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An outbreak of Salmonella serotype stanley infections occurred in the United States and Finland
in 1995. The outbreak was investigated through case-control studies in Arizona, Michigan, and
Finland; by isolate subtyping; and by tracing and culturing of the implicated food. Alfalfa sprout
consumption was the only exposure associated with S. stanley infections in Arizona (matched odds
ratio [MOR] Å 11.1; 95% confidence interval [CI], 1.4–513), Michigan (MOR Å 5.5; CI, 1.6–23),
and Finland (MOR undefined; CI, 4.9–`). US and Finnish patient isolates were a unique outbreak
strain distinct from S. stanley isolates not linked to the outbreak. Alfalfa sprouts eaten by patients
in 6 US states and Finland were traced to seed shipped by a Dutch shipper. Thus, it was concluded
that alfalfa sprouts grown from contaminated seed caused an international outbreak of §242 S.
stanley infections in§17 US states and Finland. This outbreak illustrates a new mechanism through
which contamination of fresh produce can cause large, widely dispersed outbreaks.

Fresh produce is an increasingly important cause of out- the algorithm flagged a nationwide increase in reports of Salmo-
nella serotype stanley isolates. The largest increases were re-breaks of foodborne diseases, including salmonellosis [1–3],

shigellosis [4, 5], and others [6]. These outbreaks have usually ported in Arizona and Michigan. Federal health officials then
queried Salm-Net, a network for communicating informationbeen linked to fecal contamination of fruits and vegetables

during postharvest handling, shipping, or processing in circum- about Salmonella among European health officials [8] regard-
ing S. stanley outbreaks in European countries. Salm-Net offi-stances that permitted bacterial multiplication. We report an

outbreak of salmonellosis traced to alfalfa sprouts in which the cials reported that an outbreak of S. stanley infections had
begun in Finland in March, and many of those infected reportedsource was organisms present on seeds used to grow the

sprouts. This is the first such outbreak recognized in the United eating alfalfa sprouts before they became ill. A fax and elec-
tronic mail message was then sent from CDC to state healthStates, and it highlights the need for new measures to assure

that sprouts and other fresh produce are safe to eat. officials describing the US outbreak and the possible link to
alfalfa sprout consumption in Finland.In May 1995, a new outbreak detection algorithm was imple-

mented at the Centers for Disease Control and Prevention We report the epidemiologic, environmental, and laboratory
investigations that led to the identification of alfalfa sprouts(CDC) to analyze routine laboratory-based Salmonella surveil-

lance data submitted electronically through the Public Health grown from contaminated seed as the vehicle of this interna-
tional outbreak.Laboratory Information System (PHLIS) by state health depart-

ments [7]. This algorithm compares the actual number of re-
ports of each Salmonella serotype each week with the number

Methods
expected on the basis of historical data. Early the next month,

Epidemiologic studies. Independent studies were done in Ari-
zona, Michigan, and Finland to investigate exposures associated
with S. stanley infection. Cases of S. stanley infections were identi-
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onset of illness in which a clinical specimen yielded S. stanley. Virology Division, MDPH), and Finland (Laboratory of Enteric
Pathogens, National Public Health Institute) on additional out-Two controls per case were matched by age (the match range

increased with age from {1 year for cases £5 years old to {20 break-related isolates not submitted to the CDC.
Antimicrobial resistance testing was by the disk diffusion tech-years for casesú60 years old) and neighborhood by systematically

adding to or subtracting from the case-patient’s telephone number nique with zone size criteria standardized for Enterobacteriaceae
[10]. A standard panel of antimicrobial agents was used and in-until controls of appropriate ages were obtained. Controls were

eligible if they had not had symptoms of gastroenteritis since 25 cluded chloramphenicol, trimethoprim-sulfamethoxazole, tetracy-
cline, ampicillin, sulfisoxazole, streptomycin, ciprofloxacin, nali-April. The questionnaire included items about medical history and

24 specific food and environmental exposures during the 3 days dixic acid, gentamicin, ceftriaxone, amoxicillin-clavulanic acid,
and kanamycin.before illness onset (case-patients) or during the most recent 3

days that were the same days of the week as the days of interest Implicated alfalfa seed and sprouts grown from that seed were
cultured for salmonellae. Sprouts were grown from seed by twice-for the matched case (controls).

Michigan. A case-control study was conducted 12–19 June daily spraying with sterile tap water. Sampling was done in tripli-
cate. In addition to the methods described [11], seeds and sproutsusing a questionnaire with questions regarding 42 specific food

and environmental exposures. The study design and questionnaire were blended with 0.1% Tween 80 and preenriched in universal
buffered peptone.were not discussed with the Arizona investigators. A case was

defined as the first illness in a household in which an isolate Trace-back methods. State health departments conducted in-
terviews to determine the source(s) of sprouts eaten by case-pa-submitted to the MDPH laboratory after 1 May was identified as

S. stanley. Two controls per case were identified by asking case- tients. Case-patients identified retail outlets (restaurants, markets)
and dates of purchase. Retail outlets identified shippers and grow-patients to name 2 well-persons of about their age who lived in

their neighborhood. Case-patients were interviewed about expo- ers and delivery dates. Growers identified seed suppliers, lot num-
bers of alfalfa seed, and dates of sprouting. The origin of implicatedsures during the 7 days before the onset of illness; matched controls

were interviewed about exposure during the same 7 days. The first seed was determined by reviewing seed supplier invoices and de-
livery records. A successful trace back was defined as one in which30 cases were included in the case-control study.

Finland. A case-control study was initiated in May 1995. A a patient ate sprouts from only one retail outlet during the 5 days
before illness onset, so that the grower and seed supplier(s) couldcase-patient was defined as a person whose address was in Helsinki

or Espoo (the capital region), who had domestically acquired ill- be identified. A patient’s trace-back result was defined as ‘‘defi-
nite’’ when seed from a single supplier or lot was clearly docu-ness, and from whom a Salmonella isolate submitted to the Na-

tional Public Health Institute in 1995 was identified as S. stanley. mented to be the only seed from which the sprouts eaten by that
patient could have been grown. The result was defined as ‘‘proba-Case-patients were mailed a questionnaire with questions regarding

10 specific food exposures in the 5 days before illness onset. One ble’’ when a single supplier or lot was very likely but could not
be definitively documented and as ‘‘possible’’ when it could notcontrol per case also completed the questionnaire; controls were

well family members of case-patients, when available, and well be determined which of two or more possible seed suppliers or
lots was most likely.public health inspectors otherwise.

US surveillance. After consumption of alfalfa sprouts was im-
plicated by the studies in Arizona and Michigan, CDC investigators
asked health officials in other states in which S. stanley infections Results
were reported in 1995 to interview persons about whether they
had eaten alfalfa sprouts in the 5 days before illness onset and to Clinical and epidemiologic studies. Illness peaked during
send up to 5 1995 isolates to the CDC for subtyping with informa- May and June in the United States as a whole as well as in
tion on the subject’s history of eating alfalfa sprouts. Arizona, Michigan, and Finland (figure 1).

Statistical methods. Maximum likelihood estimates of
Arizona. The ADHS received 22 reports of S. stanley infec-

matched odds ratios with exact 95% confidence intervals are re-
tions in 1995 through 16 June; all occurred in April and May.ported as measures of association.
By comparison, 1 S. stanley infection each year was reportedLaboratory methods. S. stanley isolates submitted to the CDC
during 1993 and 1994. Clinical and demographic informationwere analyzed by pulsed-field gel electrophoresis (PFGE) and by
is summarized in table 1. Nineteen case-control sets were inter-antimicrobial resistance testing. Isolates were analyzed from the

outbreaks in Arizona, Michigan, and Finland, from cases occurring viewed (1 case occurred outside Arizona, and 2 case-patients
in other states at the time of the outbreak, and, for comparison, could not be reached). Eating alfalfa sprouts was significantly
from the CDC reference collection of S. stanley isolates (obtained associated with illness; 39% of case-patients who could recall,
in 1984–1995). Chromosomal DNA was prepared in agarose plugs reported eating alfalfa sprouts in the 3 days of interest, com-
and restricted with XbaI as previously described [9], except that pared with 8% of controls (table 2). Neither gender nor any
the cells were grown for 16 h in trypticase soy broth. Restricted

other exposure was associated with illness.
DNA fragments were separated by electrophoresis (CHEF DR II

Michigan. The MDPH received 51 S. stanley isolates dur-system; Bio-Rad Laboratories, Richmond, CA) [9]. Isolates with
ing May, June, and July 1995, a marked increase from thePFGE patterns differing from the outbreak strain by no more than
2 and 6 infections reported during the same 3 months in1 band were considered to be the outbreak strain. PFGE was done
1993 and 1994. Forty-eight of the 51 case-patients wereby similar methods in Arizona (Clinical and Reference Microbiol-

ogy Laboratory, ADHS), Michigan (Molecular Biology Section, interviewed (2 were the second case in a household, 1 re-
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Figure 1. Week of illness onset
(Arizona, Michigan, United States)
or stool sampling (Finland) of pa-
tients with Salmonella stanley infec-
tions, 1 January through 30 Novem-
ber 1995.

fused). The median age difference between cases and bution of persons infected with all other Salmonella serotypes
(figure 2). Among the S. stanley isolates, 60% were from fe-matched controls was 2 years (range, 0 – 22). Twenty-nine

case-control sets were interviewed (1 refused). As in Ari- males compared with 51% for all other Salmonella serotypes.
In 16 states other than Arizona and Michigan, 95 persons werezona, eating alfalfa sprouts was the only exposure signifi-

cantly associated with illness; 41% of case-patients and 10% interviewed; 32 (34%) in 11 states said they had eaten alfalfa
sprouts in the 5 days before illness onset, 46 (48%) said theyof controls reported exposure (table 2).

Finland. From March through November 1995, 114 do- had not, and 17 (18%) were not sure.
Laboratory results. At the CDC, S. stanley isolates col-mestically acquired S. stanley infections were reported in Fin-

land; in 1993 and 1994, none were reported. Demographic data lected during the outbreak period from Arizona (nÅ 22), Mich-
igan (nÅ 3), Finland (nÅ 4), and 16 other states (nÅ 75) werefor the cases were similar to that in Arizona and Michigan

(table 1). Questionnaires were mailed to the 36 case-patients compared with 38 S. stanley isolates from the CDC reference
collection. The same PFGE pattern (figure 3) and unique anti-who lived in the study area; 25 (69%) returned the question-

naire. The median age difference between cases and matched biogram (resistance to trimethoprim-sulfamethoxazole, tetracy-
cline, sulfisoxazole, streptomycin, and kanamycin) were foundcontrols was 14 years (range, 1–46). Eating alfalfa sprouts

during the 5 days of interest was the only exposure significantly in 20 of the 22 Arizona isolates and in all isolates from Michi-
gan and Finland. One Arizona isolate that did not match theassociated with illness; 100% of case-patients and 20% of con-

trols reported this exposure (table 2). outbreak strain antibiogram differed only by lacking kanamycin
resistance; it had the outbreak PFGE pattern. In contrast, theAll United States. From March through July 1995, 349

S. stanley isolates were reported to the CDC (figure 1). By 38 reference isolates had 25 different PFGE patterns and 7
different antibiograms. Only 1 reference isolate had the out-comparison, during the same 5 months in 1993 and 1994, 60

and 92 S. stanley infections were reported, respectively. An break antibiogram and PFGE pattern; it was collected in May
1995, during the outbreak period. Among the 75 isolates sub-excess of S. stanley infections in 1995 through 30 November

was reported among young adults compared with the age distri- mitted by states other than Arizona and Michigan, 56 (75%)
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Table 1. Demographic characteristics and symptoms reported by 20 (43%) reported eating alfalfa sprouts, whereas, of the 6
persons with Salmonella stanley infections in Arizona, Michigan, and patients whose isolates were not the outbreak strain, none re-
Finland, 1995. ported eating alfalfa sprouts.

Less than 5 kg of §20,000 kg of alfalfa seed implicated inArizona Michigan Finland
the US trace-back investigation was available for culture. ACharacteristic (n Å 19)* (n Å 48)† (n Å 114)‡

sample of these seeds and sprouts grown from them did not
Median age, years (range) 25 (õ1–81) 29 (2–79) 29 (0–93) yield S. stanley.
% female 58 60 64 Trace-back investigation. Trace backs were successful for
Reported signs and

50 patients in 6 states (Arizona, Colorado, Illinois, Michigan,symptoms, %
Ohio, and Pennsylvania). These patients had eaten alfalfaDiarrhea 100 100 80§

Abdominal cramps 100 85 68§ sprouts grown by§9 growers. All growers had obtained alfalfa
Subjective fever 84 87 80§

seed from a single US supplier whose market share is estimated
Nausea 74 55 68§

to be 60%–70%. All of the patients had either definitely (n Å
Bloody stool 37 47 20§

48) or possibly (n Å 2) eaten alfalfa sprouts grown from seedVomiting 32 36 28§

from this supplier. This supplier bought the seed from otherHospitalized 26 33 20§

Median duration, days sources; 96% of the US patients had either definitely (n Å 27),
(range) 7 (3–49) 8 (4–21) 10 (0–30)§

probably (n Å 19), or possibly (n Å 2) eaten sprouts grown
from seed that the US supplier bought from a shipper in the* Includes only patients enrolled in case-control study.
Netherlands. The Netherlands shipper supplied 46% of the al-† Includes all patients with isolates submitted to Michigan Department of

Public Health laboratory from 1 May to 31 July who had first case in their falfa seed that the US supplier delivered to US growers in
household and who agreed to be interviewed. March and April, when most implicated seed was delivered.‡ Includes all patients with domestically acquired isolates reported to Na-

The Netherlands shipper also shipped the alfalfa seed, via an-tional Public Health Institute from 1 March to 31 October 1995.
§ Includes 25 patients in case-control study only. other supplier, that was grown in Finland and eaten by the

Finnish patients. The Netherlands shipper reportedly mixed the
seed sent to the United States from lots bought in Italy, Hun-
gary, or Pakistan, but this information could not be confirmed,from 15 states were identical to the outbreak strain. These 56
and the ultimate origin and harvest date of the seed was notisolates were examined either by PFGE only (n Å 5), antibio-
determined. Inspection of the seed shipper’s warehouse bygram only (n Å 45), or both methods (n Å 6).
Netherlands health authorities Ç6 months after the implicatedResults at other laboratories supported the CDC findings. In
seed was shipped did not reveal any specific problems.Arizona, the 22 isolates had the same PFGE results as at CDC.

In Michigan, all 46 outbreak-related isolates and 4 of 5 Arizona
isolates had identical XbaI PFGE patterns (n Å 47) or had

Discussion
minor one-band differences (n Å 3). In Finland, all 6 isolates
tested from Finnish patients and 4 of 4 US outbreak isolates We conclude that alfalfa sprouts grown from contaminated

seed were the vehicle of an international outbreak of S. stanleyhad identical XbaI PFGE patterns.
Isolates from 53 patients were submitted to the CDC by 8 infections. The following lines of evidence support this conclu-

sion.states (Arizona, California, Illinois, Indiana, Michigan, Ohio,
Oklahoma, and Virginia) with information on whether the pa- First, three independently designed and conducted case-con-

trol studies in Arizona, Michigan, and Finland found that con-tient had eaten alfalfa sprouts in the 5 days before illness onset.
Among the 47 patients whose isolates were the outbreak strain, sumption of alfalfa sprouts was the only exposure associated

Table 2. Study design and association of reported consumption of alfalfa sprouts with Salmonella
stanley infection in matched case-control studies in Arizona, Michigan, and Finland, 1995.

Controls/ Patient exposed Control exposed Confidence
Location Cases case (%) (%) MOR* bounds

Arizona 19 2 7/18 (39) 3/38 (8) 11.1 1.4–513†

Michigan 29 2 12/29 (41) 6/58 (10) 5.5 1.6–23†

Finland 25 1 25/25 (100) 5/25 (20) Undefined 4.9‡

NOTE. Case-patients were asked about exposures during 3 days before illness onset in Arizona, 7 days before
onset in Michigan, and 5 days before onset in Finland.

* Exact 95% confidence interval for maximum likelihood estimate of matched odds ratio (MOR).
‡ Exact lower 95% confidence bound for maximum likelihood estimate of MOR.
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Figure 2. Percentage of isolates
of Salmonella stanley and of all
other Salmonella serotypes reported
to CDC 1 January through 30 No-
vember 1995 within each 5-year age
group.

with illness. Second, in 16 other states in which persons with transmission. A 1994 Salmonella bovismorbificans outbreak in
Finland and Sweden was traced to Australian alfalfa seed [12],S. stanley infections were interviewed, 34% reported eating

alfalfa sprouts in the 5 days before illness onset; in contrast, and a 1988 outbreak of Salmonella saint paul infections in
Europe was linked to mung bean sprouts [13, 14]. A smallin the most recent National Health and Nutrition Examination

Survey (NHANES III), õ0.5% of Americans reported eating 1990 cluster of Salmonella anatum infections in the United
States was suspected to be linked to one grower’s alfalfaalfalfa sprouts on a random day (unpublished data, CDC). Since

patients were interviewed weeks or months after their illnesses, sprouts, but the source of contamination was not determined
(unpublished data, CDC). Although it is not known how theand since alfalfa sprouts are often served inconspicuously in

salads or sandwiches, many more were probably exposed to seeds implicated in this investigation became contaminated,
alfalfa seeds are a raw agricultural product that may come inalfalfa sprouts than could definitely recall eating them. Before

the study results were made public, the Arizona case-patients contact with salmonellae from the feces of birds, rodents, or
other animals during growth, harvest, processing, storage, orwere reinterviewed to ask whether they might have eaten alfalfa

sprouts during the 3 days before onset, 75% said they definitely, shipping; S. stanley has been isolated from a wide variety of
animal species. Salmonellae have been recovered from alfalfaprobably, or possibly had (unpublished data, CDC). The rela-

tive excess of S. stanley isolates from persons 20 to 40 years seeds [15] and from alfalfa [12] and bean [16] sprouts. Salmo-
nella organisms can survive for months under the dry condi-old and from women, compared with Salmonella isolates as a

whole, likely reflects the demographics of persons who eat tions used for alfalfa seed storage [17]. The presence of even
a few salmonellae on seeds may be hazardous, because thealfalfa sprouts. Third, S. stanley isolates from American and

Finnish patients linked epidemiologically to the outbreak had sprouting process is a highly effective enrichment step. The
numbers of S. stanley [18] and other salmonellae [19] increaseda unique PFGE pattern and antibiogram not present in other

S. stanley isolates. Finally, the alfalfa sprouts eaten by Ameri- 3–5 orders of magnitude per gram during sprouting of experi-
mentally inoculated seed. The same phenomenon has been ob-can and Finnish case-patients were produced by many different

growers but were grown from seed from a single common served for Bacillus cereus, which caused an outbreak of food
poisoning linked to home-sprouted vegetable sprouts [20, 21].source—a seed shipper in the Netherlands—indicating that

the seed was contaminated before it was shipped. It is not surprising that cultures of implicated alfalfa seeds
and sprouts grown from them did not yield S. stanley. BecauseThis is the first Salmonella outbreak in the United States

linked to alfalfa sprouts grown from contaminated seeds. How- of their relatively short shelf-life, implicated sprouts were not
available for culture. Contamination was probably not uniformever, alfalfa sprouts are a highly plausible vehicle of Salmonella
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Figure 3. Pulsed-field gel electrophoresis
patterns of Salmonella stanley isolates. Lanes
1–5, outbreak isolates (1 and 2, Arizona; 3,
Michigan; 4, Finland; 5, Ohio). Lanes 7–10,
sporadic isolates not linked to outbreak (7, Ari-
zona; 8, Missouri; 9, Finland; 10, Virginia).
Lane 6, l ladder molecular weight marker.

in the lots of seed from which the implicated sprouts were was no information available about alfalfa sprout consumption
by Canadian patients.grown, and, since a single bag of õ0.03% of that seed was

available for culture, we were unlikely to recover S. stanley. Preventing similar outbreaks in the future will depend on
new measures to reliably decontaminate seeds before sprouting.With this outbreak, a new mechanism is added to the growing

list of causes of large, widely dispersed, produce-related out- Recent studies of surface decontamination of alfalfa seed ex-
perimentally inoculated with S. stanley showed that soakingbreaks. Previous outbreaks have been linked to cut cantaloupes

inoculated by salmonellae on the skin [1, 2], to tomatoes that seeds in chlorine bleach at concentrations of 2000 ppm hypo-
chlorite or in 57–607C water at the time of germination canmay have been contaminated with salmonellae when rinsed in

contaminated water taken up at the stem scar [2, 3], and to greatly reduce bacterial populations without decreasing germi-
nation [18]. In a survey of alfalfa sprout growers regardingshigellae on shredded lettuce [4]. In those outbreaks, the natural

barriers of the produce vehicle were breached by cutting or production practices at the time of the outbreak, 50% reported
they used a chlorine soak to decontaminate seeds, but theyshredding, allowing bacterial access to the interior of the pro-

duce, where rapid growth could occur. In contrast, in this out- typically used solutions much more dilute than 2000 ppm (un-
published data, CDC). Further efforts are needed to definebreak, the alfalfa sprouts were intact; it is likely that rapid

growth of Salmonella organisms was fostered by the sprouting acceptable effective decontamination procedures that can be
used by sprout growers. The importance of rapid evaluationprocess itself. This outbreak suggests that even a few salmonel-

lae present on seed used for sprouting can lead to an extensive and implementation of these control measures is highlighted
by the fact that, since this investigation, another US Salmonellaoutbreak.

In the present outbreak, as in other large produce-related outbreak has been linked to alfalfa sprouts [23].
This outbreak was detected because of routine serotyping ofoutbreaks [2], cases were widely distributed geographically,

and few household clusters were recognized. This pattern likely Salmonella isolates by state public health laboratories, timely
electronic reporting of isolates through PHLIS to CDC, applica-reflects the broad distribution of a product, in this case alfalfa

seed, with low-level, nonuniform contamination. We identified tion of a new outbreak detection algorithm to Salmonella sur-
veillance data, and national and international communication§242 outbreak-related cases (Arizona, 21; Michigan, 51; and

Finland, 114, in which the outbreak strain was identified or among public health workers. It illustrates the value of newly
developed electronic surveillance and outbreak detection meth-that were linked epidemiologically; and other US states, 56

with the outbreak strain) from 17 US states and Finland. The ods in identifying widely dispersed outbreaks that may other-
wise be missed and in allowing timely public health action inactual number of cases was probably 5000–24,000, based on

rates of underreporting defined in other Salmonella outbreaks response to surveillance information. The assistance of Salm-
Net, the European public health communication network for[22]. The outbreak was probably even more extensive than we

were able to document; S. stanley isolates from Canada col- information about salmonellae, was instrumental. Widely dis-
persed foodborne outbreaks such as this one are likely to poselected during the outbreak period were indistinguishable from

the outbreak strain (unpublished data, CDC); however, there an increasing challenge to public health, as food is increasingly
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