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Abstract

Leafy greens contaminated with Shiga toxin-producing Escherichia coli (STEC) have continued 

to cause foodborne illness outbreaks in recent years and present a threat to public health. An 

important component of foodborne illness outbreak investigations is determining the source of 

the outbreak vehicle through traceback investigations. The Food and Drug Administration is 

home to traceback investigation experts that employ a standardized process to initiate, execute, 

and interpret the results of traceback investigations in collaboration with the Centers for Disease 

Control and Prevention and state and local partners. Traceback investigations of three outbreaks 

of STEC infections linked to romaine lettuce in 2018 and 2019 were examined to demonstrate 

challenges, limitations, and opportunities for improvement. The three outbreaks resulted in a 

total of 474 illnesses, 215 hospitalizations, and five deaths. These illnesses were linked to the 

consumption of romaine lettuce from three distinct growing regions in Arizona and California. 

Some of the challenges encountered included the time it took to initiate a traceback, limited 

product-identifying information throughout the supply chain, lack of interoperability in record 

keeping systems, and co-mingling of product from multiple suppliers. These challenges led to time 

delays in the identification of the farm source of the leafy greens and the inability to identify the 

root cause of contamination. Implementation of technology enabled traceability systems, testing 

of these systems, and future regulations to incentivize adoption of traceability systems are some 

of the initiatives that will help address these challenges by improving traceback investigations and 

ultimately preventing foodborne illnesses and future outbreaks from occurring.
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INTRODUCTION

In the United States, vegetable row crops, which include leafy greens, are a frequent source 

of Shiga toxin-producing Escherichia coli (STEC) O157:H7 outbreak-related illnesses (10, 

12, 13). Leafy greens contaminated with STEC are a significant public health problem 

and were the source of 40 outbreaks in the U.S. and Canada during 2009-2018 (18, 29, 

31). Several factors may contribute to the contamination of leafy greens. These include, 

but are not limited to contamination at the farm level from the spread of animal feces 

via farm animals, wildlife, or rainwater runoff, contamination of irrigation water, or cross-

contamination during harvesting as well as at the processing level that may occur when a 

batch of product from a contaminated field on a farm is co-mingled with other batches of 

product (4, 16). As a result, contamination at one farm can cross-contaminate product from 

other farms when combined to make mixed salad products. This leads to complex outbreak 

investigations as there is an increased likelihood of multiple contaminated products being 

available for consumption. Given the well documented severity of STEC infections (14), 

the potential for clinical complications, and the fact that most leafy greens are commonly 

consumed raw, prevention strategies are important to minimize risk of contamination (38). 

However, once a foodborne illness outbreak does occur, rapid determination of the vehicle, 

its removal from the market, and identification of the contamination source are necessary 

to stop the ongoing outbreak and prevent future outbreaks. An important tool applied to 

achieve this goal is the traceback investigation. A traceback investigation is the process 

of reviewing product supply chain data to identify the source of food served or sold at a 

specific location, known as a point of sale (POS).

Key government agencies in the traceback investigation process reside at the local, state, 

and federal level. The Food and Drug Administration (FDA) is dedicated to investigating 

multistate foodborne illness outbreaks and serve as traceback investigation experts (36). 

The Centers for Disease Control and Prevention (CDC), state, and local public health 

and regulatory partners, routinely collaborate with FDA on traceback investigations as 

part of multistate foodborne illness outbreak investigations (8). The evidence produced 

by traceback investigations is used to complement epidemiologic and laboratory evidence 

collected during foodborne illness outbreak investigations and can help inform the use of 

appropriate public health and regulatory tools aimed at removing the contaminated food 

from commerce and protecting public health. A traceback investigation may be conducted 

for one, or more, of the following reasons: 1) to identify the source(s) and distribution of 

the suspected or confirmed food product and remove it from commerce, 2) to distinguish 

between two or more suspected food products, and 3) to assist in determining the potential 

route(s) and/or source(s) of contamination and prevent future illnesses and outbreaks. Some 

of the intricacies and challenges of traceback investigations in the U.S. have been previously 

presented within the context of guidance for public health investigators (8) and briefly 

described during various foodborne illness outbreak investigations through the years (17, 19, 

20, 25).

Traceback investigations are a critical component of any foodborne illness outbreak 

investigation and are especially important during outbreaks linked to produce, such as 

leafy greens, given the need to rapidly identify the product source(s), often without the 
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availability of product labeling. Leafy greens are a challenging commodity for traceback 

investigations partly because they are widely and frequently consumed, typically eaten 

raw, and have a short shelf-life (18). Leafy greens may be sold loose with no packaging 

or eaten at restaurants, situations that make it difficult for the consumer to identify the 

variety or brand. Furthermore, pre-packaged green salad mixes may be sold under multiple 

brands/labels, include multiple leafy green products from numerous farms grown on separate 

ranches/fields. Contamination at any one of those farms, ranches or processors can result 

in wide distribution of contaminated product in salad mixes. When traceback investigations 

identify a single source for a product or one of its ingredients, regulatory and public health 

actions can take place. In addition, work may be done to investigate the root cause of 

the contamination and implement appropriate corrective actions. Here we present the basic 

concepts and process used to initiate and execute traceback investigations, interpret the 

results used to inform public health and regulatory action, and discuss the limitations and 

challenges that characterize them, through the analysis of three recent outbreaks of STEC 

infections linked to leafy greens.

Traceback Investigations

Background.

Traceback investigations are used to determine and document the movement of food 

product(s) through the supply chain by following the food product back through the points 

of distribution, processing, and production to determine the source of the product and/or its 

ingredients. A traceback investigation involves many steps. These include: the analysis of 

epidemiologic information to select appropriate food exposures from ill persons to initiate 

traceback; contacting each point in the supply chain to obtain the correct available records; 

a complete document review of available records; and timely reporting of the results to 

investigational partners for regulatory decision-making. To understand how the traceback 

process works, it is important to become familiar with the use of certain terminology. 

The terms used in this paper to describe the traceback process are defined in Table 1. 

These definitions are intended to help understand the process and terminology used during 

traceback investigations; however, additional definitions may be available in other contexts, 

such as guidelines, regulations, or other resources.

Epidemiologic investigation.

Possible foodborne illness outbreaks can be detected through a variety of mechanisms, but 

in multistate foodborne illness outbreaks, they are most often detected by CDC through 

PulseNet, the national molecular subtyping network for foodborne disease surveillance (5). 

After an outbreak is detected, investigators in local and state health agencies (and CDC 

during multistate investigations) collect and/or analyze food histories through interviews of 

ill people to identify any common food exposures as well as POS locations from which 

traceback could be initiated. Information about the POS where food was purchased or served 

also assists in identification of illness sub-clusters. Local and state health officials work to 

obtain specific information about when and where ill people purchased or ate the food item 

of interest and determine if documentation of the exposure is available, such as shopper 

cards, loyalty cards, receipts, etc. A shopper or loyalty card is a card issued by a grocery 
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store/supermarket or chain restaurant, respectively, to a customer and is used to capture 

consumer purchase data. As a result, the purchase data from these cards are very helpful in 

epidemiologic investigations. Lastly, local and state officials may also conduct investigations 

to determine the potential for cross-contamination at the POS.

Selecting traceback illness sub-clusters.

Determining whether illness sub-clusters are suitable for traceback marks the starting point 

for a traceback investigation; it is one of the most critical steps of the process and can 

affect the outcome of the investigation (Table 1). FDA, with input from CDC, state, and 

local officials, determines which illness sub-clusters will be selected to begin the federal 

traceback. Typically, multiple illness sub-clusters are selected with the goal of representing 

both the geographic diversity of outbreak-associated illnesses and the time span of the 

outbreak period. The following criteria are considered when selecting illness sub-clusters 

for traceback initiation: 1) the bacteria cultured from the ill person is genetically closely 

related by whole genome sequencing (WGS) to the outbreak strain (i.e., not a variant strain), 

2) a reliable food history (or histories) is available for the ill person, 3) the ill person 

reported few, or preferably one, exposures to the suspect food prior to illness onset, which 

helps assure the correct food is pursued and the proper exposure is considered, and 4) 

verifiable purchase dates can be obtained, through receipts, loyalty cards, shopper cards, or 

other forms of documentation. The more ill people associated with an illness sub-cluster, 

the stronger the evidence that the contaminated product was sold at that specific POS. In 

practice, however, illness sub-clusters identified during outbreaks typically do not meet all 

the criteria noted above. In these instances, in an effort to move quickly and determine the 

source of the suspected food, illness sub-clusters with the best available information are used 

for traceback initiation. As noted elsewhere, the more illness sub-clusters that are included 

in a traceback investigation, the greater the level of confidence when a common supplier is 

identified (18).

Illness sub-clusters identified early in the traceback investigation serve as starting points 

for traceback investigations, and additional illness sub-clusters may be added throughout 

the investigation. In the absence of illness sub-clusters or in situations where additional 

traceback legs are needed, single case exposures may be considered for inclusion in the 

traceback investigation, especially if the ill person has a single exposure to the suspect food 

and can provide strong documentation for their food purchase or exposure. Food exposure 

data may not always be available for every ill person and therefore, not all persons within the 

overall foodborne illness outbreak cluster are included in the traceback.

Documentation collection and review.

Records from POS associated with illness sub-clusters and single case exposures that are 

included in the federal traceback are collected and thoroughly reviewed to determine the 

supply chain for the suspect food. Record collection is conducted by local, state, and federal 

officials. Local and state health officials may initiate a traceback by collecting records 

at the POS. Working collaboratively, when a POS is included in the federal traceback 

investigation, state and local officials share the previously collected information with FDA. 

This allows FDA to continue the traceback investigations for firms that may fall outside 
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of the jurisdiction of these local/state officials. In addition, this allows FDA to tie together 

information from multiple jurisdictions and begin the process of identifying convergence for 

the suspected food.

FDA conducts record collection through field assignments or information requests 

generated by the FDA Coordinated Outbreak Response and Evaluation (CORE) Network, 

collaboratively with the appropriate subject matter experts, which are submitted to field 

offices in the FDA Office of Regulatory Affairs (ORA) or the ORA Produce Safety 

Network. Based on actual or estimated dates of exposure to, or purchase of the suspect 

food, a timeframe of interest is established to scope the record collection. If records are 

available, they are provided to government officials in the form of paper records or pulled 

from electronic databases in the form of spreadsheets. Regulatory officials seek information 

on stock rotation or shortages, delivery frequency, and shelf-life of product (Table 2). 

Extensive investigations may take place along the supply chain to obtain information on 

each firm’s receipt, handling and/or processing of the food of interest by identifying the 

ordering, shipping and receiving, stock rotation, inventory, and preparation procedures while 

obtaining the appropriate records and documentation.

Data analysis.

FDA CORE conducts an analysis of the data available from the records and begins 

creating two documents that illustrate the traceback: a traceback timeline (Figure 1) and 

a traceback diagram (Figure 2). The timeline is a visual reference that illustrates the dates 

that correspond with each shipment of a food product during the specified timeframe of 

interest, at each level of distribution. Data elements may include date of shipment and 

receipt, quantity of product, lot code, batch code, addresses for shippers and receivers, 

product description, and any grower, harvester, and cooler information for the timeframe 

of interest. This information allows investigators to determine the shipments that most 

likely contained the contaminated product. In the example illustrated in Figures 1 and 2, 

the timeline shows that on May 18, an exposure to chopped romaine lettuce occurred at 

Steak House. Incoming shipment data and the frequency of shipments available at Steak 

House received from two distribution centers, XYZ Produce Distributors and Nations Foods 

Distribution can be visualized on the timeline. This visualization, along with information 

from the investigation about inventory management and stock rotation practices at Steak 

House, helps identify three shipments of interest from XYZ Produce Distributors that could 

have supplied the contaminated product to Steak House. These shipments are implicated 

for further investigation; information from records provided by XYZ Produce Distributors 

is also captured. This process continues until the origin of the food for each implicated 

shipment is identified. In this example, shipments of romaine lettuce from Zenith Fresh 

Processing at XYZ Produce Distributors are determined to be the shipments that could 

have supplied the contaminated product in the implicated shipments to the restaurant. 

Investigation of the implicated shipments during the timeframe of interest identifies that 

product at Zenith Fresh Processing was provided by a single farm, World Farms, with 

sources from three ranches (ATP, ZPT, and MO).
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Once these shipments of interest are identified, a traceback timeline and diagram 

are generated for each traceback leg to demonstrate the movement of the potentially 

contaminated product along the supply chain, from the POS back to its original source(s). 

Figure 1 shows the traceback timeline depicting the Steak House traceback leg. Figure 2 

shows the traceback diagram constructed from the traceback timeline to better visualize 

the product supply chain within this specific traceback leg. A master traceback diagram 

is generated by combining the traceback diagrams for each traceback leg to illustrate 

convergence across all traceback legs traced within the overall outbreak (Figures 3, 4, 5, 

and 6).

The completion of both the traceback timeline and diagrams can only be accomplished 

after the thorough review of data supplied during the record collection process. The records 

necessary for the food of interest often vary widely in terms of document types and formats, 

and levels of completeness. Records collected may or may not be able to link an outgoing 

shipment from one firm to an incoming shipment to another or link what was received 

at a firm to what was shipped out of the same firm. Given the variability in records 

received, subsequent follow up with a firm often occurs after the initial record collection 

to obtain clarity on the information provided. In the example noted above, neither Steak 

House nor XYZ Produce Distributors can determine which specific lot codes of product 

were available at Steak House on May 18, so an assessment is made based on timing of the 

shipment, inventory control, production documentation, and stock rotation practices. This 

assessment based on timing expands the scope of the traceback, requiring three shipments 

from Zenith Fresh Processing to be investigated, versus potentially one or two. While 

confidence in the traceback leg is not necessarily compromised based on these assessments, 

the lack of precision creates delays in the traceback process, as additional shipments must be 

investigated.

Traceback investigation outcomes and significance.

Traceback investigations are meant to identify potential convergence and are one way to 

identify a common source that can explain the food exposures reported by ill people 

in the illness sub-clusters or single case exposures selected for traceback. Epidemiologic 

analysis of food exposure data in foodborne illness outbreak investigations often generate 

a hypothesis that requires confirmation. Traceback investigations can provide the additional 

line of evidence needed to confirm a food source as the source of an outbreak that was 

suspected based on epidemiologic information. As a traceback investigation progresses, 

locations for microbiological sampling of foods and production and growing environments 

are identified, providing additional opportunities to confirm the hypothesis generated by 

the epidemiologic investigation. Traceback investigations can also assist in determining the 

scope of necessary recall actions, public health advisories, import alerts, or other actions 

to mitigate the risk of an ongoing foodborne illness outbreak. While traceback can identify 

the locations where contamination may have happened, further investigation is needed to 

determine how the contamination happened. Additional environmental investigations, using 

an array of investigational tools such as environmental assessments (28)(28)(28)(29), are 

necessary to further determine how contamination may have occurred. An environmental 

assessment is an investigation to learn what factors may have contributed to an outbreak 
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of foodborne illness or a food contamination event (28). These findings may help identify 

practices or conditions at the product source that may have led to the contamination event 

and inform the development of guidelines and policies aimed at minimizing the risk of 

future contamination and preventing foodborne illnesses. This may also lead to outreach and 

education efforts to industry and consumers and targeted food surveillance efforts.

Traceback is a major component of a foodborne illness outbreak response, but it is also 

important to emphasize that like all parts of the outbreak investigation process, it is in 

response to an event that is already happening or may even already be over. Amid an 

ongoing foodborne illness outbreak, the overall goal of traceback investigations is to reduce 

morbidity and mortality by removing contaminated food products from the market. Due to 

the need for rapid action to prevent additional illnesses, the retrospective nature of traceback 

investigations and the time needed to conduct them can pose limitations to their utility.

Traceback interpretation.

Traceback investigations are not a stand-alone tool in identifying the food causing a 

foodborne illness outbreak. As noted above, a suspected food item identified through the 

epidemiologic investigation can be confirmed with additional supporting microbiologic 

or traceback evidence (22). In rare circumstances, the epidemiologic data alone can 

be compelling enough to confirm a vehicle (e.g., when the brand information reported 

by ill people in interviews is so specific that it essentially amounts to providing both 

epidemiologic and traceback evidence of the food source). Foodborne illness outbreak 

investigations that lack microbiological evidence (e.g., isolating the outbreak strain from 

a food or environment sample) can still confirm a food as the source of the outbreak 

using epidemiologic and traceback investigation data, but both the epidemiologic data and 

traceback findings need to be conclusive. Generally, any food can be traced through a supply 

chain at any given time; therefore, it is important that only foods epidemiologically linked 

to case-patients and supplied within a certain timeframe of interest are traced during an 

outbreak investigation.

Determining the strength of evidence requires extensive analysis of large amounts of supply 

chain data. One way to determine the strength of the traceback is to assess characteristics 

about the level of convergence. The level in a supply chain at which convergence occurs has 

a direct impact on the interpretation of the strength of the finding. This is illustrated by the 

following example scenarios A and B in Figure 3.

In scenario A, three illness sub-clusters reported consuming salads containing romaine 

lettuce at three different POS. Traceback initiated at each POS identified a common 

distribution center. Convergence, in this instance, is at the distribution center level. This 

convergence may be an important lead but does not necessarily confirm that the distribution 

center is the source of the romaine contamination, given a distribution center typically 

moves the romaine between a farm and a POS without ever opening boxes or bags.

The complexity of the supply chain should also be considered. In the aforementioned 

scenario, each POS is supplied by the same distribution center, so it is not surprising that 
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they also received romaine lettuce from the same potential farms, but further investigation 

would be necessary to confirm which farm was the common source.

In scenario B, three POS were supplied by three different distribution centers, each with its 

own set of romaine farms in the supply chain. Finding a commonality across these three 

traceback legs at the farm level improves confidence in the identification of Farm 2 as the 

source. This type of convergence, paired with strong epidemiologic data, can confirm the 

source of an outbreak, absent microbiological confirmation from a product or environmental 

sample.

Convergence identified by analysis of supply chain data (such as a single contaminated field 

or ranch of romaine lettuce or a single processor of mixed greens bagged salad) provide the 

opportunity to target investigational resources; however, further investigation and sampling 

may be needed to confirm the convergence as a contributor to the outbreak. Identifying 

convergence is extremely time-intensive and often hinders the ability of public health 

professionals to complete traceback investigations before the outbreak is over, particularly 

for products like leafy greens, when short shelf-life, rapid turnover at the POS, and 

epidemiologic limitations further hamper timeliness (18, 27). Typically, leafy green harvest 

and distribution have been completed before the implicated ranch can be identified (24). If 

an implicated ranch is identified and an on-farm investigation takes place, even in instances 

when the outbreak strain is identified in the environment, determining the source or route of 

contamination when the event took place in the past is an ongoing challenge. This is due to 

several limitations, the most notable of which is that the contamination event(s) took place in 

the past and the ranch may have moved on to growing or harvesting other crops or is not in 

production at that time (9, 23).

Three Case Studies of Recent Foodborne Illness Outbreaks of Escherichia 

coli O157:H7 Infections Linked to Romaine Lettuce

As described above, the process to initiate, execute, analyze, and take public health actions 

based on the results of traceback investigations can be complicated and time-intensive, 

but highly consequential in determining the direction of a foodborne illness outbreak 

investigation. To illustrate this process, we present an overview of three case studies of 

recent foodborne illness outbreaks of STEC infections linked to romaine lettuce from the 

Yuma, Santa Maria, and Salinas growing regions, referred to hereafter as the Spring 2018, 

Fall 2018, and Fall 2019 outbreaks, respectively. A summary of the epidemiologic and 

traceback information for the three outbreaks is provided in Table 3. It is important to 

note that generally, in the U.S., from May to November, most romaine lettuce shipments 

come from California, while from December to April, most come from Arizona (1). All 

three of these foodborne illness outbreaks occurred towards the end of each region’s 

production season. These outbreaks accounted for a total of 474 ill persons that required the 

mobilization of a vast number of public health professionals at the local, state, and federal 

level to protect public health. Additionally, these three outbreaks traced back to a total of 45 

farms and 84 ranches, based on U.S. illness sub-clusters and single case exposures that were 

selected for traceback.
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Spring 2018 outbreak.

Starting in April 2018, FDA, CDC, and state partners investigated a multistate foodborne 

illness outbreak of Escherichia coli O157:H7 infections. Ultimately, 240 people infected 

with the outbreak strain were reported from 37 states, 104 people were hospitalized, 28 

people developed Hemolytic Uremic Syndrome (HUS), and five deaths were reported. In 

response to this foodborne illness outbreak investigation, consumers were warned not to 

consume romaine lettuce grown in the Yuma growing region (comprised of growing areas 

in Yuma, Arizona and Imperial Valley, California) while the foodborne illness outbreak was 

investigated. The traceback investigation was able to identity multiple farms and ranches 

that converged in the Yuma growing area, leading to the initiation of an environmental 

assessment. Water samples collected from an irrigation canal surrounding several ranches 

identified by the traceback in the region yielded the outbreak strain of STEC O157 (2). 

Details of the outbreak findings have been reported elsewhere (2, 6, 29, 30).

The traceback investigation served a dual-purpose in this foodborne illness outbreak 

investigation. First, early traceback findings assisted public health officials in generating 

messaging to inform the public where the contaminated romaine was generally grown. 

Second, more definitive traceback findings assisted in identification of Global Positioning 

System (GPS) mapped ranches which led to an environmental assessment, allowing 

investigators to focus resources on targeted areas. This approach led to successful isolation 

of the outbreak strain in canal water, a finding that has spurred much research and discussion 

about future prevention strategies (32).

Initiation of the federal traceback investigation occurred prior to the illnesses being 

confirmed as part of an outbreak by CDC PulseNet. The New Jersey Department of Health 

identified a surge in reports of E. coli O157:H7 infections, and quick action by the state 

health officials led to early identification of a common national restaurant chain as the first 

illness sub-cluster (POS A-1 – POS A-8; Figure 4). Analysis of food exposure data and 

loyalty card information led to the identification of the POS locations, meal dates, and the 

suspect ingredient, which were subsequently shared with the national chain headquarters. 

Equipped with that information, ingredient analysis of menu items reported by the ill 

individuals identified romaine lettuce as the common ingredient across the meal items 

reported. Additional follow up with the national chain’s romaine lettuce processor occurred 

(Processor A; Figure 4), and preliminary supply chain information was provided to the 

FDA electronically within approximately two days. These electronic records captured the 

following information at each point in the supply chain: receiver name, supplier name, 

date of shipment, sell by date, quantity shipped, product name, sales order number, and 

customer list. In addition, manufacturing lot code information was provided for outgoing 

shipments from the processor to the distribution centers; however, lot code information 

was not further documented from the distribution center to the POS. While information 

for the 10 case-patients included in the illness sub-cluster linked to the national chain was 

collected, additional traceback information from the POS for other illness sub-clusters was 

concurrently analyzed. Early receipt of this information in an electronic format provided the 

ability to determine the Yuma growing region as the source of romaine lettuce to multiple 

illness sub-clusters.
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After the early identification of the region of interest, the traceback investigation continued 

to expand. Additional traceback legs were added to the investigation, including a traceback 

leg identifying an institution (POS B; Figure 4) that received whole head romaine lettuce 

supplied by a single farm (Farm D; Figure 4). While this farm was not identified as the 

common source across the overall outbreak, identifying a sole supplier for this illness 

sub-cluster significantly aided FDA’s ability to focus the ensuing environmental assessment 

in the Yuma growing region.

The traceback investigation determined that romaine lettuce was supplied to all POS through 

17 distributors and three processors (Figure 4). Except for the whole head romaine lettuce 

supplied to POS B, all romaine lettuce was co-mingled. Romaine lettuce from six farms 

(Farms A, B, C, E, I, and J; Figure 4) and Ranch O was co-mingled at Processors A, B and 

C; while the remaining six farms co-mingled romaine lettuce from multiple ranches prior to 

distribution. Overall, the traceback investigation identified nine traceback legs comprised of 

23 POS representing 44 case-patients. Romaine lettuce consumed at the POS were sourced 

from 12 farms receiving leafy greens from 26 ranches identified across the Yuma growing 

region. Co-mingling and lack of lot coding information prevented further narrowing of the 

number of farms and ranches identified.

Fall 2018 outbreak.

Starting in November 2018, FDA, CDC, and state partners began investigating a multistate 

foodborne illness outbreak of Escherichia coli O157:H7 infections detected by CDC 

PulseNet. Ultimately, 62 people infected with the outbreak strain were reported from 16 

states and the District of Columbia, 23 people were hospitalized, two people developed 

HUS, and no deaths were reported. In response to this foodborne illness outbreak, 

consumers were initially warned not to eat any romaine lettuce on the market (21). As 

the investigation continued, the advice to consumers was ultimately narrowed to only avoid 

romaine lettuce from three California counties including the Santa Maria growing region. An 

on-farm investigation conducted at one of the farms identified in the traceback revealed the 

presence of the outbreak strain of E. coli O157:H7 in sediment from a reservoir. Details of 

the outbreak findings have been reported elsewhere (31, 33).

Although romaine was a suspect vehicle initially, CDC and state health departments could 

not rule out hummus at the start of the investigation. Traceback of both romaine lettuce and 

hummus was initiated for illness sub-clusters reporting salad exposures at local restaurants, 

as well as purchase information from regional grocery stores. Additional epidemiological 

data collected by local and state officials ruled out hummus as a suspect food, and CORE 

worked with state partners to continue traceback efforts on romaine lettuce.

The traceback investigation allowed government officials to narrow the scope of the public 

health warning from all romaine lettuce on the market to specifically romaine lettuce grown 

in three California counties that make up the Santa Maria growing region: Monterey, San 

Benito, and Santa Barbara. Second, the traceback investigation allowed federal and state 

partners to focus on-farm investigational resources to certain farms and ranches that supplied 

product to multiple POS. As noted above, one of these investigations led to the successful 
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isolation of the outbreak strain from an agricultural water reservoir, a finding that led to 

follow up investigations (31).

Records received ranged from electronic spreadsheets linking sold product to purchased 

product and farm information to photocopies of hand-written receipts with only the 

immediate supplier name and total amount of romaine purchased and price during the 

timeframe of interest. Records from four local restaurant illness sub-clusters (POS A, B, 

C, E; Figure 5) were hand-written or were paper documents that contained limited data 

on the source of romaine coming into the facilities during the timeframe of interest. From 

these paper records, investigators were only able to discern the amount of romaine that was 

billed to the POS on a specific day by a specific vendor, resulting in a time intensive and 

step-wise record collection process through the supply chain to obtain grower information 

for the potential shipments. All restaurants were supplied by different wholesale produce 

terminal markets (Distributors B, H, J, K, M; Figure 5). Records from two grocery store 

chains (POS D & F; Figure 5) were obtained in sortable spreadsheets, however only one of 

the distributors (Distributor E; Figure 5) was able to link incoming shipments with lettuce 

supplied to the store. Without a common identifier of product linking back to a farm or 

ranch, FDA, in collaboration with state partners, attempted traceback record collection at 

over 30 firms to identify the farms and ranches where the romaine was sourced. As more 

information was obtained and reviewed, the scope of the public warning was narrowed.

The final FDA traceback investigation, completed with assistance from local and state 

officials, comprised of six POS representing eight case patients, and identified 13 

distributors and 17 farms. A total of 15 ranches were identified in Santa Barbara (Ranches 

A, D, E, I, and O; Figure 5), Monterey (Ranches B, C, G, H, J, K, L, M, and N; 

Figure 5) and San Benito (Ranch F; Figure 5), California counties within the Santa Maria 

growing region as potentially supplying romaine lettuce to the POS identified by ill persons 

during the timeframe of interest. FDA and state partners conducted sampling and on 

farm investigations at multiple ranches identified in the traceback investigation. Only one 

investigation yielded a sample with the outbreak strain (Farm D, Ranch D; Figure 5). The 

sample collected was sediment of an on-farm water reservoir used by the farm. Identification 

of the outbreak strain in a single environmental sample does not show how products from 

the farm became contaminated, as reported elsewhere, in detail (33). During the timeframe 

of interest, Ranch D supplied the leafy greens to two POS (POS B and C; Figure 5). While 

no single entity could account for all illnesses in the outbreak, the traceback investigation 

was successful in identifying a farm where the outbreak strain was found.

Fall 2019 outbreak.

Starting in November 2019, FDA, CDC, and state partners investigated a multistate 

foodborne illness outbreak of Escherichia coli O157:H7 infections. Ultimately, 172 people 

infected with the outbreak strain were reported from 28 states, 88 people were hospitalized, 

16 people developed HUS, and no deaths were reported. In response to this foodborne 

illness outbreak, consumers were warned not to consume romaine lettuce grown in 

the Salinas Valley growing region, in California, while the outbreak was investigated. 

Microbiological data played a key role in this outbreak. By the end of the investigation, 
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the outbreak strain was detected from two separate romaine products and was also found in 

the environment close to where those leafy greens were grown. Details of the outbreak have 

been described elsewhere (7, 34, 37). During this foodborne illness outbreak investigation, 

FDA, CDC, and state partners were also responding to two other concurrent foodborne 

illness outbreaks of E. coli O157:H7 linked to leafy greens that were not related to isolates 

in this outbreak by WGS (15, 33, 40). The traceback investigation for the larger multistate 

outbreak is described below; but it is important to mention the additional outbreaks because 

they also traced back to the Salinas Valley growing region and follow up field investigations 

were planned with information from all three outbreak investigations.

Prior to identifying an outbreak vehicle for the multistate investigation, Wicomico County 

Health Department in Maryland collected, and the Maryland Department of Health tested, 

an intact prepackaged salad product that was reported by ill persons in their state purchased 

from various locations of the same chain of grocery stores (POS A-1, A-2, A-3; Figure 

6). The romaine lettuce component of the salad yielded the outbreak strain of E. coli. This 

finding prompted a traceback of the romaine lettuce used in that production lot, resulting 

in the identification of three farms and four ranches (Farms A, B, and C; Ranches A, B, 

M, and N; Figure 6). Later in the investigation, a second intact prepackaged salad that was 

purchased from POS C (Figure 6) was tested by the Wisconsin Department of Agriculture, 

Trade and Consumer Protection, Bureau of Laboratory Services and yielded the outbreak 

strain of E. coli. Traceback of this production lot identified two farms and four ranches 

(Farms A and F, Ranches C, D, K, and U; Figure 6). The traceback investigation determined 

that romaine lettuce in prepackaged salad collected in these two states was sourced from a 

common farm, but no common ranches.

As information was collected on the Maryland-collected sample that yielded the outbreak 

strain, illness sub-clusters and single case exposures across multiple states reporting romaine 

consumption were identified for traceback. While having two product samples that yielded 

the outbreak strain with lot codes were critical findings, these products and the ranches 

that supplied them could not explain all the illnesses in the outbreak and the case count 

continued to increase. Additional illness sub-clusters and single case exposures (POS B, D, 

E, F, and G; Figure 6) were traced with the goal of learning more about the potential source 

of contamination.

As with the Spring 2018 outbreak linked to romaine lettuce from the Yuma growing 

region, this traceback investigation played two important roles. First, information obtained 

by state partners early in the traceback investigation, including farm level data for the 

romaine contained in the products that yielded the outbreak strain, allowed public health 

officials to quickly generate public messaging to inform consumers on what foods from 

which growing region to avoid, to prevent further illnesses. This public messaging was 

further enhanced by a voluntary, industry-led labeling initiative specifying the growing 

region where romaine lettuce was sourced displayed on consumer packages (41). Second, 

the traceback identified farm and ranch locations that were targeted for onsite follow-up. 

Multiple on-farm investigations occurred during late 2019 and early 2020 which ultimately 

led to finding the outbreak strain in a cattle fecal-soil composite sample taken less than 

two miles from a farm identified in the traceback investigation (37). This finding may be 
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useful in learning more about how contamination happened in this event and how future 

contamination may be prevented when growing produce.

The romaine products that were ultimately sold at the 15 POS went through 14 distributors 

(Distributors A-N; Figure 6) and four processing facilities (Processors A-D, Figure 6). The 

traceback investigation identified 13 domestic romaine farms (Farms A-M, Figure 6) and 40 

individual ranches (Ranches A-AN, Figure 6) that supplied romaine to the identified POS 

during the timeframe of interest. Three Mexican farms and ranches (Farms N-P, Ranches 

AO-AQ; Figure 6) also supplied romaine to one distributor (Distributor N; Figure 6) during 

the timeframe of interest. Although no single farm was identified that could explain all 

POS traced, a farm (Farm A; Figure 6) was identified as supplying romaine lettuce to all 

POS except POS-F. This includes the two POS associated with the products that yielded the 

outbreak strain (POS A (1–3), C; Figure 6). The romaine supplied by Farm A was sourced 

from 13 different ranches.

Challenges Encountered During Traceback Investigations Linked to Leafy 

Greens

Initiation of traceback.

One challenge encountered during these traceback investigations has been the availability 

of epidemiologic information necessary for the initiation of the process. Public health and 

regulatory bodies rely on information provided by ill people to identify a suspect food 

source and initiate traceback. Food histories from ill people are obtained through interviews, 

often weeks or more after initial consumption of contaminated product which may result 

in poor recall (8, 19). Some consumers impacted by the foodborne illness outbreak may be 

children, seriously ill, or deceased, and in these situations the food history must be provided 

by another person, introducing additional uncertainty. Furthermore, not all ill people in 

outbreaks can be reached for an interview. When ill people are reached, providing food 

histories to public health officials is a voluntary process and, in some instances, ill people 

decline to participate. Relying on an ill person’s recollection of leafy greens in particular, 

where important details like types of leafy greens consumed or brand information is often 

forgotten or unknown but critical to both the epidemiologic and traceback investigation, can 

be a significant challenge (18). Additionally, multiple instances of leafy greens consumption 

are often reported by a single patient throughout the exposure period, making it difficult to 

determine which food exposure caused illness.

The case studies noted above describe traceback investigations linked to the same 

commodity that were initiated under three different circumstances due to the variability 

in early exposure data. For the Spring 2018 outbreak (Figure 4), early identification of an 

illness sub-cluster of a chain restaurant (POS A; Figure 4) with a loyalty card program 

assisted public health and regulatory officials in noting the specific type of salads consumed 

by the ill individuals, purchase locations, and dates of purchase, allowing for scoping of 

additional record requests from the restaurant’s supplier. In contrast, for the Fall 2018 

outbreak, public health and regulatory officials relied on information provided by ill persons 

about the types of salads and menu items they recalled consuming at predominantly small, 
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independently owned restaurants. For the Fall 2019 outbreak, bagged salads purchased at 

retail chains were the predominate exposure, but limited recollection of specific brands/types 

of bagged salad and/or multiple exposures or purchases of several brand/types of bagged 

salad by case-patients created challenges in scoping record requests for suppliers. In some 

instances, the data collected from shopper card records did not match the information 

reported by case-patients. Without specific purchase information, extensive amounts of 

data were requested covering multiple products across broad timeframes, which resulted in 

delays in receiving the information of interest and required more time for data analysis, 

both of which contributed to delays in the traceback investigation. Purchase information 

from case-patient shopper cards, when available, were essential in helping to narrow the 

list of food of interest and dates purchased. While shopper cards and other loyalty cards 

do not provide lot code information, they do assist in verifying purchases and providing 

important information like brand and type of product and purchase date, which are often not 

reported/recalled by ill people.

Product-identifying information through the supply chain.

For most products, especially leafy greens and other fresh produce, product-identifying 

information, such as lot codes, product descriptions, and other product identifiers, created 

at the time of entry into the supply chain is not typically maintained. For example, romaine 

lettuce harvested from a ranch on a specific date may be assigned a unique lot code; 

but, as that romaine shipment moves through the supply chain and is processed, lot code 

data either changes or is lost. Facilities, such as distribution centers, tend to assign new 

product identifiers and lot codes based on their own internal traceability systems without 

capturing and cross referencing the information from the source. Most frequently, lot code 

traceability is lost as product moves between a distribution center and a POS because it 

is not maintained or recorded at that point in the supply chain. This can be problematic 

because key information about the source of the product may no longer be available at the 

POS, further lengthening the time it takes to determine potential sources of contaminated 

products. Most traceback investigations are initiated from information at the POS; lack of 

availability of product identifying information requires investigators to take a step by step 

approach to product tracing, rather than being able to trace directly to points in the supply 

chain where contamination may have occurred.

Lack of product-identifying information at the POS level prevents traceback investigations 

from focusing on key shipments, and instead requires investigators to trace all potential 

products that could have been available at the POS from the distribution center or other 

supplier in the timeframe of interest. For example, a POS identified by a traceback 

investigation may receive romaine lettuce from a single distribution center. Product 

identifying information, such as lot codes, may not be maintained on the incoming shipment 

reports at the POS or the outgoing shipment reports from the distribution center. Since the 

traceback data available cannot be used to determine which lot codes went to the specific 

POS, all incoming romaine shipments to the distribution center in the timeframe of interest 

must be traced back. Identifying shipments of interest based on time captures too many 

lot codes that were received by the POS, and can even capture lot codes that never made 

it to the POS. For example, if a distribution center received fifty lot codes of romaine 
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lettuce in the timeframe of interest, investigators must now initiate traceback on each of 

those shipments to try and identify potential sources of the contaminated romaine, because 

the specific lot codes received by the POS cannot be identified. The inclusion of these 

additional lot codes dilutes the potential for convergence by identifying farms that may 

have had no role in the actual product that was available at the POS. Implicating numerous 

shipments further slows the tracing process, requiring additional time for unnecessary record 

collection from firms along the supply chain that may not have supplied contaminated 

product. This ultimately impacts the timing to perform on-farm investigations and effectively 

scope product action. As a result, product action is broadened to ensure protection of public 

health.

In each foodborne illness outbreak noted above, lot code data was not available at the POS, 

with the sole exception being the Fall 2019 outbreak where lot code data was identified on 

the package of an intact product obtained from an ill person that yielded the outbreak strain. 

For products where lot codes were available, the entire supply chain was identified within 

24 hours or less as compared to POS data where no lot code information was available, 

and identification of the entire supply chain took between 5 to 25 days. In the Spring 2018 

outbreak, some supply chain information from the restaurant chain was quickly available 

and a processor was immediately identified; but, because no production lot codes were 

maintained at POS A (Figure 4), purchase orders from POS A were provided to Processor 

A to help implicate production lots and identify specific romaine suppliers. For this single 

traceback leg (Figure 4), there were approximately 12 production lots (1.8 million pounds) 

available from Processor A in the timeframe of interest that were traced back, resulting 

in the identification of two farms. In the Fall 2018 outbreak, lack of lot code information 

available at each POS delayed traceback, extending the need for a broadly scoped consumer 

warning.

Record-keeping issues.

Supply chain information is maintained in a wide variety of ways across industry. As 

most establishments utilize inventory management and procurement systems to fulfill 

present record-keeping requirements, records produced by these systems, whether paper 

or electronic, must be analyzed and interpreted along each step of the supply chain. Paper 

records are typically sent by electronic platforms in portable document format (pdf) or as 

scanned copies. However, depending on the quantity of records collected, in some situations, 

physical copies of the paper records are mailed for review; creating significant delays in the 

traceback investigation. Firms with more advanced tracing systems can provide their data in 

electronic format, such as sortable spreadsheets.

Dates, product descriptions, product codes, lot codes, and other fundamental data elements 

important to traceback are not universally defined, further complicating how the information 

is passed and interpreted along the supply chain. For example, in the Fall 2018 outbreak, 

some addresses on bills of lading from suppliers were post office boxes or residences for the 

shipper, broker, or delivery service, not the location that the actual product was shipped from 

or grown. In at least one traceback leg, this led to a delay of 13 days to locate the owner 
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and obtain information on the source of the romaine, which further delayed decisions on 

advisories that warned consumers about which products to avoid.

Outside of record interpretation issues, some firms continue to maintain poor records. 

FDA’s existing food traceability recordkeeping regulation (set forth in 21 CFR Part 1, 

Subpart J), adopted in 2004 in accordance with section 414 of the Federal Food, Drug, 

and Cosmetic Act (added as part of the 2002 Bioterrorism Act), requires firms to know 

and record the immediate previous sources of their food products and ingredients and 

the immediate subsequent recipients of the products they make and/or distribute (“one 

step back and one step forward”) (26). While this regulation is incredibly important for 

traceback investigations, some POS, such as restaurants and retail locations, are exempt 

from the requirement. This gap in legal requirement has made it particularly difficult for 

foodborne illness outbreak investigations since many tracebacks rely on initiation from these 

exempted POS. In many cases, limited information or poor record-keeping has prevented or 

delayed initiation of the investigation. For example, in the Fall 2018 outbreak, a distributor 

(Distributor L; Figure 5) provided records, which included hand-written receipts of product 

sold to a customer, and an official memo stating the supplier was a farm (Farm F; Figure 5) 

with a PO box located in an area other than the harvesting farm.

Poor records can lead to dead ends when they are of poor quality and difficult to decipher, 

or can represent false information due to human error and lead the investigation in the wrong 

direction (3). For example, during the Fall 2018 outbreak response efforts, growers had 

maintained records to link sales to harvest locations and dates with lot and brand information 

for whole head romaine lettuce. However, after being sold through two or three distributers, 

some POS received hand-written receipts identifying only the type of lettuce, quantity, and 

price. As a result, the information collected from the “one step back and one step forward” 

record keeping requirement for the supply chain was inadequate in this instance, created 

delays in identifying a growing region for the product, and subsequently led to the sweeping 

consumer recommendations on which products to avoid.

Co-mingling.

For commodities such as romaine and other leafy greens, certain industry practices create 

challenges for traceback investigations. Co-mingling of product from multiple suppliers 

into a re-packaged product is a key challenge faced in leafy-green tracebacks. A single 

production lot of bagged romaine likely contains romaine lettuce sourced from multiple 

farms and/or fields. This complicates traceback investigations because the need to traceback 

several production lot codes coupled with numerous farms and fields supplying each lot 

can result in the identification of many end points, making it difficult to determine a 

contamination source. During the Fall 2019 outbreak response efforts, a sample that yielded 

the outbreak strain collected from a bagged salad mix identified by Maryland state partners 

allowed government officials to provide a specific production code to industry for tracing. 

While this led to the rapid identification of the supply chain for the product, the result was 

the implication of four different ranches from multiple farms, rather than just one ranch. 

Similarly, the Spring 2018 outbreak traceback investigation led to a processor who used 
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romaine lettuce sourced from two farms and twelve ranches during the timeframe of interest, 

preventing linkage of a single source to a single production lot.

Using multiple suppliers in a single production lot increases the number of end points 

identified in the traceback investigation and the scope of the impact of contaminated 

product. The end points of traceback investigations in outbreaks caused by contaminated 

romaine lettuce are the fields where product was grown and the likely source of STEC 

contamination. When multiple fields are identified, determining which field to allocate 

on-farm investigational resources becomes challenging. The more fields that are identified 

by the traceback, the less likely investigators can narrow which fields contributed to the 

contamination, and thereby prevent the completion of an environmental assessment. When 

the root cause of these foodborne illness outbreaks is not understood, little can be done to 

prevent recurrences.

Opportunities for Improvement and the Future of Traceback Investigations

In the last few years, numerous outbreaks of STEC infections linked to leafy greens have 

resulted in expansive advisories to not eat, serve, or sell either all romaine lettuce or all 

romaine lettuce grown in a region (29, 31). One reason for these broad advisories is a lack of 

uniform data collection across the supply chain. While the traceback activities successfully 

identified farms that could have supplied affected product during the timeframe of interest 

for the case studies, more can and should be done to improve the process to make these 

investigations more rapid and precise. More rapid traceability systems can help prevent 

illnesses by more quickly identifying the distribution of the contaminated product and aiding 

in more narrow public health advisories and recalls. More precise systems can enhance the 

ability to identify which farms actually supplied the contaminated product and increase the 

likelihood of root cause identification. Three key initiatives underway at FDA to address 

challenges with traceback investigations are the 2020 Leafy Green STEC Action Plan, 

development of new regulations under the Food Safety Modernization Act (FSMA) Section 

204, and the New Era of Smarter Food Safety (35, 39).

The 2020 Leafy Green STEC Action Plan.

Repeated foodborne illness outbreaks of STEC infections linked to leafy greens has led the 

FDA to develop the 2020 Leafy Green STEC Action Plan (35), which seeks to advance 

work in prevention, response, and knowledge gaps concerning STEC contamination of leafy 

greens. Specific to challenges identified during recent outbreak investigations, the plan 

calls for FDA to work with retailers and government partners to improve how shopper 

card data is requested and shared during outbreak response efforts. The creation of data 

sharing templates to standardize information shared between retailers and government could 

streamline the fulfillment of traceback data needed from consumer purchases. The plan also 

calls for the promotion of tech-enabled traceability, spearheaded by the development of pilot 

studies to test the interoperability of tracing systems across the supply chain, such as a 

recently published pilot study on leafy green traceability (11).
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Food Safety Modernization Act Section 204(d)(1) – Proposed Rule for Food Traceability.

FSMA 204(d)(1) seeks to establish the framework of information required to trace specific 

foods across the U.S. food supply chain. This would be accomplished by establishing a 

consistent approach for product tracing and defining the fundamental key data elements 

that firms must establish, maintain, and share with downstream customers in their supply 

chain. Establishment of the regulation will help provide a basis for consistent traceback 

terminology, an opportunity for electronic record-keeping, and a universal understanding of 

required key data elements. These improvements to existing record-keeping regulations will 

assist in building the foundation needed for rapid, interoperable tracing systems for specific 

commodities.

The New Era for Smarter Food Safety Blueprint.

FDA has developed a strategic blueprint that outlines how FDA will leverage technology, 

and other tools, to create a more digitally traceable and safer food system (39). One of 

the core elements identified in this blueprint is the need for tech-enabled traceability. This 

includes the need to develop the foundational components of tracing by standardizing 

critical tracking events and key data, allowing for interoperability and harmonization across 

the system. In addition, this element recognizes the need to encourage and incentivize 

industry adoption of new technologies. Finally, this challenges FDA to leverage the digital 

transformation to improve the use of digital traceability system in outbreak investigation 

and recall protocols. The New Era for Smarter Food Safety lays out a vision for the future 

of food traceability. FSMA Section 204(d)(1) is a key tool in laying the foundation for 

terminology and interoperability. Upon implementation of tracing technologies across the 

industry, an immediate impact on outbreak investigations, recall events, and food security 

issues is envisioned. Future use of digitized supply chain could include predictive modeling 

and forecasting for food safety and supply chain issues.

Conclusions

Traceback investigations provide information critical to solving foodborne illness outbreak 

investigations. As outlined in case studies of three outbreaks of STEC infections linked to 

romaine lettuce in 2018 and 2019, traceback investigations provided information to target 

appropriate resources to identify potential root causes, take public health actions, and inform 

important initiatives such as the 2020 Leafy Green STEC Action Plan. While the success 

of these traceback investigations highlight the importance of this investigational tool, there 

is much room for improvement. Specific to leafy greens, there were challenges with case-

patient food recall information, lack of product-identifying information available at the 

POS, and product co-mingling across the outbreaks. Federal and state investigators have 

developed strategies, such as utilizing shopper card information and specifying timeframe of 

interest in the absence of product identifying information, to aid in overcoming information 

gaps. However, implementation of these strategies still takes a significant amount of time 

to accomplish. More work is needed to improve and standardize the use of these strategies 

so they can be rapidly conducted, improve the speed at which sources are identified, and 

achieve the goal of preventing additional illnesses. Electronic supply chain traceability 

systems currently in use or under development by certain sectors of the food industry are 
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changing the landscape for management of supply chains. Engagement between public 

health and industry on data captured in these systems could transform the way traceback 

investigations are performed in the future. Until that time, investigators are currently in a 

period of transitional tracing, where they need to begin to prepare to digest the digital data 

available in some supply chains; yet, still conduct traceback using traditional paper systems. 

Future work via action plans, regulations, and strategic planning are essential to creating 

solutions that address the challenges highlighted by leafy green traceback investigations 

and move to a more rapid, streamlined, and functional traceback investigation process that 

operates across government sectors and industries.
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HIGHLIGHTS

• Traceback investigations are a critical tool in the outbreak investigation 

process.

• Traceback methods for E. coli O157:H7 outbreaks linked to lettuce are 

discussed.

• Results of each traceback investigation led to the recovery of the outbreak 

strain.

• There are many challenges and limitations inherent in current traceback 

methods.

• Efforts are underway to address challenges and improve traceback 

investigations.
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FIGURE 1. 
An example of a traceback timeline for a multi-state foodborne illness outbreak linked to the 

consumption of romaine lettuce. The source of origin and the destination of each shipment 

is displayed vertically on the left. The dates of shipments are displayed horizontally on the 

top. Dates of shipments, product amounts, and lot code information of purchases of romaine 

lettuce products are traced and displayed in each box from the point of service, through the 

distribution chain, to processors, distributors, and farms. Implicated shipments that match 

the timeframe of illness and purchase date (May 18) for the selected timeframe of interest in 

the boxes are highlighted and arrows display the direction of the shipments from farms, to 

distributors, to processors, and to the points of service.
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FIGURE 2. 
An example of a traceback diagram for a multi-state foodborne illness outbreak linked to 

the consumption of romaine lettuce. Purchases of romaine lettuce products are traced from 

the point of service, through the distribution chain, to processors, distributors, and farms. 

Product originates from individual ranches, a subdivision of farms, denoted on the right side 

of the diagram.
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FIGURE 3. 
Level and strength of convergence identified by traceback investigations in scenario A, 

where three POS trace back to a single distributor and three different farms and scenario B, 

where three POS trace back to three distributors and a common farm.
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FIGURE 4. 
Traceback diagram for multi-state foodborne illness outbreak of STEC infections linked 

to the consumption of romaine lettuce from the Yuma growing region in spring, 2018. 

Purchases of romaine lettuce products are traced from the point of service, through the 

distribution chain, to processors, distributors, and farms. Product originates from individual 

ranches, a subdivision of farms, denoted on the right side of the diagram*. *Updated as of 

October 22, 2020
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FIGURE 5. 
Traceback diagram for multi-state foodborne illness outbreak of STEC infections linked 

to the consumption of romaine lettuce from the Santa Maria growing region in fall, 2018. 

Purchases of romaine lettuce products are traced from the point of service, through the 

distribution chain, to processors, distributors, and farms. Product originates from individual 

ranches, a subdivision of farms, denoted on the right side of the diagram.
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FIGURE 6. 
Traceback diagram for multi-state foodborne illness outbreak of STEC infections linked 

to the consumption of romaine lettuce from the Salinas growing region in spring, 2019. 

Purchases of romaine lettuce products are traced from the point of service, through the 

distribution chain, to processors, distributors, and farms. Product originates from individual 

ranches, a subdivision of farms, denoted on the right side of the diagram.
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TABLE 1.

Definitions of terms used to describe the traceback process

Term Definition*

Single case 
exposure

An ill person within a foodborne illness outbreak reporting a one-time consumption of a specific food before their 
illness that matches the known timeframe for illness onset based on the pathogen.

Foodborne illness 
outbreak

An incident in which two or more persons experience a similar illness caused by the same pathogen resulting from the 
ingestion of a common food.

Illness sub-cluster A group of unrelated ill people within a foodborne illness outbreak who reported eating or purchasing food from the 
same POS, or group of POS locations (e.g., same restaurant, different locations) before their illness began.

Point of sale (POS) The location where an illness sub-cluster or single ill person reported purchasing or consuming the food being traced 
(e.g. restaurants, grocery stores, etc.). For purposes of this manuscript, this also includes facilities such as nursing 
homes and prisons.

Distribution center A facility that stores and subsequently ships product from one location to the next without changing the product in any 
way.

Processor A facility that receives ingredients and changes or combines those ingredients to create a new product. For purposes of 
this paper, processors are those facilities that receive leafy greens and wash, chop, mix, and package the leafy greens 
into a variety of products.

Farm Land devoted to the growing of crops, in this case leafy greens.

Grower The person/business responsible for the growing of leafy greens at the farm.

Ranch or Field Separate subdivisions of the farm used to grow leafy greens. These terms may be used interchangeably depending on 
the regionality of the location. Ranch is commonly used in Arizona and California. Field is used more widely.

Records Documents that confirm the movement of food from one place to another along the supply chain. Records consist of a 
wide-variety of types, including invoices, purchase orders, bills of lading, production logs, etc. Records can be stored in 
paper or electronic format such as spreadsheets.

Traceback Process of reviewing product supply chain records to identify the origin of food served or sold at a specific POS.

Traceback leg The supply chain for a specific illness sub-cluster or single case exposure, initiated at the POS.

Supply chain The path a food takes from origin to POS. Specific points along the supply chain include, but are not limited to grocery 
stores, restaurants, distribution centers, processors, farms, and ranches.

Convergence A point in the supply chain where multiple traceback legs share a commonality. Commonalities can include shared 
facilities, land, water sources, geographic regions, etc.

Timeframe of 
interest

The time period when contaminated product could have moved through the supply chain. This is often calculated by 
considering both the shelf-life of the product and the product turnover rate at various points along the supply chain.
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TABLE 2.

Types of records, information, and samples that were requested and collected during the three traceback 

investigations through assignments.

Information 
type

Type of records or information requested

Record 
Collection

• Provide records for outgoing shipments of romaine lettuce from firm during the timeframe of interest, including the 
intended recipients. Share any records or spreadsheets if available.

• Provide explanations of brands, lots, codes, dates, or other identifiable information used to determine traceability of 
romaine lettuce.

• Provide records for incoming shipments to firm during the timeframe of interest.

• Determine if there were changes in supplier or locally sourced products during the timeframe of interest.

• Is the firm able to link incoming shipments to outgoing shipments? Please describe the tracking process (i.e. traceability)? 
Indicate how the dates on the shipping records reflect the date the products were received.

• If the romaine was cut by the vendor, collect wash records of the romaine.

• For all lots identified, please provide grower information and specific field coordinates or farm information, if available.

• Please provide a customer list of romaine lettuce during the timeframe of interest.

Receiving/
Ingredient/

Process

• How is romaine lettuce stored, processed, shipped, and handled prior to delivery? Please provide any relevant SOPs 
detailing practices if available.

• Does the firm have supplier agreements or contracts down to the grower/farm?

• Does the firm visit any of the growers/suppliers to observe their growing/processing?

• Determine how the product of interest is unloaded (is it left outside for any period, who unloads the items; when the items 
are unloaded, are they immediately placed in their final storage location)?

• Determine the details of romaine lettuce received at the firm supplied to the POS. Whole head, bagged whole head, 
pre-chopped, or other? What type of romaine (variety) is received? What type of romaine was supplied to the retailer?

• Does raw material arrive in RPCs (reusable plastic containers)? If so, please describe the process for the containers being 
returned.

• What size are the containers and how is this reflected on the records?

• Does the firm conduct any processing or repackaging of the romaine?

• How does the firm receive, and rotate their stock? What is the turnover rate for romaine lettuce?

• Is a FIFO (first-in-first out) rotation used?

• What is the turn-around time from receipt to shipment of romaine lettuce from a processing facility?

•Are raw lots comingled from different growers into the finished product lots?

•Is the same equipment used to manufacture different products (list of items manufactured with the same equipment)? How 
often is this equipment cleaned? What is this equipment cleaned with? Please provide any relevant SOPs.

•Obtain the truck monitoring process for cleanliness of the truck as well as temperature control during transit (and 
temperature logs).

Additional 
Information 

Requests

• Please refer to the April 2001 traceback procedures, which can be found at http://www.fda.gov/ICECI/Inspections/
InspectionGuides/ucm075005.htm, for the investigation methodology and reporting requirements. In accordance with this 
guidance, please also cover: the firm’s shipping and receiving practices, handling and storage practices, stock rotation 
practices, daily stock inventory, and order practices, as this information will be needed to determine which shipments were 
available and most likely consumed at the time the implicated meals were consumed.at the retail 

level

at the farm 
level

• Fill out Form FDA 3623, Farm Investigation Questionnaire (FIQ) – collect detailed information through interviews, 
photographs, and supported with documents.

• Collect a map with ranch/field/commodity designations. Please mark locations on the map where samples are collected.
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Information 
type

Type of records or information requested

• Collect a water flow map.

• If possible, please determine where mobile farm equipment that was used during the timeframe of interest is currently or its 
destination if still en-route.

• If compost is received from another facility, please collect the name of the facility.
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TABLE 3.

Traceback investigation information, including reported illnesses, sub-cluster selected POS selection, and 

convergence level for three outbreaks of STEC infections linked to leafy greens from the Yuma growing 

region; the Santa Maria growing region; and the Salinas Valley growing region.

Epidemiologic &Traceback Information Outbreak Season and Year

Spring 2018
(Yuma growing region)

Fall 2018
(Santa Maria growing 

region)

Fall 2019
(Salinas Valley growing 

region)

Reported illnesses 240 62 172

Hospitalizations 104 23 88

HUS 28 2 16

Deaths 5 0 0

Total illness sub-clusters or single case 
exposures traced

23 6 15

Total Farms 12 17 16

Total Ranches 26 15 43
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