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CDC Foodborne illness estimates: Dairy 1998-2008

– ~18% of bacterial illnesses (1st)

• ~14% of all illnesses (2nd behind leafy vegetables)

– ~16% of hospitalizations (1st)

– ~10% of deaths (2nd behind poultry)

• “The prominence of dairy …reflects a relatively high number of … outbreaks 
associated with raw milk compared with the quantity …consumed …”

• The largest outbreak in the study was 1,644 Campylobacter spp.–
associated illnesses resulting from the consumption of pasteurized milk

Painter et al., 2013



Changing landscape

• Consumers of unpasteurized milk and cheese are a small 
proportion of the US population 

– 2% and 4.9%, respectively

– vs. 70.2% and 84.9%, respectively for pasteurized

• Access to unpasteurized milk and cheese is increasing

CDC Foodborne Active Surveillance Network (FoodNet) Population Survey Atlas of Exposures; USDA-NASS, 1997, 2016; USDA-ERS, 2015









FSANZ, 2009 Microbiological Risk Assessment of Raw Cow 
Milk



• Mean prevalence across studies is closer to 4-5%

– Staph. aureus is closer to 20-30%

• Varies by country, region, state, farm, and over time

• Often sporadic contamination events

FSANZ, 2009 Microbiological Risk Assessment of Raw Cow 
Milk



Regulations

• 21 CFR Section 1240.61 - Mandatory pasteurization for all milk 
and milk products in final package form intended for direct 
human consumption

• State regs and oversight differ

Whitehead and Lake, 2018



Regulations: Cheese

• 1949: As determined by Standard of Identity1

– If using raw or heat-treated milk the resulting cheese 
must be cured according to the individual standard

• typically no less than 60 days at ≥ 35°F 

• >30 varieties could be legally made from raw milk
– Gruyere ≥90 days

– Parmesan ≥10 months

– Cheddar ≥60 days at ≥35F

– Semi-soft ≥60 days at ≥35F

– Soft-ripened ≥60 days at ≥35F

1: 21 CFR 133; USFDA, 2006



CDC: Nonpasteurized (Raw) Dairy Products, Disease 
Outbreaks, and State Laws—United States, 1993–2006

• Most outbreaks linked to pasteurized products were norovirus

• Most outbreaks linked to raw products were Campylobacter

• Estimated 150x greater outbreak risk per unit from raw products

– Disproportionality affect the young (<20 years old)

• 60% of people in raw outbreaks were 

• 23% in outbreaks linked to pasteurized products

• 75% of outbreaks linked to raw were in states with legal sales

Langer et al., 2012



CDC: Increased Outbreaks Associated with 
Nonpasteurized Milk, United States, 2007–2012

• Average annual # of outbreaks was 4x higher than 1993-2006

• Campylobacter spp. was the most common- 81% outbreaks

• 81% of outbreaks were reported in states where the sale of 
raw milk was legal

• 59% of outbreaks involved at least one child younger than 5

• 71% - milk obtained from dairy farm

Mungai et al., 2015



Mungai et al., 2015



• Estimated >800x more likely to experience illness from raw products

• “Outbreak-related illnesses will increase steadily as … consumption grows”

• 94% of deaths were Listeria
Costard et al., 2017



Ehlers et al., 1982



Recent Trends in Unpasteurized Fluid Milk Outbreaks, 
Legalization, and Consumption in the United States

• 2005-2016

Whitehead and Lake, 2018



States permitting legal access to unpasteurized fluid milk compared to outbreak rates 
in the United States, 2005-2016.

Whitehead and Lake, 2018



Number of licenses and permits issued to unpasteurized milk farms in nine 
U.S. states, 2005-2016. Estimates indicated by square brackets.

Whitehead and Lake, 2018



Estimated trend in outbreak rate controlling for population growth and estimated 
consumption rate, 2005-2016, scaled to show values relative to 2005.

Whitehead and Lake, 2018



Risk reduction

• Does increasing oversight reduce risk?

• Should we be helping or just prohibiting?



RAWMI Risk Analysis and Management Plan

• Risk assessment and mitigation measures for the following risks 
1. Animal introduction onto farm (transportation and trade risks)
2. Herd health
3. Milk handling and management
4. Environmental management 
5. Feed sources
6. Human factors 
7. Nutritional management of the dairy cow, goat, sheep, or other lactating mammals
8. Management of freshened animals and new offspring
9. Management of bulls

• Procedures, protocols, and documentation
1. Testing procedures for indicator bacteria including coliforms and SPC 
2. Testing procedures for potential bacteria including Salmonella, Listeria monocytogenes, Campylobacter

and E. coli O157:H7
3. Checklists that document annual, monthly, weekly and daily management practices 
4. Protocols for action steps in the event of substandard results







Raw milk cheese risk continuum

• Risk varies due to effects of:
– processing techniques: curd cooking, acidification, salting

– intrinsic characteristics:  Aw, moisture, pH, salt content

1. Very low risk:  combination of factors eliminate 
pathogens that may be present in raw milk

2. Low risk:  pathogens if present in raw milk may 
survive, product does not support growth

3. Moderate to High risk:  limited factors, if any, that 
inhibit survival and growth of pathogens

New Zealand Food Safety Authority, 2010



Very low risk: Parmigiano Reggiano

• Additional hurdles:

– aw: 0.9

– moderate salt 
content

– extensive aging

• 9-12 months

• Cooking and pressing of curd at high temps (53-56°C) 
inactivates pathogens 

Panari et al. 2001



Very low risk: Emmental
• High temp., long duration curd cook and pressing

• Additional hurdles:

– pH: 5.2 

– Low moisture (~35%)

– Extended aging

Bachmann and Spahr, 1995



Low risk: Cheddar

• No high temp. curd cooking

– Decrease in pathogen counts over 60-90 days aging

D’Amico et al. 2010

• Additional hurdles:

– pH: 5.2 

– Low moisture 
(~37%)



Moderate to High risk: Camembert
• Surface flora growth increases pH (~4.6 → 7.5)

• Promotes growth in core and on surface 1,2,3,4,5

• 60 day aging inadvertently contributes to risk

1: Back et al., 1993;
2: D’Amico et al., 2008;

3: Gay and Amgar , 2005; 
4: Genigeorgis et al.,  1991; 
5: Ryser and  Marth, 1987. 

Ryser and  Marth, 1987



Moderate to High risk: Queso fresco

• No starter culture, high pH (≥ 6); low salt

• High moisture (>50%); high aw (~0.98)

FIG. 1. (A) GROWTH OF LISTERIA 

MONOCYTOGENES INOCULATED IN 

QUESO FRESCO CURDS, FORMED 

INTO A CHEESE BLOCK, SLICED 

AND STORED AT 4 OR 10C. (Legget

et al., 2012. Journal of Food Safety

32: 236–245)



FDA Microbiological Surveillance Sampling: FY14-16 
Raw Milk Cheese Aged 60 Days

• 1,606 raw milk cheese samples collected and tested

– 473 (29 %) were domestic

– 1,133 (71 %) were of international origin

• 63% semi-soft cheese; 32.5% hard

• Salmonella, Listeria monocytogenes, E. coli O157:H7 and Shiga 
toxin-producing E. coli, as well as for generic E. coli

https://www.fda.gov/media/99340/download



FDA Microbiological Surveillance Sampling: FY14-16 
Raw Milk Cheese Aged 60 Days

• E. coli O157:H7: 0%

• Shiga toxin-producing E. coli: 0.68%

– Only 1 was pathogenic (E. coli O111:H8) for a rate of 0.06% 

• Salmonella: 0.19 %

– All imports (2 from France, and 1 from Italy)

• L. monocytogenes: 0.62 % (could be environmental)

– 5 domestic, with 3/5 collected at a single firm

– 5 imports (4 from France, 1 from Italy)

https://www.fda.gov/media/99340/download



FDA Microbiological Surveillance Sampling: FY14-16 
Raw Milk Cheese Aged 60 Days

• L. monocytogenes in cheeses, particularly semi-soft varieties, 
remains a concern

– The FDA believes this contamination rate may be related to product 
handling practices or procedures

– FDA plans to continue to work with the cheese industry to identify 
and correct practices that lead to L. monocytogenes contamination in 
cheese

https://www.fda.gov/media/99340/download



Listeriosis and cheese

• Listeriosis

– Hospitalization rate: ~94%

– Case fatality rate: ~15-20%

• CDC: 2008-2018 

– Most listeriosis outbreaks linked to:

• Soft cheese 

• Cheese made with pasteurized milk

CDC, 2016; FDA, 2003; Scallan et al., 2011, CDC, 2021;

Year Food Vehicle
2009
2009 mexican style cheese, pasteurized
2011 ackawi cheese, pasteurized; pasteurized
2010 mexican style cheese, pasteurized
2011 mexican style cheese, pasteurized

2011 blue-veined cheese, unpasteurized
2009 mexican-style cheese
2012 ricotta salata cheese
2013
2013 cheese-le frere
2013 latin style soft cheese
2013 mexican style cheese, pasteurized
2008 mexican style cheese, pasteurized
2014 mexican style cheese, pasteurized
2015 american cheese, pasteurized

2016 artisinal soft cheese, unpasteurized
2017 cheese, pasteurized
2017 queso fresco, unspecified

2014 mexican cheese (queso fresco and/or other)

2017 artisial soft cheese, pasteurized
2018 mexican-style cheese





Cheese outbreaks in US: 1998-2011

• Past. milk: 44 outbreaks, 987 illnesses

– Mostly Norovirus and Listeria

• Raw milk: 38 outbreaks, 816 illnesses

– 13 imported from Mexico

– 20 linked to soft cheeses: Queso Fresco or Hispanic-style

• rest were homemade, fresh, curds, etc.

– 3 linked to cheese aged ≥60 days

• Concerns go beyond use of raw milk

Gould et al., 2014



2010:  E. coli O157:H7 outbreaks

• Gouda:  38 illnesses, 15 hospitalizations
• O157 also in Cheddar

• L. monocytogenes in cheeses and on cheese mill 

• Major deficiencies in plant design, traffic control, GMPs, etc.

• cheeses packaged prior to 60 days

• Mold-ripened soft cheese: 8 illnesses
• L. monocytogenes also found on floor and in cheese

• contaminated water, lack of GMPs, poor hygiene, etc.

• Accumulation of manure, mud and straw  on floor

FDA inspection reports found at: 
http://www.fda.gov/ICECI/EnforcementActions/WarningLetters/default.htm



“Vulto Creamery shut down because owner did not ‘understand’”

• Vulto test records show that 54 out of 198 
environmental swabs taken from various locations, 
including food contact surfaces, tested positive for 
Listeria

• did not conduct an investigation to identify source or 
point of entry/harborage at the facility

• did not conduct microbial testing of finished products 
after finding positive Listeria on food contact surfaces

• repeatedly found Listeria throughout the facility, even 
after re-cleaning and re-sanitizing.

• Failure to use a procedure for equipment and utensil 
cleaning and sanitizing that has been shown to 
provide adequate treatment



Artisan cheese renaissance

• Increase in # and size of artisan operations

– 1980:  very few 

– 2000:  ~200 

– 2020: ~1000

• Artisan operations are often considered higher risk

– lack of resources, capital and technical expertise 

– Farmstead: increased risk of an adjacent farm

– making higher risk cheeses, use of raw milk

Roberts, 2007; ACS 2018



Most are very small

• Production volume

– ~75% make <50,000 lb

– ~50% make <10,000 lb

– ~30% make <5,000 lb



Milk source and heat treatment



• 2018: 81.5% reported having a Food Safety Plan

– Up from 59% in 2016

• Smaller businesses were less likely to have an FSP

– 62% in 2016 for producers making <5000 lb



Testing

• 45% reported some 
pathogen testing

• Environment and finished 
product most common 

– followed by aging and milk

• Listeria most common 



My Observations

• Considerable variation between facilities 

– general hygiene, facility condition, and knowledge

– Implementation of FSP

• Environmental Listeria is not uncommon, but controllable 

– mostly floors and drains, aging rooms 

• Recurrent positives due to lack of corrective actions



My Observations

• Most common risks:

– Lack of food safety knowledge and culture

– Lack of hygienic zoning and control between rooms

• improper traffic flow and facility design

– Lack of food safety plans and supporting programs

– Limited environmental monitoring

– General need for facility repair and updating 

• Eroding floors, unhygienic equipment

• Need for education and outreach





Questions?


