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ARTICLE INFO ABSTRACT

Keywords: Keeping the global food supply safe necessitates international collaborations between countries. Health and
Enoki mushrooms regulatory agencies routinely communicate during foodborne illness outbreaks, allowing partners to share
Foodborne illness outbreaks investigational evidence. A 2016-2020 outbreak of Listeria monocytogenes infections linked to imported enoki

Listeria monocytogenes mushrooms required a multinational collaborative investigation among the United States, Canada, Australia,

and France. Ultimately, this outbreak included 48 ill people, 36 in the United States and 12 in Canada, and
was linked to enoki mushrooms sourced from one manufacturer located in the Republic of Korea.
Epidemiologic, laboratory, and traceback evidence led to multiple regulatory actions, including extensive vol-
untary recalls by three firms in the United States and one firm in Canada. In the United States and Canada, the
Korean manufacturer was placed on import alert while other international partners provided information about
their respective investigations and advised the public not to eat the recalled enoki mushrooms. The breadth of
the geographic distribution of this outbreak emphasizes the global reach of the food industry. This investiga-
tion provides a powerful example of the impact of national and international coordination of efforts to respond
to foodborne illness outbreaks and protect consumers. It also demonstrates the importance of fast international
data sharing and collaboration in identifying and stopping foodborne outbreaks in the global community.
Additionally, it is a meaningful example of the importance of food sampling, testing, and integration of
sequencing results into surveillance databases.

Listeria monocytogenes is a foodborne bacterial pathogen that can higher risk for invasive listeriosis include individuals aged 65 years or
cause invasive listeriosis, a severe infection that can lead to meningitis, older, pregnant people and their newborns, and immunocompromised
sepsis, encephalitis, or spontaneous abortions and stillbirths. People at individuals (Charlier et al., 2017) (Schlech, 2000)). People with
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invasive listeriosis usually report symptoms starting 1-4 weeks after
eating food contaminated with L. monocytogenes; however, some peo-
ple have reported symptoms starting as late as 70 days after exposure
or as early as the same day of exposure (Goulet et al., 2013; U.S.
Centers for Disease Control and Prevention, 2022b). The World Health
Organization (WHO) estimated that L. monocytogenes caused 23,150
infections and 5,436 deaths worldwide in 2010 (de Noordhout et al.,
2014).

Flammulina velutipes, commonly known as enoki or winter mush-
rooms, are long thin white mushrooms, usually sold in clusters. They
are especially popular in Asian cuisines and are also known as enoki-
take, golden needle, futu, or lily mushrooms (U.S. Food and Drug
Administration, 2020e). L. monocytogenes has been isolated from vari-
ous types of edible mushrooms in both North America and China
(Chen et al., 2018), and enoki mushrooms were recalled in Canada
in 2019 due to the possible presence of L. monocytogenes, prior to this
investigation (Government of Canada, 2019). At the time of this inves-
tigation, no known listeriosis outbreaks had been previously linked to
the consumption of mushrooms in the United States, Australia,
Canada, or France. According to Gould et al. (2017), the number of
reported outbreaks in the United States associated with imported foods
increased between 1973 and 2014.

The global food supply necessitates international collaborations.
Health and regulatory agencies communicate through various chan-
nels that allow partners to share genomic and epidemiologic data.
The Food and Drug Administration (FDA) and the Centers for Disease
Control and Prevention (CDC), along with Canadian partners at the
Public Health Agency of Canada (PHAC) and the Canadian Food
Inspection Agency (CFIA), routinely communicate about outbreak
investigations and contaminated food products in their respective
countries (Harvey et al., 2017).

Preliminary findings from this investigation have been previously
reported elsewhere (U.S. Food and Drug Administration, 2020e). To
the best of our knowledge, this is the first outbreak of listeriosis in
the United States, Canada, and Australia, linked to enoki mushrooms.
Concurrently to the investigation in the United States, Canada, and
France, health officials in Australia investigated six listeriosis illnesses
with clinical isolates related to the outbreak strain and illness onset
dates between 2017 and 2020 (Food Standards Australia and New
Zealand, 2020b). Sample analysis identified Listeria monocytogenes in
enoki mushrooms imported from the Republic of Korea (Food
Standards Australia and New Zealand, 2020b). As a result, one firm
in Australia instituted a recall of enoki mushrooms in 2020 and Aus-
tralian health officials issued public health communications (Food
Standards Australia and New Zealand, 2020a, 2022). The remainder
of this paper will focus on investigations in the United States, Canada,
and France.

Materials and Methods

Epidemiologic Investigation. U.S. and Canada. The Listeria Initia-
tive (LI) is a national surveillance system managed by CDC that col-
lects comprehensive epidemiologic data of ill people with invasive
listeriosis and combines that information with laboratory data in Pul-
seNet USA, a national laboratory network that tracks foodborne infec-
tions and identifies clusters and outbreaks (U.S. Centers for Disease
Control and Prevention, 2016). The standard LI questionnaire is used
by state and local health departments to attempt to interview all ill
people or their surrogate about a variety of foods, consumed in the
28 days before becoming ill, as well as purchase locations (U.S.
Centers for Disease Control and Prevention, 2022c). The questionnaire
also collects information on patient demographics including race and
ethnicity, clinical signs and symptoms, and illness outcomes. When
needed, ill people can be reinterviewed by state or local officials to
obtain additional exposure information. Minimal information is col-
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lected on the LI questionnaire that would help investigators determine
if a suspected food is imported (U.S. Centers for Disease Control and
Prevention, 2018). This activity was reviewed by CDC and was con-
ducted consistent with applicable federal law and CDC policy*. Similar
to the LI, the Enhanced National Listeriosis Surveillance Program
(ENLSP), managed by PHAC, collects standardized epidemiologic data
of ill people with invasive listeriosis in Canada. Twelve of the 13 pro-
vinces and territories in Canada currently participate in the program;
the remaining province contributes exposure information during
national outbreak investigations. A standardized listeriosis question-
naire is used to collect information on ill persons’ symptom onset
dates, clinical signs and symptoms, risk factors, travel histories, demo-
graphics, as well as various food exposures in the 28 days prior to ill-
ness onset. Information collected through this program is analyzed, in
combination with data from PulseNet Canada, to detect and investi-
gate listeriosis outbreaks in Canada.

Epidemiologists at CDC and PHAC routinely exchange information
on active outbreak investigations in the United States and Canada.
Information shared includes pathogens and serotypes, case counts, ill-
ness date ranges, food histories, geographic distribution of cases, and
suspected outbreak vehicles. When outbreaks with the potential to
cross national borders are identified, partners in Canada and the Uni-
ted States facilitate the exchange of genomic data to identify geneti-
cally related clinical isolates and/or nonhuman isolates in each of
their respective countries.

Laboratory Investigation. Genomic data for some clinical, food,
and environmental isolates of L. monocytogenes can be uploaded, either
on a routine or case-by-case basis, to the public DNA sequence data-
bases at U.S. National Center for Biotechnology Information (NCBI)
to facilitate comparisons of isolates. NCBI also mirrors the data
uploaded to European Molecular Biology Laboratory European Bioin-
formatics Institute (EMBL-EBI) and DNA Data Bank of Japan (DDJB)
(Benson et al., 2015). CDC also works with PulseNet International to
monitor isolates submitted from participating countries and frequently
communicates with partners regarding genetic matches to active
investigations (Nadon et al., 2017). The Epidemic Intelligence Infor-
mation System (EPIS), which is part of the European Centre for Disease
Prevention and Control (ECDC), includes 52 countries and allows non-
European partners to share information about their clusters within the
European system to determine if they may be linked. Finally, Interna-
tional Food Safety Authorities Network (INFOSAN), coordinated by
the WHO, facilitates the rapid exchange of information between coun-
tries during various food safety events (World Health Organization,
2020).

Cluster Detection. U.S. L. monocytogenes clinical isolates are sub-
mitted for whole-genome sequencing (WGS) and are uploaded to Pul-
seNet USA and NCBI databases. Clusters of illnesses in the United
States are identified by PulseNet using a threshold of three or more
L. monocytogenes clinical isolates genetically related by <25 allele dif-
ferences, using whole-genome multilocus sequence typing (wgMLST),
within a 120-day period (Tolar et al., 2019).

Canada. Sequencing of clinical and nonclinical isolates is conducted
by either the National Microbiology Laboratory (NML) or provincial
laboratories. Nonclinical isolates identified through routine sampling
or during food safety investigations are also sequenced by the CFIA
laboratories. All sequences, both clinical and nonclinical, are uploaded
to the PulseNet Canada database. Although Canadian isolates are not
yet all uploaded to NCBI in real-time, they may be uploaded by the
NML or CFIA laboratory at any time to facilitate international compar-
isons. Additionally, Canada has been sharing molecular and genomic
data routinely with the United States since 2005 under a bilateral
agreement. Cluster detection criterion for L. monocytogenes in Canada
is two or more isolates genetically related by <10 allele differences
by wgMLST within 120 days; allele ranges may expand during an
investigation based on available laboratory, epidemiologic, and trace-
back evidence.
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Food samples. U.S. During outbreak investigations, state and local
public health agencies will conduct product sampling at retail loca-
tions if the epidemiology points to a suspect vehicle or commodity.
The Michigan Department of Agriculture and Rural Development
(MDARD) and the California Department of Public Health (CDPH) col-
lected and analyzed retail samples of wood ear, maitake, royal oyster,
and/or enoki mushrooms in state agricultural and public health labo-
ratories using AOAC Official Method 999.06 and FDA Bacteriological
Analytical Manual (BAM): Chapter 10 (Hitchins et al., 2022).

FDA samples of imported products were collected per standard
practice (Pereira et al., 2021) and analyzed for L. monocytogenes using
the BAM Chapter 10 (Hitchins et al., 2022) in FDA's Pacific Southwest
Food and Feed Laboratory or Northeast Food and Feed Laboratory.
Enumeration, as described in the BAM Chapter 10, was performed
for a limited number of L. monocytogenes-positive samples (Hitchins
et al., 2022).

Canada. CFIA collects samples of products to determine compliance
with Canadian regulations. As part of its food safety investigation,
CFIA collected samples of imported enoki mushrooms at various levels
of the distribution chain as identified in the traceback investigation.
All samples were analyzed in ISO/IEC 17025 accredited CFIA labora-
tories. Samples consisting of one to ten units of product were analyzed
for L. monocytogenes using methods published in Health Canada’s Com-
pendium of Analytical Methods for Microbiological Analysis of Foods
(Health Canada, 2021), namely methods MFLP-28 (presence/absence)
and MFHPB-30 (cultural confirmation). Enumeration was performed
for L. monocytogenes-positive samples from each of up to five of the
product units tested individually or in composite using method
MFLP-74 (Pagotto et al., 2011).

France. Food sampling of imported products is conducted by official
laboratories of the General Directorate for Competition Policy, Con-
sumer Affairs and Fraud Control (DGCCRF), to identify foods that do
not comply with French regulatory standards and European regula-
tions EC 178/2002 (European Commission, 2002, 2005) and EC
2073/2005. One 25 g sample of enoki mushrooms was tested for L.
monocytogenes using the ALOA® count method (AES 10/05-09/06,
bioMérieux) to ensure compliance with the microbiological criteria
of 100 CFU/g of L. monocytogenes applicable for food placed on the
market during their shelf-life (International Standards Organization,
2016).

Traceback Investigations. U.S. and Canada. The traceback inves-
tigation focused on determining the source of product samples that
yielded the outbreak strain of L. monocytogenes. Information for the
enoki mushroom isolates that yielded L. monocytogenes were analyzed,
including bills of lading, import entry documentation, and other rele-
vant product traceability documents from retailers, distributors, and
importers along the supply chain. U.S. and Canada investigators used
similar investigation methods as described by Irvin et al. (2021).

France. Traceback information was retrospectively retrieved from
the Rapid Alert System for Food and Feed (RASFF) 2017.2213, which
is publicly available (European Commission, 2014). Information from
enoki mushroom samples yielding L. monocytogenes within one allele
difference from the outbreak strain (type cgMLST: L2-SL7-ST7-
CT4156 according to Institut Pasteur cgMLST scheme) (European
Commission, 2005; European Commission, 2014) were reviewed,
including supplier information, receiving dates, dates of product distri-
bution in France, control measures taken, and reported level of con-
tamination of the imported samples.

Results

Epidemiologic Investigation. U.S. On October 20, 2017, PulseNet
USA detected a cluster of three clinical L. monocytogenes isolates, two
from California and one from Hawaii, with isolation dates from
September 13, 2017, through September 27, 2017. The isolates were

Journal of Food Protection 86 (2023) 100101

related within 0-1 allele differences by wgMLST, and a multistate
investigation was initiated. All three people reported Asian race on
the LI questionnaire. No additional illnesses were detected, and the
investigation was closed on December 6, 2017, without a suspected
vehicle. In early February 2018, three additional illnesses were identi-
fied by PulseNet USA, and the investigation was reopened with a total
of six illnesses. Four of the six ill people had food exposure histories;
nuts and nut butters were the only exposure reported by ill people sig-
nificantly more often than expected, based on case-case comparison to
sporadic listeriosis illnesses from the same states as outbreak cases (U.
S. Centers for Disease Control and Prevention, 2022a). A leftover nut
butter product was collected from an ill person’s home and tested
but did not yield L. monocytogenes. By March 2018, investigators
attempted open-ended interviews with available ill people or their sur-
rogates. Five of six ill people reported Asian race, but information on
Asian food exposures was limited on the LI questionnaire. At that time,
pears were reported by 3/5 (60%) ill people. To collect more informa-
tion on pear exposures and Asian foods, an Asian-style food supple-
mental questionnaire was deployed to the states for reinterview of ill
people. In May 2018, the investigation was expanded to include
another cluster of five illnesses investigated in 2017 and three addi-
tional illnesses for a total of 14 cases with isolation dates ranging from
November 23, 2016 to April 4, 2018. All isolates were related within
0-14 allele differences (median 5) by wgMLST. Race information was
available for 13 ill people and nine (69%) reported Asian race originat-
ing from multiple countries. Seven interviews were completed with the
Asian-style food supplemental questionnaire, but a suspect vehicle was
not identified. The investigation was closed on December 17, 2018,
with a total of 26 cases from 13 states.

In February 2020, CFIA uploaded sequence information to NCBI’s
pathogen detection database for a historical L. monocytogenes isolate
recovered from a Canadian domestic Portobello mushroom sample
tested in 2016. CFIA subsequently uploaded a more recent isolate
obtained from an imported sample of enoki mushroom tested in
2019; this enoki mushroom sample triggered a recall of enoki mush-
rooms from a single importer in Canada during that same year
(Government of Canada, 2019). Shortly after these isolates were
uploaded to NCBI, CDC conducted a wgMLST comparison and deter-
mined that the two mushroom isolates were genetically related to
the unsolved outbreak of listeriosis in the United States. After being
notified of this genetic linkage by CDC, PHAC reviewed their PulseNet
Canada database for additional matches and identified six historical
clinical isolates and 10 historical food isolates dating from October
2017 to March 2019 that were related to the U.S. cluster within
0-15 allele differences by wgMLST.

A multinational outbreak investigation was initiated in the United
States and Canada. At the time, the U.S. outbreak included 36 ill peo-
ple from 17 states with isolation dates ranging from November 23,
2016, to December 13, 2019. The isolates from ill people were related
within 0-38 allele differences by wgMLST. Ages ranged from 0 to 96
years with a median of 67 years, and 21 (58%) ill people were female.
Race information was available for 28 ill people and 17 (61%)
reported Asian race. Six illnesses were related to pregnancy, and two
pregnancies resulted in fetal loss. Hospitalization information was
available for 33 ill people; 31 (94%) were hospitalized, and there were
four reported deaths (Table 1). A review of available food histories in
the United States found that 12 of 22 (55%) ill people with available
information reported fresh mushrooms of various types. One person
from Michigan, who was ill in 2018, reported consuming various
mushrooms including enoki mushrooms purchased at a local Asian
market (Point of Sale (POS)-A). Receipts for that purchase were
available.

Canada. Initially, isolates from six ill people from three Canadian
provinces were genetically related to the U.S. illnesses within 0-15
alleles differences by wgMLST. Isolation dates for the ill people were
older, ranging from October 5, 2017, to February 19, 2019. Ages ran-
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Table 1

Summary of outbreak-associated illnesses — United States and Canada. (Octo-

ber 4, 2016-December 13, 2019)

United States Canada Total
Demographics and n (%) n (%) n (%)
Outcomes
Cases 36 12 48
States/Provinces 17 3
Isolation Dates 11/23/2016 - 12/  08/04/2016 — 8/04/2016-
13/2019 02/19/2019 12/13/2019
Age range (median) 0-96 (67) 22-96 (75) 0-96
Female 21/36 (58) 7/12 (58) 28/48 (58)
Asian race 17/28 (61) Race data not 17/28 (61)
collected
Hospitalized 31/33 (94) 6/8 (75) 37/41 (90)
Deaths 4 0 4
Pregnancy- 6 (29) 1(14) 7 (25)
associated*
Allele range 8[0-38] N/A 8[0-38]

" Two pregnancies resulted in fetal losses.

ged from 27 to 96 years with a median of 85 years, and five (83%) ill
people were female. Five of six questionnaires were available through
the ENLSP. Of these five ill people, three were hospitalized and no
deaths were reported. One illness was pregnancy-associated and
resulted in one fetal loss. Following the review of available informa-
tion, no significant commonalities were identified; however, a variety
of Asian-style foods were reported. None of the Canadian ill people
reported consuming enoki mushrooms upon initial interview; how-
ever, the standardized listeriosis questionnaire only includes one ques-
tion regarding any mushroom consumption and does not ask about
enoki mushrooms specifically. The ten additional food isolates related
to the U.S. outbreak were detected through provincial sampling at a
single sushi restaurant in Canada. Four isolates from sushi samples
were detected in June/July 2018, and six isolates from maki (a small
segment from a roll of rice and other ingredients wrapped in seaweed)
samples were detected in March 2019. Further follow-up at this restau-
rant in 2020 determined that enoki mushrooms were used as an ingre-
dient/garnish in some of its menu items and cross-contamination
could not be ruled out.
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Investigators expanded the allele range to 0-48 allele differences
by wgMLST because of the results of the U.S. investigation and PHAC
completed another check for related isolates. PHAC identified seven
additional historical isolates, six clinical isolates from three provinces
with isolation dates ranging from August 2016 to January 2019, and
one food isolate from ready-to-eat (RTE) salmon dating back to Octo-
ber 2017. The ages of the six additional ill people ranged from 22 to 84
years with a median of 74 years, and two (33%) were female. Ques-
tionnaires for three ill people were available through the ENLSP. All
three ill people were hospitalized; no pregnancy-associated illnesses
or deaths were reported. One ill person specifically reported consum-
ing enoki mushrooms during their exposure period; however, there
was no information available on the brand or purchase location of
the mushrooms. Due to the older isolation dates of the Canadian ill
people, reinterviews by PHAC were not feasible.

This multinational outbreak included 48 ill people (36 in the Uni-
ted States, 12 in Canada) linked to enoki mushrooms sourced from
the Republic of Korea. Isolation dates ranged from August 4, 2016,
through December 13, 2019 (Fig. 1). Ages ranged from O to 96 years,
and 28 (58%) of ill people were female. Of 41 ill people with informa-
tion, 37 (90%) were hospitalized and there were four reported deaths.
Seven illnesses were associated with pregnancy and two resulted in
fetal loss (Table 1).

France. On March 5, 2020, CDC and PHAC posted a joint EPIS post-
ing with epidemiologic information, genomic data, and food isolates in
Canada. On March 6, 2020, France responded with five related enoki
mushroom isolates matching the outbreak strain within one allele dif-
ference by cgMLST. These five isolates received at the National Refer-
ence Center for Listeria (NRCL) on November 28, 2017 had been
integrated in the weekly French genomic surveillance of Listeria by
the NRCL on December 11, 2017 without any related clinical or non-
clinical French isolates since the beginning of genomic surveillance of
Listeria in 2015 (Moura et al., 2017). No illnesses linked to the out-
break were reported in France.

Republic of Korea. On March 12, 2020, PulseNet International sent
out an inquiry to worldwide regional coordinators for clinical and non-
clinical matches to the outbreak. The Republic of Korea PulseNet Coor-
dinator responded to the inquiry with no related matches. The Korean
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Ministry of Food and Drug Safety compared the U.S. isolates to their
databases and had no related matches by cgMLST.

Laboratory Investigation. U.S. food samples. MDARD collected 13
samples of multiple mushroom varieties after wgMLST linked the his-
torical Canadian mushroom isolates and the clinical isolate from a
2018 Michigan ill person who consumed enoki mushrooms. Samples
included wood ear, maitake, royal oyster, and enoki mushrooms sam-
ples from POS-A where the 2018 Michigan ill person reported purchas-
ing their enoki mushrooms. Two enoki mushroom samples taken at
retail were positive for L. monocytogenes, with counts by FDA of
8.0 x 10° CFU/g and 9.0 x 10° CFU/g, respectively. Based on the
findings of the MDARD sampling, CDPH collected a total of 27 enoki
mushroom samples from two grocery store locations (POS-B, POS-E).
One sample collected from POS-B yielded L. monocytogenes.

On March 11, 2020, FDA began increased sampling of enoki mush-
rooms imported into the United States from three foreign firms located
in the Republic of Korea identified in the product traceback: Foreign
Manufacturer A, Broker A, and Foreign Manufacturer B. FDA collected
samples at import or at domestic import of enoki, king oyster, or beech
mushrooms. FDA collected 16 mushroom samples; 15 samples were
collected as part of increased screening and included enoki (10), beech
(1) and king oyster (4) mushrooms, and one domestic import sample of
enoki mushrooms was collected during the Foreign Supplier Verifica-
tion Program (FSVP) inspection at Importer A. Five samples of enoki
mushrooms yielded L. monocytogenes. Other Listeria species were also
found among the samples: L. innocua (eight samples), L. grayi (one
sample) and L. welshimeri (one sample). Enumeration was performed
on the domestic import and one increased surveillance sample. Both
samples yielded L. monocytogenes populations of >1.1 x 10® CFU/g.

In total, 56 enoki mushroom samples were collected by FDA and
state partners in response to the outbreak investigation. Eight of the
56 samples yielded 15 L. monocytogenes isolates which were related
to the clinical isolates within 0-53 alleles by wgMLST, and the enoki
samples were products of Foreign Manufacturer B, a manufacturer in
the Republic of Korea. L. monocytogenes was not identified in any of
the other mushroom varieties analyzed.

Canadian food samples. The enoki mushroom isolate from the 2019
sample collected at a Canadian port of entry was related to the clinical
isolates in the outbreak within 4-26 allele differences by wgMLST.
Additionally, L. monocytogenes was identified from two samples of
enoki mushrooms collected by CFIA from a retail location (POS-C) in
2020, and the isolates were related to the U.S. and Canadian clinical
isolates within 2-33 allele differences by wgMLST. Enumeration
results indicated levels of L. monocytogenes up to 3.0 x 10° CFU/g
and >6.0 x 10® CFU/g for these two samples. In response to the pos-
itive retail samples, CFIA collected seven enoki mushroom samples
from Importer D, the distributor to POS-C. Three of the samples
yielded L. monocytogenes, and these isolates were related to the out-
break strain by wgMLST. For these samples, counts of L. monocytogenes
up to 1.1 x 10% 2.9 x 10?% and <10 CFU/g respectively were iden-
tified. Based on the packaging of the Canadian products and additional
traceback conducted by CFIA, the three samples were determined to be
products of Foreign Manufacturer B.

French food samples. In November 2017, one official laboratory of
the DGCCRF enumerated by ALOA® count method (bioMérieux) an
enoki mushroom sample collected from Distributor D on November
6, 2017. The sample was contaminated with L. monocytogenes at a level
of 9.0 x 10% CFU/g. This enoki sample yielded five L. monocytogenes
isolates that were related to the clinical isolates within one allele by
cgMLST (Table 2) (Moura et al., 2017). This sample of enoki mush-
rooms was collected as part of official control sampling at a food dis-
tributor. French DGCCRF’s investigation determined that the enoki
mushrooms were imported from the Republic of Korea via the Nether-
lands (Exporter A) and manufactured by Foreign Manufacturer B.

Whole-Genome Sequencing. Using a reference-based variant detec-
tion method, sixty-seven isolates associated with this multinational
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outbreak were found to be within 23 SNPs of one another and likely
from the same source based on analysis of WGS data produced with
the CFSAN SNP Pipeline and analyzed by FDA (Fig. 2) (Davis et al.,
2015). The allele range of these isolates was 0-53 by wgMLST.

Traceback Investigation. The U.S. investigation traced back 15
enoki mushroom samples that yielded L. monocytogenes isolates that
were genetically related to the outbreak strain. There were seven trace-
back legs, four legs representing the eight U.S. samples, two legs repre-
senting the six Canadian samples, and one leg representing the one
French sample (Fig. 3). FDA identified January 2020 to March 2020
as the timeframe of interest for record collection for the U.S. samples.
The French traceback investigation in 2017, as well as the record review
and package labeling on the enoki mushroom of the positive samples
from Canada and France, identified Foreign Manufacturer B as the pro-
duct manufacturer. The seven traceback legs converged on Foreign
Manufacturer B which confirmed that the 15 positive samples, collected
in three different countries between 2017 and 2020, were the product
of one manufacturer in the Republic of Korea.

Foreign Manufacturer B produced and packaged fresh enoki mush-
rooms, king oyster mushrooms, and beech mushrooms. The enoki
mushrooms were sourced from five indoor farms operated by Foreign
Manufacturer B. The firm had nine packaging facilities in Gyoungbuk,
Republic of Korea and confirmed that they conduct business directly
with one U.S. firm (Distributor C) and indirectly conducts business
with two Korean trading companies. These Korean trading companies,
Broker A and Broker B, supplied two U.S. importers, Importer A and
Importer F, respectively. Foreign Manufacturer B exported enoki
mushrooms to the United States, Canada, Europe, Australia, and
Southeast Asian countries.

Facility Inspections. U.S. FDA conducted FSVP inspections at
three firms (Importer A, B, and F) that imported enoki mushrooms
from Foreign Manufacturer B. FSVP requires that importers verify that
their suppliers are producing food using processes and procedures that
offer the same level of public health protection as the preventive con-
trols requirements in the preventive controls and current good manu-
facturing practices rules for human food and animal food and produce
safety FDA Food Safety Modernization Act (FSMA) rules, and that the
food is not adulterated and properly labeled with respect to allergens
(U.S. Food and Drug Administration, 2018c). The firms received FDA
Form 483a for failure to develop a FSVP for enoki mushrooms. Each
firm received an FDA Warning Letter (U.S. Food and Drug
Administration, 2020g, 2020h, 20201i).

Republic of Korea. On March 18, 2020, the Korean Ministry of Food
and Drug Safety published its investigation findings and steps it will
take to prevent future illnesses (Korean Ministry of Agriculture,
2020). They found L. monocytogenes in enoki mushrooms produced
by two firms in the Republic of Korea, but it is unknown whether those
isolates were related to the outbreak.

Public Health Actions. U.S. Enoki mushrooms manufactured by
Foreign Manufacturer B were recalled in the United States by three
domestic firms: Distributor B (March 10, 2020) (U.S. Food and Drug
Administration, 2020f), Distributor C (March 23, 2020) (U.S. Food
and Drug Administration, 2020c), and Importer F (April 7, 2020) (U.
S. Food and Drug Administration, 2020d). These recalls subsequently
removed all enoki mushrooms manufactured by Foreign Manufacturer
B from the U.S. market.

Foreign Manufacturer B was placed on two separate import alerts.
In 2020, FDA-placed Foreign Manufacturer B on Import Alert 99-35
(U.S. Food and Drug Administration, 2021e) (Detention Without Phys-
ical Examination of Fresh Produce that Appears to Have Been Pre-
pared, Packed, or Held Under Insanitary Conditions) based on the
laboratory, traceback, and epidemiological evidence found during
the outbreak investigation. Foreign Manufacturer B was also placed
on Import Alert 99-23 (U.S. Food and Drug Administration, 2021d)
(Detention Without Physical Examination of Produce Due to Contam-
ination with Human Pathogens) based on the analytic results of an
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Table 2
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Sample and enumeration results of L. monocytogenes enoki mushroom samples collected by United States, Canada, and France from retail, distributors or import and

sourced from Foreign Manufacturer B

Sample # Collection Country Collection Agency Collection Year Collection Site WGS ID Enumeration (CFU/g)
1 USA MDARD* 2020 POS-A PNUSAL007024 9.0 x 10°
PNUSAL007025
PNUSAL007026
PNUSAL007027
PNUSAL007028
2 USA MDARD* 2020 POS-A PNUSAL007029 8.0 x 10°
PNUSAL007030
PNUSAL007031
3 USA CDPH' 2020 POS-B PNUSAL007188 -
PNUSAL007189
4 USA FDA™ 2020 Import FDA1142048-001 >1.1 x 10°
FDA1142048-002
5 USA FDA™ 2020 Domestic Import FDA942342-001 >1.1 x 10°
FDA942342-002
6 USA FDA™ 2020 Import FDA1142655- C001 -
FDA1142655- C002
7 USA FDA™ 2020 Import FDA1142657-C001 -
FDA1142657-C002
8 USA FDA™ 2020 Import FDA1142659-C001 -
FDA1142659-C002
9 Canada CFIA” 2019 Import CFIAFB20190030 -
10 Canada CFIA” 2020 POS-C CFIAFB20200081 1: <10
2: >6.0 x 10°
3: <10
4:1.6 x 10°
5: >6.0 x 10°
11 Canada CFIA” 2020 POS-C CFIAFB20200080 1: 41 x 10
2: <10
3: <10
4:3.0 x 10°
5:1.8 x 10°
12 Canada CFIA” 2020 Importer D CFIAFB20200090 1: <10
2: <10
3: <10
4: <10
5: <10
13 Canada CFIA” 2020 Importer D CFIAFB20200089 1: <10
2: <10
3: <10
4: <10
5: <10
14 Canada CFIA” 2020 Importer D CFIAFB20200088 1: <10
2: <10
3: <10
4:2.9 x 10?
5: <10
15 France DGCCRF 2017 Distributor D ERR6355681 9.0 x 10?
ERR6355682
ERR6355683
ERR6355684
ERR6355685

" Michigan Department of Agriculture and Rural Development.
" California Department of Public Health.

~ Food & Drug Administration.
# Canadian Food Inspection Agency.

* General Directorate for Competition Policy, Consumer Affairs and Fraud Control.

FDA-collected import sample. This import alert applies to produce that
appears to bear or contain a poisonous or deleterious substance that
may render it injurious to health. The addition of Foreign Manufac-
turer B to these import alerts subjected future shipments of their enoki
mushrooms to detention without physical examination.

Canada. Based on the positive retail sample of enoki mushrooms
collected by CFIA, enoki mushrooms imported from Foreign Manufac-
turer B, which were distributed to several provinces within Canada,
were recalled on March 24, 2020 (Government of Canada, 2020). Fol-
lowing the recall, CFIA confirmed that no additional product from For-
eign Manufacturer B was on the market in Canada. CFIA also initiated
a border lookout to prevent any additional enoki mushrooms from For-
eign Manufacturer B from entering Canada.

France. The presence of L. monocytogenes at levels of 9.0 x 102
CFU/g signified noncompliance with the European microbiological
criterion which resulted in a national alert (FNA 2017/0141). Identi-
fied contaminated batches of enoki mushrooms distributed in France
between October 25, 2017, and November 17, 2017 were recalled
from the French market on November 23, 2017. The enoki mushrooms
were imported from the Republic of Korea via The Netherlands, lead-
ing France to issue a European alert (RASFF 2017.2213) on December
26, 2017, to inform Dutch authorities.

Public Communication. U.S.. CDC and FDA both published an
outbreak notice on their websites and updated their notices five times
(U.S. Centers for Disease Control and Prevention, 2020; U.S. Food and
Drug Administration, 2020e). FDA and CDC relayed information on
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—— FDA1142048-001-001 2020-03-13 South Korea fresh enoki mushroom
PNUSAL004445 USA
PNUSALO007188 2020-03-10 USA:CA mushroom
PNUSAL004249 2018-08 USA CSF
PNUSALO007189 2020-03-10 USA:CA mushroom
PNUSAL004383 USA
PNUSAL004834 USA
PNUSAL004021 2018-06 USA CSF
PNUSAL003146 2017-06 USA blood
————  AUSMDUO00044365 2020 Australia
FDA942342-001-001 2020-03-16 South Korea enoki mushroom
1 PNUSALO007025 2020-02-25 USA:MI
! PNUSAL007024 2020-02-25 USA:MI
_|_— PNUSAL004197 USA
PNUSAL004900 USA
F—PNUSAL004160 2018-07 USA blood
F— PNUSALO004158 2018-07 USA blood
PNUSAL003921 2018-03 USA blood
ERR6355681 2017 France food
PNUSAL004926 USA
ERR6355683 2017 France food
ERR6355682 2017 France food
ERR6355685 2017 France food
ERR6355684 2017 France food
PNUSAL002748 2016-11 USA blood
—— PNUSAL003164 USA
CFIAFB20190030 2019 Canada food
FDA1142657-C002-001 2020-04-01 South Korea enoki mushroom
—— PNUSAL003922 2018-04 USA blood
PNUSAL004176 2018-07 USA blood
—— CFIAFB20160115 2016 Canada food
PNUSAL003735 2017-12 USA blood
—— PNUSAL004123 USA

I: PNUSAL002847 2017-01 USA blood
FDA1142657-C001-001 2020-04-01 South Korea enoki mushroom

——PNUSALO004213 2018-07 USA blood
——PNUSALO004362 2018-09 USA CSF
—— FDA942342-002-001 2020-03-16 South Korea enoki mushroom
PNUSAL003825 USA
PNUSAL004034 2018-06 USA blood
PNUSAL003132 2017-06 USA SYNOVIAL FLUID (JOINT FLUID)
AUSMDU00010713 2017 Australia
PNUSAL003768 2018-01-01 USA blood
PNUSAL003728 2017-12 USA blood
| FDA1142659-C002-001 2020-04-01 South Korea enoki mushroom
FDA1142659-C001-001 2020-04-01 South Korea enoki mushroom
PNUSAL004135 2018-07 USA blood
PNUSALO007027 2020-02-25 USA:MI
- PNUSAL003631 2017-12 USA blood
PNUSAL003633 USA
PNUSAL007026 2020-02-25 USA:MI
AUSMDU00013096 2018 Australia
PNUSAL007031 2020-02-25 USA:MI
—E: IAFB20200088 2020 Canada food
PNUSAL007028 2020-02-25 USA:MI
PNUSAL006710 USA
FDA1142655-C001-001 2020-04-01 South Korea enoki mushroom

FDA1142655-C002-001 2020-04-01 South Korea enoki mushroom
—|_|—— PNUSAL007029 2020-02-25 USA:MI
FDA1142048-002-001 2020-03-13 South Korea fresh enoki mushroom
—— AUSMDU00044366 2018 Australia

—— PNUSAL006021 USA
CFIAFB20200081 2020 Canada food

PNUSAL007030 2020-02-25 USA:MI
CFIAFB20200080 2020 Canada food

| CFIAFB20200090 2020 Canada food

I PNUSAL003927 2018-04 USA blood

PNUSAL003818 2018-01-01 USA blood

PNUSAL003428 USA

AUSMDU00012518 2018 Australia _—
PNUSAL003442 USA 0.01

PNUSAL003483 USA inferred number of subsitutions per site

Figure 2. Maximum-likelihood phylogenetic tree inferred via GARLI and a SNP matrix constructed by the CFSAN SNP Pipeline. Tips are color coded as to whether
the isolate was collected from a clinical specimen (red) or product sample (blue). Metadata includes isolation date and isolation source in the NCBI Pathogen
Database where available for the isolate*. *Single isolate collected by CFIA unrelated to the larger cluster of isolates by WGS. This isolate can be found at https://
www.ncbi.nlm.nih.gov/pathogens/tree#Listeria/PDG000000001.2941,/PDS000024856.160?key = 4qINyg9jYqcVOViU95SREyULDp6vK-41h91iOKeRJthP_
ULcf9H67&labels = epi_type,collection_date,target_creation_date,geo_loc_name,isolation_source,strain,accession.
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Collection Site
(Yr. Collected; Sample type)
Sample #

Distributor

P0S-A, USA
(2020; retail)

P0S-B, USA
(2020; retail)
#3

DISTRIBUTOR C
USA

Import, USA
(2020; import)
via Importer A, USA
#4,5

Import, USA
(2020; import)

DISTRIBUTORA | _____ DISTRIBUTORB | _____ IMPORTER A
#1 2 USA USA USA Republic of Korea

Importer/Exporter Broker Foreign Manufacturer

FOREIGN
MANUFACTURER A
Republic of Korea

BROKER A

IMPORTER B
USA

FOREIGN
=>4} MANUFACTURER B

via Importer B, USA
#6,7,8

Import, Canada
(2019; import)
ia Importer C, Canada
#9

P0S-C, Canada
(2020; retail)
#10, 11

Distributor D, France
(2017; surveillance)
#15

Republic of Korea

IMPORTER D
Canada (2020)
#12,13, 14

Key
—» Records available
-=-» Informational data available

Figure 3. Traceback diagram for multistate outbreak of listeriosis illnesses associated with consumption of enoki mushrooms from the Republic of Korea. L.
monocytogenes-positive enoki mushroom samples identified in the United States, Canada, and France were traced from the sample collection site, through the
distribution chain, to the foreign manufacturer, denoted on the right side of the diagram.

enoki mushroom recalls from Distributer B, Distributer C, and Impor-
ter F produced by Foreign Manufacturer B; subsequent Import Alerts
were also communicated. On June 9, 2020, CDC and FDA declared
the outbreak over.

In addition to online communications, CDC and FDA took several
steps to ensure outbreak and recall information reached consumers
in the Asian-American population. This was particularly important as
enoki mushrooms are typically consumed in Asian cuisine and almost
two-thirds of ill people in this outbreak reported Asian race. CDC and
FDA translated communications to Korean and simplified Chinese.
CDC’s media affairs specialist also provided outbreak information to
Asian-American media outlets, which published numerous articles
about the outbreak.

Discussion

General Overview. We report on a multiyear, multinational out-
break of listeriosis linked to fresh enoki mushrooms. These findings
suggest that uncooked enoki mushrooms should be considered as a
potential vehicle that may lead to listeriosis. The geographic distribu-
tion of this outbreak emphasizes the global reach of the food industry.
Based on available laboratory data, epidemiologic evidence, traceback
analysis of records, and information supplied by firms along the distri-
bution chain, enoki mushrooms manufactured by Foreign Manufac-
turer B were confirmed as the source of illnesses in this outbreak.
This outbreak highlights the importance of international collaboration
and public genomic repositories, such as NCBI and EBI (European
Bioinformatics Institute). Prompt identification of potential multina-

tional outbreaks and subsequent implementation of public health pre-
vention and control measures benefit greatly from real-time sharing of
WGS data (Pettengill et al., 2020). The use of WGS, combined with
judicious international data sharing, are essential for identifying and
stopping future outbreaks of infectious diseases. This outbreak illus-
trates that there is still work to be done to ensure actionable data
are made public (Pettengill et al., 2021; Pettengill et al., 2020).

In the U.S., the FSMA, and its implementing regulations, has enabled
FDA to better protect public health by strengthening the food safety sys-
tem (U.S. Food and Drug Administration, 2018a). One component of
FSMA is the Standards for the Growing, Harvesting, Packing, and Hold-
ing of Produce for Human Consumption, also known as the Produce
Safety Rule (PSR) (U.S. Food and Drug Administration, 2020b). The
PSR established science-based, minimum standards for the safe produc-
tion and harvesting of fruits and vegetables, including mushrooms. This
includes produce raw agricultural commodities (RACs) that are grown
domestically and produce RACs that will be imported or offered for
import in any State or territory of the United States, the District of
Columbia, or the Commonwealth of Puerto Rico. The FSVP rule for
importers of food for humans and animals requires that importers per-
form certain risk-based activities to verify that food imported into the
United States has been produced in a manner that meets applicable U.
S. safety standards (U.S. Food and Drug Administration, 2020a). Each
of the three firms (Importer A, B, and F) that imported enoki mush-
rooms from Foreign Manufacturer B to the United States received an
FDA Warning Letter for significant FSVP violations.

Potential Contamination Pathway. Growing mushrooms
requires certain temperature and humidity conditions (Carrasco &
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Preston, 2020; Ikeda et al., 2021; Ostrom Muchroom Farms, 2022).
While specific practices may vary, the general principles include hav-
ing the initial mushroom growing environment comparatively humid
with a fresh air exchange, and the temperature is maintained at about
72-77°F. The second stage of growing mushrooms requires lowering
the temperature to 45-55°F, still in a comparatively humid environ-
ment, and a fresh air exchange. This rapid change in environment
shocks the mycelium into forming tiny fruiting bodies that will even-
tually grow into mature mushrooms. Enoki mushrooms require a much
cooler environment (e.g., 45°F), compared to temperatures which
other mushroom varieties require (e.g., 60°F). After about 90 days,
enoki mushrooms are harvested and are usually packaged into
shrink-wrap bags. L. monocytogenes are intracellular bacteria that can
thrive in diverse environments and thus, are ubiquitous in nature
(Freitag & Port, 2009; Pennone, Lehardy, Coffey, & McAuliffe,
2018). Unlike many other foodborne pathogens, L. monocytogenes
can multiply at cooler temperatures, are found more frequently in
moist environments (Chapin et al., 2014; Strawn et al., 2013), and
can grow under both aerobic and anaerobic conditions. A study by
Dygico et al. (2020) showed that isolates of L. monocytogenes can form
high levels of biofilm on surfaces of materials commonly found in the
mushroom industry. L. monocytogenes may be entering mushroom pro-
duction operations through incoming raw materials, such as improp-
erly handled spawn or inadequately pasteurized growing substrate,
and survive and grow in production and packing house environments
when there are insufficient hygiene practices (Pennone et al., 2020;
Yuk et al., 2007) and possible cross-contamination occurring due to
insanitary practices (Dygico et al., 2020)). L. monocytogenes could also
survive on the surface of mushrooms during storage and at retail
(Viswanath et al., 2013). The level of contamination for the enoki
mushrooms ranged from <10 to 8.0 x 10° CFU/g; higher than levels
found in outbreak-associated ice cream (median 4.52 MPN/g) (Chen,
Burall, Macarisin, et al., 2016), stone fruit (median of 5 CFU/fruit)
(Chen, Burall, Luo, et al., 2016), and Ricotta Salata cheese samples
(median, 4.8 x 10* CFU/g) (Heiman et al., 2016), indicating that
the level of contamination was relatively high (Heiman et al., 2016).

From June 2020, when the outbreak was declared over, until
August 2022, twelve U.S. firms issued 18 recalls and five Canadian
firms issued 12 recalls of enoki mushrooms due to potential L. monocy-
togenes contamination (Food Safety News, 2021; U.S. Food and Drug
Administration, 2021a, 2021b, 2021c, 2021g, 2021h, 2021i). In
response to the outbreak findings, FDA implemented the Imported
Enoki Mushroom and Imported Wood Ear Mushroom Prevention Strat-
egy in May 2021 to ensure and enhance the safety of imported spe-
cialty mushrooms (U.S. Food and Drug Administration, 2022a,
2022c). Additionally, FDA’s continued sampling of imported enoki
mushrooms at ports of entry yielded L. monocytogenes from multiple
firms in the Republic of Korea, which were subsequently added to
FDA’s Import Alert 99-23 and Import Alert 99-35. On July 1, 2022,
FDA implemented a country-wide Import Alert #25-21, ‘Detention
Without Physical Examination of Enoki Mushrooms from Korea (the
Republic of) due to Listeria monocytogenes, to assist in preventing
potential outbreaks and illnesses (U.S. Food and Drug
Administration, 2022b). These actions underscore the ongoing and
widespread food safety concern of L. monocytogenes contamination in
enoki mushrooms and the need for education and outreach regarding
the minimum, science-based food safety provisions promulgated by
several FSMA regulations.

International Engagement and Cultural Considerations. The
volume of food imports into the U.S. has been increasing in the past
15 years. As of 2019, 32% of fresh vegetables and 55% of the fresh
fruit were supplied by other countries (U.S. Food and Drug
Administration, 2019). The U.S. imports food from more than 200
countries or territories and approximately 125,000 exporting food
facilities and farms (U.S. Food and Drug Administration, 2019). The
sheer volume of food imported into the U.S. contributes to the diver-
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sity of the food supply but is also a prominent reason why FDA’s food
safety regulations extend beyond U.S. borders.

During outbreaks, sharing information with international partners
and foreign firms is paramount in preventing additional illnesses and
deaths. This outbreak likely would have continued if not for routine
communication between the U.S. and Canada, the EPIS forum, Pulse-
Net International, INFOSAN, and NCBI to share outbreak information.
Gathering information from importers through the FSVP inspection
and engaging with the Korean Ministry of Food and Drug Safety
helped FDA determine the production and distribution of the impli-
cated mushrooms in the Republic of Korea. This information better
informed the U.S. investigation, which allowed FDA to target resources
and inform international and domestic partners about the potential
scope of contamination and risk to consumers.

Information sharing between regulatory agencies in the U.S. and
Canada was facilitated by FDA’s Systems Recognition. The Systems
Recognition arrangements complement existing Confidentiality Com-
mitments which prioritize information exchange, especially during
recalls/outbreaks and food-related emergencies, to maximize con-
sumer protection (U.S. Food and Drug Administration, 2018b). The
information flow among FDA and Canada was swift and equivalent
to how FDA shares information with domestic partners. This allowed
each country to make important, better-informed decisions regarding
sampling and regulatory actions.

In contrast, given the language barrier, lack of confidentiality com-
mitment, and diplomatic considerations, FDA could only share limited
information with Republic of Korea officials. In instances where direct
agreements are not in place, international collaboration through net-
works such as INFOSAN can be invaluable. During this outbreak,
INFOSAN aided in the exchange of information between the Republic
of Korea food safety officials and international partners.

Likewise, FDA could not reach out directly to Foreign Manufacturer
B to address traceability and outbreak-related information in real time
due to the language barrier. To help accelerate information sharing
and public health actions in future outbreaks, a foreign firm should
select a U.S. agent that is bilingual and informed of food safety regu-
lations to serve as a liaison to FDA. Foreign manufacturers who export
food to the U.S. for human consumption are required to register with
FDA (21 CFR 1, subpart H) and identify an individual or corporation in
the U.S. as their representative. However, farms are exempt from reg-
istration per subpart H, so if a farm was also the exporter, then they
would not need to register but would still need to identify an individ-
ual or corporation in the U.S. as their representative. Similar observa-
tions were made during a 2019 outbreak of scombrotoxin fish
poisoning linked to tuna imported from Vietnam (Pereira et al.,
2021). The World Health Organization has published a toolkit with
strategies promoting effective communication in settings of interna-
tional foodborne disease outbreaks (World Health Organization,
2012).

One outcome from engagement with Republic of Korea officials
was the development of a mitigation strategy by Republic of Korea
officials. Enoki mushrooms are typically consumed cooked in the
Republic of Korea. In the U.S. and Canada, enoki mushrooms may be
consumed uncooked in salads, sandwiches, and as a garnish on a vari-
ety of dishes. There is a need to continue communication with other
countries that mushrooms, whether grown in the U.S. or offered for
entry into the U.S. as a raw agricultural commodity, are considered
by FDA to be covered produce subject to the requirements of the
PSR and, when imported, FSVP.

Epidemiologic Challenges. This outbreak spanned multiple years
and was investigated in the United States several times. Each investi-
gation yielded limited food history and multiple attempts to reinter-
view cases did not identify mushrooms as a suspect vehicle. If CFIA
had not uploaded their historical mushroom isolates to NCBI in Febru-
ary 2020, illnesses would likely have continued, and the outbreak
would have remained unsolved. Routinely sharing both epidemiologic
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and sequencing data in real time can lead to swift public health actions
and prevent further illness.

The use of enoki mushrooms in dishes served at restaurants as a
small ingredient of a larger dish, or as a garnish, may have led ill peo-
ple to not recall eating enoki mushrooms. There is also the possibility
of ill people not eating enoki mushrooms but being exposed to L. mono-
cytogenes via cross-contamination in a restaurant setting. Given that
most ill people from Canada and the United States had older isolation
dates, the investigation relied on information collected during initial
interview. For all countries, the length of this outbreak made it diffi-
cult to reinterview ill people. Ultimately, only two ill people, one each
in the United States and Canada reported consuming enoki mush-
rooms. Remarkably, one U.S. ill person from 2018 kept receipts from
their enoki mushroom purchase allowing investigators to pursue sam-
pling at the POS-A and ultimately leading to the identification of L.
monocytogenes in enoki mushrooms on the market in 2020. Since speci-
fic questions on enoki mushroom consumption are not included in the
U.S. or Canada’s standardized listeriosis questionnaire, it was difficult
to gather information on this exposure.

There may be some benefits to making routine questionnaires more
inclusive of the increased variety of food products available to con-
sumers. However, the LI standard questionnaire is already long, and
it would be impossible to include every food that could cause listerio-
sis. These questionnaires often focus on specific, high-risk food items
or regionally established food/hazard combinations, such as deli meat
or cheeses. As illustrated by this outbreak, it is important to consider
the addition of new food items to the Listeria questionnaire as new lab-
oratory or epidemiologic evidence becomes available through out-
break investigations.

Traceback Challenges. Several traceback challenges were faced
by all partners involved. For example, illnesses dated back to 2016
which resulted in limited epidemiologic information. As a result, the
traceback investigation was limited to the traceback of positive sam-
ples that matched the outbreak strain. Traceability was also limited
by the lack of record keeping along the supply chain. Specifically,
for the positive sample collected from POS-A, Importer A could not
decipher the traceability system used by the foreign firm to determine
which Republic of Korea manufacturer supplied the positive sample.
Additionally, Foreign Manufacturer B maintained a traceability system
for their shipments; however, given the language barriers, lack of a
confidentiality commitment agreement, and diplomatic considera-
tions, FDA could not reach out directly to Foreign Manufacturer B to
address traceability questions in real time. Unlike the product shipped
to the United States, the labeling of the positive enoki mushroom sam-
ples distributed to Canada and France identified Foreign Manufacturer
B as the product manufacturer. The informative labels allowed inves-
tigators to quickly identify the foreign firm of interest and implement
public health actions without depleting traceback resources.

This outbreak highlights the successes and challenges of interna-
tional collaboration during outbreak detection, investigations, and
response. Data sharing through multiple channels allowed the United
States and Canada to recognize that ill people in their respective coun-
tries were part of the same outbreak with a common source of
imported enoki mushrooms. This also represents the first known out-
break of listeriosis linked to mushrooms in the United States or
Canada, a novel pathogen/food vehicle pair for consideration during
future outbreaks. Continual surveillance for L. monocytogenes is needed
along with the persistence of investigators to continually monitor for
new clinical and nonclinical isolates, review epidemiologic informa-
tion, pursue records at retail establishments, and collect product for
testing. This investigation provides a powerful example of the impact
of national and international collaborative efforts to respond to food-
borne illness outbreaks and protect consumers and public health
(Pettengill et al., 2020). It also demonstrates the importance of rou-
tine, international data sharing and food testing in identifying and
stopping foodborne outbreaks.
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*45 C.F.R. part 46.102(1)(2), 21 C.F.R. part 56; 42 U.S.C. Sect. 241
(d); 5 U.S.C. Sect. 552a; 44 U.S.C. Sect. 3501 et seq.
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