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Abstract

In 2021, the U.S. Food and Drug Administration (FDA), the Centers for Disease Control

and Prevention (CDC), and state partners investigated a multistate outbreak of Salmonella
Typhimurium illnesses linked to packaged leafy greens from a controlled environment agriculture
(CEA) operation in Illinois. Thirty-one illnesses and four hospitalizations were reported in

four states, with a significant epidemiologic signal for packaged leafy greens from Farm A. A
traceback investigation for leafy greens included seven points of service (POS) with food exposure
data from eight ill people. Each POS was supplied leafy greens by Farm A. FDA investigators
observed operations at Farm A and noted that 1) the firm did not consider their indoor hydroponic
pond water as agricultural water, 2) condensate dripping from the chiller water supply line inside
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the building, and 3) unprotected outdoor storage of packaged soilless growth media and pallets
used for finished product. FDA collected 25 product, water, and environmental samples from
Farm A. The outbreak strain was recovered from a water sample collected from a stormwater
drainage basin located on the property adjacent to Farm A. In addition, an isolate of Sa/monella
Liverpool was recovered from two indoor growing ponds within the same growing house, but

no illnesses were linked to the isolate. Farm A voluntarily recalled all implicated products and
provided their root cause analysis (RCA) and return-to-market plan to FDA. While the source
and route of the contamination were not determined by the RCA, epidemiologic and traceback
evidence confirmed the packaged salads consumed by ill persons were produced by Farm A. This
was the first investigation of a multistate foodborne illness outbreak associated with leafy greens
grown in a CEA operation. This outbreak demonstrated the need for growers using hydroponic
methods to review their practices for potential sources and routes of contamination and to reduce
food safety risks when identified.
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Controlled environment agriculture; Foodborne illness outbreaks; Hydroponic agriculture; Leafy
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Hydroponic horticulture is a soilless plant production technique that uses mineral nutrients
dissolved in aqueous solutions and a soilless media (e.g., rockwool, perlite, peat, sand, etc.)
rather than soil used in open, terrestrial crop production operations (Khan, 2018). Controlled
Environment Agriculture (CEA) is an advanced and intensive form of efficient farming
practices where plants grow within a controlled environment to optimize conditions for
growth and crop yield (Shamshiri et al., 2018). Examples of CEA systems may include
hydroponic operations, sprout operations, or enclosed greenhouses. CEA systems can allow
for greater control of the plant growing environment, including a number of factors such

as temperature, the management of nutrients, light quality and duration, and atmospheric
composition. Deep water culture, for example, is a type of soilless hydroponic plant
cultivation technique where plant roots are constantly submerged in a plant nutrient and
oxygen-rich water solution and is common in the production of leafy greens (Jones, 2016;
Kaiser and Ernst, 2012; Shrestha and Dunn, 2010). Globally, the CEA market is projected

to grow from $74.5 billion in 2020 to $172.2 billion in annual sales in 2025 (Market, 2021).
Some research indicates consumers and growers may hold positive perceptions related to the
safety and sustainability of hydroponic agriculture compared to traditional field agriculture
(Despommier, 2011), which may contribute to increased utilization of hydroponic growing
methods in the future. Additionally, the number of hydroponic operations is on the rise
particularly in urban settings, because they can produce crops with less water and on

a smaller land area over a longer production time compared to field-grown produce
(Despommier, 2011). However, opportunities for contamination still exist in hydroponic
growing (Dankwa et al., 2021; Shaw et al., 2016; Wang et al., 2020). Tomatoes, leafy greens,
peppers, cucumbers, and herbs make up the majority of hydroponically grown produce in
the United States (Research, 2021); with lettuce being one of the vegetables most commonly
produced hydroponically (Nester, 2022).
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Salmonella entericais a common foodborne pathogen and has caused many multistate

and international outbreaks associated with fresh produce in recent years (Carstens et al.,
2019). Animals can be reservoirs for the pathogen and shed it in their waste, which may
contaminate water and subsequently produce crops (Wiedemann et al., 2014). Water used
for irrigating crops is one of the most important agricultural inputs and if its quality is not
adequate, there may be adverse ramifications to food safety, as evidenced by foodborne
illness outbreaks of the recent past linked to produce (Crowe et al., 2017; Wiedemann et
al., 2014). Hydroponic systems commonly use closed irrigation systems, which are used for
plant cultivation in areas with environmental hazards in which the nutrient solution is not
released into the surrounding environment but recycled, and if any bacterial pathogens are
introduced to these systems, they may spread and contaminate produce (Hosseinzadeh et al.,
2017; Shaw et al., 2016).

In 2021, the U.S. Food and Drug Administration (FDA), the Centers for Disease

Control and Prevention (CDC), state, and local partners investigated a multistate outbreak
of Salmonella Typhimurium illnesses. We describe the epidemiologic, laboratory, and
traceback investigations that identified packaged leafy greens as the source of this outbreak
and the importance of CEA-specific produce safety practices in preventing foodborne
infections.

Materials and methods

Outbreak Detection and Epidemiologic Investigation.

Clinical samples from ill people were cultured for Sa/monella, serotyped, and subtyped

by whole genome sequencing (WGS) at state public health laboratories. State laboratories
submit sequencing data to PulseNet, the national laboratory network for molecular
subtyping for foodborne disease surveillance. On July 2, 2021, the Illinois Department of
Public Health identified a cluster of four Sa/monella Typhimurium infections with isolates
that differed within 0-1 alleles by core genome multilocus sequence typing (cgMLST).

On July 9, 2021, CDC initiated a multistate investigation. Subsequently, additional isolates
within 0-2 allele differences by cgMLST were considered to be the outbreak strain. The
FDA initiated outbreak response activities on July 12, 2021, traceback on July 13, 2021,
and a farm investigation on July 14, 2021. A confirmed case was defined as an infection
with the outbreak strain of Sa/monella Typhimurium with illness onset between June 10 and
August 13, 2021. State and local health officials interviewed ill people with state enteric and
outbreak-specific questionnaires to gather food exposure information.

Traceback Investigation.

A traceback investigation was initiated as per standard FDA traceback practices (Irvin et al.,
2021; Council to Improve Foodborne Outbreak, 2014). Information related to individuals’
exposure to packaged leafy greens, including dates, receipts, and purchase documents was
reviewed. 11l people selected for traceback had reported eating packaged leafy greens from
a single grower, Farm A, and had confirmed dates of purchase or consumption. Packaged
salad purchase and production records were collected from the retailers and distributors
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along the leafy green supply chain. Information relevant to timeline construction collected
from suppliers included stock rotation, delivery frequency, and shelf-life of product.

Farm Investigation.

FDA investigators visited Farm A in lllinois for an on-farm investigation on July 14, 2021,
which consisted of interviews with key personnel, direct observation of Farm A’s operations,
records review, and sample collection for microbiological analysis. Samples of finished
product, seeds, growth media, and water were collected from locations on and around the
exterior of the CEA building, as well as environmental swabs of surfaces throughout the
operation. The environmental swabs and indoor pond water and sediment samples were
collected using the grab and Dead-end ultrafiltration (DEUF) methods (Mull and Hill, 2009,
2012).

Microbiological Investigation.

Results

State and FDA laboratories used the FDA Bacteriological Analytical Manual (BAM) method
to isolate Salmonella spp. from finished product samples collected by investigators at
various points of distribution including points of service (POS) and distribution centers
(Andrews et al., 2018). DEUF samples collected at Farm A were analyzed with the
following modifications to the FDA BAM method: an equal volume of backflush sample
was added to 2x modified Buffered Peptone water for preenrichment. Secondary enrichment
cultures were incubated at 42C and subsequently plated onto Xylose lysine tergitol, agar
(XLT4) and Hektoen enteric agar supplemented with 5 ug/mL novobiocin (HE+N) (Mull

& Hill, 2009). Suspect colonies were screened by restreaking to XLT4 and HE+N before
confirmation according to FDA BAM. Serotyping and phylogenetic analyses of WGS data
(Davis et al., 2015) were conducted to characterize the isolates and compare them to

clinical and historical product sample isolates (Andrews et al., 2018; Crowe et al., 2017);

by comparing high-quality single nucleotide polymorphisms (hgSNP) or cgMLST; genomes
were considered highly genetically related to other isolates when they were within 0-20
SNPs or 0-2 alleles, respectively. WGS data for isolates collected during the investigation
were submitted to the genome sequence repository maintained by the National Center for
Biotechnology Information to identify closely related isolates and then analyzed with the
FDA Center for Food Safety and Applied Nutrition (CFSAN) SNP Pipeline.

Outbreak Detection and Epidemiologic Investigation.

PulseNet identified a total of 31 cases from four states (Fig. 1). Iliness onset dates range
from June 10 to August 13, 2021 (Fig. 2). The median age of ill people was 47 (range

of four months to 86 years), and 19 (61%) were female. Five ill people were hospitalized
(17%), and no deaths were reported. Overall, 26 of 27 (96%) people reported consuming any
leafy greens in the seven days prior to illness onset, specifically, 20 of 24 ill people reported
consuming packaged leafy greens. Fourteen of 22 ill people (64%) named Farm A products.
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Traceback Investigation.

A traceback investigation was initiated at seven points of service (POS) using consumer
purchase data obtained from eight ill people epidemiologically associated with the
consumption of leafy greens from Farm A (Fig. 3). Six of the seven POS were supplied

by one distribution center. A separate distribution center supplied the seventh POS. Both
distribution centers were supplied by Farm A hydroponic operation. While different Farm A
leafy greens products were noted on the loyalty card data obtained, all contained one explicit
variety of lettuce grown at the farm, demonstrating an additional layer of commonality

that was later used for prioritization of inspectional activities and scope of the recalled
products. Loyalty card data were received for a total of nine ill people, each showing Farm
A purchases. One ill person’s purchase history showed Farm A product purchased after

the reported onset date and was excluded from the above analysis. The Farm A products
purchased were confirmed to be products from Farm A’s hydroponic operation. Of these
eight ill people, five had a documented purchase of product between June 5 and 7, 2021.
Based on the calculated likely turn-around times and the aforementioned three purchase
days, the harvest window was estimated to be between May 29 and June 4, 2021.

Farm Investigation.

During the farm investigation, Farm A was found to use common commercial high-density
hydroponic growing techniques to grow leafy greens, including deep water culture and
floating raft production methods. Three enclosed greenhouses, with screened windows and
open-air roof venting that provided exposure to the exterior environment, contained 19
indoor hydroponic ponds utilized to grow a variety of leafy greens. Hydroponic ponds were
plastic-lined and filled with the municipal water that was treated onsite using sand filtration
and UV light. The hydroponic ponds typically received nutrients and additional UV-treated
water from a storage cistern, as needed to maintain adequate pond levels. While each pond
utilizes a pump for circulation, all water within each growing pond is isolated with no
recirculation of water between the 19 ponds; none of the ponds had been drained prior to the
FDA farm investigation.

High-density leafy greens are grown in reusable polystyrene rafts that are mechanically
seeded after being filled with a soilless growth media for germination and to support
seedling growth. Seeded rafts are sprayed with municipal water and placed in a climate-
controlled room for germination. After germination, rafts are moved onto the surface

of hydroponic ponds for growth until harvest. Seedlings remained in hydroponic ponds
throughout the growing process, which ranged from approximately 12—21 days, depending
on the leafy green type, until removed for harvest. Harvesting of the leafy greens involved
moving rafts from ponds to a mechanical cutting device which severed plants to separate
leaves from growing rafts. Harvested leaves were placed into reusable plastic containers to
precool to a lower temperature for two to three hours prior to manually packing into retail
packages; leafy greens were not washed before packaging.

Farm A’s raw material screening for pathogens on incoming seeds and growth media was
limited; they received a letter of guarantee from the seed supplier and acknowledged the
growth media supplier’s certification. Incoming growth media and pallets used for the
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finished packaged product were stored outdoors, as needed, and a forklift was utilized to
transport the material into the CEA operation. Outdoor storage practices of the growth media
and pallets did not adequately provide protection from animal intrusion, bird droppings,
water runoff, or other potential sources of contamination. Soilless growth media routinely
discharges from rafts during the growing process, accumulating as thick sediment deposits
on the bottom of the hydroponic ponds. Farm A did not have practices in place for

the removal of sediment deposits. Farm A’s documentation of cleaning and sanitizing
equipment, tools, and buildings was not routinely performed in accordance with their
internal procedures. In addition, FDA investigators observed condensate dripping from
chiller water pipelines onto leafy greens and on production line conveyors used for leafy
greens.

Water in growing ponds was UV-treated prior to filling the ponds but was not routinely
disinfected or otherwise treated as part of maintenance of the pond water quality afterward.
Farm A reported to investigators that grab samples (~100 mL) were collected from each
hydroponic pond weekly and tested for the presence of generic Escherichia coli. Farm A
indicated pond water was treated with a hydrogen peroxide and peracetic acid solution when
testing results showed the presence of E. coli; however, Farm A did not have a documented
procedure or systematic approach to ensure adequate pond water treatment on a regular
basis.

After FDA reported results from testing of the hydroponic ponds (see Microbial Results
below) to Farm A, they reported draining the affected pond water, removing all soilless
growth media that deposited into the ponds onto the plastic pond liner, then using a
hydrogen peroxide and peracetic acid solution to power wash and scrub the plastic pond
liners and the exterior of pipes used for pond water circulation. The hydroponic ponds
were then refilled with water and a hydrogen peroxide and peracetic acid solution. Farm A
reported that their hydroponic ponds had not been cleaned or drained subsequent to Farm A
initiating their CEA operation in 2016.

Samples of raw material collected at the time of the investigation did not result in the
recovery of any pathogens. However, a strain not associated with the outbreak, S. Liverpool,
was recovered from water samples collected from two of the hydroponic ponds. Farm

A indicated that leafy greens in contact with the hydroponic pond water were removed

and discarded during the harvesting process and were not intended for finish product
packaging. Investigators observed the mechanical harvesting process, and noted the process
was inadequate to exclude harvesting leafy greens that possibly contacted water in the
hydroponic pond. Without measures to ensure that leaves coming into direct contact with the
hydroponic pond water were not harvested, hydroponic pond water potentially contaminated
with human pathogens may have contaminated the finished packaged product.

FDA investigators collected two water samples from a stormwater drainage basin located
approximately 25 feet from the CEA operation’s property. One of the water samples tested
positive for the outbreak strain of Sa/monella Typhimurium (see Table 1). During the
investigation, geese and geese scat were observed near the adjacent stormwater drainage
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basin but FDA investigators did not observe infiltration of stormwater runoff, intrusion by
animals and pests, or other specific routes of contamination surrounding Farm A’s operation.

Microbiological Investigation.

In total, FDA collected 25 product, water, and environmental samples, comprised of
approximately 300 subsamples, as a result of this outbreak investigation. Samples were
collected from Farm A’s hydroponic operation, an outdoor stormwater drainage basin
adjacent to Farm A’s hydroponic operation and from another firm that received one of

the same seed lots during the time of interest. Samples included finished leafy greens (four),
seeds (seven), soilless growth media (three), pond water (seven), environmental swabs, scat
(two), and stormwater drainage basin sediment (Table 1).

Two samples of indoor pond water collected at Farm A from two different ponds yielded
the same strain of Sa/monella Liverpool, a different serovar from the outbreak strain. One
of the DEUF samples, collected from a stormwater drainage basin located approximately
25 feet away on property adjacent to Farm A hydroponic operation, yielded a Sa/monella
Typhimurium isolate that was highly genetically related to the outbreak strain. Leafy
greens, seeds, soilless growth media, environmental swabs, and scat samples tested negative
for Salmonella. The lettuce product samples collected by FDA during this outbreak
investigation were not from the same lots purchased by the ill people and thus not
representative of the packaged salads that may have caused this outbreak.

WGS analysis of the Salmonellaisolates from the two hydroponic pond samples determined
their genetic relatedness to each other, clinical, and other nonhuman isolates (Fig. 4). Five
Salmonella Liverpool isolates from the indoor pond water sample grouped into one cluster
that were highly genetically related to each other (0 SNPs) and were an average of 12-17
SNPs away from one chicken, one pork, and two cattle isolates, but were not genetically
related to any clinical isolates. One of the cattle isolates (four SNPs away from clinical
isolates) was from a heifer slaughtered in Illinois, but the origin of the heifer was not
determined. These isolates were not highly genetically related to the outbreak strain. A total
of 17 isolates identified as Sa/monella Typhimurium were recovered from the stormwater
drainage basin. WGS analysis grouped all 17 isolates into one cluster and was considered
highly genetically related to clinical isolates in the outbreak strain at 0—4 SNPs. (Fig. 5).

Public Health Actions.

Based on the combined evidence from states, CDC, and FDA, Farm A agreed to voluntarily
recall select packaged leafy greens produced at their hydroponic operation in Illinois on

July 15, 2021 (Food and Administration, 2021). Retailers in Illinois, Indiana, lowa, and
Wisconsin were notified via e-mail and instructed to remove all affected product from store
shelves, and consumers were directed to discard them or return them to the place of purchase
for a refund. FDA issued an Outbreak Advisory and CDC published a Food Safety Alert,
notifying consumers about Farm A products associated with this recall. After FDA notified
Farm A that subsamples collected from two of their ponds yielded Sa/monella spp. isolates,
farm management reported they would not distribute product from those two ponds, and
they ceased planting in the ponds. As a result, on July 27, 2021, Farm A expanded the
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recall to include products sold in Michigan and spinach with best-by dates through July 26,
2021. Food Safety Alerts were published for subsequent recalls. On July 29, 2021, Farm A
reported they would not distribute any products from the farm until FDA pond water sample
results were complete.

On August 2, 2021, Farm A provided a root cause analysis and return-to-market plan which
included a test and hold policy for the recalled lettuce variety until all corrective actions
were complete and at least two months passed with no positive Sa/monella findings in
ponds, product contact surfaces, or product. FDA typically performs follow-up inspections
to observe corrective actions and routinely performs inspections for regulatory compliance
to the Produce Safety Rule (PSR). Farm A also drained the affected ponds, removed all the
sediment, and cleaned and sanitized the ponds before refilling with water and nutrients.

Public Communication.

An outbreak advisory was posted on July 15, 2021, by FDA (U.S. Food and Drug
Administration, 2021) and CDC (U.S. Centers for Disease Control and Prevention, 2021),
which was updated on July 16, 2021, to include advice to consumers detailing information
on the recall (Food and Administration, 2021).

Discussion

Significance of outbreak.

This is the first investigation of a multistate foodborne illness outbreak linked to hydroponic-
grown leafy greens grown in a domestic CEA operation. The outbreak resulted in 31 ill
people and four hospitalizations across four states. Epidemiologic, microbiological, and
traceback data were used to identify leafy greens grown hydroponically and packed onsite
at an Illinois CEA operation that led to the outbreak of Salmonella Typhimurium infections.
FDA and state partners conducted an extensive onsite investigation that supported the
conclusions outlined below. However, the investigation did not identify the original source of
the pathogen nor the route of contamination of the leafy greens. Nonetheless, investigators
did recover the outbreak strain from a water sample collected from a stormwater drainage
basin located on property adjacent to the Farm A hydroponic operation, as well as
Salmonella Liverpool isolates from water collected from Farm A’s two indoor ponds used
to grow the leafy greens. FDA investigators also observed storage practices that could

result in contamination of growth media, inadequate water management practices, and poor
general sanitation practices. This evidence, in combination with the epidemiologic data
linking leafy greens to the outbreak and the traceback investigation that identified the CEA
operation as having supplied those leafy greens to the ill people, confirmed that the leafy
greens produced at this facility were the vehicle responsible for these reported illnesses.
Based on this evidence, Farm A agreed to a voluntary recall of nine select packaged leafy
green products produced at their hydroponic operation. The manufacturer ultimately ceased
production temporarily and conducted a root cause analysis and return-to-market plan. Farm
A resumed production after implementing the return-to-market plan.
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Investigational Challenges.

The FDA encountered challenges during the traceback investigation with respect to
identifying implicated lots of products. Specifically, while many cases had consumer
purchase dates, many also had multiple purchases, sometimes of additional brands of leafy
greens. In addition, loyalty shopper card data did not include any identifying codes or lot
numbers purchased by the cases. The main distribution center involved did not keep a record
of the outgoing lots to individual stores despite receiving the lot information with incoming
shipments from Farm A. Because the outgoing lot information is not captured beyond the
distribution center, there was a three-to-seven-day uncertainty window when estimating the
harvest date based on the purchase date. In addition, when using loyalty shopper card data, it
is possible that the ill person did not use the card for every purchase, the ill person may not
have consumed all of the products purchased, and multiple households may have used the
same card.

Investigational findings and link to outbreak.

The outbreak strain of Sa/monella Typhimurium was isolated from a stormwater drainage
basin adjacent to the CEA farm, approximately 25 feet from the enclosed greenhouses.
Investigators were not able to determine if the stormwater drainage basin was the source of
the Salmonellathat contaminated the leafy greens and caused the outbreak, if the bacterium
was already present on the farm and was then transferred by stormwater runoff or other
means to the stormwater drainage basin, or if there was another common source that
independently contaminated both locations. Nonetheless, the recovery of the outbreak strain
in such close proximity to the CEA operation adds to the epidemiologic and traceback
evidence implicating Farm A as the source of the outbreak. While the definitive route

of contamination for this outbreak remains unknown, various on-farm practices observed
during FDA’s investigations may have contributed to the contamination and spread of
Salmonella on leafy greens in the facility. Based on these observations and findings relayed
to them by FDA, Farm A conducted an internal root cause analysis and return-to-market
plan, which identified mitigation measures intended to minimize the potential for future
contamination events within the operation. The firm’s root cause analysis likewise did not
identify a definitive route of contamination.

The recovery of the outbreak strain in an adjacent stormwater drainage basin underscores
the importance of assessing potential risks associated with adjacent and nearby land uses,
even for indoor growing operations, as well as implementing measures to prevent pathogens
from entering the operation. If Sa/monella spp. are introduced into a hydroponic system, the
potential for survival, growth, and spread is very high if there is no effective mitigation in
place (Shaw et al., 2016). Pathogens entering the fertilizer solution tanks in hydroponic
systems without a mitigation step could be expected to rapidly propagate and spread
throughout the system and potentially contaminate the entire crop. Agricultural water in

a hydroponic system has the potential to be in contact with growing crops over extended
periods of time, and thus contamination present in the water increases the likelihood product
will become contaminated and cause an outbreak.
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Investigators also recovered Sa/monella Liverpool from water collected from two indoor
production ponds, both located within the farm premises. While the pathogen recovered
was not the strain that caused the outbreak, its presence illustrates the importance of
minimizing sources of contamination and operating and maintaining production ponds

in a way that does not result in the spread of pathogens to the edible portion of the

crop. When pathogens are identified through microbiological surveys, preharvest water
assessments, or postharvest testing of produce, it is important to implement industry-led
root cause analyses to determine how the contamination likely occurred and then implement
appropriate prevention and verification measures. Additionally, while it is possible there
was a common source, isolating an identical pathogen from two separate locations (i.e.,

two different production ponds) within the CEA operation demonstrates the potential for
pathogen spread within the operation. Results from WGS analyses identified historical
isolates that were highly genetically related, but not identical to the strain of Sa/monella
Liverpool collected from indoor production ponds. The genetic and geographic proximity of
these isolates from the production ponds to a cattle isolate recovered from a packing plant
approximately 50 miles away may suggest the contamination arose from the environmental
spread, perhaps via wind or birds.

In addition to the recovery of Salmonella spp. isolates inside and outside the CEA operation,
investigators observed practices that could contribute to the contamination or growth of
pathogenic microorganisms. For example, there was limited screening to detect pathogens
in raw materials, and plant growth media was stored outside in an area that did not protect

it from potential sources of contamination. If pathogens were introduced to the growth
media that could result in a cascade of adverse effects for the food safety integrity of

the whole operation (Dankwa et al., 2020). Contaminated growth media could serve as a
source of pathogens for plants during germination, which could spread to indoor production
pond water or food contact surfaces that then contact edible portions of the leafy greens
(Dankwa et al., 2020; Li et al., 2021). Following harvest, ineffective cooling and cold
holding of the contaminated product may contribute to pathogen growth (Tarlak et al., 2020).
CEA and hydroponic growing operations should thoroughly evaluate sources and routes of
contamination to their products, including raw materials and agricultural inputs, adjacent
land use, employee actions, and agricultural water, to limit the potential for contamination.

Food safety risk management in CEA and indoor hydroponic growing systems.

Practices utilized during CEA and indoor hydroponic growing differ in some substantial
ways from the corresponding practices used in open-field growing (Holvoet et al., 2015).
While some contamination risk factors are common to both indoor and outdoor agriculture,
certain risk factors may be more relevant to indoor growing environments. Similar to

a traditional open-field farming operation, in a closed indoor setting, irrigation water

and other agricultural inputs (e.g., seeds, growth media, fertilizer nutrient solutions) can
play a significant role in introducing contamination to a system. Seed contamination has
historically been considered a significant risk factor in the production of hydroponically
grown sprouts, and may similarly act as a source of contamination for other hydroponically
grown crops (Bazaco et al., 2021). Inadequate maintenance, cleaning, and sanitizing of
tools and equipment, along with employee practices, may contribute to the introduction
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of pathogens to the indoor environment, as well as cause pathogens that are present to
spread throughout the system and onto produce. If indoor growing operations are not fully
enclosed, other risk factors may also apply. For example, indoor CEA and hydroponic
operations that are not fully enclosed may encounter contamination issues arising from
animal intrusion.

Because hydroponic leafy greens and other produce are usually grown in partially or

fully enclosed buildings, the risk of contamination from some potential sources may be
removed or reduced (e.g., contamination arising from animal intrusion, manure use, and soil
contact). Research indicates some growers and consumers perceive hydroponically grown
produce to be safer than produce grown outside (Despommier, 2011; Lam et al., 2020;
Wang et al., 2020). This may result in too little emphasis on areas where risk remains

(e.g., raw material inputs, employee actions, tools, and equipment). Accordingly, it is
critical that CEA operations conduct regular assessments of potential sources and routes

of contamination including the sanitary quality of the raw materials and inputs used, and
the cleanliness and sanitation around their operations, as previously described by FDA (U.S.
Food and Drug Administration, 2022). By nature of CEA designs and typical practices,

the warm, moist environment specific to these operations can help support the ecology of
bacterial communities, including microbial pathogens often implicated in foodborne illness
outbreaks. Similarly, sprouts can present special concerns with respect to the proliferation
of human pathogens compared to other covered produce because of the warm, moist, and
nutrient-rich conditions required to produce sprouts (De Roever, 1998; National Advisory
Committee on Microbiological Criteria for Foods, 1999). Due to similarities in production
conditions, CEA and other hydroponic operations growing produce other than sprouts may
consider voluntarily choosing to follow the PSR standards in subpart M, which applies

to sprout production. The nexus between CEA and this multistate outbreak of Sa/monella
Typhimurium illnesses linked to packaged leafy greens demonstrate the importance of
CEA-specific produce safety practices in preventing foodborne illness outbreaks.

In 2018, FDA published a draft guidance document for industry, entitled “Draft Guidance
for Industry: Standards for the Growing, Harvesting, Packing, and Holding of Produce

for Human Consumption” to help covered farms comply with the requirements of the

PSR, which established science-based minimum standards for the safe growing, harvesting,
packing, and holding of produce. CEA and other hydroponic growers should consider this
draft guidance and evaluate their practices in light of this recent outbreak, and any other
identified risk factors, to determine whether their practices and procedures are sufficient to
prevent contamination of produce.

Conclusion

Epidemiologic, traceback, and laboratory evidence confirmed packaged leafy greens
produced at Farm A as the vehicle of Sa/monella Typhimurium infections among the 31

ill people in this outbreak; however, the initial source and route of the contamination were
not determined. This outbreak investigation demonstrated the potential for environmental
contamination in CEA hydroponic operations and the need to promote good agricultural
practices that would prevent environmental contamination at hydroponic CEA growers. CEA
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and other hydroponic growers should assess their operations to evaluate the adequacy of
their current food safety practices and procedures, and to consider if any additional controls
are necessary to prevent contamination of fresh produce grown indoors. Due to similarities
in production conditions, CEA and other hydroponic operations growing produce other than
sprouts may also voluntarily choose to adopt any appropriate sprout-specific standards of
Subpart M of the Produce Safety Rule.

Acknowledgments

The response efforts for this outbreak included numerous public health officials at local and state health
departments and public health laboratories in the United States, who serve as the backbone of any multistate
foodborne illness outbreak investigation. The assistance of state partners in Illinois and Wisconsin is especially
appreciated.

References

Andrews WH, Wang H, Jacobson A, & Hammack T (2018), Bacteriological Analytical Manual
(BAM) Chapter 5: Sa/monella. Available at: https://www.fda.gov/food/laboratory-methods-food/
bacteriological-analytical-manual-bam-chapter-5-salmonella Accessed 10 February 2020, 2020.

Bazaco MC, Viazis S, Obenhuber DC, Homola P, Shakir F, & Fields A, (2021). An Overview of
Historic Foodborne Iliness Outbreak Investigations Linked to the Consumption of Sprouts: 2012—
2020. Available at: https://www.food-safety.com/articles/7202-an-overview-of-historic-foodborne-
ilIness-outbreak-investigations-linked-to-the-consumption-of-sprouts-20122020 Accessed March
10, 2022.

Carstens CK, Salazar JK, & Darkoh C (2019). Multistate Outbreaks of Foodborne IlIness in the United
States Associated With Fresh Produce From 2010 to 2017. Frontiers in Microbiology, 10, 2667.
[PubMed: 31824454]

Crowe SJ, Green A, Hernandez K, Peralta V, Bottichio L, Defibaugh-Chavez S, Douris A,
Gieraltowski L, Hise K, La-Pham K, Neil KP, Simmons M, Tillman G, Tolar B, Wagner D,
Wasilenko J, Holt K, Trees E, & Wise ME (2017). Utility of combining whole genome sequencing
with traditional investigational methods to solve foodborne outbreaks of Sa/monella infections
associated with chicken: A new tool for tackling this challenging food vehicle. Journal of Food
Protection, 80, 654-660. [PubMed: 28294686]

Dankwa AS, Machado RM, & Perry JJ (2020). Sources of food contamination in a closed hydroponic
system. Letters in Applied Microbiology, 70, 55-62. [PubMed: 31660628]

Dankwa AS, Machado RM, & Perry JJ (2021). Sanitizer efficacy in reducing microbial load on
commercially grown hydroponic lettuce. Journal of the Science of Food and Agriculture, 101,
1403-1410. [PubMed: 32833277]

Davis S, Pettengill JB, Luo Y, Payne J, Shpuntoff A, Rand H, & Strain E (2015). CFSAN SNP
Pipeline: An automated method for constructing SNP matrices from next-generation sequence data.
PeerJ Computer Science, 1.

De Roever C (1998). Microbiological safety evaluations and recommendations on fresh produce. Food
Control, 9, 321-347.

Despommier D (2011). The vertical farm: Controlled environment agriculture carried out in tall
buildings would create greater food safety and security for large urban populations. Journal fir
Verbraucherschutz und Lebensmittelsicherheit, 6, 233-236.

Holvoet K, Sampers I, Seynnaeve M, Jacxsens L, & Uyttendaele M (2015). Agricultural and
management practices and bacterial contamination in greenhouse versus open field lettuce
production. International Journal of Environmental Research and Public Health, 12, 32-63.

Hosseinzadeh S, Verheust Y, Bonarrigo G, & Van Hulle S (2017). Closed hydroponic systems:
Operational parameters, root exudates occurrence and related water treatment. Reviews in
Environmental Science and Bio/Technology, 16, 59-79.

J Food Prot. Author manuscript; available in PMC 2023 September 11.


https://www.fda.gov/food/laboratory-methods-food/bacteriological-analytical-manual-bam-chapter-5-salmonella
https://www.fda.gov/food/laboratory-methods-food/bacteriological-analytical-manual-bam-chapter-5-salmonella
https://www.food-safety.com/articles/7202-an-overview-of-historic-foodborne-illness-outbreak-investigations-linked-to-the-consumption-of-sprouts-20122020
https://www.food-safety.com/articles/7202-an-overview-of-historic-foodborne-illness-outbreak-investigations-linked-to-the-consumption-of-sprouts-20122020

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

McClure et al.

Page 13

Irvin K, Viazis S, Fields A, Seelman S, Blickenstaff K, Gee E, Wise M, Marshall K, Gieraltowski L,
& Harris S (2021). An Overview of Traceback Investigations and Three Case Studies of Recent
Outbreaks of Escherichia coli O157:H7 Infections Linked to Romaine Lettuce. Journal of Food
Protection, 84, 1340-1356. [PubMed: 33836048]

Jones JB Jr, (2016). Hydroponics: A practical guide for the soilless grower. CRC Press.

Kaiser C, & Ernst M (2012). Hydroponic lettuce. University Of Kentucky College Of Agriculture,
Food and Environment.

Council to Improve Foodborne Outbreak Response. 2014, Guidelines for Foodborne Disease
Outbreak Response. Available at: https://cifor.us/downloads/clearinghouse/CIFOR-Guidelines-
Complete-third-Ed.-FINAL.pdf Accessed May 6, 2020.

KD Market Insights (2021), Controlled Environment Agriculture Market. Available
at: https://www.kdmarketinsights.com/product/2480/global-controlled-environment-agriculture-
market. Accessed December 9, 2021.

Khan FAA (2018). A review on hydroponic greenhouse cultivation for sustainable agriculture.
International Journal of Agriculture Environment and Food Sciences, 2, 59-66.

Lam KL, Kong WP, Ling PY, Lau TH, Ho KH, Lee FW, & Chan PL (2020). Antibiotic-Resistant
Bacteria in Hydroponic Lettuce in Retail: A Comparative Survey. Foods., 9.

Li Y, Zwe YH, Tham CAT, Zou Y, Li W, & Li D (2021). Fate and mitigation of Salmonella
contaminated in lettuce (Lactuca sativa) seeds grown in a hydroponic system. Journal of Applied
Microbiology.

Mull B, & Hill VR (2009). Recovery and detection of Escherichia coli O157:H7 in surface water,
using ultrafiltration and real-time PCR. Applied and Environmental Microbiology, 75, 3593-3597.
[PubMed: 19363065]

Mull B, & Hill VR (2012). Recovery of diverse microbes in high turbidity surface water samples using
dead-end ultrafiltration. Journal of Microbiological Methods, 91, 429-433. [PubMed: 23064261]

National Advisory Committee on Microbiological Criteria for Foods (1999). Microbiological
safety evaluations and recommendations on sprouted seeds. National Advisory Committee on
Microbiological Criteria for Foods. International Journal of Food Microbiology, 52, 123-153.
[PubMed: 10733245]

Nester R (2022). United States Hydroponics Market By Crop (Tomato, Microgreens, Lettuce and
Leafy Vegetables, Pepper, Cucumber, Marijuana, Strawberry and Others) — Industry Demand
Analysis & Opportunity Assessment 2017-2025. Available at: https://www.researchnester.com/
reports/united-states-hydroponics-market/1208. Accessed March 9, 2022.

Shamshiri R, Kalantari F, Ting K, Thorp KR, Hameed IA, Weltzien C, Ahmad D, & Shad ZM (2018).
Advances in greenhouse automation and controlled environment agriculture: A transition to plant
factories and urban agriculture.

Research GV (2021). Hydroponics Market Size, Share & Trends Analysis Report By Type (Aggregate
Systems, Liquid Systems), By Crops (Tomatoes, Lettuce, Peppers, Cucumbers, Herbs), By Region,
And Segment Forecasts, 2021-2028. Available at: https://www.grandviewresearch.com/industry-
analysis/hydroponics-market. Accessed March 9, 2022.

Shaw A, Helterbran K, Evans MR, & Currey C (2016). Growth of Escherichia coli O157:H7, Non-
0157 Shiga Toxin-Producing Escherichia coli, and Salmonellain Water and Hydroponic Fertilizer
Solutions. Journal of Food Protection, 79, 2179-2183. [PubMed: 28221949]

Shrestha A, & Dunn B (2010). Hydroponics Available at: https://shareok.org/bitstream/handle/
11244/50283/oksd_hla_6442 2010-03.pdf?sequence=1. Accessed.

Tarlak F, Johannessen G, Bascdn Villegas I, Bolivar A, Posada-lzquierdo GD, & Pérez-Rodriguez
F (2020). Modelling of the Behaviour of Sa/monella enterica serovar Reading on Commercial
Fresh-Cut Iceberg Lettuce Stored at Different Temperatures. Foods., 9.

U.S. Centers for Disease Control and Prevention (2021). Sa/monella Outbreak Linked to BrightFarms
Packaged Salad Greens. Available at: https://www.cdc.gov/salmonella/typhimurium-07-21/
index.html. Accessed December 9, 2021.

U.S. Food and Drug Administration (2021). BrightFarms Announces Voluntary Recall of Packaged
Salad Greens Sold in Illinois, Wisconsin, lowa and Indiana. Available at: https://Inks.gd/I/
eyJhbGciOiJlUzI1NiJ9.eyJidWxsZXRpbl9saW5rX2IkljoxMDEsInVyaSI6 ImJwMjpjbGljaylsimJ1

J Food Prot. Author manuscript; available in PMC 2023 September 11.


https://cifor.us/downloads/clearinghouse/CIFOR-Guidelines-Complete-third-Ed.-FINAL.pdf
https://cifor.us/downloads/clearinghouse/CIFOR-Guidelines-Complete-third-Ed.-FINAL.pdf
https://www.kdmarketinsights.com/product/2480/global-controlled-environment-agriculture-market
https://www.kdmarketinsights.com/product/2480/global-controlled-environment-agriculture-market
https://www.researchnester.com/reports/united-states-hydroponics-market/1208
https://www.researchnester.com/reports/united-states-hydroponics-market/1208
https://www.grandviewresearch.com/industry-analysis/hydroponics-market
https://www.grandviewresearch.com/industry-analysis/hydroponics-market
https://shareok.org/bitstream/handle/11244/50283/oksd_hla_6442_2010-03.pdf?sequence=1
https://shareok.org/bitstream/handle/11244/50283/oksd_hla_6442_2010-03.pdf?sequence=1
https://www.cdc.gov/salmonella/typhimurium-07-21/index.html
https://www.cdc.gov/salmonella/typhimurium-07-21/index.html
https://lnks.gd/l/eyJhbGciOiJIUzI1NiJ9.eyJidWxsZXRpbl9saW5rX2lkIjoxMDEsInVyaSI6ImJwMjpjbGljayIsImJ1bGxldGluX2lkIjoiMjAyMTA3MjEuNDM0OTE0MTEiLCJ1cmwiOiJodHRwczovL3d3dy5mZGEuZ292L3NhZmV0eS9yZWNhbGxzLW1hcmtldC13aXRoZHJhd2Fscy1zYWZldHktYWxlcnRzL2JyaWdodGZhcm1zLWFubm91bmNlcy12b2x1bnRhcnktcmVjYWxsLXBhY2thZ2VkLXNhbGFkLWdyZWVucy1zb2xkLWlsbGlub2lzLXdpc2NvbnNpbi1pb3dhLWFuZD91dG1fbWVkaXVtPWVtYWlsJnV0bV9zb3VyY2U9Z292ZGVsaXZlcnkifQ.Ol1dqM5f7zRvuThYYAT4OixrQAl4KkJfo2zpJ9rPUcs/s/1255640373/br/109664591759-l
https://lnks.gd/l/eyJhbGciOiJIUzI1NiJ9.eyJidWxsZXRpbl9saW5rX2lkIjoxMDEsInVyaSI6ImJwMjpjbGljayIsImJ1bGxldGluX2lkIjoiMjAyMTA3MjEuNDM0OTE0MTEiLCJ1cmwiOiJodHRwczovL3d3dy5mZGEuZ292L3NhZmV0eS9yZWNhbGxzLW1hcmtldC13aXRoZHJhd2Fscy1zYWZldHktYWxlcnRzL2JyaWdodGZhcm1zLWFubm91bmNlcy12b2x1bnRhcnktcmVjYWxsLXBhY2thZ2VkLXNhbGFkLWdyZWVucy1zb2xkLWlsbGlub2lzLXdpc2NvbnNpbi1pb3dhLWFuZD91dG1fbWVkaXVtPWVtYWlsJnV0bV9zb3VyY2U9Z292ZGVsaXZlcnkifQ.Ol1dqM5f7zRvuThYYAT4OixrQAl4KkJfo2zpJ9rPUcs/s/1255640373/br/109664591759-l

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

McClure et al.

Page 14

bGxldGluX2IkljoiMjAyMTA3MjEUNDMOOTEOMTEILCJ1cmwiOiJodHRwczovL 3d3dy5mZGE
uZ292L3NhZmV0eS9yZWNhbGxzLW1lhcmtldC13aXRozZHJIhd2FscylzYWZIdHktY WxlcnRzL2
JyaWdodGZhcm1zLWFubm91lbmNIcy12b2x1bnRhenktemVjYWxsLXBhY 2thZ2VKLXNhbGFk
LWdyZWWVucy1zb2xkLWIshGlub2lzLXdpc2NvbnNpbilpb3dhLWFuzZD91dG1fbWVkaXViPWV
tYWIsInV0bV9zb3VyY2U92292ZGVsaXZlcnkifQ.0l1dgM5f7zRvuThY YAT40ixrQAI4KkJfo2z
pJ9rPUcs/s/1255640373/br/109664591759-1. Accessed December 9, 2021.

Wang Y-J, Deering AJ, & Kim H-J (2020). The occurrence of shiga toxin-producing £. coliin
aquaponic and hydroponic systems. Horticulturae, 6, 1.

Wiedemann A, Virlogeux-Payant I, Chaussé AM, Schikora A, & Velge P (2014). Interactions of
Salmonellawith animals and plants. Frontiers in Microbiology, 5, 791. [PubMed: 25653644]

U.S. Food and Drug Administration (2021). Outbreak Investigation of
Salmonella Typhimurium: BrightFarms Packaged Salad Greens (July 2021).
Auvailable at: https://www.fda.gov/food/outbreaks-foodborne-illness/outbreak-investigation-
salmonella-typhimurium-brightfarms-packaged-salad-greens-july-2021. Accessed December 9,
2021.

U.S. Food and Drug Administration (2022). Factors Potentially Contributing to the Contamination
of Packaged Leafy Greens Implicated in the Outbreak of Sa/monella Typhimurium During
the Summer of 2021. Available at: https://www.fda.gov/food/outbreaks-foodborne-illness/factors-
potentially-contributing-contamination-packaged-leafy-greens-implicated-outbreak-salmonella.
Accessed February 24, 2022.

J Food Prot. Author manuscript; available in PMC 2023 September 11.


https://lnks.gd/l/eyJhbGciOiJIUzI1NiJ9.eyJidWxsZXRpbl9saW5rX2lkIjoxMDEsInVyaSI6ImJwMjpjbGljayIsImJ1bGxldGluX2lkIjoiMjAyMTA3MjEuNDM0OTE0MTEiLCJ1cmwiOiJodHRwczovL3d3dy5mZGEuZ292L3NhZmV0eS9yZWNhbGxzLW1hcmtldC13aXRoZHJhd2Fscy1zYWZldHktYWxlcnRzL2JyaWdodGZhcm1zLWFubm91bmNlcy12b2x1bnRhcnktcmVjYWxsLXBhY2thZ2VkLXNhbGFkLWdyZWVucy1zb2xkLWlsbGlub2lzLXdpc2NvbnNpbi1pb3dhLWFuZD91dG1fbWVkaXVtPWVtYWlsJnV0bV9zb3VyY2U9Z292ZGVsaXZlcnkifQ.Ol1dqM5f7zRvuThYYAT4OixrQAl4KkJfo2zpJ9rPUcs/s/1255640373/br/109664591759-l
https://lnks.gd/l/eyJhbGciOiJIUzI1NiJ9.eyJidWxsZXRpbl9saW5rX2lkIjoxMDEsInVyaSI6ImJwMjpjbGljayIsImJ1bGxldGluX2lkIjoiMjAyMTA3MjEuNDM0OTE0MTEiLCJ1cmwiOiJodHRwczovL3d3dy5mZGEuZ292L3NhZmV0eS9yZWNhbGxzLW1hcmtldC13aXRoZHJhd2Fscy1zYWZldHktYWxlcnRzL2JyaWdodGZhcm1zLWFubm91bmNlcy12b2x1bnRhcnktcmVjYWxsLXBhY2thZ2VkLXNhbGFkLWdyZWVucy1zb2xkLWlsbGlub2lzLXdpc2NvbnNpbi1pb3dhLWFuZD91dG1fbWVkaXVtPWVtYWlsJnV0bV9zb3VyY2U9Z292ZGVsaXZlcnkifQ.Ol1dqM5f7zRvuThYYAT4OixrQAl4KkJfo2zpJ9rPUcs/s/1255640373/br/109664591759-l
https://lnks.gd/l/eyJhbGciOiJIUzI1NiJ9.eyJidWxsZXRpbl9saW5rX2lkIjoxMDEsInVyaSI6ImJwMjpjbGljayIsImJ1bGxldGluX2lkIjoiMjAyMTA3MjEuNDM0OTE0MTEiLCJ1cmwiOiJodHRwczovL3d3dy5mZGEuZ292L3NhZmV0eS9yZWNhbGxzLW1hcmtldC13aXRoZHJhd2Fscy1zYWZldHktYWxlcnRzL2JyaWdodGZhcm1zLWFubm91bmNlcy12b2x1bnRhcnktcmVjYWxsLXBhY2thZ2VkLXNhbGFkLWdyZWVucy1zb2xkLWlsbGlub2lzLXdpc2NvbnNpbi1pb3dhLWFuZD91dG1fbWVkaXVtPWVtYWlsJnV0bV9zb3VyY2U9Z292ZGVsaXZlcnkifQ.Ol1dqM5f7zRvuThYYAT4OixrQAl4KkJfo2zpJ9rPUcs/s/1255640373/br/109664591759-l
https://lnks.gd/l/eyJhbGciOiJIUzI1NiJ9.eyJidWxsZXRpbl9saW5rX2lkIjoxMDEsInVyaSI6ImJwMjpjbGljayIsImJ1bGxldGluX2lkIjoiMjAyMTA3MjEuNDM0OTE0MTEiLCJ1cmwiOiJodHRwczovL3d3dy5mZGEuZ292L3NhZmV0eS9yZWNhbGxzLW1hcmtldC13aXRoZHJhd2Fscy1zYWZldHktYWxlcnRzL2JyaWdodGZhcm1zLWFubm91bmNlcy12b2x1bnRhcnktcmVjYWxsLXBhY2thZ2VkLXNhbGFkLWdyZWVucy1zb2xkLWlsbGlub2lzLXdpc2NvbnNpbi1pb3dhLWFuZD91dG1fbWVkaXVtPWVtYWlsJnV0bV9zb3VyY2U9Z292ZGVsaXZlcnkifQ.Ol1dqM5f7zRvuThYYAT4OixrQAl4KkJfo2zpJ9rPUcs/s/1255640373/br/109664591759-l
https://lnks.gd/l/eyJhbGciOiJIUzI1NiJ9.eyJidWxsZXRpbl9saW5rX2lkIjoxMDEsInVyaSI6ImJwMjpjbGljayIsImJ1bGxldGluX2lkIjoiMjAyMTA3MjEuNDM0OTE0MTEiLCJ1cmwiOiJodHRwczovL3d3dy5mZGEuZ292L3NhZmV0eS9yZWNhbGxzLW1hcmtldC13aXRoZHJhd2Fscy1zYWZldHktYWxlcnRzL2JyaWdodGZhcm1zLWFubm91bmNlcy12b2x1bnRhcnktcmVjYWxsLXBhY2thZ2VkLXNhbGFkLWdyZWVucy1zb2xkLWlsbGlub2lzLXdpc2NvbnNpbi1pb3dhLWFuZD91dG1fbWVkaXVtPWVtYWlsJnV0bV9zb3VyY2U9Z292ZGVsaXZlcnkifQ.Ol1dqM5f7zRvuThYYAT4OixrQAl4KkJfo2zpJ9rPUcs/s/1255640373/br/109664591759-l
https://lnks.gd/l/eyJhbGciOiJIUzI1NiJ9.eyJidWxsZXRpbl9saW5rX2lkIjoxMDEsInVyaSI6ImJwMjpjbGljayIsImJ1bGxldGluX2lkIjoiMjAyMTA3MjEuNDM0OTE0MTEiLCJ1cmwiOiJodHRwczovL3d3dy5mZGEuZ292L3NhZmV0eS9yZWNhbGxzLW1hcmtldC13aXRoZHJhd2Fscy1zYWZldHktYWxlcnRzL2JyaWdodGZhcm1zLWFubm91bmNlcy12b2x1bnRhcnktcmVjYWxsLXBhY2thZ2VkLXNhbGFkLWdyZWVucy1zb2xkLWlsbGlub2lzLXdpc2NvbnNpbi1pb3dhLWFuZD91dG1fbWVkaXVtPWVtYWlsJnV0bV9zb3VyY2U9Z292ZGVsaXZlcnkifQ.Ol1dqM5f7zRvuThYYAT4OixrQAl4KkJfo2zpJ9rPUcs/s/1255640373/br/109664591759-l
https://www.fda.gov/food/outbreaks-foodborne-illness/outbreak-investigation-salmonella-typhimurium-brightfarms-packaged-salad-greens-july-2021
https://www.fda.gov/food/outbreaks-foodborne-illness/outbreak-investigation-salmonella-typhimurium-brightfarms-packaged-salad-greens-july-2021
https://www.fda.gov/food/outbreaks-foodborne-illness/factors-potentially-contributing-contamination-packaged-leafy-greens-implicated-outbreak-salmonella
https://www.fda.gov/food/outbreaks-foodborne-illness/factors-potentially-contributing-contamination-packaged-leafy-greens-implicated-outbreak-salmonella

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

McClure et al.

Page 15

2 T people

I—
= 3-10
118

Figure 1.
Reported persons infected with the outbreak strain of Sa/monella Typhimurium (n = 31) by

the state of residence, United States, 2021.
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31) by

date of illness onset, United States, 2021. Some illness onset dates have been estimated from

other reported information
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Figure 3.
Traceback diagram for multistate outbreak of Sa/monella Typhimurium Ilinesses in the

United States linked to packaged leafy greens produced at a controlled environment
agriculture indoor hydroponic operation in 2021. Purchases of implicated products are
traced from the point of service, through the distribution chain, to distributors. Product
originated from the farm that is denoted on the right side of the diagram.
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Figure 4.
Phylogenetic analysis of whole genome sequence data from five Sa/monella Liverpool

isolates. Whole genome sequence data for five isolates (blue text) collected during the
investigation into an outbreak of Sa/monella Typhimurium were submitted to the genome
sequence repository maintained by the National Center for Biotechnology Information to
identify closely related isolates (black text). Sequence data were then analyzed with the
CFSAN SNP Pipeline.
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Figureb.

Phylogenetic analysis of whole genome sequence data from 17 Sa/monella Typhimurium
isolates. Whole genome sequence data for 17 isolates (blue text) collected during the
investigation into an outbreak of Sal/monella Typhimurium were submitted to the genome
sequence repository maintained by the National Center for Biotechnology Information to
identify closely related isolates (red text). Sequence data were then analyzed with the

CFSAN SNP Pipeline.
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