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Summary 
A targeted survey1 analyzed 1613 samples of imported (832) and domestic (781) fresh whole 
leafy vegetables over a 5-year period from April 1, 2020 to March 31, 2025. Samples were 
tested for the presence of the bacterial pathogens Shiga toxin-producing E. coli (STEC) 
O157:H7, non-O157 STEC, and Salmonella spp. All samples were also tested for generic 
E. coli, an indicator of the overall effectiveness of Good Agricultural Practices (GAP) and 
sanitary conditions along the food chain from production to the point of sale. 

A large majority (99.7%) of the samples tested were found to be satisfactory. STEC O157:H7 
and Salmonella spp. were not detected in any of the 1609 and the 1451 samples, respectively. 
Non-O157 STEC was detected in 3 (0.2%) of the 1609 samples. Elevated levels (> 100 and ≤ 
1000 CFU/g) of generic E. coli were found in 2 (0.1%) of the 1613 samples. The Canadian Food 
Inspection Agency (CFIA) conducted appropriate follow-up activities as necessary. 

Overall, our survey results indicate that fresh whole leafy vegetables sold in Canada are 
generally safe for consumption however contamination with bacterial pathogens can occur. As 
with all foods, and especially those that are ready-to-eat (RTE), good hygienic practices are 
recommended for producers, importers, retailers, and consumers.  

Why the survey was conducted 
The survey was conducted to provide enhanced oversight on the microbiological safety (STEC 
O157:H7, non-O157 STEC, Salmonella spp.) and quality (generic E. coli) of imported and 
domestically produced fresh whole leafy vegetables on the Canadian retail market.  

Fresh leafy vegetables are commonly consumed by Canadians as part of a healthy diet. 
Unfortunately, fresh leafy vegetables have been associated with numerous foodborne illness 
outbreaks2. STEC O157:H7 is an important pathogen that has been implicated in leafy 
vegetable associated foodborne outbreaks3,4. Non-O157 STEC is an emerging food safety 
hazard in fresh leafy vegetables5. Cattle are considered to be the principle natural reservoir of 
STEC (O157:H7 and non-O157)5. Leafy vegetables in growing fields located in close proximity 
to cattle feeding zones can be contaminated by STEC from cattle feces or via contaminated 
irrigation water4,6.  

When the survey was conducted 
The survey was conducted over a 5-year period from April 1, 2020, to March 31, 2025. 
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Where the samples were collected from 
Samples were collected from national retail chains and local/regional grocery stores located in 
the following 11 major cities across Canada:  

• Halifax 
• Moncton  
• Quebec City 
• Montreal 
• Toronto 
• Ottawa 
• Vancouver 
• Victoria  
• Calgary 
• Saskatoon 
• Winnipeg  

The planned number of samples to be collected from each city was based on the population of 
the province in which the city was located relative to the total population of Canada. 

Total number and description of samples 
collected 
A total of 1613 fresh whole leafy vegetable samples including 781 domestic samples and 832 
imported samples were collected over the 5-year survey period. A sample consisted of one or 
more consumer sized packages or bulk samples from the same lot weighing at least 250 g.  

What the samples were tested for 
The fresh leafy vegetable samples were tested for the presence of STEC O157:H7, non-O157 
STEC, Salmonella spp., and generic E. coli. STEC O157:H7, non-O157 STEC and Salmonella 
spp. are pathogenic bacteria while generic E. coli is an indicator of the overall effectiveness of 
GAP and sanitary conditions under which the samples have been produced, processed, stored, 
and transported. 

Methods used to test the samples 
Samples were analyzed using analytical methods published in Health Canada’s Compendium of 
Analytical Methods for the Microbiological Analysis of Foods7 that were suitable for the testing of 
leafy vegetables.  
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How the samples were assessed  
The samples were assessed using criteria based on the principles of Health Canada`s Health 
Products and Food Branch (HPFB) Standards and Guidelines for Microbiological Safety of 
Foods – An Interpretive Summary8. At the time of writing this report, no assessment guidelines 
had been established in Canada for the presence of non-O157 STEC and Salmonella spp. in 
fresh leafy vegetables. The detection of non-O157 STEC was assessed as investigative, 
indicating that further follow-up actions may be warranted. As assessment guidelines have been 
established for Salmonella spp. in other RTE foods8, its presence in fresh leafy vegetables 
might be considered a violation of the Food and Drugs Act Section 4(1)(a)9 and therefore 
assessed as unsatisfactory (table 1).  

Table 1 - Assessment criteria 
Bacteria Satisfactory Investigative Unsatisfactory 
STEC O157:H7 Not detected/25 g Not applicable Detected/25 g 
Non-O157 STEC Not detected/25 g Detected/25 g Not applicable 
Salmonella spp.  Not detected/25 g Not applicable Detected/25 g 
Generic E. coli ≤ 100 CFU/g >100 and ≤ 1000 CFU/g >1000 CFU/g 

 

Survey result 
A large majority (99.7%) of the samples were found to be satisfactory. STEC O157:H7 and 
Salmonella spp. were not detected in any of the samples. Non-O157 STEC was detected in 3 
(0.2%) of the samples. Elevated levels (>100 and ≤ 1000 CFU/g) of generic E. coli were found 
in 2 (0.1%) of the samples (table 2). 

Table 2 - Analysis assessment results 
Bacterial 
analysis 

Number of 
samples tested 

Satisfactory 
(%) 

Investigative 
(%) Unsatisfactory 

STEC O157:H7 1609 1609 (100.0) Not applicable 0 
Non-O157 STEC 1609 1606 (99.8) 3a (0.2) Not applicable 
Salmonella spp.  1451 1451 (100.0) Not applicable 0 
Generic E. coli 1613 1611 (99.9) 2b (0.1) 0 

Assessment results are also presented as product type (table 3), production practice (table 4), 
and country of origin (table 5). 

 
a Domestic green leafy lettuce, and kale and spinach imported from the US. All 3 samples were 
conventionally produced.     
b Domestic green leafy lettuce (110 CFU/g) and domestic spinach (290 CFU/g). 
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Table 3 - Assessment results by product type 
Product type Number of 

samples tested (%) Satisfactory Investigative Unsatisfactory 

Arugula 22 (1.4) 22 0 0 
Beet greens 4 (0.3) 4 0 0 
Chicory 86 (5.3) 86 0 0 
Collard greens 3 (0.2) 3 0 0 
Kale 291 (18.0) 290 1 0 
Red or green 
leaf lettuce 520 (32.2) 518 2 0 

Mustard greens 4 (0.3) 4 0 0 
Radicchio 3 (0.2) 3 0 0 
Romaine lettuce 333 (20.6) 333 0 0 
Spinach 257(15.9) 255 2 0 
Swiss chard 72 (4.5) 72 0 0 
Watercress 18 (1.1) 18 0 0 
Total (%) 1613 (100.0) 1608 (99.7) 5 (0.3) 0 

 
Table 4 - Assessment results by production practice 
Production 
practice 

Number of 
samples tested (%) Satisfactory Investigative Unsatisfactory 

Conventional  1389 (86.1) 1384 5 0 
Organic 224 (13.9) 224 0 0 
Total (%) 1613 (100.0) 1608 (99.7) 5 (0.3) 0 

 
Table 5 - Assessment results by country of origin 
Country of origin Number of 

samples tested (%) Satisfactory Investigative Unsatisfactory 

Belgium 7 (0.4) 7 0 0 
Canada 781 (48.4) 778 3 0 
China 1 (< 0.1) 1 0 0 
Mexico 68 (4.2) 68 0 0 
Netherlands 13 (0.8) 13 0 0 
United States 738 (45.8) 736 2 0 
United States, Mexico 2 (0.1) 2 0 0 
Unknownc (imported) 3 (0.2) 3 0 0 
Total (%) 1613 (100.0) 1608 (99.7) 5 (0.3) 0 (0.0) 

 

What the survey results mean 
A previous study10 conducted by the CFIA on the microbial quality and safety of fresh leafy 
vegetables has shown results approximating those in this study, however the previous survey 
did not include non-O157 STEC testing. The results of the CFIA baseline survey (2009 to 2013) 
indicated a very low prevalence of STEC O157:H7 (0%, 0 in 11392 samples) and Salmonella 
spp. (0.02%, 2 in 11400 sample) in fresh leafy vegetables10. The current CFIA enhanced 

 
c Country of origin could not be assigned from the product label or available sample information. 
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oversight survey (2020 to 2025) also shows a low prevalence of STEC O157:H7 (0%, 0 in 1609 
samples) and Salmonella spp. (0%, 0 in 1451 samples) as neither pathogen was detected in 
any of the whole leafy vegetable samples. This current study however included testing for non-
O157 STEC which is an emerging food safety hazard in fresh leafy vegetables. Non-O157 
STEC was identified in 0.2% (3 in 1609 samples) of the leafy vegetable samples. As part of 
CFIA follow-up activities, the non-O157 STEC identified in this study were characterized using 
whole genome sequencing and based on their virulence genes were determined to belong to 
the lowest risk level according to the FAO/WHO risk categories5 and may be related to diarrheal 
illnesses.  

Overall, our survey results indicate that fresh leafy vegetables sold in Canada are generally safe 
for consumption, however contamination with bacterial pathogens can occur. As with all foods, 
and especially those that are RTE, good hygienic practices are recommended for producers, 
importers, retailers and consumers.  

What is done with the survey results 
All results are used to: 

• inform risk management decisions 
• support program design and re-design 

 
No illnesses have been reported related to the non-O157 STEC positive samples. Appropriate 
follow-up activities were conducted including: 

• food safety investigations 
• follow-up with the importers regarding the product origin and distribution 

Where to access the survey data 
The data will be accessible on the Open Government Portal. 

 

 

 

 

https://open.canada.ca/data/en/dataset?_organization_limit=0&q=&organization=cfia-acia


Page 8 of 8 

 

References 
 
1.  Canadian Food Inspection Agency, Food Chemistry and Microbiology. 2023.   
2.  Kozak, G.K., et al., Foodborne outbreaks in Canada linked to produce: 2001 through 

2009. J Food Prot, 2013. 76(1): p. 173-83. 
3.  Centers for Disease Control and Prevention, 2019 E. coli Outbreak Linked to Romaine 

Lettuce. 2020.   
4.  Marshall, K.E., et al., Lessons Learned from a Decade of Investigations of Shiga Toxin–

Producing Escherichia coli Outbreaks Linked to Leafy Greens United States and 
Canada. Emerging Infectious Diseases, 2020. 26(10): p. 2319-2328. 

5.  FAO/WHO, Shiga toxin-producing Escherichia coli (STEC) and food: attribution, 
characterization, and monitoring in Microbiological risk assessment series. 2018. 

6.  FAO/WHO (JEMRA), Prevention and control of microbiological hazards in fresh fruits 
and vegetables Part 3: Sprouts. 2023. 

7.  Health Canada, The Compendium of Analytical Methods. 2023.   
8.  Health Canada, Health Products and Food Branch Standards and Guidelines for 

Microbiological Safety of Food - An Interpretive Summary, 2008. 
9.  Department of Justice, Food and Drug Acts. 1985.   
10.  Denis, N., et al., Prevalence and trends of bacterial contamination in fresh fruits and 

vegetables sold at retail in Canada. Food Control, 2016. 67: p. 225-234. 

https://inspection.canada.ca/food-safety-for-industry/food-chemistry-and-microbiology/eng/1331960432334/1331962151945
https://doi.org/10.4315/0362-028X.JFP-12-126
https://doi.org/10.4315/0362-028X.JFP-12-126
https://archive.cdc.gov/#/details?url=https://www.cdc.gov/ecoli/2019/o157h7-11-19/index.html
https://archive.cdc.gov/#/details?url=https://www.cdc.gov/ecoli/2019/o157h7-11-19/index.html
https://doi.org/10.3201/eid2610.191418
https://doi.org/10.3201/eid2610.191418
https://doi.org/10.3201/eid2610.191418
http://www.fao.org/3/ca0032en/CA0032EN.pdf.
http://www.fao.org/3/ca0032en/CA0032EN.pdf.
https://www.who.int/publications/i/item/9789240067677
https://www.who.int/publications/i/item/9789240067677
https://www.canada.ca/en/health-canada/services/food-nutrition/research-programs-analytical-methods/analytical-methods/compendium-methods.html
http://www.hc-sc.gc.ca/fn-an/res-rech/analy-meth/microbio/volume1-eng.php
http://www.hc-sc.gc.ca/fn-an/res-rech/analy-meth/microbio/volume1-eng.php
https://laws-lois.justice.gc.ca/eng/acts/f-27/page-2.html#h-234067
https://doi.org/10.1016/j.foodcont.2016.02.047
https://doi.org/10.1016/j.foodcont.2016.02.047

	Summary
	Why the survey was conducted
	When the survey was conducted
	Where the samples were collected from
	Total number and description of samples collected
	What the samples were tested for
	Methods used to test the samples
	How the samples were assessed
	Survey result
	What the survey results mean
	What is done with the survey results
	Where to access the survey data
	References

