0 3 111
Quebec 1 0 6/5 3 (100) 100 100 0 0 0 1 0 0
Total 55 29 5/3-6/14 3035 (93.1)§§ 56.3§§  93.311§§ 2199 1111 27 6 7 1431

*See NAPS document no. 05398 for 5 pages of supplementary material. Order from NAPS, ¢/0 Microfiche Publications, PO. Box 3513, Grand Central
Station, New York, NY 10163-3513. Remit in advance (in U.S. funds only) $11.65 for photocopies or $5 for microfiche. Outside the U.S., add postage
of $4.50 for up to 20 pages, $5.50 for over 20 pages, or $1.50 for microfiche. There is a $15 invoicing charge on all orders filled before payment.

tThe values are the medians of the event-specific rates, which are the percentages of persons in a particular category who were case patients (in the first
subgroup the denominator includes all attendees interviewed, irrespective of exposure; in the second subgroup the denominator includes all persons who
ate a berry item that contained or may have contained raspberries and was most strongly implicated). Attack rates were available for all events except one
in the District of Columbia (for both subgroups), one in New Hampshire (for the second subgroup), one in New Jersey (for the second subgroup), one
in New York (for both subgroups), and four in Ontario (for the second subgroup).

11t is unclear whether raspberries were served at four events (if served, they were in fruit mixtures): one event in New Hampshire (some guests reported
that raspberries were served), two events in Texas (Guatemalan raspberries were in the establishments on the days of the events and may have been served),
and one event in Ontario (the fruit flan may have included raspberries).

§The four categories of P values are mutually exclusive. A P value was classified as undefined if a row or column total in the two-by-two table was zero
and as not determined if a formal epidemiologic investigation of the exposures was not conducted.

Y[For each multiday event, the starting date is shown. In a case—control study of a cluster in Maryland (at an independent living facility), ill persons were
questioned about the two-week period before the onset of illness and control subjects (well persons in the facility) were questioned about the period from
May 18 to June 1.

[|Data provided are the total number of attendees for all events in a location (the number of attendees was approximated for 15 events) and the median
event-specific interview rates (percentages of attendees who were interviewed).

**ND denotes not determined.
t1Strawberries may have been served at this event but probably were not.

11No data are provided for one event in Ontario because no raspberries were served; blackberries from Guatemala were served in a fruit mixure, but it
is not known whether they were fresh.

§§The value is the median of the event-specific rate, not of the location-specific medians provided in this column.

99For 2 of the 21 events, consumption of the berry item that included only raspberries was highly correlated with consumption of one or more other
items that included other berries.

[lIThe relative risks (an odds ratio for the Maryland event) for berry items of interest for 54 events at which raspberries were or could have been served
included 16 values that were =2.0 (8 of which were =6.0), 6 that were <2.0, 19 that were infinite (attack rate >0 among exposed persons but 0 among
those who were not exposed; no row or column total in the two-by-two table was zero), 6 that were undefined (a row or column total in the two-by-two
table was zero), and 7 that were not determined (there was no formal epidemiologic investigation of the exposures).
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Tracing of the Sources of the Raspberries
and Environmental Investigation

To identify the sources of implicated raspberries, we obtained
dates of purchase and shipment. We used airway bill numbers sup-
plied by importers to identify shipments and exporters and then
farms that contributed to shipments. A well-documented tracing
of the source was one in which each step from consumers back to
farms was confirmed verbally and in writing (e.g., through copies
of invoices). We visited farms and exporters in Guatemala to inves-
tigate the ways in which raspberries were grown and handled. We
also investigated the way in which berries were inspected in the
Miami airport. The epidemiologic and source data provided here
are those available to the CDC by October 31, 1996.

RESULTS
General Epidemiologic Investigation

A total of 1465 cases of cyclosporiasis — 725
cluster-associated cases (49.5 percent) and 740 spo-
radic cases (50.5 percent) — were reported by 20
states, the District of Columbia, and 2 provinces
(Table 1). All sites were east of the Rocky Mountains
except the one in Colorado. A little more than half
the cases were in females (772, 52.7 percent), 41
(2.8 percent) were in children under 18 years of age,
and 3 (0.2 percent) were in persons known to be in-
fected with the human immunodeficiency virus.
Twenty-two hospitalizations (1.5 percent of cases)
but no deaths were reported.

Overall, 978 cases (66.8 percent) were confirmed
by various laboratories. At the CDC, quality-control
examination of stained slides of stool specimens
from 324 persons reconfirmed 159 of 176 as posi-
tive (90.3 percent) and 145 of 148 as negative (98.0
percent). The CDC also demonstrated oocyst sporu-
lation in specimens from 11 persons from five sites.
Most laboratory-confirmed cases (>90 percent) were
associated with diarrhea, loss of appetite and weight,
and fatigue (Table 3).

Epidemiologic Investigation of Clusters of Cases

Fifty-five clusters of cases associated with attend-
ance at a specific event were reported (Table 2). The
events occurred from May 3 through June 14 (Fig.
1A): 22 (40.0 percent) were in private residences; 22
took place in restaurants, clubs, or hotels; and 11
(20.0 percent) occurred elsewhere. A total of 3035
persons attended (median, 28 per event; range, 2 to
1000), 1339 (44.1 percent) of whom were inter-
viewed; of these, 772 had an event-associated illness,
725 (54.1 percent of 1339) were designated as case
patients, and 238 (32.8 percent of 725) had labora-
tory-confirmed cases. The median event-specific at-
tack rate among the persons interviewed was 56.3
percent (range, 19.0 to 100 percent; information
was available for 53 events). Incubation periods for
cases ranged from 1 to 14 days (by definition, <15);
the median of the event-specific median incubation
periods was 7 days.

The only type of exposure consistently associated

with cyclosporiasis was the consumption of raspber-
ries; they were definitely served at 50 events and may
have been served at 4 events (Table 2). Whereas rasp-
berries were definitely not served at only 1 event (an
event in Ontario at which Guatemalan blackberries
were included in a fruit mixture), strawberries, black-
berries, and blueberries were not served at a mini-
mum of 13 (23.6 percent), 30 (54.5 percent), and 32
(58.2 percent) events, respectively. Although investi-
gations of three May events had initially implicated
strawberries, on reevaluation of the menus raspberries
either were included (at an event in Ontario) or may
have been included (at two events in Texas) among
the implicated berry items. For at least 10 and prob-
ably 11 (20.0 percent) of the 55 events, raspberries
were the only berry served; for at least 3 other events,
other berries but no strawberries were also served.
The median of the event-specific attack rates
among persons who ate the berry items that con-
tained or may have contained raspberries, with or
without other berries, was 93.3 percent (range, 29.6
to 100 percent; information was available for 47

TABLE 3. SYMPTOMS ASSOCIATED WITH 760 LABORATORY-
CONFIRMED CASES OF CYCLOSPORIASIS IN THE UNITED STATES
AND CANADA IN 1996.*

No. witH Symptom/

SympTOM No. witH AVAILABLE DATA (%)t

Diarrheat
Loss of appetite

750,759 (98.8)
471/507 (92.9)
608,658 (92.4)

(

(

Fatigue (
584,644 (90.7)

(

(

(

(

Weight loss§

Abdominal bloating or gas 236,282 (83.7)
519/695 (74.7)
509/713 (71.4)

204,310 (65.8)

Abdominal cramps or pain
Nausea

Muscle, joint, or body aches

Fever| 348,/649 (53.6)
Chills 124,/252 (49.2)
Headache 106,224 (47.3)
Constipation 47/148 (31.8)
Vomiting 187/697 (26.8)

*Data on symptoms were available for 760 case patients, including 643
with sporadic cases and 117 with cluster-associated cases. The median du-
ration of illness was =14 days (range, 1 to 60) among 417 case patients
for whom this information was available (at least 24 [5.8 percent] were still
ill when interviewed); the duration of diarrheal illness was used for 202
case patients for whom the duration of the entire illness was unknown.

tThe denominators for the various symptoms vary because not all sites
collected data on all symptoms.

$The median number of stools per day was 6 (range, 1 to 48) among
the 536 case patients for whom this information was available. The median
duration of diarrheal illness was 10 days (range, 1 to 60) among the 209
case patients for whom this information was available. Ten case patients
noted bloody stools.

§The median weight loss was 3.6 kg (range, 0.9 to 18.2) among the 384
case patients for whom this information was available.

The median self-reported temperature was 38.3°C (range, 37.2° to
39.4°) among the 106 case patients for whom this information was available.
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events). When we excluded from the 55 events the
1 event at which raspberries were definitely not
served, the 6 events for which the P value was un-
defined, and the 7 events for which the P value was
not determined, the associations between these ber-
ry items and cyclosporiasis were statistically signifi-
cant (P<<0.05) for 27 of the remaining 41 events
(65.8 percent) (Table 2). When the events at which
only mixtures of berries were served or the con-
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"
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1 8152229 5121926 3 10172431 7 14
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1 8152229 5 121926 3 101724 317 14
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B Date of Onset of Symptoms

Figure 1. Dates of Events Associated with 55 Clusters of Cases
of Cyclosporiasis (Panel A) and Dates of the Onset of Symp-
toms of 737 Laboratory-Confirmed Sporadic Cases of Cy-
closporiasis (Panel B) in the United States and Canada in 1996.

In Panel A, the dates of events ranged from May 3 through
June 14. For multiday events, the first day is indicated. For the
cluster in Maryland, the first day of the two-week period about
which control subjects in the case—control study were ques-
tioned is indicated (May 18).

In Panel B, the dates of the onset of symptoms ranged from
May 1 through August 17. The dates were known or approxi-
mated for 737 of the 740 case patients who reportedly became
ill on or after May 1; 50 percent became ill by June 5, and 90
percent by June 20. An additional 39 patients with possible cy-
closporiasis were excluded from the investigation because of
uncertainty about whether they became ill on or after May 1.
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sumption of various berries was highly correlated
were also excluded, raspberries could be specifically
implicated in 10 events.

Raspberries were served fresh, except perhaps at
two events (at which their status was unknown or
they were stored briefly in a freezer). They reportedly
had been rinsed at 33 of 41 events (80.5 percent) for
which such information was available. Raspberries
were used as garnishes (e.g., for a lemon tart) at 14
or more events, with an estimated median number of
raspberries per serving of 2.5 (range, 1 to 7.5 for
7 events), and were included in sauces at 4 or more
events, including 2 at which garnishes were used.

Sporadic Cases

The 740 sporadic cases occurred among persons
whose median age was 49 years (range, 1 to 92; age
was known for 717 case patients), were distributed
approximately equally between the sexes (383 of
739 occurred in females; 51.8 percent), and devel-
oped from May 1 through August 17 (Fig. 1B). The
proportions of sporadic cases in which fresh straw-
berries, raspberries, blueberries, and blackberries were
reportedly eaten were 79.4 percent (501 of 631),
57.8 percent (365 of 632), 32.2 percent (138 of
429), and 19.3 percent (111 of 576), respectively.
Among the 130 cases in which strawberries were not
eaten, raspberries were eaten in 65 (50.0 percent);
among the 267 cases in which raspberries were not
eaten, strawberries were eaten in 200 (74.9 percent).

Tracing of Sources and Environmental Investigation

We attempted to trace the sources of raspberries
for the 54 events at which raspberries were or may
have been served. Those served at all 29 events for
which we had well-documented data on the source
(Fig. 2 and Table 2) either definitely were from Gua-
temala (21 events, 72.4 percent) or could have orig-
inated there (8 events, 27.6 percent, for which at
least one of the raspberry shipments that could have
been used came from Guatemala). The raspberries
served at these events, which occurred from May 5
through June 14, were shipped from Guatemala
from May 1 through June 5; seven exporters, of
which A and B were the largest, shipped to the Unit-
ed States throughout this period.

The raspberries for 25 of the 29 events (86.2 per-
cent) were traceable to one (vs. more than one)
Guatemalan exporter per event: 18 of 25 (72.0 per-
cent) to exporter A, 5 (20.0 percent) to exporter B,
1 (4.0 percent) to exporter C, and 1 (4.0 percent)
to exporter D (Fig. 2). The raspberries at 11 of these
25 events (44.0 percent) were traceable to one (vs.
more than one) shipment per event (median interval
from shipment to consumption, 7 days; range, 3 to
15). Overall, the implicated raspberries for these 25
events could have been obtained from 39 shipments
(May 1 through June 4) to eight importers. The ship-
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sources of raspberries
I

[
25 events traced to
1 Guatemalan exporter
per event
I

Guatemalan exporter (exporters

19 events for which the
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Figure 2. Flow Chart Tracing the Sources of Raspberries Served at Events Associated with Clusters of Cases of Cyclosporiasis in

the United States and Canada in 1996.

With respect to the 25 events traced to one Guatemalan exporter per event, 2 events in Texas were included at which it is not
certain that raspberries were served; Guatemalan raspberries were in the establishments on the days of the events. Exporter E, a
possible supplier for three events, exported raspberries only from the one farm it owned. A farm was linked to an event if it con-
tributed to a shipment of raspberries that could have been used at the event. For example, for exporter A, each of four farms could
have been the source of raspberries served at each of 16 events (not necessarily the same 16 events for each farm). For the 18
events for which exporter A was the sole possible Guatemalan supplier, 27 shipments (of 92 from exporter A from May 1 to June
5, the period of interest) were potentially implicated, to which 34 farms contributed raspberries (of 36 farms that sold to exporter
A throughout the period of interest). A median of 11 farms contributed to each shipment (range, 3 to 28), which contained a median
of 854 kg of raspberries (range, 182 to 2467). For the five events for which exporter B was the sole possible Guatemalan supplier,
10 shipments (of 100 possible for exporter B during the period of interest) were potentially implicated, to which 9 farms contributed
(of 17 that sold to exporter B throughout the period of interest). A median of 2 farms contributed to each shipment (range, 1 to 6),
which contained a median of 624 kg of raspberries (range, 454 to 1342).

ments arrived on five airline carriers at four U.S.
ports of entry: Miami (33 shipments, 84.6 percent),
the District of Columbia (3, 7.7 percent), Houston
(2, 5.1 percent), and Los Angeles (1, 2.6 percent).
In Miami, which was the port of entry for at least
one shipment per event for all events except one,
shipments were inspected in four cargo-clearance ar-
eas. Because exporters typically combined raspber-
ries from multiple farms in a shipment, even a well-
documented tracing of the source could identify only
a group of contributing farms (median, 10 farms per
event; range, 2 to 30) rather than one source farm.
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However, as few as five farms — two for exporter A
and one each for exporters B, C, and D — could
have accounted for all 25 events (Fig. 2).
Thirty-four of the 36 farms that sold raspberries
to exporter A throughout the period May 1 through
June 5 were potential source farms for at least 1 of
the 18 events linked solely to this exporter. Various
combinations of 2 of the 34 farms could have ac-
counted for all 18 events; each of 4 farms could have
supplied raspberries for 16 of the 18 events (88.9
percent), and each of 2 other farms to 15 events
(Fig. 2). The six most commonly implicated farms
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are in the same region of Guatemala, began harvest-
ing simultaneously in 1996, and often had raspber-
ries in the same shipments. Five of the farms ob-
tained agricultural water from wells, which varied in
construction, depth, and quality; two of the five
farms also stored well water in reservoirs constructed
of concrete blocks and covered with concrete. The
sixth farm used river water.

Nine of the 17 farms that sold to exporter B were
potential source farms for at least one of the five
events linked solely to this exporter. One of these
nine farms could have supplied raspberries to all five
events. This farm, which is 25 km from the closest
of the six most implicated farms that sold raspberries
to exporter A, used well water, which also was stored
in a mesh-covered, plastic-lined, dug reservoir.

Agricultural water on the seven most commonly
implicated farms that sold raspberries to exporter A
or B and on Guatemalan raspberry farms in general
is filtered to remove debris but not microbes. In the
late summer of 1996, testing of agricultural-water
samples from the seven farms indicated at least in-
termittent bacterial contamination, including fecal
coliforms or Escherichia coli (data not shown). To
avoid direct contact between berries and water,
ground-level drip irrigation is used (primarily during
the dry season). However, agricultural water is also
used to mix insecticides and fungicides that are
sprayed directly onto raspberries, sometimes as late as
the day they are picked. Berries are picked and sorted
by hand, packed on the farms in plastic “clamshells,”
usually kept cool thereafter, and flown to the United
States within 36 hours of picking.

DISCUSSION

Our investigation of a large outbreak of cyclospo-
riasis implicated Guatemalan raspberries. The strength
of the investigation was in the collective evidence
from clusters of cases associated with 55 events, at
virtually all of which raspberries were served; hun-
dreds of sporadic cases; and 29 events for which
there was well-documented tracing of the sources of
raspberries. We could not assess the true magnitude
of the outbreak; most cases were probably undetect-
ed and unreported. For salmonellosis, a more famil-
iar and easily diagnosed condition than cyclosporia-
sis, the number of cases reported to the CDC
probably represents only 1 to 5 percent of all cases
of infection in a year.26 During routine testing for
ova and parasites, stool specimens are not usually ex-
amined for cyclospora, and many laboratories do not
yet have the expertise to identify it (CDC: unpub-
lished data). Experienced personnel in a few sites
were instrumental in detecting the outbreak of cy-
closporiasis at its inception in May 1996, and subse-
quent media coverage most likely facilitated the
identification of cases.

Data on the sporadic cases, like the data that we
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presented on the events, support the association be-
tween raspberries and cyclosporiasis. The dates of
the events associated with the clustered cases and
the dates of the onset of symptoms in sporadic cases
were similarly distributed (Fig. 1), which suggests
that both types of cases were attributable to the
same type of exposure. Data from matched case—
control studies of sporadic cases in New York City,
New Jersey, and Florida demonstrated strong asso-
ciations with raspberries!®1718 (and New York City
Department of Health: unpublished data). Although
not all case patients recalled eating raspberries, ex-
planations include poor recall, which is expected for
foods served as garnishes and in sauces, and other
vehicles or modes of transmission for some back-
ground cases. A case—control study in Canada showed
similarly strong, independent associations with both
raspberries and strawberries,!® but it was the latest
case—control study conducted and may have had the
most potential for recall bias.

The data tracing the sources of raspberries served
at the events consistently implicated Guatemalan
raspberries; this finding is especially noteworthy since
raspberries from other countries were readily avail-
able during the outbreak period. In April, May,
June, and July 1996, Guatemalan raspberries repre-
sented only 3.8 percent (14,000 of 368,000 kg),
19.8 percent (109,000 of 550,000 kg), 8.7 percent
(155,000 of 1,786,000 kg), and 5.1 percent (27,000
of 532,000 kg), respectively, of fresh raspberries
(domestic and imported) shipped within the United
States (figures calculated on the basis of government
data?72?). For example, in May 1996, only 36.6 per-
cent and 37.5 percent of raspberries at market sites
in New York City and Newark and in Baltimore and
the District of Columbia, respectively, were grown
in Guatemala; for Los Angeles and for San Francisco
and Oakland, western sites that did not report cases,
the respective percentages were 6.7 and 5.3.

Given that there were many differences in various
aspects of the distribution systems for the implicated
raspberries, simultaneous and persistent contamina-
tion on multiple farms is the most likely explanation
for the outbreak. We do not know whether the con-
taminating oocysts came from humans or animals.
Likewise, we do not know whether the oocysts were
unsporulated (e.g., on workers’ hands), in which
case they would have required at least several days to
sporulate, or had already sporulated (e.g., in soil or
water). The prevalence of human cyclospora infec-
tion in Guatemala is being investigated by the CDC.
Despite some suggestive evidence, 11,3032 to date no
animals, including chickens and other birds, have
been identified as reservoirs of infection for cy-
clospora isolates that infect humans.

Postulating a role for contaminated water is appeal-
ing because waterborne transmission of cyclospora
has been implicated previously.311:33 One hypothesis is
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that raspberries became contaminated through spray-
ing with insecticides and fungicides that had been
mixed with contaminated water. Although we have
not determined how water supplies on different farms
could have become contaminated with oocysts dur-
ing the same period, many water supplies were vul-
nerable to contamination because, for example, they
were suboptimally constructed or maintained wells
near deep pit latrines or seepage pits. They may have
been particularly vulnerable during the rainy season
(e.g., from surface-water runoff), which is when the
1996 outbreak occurred. No oocysts were found in
samples of water and raspberries that were tested
(data not shown), but the samples were obtained af-
ter the outbreak period, and the testing methods are
insensitive. Once contaminated, by whatever means,
fresh raspberries may remain contaminated until eat-
en because they are too fragile and replete with crev-
ices®* to be washed thoroughly. The high attack rates
noted for most events, sometimes despite the con-
sumption of only a few raspberries, suggest that the
infectious dose of oocysts is low or the number of oo-
cysts per berry was high, or both.

Although the mode of contamination remains un-
clear, our ability to pursue the investigation to the
source of the raspberries resulted from the coopera-
tion of the Guatemalan berry industry. The industry
is now implementing a Hazard Analysis and Critical
Control Point system; in such systems, selected
points in production at which preventive and control
measures can minimize or eliminate hazards are
closely monitored.353¢ We have recommended that
potable water (e.g., water from a properly construct-
ed and monitored deep well or water treated in ways
that eliminate chlorine-resistant cyclospora oocysts)
be used for drinking, hand washing, cleaning surfac-
es that touch berries, and mixing substances sprayed
onto berries. Provision of better sanitary facilities for
workers will decrease the potential for direct or in-
direct contamination of berries. Efforts to decrease
the risk of cross-contamination should focus on the
identification of the types of surfaces and cleaning
solutions to use where berries are sorted and in-
spected. The effect of gamma irradiation on cy-
clospora oocysts is being investigated (Dubey JP:
personal communication). Investigations of the source
of the berries would have been easier if clamshell
containers and invoices had been identified accord-
ing to the source farm (e.g., with bar codes).

In summary, cyclospora has now been established
to be a foodborne pathogen. This outbreak is a re-
minder that our supply of fresh produce has become
increasingly international3”3° and underscores the
need to identify and investigate foodborne outbreaks
promptly, to consider that a local cluster of cases
could be part of a widespread outbreak, and to pur-
sue investigations to the source of the implicated ve-
hicle.3 For imported vehicles, international collabo-
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ration is critical to the success of the investigation
and to the identification of appropriate measures of
prevention and control.

APPENDIX

The Cyclospora Working Group included the following (aster-
isks denote members of the Epidemic Intelligence Service, Epide-
miology Program Office, CDC): California Department of
Health Services, Food and Drug Branch — J. Farrar and S. Rich-
ardson, Jr.; Connecticut Department of Public Health and Addic-
tion Services — R. Nelson; District of Columbia Department of
Health — M. Fletcher and M. Levy; Florida: Florida Department
of Health — D. Katz,* and Palm Beach County Health Depart-
ment — S. Kumar, J. Malecki, and M. Lowdermilk; Illinois: Lake
County Health Department — L. Mackey and J. Bell; Maryland:
Maryland Department of Health and Mental Hygiene — D. Por-
tesi, and Montgomery County Department of Health and Hu-
man Services — C. Lacey; Massachusetts: Massachusetts Depart-
ment of Public Health — L. Letendre, D. Hamlin, and
R. Knowlton, and Boston Department of Health and Hospitals
— A. Barry; New Jersey Department of Health and Senior Serv-
ices — D. Chew,* L. Finelli, and C. Genese; New York: New York
City Department of Health — J. Miller and M. Layton, and New
York State Department of Health — J. Guzewich; Ohio Depart-
ment of Health — E. Salehi; Pennsylvania Department of Health
— A. Weltman; South Carolina Department of Health and Envi-
ronmental Control — V. Caceres* and R. Ball; Texas: Texas De-
partment of Health — B. Barnett,* K. Hendricks, and J. Taylor,
and Houston Department of Health and Human Services —
R. Bell; Vermont Department of Health — S. Schoenfeld; Food
Safety Consultation and Training — F. Bryan; Canada: Health
Canada — S. Neamatullah and D. Werker, North York Public
Health Department — D. Manuel, Ontario Ministry of Health —
C. Le Ber, Montreal Children’s Hospital — M. Arrieta, and Ag-
riculture and Agri-Food Canada — D. Morrison; Medical Ento-
mology Research and Training Unit, Guatemala — R. Klein; Na-
tional Center for Infectious Diseases, CDC: Division of Parasitic
Diseases — S. Wahlquist, E. Alfano, M. Eberhard, M. Arrowood,
K. Hannak-Donaldson, M. Beach,* M. Kramer,* and A. High-
tower, Division of Bacterial and Mycotic Diseases — D. Swerd-
low, J. Winickoff, and R. Shapiro,* and Epidemiology Program
Office — M. Messonnier.

We are indebted to the Guatemalan berry industry for their coop-
evation and to the many persons and institutions, not limited to the
Sfollowing, who assisted with the investigation: Colorado: Pitkin Coun-
ty Health Department and Colorado Department of Public Health
and  Environment; Florida: Flovida Department of Health —
R. Hopkins, R. Hammond, and M. Pawlowicz, Palm Beach County
Health Department — B. Johnson, Broward County Health Depart-
ment — J. Cresanta and K. LaFleur, Martin County Health Depart-
ment — N. Kermes, Dade County Health Department — S. Atherley,
and Hillsborough County Health Department — R. Sanderson;
Georgin Department of Human Resources — J. Koehler; Illinois De-
partment of Health — C. Austin and M. Swartz; lowa Department
of Public Health — K. Buechler; Maine Department of Human Serv-
ices — R. Pyler; Maryland Department of Health and Mental Hy-
giene — C. Groves; Massachusetts: Boston Department of Health and
Hospitals — C. Fleming, D. Caron, and J. Gunn, and Massachusetts
Department of Public Health — B. Matyas; New Hampshive Depart-
ment of Health and Human Services — A. Burns; New Jersey De-
partment of Health and Senior Services — J. Hofmann, W. Manley,
G. Wolf, K. Pilot, and E. Dalley; New York: Cornell University Med-
ical College — R. Soave, L. Ramos, H. Roberts, Y. Slonim, A. Taylor,
and L. Davis, New York City Department of Health — A. Ebra-
himzadeh, E. Griffin, R. Heffernan, R. Carter, A. Chu, J. Calder,
A. Fine, and . Prior, and New York State Department of Health —
M. Cambridge, N. Fogy, and D. Morse; Obio: City of Akron, Depart-
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ment of Public Health — M. Erme, City of Cleveland, Department
of Public Health — D. Willis, Cuyahoga County Board of Health —
H. Scaife, Franklin County Board of Health — ]. Stapleton, Lake-
wood Division of Health — E. Gorski, Mansfield-Richland County
Health Department — G. Myers, Summit County Board of Health —
G. Solem, and Ohio Department of Henlth — L. McAllister; Pennsyl-
vanin: Montgomery County Department of Health — C. Levin, and
Pennsylvania Department of Health — M. Nygard; State of Rhode Is-
land and Providence Plantations Department of Health — U. Bandy;
South Carolina Department of Health and Environmental Control
— . Somerfeldt, L. Mackey, S. Nichols, A. Reddick, and M. Turner;
Texas: Houston Department of Health and Human Services, Univer-
sity of Texas School of Public Health at Houston, Texas Department of
Health, Dallas County Health Department, and Exxon Company,
USA — E. Lawhorn; Vermont Department of Health — K. Munnett
and R. O’Grady; Virginia Department of Health, Office of Epidemi-
ology; George Washington University Hospital, Department of Micro-
biology — J. Keiser, E. Palmanis, and W. Cariton; Canada: North
York Public Health Department — R. Shabin and the staff of the
Communicable Diseases Division, Toronto Hospital — J. Keystone and
D. Raymond, Ontario Ministry of Health — M. Brodsky and T. Schol-
ten, and Montreal General Hospital — B. Ward; Food and Druyg Ad-
ministration: L. Solorzano; National Center for Infectious Diseases,
CDC: Division of Parasitic Diseases — D. Juranck, S. Binder,
T. Navin, E. Kovacs-Nace, ]. Robertss M. Hurd, M. Bartlett, and
D. Colley, Division of Bacterial and Mycotic Diseases — R. Tauxe,
and the Epidemiology Program Office — W. MacKenzie.

REFERENCES

1. Ortega YR, Sterling CR, Gilman RH, Cama VA, Diaz E. Cyclospora
species — a new protozoan pathogen of humans. N Engl ] Med 1993;328:
1308-12.

2. Soave R. Cyclosporn: an overview. Clin Infect Dis 1996;23:429-37.

3. Hoge CW, Shlim DR, Rajah R, et al. Epidemiology of diarrhoeal illness
associated with coccidian-like organism among travellers and foreign resi-
dents in Nepal. Lancet 1993;341:1175-9.

4. Bendall RP, Lucas S, Moody A, Tovey G, Chiodini PL. Diarrhoea asso-
ciated with cyanobacterium-like bodies: a new coccidian enteritis of man.
Lancet 1993;341:590-2.

5. Sun T, Ilardi CF, Asnis D, et al. Light and electron microscopic identi-
fication of Cyclospora species in the small intestine: evidence of the pres-
ence of asexual life cycle in human host. Am J Clin Pathol 1996;105:216-
20.

6. Hoge CW, Shlim DR, Ghimire M, et al. Placebo-controlled trial of co-
trimoxazole for Cyclospora infections among travellers and foreign residents
in Nepal. Lancet 1995;345:691-3. [Erratum, Lancet 1995;345:1060. ]

7. Garcia LS, Bruckner DA. Diagnostic medical parasitology. 3rd ed.
Washington, D.C.: American Society for Microbiology, 1997:66-9.

8. Visvesvara GS, Moura H, Kovacs-Nace E, Wallace S, Eberhard ML.
Uniform staining of Cyclospora oocysts in fecal smears by a modified
safranin technique with microwave heating. J Clin Microbiol 1997;35:
730-3.

9. Relman DA, Schmidt TM, Gajadhar A, et al. Molecular phylogenetic
analysis of Cyclospora, the human intestinal pathogen, suggests that it is
closely related to Eimeria species. J Infect Dis 1996;173:440-5.

10. Pieniazek NJ, Slemenda SB, da Silva AJ, Alfano EM, Arrowood MJ.
PCR confirmation of infection with Cyclospora cayetanensis. Emerging In-
fect Dis 1996;2;357-9.

11. Huang P, Weber JT, Sosin DM, et al. The first reported outbreak of
diarrheal illness associated with Cyclospora in the United States. Ann Intern
Med 1995;123:409-14.

12. Koumans EH, Katz D, Malecki J, et al. Novel parasite and mode of
transmission: Cyclospora infection — Florida. In: 45th Annual Epidemic
Intelligence Service (EIS) Conference, April 22-26, 1996. Hyattsville,
Md.: Public Health Service, 1996:60-1. abstract.

13. Carter R, Guido F, Jacquette G, Rapoport M. Outbreak of cyclospo-
riasis associated with drinking water. In: Program of the 30th Interscience
Conference on Antimicrobial Agents and Chemotherapy, New Orleans,
September 15-18, 1996. Washington, D.C.: American Society for Micro-
biology, 1996:259. abstract.

14. Outbreaks of Cyclospora cayetanensis infection — United States, 1996.
MMWR Morb Mortal Wkly Rep 1996;45:549-51.

1556 - May 29, 1997

15. Update: outbreaks of Cyclospora cayetanensisinfection — United States
and Canada, 1996. MMWR Morb Mortal Wkly Rep 1996;45:611-2.

16. Fleming C, Caron D, Gunn JE, Barry MA. A foodborne outbreak of
Cyclospora cayetanensis at a wedding. In: Program of the 36th Interscience
Conference on Antimicrobial Agents and Chemotherapy, New Orleans,
September 15-18, 1996. Washington, D.C.: American Society for Micro-
biology, 1996:11. abstract. (Program addendum, LB24.)

17. Chew D, Caraballo R, Hofmann J, Liu Z, Herwaldt B, Finelli L. Cy-
clospora cayetanensis infection associated with consumption of raspberries,
New Jersey, 1996. In: Program of the 36th Interscience Conference on An-
timicrobial Agents and Chemotherapy, New Orleans, September 15-18,
1996. Washington, D.C.: American Society for Microbiology, 1996. ab-
stract. (Program addendum, LB25.)

18. Katz D, Kumar S, Malecki J, et al. Cyclosporosis and consumption of
Guatemalan raspberries — Florida, 1996. Presented at the 124th Annual
Meeting and Exposition of the American Public Health Association, No-
vember 17-21, 1996. abstract.

19. Neamatullah S, Manuel D, Werker D, et al. Investigation of Cyclospora
outbreak associated with consumption of fresh berries. In: 64th Conjoint
Meeting on Infectious Diseases, Hamilton, Ont., November 10-14, 1996.
Edmonton, Alta.: Canadian Association for Clinical Microbiology and In-
fectious Diseases, 1996:M-6.

20. Colley DG. Widespread foodborne cyclosporiasis outbreaks present
major challenges. Emerging Infect Dis 1996;2:354-6.

21. Hart AS, Ridinger MT, Soundarajan R, Peters CS, Swiatlo AL, Kocka
FE. Novel organism associated with chronic diarrhoea in AIDS. Lancet
1990;335:169-70.

22. Ashford RW. Occurrence of an undescribed coccidian in man in Papua
New Guinea. Ann Trop Med Parasitol 1979;73:497-500.

23. Connor BA, Shlim DR. Foodborne transmission of Cyclospora. Lan-
cet 1995;346:1634.

24. Roxas C, Miller N, Cabrera L, Ortega Y, Gilman R, Sterling C. Vege-
tables as a potential transmission route for Cyclospora and Cryptosporidium.
In: Abstracts of the 96th General Meeting of the American Society for Mi-
crobiology, New Orleans, May 19-23, 1996. Washington, D.C.: American
Society for Microbiology, 1996:19. abstract.

25. Outbreaks of diarrheal illness associated with cyanobacteria (blue-
green algac)-like bodies — Chicago and Nepal, 1989 and 1990. MMWR
Morb Mortal Wkly Rep 1991;40:325-7.

26. Chalker RB, Blaser MJ. A review of human salmonellosis. I1I. Magni-
tude of Salmonella infection in the United States. Rev Infect Dis 1988;10:
111-24.

27. Fresh fruit and vegetable shipments by commodities, states, and
months, FVAS-4, calendar year 1996. Washington, D.C.: Department of
Agriculture (in press).

28. Fresh fruit and vegetable arrivals in eastern cities, FVAS-1, calendar
year 1996. Washington, D.C.: Department of Agriculture (in press).

29. Fresh fruit and vegetable arrivals in western cities, FVAS-2, calendar
year 1996. Washington, D.C.: Department of Agriculture (in press).

30. Garcia-Lopez HL, Rodriguez-Tovar LE, Medina-De la Garza CE.
Identification of Cyclospora in poultry. Emerging Infect Dis 1996;2:
356-7.

31. Zerpa R, Uchima N, Huicho L. Cyclospora cayetanensis associated
with watery diarrhoea in Peruvian patients. J Trop Med Hyg 1995;98:325-
9.

32. Smith HV, Paton CA, Girdwood RWA, Mtambo MMA. Cyclospora in
non-human primates in Gombe, Tanzania. Vet Rec 1996;138:528.

33. Rabold JG, Hoge CW, Shlim DR, Kefford C, Rajah R, Echeverria

D Cyclospora outbreak associated with chlorinated drinking water. Lancet
1994;344:1360-1.

34. Robbins JA, Sjulin TM. Scanning electron microscope analysis of
drupelet morphology of red raspberry and related Raubus genotypes. J Am
Soc Horticult Sci 1988;113:474-80.

35. The National Advisory Committee on Microbiological Criteria for
Foods. Hazard analysis and critical control point system. Int J Food Mi-
crobiol 1992;16:1-23.

36. Committee on Communicable Diseases Affecting Man. Procedures to
implement the hazard analysis critical control point system. Ames, Iowa:
International Association of Milk, Food, and Environmental Sanitarians,
1991:1-72.

37. Hedberg CW, MacDonald KL, Osterholm MT. Changing epidemiol-
ogy of food-borne disease: a Minnesota perspective. Clin Infect Dis 1994;
18:671-82.

38. Blaser MJ. How safe is our food? Lessons from an outbreak of salmo-
nellosis. N Engl ] Med 1996;334:1324-5.

39. Tauxe RV, Hughes JM. International investigation of outbreaks of
foodborne disease. BMJ 1996;313:1093-4.

Downloaded from www.nejm.org on December 1, 2008 . For personal use only. No other uses without permission.
Copyright © 1997 Massachusetts Medical Society. All rights reserved.



