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Background. The vehicles and sources of Yersinia pseudotuberculosis infection are unknown. In Finland, clinical
microbiology laboratories routinely report Y. pseudotuberculosis isolations and submit isolates for serotype analysis.
In October 1998, the number of serotype O:3 infections increased markedly.

Methods.  Case patients with culture-confirmed Y. pseudotuberculosis O:3 infection were identified by use of
laboratory-based surveillance. We conducted a population-based case-control study. Healthy community control
subjects were matched by age, sex, and postal code. Isolates were subtyped by pulsed-field gel electrophoresis (PFGE).

Results.  Nationwide, 47 case patients were identified (age range, 2—77 years; median, 19 years). One patient
with bacteremia died; 5 underwent appendectomies. We enrolled 38 case patients and 76 control subjects in the
case-control study. Seventy-one percent of case patients and 42% of control subjects reported having eaten iceberg
lettuce (matched odds ratio, 3.8; 95% confidence interval, 1.3-9.4); a dose-response relationship was found for
increasing frequency of consumption. Of the 27 isolates obtained from case patients and tested in the analysis, all
had indistinguishable PFGE patterns. Four lunch cafeterias that had served iceberg lettuce were associated with
clusters of case patients. The lettuce was traced back to originating farms.

Conclusions.  Iceberg lettuce was implicated as the vehicle of a widespread foodborne Y. pseudotuberculosis
outbreak. Ongoing laboratory-based surveillance and serotype analysis were essential in the rapid detection of
infection. Cases of yersiniosis, which appear to be sporadic, may be part of unrecognized outbreaks caused by
contaminated fresh produce.

Yersinia pseudotuberculosis infections are characterized
by fever and abdominal pain due to mesenteric lym-
phadenitis, which, in the clinical setting, is frequently
indistinguishable from acute appendicitis [1, 2]. Oc-
casionally, in individual cases, transmission has been
reported to have occurred by contact with infected an-
imals [3] or by drinking contaminated water [4]. Re-
ports of community outbreaks are rare. They have
mainly occurred in Finland [1, 2], Japan [5, 6], and
the former Soviet Union; 1 outbreak in Canada has also
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been reported [7]. However, previous investigations
have not implicated specific vehicles of the outbreaks.
In contrast to what is known about the epidemiology
of Y. enterocolitica [8—10], the sources and vehicles of
Y. pseudotuberculosis infection are obscure, and food-
borne transmission has been poorly documented.

In October 1998, 2 clinical microbiology laboratories
in southern Finland noted a marked increase in Y. pseu-
dotuberculosis isolations. Laboratories in other regions
also reported infections. All isolates were serotype O:3.
The National Public Health Institute (KTL) initiated
epidemiologic and laboratory investigations to deter-
mine the extent and source of the geographically wide-
spread outbreak. Subsequently, we conducted trace-
back and prospective environmental investigations.

SUBJECTS, MATERIALS, AND METHODS

Population-based surveillance. In Finland, clinical
microbiology laboratories routinely screen stool spec-

imens from patients with acute gastroenteritis for Yer-
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sinia species, in addition to Salmonella, Shigella, and Campy-
lobacter species, in accordance with national guidelines. Re-
porting of Y. pseudotuberculosis isolations to the National In-
fectious Disease Registry’s database is mandatory. Most
laboratories notify electronically; they also forward bacterial
isolates to KTL for serotype analysis.

A case was defined as an illness in which Y. pseudotubercu-
losis serotype O:3 was isolated by culturing of stool or blood
specimens from 15 October to 6 November 1998. Culture-
confirmed cases were identified by searching routine notifica-
tions and by active case finding at all clinical microbiology
laboratories in the country’s 22 health districts. In addition,
data on cases of pseudoappendicitis defined on the basis of
surgical diagnosis and cases diagnosed by serologic testing only
(elevated level of specific IgM antibodies against Y. pseudotu-
berculosis O:3, by EIA) were collected on a line list.

Laboratory methods.  Local clinical microbiology labo-
ratories isolated Y. pseudotuberculosis by use of routine meth-
ods [11]. At KTL, Y. pseudotuberculosis isolates were serotyped
by slide agglutination (Denka Seiken) and were compared by
pulsed-field gel electrophoresis (PFGE), by use of previously
proposed criteria [12]. Preparation of plugs and digestion of
chromosomal DNA with Nofl and Spel restriction enzymes
were performed as described elsewhere [13]. Additional over-
night incubation with lysozyme and RNase, before incubation
with proteinase K, was required. PFGE was performed by use
of the CHEF Mapper system (Bio-Rad Laboratories).

Case-control study. To determine factors associated with
acquiring yersiniosis, we conducted a population-based case-
control study. The 38 culture-confirmed case patients were res-
idents of 2 southern health districts (aggregate 1998 population,
1.8 million), where 85% of cases were identified. One patient
refused to participate, and another patient, who died, was ex-
cluded from the study.

Control subjects were identified from the general population.
For each case patient, a list of persons who matched the patient,
according to year of birth, sex, and postal code of residency,
was generated from the National Population Information Sys-
tem. From each list, we enrolled 2 randomly selected persons
as control subjects. Persons with abdominal pain, diarrhea, or
vomiting and patients who travelled abroad during the month
before the interview were excluded. Of 82 eligible persons in-
vited to participate, 76 (93%) agreed to participate.

Trained personnel obtained informed consent from the study
subjects or their caregivers and conducted telephone interviews
from 2 to 17 December 1998 using a standard questionnaire.
For persons <15 years old, the caregiver was interviewed. Par-
ticipants were asked about illness; consumption of fresh produce,
meat products, and untreated water; shopping locations; and
meals eaten outside the home. For case patients, the questions
referred to the 2 weeks before onset of illness, and, for control

subjects, the questions referred to the 2 weeks before the inter-
view. Participants were asked to use a calendar as a memory aid
to recall exposures. Because the present study was conducted as
part of the investigation and control of an acute public health
problem, no ethics committee approval was required.

Trace-back and environmental investigations. Four lunch
cafeterias were associated with distinct clusters of case patients.
We reviewed cafeteria menus and requested retail invoices for
iceberg lettuce purchased, because it had been implicated by
the case-control study. Bills of lading and shipping records were
obtained from 3 local distributors that had sold iceberg lettuce
to these cafeterias and from the 1 shipping company that had
supplied all local distributors.

In May 1999, 4 farms implicated by the trace-back investi-
gation were inspected for sanitary conditions and water quality.
The farmers were interviewed about lettuce growing, irrigation,
and harvesting practices; handling practices during distribution
were also inspected. To study the natural ecology of Y. pseu-
dotuberculosis during the lettuce growing season, we conducted
prospective environmental sampling in the 4 farms from May
to November 1999 and again from June to October 2000.

A total of 287 samples were collected from lettuce, surface
soil, animal feces found in the fields, and the irrigation water
system (51 from soil, 21 from sludge, 22 from feces, 39 from
water, 128 from lettuce, 4 from compost, and 22 from water
pipes). Samples were transferred to 90 mL of PBS with 1.0%
mannitol and 0.15% bile salts (PMB). Water samples were fil-
tered through a 0.45-pm membrane and placed in 90 mL of
PMB. Samples were cultured for Y. pseudotuberculosis, as de-
scribed elsewhere [14]; 100 uL of PMB homogenate was directly
plated onto selective cefsulodin-irgasan-novobiocin agar plates
(Yersinia Selective Agar Base; Oxoid). After cold enrichment,
1-4 colonies suspected to contain Y. pseudotuberculosis were
plated onto blood agar and were tested for urea hydrolysis.
Urease-positive isolates were identified by use of the API 20E
system (BioMérieux).

Statistical analysis.
(MORs) and 95% exact confidence intervals (CIs; for categorical

Mantel-Haenszel matched odds ratios

variables), Kruskal-Wallis test (for continuous variables), and the
X’ test (for trend) were calculated by use of Epi Info software
(version 6.04; Centers for Disease Control and Prevention).

RESULTS

Description of the outbreak. From 15 October to 6 Novem-
ber 1998, 47 cases of culture-confirmed Y. pseudotuberculosis
O:3 infection were identified nationwide. The incidence of in-
fection peaked during the last week of October (figure 1). The
case patients ranged in age from 2 to 77 years (median, 19
years); 53% were female, and 40% were <15 years old. Fever
and abdominal pain were the predominant symptoms; less than
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one-half had diarrhea (table 1). None had a chronic illness or
immunodeficiency. Sixteen case patients (34%) were hospital-
ized, and 5 of them underwent appendectomies before diag-
nosis of yersiniosis had been made. Y. pseudotuberculosis O:3
was cultured from the blood specimens of 2 patients. A 77-
year-old previously healthy woman with bacteremic infection
died within 24 h of admission to the hospital.

Residents of 2 health districts in southern Finland (A and
B) accounted for 40 cases (85%). In these districts, the attack
rate per 100,000 persons was 2.2 overall and 5.1 among children
<15 years old. All 27 isolates from case patients that were avail-
able for testing (14 from district A and 13 from district B) had
indistinguishable PFGE patterns by digestion with 2 restriction
enzymes and were different from isolates of unrelated, sporadic
cases (figure 2). During 1998, 6 additional Y. pseudotuberculosis
0:3 isolates submitted to KTL as a result of routine surveillance
were subtyped by PFGE. Three different patterns were identified.
One isolate from July 1998 was similar to the outbreak strain.
In a follow-up clinical evaluation that included 33 case patients,
10 (30%) reported joint symptoms, and 4 (12%) had reactive
arthritis, defined as a new joint symptom, including arthralgia,
redness, and/or swelling in =1 joints, within 1 month of Yersinia
infection [15].

Case-control study. We enrolled 38 case patients (table 1)
and 76 control subjects in the case-control study. In matched
analysis, only 1 of the food items that participants were asked
about was significantly associated with illness: 71% of case pa-
tients and 43% of control subjects reported having eaten iceberg
lettuce (MOR, 3.8; 95% CI, 1.3-9.4; table 2). Carrots were
consumed by 69% of case patients, and the point estimate for
MOR was 2.3. However, the CI included 1, and 18 case patients
(75%) who reported having eaten carrots also reported having
eaten iceberg lettuce. After stratification by consumption of
iceberg lettuce, the adjusted MOR for carrots was 1.5 (95% CI,

No. of cases

0.5-6.5). Consumption of other types of lettuce, fresh produce,
water, milk, pork, or beef was not associated with illness.

Of the different types of lettuce consumed, only iceberg let-
tuce was eaten more often by case patients than by control
subjects during the 2-week interview period (median, 5 times
vs. 2 times; P = .002). The odds of illness increased with the
number of times iceberg lettuce was consumed, suggesting a
dose-response relationship (P<.001, test for trend; table 3).

Trace-back investigation. ~ We identified clusters of case
patients and patients who underwent appendectomies among
children in 2 primary schools in health district A and among
employees of 2 manufacturing plants in health district B. Eight
culture-confirmed case patients were associated with these clus-
ters and were used as the basis for the trace-back investigation.
In addition, 6 persons in these clusters had serologic evidence
of recent Y. pseudotuberculosis O:3 infection, but these findings
were not confirmed by culture; 9 persons underwent appen-
dectomy, but only 2 of them underwent diagnostic testing (fig-
ure 3). Iceberg lettuce was served at all 4 lunch cafeterias during
the case patients’ incubation periods (illness onset for culture-
confirmed cases occurred from 15 to 26 October). At each
facility, the trace-back investigation narrowed the likely source
of infection to a single batch of purchased lettuce. In each
district, a local fresh-produce distributor (A and C) delivered
the iceberg lettuce to 2 cafeterias; distributor C received the
lettuce from intermediate distributor B. Both distributors A
and B obtained lettuce from only 1 fresh-produce shipping
company. Lettuce shipped by shipper A during 4-8 October
was distributed to all 4 cafeterias, and this could explain all
infections associated with the clusters.

Shipper A obtained lettuce from farms in the southwest ar-
chipelago region, which accounts for ~15% of the 4000 tons
of iceberg lettuce produced in Finland annually. At the farms,
shipper A packed the lettuce heads into 5-kg cardboard boxes
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Figure 1.

Culture-confirmed cases of Yersinia pseudotuberculosis 0:3 infection, according to the date of onset of illness
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Table 1.  Characteristics of case patients with culture-con-
firmed Yersinia pseudotuberculosis 0:3 infection and of those
enrolled in the case-control study.

Case patients

With Enrolled in
culture-confirmed case-control
infection study
Characteristic (n = 47) (n = 38)
Age, median (range), years 19 (2-77) 16.5 (2-51)
<15 years old 19/47 (40) 17/38 (45)
Female 25/47 (53) 21/38 (65)
Symptoms
Diarrhea 20/44 (45) 18/37 (49)
Abdominal pain 39/44 (89) 33/36 (92)
Fever (temperature >38°C) 30/44 (68) 24/37 (65)
Hospitalized 16/47 (34) 14/37 (38)
Duration of stay, median, days 3 3
Underwent appendectomy 5/47 (11) 5/38 (13)
Extraintestinal manifestations
Joint symptoms NA 10/33 (30)
Reactive arthritis NA 4/33 (12)

NOTE. Data are no. of case patients with characteristic/no. of case pa-
tients for whom data on characteristics are available (%), unless otherwise
noted. NA, not applicable.

and loaded these directly into trucks. The lettuce heads were
not rinsed or washed before shipping. There was no inter-
mediary storage, and the lettuce was not handled or unpacked
until it was delivered to the point of service. During 4-8 Oc-
tober, wholesale distributors A and B sold 2550 kg of iceberg
lettuce to local and national distributors, brokers, and retail
chains, mainly in southern Finland. These were among the last
domestically produced shipments before the distributors began
importing iceberg lettuce from abroad in mid-October.

On the basis of bills of lading, 4 farms were possible sources
of the iceberg lettuce sold to the cafeterias associated with clus-
ters of case patients. Each of these farmers sold their entire
crop to shipper A. Iceberg lettuce originating from farm A on
5 October was delivered to all 4 cafeterias during 7-9 October
and was served on multiple days during the following week
(12-16 October). However, because of incomplete documen-
tation, we could not rule out the possibility that lettuce from
the 3 other farms could also have ended up in some or all of
the cafeterias. Since repeated harvests of iceberg lettuce con-
tinued until 25 October 1998 and since the last onset of culture-
confirmed illness occurred on 6 November 1998, infections
outside these clusters may have been due to later-harvested
lettuce lots.

Environmental investigation. No implicated iceberg let-
tuce was available for culture by the time the trace-back in-
vestigation had been completed in December 1998 and snow

and ground frost made environmental sampling impossible.
The 4 farms were therefore inspected in May 1999. In all farms,
2 or 3 crops of iceberg lettuce were grown in open fields,
alternating with Chinese cabbage, beginning in early May. The
last crops of iceberg lettuce were harvested on 25 October 1998.
No animal manure was used as fertilizer, and there were no
domestic livestock near the fields. Untreated water was used
for spray irrigation of the fields. Farm A and another farm
obtained water through a ditch from a nearby lake, whereas,
in 2 other farms, water came from man-made ponds supplied
by rainwater, ditches, and surface run-off. Fields were unfenced,
and wildlife had free access to irrigation water sources and
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Figure 2. Pulsed-field gel electrophoresis patterns of Yersinia pseu-
dotuberculosis 0:3 isolates. Chromosomal DNA was digested with 2
enzymes (Spel and Notl). Lane 1, An isolate from a patient in health
district B, digested with Spel enzyme; lane 2, an isolate from a patient
in health district A (Spel); /anes 3 and 4, an unrelated isolate from a
sporadic case in September 1997, digested with Spel and Notl enzymes,
respectively; /fanes 5 and 6, the same isolates as shown in lanes 1 and
2, digested with Notl; /ane 7, standard, low-range pulsed-field gel marker.
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Table 2.

Reported consumption of selected food items, among case patients with Yersinia

pseudotuberculosis 0:3 infection and among control subjects matched by age, sex, and postal

code.
No. of exposed subjects/
total no. of subjects (%)
Case patients  Control subjects
Food item (n = 38) (n = 76) MOR (95% Cl) P
Fresh produce
Iceberg lettuce 27/38 (71) 30/69 (44) 3.8 (1.3-9.4) .01
Carrots 24/35 (69) 36/74 (49) 2.2 (0.9-6.5) .08
White cabbage 5/34 (15) 8/71 (11) 1.2 (0.3-5.0) N
Chinese cabbage 20/35 (57) 33/69 (48) 1.3 (0.6-3.3) .6
Leaf lettuce (individually grown) 18/36 (50) 38/72 (53) 0.9 (0.3-2.3) 9
Green leaf lettuce 6/37 (16) 16/71 (23) 0.6 (0.2-2.1) .6
Onions 14/38 (37) 27]74 (28) 1.0 (0.4-2.4) 9
Leeks 5/36 (14) 12/74 (16) 0.8 (0.2-3.2) 9
Other
Premade salads 11/33 (33) 21/74 (28) 1.5 (0.5-4.2) .6
Ground beef 27/32 (84) 59/70 (84) 0.9 (0.3-3.8) .8
Pork
Any 34/37 (92) 71/76 (93) 0.8 (0.2-5.4) 9
Filet 14/32 (44) 22/68 (32) 1.2 (0.4-3.9) .8
Chops 8/32 (25) 14/70 (20) 1.2 (0.4-3.9) 9
Cold cuts (ham) 30/38 (79) 55/72 (76) 1.2 (0.4-3.5) A

NOTE.
confidence interval; MOR, matched odds ratio.

fields. We found no evidence of the presence of unusual num-
bers of small rodents or lagomorphs on the farms. However,
an ecologically distinct feature of the southwest archipelago is
a large population (>10,000 animals) of nonnative roe deer
(Capreolus capreolus) that were introduced to the islands during
the 1960s. Large quantities of roe deer feces were found all
over the lettuce fields and around all irrigation water sources.

Of the 287 samples obtained, 72 (25%) yielded bacteria of
Yersinia species. Y. pseudotuberculosis was recovered from 1 soil
and from 1 irrigation water sample, in November 1999, and
from 2 iceberg lettuce samples in October 2000. All positive
samples were obtained from farm A. One strain isolated from
iceberg lettuce was serotype O:2, but the other strains did not
agglutinate with O:1-0:6 antisera. The PFGE patterns of en-
vironmental strains did not match the PFGE pattern of the
outbreak strain.

DISCUSSION

In this widespread outbreak, Y. pseudotuberculosis O:3 infec-
tions were strongly associated with consumption of iceberg
lettuce, which 71% of case patients reported having eaten. The
frequency of having eaten iceberg lettuce suggested a dose-
response relationship with illness, likely reflecting increased

Only persons for whom data on consumption of each food item are available are included. Cl,

probability of having eaten contaminated lettuce. Although
no iceberg lettuce implicated by the trace-back investigation
was available for culture, subsequent environmental investiga-
tion identified a plausible contamination mechanism—that is,
through irrigation water or direct contamination from animal
feces at the source.

Y. pseudotuberculosis is considered to be a foodborne pathogen,
but it has rarely been isolated from foods [16, 17], and foodborne
transmission has not been previously documented. In the few
reported community outbreaks, fresh produce [1], vegetable juice
[5], untreated surface water [18], and homogenized milk [7]
were suspected as possible sources of infection, on the basis of
descriptive data, but no definitive link with a specific vehicle was
established. The present study is the first report of a Y. pseudo-
tuberculosis outbreak in which a specific food has been implicated
in a population-based, controlled epidemiologic study and traced
back to be the source of contamination.

The outbreak was detected rapidly because of ongoing labo-
ratory-based surveillance and serotype analysis; molecular sub-
type analysis linked geographically dispersed and apparently
unrelated cases. Population-based registries facilitated both
finding of case subjects and enrolling of a representative control
group for the case-control study. Although the role of bias and
confounding should be considered [19], the findings are un-
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Table 3.

Dose-response relationship between frequency of iceberg lettuce con-

sumption and odds of Yersinia pseudotuberculosis infection.

No. of times eaten  Case patients

Control subjects

during 2 weeks® (n = 38) (n = 69)° MOR (95% Cl) P for trend
>5 11 (29) (3) 11.8 (1.6-532.4) <.001
3-5 10 (26) (16) 9.5 (1.2-433.7)

1-2 6 (16) (25) 1.1 (0.2-5.3)

0 11 (29) 39 (56) Referent

NOTE.
interval; MOR, matched odds ratio.

Data are no. of persons with characteristic (%), unless otherwise noted. Cl, confidence

? The 2 weeks before onset of illness, for case patients, and the 2 weeks before the interview, for

control subjects.

® Data regarding iceberg lettuce consumption were not available for 7 control subjects.

likely to reflect differential recall among case patients and con-
trol subjects. To reduce the potential for recall bias among
control subjects, we obtained food histories that represent food
preferences. Since eating habits are unlikely to vary substantially
over a relatively short time, food preferences were considered
to be less susceptible to information bias. It also seems im-
probable that differential recall or an unknown confounding
factor would be consistently associated with increasing fre-
quency of lettuce consumption.

Limited data are available to evaluate possible seasonality of
lettuce consumption. According to the records of the Finnish
Central Union of Agricultural Producers and Forest Owners
and the National Board of Customs, domestically produced
iceberg lettuce is generally available June-October and some-
times during November. The relative proportion of domestic
and imported iceberg lettuce consumed varies by month. Dur-
ing the winter months, the iceberg lettuce is imported, but,
overall, the total monthly consumption of iceberg lettuce in
Finland is relatively constant throughout the year. Although the
interviewers could not be blinded to case-control status, the
questionnaire was structured to minimize bias. The participants
had no reason to suspect the association, because the vehicle
was previously unknown and the hypothesis was not disclosed
in the media during the investigation.

Few countries conduct national surveillance for Y. pseudo-
tuberculosis infections, and the epidemiology of these infections
is poorly understood [10]. In Finland, 3040 culture-confirmed
Y. pseudotuberculosis infections are identified annually (inci-
dence, 0.6-0.8/100,000 persons/year). However, culture-con-
firmed infections probably represent only a proportion of the
disease burden, because clinical diagnosis is difficult, and rou-
tine stool cultures may not detect the organism [20]. Some
patients have only fever with abdominal pain or mild symptoms
[2], and stool cultures may not be requested. In this outbreak,
the actual number of ill persons was probably much higher, as
suggested by the identified clusters of patients who underwent
appendectomies. Our findings emphasize the importance of

testing stool specimens for Yersinia species in patients with
febrile gastroenteritis and abdominal pain.

The exact mechanism for contamination of the iceberg let-
tuce remains unknown, but it is likely to have resulted from
use of irrigation water contaminated with animal feces. It could
also have occurred from direct contamination by animal feces
or from surface water runoff. The trace-back investigation sug-
gested that contamination was probably intermittent and not
uniform. Wildlife had access to irrigation water sources and
fields, and large quantities of roe deer feces were found in both
areas. In Europe, Japan, and North America, Y. pseudotuber-
culosis is frequently isolated from many domestic and wild an-
imals [17, 21, 22]. Subclinical infections and asymptomatic
carriage are common among deer, making it a possible animal
reservoir. Qutbreaks of diarrheal illness also have been reported,
with serotype O:3 as the most commonly isolated strain [23].
Although the recovered environmental isolates were not related
to the outbreak, the presence of Y. pseudotuberculosis bacteria
in iceberg lettuce and irrigation water samples indicated fecal
contamination from infected animals, supporting the hypoth-
esis that contamination occurred at the farm before distribu-
tion. The bacteria can survive in surface water [4, 24], and it
is conceivable that other types of fresh produce irrigated with
water from the same sources may also become contaminated.

Fresh produce may become contaminated during irrigation,
harvesting, packing, shipping, and processing [25]. Foodborne
outbreaks are increasingly being associated with fresh produce
contaminated before distribution. Lettuce has been implicated
as the vehicle of infection for many infectious agents, such as
Escherichia coli O157:H7 [26, 27], Shigella sonnei [28-30], and
hepatitis A virus [31]. Large surface area, features that favor
bacterial attachment, and difficulty of cleaning properly may
make lettuce an efficient vehicle of infection. Internal contam-
ination of the lettuce is also a possibility [32]. Transportation
and storage of lettuce at low temperatures may be particularly
favorable for survival and growth of Yersinia species [33].

This outbreak underscores the need to implement measures
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and patients who underwent appendectomies. “Serologic diagnosis” indicates an elevated level of specific IgM antibodies against Yersinia pseudo-

tuberculosis Q:3, by EIA. At plant B, the 2 patients who underwent appendectomies during the outbreak period also had serologic evidence of recent
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at the farm level to prevent Y. pseudotuberculosis contamination,
by use of clean or treated irrigation water and by protecting
the fields and water sources from animals accessing them, by
the addition of fences. Naturally, raw produce should always
be washed before consumption, but, since lettuce is not usually
cooked before being eaten, it may be difficult for consumers
to protect themselves. The implications for regulations con-
cerning lettuce production and shipping conditions, as well as
international trade, are also important. In the European Union,
products of animal origin that have potential for transmission
of zoonoses are strictly regulated, and hazardous batches can
therefore be rapidly traced and recalled from the market [34].
Since these regulations do not apply to foodstuffs of nonanimal
origin, production of and shipping conditions for fresh produce
are less controlled, and records of origin may be inaccurate.
The trace-back efforts of this investigation were hampered by
incomplete documentation.

Contamination of commercially distributed fresh produce is
increasingly causing widespread foodborne outbreaks, which
are difficult to detect and trace back to the source [27, 28, 31,
35]. Our investigation has provided evidence that Y. pseudo-
tuberculosis is also an emerging pathogen with the capacity to
cause widespread foodborne outbreaks associated with sub-
stantial morbidity, including unnecessary appendectomies and
postinfectious complications. Most reported cases of Y. pseu-
dotuberculosis infection in Finland are not part of recognized
outbreaks. However, some of these, which appear to be spo-
radic, may be part of unrecognized outbreaks caused by inter-
mittent or low-level contamination of fresh produce.
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